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ABSTRACT

Increased age is associated with a decline in ==+ ~u- eacrees resulling in a
decline in muscle mass, muscular strength, maximal s - ~vodw power. Recent
studies in the elderly have focused on improving cante-- . . amess through walking,
jogging or running exercises. This type of training sus heen shewn (o improve maximal
acrobic power, however it fails to address the mus =:: tremgth « cmponent of physical
fitness which is reduced in the elderly. It has beer wagpe<icd thae rhe decline in maximal
muscular strength and aerobic power may be der - » a2 icleded reduction in muscle
mass. Based on these observations recent studies =41:  exsed the effects of resistance
training to increase muscular strength and muscle mes ::: thx ciderly. The purpose of this
study was (0 assess if combined aerobic and strength iruining (CT) is more effective than
acrobic training (AT) in improving maximal musculat strength, aerobic power and distance
walked in six minutes, in sedentary males between 65 and 73 years of age.

Afer preliminary screening, subjects were randomly assigned (0 a CT (n=9) or AT
(n=]1) exercise group. Acrobic training was performed on a cycle ergometer at an exercise

intensity equivalent (0 the heart rate st the Ventilation theeshold  $ beats:min- !, theee times
per week for eight weeks. The strength training component of the CT groups exercise
program was performed at an intensity equivalent to 40% of the pre-training one repetition

maximum for three sets of 10-15 repetitions and increased by 5% every fourth session,
Post training analysis demonstrated that CT resulied in a significant increase (p <
005) in maximal oxygen consumption (10.8% |-min-!; 11.6% mi-kg--!-min-1),
ntilation threshold (11.9%), maximal oxygen pulse (7%), knee extension | RM (21%),
kns flexion | RM (51%), and distance walked in six minutes (3.7%). However, the
increase in the above varisbles was not significantly different (p > 0.05) than that obecrved
by the AT subjects post-training. The major finding in this study is that combined aerobic
and streangth training does not istesfere with the improvemnent in maximal aerobic power but




ACKNOWLEDGEMENT

1 would like to thank Dr. Quinney, Dr. Humen, Dr. Bell and Dr. Teo for their
support throughout my graduate program. , 7
. | gratefully appreciate the help of Dr. Ikuta, Dr. Ignasezski, Dr. Norris and Pe
Sullivan RN, B.P.E., for the numerous hours spent testing and training the subjects in th
current study. , 7
I would like to thank the Division of Cardiology staff and cardiac rehabilitation
nursex for their support and willingness to allow me 10 be part of their tcam. -
1 would like to thank 1. Mcandry, C. Murray, L. Cluett, DR. D. Hammer for their
help, st and smiles, B _ 7 _
am in debt to Dr. K.K. TEO and Dr.Humen who gave me an opportunity to
increase my academic and rescarch skills in cardiac and geriatric exercise rehabilitation.
~ Lastly, | appreciate the support of Teress, Carmella, and Dolores H:‘ykouky
whose love and support was greatly apprecisted during s difficult period in our life.



PAGE
L INTRODUCTION. . .. .. o]
1.1 Statement of the problem............ .. .. ... . ST T
L1I2Hypothesis. ... ... ... L4
L13Delimitations ... .8
Ll4Limitations ... ... ... 8
1.18 Significance of thestudy ... ... .. .. ... ... b/
1.16 Definitionofterms ... ... ... ... ... .6
2. Review of the literature .. ... ... ... . . O
2.10 Decreased cardiovascuiar reserve with advanccda;: 7
2.11 Aging and myocardial function during maximal exercise 7

x

2.12 Age-related decline in maximal acrobicpower ...
2.13 Role of stroke volume, heart rate. cardiac output, -nd

CardioOvVasCUlBF MeSEIVE. . .. ... ... LB

ZMAltermonmmronnlmodulauonoftlleMandvmulw:yuem ......... .9

2.15 Similarities between macuvuty disuse and mng on cardiovascular

function_ . 9

220Altem:oumskelmlmphololywuhm l()
2.21 Sarcopenia: role of skeletal muscie atrophy, e 10
ZZZMMmdnmn\buoftkeleldmlcﬁbenmthnp . n
2.30 Decline in skeletal muscle strength withaging ... IZ
2wmammuwummwm .............................. 13
2.50 Role of sarcopenia on maximal oxygen consumption........... e — 13
2.60 Age-related decline in activitiesof daily living ... . .. 14
2.61 Beneficial role of exercise in the elderly: Roleofem

2.70 Reversal of cardiovascular function during senesence: mlenfmg,g,..,.!ﬁ
27lwmbmmhhe&ﬂymm..,.m ......... 16
znwmmmmmm "
WWM&MMWH&[E& s
2.8 Resistance training intheedderdy. ..o, .19

www-—puummm*
lyperwophy

------------------------------------------------------------------------------------------------------------



2.90 Role of exercise training to offset the age-related skeletal muscle

morphology,muscle mass and strength._.._..................oe.2)
2.91 Role of resistance training to increase maximal aerobic power.. .. ... 21
2.92 Role of aerobic and weight training to increase maximal aerobic power, . 22
o Methods e e 23
3 U OCUS o eeeeeeeeeeeeeees 23
3.1) Preliminary sCreening ... e, 23
J2Study subjects e e, 23
3.13 Initial screening and baseline testing ... ... ... 24
3.14 History, physical examination, baseline E.C.G. and symptom Immed )
3.15 Maximal lower extremity muscular strength and six minute wnlk test ... 24
316 Repeattesting ..., eereeeeresree e 28
3.17 Post training analysis ... — 26
 3.18 Determination of VeT and VO2max ..o oo 26
3.19Exercise training protocol ... ... 20
3.20 Satistical analysis ......................—— O
4. Resuts and discusslon . ... ... ... ... cerreeiisenenns 30
A2POBITRINING ... e 30
4.21 Mempulmpumme ................................................................................... 30
:.iﬁ‘::m“'"&"“""”"“"""""""‘ .. el
4.26 Leg press, knce extension and kmeecurd I1RM........................ooooeoennnn 32
4.27 Leg press, knee extension and kaee curl absolte eadurance.. ... 33
428 Six mimate Walk M8BL....... . ... ... eners 33



S. Summary and Conclusions ... ... .. .. .. =
S1Purpose .. ... ...
S.28ummary. . ...
5.3 Recommendations .. .. ... ... ... ..
References ... ... .. ... ...l

Appendices
Appendix A Advertisement for the study. . :
Appendix B Consent form and mfmnon sheet for lhe sludy
Appendix C Pre-training physical examination . . ..
Appendix D Exercise training protocol. . ... ... .. R
AppendanPmtestrelnabllny......a...,._.._..”.....m U
A ix F Exercise test duration and peak power G!llpul aﬁer elgh! week:.
Of EXErCIse IrRINING . ... ... ..o e e e,
S the symptom ﬁﬁ:’&ﬂfﬁﬁ‘&%ﬁff@’?ﬂ?@m
Appendix H Effects of exercise training on the VT and relative VeT
Appendix | Effects of exercise lr;imngonimee extensor and flexor maximal
muscularstrength. ...
Appendix J Effects of exercise lmmngon l:gpmss le;exlensmmdﬂexm
absolute endurance. .. e

ix K Effect of exercise tmmngondnm covemd dunng lh: NIX

minute walk test. AT

50
S0

50

82

59

:azz

70

73
79

.83

%)



LIST OF TABLES

Table PAGE
1. Increase in maximal acrobic pﬁwer as a result of exercise lrammg

2. lmpmvemem in nmmml muscular sl.rength asa resul: of exercise tmmng
mtheelderly . .. e 3
3. Physical chm:lensuesofﬂtsubjects .......... O RP ROV < .
4. Cmgmfmmmuﬂmngd:taﬂﬂ
S. Exercise test duration mdp;kp)wer uulputnﬁerenght weeks

Of GREFCISE WRIMMIE ... . ... ittt eeeesb s rie e e sen st M4
6. Effects of exercise training on mmmal cuﬂiae;p:may Measurcs 7
during the symptom limited graded exercise test.......... . ..............cccoccovverernnen. 38
7. Alteration in the ventilation threshold and relative ventilation threshold afier
exercise training ... ettt et eb et e e e en e st st eeen e erenetsberererees ST
8. Improvement in luwer exuenuty rmseulr mn;thlﬁeremue tmmn; ......... k)
9. Alteration in distance walked in six minutes affer exercise training ....... reeeeenn 80

LIST OF FIGURES

FIGURE PAGE
1. mﬁmmuugVeTnﬁﬁegmMofm«mhnedgmg
2. Legmmnﬁmmlsmﬁhaﬂ:rﬂmmksﬁﬂuﬁcﬁ
COMDINEd FRINMING ... ...ttt 38
3 Daclhemmnulmyﬁmmwﬂus .................... 42

LIST OF ABBREVIATIONS

Iltll mmm
Oznh!-n Maximal oxygen pulse



Chapter 1
1. Introduction

In Canada, the number of elderly individuals has tripled during the last forty
years. Currently |1.6% of the population is 63 years of age or older and it is projected
that by the year 2036 the number of elderly individuals over the age of 68 will account
for 23% of the total population (Statistics Canada, 1991). Increasing age has heen
associated with a reduction in muscle mass, muscular strength, flexibility, walking
speed, stride length, anaerobic power and maximal oxygen consumption (\!ff)zm;).
The cause of the decline in physiological function has been attributed to the aging
process, discase and disuse.

Previous resecarch indicates that short (8 weeks) or long term (1 year) exercise
interventions in the elderly have focused primarily on a¢robic movements consisting of
walking, jogging, running, rowing or cycling [Table 1} (Seals ct al., 1984; Thomas, et
al., 198S; Cunningham, et al., 1987, Beiman and Gaesser, 1991). Thix type of
training has resulted in a significant improvement in maximal stroke volume,
arteriovenous oxygen difference, and \‘f()zmu (Seals.et al., 1984; Thomas, et al.,
198S; Cunningham, et al., 1987; Makrides, et al., 1990; Ehsani, ct al., 199]
Govindisamy, et al., 1992). Despite the effectiveness of acrobic training (o increase
cardiovascular fitness in the elderly, this type of training fails to address the muscular
strength component of physical fitness which has been observed to decline with
advanced age.

The suggestion that the decline in VO2mayx and muscular strength may be duc 10
an age-related reduction in muscle mass has resulled in a few studics asacssing the
effects of resistance training 0 offset this decline (Tzankoff and Norris, 1977; Fleg and
Lakatta, 1968; Fromtera, et al., 1990) The paucity of data on streagth training in the
muscular streagth after two months of traising (Table 2). Hagberg and associates
(l”)hnmﬁd&luuﬁﬂﬂhhm—ymhm
md%hhdﬁy“ﬂ“uﬂ!nﬂuhm
mass and muscular streagth. Fromters and collsagues (1990) have extonded these
.mdﬂﬂhmhﬁﬂmmﬂy“
&m“uﬁmﬂiﬁﬁ#dmm



TABLE 1

INCREASE IN MAXIMAL AEROBIC POWER AS A RESULT OF EXERCISE TRAINING IN
THE ELDERLY

Stedy Duration Age Typeof Frequency Intensit Duration laarnnh
(weeks) (yrs) ln:h (days/wk) (%lllllly) (min/day) O2max

Badenhop 1983
L 9 67 CE 3 30-45 25 +16
HI 9 70 CE 3 60-75 25 +13
Beiman 199]
LI 8 68 WK 4 35 30 +7
HI 8 M WK 4 75 30 +7
Gavindisamy 1992

9 66  WKIG 3 70-80%vo; 30 +12
Kabrt 1991
H 36352 64  WKIGICERW 3 60-85 30-30 +24
CT 3682 ss - . - - -
Makrides 1999
YG 12 27 CE 3 85% HRmax 60 +29
oLp 12 6 CE 3 85% HRmax 60 +38
Desner 1992

16 68 CE 3 4 30 +4
Seals 1904
LI-Hl $2 6 wx 3 40-85 20-40 +30




TABLE 2

IMPROVEMENT IN MAXIMAL MUSCULAR STRENGTH AS A RESULT OF RESISTANCE

TRAINING IN THE ELDERLY

Study Duration
(weeks)

Age Typeof F Exercioe Increase in
(yrs) tralning (dayw'wk) Sets Reps Intemsity  Strength

12

& ACAP S 14 1615 em M (AC)
LR

@72 LEAL 3 3 s ”» 197 (LE)
D)

(Cycle ergometer VD;—; increassd+ 5% post-training)
” LE 3 3 s ” 174 (LE)

“ NT 3 ] 12 HW nUs)
LT P )

3 RM 0 we)
IRM 4(B)

o =
1]
-
t }
-




Despite the effectiveness of acrobic and resistance training to increase VOZmax
and maximal muscular strength, respectively, a review of the related literature reveals
that no atternpt has been made (o determine if an exercise regimen which combines both
types of training is more effective in improving cardiovascular fitness and muscular
strength than an exercise program consisting of acrobic exercise alone.

1.1 Statement of the problem

Thiﬁlinm’ De ﬁﬁhi:invmigm n wnmm ess whether mﬁud m
dm:nce and Vozm“ toa [i’eﬂef nemeompﬁed m 2 mnlng m:ming af mobie
training alone.

1.12 Hypetheses

In this study the following null hypotheses were tested at the p< 0.05 Jevel of
lwim '
acrobic and strength trained group (CT). The measurements used for the primary
hypothesis consist of body weight (kg), body mass iadex (kg-m°2), exercise test time
(vec). peak power output (W), maximel O; pulse (ml-kg-!-best-!), maximal
vcliiluini (Vemax). Ventilation threshold (VeT). relative ventilation threshold
(VoT-VO2max): VO2mes (L'min!) or VO2mex (mi-kg" ) -min 1),

post training measurements ia the AT and CT groups for leg press, knes extension and



1.13 Dslimitations

1. The sample consisted of 20 male subjects between 63 and 73 years of age free from
coronlry mery disease as determined by medical history, haseline resting
| am and symptom limited graded exercise testing.

2. A sedentary lifestyle, defined as participation in regular physical exercise equal 10 or
less then three times per week during the last six months prior to study participation.

3. The symptom limited graded exercise test was performed on a Sicmans-Elma 3808
cycle ergometer. Respiratory gas analysis was asscssed by a Q-Plex Cardio-pulmonary

exercise system.

4. Exercise training took place three times per week for eigit weeks for a total of 24
sessions.

1.14 Limitatiens

2. The degree 10 which the randomly sclected sample of subjects represents the normal
population of healthy sedentary males between 65 and 75 years of age.

1.15 Sigaificance of the Study

Increased age is aseociated with a decline in cardiovascular and musculoskel
mmu-mmuwmmdwmm
At the present tisns & remains uwaknown whether an intervention, such as resistance and
mtﬁu.ﬂqm&pﬂﬂhmﬁhhhﬂhﬂ.
muaculer strongth 8nd U020y, con be more effective in incressing cardiorespins
ﬁ-ﬂmwﬁlnﬂﬁld-ﬂeﬁﬂ.“ 'l'i-




the health care sysiem in order to maintain a minimum level of functional well being.

1.16 Deflinition of Terms
Atrophy: Decrease in size of muscle tissue (Pate and Burgess, 1993).

Eccentric muscle contraction: Lengthening of a muscle as it develops tension
(Pate and Burgess, 1993).

Detraining: Termination of exercise training while maintaining normal day to day
activities (Nieman, 1990).

Hypertrophy: Increased size of an organ or tissue, usually caused by increased size
of cells or tissue elements (Pate and Burgess, 1993).

Left Ventricular Ejection Fraction: An index of the extent of left ventricular
shortening determined by the volume of blood ejected during systole compared with
initial ventricular volume (Opie, 1991).

Maximal Aorebic Power (VO2may): The maximal rate st which an individual can
take up, deliver, and utilize oxypen by the working muscles (Green and Patla, 1992).

Master Athistes: Individuals who train and pesticipate in competition after the age of
40 years (Pollock, et al., 1987).

Oue Repotition maximum (1 RM): The greatest weight that can be lifted through
a full range of movement for a muscie group (Nieman, 1990).

Radionuciide Anglocasrdiograghy: A nom invasive techriqus used 10 asesss lsfh
ventriculer ejection fraction (Frankiia, ot al., 1993).

Serceponia: Age-relsed reduction in skeistal muscie mass (Evans snd Campbell,
1993).



Chapter 2
Review of the Literature

This section reviews and summerizes the related literature regarding the
reduction in cardiovascular and musculoskeletal function with aging and the effects of
exercise to counteract this decline. This review will also attempt to find evidence which
suggests that combined aerobic and resistance exercise may be of benefit for males
between 65 and 75 years of age.

2.10 Decreased cardiovascular reserve with advancing age: confounding
role of occult or evert ceromary artery disease during semescence

Cross-sectional and longitudinal studies assessing the effects of the aging
process on cardiovascular function are confounded by the finding that occult and overt
et al, 1984). A major limitation of studies assessing the effects of aging on
cardiovascular function during exercise has been differentiasting between the
phenomenon associsted with aging opposed 10 the phenomenon occusring secondary o

disease.

Aging is characterized by a reduction in cardiac reserve during exercise as
demonstrated by-a diminution in: maximal beart rate [HRmgx ) (Heath, t al., 1981;
Hossack and Bruce, 1982; Rodeheffer, et al., 1984; Hagberg, et al., 1983;
Higginbotham, et al., 1986; Pollock, et al., 1987; Ogawa, et al., 1992); maximal stroke
volums [SVmax) (Hossack and Bruce, 1962; Rodeheffor, ot al., 1984; Ogaws, ot al.,
1992); meximal cardiac output [Queax ) (Hossack and Bruce, 1982; Hagberg, ot al.,
1985; Higgeabotham, et al., 1986; Makrides, ot al., 1990; Ogawa, ot al., 1992;
Lakatta, 1993); sjection fraction [EF] (Ehsani, ot al., 199]); arteriovencus oxyges
differencs (2-907 diff] (Haghberg. ot al, 1985; Makrides, ot al., 1990; Ogawa, ot al.,



1981; Hagberg, et al., 1985). The reduction in cardiovascular reserve may contribute
to the age-related reduction in maximal aerobic power.

2.12 Age-related decline in maximal aerobic power

Aging is associsted with a decline in VO2max (Robinson, 1938; Dill, et al.,
1967. Robinson, et al., 1976; Heath, et al.,, 1981 Higginbotham, et al., 1986;
Buskirk and Hodgson, 1987; Pollock, et al., 1987; Kasch, et al.. 1990; Rogers, et al.,
1990). In sedentary, healthy, non-exercise-trained individuals, VO2max declines by
approximately 10% per decade after the age of 25 years (Heath, et al., 1981; Rogers, et
al., 1990). Physically active individuals who maintain a constant body weight during
senescence have been shown 1o atienuate the decline in aerobic power by sbout 5% per
decade (Heath, et al., 1981; Rogens, et al., 1990). The decline in cardiovascular
function observed in healthy elderly individuals may be partially attributed to structural
and functional changes in the cardiovascular system (Schiant, 1990, Lakatta, 1993).

2.13 Rele of streke velume, heart rate, cardiac output and arterioven

In the elderly, controversy exists regarding the role of the reduced Qmax and
theredm:min\'!ozm Ogawa et al. (1992) investigated the effects of age, sex,
activity level and body composition on maximal acrobic power in 110 young and old
heakhy individuals. The age-related reduction in relstive VO2max (25-41%) in
was attributed 10 the reduced SVimax, HRamax. Qmax and maximal 8-V 07 diff. Heath
ot al. (1981), and Haghberg ot al. (1985), however, -wmﬂﬁl:bdiﬂiihm&
power in master athietes versus younger en -trained subjects was dus solely to
the roduced maxiemumm HR. mmanmn%m:—-
SV, and Q and a diminished oxygen extraction (Hagberg, ot al., 1989).




males and females between 23 and 79 years of age and who were free from occult or
overt CAD. No significant age-related decline in Q was observed during sub-maximal
and maximal exercise. Rather, differences were noted regarding the mechanism with
which Q was increased. Younger individuals relied on a greater HR and a Jower end
systolic volume while older individuals relied on the Frank Starling mechanism
mediated by a greater end diastolic and stroke volume.

In summary, aging results in a reduction in HR, SV, Q and EF during maximal
exercise. However, marked inter study variability has resulted in inconclusive evidence
regarding the role of the central limitation in the age-related reduction in VO2max. The
stimulus eliciting the reduction in cardiac resefve may be related to an alieration in the
regulation between the sympathetic nervous sysiem and the heart and vascular sysiem.

2.14 Alteration in neuronal medulstion of the heart and vascular system

Lakatta (1993) proposes that the age-related reduction in cardiac function may
be related to an alteration in neuronal (Beta adrenergic) control of the heart and vascular
system. Evidence for this theory is reinforced by a recemt study by Stration and
associates (1992) who assessed the acute cardiovascular respoases to graded
isoproterenol infusions in young and old individuals before and after six months of
acrobic exercise training. In the untrained state, older compared (0 younger subjects
had a reduced HR, EF, Q, and systolic and diastolic blood pressure during
isoproterenol infusions. The diminished cardiac reserve was not related to disuse-
deconditioning, because exercise training did not alter the cardiovascular resposaes post
function may be due 10 a reduced efficacy of Bets adrenergic modulation on the heart.

functien

The consequences of a sedentary lifestyle mimic cortain age-related alterations in
semsscence may bs secondary 10 diswss or deconditioning. Saltia and sssocietes (1968)




examined the effects of immobilization on various cardiovascular parameters in five
healthy individuals. After twenty days of strict bedrest, maximal aerobic power
decreased by 28% (range 20-46%) attributed (0 a similar decrease (26%) in maximal Q.
This reduction was due solely to the reduced SV, as HR and a-902 diff were unaltered
afier bedrest. The reduced VO2max after three weeks of bedrest was equivalent 1o
approximately 20 years of aging (Evans and Rosenberg, 1991).

Physically active individuals experience marked reductions in cardiovascular
function after a period of inactivity. Coyle et al. (1984) assessed the effects of 12
weeks of detrsining on cardiovascular function in a group of highly trained athletes
(VO2max 62 ml'kg-1-min-!) who had participated in regular physical exercise for an
average of ten years. Compared to the trained state, three weeks of inactivity resulted
in a significant 7% decline in maximal serobic power associsted with a reduction in
estimated Q and SV, respectively. The decline in acrobic power from weeks 3-12 was
due 10 the diminished 3-%02 diff. The combined effects of aging and a sedentary
lifestyle may lead 10 a reduction in muscie mass which has recently been implicated as a
factor leading 0 the decline in VO2max.

2.20 Alteration in skeletal muscie morpheology with age

A distinct festure of the aging process is the progressive reduction in skeletal
muscle mass (Lexell, et al., 1983; Young, et al., 1984; Flegg and Lakata, 1968;
Vandervort and McComas, 1986; Rice ot al., 1989; Frontera, et al., 1991; Aoyagi and
Shephard, 1992; Lexell, 1993) associsted with a concomitant increass in mon-muscle
tissue (Rice et al., 1989; Overead, ¢t al,. 1990). An estimated 40% reduction in vastus
lsseralis muscle volums occurs between 20-80 yeoars of ags. The dacline begins as early
as 25 years of age and continues 10 the extent that by the eigith decade approximately
half of the muscls volume is Jost (Lexell, et al., 1988). The age-related decline in
muscle mass, recently defined by Evans sad Rossaberg as sarcopesia (1991), may be
dus, in part, t0 2 reduction in muscle fiber sins or sumber or a combinetion of both.

2.21 Sercepenia: rels of sheletal muscle atrephy



sixth or seventh decade of life during which time there is a reduction in the size of the
type II (fast twitch), especially the type IIb (fast twitch glycolytic) muscle fibers
(Aniansson, et al. 1980; Grimby, et al., 1982; Grimby and Saltin, 1983; Aniansson, et
al., 1986; Gustavsson and Borges, 1986, Lexell, et al.. 1988; Klitgard, et al., 1990;
Aoyagi and Shephard, 1992; Rogers and Evans, 1993). Despite the observed
reduction in type 11 muscle size, the time course of this adaptation remains
heterogeneous between different muscle groups. Grimby et al. (1982) and Aniannsson
et al. (1986) demonstrated that the muscle area for the types I1a and IIb fibers were
smalle in the vastus lateralis than in the biceps brachii, while no apprecisble difference
was noted for the size of the type 1 (slow twitch oxidative) muscle fibers between these
muscle groups.

difference in the size of these flbers has been observed during senescence, compared to
younger subjects (Larsson, Sjodin and Karlsson, 1978; Larsson, Grimby and
Karisson, 1979; Aniansson, et al., 1980; Anainsson, et al.,, 1986: Klitgaard, et al.,
1990; Lexell and Downham, 1992). Lexell and associates (1988, 1992) have
ages of 20 and 80. The longitudinal study by Aniansson and associstes (1986) extends
change significantly over a scven year period in individuals hetween 73 and 83 years of
age.

With age the decline in skeletal muscle size was modest compared to the
reduction in skeletal muscle mass, suggesting that the latter changs may be dus o an
assaciastes (1963, 1988, 1992, 1993) weed astopsy specimeas 10 analyzs the cross-



A comparison of the total number of fibers in the vastus lateralis muscle of
young (30 years) and old (72 years) individuals revealed that an 18% decline in muscle
fibers accounted for the age-relsted reduction in muscle volume (Lexell, et al., 1983).
It has been stated that the decline in skeletal muscle fibers may begin at birth and
continue to progress with increasing age (Grimby and Saltin, 1983). However,
Lexell's 1988 study reveals that the loss of skeletal muscle fibers begins mid-way
lhrmch the second decade, gridullly dee:t’uing nmil 30 years of age and mlemﬁ:;
nmmmmwummmlymmmmmdmmw I!coumdtotypsl
muscle fibers (Lexel and Downham, 1992),

2.30 Decline in skeietal muscle strength with aging

Skeletal muscle strength measured during static or dynamic muscular
contractions decreases with advancing age (Larsson, et al., 1979, Murray et al., 1980;
Grimby and Saltin, 1983;, et al., 1986; and, 1986; Rice, et al., 1989; Overend et al.,
1992;, et al., 1992; Rogers and Evans, 1993). The onset of the reduction occurs
around 45 years of age and gradually decreases thercafter (Larsson, et al., 1979;
Frontera, et al., 1991), culminating in an overall reduction of 30-40% during the course
of one's lifetime. Skeletal muscular streagth decreases concurrently with the loss of

mmﬂhﬂnmmhnnmﬂ!Himhﬂhmlmm)
versus younger (20-33) individuals (Murray, et al., 1980; Vandervoort and McComaes,
1986). The extemt of the age-relsted decline in muscular strength depeads on the type
mhﬁﬂiﬂnﬁynﬁbm ﬁ“iﬁhhﬁﬁlﬁ
strength during ecceatric as opposed 10 concentric contractions was also dessonstr

ﬁhhmﬁﬂﬂﬂhﬂﬁ(ﬂﬁnm ug..nm).




2.40 Role of sarcopenia in the age-related decrease in muscular strength

The reduction in the number of skeletal muscle fibers combined with the
selective atrophy of existing type IIb fibers may result in the observed decline in
skeletal muscle strength (Grimby and Saltin, 1983; Lexell, 1993). A recent study by
Frontera et al. (1991) provides evidence suggesting that the loss of strength with
increasing age may be due primarily to the reduction in skeletal muscle mass. The
investigators measured the isokinetic strength of the elbow and knee flexor and
extensor muscles and normalized their values relative to fat-free mass and muscle mass
(using cretinine excretion) in healthy males and females between the ages of 43 and 78
years. Absolute muscular strength was on average 19-23% lower in the alder
compared to the younger subjects. When muscular strength was related (o muscle mass
the observed age-related decline in strength was eliminated. Overend and associates
(1992) observed a reduction in absolute knee flexor and extensor isometric strength
between young and old individuals. However, no appreciable difference existed when
strength was related to the cross sectional area of the hamstrings and quadriceps.

Vandervoort et al. (1986) and Brown et al. (1990) have demonsirated that the
decline in strength in the elderly was not related to an inability to completely activate the
respective motor units using the interpolated twitch procedure during maximal
voluntary contractions of the dorsi and plantar flexors and elbow flexor and extensor
muscles, respectively. Therefore, muscular strength relative to existing muscle mass
was not appreciably different for the young and the old.

Sarcopenia has been implicatod as a factor leading to the declins in basal
Wﬁ“m&hh—wﬁnMQMh
investigated the relationship between the Joss of muscle mess (dstermined by crestining
excretion) and VO2mey in §3 physically active, nos-endurance trained meles and



females. Aerobic power normalized to body weight decreased by 9.1% and 7.5%, per
decade in males and femﬂel respectively, while muscle mass declined by 6% per
decade in both sexes. VOmm:diudlom muscle mass markedly reduced the

observed age-related decline in aerobic power,

Studies investigating the decline in acrobic power of competitive master athletes
versus younger athietes matched for training intensity or best competitive performance
suuesnhu factors besides sarcopenia may be the cause of the age-related decline in
VO2max in trained older sthietes. Hagberg and collcagues (1985) compared VO2max
in master athletes, competitive young runners and young runners matched for exercise
training and competitive race times equivalent to that of the master nhletes No
significant difference in fat-free mass was seen between the three groups. VOzm“
relative to body weight or fat froe mass was significantly lower in the master athletes

compared 10 cither group of younger runners.

In summary, sarcopenia has been demonstrated to play a role in the decline in
contributor (o the decline in aerobic power with age. In sedentary deconditioned older

reduced ability o perform various activities of daily living (ADL) (Jette and Branch,
1981; Lungren-Linquist, 1983a.b). Young (1986) and Astrand (1992) suggest that a
to perform ADL or do 50 with such effort thet further diminution of function would
power required o perform ADL tasks was substantisted by Bassey and co-workerns
minimal throshold ascessary 0 rise from a chair unassisted, climb a flight of stairs
0.635m high or walk 6.1 m was 0.5W-kg"]. Moreover, it has besn noted that
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strength 1o sit up from a low chair unassisted (Young, 1986).

Evidence for the decline in ADL with age comes from the Framingham
Disability study (1981) and the Longitudinal Study on Aging (1989). In the former
investigation, comparison between younger (35 and 74) and older individuals (75 and
84) shows that a lower percentage of subjects in the older group are unable 10 perform
heavy housework, walk a mile or climb stairs. Similar findings have been reported by
74 years of age in the Longitudinal study on aging cannot climb ten stairs, lift 11.3 kg,
walk a quarter mile and perform heavy household work. The role of declined sirength
and power on age-relasted ADL deficits becomes more prominent when aseessing the
frail elderly. Bassey et al. (1988) cxamined the effects of age, strength of the
gastrocnemius and soleus muscles with self-selected walking speed, and amount of
customary walking in individuals 65 and over. In male subjects, calf strength was
correlated with walking speed and amount of walking and was inversely related to age.
Fistarone et al. (1990) assessed the safety and feasibility of high imensity resistance
training in institutionalized nonagenarians and found inverse correlation's between
quadriceps streagth and time taken 10 stand from a chair, six meter walk time and the
individuals at a greater risk for cardiovascular discase or all cause mortality
Paffenbarger (1986).

Paffenbarger et al. (1986) compared physical activity and lifestyle habits in
(kcal) had a 20% decreass in all-canse mortality compered 0 less active counterpares
(<2000 kcal). Blair ot ol (1909) have shown thet daily walking for 30-60 misutes can



Regular low intensity exercise initisted later in life can sugment the time 1o onset
of new cardiovascular disease. Posner and associates (1992) randomized l!4 hnllhy

group who continued to emche at hamg dudn; a ulbuquem eight mamh period; 2) a
short-term group who exercised in a supervised setting for four months; and, 3) an
attention control group who met weekly for lifestyle enrichment discussions.
Supewindwmwﬂbedmgmiﬁ training was performed three times per wesk
at a heart rate equivalent 1o 70% VO2max. The average time to onset of cardiovascular
discase was 617, 713, and 728 days for the control, short term and long term groups,
respectively. Despite the short and Jong term benefits of exercise, physicians have been
reluctant to prescribe exercise for the elderly (Weschler et al., 1983), a finding probably
related in part to a lack of knowledge by Doctors' regarding the benefits of regular
physical fitness (Young, 1986).

2.70 Reversal of cardiovascular function during sensscence: rele of
exercise

assoviated with the aging process. Master athiotes VO2max declines by 5% per decade
compared 10 & 10% decline in sedentary individuals (Heath, &t al., 1981; Rogers, et al.,
1990). Exercise initiated later in life has been demonstrated to alter cardiovascular
function to the exicat that the observed responses resemble that of a person twenty
years younger (Khort, et al., 1992). The central and peripheral adaptations reported in
the elderly afier exercise training are similar 10 that observed for younger individuals.

Short (8 weeks) or long term (| year) exercise training initisted Later in lifs (60-
80 years) reswlts in 8 significant incresse in: VO2max (Seals, et al., 1984; Thomes, ot
al., 198S; Cunningham, ot al., 1987); SVggx (Sesls, ot al., 1964; Bheani, ot al., 1991;
Makrides, ot al., 1990), Quax (Ehsani, ot al., 1991: Makrides, ot al., 1990); 2-907 &iff
(Seals, et al., 1984; Makrides, ot al., 1990); 02 pules (Hagberg. ot al., 1909),
Ventilation (Ve) (Seals, ot al., 1984: Hogherg. ot al., 1909; Goviadesamy, ot al.,
1992); and, veatilatory theeshold [VeT) (Govidesamy, ot al.. 1992) wish 5o changs or &



reduction in peak HR (Seals, et al., 1984; Govindasamy, et al., 1992). The magnitude
of the relative increase in acrobic power (7-38%) is equivalent to that reported for
younger individuals (Table 1).

2.72 Role .of the central and peripheral adaptations in the observed
increase In VO2mayx With training

According to the Fick Equation, VO2may is determined by the product of Q and
a-VO2 diff. The precise role of the central (oxygen delivery) a opposed (0 the
peripheral (oxygen extraction) component on the decreased VO2max remains
controversial in the elderly. This is due, in par, to the different methods used to
observe Q (indirect vs direct) as well as the heterogeneity of the differemt exercise

programs regarding training frequency, intensity and duration.

Seals et al. (1984) reported that the 30% increase in maximal aerobic power
after one year of exercise training was due 10 an increase in a-VO2 diff because Qmax
was not appreciably different from before training. The capacity of skeletal muscle o
adapt to endurance exercise training was not diminished in the elderly. Master athiotes
have a significantly greater activity of mitochoadiial enzymes: succinate
dehydrogenase, beta hydroxyacyl CoA dehydrogenase and a larger capillary to fiber
ratio compared to exercise matched younger controls (1990). The greaters efficiency of
skeletal muscie 10 extract oxygen during exercise mey result in master athietes haviag
similar performance times, compared 10 younger activity matched individuals, despite a
MV%“

Makrides and associstes (1990) reinforced by Ebsani et al. (1992) have shown
that the increased VO2mex With training was due 10 an increased Qmax a0d oxygen
delivery. In the former study, subjects trained ons hour s day three timss & wesk for
twelve wesks using an interval tralning routine equivalent 10 65-124% of
The 38% improvement ia VO2mex Was accownted for by sn incressed $Vamesx.
HRgaax. 88d Quuax. Prolonged high intensity exerciss training may ahier the strectural
and functionsl cheracteriatics of the aged myocerdium sesulting in enhanced systolic

function. Ehsani ot al. (199]) seported thet a year long training regimen at an enesciss
intonsity of 60-80 % VO2max incressed maximal sssobic power (20%), SV mex. Qimen
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and EFmax without appreciable alterations in maximal a-907 difference. The enhanced
SV during exercise was attributed to greater reliance on the Frank-Starling mechanism
umummmmmmummwm

mwmmm»ummwmmm

2.73 Physiclegical adaptatiens during sub-maximal exercise after
endurance (ralaing

The physiological adaptations during sub-maximal exercise secondary to
endurance training are similar in elderly and younger subjects. Exercise training results
in a decrease in submaximal respirstory exchange ratio, blood lactate, Ve and HR with
no change or a decrease in mean, systolic or diastolic blood pressure. Th:hcllnnn
HRiloﬂmbymiumndSanMuinmehnpinmmnﬁnIchvaz
(Seals, et al., 1984; Hagberg, ¢t al., 1989). The rate of perceived exertion during sub-
maximal exercise is decressed afler sxercise training allowing activities of daily living to
be performed for a longer period of time.

elderly

intonsity of excecise necessary 10 elici these benefies in the eiderly. Recent studies bave
confirmed that thirty miautes of low intensity exerciss, 30-45% heart rate reserve
[HRR]. performed four times per week, for two t0 six months, can improve maximal
acrobic power by 7-12% (Badeahop, ot al., 1983; Seals, ot al., 1984; Belmen and
(LY) and high intonsity (HI) enerciss in elders over ths ags of 60 years (1963). The
groups mst theee timss pur wesk and trained ot an intensity eguivalent 10 30-45% and



interaction was observed. Beiman and Grasser (1991) reinforced the above findings in
their examination of the effects of eigit weeks of exercise training below (33% heart
rate reserve [HRR]) and above (75% HRR) the lactate threshold in previously

The findings of Seals et al. (1984) support the hypothesis that maximal acrobic
power can be improved during an HI regimen after previous exposure to LI training.
Subjects exercised for six months at an exercise intensity equivalent lo 40% HRR
!ollawed.by:h:lf year of HI training ot 75-85% HRR. Afier LI training SVmax and
relative VO2max increased significantly by 6 and 12%, respectively. After the second
pemdofll‘lemuennmhble difference was observed for SVmax. o8 Qmas.
However, VO2max increased by another 18%. Despite the enhanced physiological
during the Iatter phase. When dealing with the elderly a question that remains o be
finding that LI exercise can provide significamt improvements in the related varisbles.

Frontera ¢t al., 1968; McCartney, et al., 1993; Roman et al., 1993). For example, it
lower extremity muscular streagth up 10 three fold after cigit weeks of high intensit
lower extremity resistance training (Fistarone, ot al., 1990). Deapits the increass in



3.82 Incressed muscular strength: role of meural adaptations versus
muscular hypertrophy

Early resistance training studies proposed that the elderly lacked the ability to
were due solely to neuronal adaptations. Moritani and Devries (1980) examined the
effects of eight weeks of moderate intensity progressive resistance training of the elbow
flexors in young (18-26 years of age) and old (67-72 years of age) males. Both
groups displayed significant improvements in muscular strength after training. The
mechanism eliciting this response differed between groups with the adaptations
observed in the younger subjects being the result of both neural and muscular
hypertrophy while in the elderly, neural factors accounted for the majority of the
strength increases afier training. Anniansson and Gustafsson (1981) assessed the
effects of lower extremity resistance training for twelve weeks in males between 69 and
74 years of age. Muscular streagth increased by 9-22% after training. However,
area.

retained in the elderly (Fromtera, et al., 1988; Brown, et al., 1990; Fistarons, et al.,
1990; Roman, et al., 1993). Ressarchers from Tufts University assessed the effects of
cight weeks of high imtensity (0% | repetition maximum [RM)) progressive
wﬁln!nhguidngdhm:dh-uh;_mhhﬂmmﬂ

Mﬂumndmm Computer tomography analysis demonstrated
aﬁiﬁmmh-ﬂimmﬁmixwﬁhmm

(1990). lmn-ul, ummy:_gmlm).mﬂug
capucity of upper extremity sueculature in the alderly 10 aduapt 10 resistance training was
similer 10 that noted for the lower imbs. A sigaificant increass in muecle strength,
M&mmm&dmﬂ“dhﬂdﬂm-ﬂh



Fiatarone and colleagues (1990) provide evidence that the physiological
adaptations secondary to resistance training can occur in persons in the ninth decade of
life. They assessed the effects of high intensity lower extremity resistance training in a
group of institutionalized frail elderly (86-96 years of age). Muscular strength
increased by 174% associsted with a marked improvement in quadricep and hamstring
strength after two months of exercise training at 80% | RM. The Iatter observations are
of importance because an increase in muscular strength will require less of an effont 10
perform ADL tasks.

2.990 Role of exercise training to offset the age-related skeletal muscle
morphology, muscle mass and strength

Klitgaard et al. (1990) have demonstrated that long term exercise training has
the potential to offset the decline in skeletal muscie mass and may attenuate or obliterate
the age-relsted diminution in skeletal muscie strength (1990). Individuals (69 years)
who engaged in long term progressive resistance training were observed to possess
comparable upper and lower skeletal muscular strength values as sedentary healthy
younger (28 years) subjects. These findings suggest that resistance training initisted
later in life may counteract the obligatory reduction in muscle strength that occurs with
aging.

291 Rele of resistance iraining to incresse maximal serebic pewer in
the elderly

With the exception of circuit weight training (Fleck and Kramer, 1988), high
not result in an increase in VO2max in younger individuals (Hickson, ot al., 1980). I
older decoaditioned iadividuals, who are limited duriag aa exercise tem by local
m weakness and fatigue, high intensity resistance exercise may improve
VOz- Hurley and associstes (1964) assessed the effects of 16 wesks of moderstely
high intensity ciscuit weight wraining exesciss on asrobic power in | | middie aged (40-
33) individuals. The iraining resulied in a significant increass in upper and lower hody
strength of 50 and 33%, respectively. However, no apprecisbis differencs in VO2mex
was noticed. Hagberg ot al. (1909) extended the cbesrvations of Hurley and assigned



older individuals (70-79) into 26 weeks of endurance training, strength training or a
non-exercise control group. After the program, no appreciable increase in maximal
oxygen consumption was seen between the strength and control group, despite the
former group's significant increase in upper and lower cxtnmit‘y ilﬂll‘lh The
endurance trained group increased their maximal oxygen pulse, Ve and VO2max.
These results supported by the findings of Hurley et al. (1984) underscored the lack of

A recent study by Frontera and colleagues (1990) contrast the above findings and
suggests that high intensity lower extremity resistance training has the potential to
increasc maximal strength and VO2max. The 107% increase in knee extensor strength
was associsted with an increase in the mean fiber arca of the vastus lateralis, number of
capillaries per fiber, and citrate synthase activity. mwdmuhdibudﬁuve
Wwwsaﬂmm(ﬁ)mumin% Therefore
the potential for strength training o increase acrobic power in the elderly may be

pewer

In this chapter, ampie evidence is reviewed 10 indicate that acrobic and streagth
respectively. A review of the related liserature also reveals that a large number of
studies ia the clderly have assessed the effects of exercise training on n.1ximal ssrobic
hwnmmmmh;mm“h
Such a combing asonably be expected 1o improve maximal asrobic power and
ﬂnﬁ" T&ﬁhﬁlhhmﬁhﬂﬂiﬁﬂy




CHAPTER 3
METHODS

3.1 SUBJECTS
3.11 Preliminary screeming
Subjects for this study were recruited from the greater Edmonton arca through
advertisements in seniors’ homes and by a local newspaper (Appendix A). Criteria for
sclection for the study included the following:
1) Males between 65 and 75 years of age.

2) Absence of cardiac and orthopedic disease as determined by history, physical

3) Sedentary lifestyle, defined as participation in regular physical exercise equal to or
less than three times per week during the last six months prior t0 study pasticipation.

were excluded from participating in the study. Eigit of these subjects were excluded
dus 10 an sbnormal ECG response 10 exercise; thres subjects were unable 10 maks the
time commitment 10 the study; one subject had insufficient range of motion due 10 knee
unable 10 parform the bassline cycle ergometer test.
3.12 Stady subjects

Tweaty-one subjects were randomly sssigned 10 eight wesks of asrobic iraining



approval from the Institutional Review Board of Human Subjects at the University of
Alberta Hospital. Descriptive physical dats of the randomized subjects compieting the
study are presented in Table 3.

3.13 Initial screening snd bassline testing
3.14 Histery, physical examinstion, bassline clectrecardiogram and

UniquMhﬂlHWWﬁémmmwm:
wmmm(ﬂﬁ)mmENMﬂw;ﬁ

| serformed on an electrically braked cycle ergometer (Siemans-
Blml!@) Thepmmammnsdmuﬂbwdbym
monitoriag of lead 11, V1 and VS were ssssssed; HR, BP and s twalve lead BOG were
recorded every third minuts of the SLLOET aad during recovery. Oxygea consumption

iﬂﬂﬂﬂl&ﬁxmmm(m WA) o
Mh\fﬂ‘-ﬂm The SLOET was terminsted at volitional fatigus or if

one or more of ths criteria (noted in Table 4.) were cbesrved (Posner, ot al., 1992). Iif
participation in the study. Subjects exciuded from the study wers referred back 10 their
respective responess 10 the SLGET and reasons for exclusion.

3.15 Maximal lower extremity musculer strength sad six miawte walk
tont

Two days after the initlal scresning. subjects reported 10 the University of
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The six minute walk test was performed in the Universiade Pavilion along a 33m flat
concourse. Subjects were instructed to walk from one end of the concourse and back
again covering as much distance as possible in six minutes. Subjects were instructed
that if they had symptoms of dyspnea, fatigue or pain that they could take imtermittemt
breaks. At the end of the six minute period the test supervisor called out “STOP” and
the distance traveled was measured.

Lower extremity maximal muscular strength was assessed following a one
repetition maximum (1RM) protocol and defined as the maximum amount of weight
leg press, knoe extension and knee flexion, respectively. The initial stiempt for each
exercise corresponded to the lowest weigit on the respective machine and increased by
S kilograms for the knoe extension and flexion movements and 10 kg for the leg press.
Subjects were given a 1-3 minutes rest between attempis.

The subject was in the seated position with his knee joint flexed t0 90 degrees with his
simultansous hip and knee exiension with concomitant plantar flexion: the reverse
extension (0 degrees) followsd by reversal of the movemest 10 the initial starting
flexed his lower leg until the knes joint angle corresponded 10 ~ 90 degress revening
ths sbove movement (o the initial position.

3.16 Repeat testing



discrepancy of one met (3.5 mi-kg-!-min-1) occurred in SLGET or £ 5% in the
strength or walking tests a third test was undertaken. The pre-training value used for
siatistical analysis was the highest score of the two baseline tests. In the event that a
discrepancy between the two tests was observed the value obtained on the third test was
unduﬂwht-ﬁﬂiﬂgmei

3.17 Post training analysis

During the ninth week subjects reported to the University of Alberta Hospital
Division of Cardiology exercise stress laboratory and performed a SLOET with ECG
and respiratory gas analysis for re-assessment of their 602;“; Two days later
subjects performed the six minute walk test and maximal muscular strength
assessments. An additional test was undertaken during this session to assess absolute
endurance on the leg press, knee extension and flexion. In each of the respective
strength exercises subjects performeod as many repetitions as possible with their pre-
training | RM load.

3.18 Determination of VeT and VO2max

mmmmhuwumwuymmmm
ventilatory equivalent for 02 (Ve-Y032°1) without an increase in the veatilatory
equivalest for CO2 (Ve-VCO2-!) [Ready and Quinney, 1962; Bhambani and Siagh,
198S; Davies, 1985; Posner, 1966; Wassorman, 1987). VO2max was defined as the

and Tonino, 1993).
3. 19 Exercise training pretecel

performed on Monark 818 and 818-E cycls ergometers . Afer 2 five minute warm wp
cycling at 2 HR oquivalent 00 the VeT £ S boats. Ths duration of the ssrobic phass



subject was monitored continuously by means of a heart rate monitor (Polar Pacer. Port
Washington, N.Y.).

After the completion of the cool down phase, the CT group went to the varsity
weight room and performed three Jower extremity exercises on the universal leg press,
knee extension and knee flexion machines, respectively. The intensity of the resistance
training corresponded to 40% of their IRM for 10-15 repetitions for three sets and
increased by 5% every fourth exercise session (Appendix D). Subjects were allowed 1o
rest for approximately 1-3 minutes between sets.

Exercise training was performed in the University of Alberta Sport Physiology
Laboratory and Varsity Weight Training facility and was supervised at all times by a
Registered Nurse/Graduate Physical Education Student.

3.20 Statistical analysis

Statistical analysis for the primary, secondary and tertiary null hypothesis were
performed with a two-way analysis of variance (ANOVA) with repeasted measures. If a
significant interaction was observed a post-hoc Neuman-Keuls test was undertaken.
Comparison of the pre-minin.lemfu\.fozm.wimd muscular streagth and
distance covered during the six minute walk test were performed with a one way
ANOVA with repeated measures. An uspaired t-test was used o determine if a
difference existed between the two groups for lower extremity absolute eadurance. A
two tailed alpha level was set " a priori * at p < 0.05. All values reported are means £ (!
8$.D.).
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TABLE 4

§) Significant ST segment depression or slevation.
G)Fﬁ-dpﬁﬂﬂndrﬂﬁ')hﬁ-“m:hh

BP sqgual or greater than Hg with exercise.

unable to continue due
ﬂ!ﬂ-ﬂ : te dyspuea, fatigue, dizainess, nouses,




Chapter 4
Results and Discussion

4.1 Resuits
4.11 Baseline Dsta

At baseline, the subjects in the AT and CT groups were not significantly
different (p> 0.05) with respect to: age, weight, BMI, exercise test time, peak power
outpwt, VeT, absolute and relative VO2max. Vemax. HRmax. leg press | RM, knee
extension | RM, knee flexion | RM, and distance covered in the six minute walk test
(Tables 5-9).

4.2 Pest training
4.21 Mean participation rate

The mean participation rate (defined as the number of sessions attended divided
by the total number of required sessions) for all the subjects was 99%. One subject in
the AT exercise group completed the required number of exercise sessions in six weeks
because of a travel commitment. All exercise sessions were uneventful for orthopedic
or cardiovascular accidemts. During the post test resting portion of the SLOET, one
individual in the AT group was cobserved 10 have a run of non sustained vestricular
tachycardia. This participant was followed up with a Holter monitor. No serious
adverse findings were noted and he was asked 10 continue his normal activities.

4.223 Durstion of the serchic and strength compencnt of the training
regimen

The average time spent in the asrobic portion of the exercise training was ~ 22.5
minutes, thres times per woek for all subjects. No significant difference (p > 0.05) was
obssrved for the meen training HR during the serobic portion betwesa the AT
(118.4(11.0) beats-min-! equivalent 0 77.6 (5.0) % pre HRmax) and the CT
[116.3(9.1) bests-min"| equivalent 10 81.1 (7.7) % prs HRman). In addition, the CT
group spent an exira 15-20 minutes per day. depending on the weage of the machines,



in the University of Alberta varsity weight room to compiete the strength component of
the program. For all lower extremity exercises the CT subjects performed 3 sets of 10-
IS (mean = 13) repetitions at ~ 57.5% of their pre-training | RM.

4.22 Body weight and bedy mass index

There was no significant change in body mass over the training period for either
the AT or CT groups. Initial body weight was 81.5 (9.5) kg and 83.9 (12.6) kg for the
AT and CT groups, respectively. Post training body weight for the AT group was 81.7
(9.7) kg and 83.2 (11.5) kg for the CT. BMI was not significantly different within or
between groups after exercise training [initial: AT 26.7 (2.8) kg'm"2, CT 27.8(5.2)
kg'm"2; post training, AT, 26.7 (2.8) kg:m°2, CT, 27.6 (4.9) kg:m-2].

4.23 Test duration and pesk power ocutput during the sympiom lmited
graded exerciss test.

Exercise test duration increased significantly by 10.3% (initial: 867.3 £ (127.9)
sec; post training: 956.4 £ (131.7) sec] in the AT subjects and 6.6% in CT group
[initial: 840 £ (128.1) sec; post training: 895.6 £ (175.4) sec). No significant
difference was observed between the two groups for this variable afer training (Table
3; Appendix F). Peak power ocutput improved in the AT subjects by 13.2% (p < 0.05)
while the CT group improved by 9.9% (p < 0.05). Afier training no significant
difference was observed between the peak power output between the groups [(AT,
199.1 (32.9) W; CT, 185 (44.3) W, Table S, Appendix F).

4.24 Maximal oxygen consumption, heart rale, oxygen pulss and
ventiistion

VO2umex increased significantly in both groups sfter sight weeks of exercise
training (AT, 6.8% L-min-! and 6.2% ia mihg"!-mia-!; CT, 10.8% in L-min"! and
11.6% in mikg-!-min-1). Post training YO2mex values were not sigaificamtly
difSerent between the groups [P > 0.05) (Tabls 6, Appeadix G). Maximal heant rate
increased significantly (p < 0.05) after the § wesk training regiaen in both ensscies
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groups (Table 6, Appendix, G). Despite no significant difference post exercise
training between the groups for maximal O2 puise, this variabie increased (p < 0.09)
for all subjects compared to pre-training values (AT, 3%; CT, 7%){Table 6, Appendix
G ). Maximal ventilation increased significantly after training in the AT [95.18 (16.01)
L'min-! 10 109.73 (19.01) L-min-!]) and CT subjects [94.44 (28.67) L-min-! to
108.89 (36.18) L-min-1)[Table 6, Appendix G).

4.28 Ventilstion thresheld

Afer eight weeks of exercise training the power output st the VeT increased by
13% (or all subjects (p < 0.05) [figure 1] resulting in a significant 10% improvement
sbeolute VeT [initial: AT, 1.56 £ (0.29) I-min-!; CT, 1.59 £ (0.26) Imin-!; post
training: AT, 1.70 £ (0.30) I'min-!, CT, 1.78 £ (0.33) I-min-1] (Table 7, Appendix
H). The relative VeT [VeT-VO2max-1} was not altered afer exercise training [p >

0.05KTable 7, Appendix H).

4.26 Log press, knoe extonsion sad knee curl 1 RM

Figusre 2 demonstrates that leg press | RM did not change appreciably (p >
0.05) in the AT group after eight weeks of exerciss iraining [initial, 150.91 (25.48)kg;
post training, 153.64 (22.03)kg). Ia the CT group leg press | RM iacreased by 13%
(Table 8) after exercise training [initial, 161.1] (22.05)kg: post training, 182.22
(27.74)kg, p < 0.05). The 18.6% difference in post training log press 1 RM betweea
the CT and AT groups was sigaificant (p< 0.05) [Table 8).

Knoe extension | RM increased significantly by 21% [initial, 44.96 (9.73) kg:
final, 54.5 (8.76) kg. p < 0.05] in the CT sfter enerciss training. Knes sxtonsion 1| RM
was not sigaificantly different (p > 0.05) from pee training ia the AT subjects (Table 8.
Appoadix [). Knes fisxion | RM incressed significantly (p < 0.05) by 17.9% and 51%
for the AT aad CT groups, respectively, after the training regimen. No significant
differonce was noted for ths post iraining maximal knes flexion strength scoses betwesn

groups (Tabls 8, Appoadix I).



The CT subjects were able to perform a significantly greater number of
repetitions with their pre-training 1| RM for the leg press, Knee exiension and knee curd,
respectively, compared to the AT group (Appendix J).

4.28 Six minute walk lest

Distance covered during the six minute walk test for the AT subjects increased
significantly (p< 0.08) from 3526.66 (74.66)m to 540.20 (66.49)m equivalent to a
2.6% improvement. A 5.7% increase (p< 0.05) in walking distance was noted for the
CT exercisers [526.33 (124.85)m 10 536 (95.05)m]. No significamt difference was
noted between the distance traveled afier training between the two exercise groups
(Table 9, Appendix K).



TABLE S
EXERCISE TEST DURATION AND PEAK POWER OUTPUT AFTER EIGHT

WEEKS OF EXERCISE TRAINING
Test Duration AT 67311278 9564 £ 131.7*
(lnl:g) CcT 840.0 1 128.1 9946 £ 175.4°
Power Output AT 1759+ 322 199.1 £ 32.9*
(Watts) CT 16863+ 328 10860+ M4 4*

&n--_;nm.;n Aﬂlﬂz“ﬂ.mmﬂrt
pre va. post training)



TABLE 6

EFFECTS OF EXERCISE TRAINING ON MAXIMAL
CARDIORESPIRATORY MEASURES DURING THE SYMPTOM LIMITED
GRADED EXERCISE TEST

Ve AT 5.2+ 160 109.7 £ 19.0%
(min-l) CT .S+ 20.7 1089 + 36.2°
03 puise AT 0.20 £ 0.0 0.21 + 0.02°
(mihg-lheat')) CT 019+ 008 0.21 £ 0.05°
HR AT 1526 1 134 1574 1 16.0°
(beate-min-}) CT 1432 £ 154 1476t 0.0°
vo_l.' AT 20104 266 £ 0.47%
(rminrl) CcT 231208 256 + 0.99°
(mbkg-lminl) AT 307181 32647
§ CcT Y IY Y 318199
hm_tlm.m'l'.miﬁcr, “'P:
pre va. pest tralning)



ire 1. Power output ot the VeT afver eig nchdimﬂe
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TABLE 7

ALTERATION IN THE VENTILATION THRES!
RELATIVE VENTILATION THRESHOLD ( VeT-VO2gmax"!) AFTER
EXERCISE TRAINING.

VeT AT 1561029 1.70 £ 0.39°
(Fmler1) CcT 1.99 £ 0.2 178 £ 039
VeTVO2max’! AT €301 £ 843 64.32 £ 651
(%) CT 7121912 7181 £ 10.98

(Valuss are maams £ 1 8.0:; AT, Acrebic training, CT, Combined tralning: * P
008 pre vs. pest training)
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TABLE §

IMPROVEMENT IN LOWER EXTREMITY MUSCULAR STRENGTH
AFTER EXERCISE TRAINING

190.9 £ 255 153461 220

AT D3 -

CcT 161.1 £ 220 1822 £ 27, 7% *¢
Kase Extension AT “$.1+£87 %3198
(Kg) CT 449197 $45+0.7
Kaee Flexion AT 81108 941£71%
(Kg) CcT 34197 51811

(Values are meams £ 1 S.D.; AT, Asrebic iv
0.08 pre va. pest tralning; ** P < 0.06 L‘I':A y



TABLE Y

ALTERATION IN DISTANCE WALKED IN SIX MINUTES AFTER
TRAINING

EXERCISE
Six minute Walk AT $26.7 £ 74.7 540.2 £ 64.5°
(meters) CT 52631 1248 5560 £ 95.1*

(Valuss are means £ 1 S.D.; AT, Aerobic training, CT, Combined training; * P <
0.05 pre va. pest training)



4.3 Discussion

Advanced age is associated with a decline in muscle mass, muscular strength,
walking speed, stride length, VeT, and VO2max resulting in a greater effort 10 perform
activities of daily living. Recent investigations have reporied that low to moderate
intensity (30 - 35% maximal heart rate reserve [HRR]) acrobic exercise performed three
times per week for nine weeks can increase cardiovascular fitness by 7-16%
(Badenhop, et al., 1983; Belman and Gaesser, 1991). Despite the marked
improvement in cardiovascular function it has been suggested that the decline in
VO2max associsted with aging is markedly attenuated when expressing maximal
scrobic power relative to muscle mass. Based on these observations Frontera and
associates (1990) have demonstrated that high intensity resistance exercise can improve
lower extremity muscular strength and cardiorespirstory fitness. The purpose of this
mmmemummmmmmmfmmmm

With the exception of leg press 1| RM, the results indicate that the primary,
secondary and tertiary null hypothesis canaot be rejectod st the p<0.05 level of
significance. mmﬁmmmwmmmﬁmm
ﬂmmmmmmuuhwmvo;m v=.v.s1'
distance walked in six minutes. However, the magaitude of the increase in these
varisbles is no greater then that induced by acrobic traising alowe. mr-hguu
combined streagth and acrobic training does not isterfere with the improv in
VO2max, bist n0 more effiactive thea aerobic training alonc, was sisilar 10 thet observed
in younger subjects [20-30 years of age) (Hicksom, ot al., 1980; Dudely and Djamil,
1983).

Figure 3. reveals that the initial leve! of relative VO2max for the study subjects
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shown that short term low to high intensity (53-82% i’Q:m“) acrobic exercise
peﬁmmeHﬁmmMMfmmmmkmmmﬂlz*

increase in VO2max (Belman and Gaesser, 1991; Posner, et al., 1992; Poulin et
al..1992). Poulin and associates (1992) exercise trained a group of elderly males
(mean age 67.4) for nine weeks at an exercise intensity similar to both groups in the
current study and observed an 8 and 1 1% increase in absolute and relative VO2max.
respectively. Other investigators have demonstrated that short (12-16 weeks) or long
Ifmemmmm] ining (6 months - 1 year) in the elderly (> 65 years of age) can increase
VO2max by 21-38%. In those studies demonstrating marked improvements in
cardiorespiratory fitness the subjects trained three days per week for ~ 40-60
minutes-day-! at an intensity equivalent to 60-85% HRR. In the current study, the
subjects exercised for ~ 23 minutes st a HR equivalent 1o 78-81% HRmax. three days
per week for eight weeks. Moreover, the pre-training VO2max for subjects in the
study by Makrides and associstes (1990), who reported the gresicst increase in
VO2max [38%), was below 25 mi-kg!-min-1. Cunningham and associates (1987)
confirmed that the greatest improvements in cardiovascular fitness occur in those
individuals with an Jow initial VO2max: individuals whose VO2max is below 23
ml-kgl-min-1 are expected (o increase their VO2max by 25 %. The discrepancy
between our findings and that noted by the above studies may be explained by
:’lﬂﬂmhﬁmﬂﬂnnﬂMMMﬂMnﬂm

O2max.

Fleg and associstes (1993), supporied by data from Youssis et al. (1990),
demonstrated that increased age is associsted with a blusted cardiovasculer responae
vmﬁhﬁﬂmmﬁﬂﬂm lhb_
in spiratory fitness obssrved by the AT and CT subjects can be attributed o
eﬂddmm Ahhcﬂnﬂuﬁﬁ“j*hh
enseciss training for all subjects may be atiributed (0 an sugmented responss 0 beta
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ufter exercise training to a greater HRmax, SVmax and Qmax with the increase in
maximal a-v0)2 diff playing a secondary role. Ehsani and associates (1991) extended
these obscrvations and reported that the increased ('Ozm mssociated with one year of
high intensity exercise training in a group of older subjects (60-70 years of age) was
due to enhanced left ventricular systolic function resulting in an augmented inotropic
state. Seals et al. (1984) contrasied the above findings by demonstrating that the 30%
increase in maximal acrobic power afier one year of exercise training was due to an
increase in a-V07 diff because Qmax was not appreciably different form pre-training
values. Despite the limitation of not being able to determine the nature of the stimulus
cliciting the enhanced maximal acrobic power, analysis of Figure 4. reveals that eight
weeks of exercise training resulted in improvement in the current subjects
cardiovascular status equivalent to that observed for individuals 5-20 years younger.

The pre-training absolute VeT for the CT and AT subjects in this study was
1.58 L' min* | which is above the acceptable lower limit of | L 02 min-} suggested by
Wasserman and associates (1973). Afier exercise training the average increase in
sbeolute VeT for all subjects is consistent with recent studies thet reported an 119%-15%
increase in this variable afier short term exercise training (Blumenthal, et al., 1989;
Belman and Gaesser. 1991; Govindisamy, et al., 1992; Poulin, et al., 1992). The
average post-training VeT for all subjects ( ~ 6 mets) suggests that the subjects in the
current study can perform activities of daily living such as walking 4 miles per hour,
carrying heavy groceries, shoveling 10 Ibs of snow for ten minuies or sawing

the lactase threshold rather thes a percemiage of HRmax of VO2max. They randomly
sssigned subjects 10 a low inteasity group, who trained at an intensity ~ 72 % of the
lactate threshold and & second high istensity group who enercised at ~ 121% LT. Afler
in this varisble. The fiadings from the currest study demonetrate that the VeT is

VO3 and VeT decling with increasiag age with the seduction in the former
being grostor then the laster sesulting in the VeT V07" | being higher in elderty
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compared to younger individuals (Reinhard, 1979; Cunningham, et al., 1985). In the
current study, the average increase in VeT and VO2max were similar. Therefore, the
Vc'r VOz ! was not altered wnh u'mnn; Bocause ac:Mtiel ln dnﬂy living mull in

m.puad exercise training in l.he elderly u most Hh}ly to :umul:u mon phyﬂolojiul
processes which result in an increase in VOzm to a grester extent then those that
result in an increase in VeT, However, Mghor imtensity longer duration exercise
training may result in a grester increase in VeT- VD:“ than observed in this study. In
younger individuals (mean age 23 years), Ready and Quinney (1982) observed a
19.4% increase in VeT-VO2'! after nine weeks of exercise training at ~ mvoz.m
Poole and Gmser (1983) cnniuied the effects af:ominms Imw (30% Vsz) or

mglmen(l()ﬂ» vozm) Aﬁermelmnm;pmpnm.l 25% mcmmwr vo;-
was reported for subjects assigned to the interval training program. No significant
mmw:vﬁﬁkwsmdfwmemmhhbwam
continuous program. ﬁEIS‘EtheTmby 8500Cia
(l@)hﬂnﬁl&rmnﬂmmh?f

Despite no significant difference i absolute of relative VO2max between the CT
-uummmmnmmmnmhmmmm

WMWWﬂMhHMwmm&
ergometer VO2max (Hickson et al., 1980; Dudiey and Djamil, 1985). The cusrest
ﬂyhmﬁmﬁpﬂﬂdﬁhﬁﬁmm
hMV%!ﬂh;ﬂﬂ:ﬂﬂhﬂﬁﬁ“m
However, wimﬁemﬂmwmummm
um;mmmnﬂ,dwnﬂqm-umw
mVOmhmcmmmgldqlﬂkMyq
al.. 1984; Dudicy sad Djamil, 1983; Panton, ot al., 1990; Simpeon, ot al., 1993).
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Combined aerobic and resistance training resulted in a significant improvement
in leg press muscular strength afier eight weeks of exercise training. The magnitude of
the increase in strength (18%) after training was significantly greater then that noted for
the AT subjects. The enhanced lower extremity leg press muscular strength is similar
to that observed in a group of elderly individuals (73 years of age) with chronic airflow
obstruction after eight weeks of exercise training. However, other studies have
demonstrated that higher intensity strength training (~ 70-90% | RM) performed three
days per week for four months can increase leg press strength by 24% (Brown, et al.,
1990; MCCartney, et al., 1993). The discrepancy between the current study and the
latter findings may be due to differences in training programs. Sale and colleagues
(1990) assessed the effects of concurrent strength and endurance training in younger
individuals (~ 21 years of age) who were randomly assigned 1o either a sirength trained
group (one limb performed strength training (S): contra lateral limb strength and
endurance training [S + E]) or an endurance trained group (one limb performed
endurance training (E); contra lateral limb performed endurance and strength training |
E + S)). Afier 22 weeks of training all exercise groups (S, S+E, E, E + S) leg press |
RM increased compared to pre-training. More importantly, the magnitude of the
increase in strength after training was greater for the E + S compared to the E only
group. The finding in the current study that an excrcise regimen comsisting
predominantly of serobic training with subsequent strength training can improve
muscular strength 10 a grester extent then acrobic training alone is similar 10 that of Sale
et al. (1990).

Despite a significant increase in knee extension and knee flexion maximal
muscular strength in the CT subjects, the magnitude of this alieration was not
appreciably different when compered 10 the AT subjects. The increase in muscular
strength for the CT subjects is lower than a series of recent studies that have revealed
that 8-12 weeks of lower extremity streagth training at 830% 1 RM cas result in a 107-
174% and 227% improvement ia leg extonsion and leg curl strength, respectively
(Fiatarons, ot al., 1990; Fromters, et al., 1990). The discrepeacy between cur results
and that reported by ths above iavestigators is most likely related 10 differences in
training intensity. In the former studies lower extremity muscular strength was
asssssed weekly and the subjects trained at 80% of their sew | RM wheress the CT

subjects averags training weight corvesponded 10 ~ 60% of their pre-training | RM.
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Moreover, the frail elderly subjects studied by Fiatarone, et al. (1990) were ~ 90 years
of age and had remarkable reductions in muscle mass and strength. Therefore, it was
not unexpected that a relative increase in strength of 200% would occur in this group.
In younger subjects Hickson and associates (1980) reported that concurrent training
resulted in a reduced ability to increase muscular strength without altering maximal
acrobic power. The lower relative improvements in muscular strength in the CT
subjects compared to the above studies may be due to an interference effect of

performing combined acrobic and strength training.

Of particular interest in this study was the finding that the AT subjects had a
significant improvement in knee flexion 1RM post training despite performing no
strength movements. Cycle ergometer exercise primarily involves the quadricep,
hamstring and gastrocnemius muscles. Therefore it was possible that this type of
training may have resulted in an increase in hamstring strength. The finding that
acrobic training can increase jower extremity strength in the elderly is not without
precedent. Panton and associates (1990) observed a 3% increase in lower body strength
in a group of aerobically trained subjects afier 26 weeks of exercise training. Sale et al.
(1990) further suggest that an exercise regimen consisting solely of endurance training
can increase lower extremity strength. However, a limitation to the latier study is that
the subjects trained each leg separasely for either strength or endurance which may have
resulted in the ipsilsteral leg adapting t0 the stress imposed on the contra laeral leg.

A major limitation of this study was that there was not a coatrol group or a
group that strictly performed strength training. Therefore, it is unknown if combined
acrobic and strength training effects the ability 10 adapt (0 strength training. Despite this
uncertainty the CT subjects performed a significantly greaster number of repstitions with
their pre-training | RM compared 0 the AT group. Asaalysis of the averags absolute
endurance reveals that the CT subjects were able 10 perform twice as many repstitions
compared (o the AT subjects. Therefore, the CT subjects are able to perform high
istensity muscular strength tasks without enduring local muscular fatigus compared 0
the AT subjects.

Distance covesed during the six minute walk incressed for all subjects with no
difference observed for mods of training. Simpecn and associates (1992) cbeerved no
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airflow obstruction despite an increase in maximal lower extremity muscular strength.
The exact nature of the increase in walking distance in unclear because this type of
training was not performed by the study subjects as part of the exercine training
regimen. The increase in walking distance cannot be related 10 the increase in lower
extremity strength because no significant difference was noted for the distance covered
between the groups after exercise training. 1t may be possible that the subjects
increased their walking patterns during the training program.
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Chapter §
Summary and Conclusions

S.1 Purposs

combined acrobic and strength training would increase maximal oxygen consumption,
lower extremity maximal muscular strength and distance walked during six minutes
compared (0 an exercise regimen consisting solely of aerobic training.

5.2 Summary and conclusions

From the results the following conclusions are warranted:
1. Combined aerobic and strength training can increase maximal oxygen consumption
however, the magnitude of the change is no greater then aerobic training performe ’
2. Combined training can increase leg press strength and lower extremity leg press,
knee exiension and knee flexion absolute endurance 10 a greater exient then aerobic

3. Exercise prescription based on the VeT is a safe and effective method of improving
maximal oxygen consumption in the eiderly.

strength, muscle mass, and cardiorespiratory fitness through a regimen consisting of

s

comparsbis 10 that chesrved for subjects 5-20 years younger.




The following recommendations are presented in hopes that further inquiry will be
stimulated in this area.

1. Replication of this study with a larger number of subjects (n = 100) who will be
randomly assigned into one of these groups: 1) a control group; 2) an serobic trained
group; 3) a strength trained group and, 4) an acrobic and strength trained group. This
type onmdy will be able lndetemﬁng irmm mngm and serobic training has an

2. Future studies should be undentaken to assess the effects of exercise training in
males who have a normal resting cardiovascular status but have subsequent ischemia or
silent ischemia during exercise testing.

3. To assess if combined training may be beneficial in special populations m::h as
eogenivehemmlmemmmmummmmbmmc rdiorespiratc
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APPENDIX A
ADVERTISEMENT FOR EXERCISE STUDY



WANTED !!

Males, 65-75 years old, currently
involved in regular physical activity (less
than 3 times per week) to participate in an

exercise study conducted by the

University of Alberta: De nts of

Cardiology & Physical Education

Each subject will receive a cardiovascular
consultation consisting of a physical
examination, electrocardiogram, and an
Bligible su wi asked to participate
in an 8 week exercise training an.
Exercise testing and training will be
monitored l‘? a Physician and/or a

Re Nurse.

For information, contacts
““Dr. K K.

492 - 4037
or
Mr. M. o R. N.
By



APPENDIX B
CONSENT FORM FOR THE STUDY



‘o L’;;;;L;i&',; ! 7'

Fhysiological Reagonses to Cosbined Aercbic and
=lgm Training in Rlderly Sedentary Male

E_E !Mﬁi ! ﬁc !g.n ﬁ. ﬁc Dq'g Iﬂl. ﬁ. -.A. m 7”_' '.
o M. N, Saykowsky R.M. B.P.B. ’

Incressed age is associated with a decline in muscular strength and seccbic
fitness, Recent studies have suggested that regular physicsl activity can counteract
at the University of Abarta Nospital are conducting & vesearch study to find
out vhich enercises are beneficial for elderly individuals. The aim of this research
is to detarmine if certain esercises can improve leg strangth, wiking distance

It you sgres to participate you will have an equal chance of being assign

to & bicycle Fll::m 'an ":run';ﬂ ned Meyehﬁniwuﬂqmdmm group.
You wiil be required to attend an enercise class approxisstsly one hour long, )
thres times per week, for elght wvesks.




-

YTHE OF THE RESEARCN PROJICT: Physiological Responses to Casbined Aerchbic and )
:‘"ml_ Training in Elderly Ssdentary Male

DIVESTIGKTORS o RKe ‘l‘. Or. c,'g L:l. m- i‘, ainney,
' : K Raykoveky |.=. B.P.E. SA. Quinney

1 acknowledge that the research procedures describad an the Informstion Sheet
(attached) and of vhich 1 have & copy have been axplained to me, and that o
questions that 1 have asked have been snewered to my satisfaction. In sddition,
1 hknov that I may contact the persons designated on this forwm, if I Mve furthec
in the future. I understand the poesible benefits of

!
f
g
=3

the research study, as well a8 the possible risks and discomforts. 1
been assured that parsonal records relating to the study will de hept
confidential and thet my name will not be published or presented at conferences.
1 understand that if any knowledge geined fram the study is forthoomiag that could
influence ay decision to continue in this study, I will be promptly informed,
1 understand that 1 can withdraw from the study at any time without effecting
sy sadicsl care.
TRama)
The pececns vho may be contacted
sbout the research ares
“O'.'.M
Telephone WO, 492-4037
or. O.P. Nman;
Teloghone W, 492-15%6
n.u.w
Pelephone . ¢
63 : ‘



PRE-TRAINING PHYSICAL EXAMINATION
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PHYSIOLOGICAL RESPONSES TO COMBINED AEROBIC AND
STRENGTH TRAINING IN SEDENTARY ELDERLY MALRS
PRE-TRAINING VISIT

MEDICAL HISTORY: WRITE ALL CONDIDTIONS, BY SYSTEMS, WHICH
ARE PRESENT OR ONGOING AT THE SCREENINO VISIT.

HEIGHT: WEIGHT":

81: 83: 83: Se:



APPENDIX D
EXERCISE TRAINING PROTOCOL



Week Session Duration of aerobic phase
1 1-3 15.0 minutes
2 4-6 17.5 minutes
3 7-9 20.0 minutes
4 10-12 22.5 minutes
- 13-18 25.0 minutes
6 16-18 21.5 minutes
7 19-21 30.0 minutes
| 21-24 32.5 minutes

Week Sessieon Percest 1 RM  Sets Reps
1 1-3 40 3 15
2 4-6 45 3 13
3 7-9 50 3 13
4 10-12 33 3 13
S 13-13 60 3 1o
¢ 16-18 [ < 3 10
7 19-21 70 3 10
s 21-24 73 3 10
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APPENDIX &
PRE TEST RELIABILITY



INTER CLASS CORRELATION COEFFICIENT FOR PRE TEST
VARIABLES

VARIABLE INTER CLASS CORRELATION

VO2max (L'min"1) 82
{/02max (mi- kg~1-min1) 29
Tent time 27
Leg press | RM 86
Knee exiension 1 RM .79
Knee flexion 93
Six minute walk test 94
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APPENDIX F

EXERCISE TEST DURATION AND PEAK POWER OUTPUT
AFTER EIGHT WEEKS OF EXERCISE TRAINING

70



Exercise test duration before and afier eight weeks of asrobic
(AT) or combined (CT) exercise training. Values are msans £
SE. Main effect before (open bars) vs. after (hasched bars)

training: * P < 0.08,

71



Peak powe rmmhfmmdaﬁere&hﬂdmoﬂe(l\ﬂ

orcombmed(CT)eimhe alues are means £ SE.

yaiagfeﬁ before (open bars) vs. afier (hatched bars) training: *
<
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APPENDIX G
EFFECTS OF EXERCISE TRAINING ON MAXIMAL

CARDIORESPIRATORY MEASURES DURING THE SYMPTOM
LIMITED GRADED EXERCISE TEST

73



Maximum aerobic power before and after eight woeks of ssrobic
(AT) or combined (CT) exercise training. Values are means £ SE.
;mg gecl before (open bars) vs. afier (hatched bars) training: *
¢ € 0.U0.
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Maximum aerobic power before and after eight weeks of aerobic
(AT) or combined (CT) exercise training. Values are means &
SE. Main effect before (open bars) vs. afier (hatched bars)
training: * P < 0.0S.
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180,

% ._'l:_.*
1404
im
¥ 100
} w
} )
40/
20+

- AT

Maximal heart rate before and after cight weeks of aerobic (AT)
or combined (CT) exercise training
Main effect before (open bars) vs. after (hatched bars) training: *

P <0.0S.
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. Values are means & SE.



- o .
Muimalox befaemdihefel t weeks of aerobic

alues are means £

(A‘l’)arm (Cl')exemile
, ,(huclndbm)

SE. Main eﬂ‘ect before (open bars) vs.
training: * P < 0.08.

7



0! .

Maximal ventilation before and after eight weeks of aerobic
(Aﬂwmw(mwmwmnsmmt
SE. Main effect before (open bars) vs. (hatched bars)
training: * P < 0.0S.
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APPENDIX H

EFFECTS OF EXERCISE TRAINING ON THE ABSOLUTE AND
RELATIVE VENTILATION THRESHOLD
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Ventilation thmhoid before and after eight wg.-lu of asrobic

(AT) or combined (CT) exercise training. Values are means £
SE. Main effect before (open bars) vs. after (hatched bars)
training: * P < 0.08.




Ventliation thresheld, mikg/min

A

Ventilation threshold befors and after eight weeks of asrobic
(Anummmmmwm_mm:
SE. Main effect before (open bars) vs. afver (hatched bars)

training: * P < 0.05.



Relative ventilntion threshold, VeT/VO: max
o 8 8 & & & 3 &8 8

100;

A v o v
acrodic (AT) or combined (CT) exercise training. Values are
means £ SE. Main effect before (open bars) vs. after (hasched
bars) training: * P < 0.0S.




APPENDIX 1

EFFECTS OF EXERCISE TRAINING ON KNEE EXTENSOR AND
FLEXOR MAXIMAL MUSCULAR STRENGTH

83



1RM, Kg

AT —CT

Knee extension maximal muscular strength befors and after
sight weeks of acrobic (AT) or combined (CT) exercise
Values are means £ SE. Main effoct before (open

m)‘?, afier (hatched bars) training: * P < 0.03.
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Knee flexion maximal muscular before and afer eigit
weeks of acrobic (AT) or combined (CT) exercise training.
Values are means £ SE. Main effect before (Open bars) vs. after
(hatched bars) training: * P < 0.03.



APPENDIX J

EFFECTS OF EXERCISE TRAINING ON LEG PRESS, LEG
EXTENSION AND FLEXION ABSOLUTE ENDURANCE



12 sk .
10 1

LEG PRESS

1 T

iJ

AT cT
Repetitions done, afier training, with the heaviest weight that
thlM!«lnpedﬁoanmbhghhA and CT
groups. Values are means £ SE. Main effect CT> AT: * P < 0.08.
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Repetitions at pre 1 RM

KNEE EXTENSION

PO -

T

S ¥

AT - CT
Repetitions done, after training, with the heaviest weight that
could be lified for 1 repetition before training in the AT and CT
mps.VﬂucsmmmtSEgMﬁndfmﬁﬁAT:‘Pd



12

101

Repetitions at pre 1 RM
»

KNEE FLEXION
* T

AT CT
could be lified for 1 repetition before training in the AT and CT
rg;ps. Values are means + SE. Main effect CT > AT: * P <



APPENDIX K

EFFECT OF EXERCISE TRAINING ON DISTANCE COVERED
DURING THE SIX MINUTE WALK TEST



Distance, meters

700

g 8

8

B &

ol

L A,. - - ﬁ R
Maximum distance walked in six minutes before and after eigit
(hatched bars) training: ® P < 0.08.




