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A bstract 

Eleven older males (68 yrs) were randomly assigned to: 1) 5 days of lhrlday high 

intcnsity stationary cychg (EXER); 2) 1ûûmg/dayofspironolactone (DIUR); and 3) Exercisl 

and diuretic (EXDI) to investigate the effect of changes in plasma volumc (APV) on left 

ventricular diastolic füling (LVDF) and oxygen uptake (VO,) response. Doppler 

echocardiographic indices of LVDF. %APV. VO? kinetics and VO,, were determined 48 

hours at'tcr txch condition. 

Plasma volume appearcd to increax with EXER (6.2%. p = 0.069) and decreased 

with DIUR ( -  1 1.5%. p < 0.00 1) and EXDI (-6.84. p = 0.038). Peak early trans-mitral tlow 

vclocity / peak late trans-mitral flow velocity (E:A). VO,,,. and VO? kin~tics wrre 

unchangcd. However. E (76.9 cmls. p = 0.043) was higher with EXER than BASE (67.9 

cmfs) and E:A approached k i n g  correlated 8 = 0.934. p = 0.066) with %APV across ail4 

conditions. The absence of change in both VO? and LVDF rcsponxs in this moderately fit 

g r w p  0 f older men suggests that pump function may not be ümited by alterations in PV. 
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Chapter 1 

Introduction 

Therc: is an age-related decline in human maximal oxygen uptake and exercise 

performance of approximately 10 percent per decade (Ogawa et al.. 1992; Hagberg et al.. 

1998). Proposed mechanisms of thjs deche have slimulated research questions and 

hypothcscs in thc hope of identifying ways of dçlaying the ageing process. 

Thc Fick Equation [VO, = ( HR x SV ) x (a-CO,,) 1 is a mode1 of oxygen uptake, 

transport. and utilkation and provides a moans by which to investigatc the age-related decline 

in oxygen uptake. Two theories have k e n  proposed io account for the decline observecl in 

acrobiç performance with ageing. The transport Limitation theory proposes that aerobic 

pcrii~rmancc is ümited by central factors such as pulrnonary diffusion. blood O? carrying 

capacity. hean rate (HR). stroke volume (SV), peripheral blood tlow. or diffusion tiorn the 

çapillarirs into the muscle cek. The transport Limitation theory proposes that either the 

heart's ahility to supply oxygenated blood or ability to distribute peripheral blood tlow limits 

cxercise performance. The utilization limitation theory proposes that aero bic performance 

is h i t c d  by the skeletai muscles' abiiity to extract and use the oxygen supplied by the blood 

and is rétlected by the magnitude of arterial-vonous O2 difference (a-P02dn). Debate 

continues as to the iimiting factor(s) in sub-maximal and maximal exercisl performance with 

the central question king: 1s exercise performance transport or utilization limited (Hughson. 

1990: Tschakovrky & Hughson, 1999)? The point that should be taken from this debate is 

that ail of these factors should be considered in the interpretation of exercise performance as 
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any limitations are specfic to individual age and specüic fitness. More important. in terms 

of the age-related decline in exercise performance. is the need to investigate the effect of 

ageing upon these possible hi t ing factors. 

Short-term training with younger males has resulted in improvements in maximal 

oxygen uptake (VO*) (Convenino. 1983: Nadel. 1985; Green et al.. 199 la). Associated 

with this improvement in VO,, has been an increase in plasma volume (PV) (Convenino. 

1083: Nadsl. 1985). Until recently, rnost of the research in this regard has ken  on younger 

rncn utilizing exercise training of a moderate intcnsity (65-70CkV0,-x)(Convertho. 1983: 

Nadcl. 1985). Short-term training with older males has resulted in improvements in VO,, 

and aîsociated with increased PV and improved leCt ventricular diastolic f i g  

(LVDF)(Pctrellü et ai.. 1997). Older men have ako shown a drcline in VOz kinetics in 

rcsponsc io the onset of a sub-maximal square wave workload and th& VO, kinrtics are 

irnprovcd with training (Babcock et al.. 1994a: Babcock et al.. 1994b). Increaws x e n  in PV 

rcsponsc to short term training in younger males have been associated with improved VO,,, 

howcver there rernains some disagreement on this issue (Green et al.. l98îb; Green et al., 

1993). 

Increased PV dominates exercise-induced hypervolernia in the fïst two to four weeks 

and then the hypervolernic response is shared equally between increases in bo th plasma and 

erythrocytes (Convertino. 1991). The mcchanism(s) responsible for the PV increm have 

k e n  associated with blood proteins. electrolytes. and Buid regulating hormones. Although 

total plasma aibumin, sodium, renin, and aldosterone have been shown to decrease with 

apeing (Tsunoda et al., 1986). and also to increase in responx to short-term training in 
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younger males (Convertino et al.. 1980). these variables have no t k e n  studied in older males 

in response to short-term training. 

In 1996. Petrella at al. reported in a cross-xctional study of LO older active. 10 older 

scdr ntary. and 10 younger males that older morc active subjec ts had LVDF mrasures more 

sirnilar to those of the younger men than the older sedentq men did (Petrella et al., 1996). 

I t  was proposed that the since the study did not train the oldrr more active subjects. the 

observcd LVDF measures. which appeared to be those of younger men. could not be 

attributed to training (Petrelia et ai.. 1996). This led to a subsequent study of short-term 

training-induced PV increase. VO-,. and LVDF (Petreila et al.. 1997) in which VO,,L,. and 

LVDF wcre shown to improve in association with PV increase. 

There is an age-associated deche in LVDF and an impaircd myocardial relaxation 

(Gerssnhlith et al.. 1977; Appleton & Hatk. 1992: Klein et al.. 1994). Wei ( 1992) suggested 

t his is of grcat importance due to the diminished cardiac function of the aged and the 

associated risks of increased diastolic dysfunction. The aged myocardium requires more t h e  

to relax (IVRT) due to decreased compliance of the tissue. This decreaxd compliance and 

incrcased relaxation t h e  has ken attnbuted to an age-reiated increase in human heart 

collagen rnatrix. a decrease in the capacity and rate of calcium resequestration, and lipid 

deposition (Gerstenblith et al.. 1976; Zwolinski et al.. 1976; Wei, 1992). Unfortunately, and 

countrr-intuitive-. relaxation of the myocardium is an active process and requires substantid 

enegy and oxygen (Wei et al.. 1989). The increased isovolumic relaxation tirne (IVRT) 

observed with left ventricular diastolic dysfunction and ageing makes older less fit people 

susceptible to hypoxia and ischemia (Wei et al.. 1989; Wei 1992). Blood oxygen content 
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also deciines 4 mm Hg per decade from 30 to 80 years of age. The combination of lower 

blood oxygen content and longer IVRT undcr conditions of hemodynamic stress may result 

in hypoxia and ischernia in older myocardium. 

Both Mt atrial contraction. to a lesser degree, and left ventncular relaxation to a 

ereatcr degrec contribute to improved Ieft ventncular diastolic f i g  (Petrelia et al.. 1997). 
CI 

Enhanced relaxation of the myocardium enables the left ventricle to fi to a greater degree 

and ejwt ü larger volume with a greater force resulting in a larger stroke volume. The Iugrr 

strokc volume allows a lower hean rate at the sarne Q. Thus the myocardium does less work 

and rcquires less oxygen. The increasrd stroke volume in trained older persons (a central 

adaptation) approaches younger values (Hagberg et ai.. 1985; Ogawa et al.. 1992). 

Thc previously-mentioned debate as to whether short-term training-induced 

hypcrvolemia improves VO,, may be clarified by determinhg thc change in 0 c q i n g  

capacity of the hlood. The O2 canying capacity ofblood cm be lowered when plasma volume 

inçreases with no change in the number of the red blood celis (Coyle et al.. 1990). This is 

termcd hcmodilution. Short-tmn training studies of five days or less in younger men have 

no t shown the increase in VO,, that has k e n  seen in longer studies of fve to eight days or 

more (Convenino. 1991). It has ken hypothesized that this lack of increase could be due to 

hernodilution and is overcome once the hemogiobin (Hb) count increws in response to 

continued training (Convertino. 199 1). 

Ageing has ken reported to slow VO? kinetics (Babcock et ai.. 1994b). Older male 

O, uptake kinetics are also known to be accelerated and approach values similar to those of 

younger maies following long-term exercise or with an alreadyexisting higher Ievel of fitness 
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(Babcock et ai.. 1994a: Babcock et aL, 1994b; Chiiibeck et aL. 1996). Oxygen uptake in 

ierms O l maximum exercise performance and shon- term training-induced PV increase in older 

males has ken  described(PetreUa et al.. 1997). However. VO? kinetics in terms of sub- 

maximal rxercise performance and short-term training-induced PV increase in older males has 

not k e n  drscrikd and could assist in resolving the transport vs utiliza~ion limitation 

argument in older males (Hughson, 1990; Tschakovsky & Hughson. 1999). PetreUa et aL 

( 1999) have found cardiac Tùlùig and V 0 2  kinetics in older active males to approach the 

valucs of younger men in contrat to th& older xdentary peers. 

Previous rexarch into the shon-tenn training response has concentrated 

prcdorninantly upon younger persons. and when older persons have k e n  investigated. those 

investigations have focused upon the contnbuting factors to the training rcsponse as separate 

rcsearch analyses. No previous research has used short-term training-induced PV increase 

and/or diuretic-induced PV decrease in a systematic investigation of their intluence upon left 

vcntrîçular diasto tic function. VO,,,. and v o  kinetics. This has made it difficult to d e h  

the naturc and the interaction of the hypervolemic response. associated diastolic pump 

funç tion. and their separate and joint innuences upon su bmax.timaI and maximal VOZ in older 

people. Thus. the general purpose of this study was to funher investigate the eEect of shon- 

tem training andfor a diuretic-induced APV on cardiac diastotic pump function and V02. 

The fotiowing objectives and hypotheses are proposed: 
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OBJECTIVES: 

1. To determine the effect ûf alterations in blood plasma volume on VOZ (VO,, 

and V 0 2  kinetics) foilowing short-terrn exercise training and diuretic 

intervention. 

2 .  To determine the effect of alterations in blood plasma volume on Doppler 

echocardiographic indices of cardiac f i g  follo wing short- tmn exercise 

training and diuretic intervention. 

NULL HYPOTHESES: 

1. Alterations in blood plasma volume will have no elkçt on VO? (VO,, and 

V 0 2  kine tics). 

2 .  Alterations in blood plasma volume wüi have no effrct on Doppler 

cc hocardiographic indices of cardiac f ï g  . 

ALTERNATE HYPOTHESES: 

1. Alterations in blood plasma volume wilieffect VQ? (VO,,, and VOz kinetics). 

2 .  Alterations in blood plasma volume wiU etkct Doppler echocardiographic 

indices of cardiac f ï g .  



Chapter 2 

Literature Review 

The prrsent study investigated APV. cardiac î ï ï g .  and the decline in aerobic 

performance O bxrved in ageing. Füstly. a review of maximal and submaximal investigations 

oT cardiorespiratory function is presented. The manipulation and contrat of these two 

cxcrcisc htensities reveal much about cardiorespiratory control with respect to health. fitness, 

and ape. This is foilowed by a rcview of short-term training and its acute intluences on blood 

plasma volume. cardiac hnction. and oxygen uptake (vo?). Short-term training and/or a 

diurctic intzrvcntion are used in this study because they ofkr rnethods by which to manipulate 

thc cardiovascular control systern and intcrpret responxs in measured variables. Lastly, 

short-tcrm training rexarch has predominantly used younger subjects. The prexnt study 

providcs additional information by characterizhg observations reiated to performance deciine 

with ageing. This review concludes with the description of age-related changes in cardiac 

iunction and mechanisms which may be responsible for this. 

2.1 Age Related Decüne in Aerobic Performance 

2.1.1 Maximal Oxygen Uptake 

Age-related decline in aerobic work capacity has k e n  weU established in the literature 

as approximating a 108 per decade decline aiter 30 years of age (Ogawa et ai.. 1992; 

Cunningham et aL. 1997; Paterson et aL. 1999: Bell et aL. 1999). Any ambiguity has k e n  

attributrd to difkrences h the population studied. Cross-sectional cornparisons of younger 

and oldrr aerobic performance parameters need to be tightly controllrd for dkase  States. 
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height. weight. ritness or activity levek. smoking. drùiking. rnrdications. and lean mass vs fat 

mus  body composition. The age-associated cardiorespiratory adaptations are quite difkrent 

for hypertensivo persons (Lakatta. 1993) for example, and necessitate screening to rven 

comparisons. Hypertension in older persons has k e n  associated with higher PVR. increwd 

LV hypértrophy. diminished LVDF. and a lower VO,, than that observed in a nomotensive 

population (Lakatta, 1993: Missault et al.. 1993). Longitudinal studies avoid somt: of the 

pitfalls o f  cross-sectionai studies such as the subject xlection cntena of the selected 

popuiation. However. longitudinal studies have their own diffculties with a much greater 

timc and resourci: cornmitment. and in tracking and Follow-up of subjects before any 

conclusions can be made. Studies that have enacted tighter controls in theu cross-sectional 

cornparisons have still dctocted a declinc in aerobic performance parameters. The variables 

considercd responsible for this drcline include HR. SV. and a-vO,,,. 

A maximal hem rate decline is considered the predominant contributing factor in tlir 

age-rclaizd decline seen in aero bic performance. It is not yet clear what causes the H L  

decline but studies have suggested that the cause may be desensitization to P-adrenergic 

stimulus (Lakattaet al.. 1975; Hughsoo. 1984; Lakatta. 1993). 

Althoueh sorne disagreement exists as to the effect of ageing upon SV (Higginbo tham 

et al.. 1986). most studies suggest that SV and age are whoiiy dependent upon fitness and 

diseue state: that SV does deche with ageing in a healthy population (Gerstenblith et al.. 

1987; Paterson, 1992; Lakatta, 1993; Thomas et aL, 1993). 

S troke volume is afEected by three variables: 1) preload; 2) contractility; and 3) 

afierload; di o f  which have k e n  shown to be affected by ageing. Preload is intluenced by the 
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magnitude of the venous return and the relaxation and cornpliance of the ventricle. Total 

blood volume (TBV) has been shown to decline with ageing (Davy & Srals. 1994). Preload 

is the volume of blood that and stretches the vent15çle at end-diastole. The relation 

tx'twcen preload and myocardial contraction force is descrikd by the Frank-Starling effect; 

wherc: the force of contraction of the myocardium increases with an increased end-diasto lic 

volume (EDV) and a greater end-diastolic myocardial fibre length. The mechanisms 

rcsponsihlt: for the age-rclated decihe in TBV have yet to be determincd but it has been 

hypothesizcd that it may be an adaptive stratrgy or the tluid regulating system to maintain 

hlood pressure in the face of an ever-increasing total penpherai vascular resistance (TPVR) 

(Davy & Scals. 1994). Another factor in the determination of preload is thc cornpliancc of 

thc hean tissue in accepting venous return. The young hem has faster relaxation. is more 

compliant. and t ' i  to a greater degree while the aged heart has slower relaxation. becomes 

stiK rcsis~ive. and less cornpliant. thus irnpairing its ability to fül as well as the young hean. 

Therc is a limited period of time per hem cycle for the ventnclt? to tiu (Le. 500 rns at  rest) and 

if the aged ventricle is less compliant to filling, there is the potential for incomplete f i g .  

particularly d u ~ g  exercise-induced tachycardia. 

Contrrictility is the ability of the myocardium to generate a contractile force and this 

has not k e n  shown to diminish at rest or during application of a load in senescent rat 

myocardium (Lakatta & Yin. 1982). The muscle preparations were isolated Crom 

ncurohurnoral intluence and subjected to differing Ca" ion concentration. These results are 

in contrast to the decreased contractility observed in non-isolated studies which suggest 

biochemicai. bio p hysical and molecular mechanisms of excitation-contraction coupling decline 
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(Lakatta, 1993). Increased invasion of the myocardium by coilagen and iipids compromise 

the mechanical effciency and rate of force production of the tissue by increasing the load of 

the structure (Lakatta. 1993). As the myocardiurn ages there is a decrease in the numkr of 

rnyoçardial ccUs and a hypenrophy of existing cell size in an attempt to maintain rorce 

production. The myocardium has also k e n  shown to be lrss sensitive to P-adrenergic 

stimulation. Lakatta et al. ( 1975) exarnined the h o  tropic response of aged rat myocardium 

to catecholamines. isoproterenol. and Ca' in 6, 12. and 25 month-old hem muscle during 

mrasurcs olactive tension, maximal rate of tension. and contraction dura~ion. They obxrved 

diminishcd ino tro pic responx to catecho lamines in aged myocardium and concluded that 

sincs ncither age differences in catecholamine uptake nor contractile response to calcium 

concentrations were xen. a decreased ability of catecholamines to efkct a change in calcium 

çonccntration may be responsible. 

Afterload is the resistance to cardiac output of the hem. With increaxd TPVR due 

10 deçreawd comp liance and increased tone of the vasculature. the hem has to do more work 

to supply oxygenated blood to the working tissues (Wei. 1992. Lakatta. 1993). Increased 

aiierload decreases stroke volume. 

Muscle m a s  has ken shown to decrease with age (Reg et aL. 1988) and may account 

ior a large percentage of the decline in aerobic work performance xen in older persons (Fieg 

et al.. 1988). The absolute VO,, (ml - miri') w i l  decline if the amount of lean mass to 

utilize O, supply deches (Fleg et aL, 1988). Funher. if fat mass and total mass increases 

coîncident with a decline in lean mass, the relative VO,, (ml kg' . muil) wüi decline as 

weil. This is in addition to observed age-related changes in HR, SV, and a-YO,,(Ogawa et 



11 

al.. 1992). Hence, there are many variables that play a part in the age-related declïne in 

maximal VO,. 

2.1.2 Oxygen Uptake Kinetics 

Through the advent of breath-by-breath pas exchange analysis. the nature of the VO? 

rcsponse to the onset of a sub-maximai workload has ken reponed to be exponential (Beaver 

et al.. 1973: Beaver et al.. 198 1; Hughson. 1990). Furthemore. the VO, response has ken  

iound to hc: comprised of three distinct components or phases. The time course and nature 

of ihcsc three components provide insight into the physiological control mechanisrns 

rcsponsible for VO,. transport. and utilization (Hughson. 1990; Whipp & Ward. 1990: 

Wasscrman. 1994a). The study of the O bserved exponential V 0 2  response has been termed 

V 0 2  kinetics and of interest in the present study was the measure of the tirne for V 0 2  to 

achievc a strady statr in response to the onset of the sub-ventilatory threshold workload 

(Tschakovsky & Hughsoii. 1999). A sub-ventilatory threshold workload was choxn for Our 

study to avoid the interference of lactate accumulation in the interpretation of the VO, 

kinctics (Whipp & Ward. 1990; Wasserman. 1994a). 

The three cornponents of the V02 response have been observed in sub- and supra- 

ventilatory threshold studies (Figure 1). Component 1 is from zero load (GO) until G1 or the 

end of the cardiodynamic component and consists of an imrnediate and rapid rix in VO, in 

t h  tirst 10- 15 seconds representative of increased puhonary blood tlow and respiratory gas 

exchange. Component 2 begins at the end of the k s t  cornponent (GI) and continues for 

approxirnately 2 to 3 minutes until steady-state (G2). The second component (G2) is 
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rcprexntative of oxygen consumption at the exercising muscle. Component 3 (G3) is only 

seen in supra-threshold workioads and represents an increased VO? demand commensurate 

with a signiiicant increase in blood lactate producing a VO, slow-component from G2 until 

G3. In the  prcsent study, oxygen uptake kinetics were fit from the end of the cardiodynamic 

phase (20 scc) to steady state (6 min) and in this instance tau or 't" represents 63 percent of 

thc timc to achieve steady state VO1 in response to the square-wave onset of a workload. 

Tau has k e n  found to be slower in older or less trauied persons in cornparison to younger 

or more fit pcrsons (Babcock et al.. 1994b; Chilibeck et al.. 1996). Two thtories have k e n  

put finvard to account for this response: 1) VOz is transport limited through HR. SV. or 

hlood tlow: 2)  VO, is lirnited by a utüization or metabok limitation. represrnted by the a- 

YOz,,,, ( Hughson. 1990: Grassi et aL. 1996). 

In the p r t x n t  study. repeated tcsting was used to minirnize the biological variability 

inhcrcnt in this type of testing and increase the signal-to-noise ratio for the response. The 

lactic acidemia associated with supra-threshold work rates accelerates kinetics ofsubsequent 

bouts ofexercist! and therefore the use of supra-threshold work rates were avoided to rnake 

il possible to average icinetics from repeated bouts (Gerbino et al., 1996). 

As carly as 1951. Henry et al. hypothesized that the rate of O consumption was 

conrrolled by metabolic demand and oxidative substrates and was independent of supply. 

Phosphocreatine concentration has k e n  implicated as a possible metabolic ccntrolmechanisrn 

and possible Limitation in v o  (Whipp & Mahler, 1980; Connet. 1988; Meyer. 1988). Grassi 

et al. ( 1996) detemilned the kinetics of aiveoiar V O  and a-YO,, across the k g  to be si& 

in response and concluded that this irnplied metaboiic control was the limitation of VO? 
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(Grassi et al., 1996). S tudies of two-stage workloads have round the kinetics of the Tist step 

to k Iàstrr than the subsequent step (Hughson & M o d y .  1983). It was hypo thesized that 

tïrst step kinetics were faster because there was a greater parasympathetic nervous system 

(PNS) withdrawai for the 13st step than the second and PNS activity is faster than 

sympathetic nervous system activation required for the second step (Maciel et al.. 1986). 

Hypoxia bas ken  shown to slow VU2 kinetics in younger men (Linnarson. 1974a; 

Linnarson ct al.. 1974b; Hughson, 1990). This has irnplicated 0, transport as a limitation of 

VO, ( Linnarson. 1974a; Linnarson et al.. 1974b; Hughson. 1990). Oxygen transport is not 

only alfected by O? concentration in the blood but also by Q and periphcrai vascular 

distribution to the muscle site. Blood tlow and VO, have k e n  investigated using body 

position dunng single knee extension ergometry and dthough blood tlow vclocity was shown 

to adapt fastcr than VO,. it was noted that the V O  response was slower in the supine 

cimdition (Hughson et al.. 1997; MacDonald et al.. 1998). Femorai artery diameter was 

smaller and blood tlow velocity faster in the supine position with the reverse in the upright 

position (MacDonald ct al. 1998). This illustrates the importance in considering blood fiow 

whcn considering VOz kinetics (MacDonald er al.. 1998) and also begs the question of 

whethtir or not the postural change in diameter in the femoral anery was sirnply a mechanical 

cffect or due to the increased sympathetic drive of the upright position and increased HR 

accompanirid by a vasodilation of the fémoral artery. 



2.2 Short-Term Training Adaptation 

2.2.1 Plasma Volume Expansion 

An increase in plasma volume is a well-recognized physiological adaptation to 

endurance training (Green et aL, 1987a; Green et al.. 1987; Giilen et al.. 199 1;  Hagberg et al.. 

1998). Several groups have investigated short-ten exercise-induced hypewolemia using 

bnrf training protocols ranging from 1-12 days of high intensity exercise (Convertino et al.. 

1 983: Grccn et al.. 1984; Gillen et al.. 199 1 ; Petrella et al.. 1997; Nagashima et al.. 1999: 

S tamit et al.. 1999). These protocols have ken conducted only in young men. 

Pctrclh et al. ( 1997) recentiy studied the response to a short term exercise program 

t 5 days) in older men and found similar increases in plasma volume and V O , ~  as seen in the 

studies of younger subjects. Longer duration (six month) training studies of older men 

(Carroll ct al.. 1995) have also found increases in plasma volume and VO,, similar to those 

sccn in the srudies of younger subjects. Studies of active and sedentary older men have 

sho wn improvcd cardiovascular performance and greater blood volume in the active group 

(Stevenson et al.. 1994; Hagberg er ai.. 1998). Duration. intensity. frequency. of exerck  

and thermal regulation have ail k e n  seen to play a part in total blood volume expansion in 

response to training and contraction with detraining (Coyle et al.. 1986; Shoernaker et ai.. 

1 998) respzc tively. AU of these variables should be considered w hen investigating short-terni 

training cardiovascular outcornes. 

1 t has been O bserved that training-induced hypervolernia is accompanied by an increase 

in leti ventricular diastolic füiing; important since cardiac füling has been shown to decline 

with age (Arrighi et aL. 1994; Petrelia et aL. 1997) and this deche has k e n  Linked to 
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cardiovascular morbidity (Wei. 1992). Older persons reprewnt a group who are sensitive to 

changes in blood volume (Hyarns. 1986); some have shown lower total blood volume in older 

compared to younger subjects (Davy & Se&. 1994). Hence. understanding the interaction 

hetwrcn apeing. plasma volume. and cardiovascuhr exercist: responses would be imponant 

in dric'rmining limiting factors in excrcise performance in thk population. 

The mecbanisms responsible for the training-induced hypervolemia obxrved are no t 

cntircly undrrstood but may include changes in either plasma albumin content (Giilcn et al.. 

109 1 : Naphima et al.. 1999) or the renin-aldosterone-qiotrnsin system (RAAS) (Carroll 

et al.. 1995: Zappe et al.. 1996). Plasma albumin has k e n  found to be elcvated after short- 

tcrm training and has k e n  hypothesized to be responsible for the majority of the plasma 

volurnc expansion. however there is no f î  evidence of the mechanism of this increûse in 

plasma albumin (Convertino et al. 1980: Convertino et al.. 1983). During exercise. blood 

vo lurnz decreases and the r levated intravmular hydrostatic pressures and 10 w molecular 

wright of albumin may allow a tluid and protein shift into the interstitium which then passes 

into the lymphatic system and is eventudy retumed to the blood aller exercise (Harrison, 

1985). Using différentiai hematocrit and hemoglobin measures in the determination of PV 

changes should be iissociated with caution. Diet. environment. and posture all influence 

plasma volumc of the intervascular cornpartment. A diurnal variation in intervascular plasma 

volumc exists with the changing seasons. so analyses should be performed in a controUed 

environment (Harrison, 1985). Plasma albumin has k e n  implicated as a carrier molecule with 

a predominant influence in tluid volume regulation through osmotic control (Rothschild et 

al.. 1988). Plasma aibumin is expanded with an increase in TBV seen in fit or younpr 
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persons and rnay be a reflex response to rxercise-induced hypovolernia for the improved 

maintenance of blood volume in subsequent exercise. 

The observed increases in semm aldosterone concentrations during exercise. in 

rcsponse to hypovolernia, and the decreases in aldosterone dter exercise. in response to 

hypervolernia. may be a simiiar response. as previously proposed for plasma albumin 

çonccintrations. Decreased activity of the RAAS has ken observed in older persons 

< Wcidrnann et al.. 1975: Tsunoda et al.. 1986; Carroll et al.. 1995). Hypertension may be 

intlucnced by this age-related decline in RAAS although the decline has ais0 k e n  observed 

in normotensive older adults. The response of the RAAS to training is also inconclusive 

(Leutkcrneier et al.. 1994; Carroll et ai.. 1995; Grant et al.. 1996). Baroreceptor resetting 

may k an adaptive response to the age-related declinr: in RAAS activity as weil as training- 

inducrd blood volume increase but the rvidence is inconclusive. If plasma volume is 

incrcased or dtcreased with training or diuretic. the interaction between Huid regulation. 

cardinvascular circulatory retlexes and exercise responses could be determined (kutkemeier 

ct al.. 1994: Zappe et al.. 1996). 

Posture during exrrcise and d u ~ g  testing are Funher considerations in interpreting 

study results. Nagashima et al. showed a posture-specitic plasma volume increase in response 

to short-term training implicating central venous pressure in the plasma albumin content and 

plasma volume expansion (Nagashima et al, 1999). Alter a single intense exercise bout and 

22 hours after exercise. PV increased from the upright exercise condition and decreased from 

the supine exmise condition (Nagashima et al.. 1999). Even with no change in oxygen 

carryhg capacity. increased plasma volume increases stroke volume. deceases hem rate, and 
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thus decreaxs myocardial oxygen demand. This may leave more oxygen for skeletal muscle 

tissue extraction. 

Previous work by Petreila et al. (1997) measured the effict of a sirnilar short-term 

cwrcist: protocol. in seven older men on left venvicular diastolic f l g  and VO%T. Studies 

have k e n  comp kted w hic h have investigated the mec hanism of short- term training induced 

plasma volume expansion and have used diuretic intervention to interpret aldosterone 

rcsponst: and contribution (kutkemeier et al.. 1994: Zappe et al.. 1996). None. however 

havè uscd the combinéd hiluences O C  cxercisc, diuretic, and their combination in the 

investigation of RAAS. albumin. electrolytes. VO?. and cardiodynamic adaptation to 

dctcrmine both the mechanism of acute plasma volume change and resultant changes in 

cxcrrcisc pcrfomance. 

2.2.2 Oxygen Uptake 

Plasma volume expansion in response to endurance training is weil documented and 

is the major contributor to exercise-induccd hypervolemia up until IWO to four weeks training 

(Convcnino. 199 1 ) after w hich thne funher hypervolemia is equally accounted for by plasma 

volume and hemoglobin count expansion (Stevenson et al.. 1994). Green et al. ( 1987) 

addresscd concems that the hypovolemia observed during exercise and hypervolemia after 

exercise should be considered in t e m  of total blood volume and hemoglobin concentration. 

Performance should be considered in terms of one's actual oxygen carrying capacity. exercise 

spccificity (Le. treadrnil vs cycle egometer test for a trained cyclist). and environmental 

conditions (Le. level of thermoregulatory adaptation). This may explain why some studies 
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have seen significant irnprovements in VO,, with plasma volume increaxs (Petrelia et ai.. 

1997) and others have not (Green et al.. 1987b; Green et al.. 1990). Subjects in shorter 

duration short-term training studies may have k e n  hernodiluted due to a plasma volume 

increm without any appreciable change in erythrocyte count while subjects in longer duration 

short- trrm training studies may not have ken  hemodiluted because the adaptive increase in 

crythrocyte count caught up with the plasma volume increase. 

Total potential O2 canying capacity of the blood is described by the îbllowing 

cquation (McArdle et al.. 1991): 

O: çarrying capacity of the blood* 

19.7 ml O2 

= (hemoglobin) x (O, carrying capacity of 

hemog lo bin) 

- - (15 g per 100 ml blood) x(1.31 ml OZ ptx 

gram Hb) 

* Oxygen is not entirely soluble in tluids and therefore 1 0  ml of blood plasma will only carry 

0.3 ml of O2 at an alveolar POz of 100 mm Hg. Hb is the predominant mechanism of O2 

transpon in the blood. At a PO, of 100 mm Hg. Hb is 984 saturated. 

Assuming an average to ta1 blood volume of five Litres and a hematocrit (Hct) of 0.45. plasma 

thus reprexnts 55% of the total blood volume. Five litres of blood contains approximately 

733 g of Hb or 985 mi O?. The plasma in five litres of blood equak 2750 ml and canies 8.25 

ml Oz. After a typical short-term training-induced plasma volume increase of 6%. average 
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plasma volume would now equal 2915 ml and Hb concentration would drop to a Hct of 

0.417. This represents an 0 carrying capacity of 19.7 ml per 100 ml of blood before 

hemodilution and 18.3 ml after. That is a 7.1 % drop in total 0 content. Thus blood plasma 

serves an important purpose. not as a mechanism of 0 transport. but in t e m  of its role in 

acute hemodüution during early short-term training response and its abüity to Uiiprove Ieft 

vcntricular diastolic îünction. 

Maximal oxygcn uptake represents the maximal ability to uptake (pulmonary 

difiùsion). transport (blood [O2], HR. and SV). and utilize @-GO1,) oxygen. Maximal 

oxygen uptake is typicaliy determined by providing the subject with a progressive workload 

which is performed until volitional fatigue. Traditionaily. to confm rhat VO,, has k e n  

achicvcd. responsc: number one and any one of the other four respows must be O bserved: 

1 ) a plateau in VO? response defined as no appreciable change in V O  with concomitant 

increaxs in the workload; 2) a respiratory exchange ratio (RER) of > 1.1 : 3) attainment of 

age-predicted maximum hem rate (220 - age); 4) a blood [La-] of > 8.0 mmoi; 5) a rate of 

pcrccived exertion (RPE) of > 8 on a 10 point scale. However. more rrcently. Wasserman 

et al. (1994) have suggested that ''maximal'' oxygen uptake (VO&,) is achieved when a 

plateau is observed and anything l e s  than the plateau but sat ismg the other indicators is to 

be considered a peak or ''maximum" oxygen uptake (vo*~) (Wasserman et al., 1994b). 

Oihers have questioned the requirement of a plateau to achieve VO,, (Cumming & Borysyk. 

1972: Myrrs et ai.. 1990; Noakes. 1998). Many variables must be considered when 

interpretuig the results of a VO- test such as gas exchange sampling interval. age. specific 

fitncss. type of ergorneter. and the protocol used (Froelicher Ir et al. 1974; Buclfihreret al. 
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1983; Mym et aL. 1990; Rivera-Brown et al.. 1995; Taylor et al.. 1955). As in the 

consideration of sub-maximal V O  kinetics. ~0,- is considered to be either transport or 

u~dization limited as weU In the present study. the investigation of altered plasma volume. 

cardiac pump function. and VO- may address transport limitations as a detemiinam. 

2.3 Cardiac Filling and Ageing 

2.3.1 Left Ventricular Diastoüc Dysfunction and Exercise 

Lcft ventricular diastolic tiUing is known to decline with ageing (Gerstenblith et al.. 

1977; Appleton & Hatle. 1992; Cacciapuotti et al.. 1992; Wei. 1992: Klein et al.. 1994). 

Spccifically. LVDF is compromised by a) reduced rate of LV relaxation; and b) reduced LV 

cornpliance (Appleton & Hatle. 1992). 

The study of diastoiïc function has ken termcd diastology. Diastole consists 

of four distinct and consecutive phases: 1)  isovolumic relaxation time. 2) early twïiiing. 3) 

diastasis. and 4) atriai contraction or laie filling. Isovolumic relaxation time (IVRT) is the 

tirne bciween aonic valve closure. Ieft ventricular pressure decline below Ieft atrial pressure. 

and mitral valve opening. Isovolumic relaxation. is energy-dependent. requirhg ATP for the 

re-uprake of cakiurn ions by the sarcoplasrnic reticulum. Early t-Xing (E) is a passive phax 

where hlood tlows from an area of higher pressure (left atrium) to an area of lower pressure 

(Icfr ventncle) and is responsible for appro.ximately 80% of left ventrïcuiar fUing at rest. 

Howcver. E may stiU be sornewhat energy dependent as the lefi venuicle's continued 

relaxation "sucks" biood into the ventrick. The deceleration time (DT) is the t h e  it takes 

E to drop to baseiine or diastasis (See Methods Figure 2) and is prolonged by conditions 
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including mitral stenosis (narrowing of the mitral valve due to calcifcation) and reduced LV 

cornpliance. Diastasis is the period of t h e  in which left atrial and ventricular pressures have 

nearly equilibrated. the flow into the left ventticle is predorninantly frorn the pulrnonary vein. 

is no1 cncrgy dependent. and is responsible for approximately 5% of left ventricular t-üluig at 

rest. Atrial contraction or systole is energy dependent and responsible for approximately 156  

ot'lt'li vcntncular TiUing at rest. At the end of left atrial contraction the atnal pressure drops 

k l o w  that of th<: left ventricle and t h  mitral valve closes marking the end ofleft diastole. 

Pulseci wave Doppler txhocardiographic indices of LVDF have k e n  weli correlated 

with invasive techniques including radionucleide angiography (Bono W. 199 1 ; Thomas & 

Wcjman. 199 I b) in which the rate of early LV t - i g  is detemined by the atriaYventricular 

prcissurc gradient and rate of LV relaxation. A faster LV relaxation rate associated with 

youngcr or more tit subjects accelcrates the LV pressure drop which in turn draws the mitral 

valve open morc forcetùlly and increaxs the early trans-mitral tlow and velocity (E) (Petreila. 

1996). The opposite is mie for a slower rate of LV relaxation. This in turn determines the 

amouni of work left for the late trans-rnitral tlow velocity (A) of LV atnal systole. The more 

blood left in the Ieft atrium (LA) af'ter LV relaxation, the more blood the LA w u  need to 

contract and expel into the LV. 

2.3.2 LeR Ventricular Diastoüc Filling And Ageing And Exercise 

With ageing and/or loss of fitness. E deches. while A increases in order to 

compensate. and IVRT increases due to decrease in both LV rate of relaxation and 

cornpliance. It is important to note that there is a progression of left ventricular f ? g  
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abnormalitirs Crom normal function through hpaired relaxation and then decreased 

compliance (Appleton & Hatle. 1992). As one aga,  early filhg decreases and atriaisystolic 

fillinp increases. This is predominantly due to an ever-increasing impairnient of LV relaxation 

rcsulting in E:A dropping below 1.0. With continued ageing and progression of cardiac 

disease. loss of LV compliance plays an increasing role in irnpaired LV diastolic tiinction. 

With increased loss of LV compliance. left atnal pressure and volume increase. IVRT 

dt3cr~'âscs. E increases, A decreases, and E:A returns toward normal. This occurrence of a 

high E:A is olien relcrred to as "pseudonomalization" and without the benefit of other 

indices. çould k falxly interpreted as normal LV diastolic function The term 

pseudonomalization is used to indicate that although LV diastolic fillhg appears nomal. LV 

diastolic tùnction is no&. Short deceleration times and large puhonary venous tlow reversais 

arc indicarors that the apparently normal LV diastolic füling may bt: due to decrewd LV 

compliance and impaired LV diastolic function. Pseudonormalization c m  be funhrr 

diagnoscd through the presence of exenional dyspnea and abnonnaiiy high LV pressure 

during atrial contraction (Apphton & Hatle. 1992). 

Comp iiance of the LV reters to the passive mechanicai ability of the LV to respond 

to changes in pressure and the more cornpliant LV of a younger person fills much more 

rapidly than the LV in an older person. Afterload. due to increased vascular resistance xen 

in hypertension or pencardial constraint seen in cardiac pericarditis. wiU be retlected in 

Doppler ec hocardiographic indices as reductions in LV complwnce. These changes 

contribute to the lower SV seen with ageing. Stroke volume decline can be attenuated with 

improved fitness and in the face of an irreversible age-related declinc in maximum hem rate, 
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the age-related deciine in maximum cardiac output, and thus aerobic performance, can be 

delaycd as well (Ehsani et ai., 199 1; Petreiia et al.. 1996). 

The ratio of earlyhte peak f i g  velocity (E:A) is considered to br: an acceptable 

index of LVDF (Table 3)(Petrella et aL, 1996). Previous investigarions of LVDF in older 

males who were either already fit. or were unfit and then trained, have shown improved 

LVDF (Forman et al.. 1992; k v y  et al.. 1993). 

2.3.3 Mechanisrns of Systoüc - Diastolic Dysfunction 

As the myocardium ages. rnyocytrs typicaily decrease in number and increax in size. 

Thc incrciiscd size of the myocytes have been irnplicated in the thickening of the lelt- 

vcintriçular waik. This thickening due to myocyte hypertrophy occurs in response to the 

incrtimd TPVR seen in oldei persons and is more pronounced in hypertension. 

Factors that regulate Sb are preload. contractility. and afterload. The slower HR 

obscirved in older people diows a longer ventncular diastole which aliows a larger EDV 

which in turn uicreases SV and hdps maintain Q. Afterload is the pressure the left venrncle 

rnust overcome ro open the semiiunar valve and eject its blood. Hypertension increases 

ailerioad a ~ c !  iias been shown to be associated with hypenrophy of the left ventricle. This 

hypenrophy is presumed to be an attempt by the myocardium to maintain SV and Q in the 

h c t  O t' an increased aîlerload. 

With ageing and sedentary Mestyle. the myocardium is comprornised. Increased 

cardiai myloid. coiiagen. fat, and elastic tissue are ail deposited throughout the myocardium 
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with these stimuli (Zwolinski et al.. 1976; Wei. 1992). The invasion of these agents into the 

myocardium decreases compiiance and functionai quality of the tissue. This in tum affects 

molrcular transport and conduction. These factors may also be implicated in the age-related 

dcclinc in LVDF by way of compromised compiiance and relaxation. 

P-adrenergic responsiveness has b e n  shown to decline with ageing (Lakatta. 1993). 

Enhanced P-adrenergic stimulation h a  k e n  shown to increase venous retum. thrreby 

improving LVDF. heart rate. and contractiiity (Leenen & Reevrs. 1987). The sympathetic 

ncrvous systrm has k e n  considered to be a predominant vasoconstrictory force in blood flow 

rcpulation. However. P-adrenergic stimulation has beenshown to be xlective in its efkct and 

non-sdcctive p-adrenergic stimulation increases blood flow to the exercising tissue while 

incrcasing venous retum from non-essential areas (Lxcncn & Reeves. 1987). P-adrenergic 

blockade hiis k e n  studied in an investigation of muscle mass. cardiac output. and peripherai 

hlood ilow which showed that after an initial P-adrenergic blockade-mediated 

vasoconstrictory response. peripheral metabotic controls appear to take over and vasodilate 

hlood tlow to thé exercising tissues (Hughson & Kowaichuk. 199 1). Training has also k e n  

shown to improve P-adrenergic responsiveness just as pharmacologic stimulation has. 

1mpairt.d P-adrenergic responsiveness may also play a role in the age-related drcline in 

aero bic performance and LVDF. 

I mpaired intra-cellular calcium (Ca') re-up take of the myocardial sarco p lasrnic 

reticulum (SR) may in part be responsible for LVDF abnormaiîties associated with normal 

ageing as weU as cardiac pathologicai States. With depolarization. Ca' is released from the 

SR. buids with troponin and allows the min-myosin cross-bridge stroke or contraction. 
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Upon completion of contraction. Ca' must be actively resequestered back into the SR 

(Thomas & Weyman. 199 1 b; Petreiia, 1996). Relaxation of the myocardium is impaired if 

this Ca+ resequestration is hampered in any lashion. Isovolumic relaxation time is slowed 

with agcing and has k e n  attributed to impajrment of Ca' resequestration. Calcium channel 

blocker (CCB) studies have shown improved IVRT and LVDF in older persons (Arrighi et 

al.. 1994: Petrella et al.. 1994). This iIiustrates the Unportance of the concept of irnpaired Ca' 

rcscqucstration in aged myocardium. 

In surnmary. it is Unponant to note that although ageing intluences a deche in aerobic 

performance. deconditionhg ha a similx impact. Exercise training and higher tïtness do in 

fact p*mially stave off age-related decüne of xrobic performance. The purpose of the present 

investigation was to determine the effect of alterations in PV eiicited by short-term training 

and/or diurcsis on VO, and LV diastolic function. 



Figure 1: M o d e h g  of Oxygen Uptake Kinetics. 

The time delay from the onset of exercise to the beginning of the cardiodynamic 
response. 

The time delay tiom the onset of exercise to the end of the cardiodynamic response. 

The t h e  dehy from the omet of exercise to either the beginning of the steady state 
response of a sub-ventilatory threshold workload or the beginning of drift in oxygen 
up take for a supra-ventiiatory threshold workload. 

The b w h e  oxygen uptake from which the gain in oxygen uptake is estimated for 
rach çomponent fit to. In this instance it is approximately 7 0  mYmin. 

The gain in oxygen uptake from the onset of exercise to the end of the cardiodynamic 
phase or iirst component. in this instance it is approxirnately 950 Wmin - 700 rnVmin 
= 250 d m i n .  

Thc gain in oxygen uptake from the onset of exercise to steady state or the second 
componcnt. In this instance it is approximately 2250 mVmin - 700 Wmin = 1550 
mumin. 

The gain in oxygen uptake tiom the onset of exercise to the beginning of steady state 
or iht: ihird çomponent. In this instance. although it continues to drift. it is 
approximatcly 2400 mIirnin - 700 d m i n  = 1700 d m i n  at the last tirne it was fit to. 

Tau or ''Y" rcpresents the rate of response or the t h e  it takes to get to 63% of the 
gain k i n g  fit. In this instance it is the timc it to 857.5 mumin [GO + (0.63 X G I)]. 

Tau or 't" reprexnts the rate of response or the t h e  it takes to get to 6 3 8  of the 
gain k i n g  fit. In this instance it is the time it to 1676.5 Wmin [GO + (0.63 X G2) 1. 

Tau or "T" reprexnts the rate of response or the time it takes to get to 63% of the 
gain k i n g  fit. In this instance it is the time it to 177 1 mürnin [GO + (0.63 X G3)]. 
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Chapter 3 

Methods 

3.1 Subjects 

14 older (67 + 5 y) male subjects were recruited from participants at the Centre For 

Activity and Ageing (CAA) and the Retirement Research Group at the University of Western 

Ontario. Subjects were healthy and rnoderately active (Le. regularly attended a walking 

pro gram). 

3.2 Screening 

Al1 aspects of the study were explained both verbaily and in a htter of information 

( Appcndix 1.2). The study was approved by The University of Western Ontario's Ethics 

Rcvicw Board For Health Sciences Research Involving Human Subjects (Appendix 1.1). 

Inclusion criteria: 

1. Hralthy older males aged > 55 years 

2. Not currently takùig cardioactive medications (e.g. F- blockers. Ca+- blockers, 

digoxin) ' 

3. Provision of UitOrrned consent 

Exclusion criteria: 

Once i t  was dttemed safe and non-confounding by the medicd supervisor (RJP), prospective research 
participants who were on antihypertensive medications at the tirne of initial saeening were weaned off 
those medications pnor to beginning the study and for irs duration. 



4. Individuals with diagnosed respiratory diseases 

5. Individuals with diagnosld cardiovascular disease other than hypertension 

6. Srnokers 

7. Excrck h i t e d  by physical disabüity 

8. Individuals with an irregular cardiorespiratory response to cxercise d u ~ g  the initial 

screcning or during any part of a testing procedure 

Subiiccts meeting the entry critena were given a medicai and physical examination. 

lollowcd by a maximal exercise stress test and echocardiographic examination to nile out 

sileni çardiovascular disease. Blood pressure was monitored regularly throughout the testing 

and training sessions. 

3.3 S tudy Design 

Foiiowing screening, subjects were assigned a random order of the three different 

trcatment conditions. The three conditions were exercise only (EXER). diuretic only (DIUR). 

and rxercise plus diuretic condition (EXDI). Each condition of the study was separated by 

a t hrtie-week washout period. To avoid any possible order or canyover rffcct the three- week 

washout may noi have accounted for. a counterbalanced design was used. The three 

conditions (EXER. EXDI. DIUR) have six different possible orders (Table 4). If six subHts 

were randornly assigned to each of these six ditrerent condition orders. this would constitute 

a perfectly counterbalanced design. Since. according to Our sample size cafculation 

(Appendix 1.3). a minimum 019 subjects were required. two sets of the six counterbalanced 
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condition orderings were utilized to accommodate a possible 12 subjects. Subjects were 

rcquired to visit the CAA laboratory on seven different occasions including basehe screening. 

tint basdine mawimai oxygen uptake (V0,-) test. second baseline VO~, test. baseline 

oxygrtn uptake kinerics ( V O  kinetics) test. and one visit for a V O  kinetics and VO,, test 

at thc cnd of each of three conditions. Subjects also reportrd on four different occasions for 

echocardiography; one was during screening. one during Day 7 for each of the three 

conditions. Data cokc  ted during screeninp and initial testing were considered the control 

condition or bwline (BASE) measures. A schematic reprexntation of the study t h e  îine 

is included in the "ktter of Information" (Appendix 1.2. page 93). 

3.4 Treatments 

Subjects performed theirexercise training in an air conditioned room with an average 

roorn rcmperaiure of 2 1 degrees Celsius. average relative humidity of 36 5%. and an average 

haromettic pressure of 739 mm Hg for the duration of the study. A fan was used to cool 

subjcçts during training ifrequested. The EXER condition consisted of five consecutive days 

with 60 minutes of accurnulated cycling each day at a pre-determincd cyciing inrensity. At 

any tirne during a training session. the subject was aiiowed to stop for a rest penod 

(potentiaby due to htigue or discomfon) with the rest tirne recorded to ensure the completion 

of a total of 60 minutes cycling. Thrir accumulated cycling time. kss the rest time. had to 

total 60 minutes of rxercise. On Day 1. the intensity was set at 706 of the subject's BASE 

VO,,: Day 2. the load was 80% of BASE VO-; Days 3-5 were at 908 of BASE ~ 0 , ~ .  

Hem rate and blood pressure were monitored before. during. and after exercise. Training 
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was performrd on either an Arnencan Echo electricdy braked cycle ergorneter or a Monark 

Modzl824E friction braked cycle egometer. Subjects used the same bicycle for the duration 

of thc study. The DIUR condition consisted ofdaily ingestion of one 100 mg tablet of the 

K+-sparing diuretic spironolactone for 5 consecutive days. During the EXDI condition, the 

subject took the diuretic as in the DIUR condition and completed the training as outlined in 

the EXER condition. The diuretic intervention was introduced to attenuate the short-terrn 

training-induced PV increase and determine iftàctors other than PV increasc were intluencing 

VOz and LV diastolic î ï .hg .  

3.5 Testing 

AL1 trsting was performed in Lab B of the C.4.A which was ais0 air-conditioncd with 

a mean room temperature of 23.8 + 1.2 degrees Celsius. a mean relative humidity of 43.1 2 

1 1 .J %. and a mean barometnc pressure of 74 1 + 4 mm Hg. Study duration was from April 

1998 to January 1999. AU subjects were asked to abstain from alcoholic. caîl'einated. or any 

othcr suspected confounding beverages or foodstuffs for at least the four hours preceding ail 

tcsting. Body weight was coliected on the same Continental Health-O-Meter scale 

immediately pt-ior to ail testing with the subjects wearing oniy shons and a T-shirt. AU repeat 

rncasures were done within two hours of the original tirne of day to account for possible 

circadian variation in performance. 



3.6 Outcome Measures 

1. %APV 

2 .  V ~ ? ,  

3. VO, kinetics 

1. LVDF 

1. %APV 

Approxirnately 5 ml of venous blood was drawn from the antecubital space of the 

iorcarm 1 0  to 15 minutes prior to the second baseLine VOhax test as weU as pnor to exercise 

test in@ at the end of each of the three conditions (Day 7). Subjects were required to sit for 

10  minutes prior to blood samples k ing  drawn from the antecubital space of the forearrn. 

Thesc: four sets of blood sarnples were analyred for Hb and Hct by a commercial lab. Percent 

change in plasma volume (BAPV) was cdculated for oach of the three conditions in 

cornparison to BASE using the foiiowing method (Van Beaumont. 1973): 

% PV=[ lOOf(HbPJHbv(( l-HcQ100)/(1-HcQ 1 0 ) ) ) ) -  100; 

whcrt: Hb,, and Hc$, are baseline hemoglobin and hematocrit measures. and Hb,, and 

Hct,, arc measures for each condition. 

2. VOhLX 

Initial testins, consisting of two VO,, tests to ensure a true maximum effort. was 

perfoned hy aU of our subjects w ho were predominantly novices to the testing environment. 
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The IWO ~0~~ tests were separated by 48 to 72 hours and the highest of the two was used 

to reprexnt BASE VO,, and individual BASE TV,,, was deterrnined from this data. 

The VO,-x test was preceded by two minutes of loadless cycling (to ensure proper 

calibraiion and data acquisition before capturing data to disk) followed by four minutes of 

loadlcss cycling (to establish a baseiine) kfore progressing with the test protocol which 

çonsistrd of a cycle ergorneter ramp test (15 watts/min) to volitional fatigue for the 

dctcrmination of VO,mx. maximal h a u t  rate (HLx) .  maximal work rate ( W L J .  and 

vcntilatory thrcshold (T,,,,J. 

Vcntilatory threshold was determined [rom graphs of ventilatory equivaient for 

oxygcn (V$VO,). ventilatory equivalent for carbon dioxide ( v~~co , ) .  end-tidal oxygen 

partial prcssurc (P,Oz). end-tidal carbon dioxide partial pressure (P,C02). çarbon dioxide 

output (VCO?). and minute ventilation CVE) versus VO?. Ventilatory threshold was rstirnated 

to kw the point where P,O increased with no concomitant decrease in P,C02 and VJVOz 

increascd with no concomitant Uicreax in vJVCO~. Three investigators' graphical 

intcrpretations were used to determine T,,, with discrepancies re-analyzed to obtain 

agrccrncnt. 

The V 0 2  versus WR hrar regressions used in the determination of T,, and VO, 

kinetics workloads (pg 34) were used in the determination of a plateau in V02. A plateau was 

considered attained when the highest VO? occurred before the end of the VO,, test or when 

the rise in V 0 2  at the end of the test differed From the previous 'JO? by less than 50% of the 

axpectrd change according to the sub-maximal VO? work rate relationship (Wear regression 

analyses)(Taylor et al., 1955; Babcock et al., 1992). For the purposes of the present study, 
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a V O , ,  was considered attained when a plateau was achieved or when any two of the 

toilowing conditions were achieved: 1) an RER > 1.1; 2) a HR > 220-age. or 3) an RPE of 

> 8 on a 10 point scaie. 

3. VO, kinetics 

The BASE VO, kinetics protocol was prforrned two to three days post BASE VO*~ 

icsting. The VO? kinctics protocol workload was determinrd during this the. The VO? 

kinetics tcst was prcceded by two minutes of loadless cycling (to ensure proper calibration 

and data acquisition kfore capturing data to disk) hiiowed by four minutes or  loadless 

çycling (to establish a basdine) behrc progressing with the test protocol. The workload 

ch0sc.n for thc VO2 kinetics test protocol was set at a work rate that elicitcd an oxygen uptake 

i VU,) corresponding to 80% of BASE VO,, ventilatory threshold (T,,,). 

A linear regression anaiysis was performed on the V 0 2  versus WR data to determine 

individual sub-threshold workloads for the V O ~  kinetics protocol. Zero to four minutes V 0 2  

data wcrc avcraged to determine individual Ioadkss oxygen consumption. A regression 

analysis was perlormed on VO, data (5 - 8 min) vs work rate to determine each individual's 

sub- threshold VO, vs WR relationship. Loadless 0 consumption and 808T,, VO, values 

werr th rn  substituted into the individual'ssubthreshold v o  vs WR relationship to determine 

the workload approximahg 80QT,, V02.  This workload was used in all V O  kuietics 

trsting for that individual for the duration of their participation in the study. 

Day 7 post treatment testhg consisted of an echocardiographic examination one to 

two hours prior to v o  kinetics testing. Oxygen uptake kinetics testing was followed, after 
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a 10 to 20 minute rest. by a VO,, test. The VO, kineticS testing protocol consisted of two 

6-min square wave rides. separated by a 10 to 20 minute rest. from loadless pedaling to a 

load approximating 804 of Tm, (Figure 3). This was performed to coilect V O ~  data in 

rcsponsr to the onwt of a sub-ventilatory threshold workioad and assess it for rate of oxygen 

uptakr. A workload below TV=,, was chosen to avoid the confounding affects of lactate 

production on VO, kinetics (Wasxtman. 1994a). 

E x h  of the two VO, kinetics data files coilected from the two six-minute square wave 

rides wcrc: 1 ) one second interpolated; 2) split into two on-transient and two off-transient 

files; 3) thr two on-transient f i s  were averaged into one on-transient île and the two off- 

transicnt files werc disregardrd. The resultant on-transient tile VO, kinetics were fit using 

a single sxponential model: 

whcrc Y reprexnts any cardiorespiratory variable ( ~ 0 , .  HR) at t h e  t. and a. TD. and r are 

the amplitude. t h e  delay. and tirne constant respectively. The variables measured were 

(Figure 1 )  Tau. total gain (TG). TD. and total lag tirne (TLT) for a one component model fit 

liom the end of the cardiodynamic cornponent to steady state. TG reprexnts the amplitude 

of change. TD the time delay. and Tau the time constant (Figure 1). Phase three was ignored 

as it is reprewntative of a non-steady state phase and phase one was ignored as it is 

considrred the cardiodynamic component and not representative of what is happening at the 

muscle (Grassi et al. 1996). To ensure there was no appreciable drift or phase three 
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cornponent and that steady state had ken  achieved, all M S E  VO? kinetics tests had the 

average VO, from three and a half to four minutes compared to that from the and a half to 

six minutcs. No drift was detected. 

4. LVDF 

Echocardiographic indices of the apical four-chamber view at rest in the left lateral 

dccuhitus position were coiiected approxirnately two hours preceding Day 7 testing in each 

oi'thc three conditions using a Hewlett Packard Sonos 1 0 0  ultrasound unit and a 2.5 mhz 

transduccr. Measurements were made according to the standards and methods of the 

Amcrican Society of Echocardiography (Feigenbaum. 1994). The echocardiography 

tschnician was blind to the treatment condition. IVRT is the period of t h e  between ciosure 

of the aortic valve and opening of the mitral valve during which there is a faii in 

intravtmtricular pressure with very little to no change in ventricular volume. Peak early trans- 

mitral tlow velocity (E) is measured at the tips of the mitral valve leallets and represents the 

pcak blood flow velocity from the left atrium to the left ventricle during early diastole. 

Decclcratiun time reprexnis the time taken for E to drop to zero or for atriaVventricular 

pressures io cquiiibrate. Peak atrial trans-mitral tlow velocity (A) represents the fiai f ï g  

O l the left ventricle due to atrial contraction. €:A is the ratio of the peak early and peak late 

~rans-mitral tlow velocities. E, A, IVRT. DT. and E:A were measured using pulsed trans- 

mitral Doppkr echocardiography and averaged over five cycks (Figure 2). 



3.7 Safety/Monitoring 

The foiiowing data were collected to ensure proper subject renal function and 

electrolyte balance (Appendix 1.4 Tables A and B): 

1. Hernatology 

2. Urinalysis 

1. Hematology 

Thc aforementioned four sets of blood samples were also anaiyzed for Na*. K'. CI-. 

crcatininc. albumin. renin. aldosterone. and ACTH by a commercial laboratory. They were 

cornparcd to age-matched n o m  and monitored to ensure proper rend function in responx 

io the study interventions. 

3. Urinalysis 

Twcnty-four hour u ~ t :  coiiection was perfomed on Day 1 and J of each of the thrce 

conditions of the study and analyzcd for Na+. K'. Cl-. creatinine. and volume by a commercial 

lahoratory. Elecirolytes and creatinine were monitored to ensure proper rend function and 

urine volume was monitored to ensure level of hydration and responx to the study 

intcwcntions. 

3.8 Data Acquisition 

Respired gases of oxygen (O?). carbon dioxide (CO2). and nitrogen (N2) were sampled 

continuously at the mouth (1 ml 5')  and analyzed using a Perkm Elmer 1 100 Series Medicd 

Gas Analyzer (MGA) mas spectrometer calibrated daily ushg precision calibration gases. 

An Apha Technologies VMM- 1 IO turbine flowmeter (TF') was used to measure ventilatory 
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( V , )  volumes and rates. The turbine was calibrated using a calibration syringe of a known 

volume (990 ml). Changes in gas concentrations were aiigned with inspired and expired 

volumes hy measuring the tirne delays for a square wave bolus of gas passing the turbine to 

a resulting change in OZ. CO?. and N2. Breath-by-breath VO? was determined using the 

algorithms of Beaver et al.. (1981). Hem rate (HR) data were coiiected and 3-lead 

clcc trocardiograrn (ECG) monitored using a Tektronics Neonatal Heart Monitor (HM). A 

MetraByte DAS16 data acquisition board. instailed in a PC-AT cornputer. was used to 

convert the analog input signals of the ventilatory measures and HR (MGA. TF. HM) to 

digital data. The DAS 16 also output the ramp and square wave protocol workload wattage 

as an analog signal to properly control the Lode Corival 400 eltlctrically braked cycle 

crgomster. Breath-by-Breath Inch respiratory data collection software version 2.0 on DOS 

6.0 was uscd to coUect the ventilatory and HR data (MGA, TF. HM) to disk CO-ordinated 

wit h the automatic cyck ergorneter workload. 

3.9 S tatistics 

A minimum n of 9 was calculated as behg required to achieve significant power for 

this study design (Appendix 1.3). AU data was tabulated with Microsofi Excel version 5.0 and 

statktical analyses were perfomed ushg Iandel Sckntific Sigma-Stat version 2.0 software. 

Mrans of each dependent variable (primary and secondary outcorne measures) for each 

condition were compared ushg a one-way repeated measures analysis of variance. Signiticant 

results (p4.05) were funher analyzed for painvw cornparisons usîng Tukey's HSD. Pearson 

product-moment correlations were run between %APV. BAVO-, %AE:A, and 8ArVO2 
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ior each intervention. Change was mesure as a percentage difference from BASE for each 

of rhe thrce interventions (EXER. EXDI. and DIUR). Values reponed in the tables are the 

mean 2 the standard deviation of the mean (mean + SD). 



Figure 2: Pulsed Wave Doppler Echocardiogram LVDF Indices. Relationship between 
clcctrocludiograrn (ECG). phonocardiograrn (phono). and venous and ventricular inîlow 
Doppler reçordings. S 1 = fïst hem sound: S2 = second heart sound; S = systolic venous 
vclociiy; D = diastolic venous velocity; AR = atrial nversal: E = early diastolic velocity; A 
= vdocity with atrial contraction; IVRT = isovolumic relaxation t h e ;  AT = acceleration the ;  
DT = dccderation tirne. 
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Figure 3: Oxygen Uptake Kuietics Sub-Ventdatory Threshold Protocol. AU testing protocois 
arc prccedcd by two minutes Ioadless pedahg to c o n f i  subject acclimatization and proper 
ciquiprncnt operation prier to commencement of hard data collection. This plus the loadless 
four minutes of each protocol makes up six minutes in total of loadless cycling prior to the 
VOz kinctics square wave on-transient loading or prior to the VO,- 15 watt/min rarnp 
protocol. 



02 Uptake Kirtetics Ten: Square-Wave Pmtocal 



Table 1 : Counterbalanced Design* 

Subiècts Condition One Condition Two Condition Three Counterbaianct: 
1 Exercise Only Diuretic Oniy Exercise & Diuretic Set#l 
2 Exercise Only Exercûe & Diuretic Diuretic Only SetM 
3 Diuretic Only Exercise & Diuretic ExercWr Only Set# l 
4 Diure tic Only Exercise Only Exerçise & Diuretic Set#I 
5 Exercise & Diuretic Exercise Only Diuretic Only Set#l 
6 Exerciss & Diuretic Diuretic Only Exercise Only Set# 1 

* = Evcry possible order of the three conditions is sritisfied. 



Chapter 4 

Results 

4.1 General and Subject Information 

Founeen subjects were recruited and 11 subjects cornpletcd the study with three 

dropouts from either the initiai exercise testing or the frst training condition. Reasons for 

dropout were due to minor overuse injuries of the knee or coccyx. The 1 1 subjects werr 68 

+ 5 years olage. 175 + 6 cm taii, 85.7 + 10.9 kg in m m .  md had a VO,, of 25.9 2 3.6 ml - 
. k0-l . min*'. 

2 

4.2 Body Mass 

Body m a s  was measured immediately pnor to Day 7 exercise testing for each 

CO ndition. Thrre was no signiîicant (p  s 0.05) difference in body mass ktween conditions. 

Body mass (mean + SD) was 85.7 + 10.4 kg for EXER. 83.9 11.3 kg for EXDI. 84.0 2 

10.6 kg Ior DIUR. and 85.7 2 10.9 kg for BASE (Table 3). 

4.3 Training Indices 

4.3.1 Duration 

Subjects cyckd for 60 min of accumulated exercise on each of the five days of EXER 

and EXDI and took brief rests when required. The total tirne taken each day is shown in 

Table 2. The tirne ranged from 6 1 min to 7 1 min for EXER and from 64 min to 68 min for 

EXDI, 
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4.3.2 Intensity 

Individual training work rate (WR) for Day 1 (70% OC BASE V0,- WR). Day 2 

(80%). and Days 3 - 5 (908) was determined from the highest of the two baseline VO,, 

tests and resulted in m average training WR which increaîed tiom 1 13 watts o n  Day 1 to 154 

watts Days 3 through 5 (Tabk 2). 

4.4 Cardiorespiratory Indices 

4.41 Oxygen Uptake Kinetics 

VOZ khe~ics trsting showed no significant differences from BASE when compared 

io any of the thrw treatment conditions (Table 3). 

44.2 Maximal Heart Rate 

HR,,,, was significantly (p c 0.05) lower for EXER (- 10.7 bprn p = 0.050) and EXDI 

( -  1 1.1 hpm. p = 0.041). and not signiîïcantly different for DIUR (-6.9 bprn) compared to 

BASE (Table 3). In the present study. the age-predicted H L K  (HR > 220-age) was 152 

bpm. Mmimal HR averaged 155 bprn with BASE. 144 bprn with EXDI. 145 bprn with 

EXER. and 148 bprn with DIUR (Table 3). 

4 . 3  Maximal Work Rate 

W k ,  showed no signitjcant dEerences for any treatment condition compared to 

BASE (Table 3). 



4.4.4 Maximal Oxygen Uptake 

min-') nor relative VO,, (ml kg-' . min*') showed Neither absolute VO,, (ml 

signiticant differences for any of the treatment conditions compared to BASE (Tabk 3). 

Maximal RER averaged 1-17 with BASE. 1.14 with EXDI. 1.1 1 with EXER. and 1.13 with 

DIUR. The Borg index of RPE averaged 10.0 with BASE. 9.82 with EXDI. 9.73 with 

EXER. and 9.73 with DIUR. Plateaus were con lhed  in 55% of BASE, 45% of EXDI. 82% 

of EXER. 45% of DIUR. and 604 overall of the VO,, tests. 

4.5 Hematological Indices 

Percrntagr change in plasma volume (%APV) in EXER (+6.24.  p = 0.069) 

approac hrd k i n g  signiîicantly higher than BASE and decreaxd signifcantly for the EXDI 

(-6.8%. p = 0.038) and DIUR (- 1 1.5%. p < 0.001) conditions compared to BASE (Table 4). 

Hemoglobin showed no signifcant difierences in any treatment condition compared to BASE 

(Table 4). Hernatocrit was not signiricantly different for EXER compared to BASE (Tabk 

4). Hrmatocrit was significantly higher for the EXDI (+2.2%. p = 0.035) and DIUR (+3.3%. 

p < O.(H) I ) conditions compared to BASE (Table 4). 

4.6 LVDopplerindices 

Peak early trans-mitral How velocity (E) was signiîïcantly higher for EXER (76.9 cm 

sec*'. p = 0.043) and not signifcantly ditkrent for EXDI and DIUR when compared to 

BASE (~67.9 cm sec") (Table 5). No signiîicant dzerences in peak late trans-mitral tlow 

velocity (A). isovolumic relaxation t h e  (IVRT), peak early flow deceleration t h e  (DT), or 
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cardiac f i g  index (E:A) were observed for EXER. EXDI. or DIUR compared to BASE 

(Table 5). 

4.7 Correlations 

No signilicant correlations were found between QAPV. %AV02,. %ArVO,. or 

C7cAE:A. 



Table 2: Traininrr Indices - Duration and Intensitv 

Condition Day 1 Day 2 Day 3 Day 4 Day 5 
70%VO,, 8O%VO,, 9O%VO,, 9O%VO,, 90%VO,, 

EXER 6 1.3 + 2.3 64.2 fi.3 70.8 t 9 . 7  69.0 + 8.1 67.6 + 8.9 
(min) 

EXDI (min) 64.1 + 7.5 65.6 2 7.0 68.4 + 6.0 68.2 + 6.9 68.0 + 7.0 

WR 1 13 + 23.8 133 + 25.7 154 + 30.2 154 t 30.2 154 + 30.2 
(watrdmin) 

VO,, = oxygen uptake in ml - kg' + min". , EXER = exercix only condition: EXDI = 
cncrcisc and diuretic condition; WR = work in watts per minute. Exercise times include rest 
and cxcrcise the. Vdues are means+SD. 



Table 3: Cardiorespiratory Indices - Oxygen Uptake Kinetics. Maximal Heart Rate. Rating 
of Percèivèd Exertion, Maximal Work Rate, and Maximal Oxygen Uptake 

Variable Conditions 

BASE EXER EXDI DIUR 

v(Lu 25.91k3.6 26.6424.6 27.5923.8 27.06+4.7 
(ml . kg" - min-') 

Tau = timc to 6 3 4  of steady state gain; GO = V O  @ 20sec: = maximal heart rate: RPE 
(Borg scale) is a 10 point scale; Kt = maximal work rate; VO,, = maximal oxygen 
uptakc: EXER = zxercise only condition; EXDI = exercisc and diuretic condition; DIUR = 
diurciic unly condiiion; BASE = baxline condition. Values are meanskSD. + = p 2 0.05. 
statisticaily signiîicani difference from BASE foiiowing repeated masures analysis of 
variance. 



Table 4: Hematolo~ical Indices 

Variable Condition 

BASE EXER EXDI DIUR 

Hct 0.445 ;e 0.022 0.432 + 0.033 0.466 + 0.042* 0.477 + 0.038* 
From blood samples taken just pnor to Day 7 exercise testing. %APV = percentage change 
in plasma volume; Hb = hemoglobin; Hct = hematocnt. EXER = exercise only condition: 
EXDI = cxercise and diuretic condition: DIUR = diuretic only condition; BASE = baseline 
condition. Values are meanskSD. * = p 5 0.05, statistically signifcant difference from BASE 
io 110 wing rcpcated mesures anaiysis of variance. 



Table 5: LV D O D D ~  Indices 

Variable Condition 

BASE EXER EXD I DIUR 

IVRT( ms) 11 1.1 + 25.1 1 13.2 + 23.4 128.0 + 25.3 125.4+ 31.4 

DT ( rns) 247.7 + 67.1 293.1 + 88.5 259.8 + 56.5 293.9 + 67.4 

E:A 1.13 + 0.34 1.20 + 0.38 1.01 0.29 1 .O2 2 0.34 
From Dopplcr rchocardiography averaged over Tive cycles perfonned the rnoming of Day 7 
prier to excrcisc testing. E = early trans-mitrai tlow velocity peak. A = late tram-mitral ilow 
vclocity pciak. lVRT = isovolumic relaxation time. DT = early peak deceleration tirne. E:A 
= ratio of carly to late tlow velocity representative of cardiac f i g .  EXER = cxercise only 
condition: EXDI = exercise and diuretic condition; DIUR = diuretic only condition; BASE 
= basclinc condition. Values are mean@D. * = ps0.05. statisticallysignifcant difference 
irom BASE Io iio wing repeated measures analysis of variance. 



Chapter 5 

Discussion 

The finding of no signifcant differences across conditions for either sub-maximal VO? 

kinctics or VO?,, does not support the initial hypothesis that VO, is related to short-tem 

training-induced PV expansion in healthy older men. However. the fmding that BAPV 

apprxcd to be increased with EXER. H L  appeared to be decreased with EXER. and E was 

tàster with EXER support the second hypothesis that cardiac filhg (E:A) may be rclated to 

a short-term training-induced PV increase in older men. 

5.1 A geing- Related Decline in Aero bic Performance 

5.1.1 Oxygen Uptake Kinetics 

In  the prcsent study there were no significant differences across conditions in rate of 

0, uptakc (rVO'). Oxygen transport is influenced centraiiy by HR and SV. and peripherally 

hy vascular resistance (Hughson. 1990). Other studies of ageing. fitness. and rVOz suppon 

a "slowing" of rVOz with ageing that can be improved with aerobic endurance training 

(Babcock et al.. 1994a; Babcock et al., I994b; Chilibecket aL, 1996). Babcock et al. ( 1994b) 

hund slower VOz kinetics with no observed ditTerences in HR kinetics when comparing 

younger and older men. They suggested that this may indicate older male V 0 2  kinetics are 

no t crntrdly Limited. However. a follow-up study by the same research group trained older 

men and found a high correlation between the speeding of the HR and V& kinetics after 

training (Chilikck et aL. 1996). This foliow-up study contended that centrai blood tlow 

Lunitations may play a part in the slowed VO, kinetics seen in ageing (Chilibeck et ai.. 1996). 
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The present study was unable to analyze HR kinetics due to technical diffculties in coiiecting 

rdiable HR data. However. the H L  data was considered accunte. 

Prwious studies of V O ~  kinetics have investigated the effect of different levels of 

titness and age with long-term training (Babcock et al.. 1994b; Chilibeck ei ai.. 1996). 

Howcver. PetreUa et al. (1996) have investigated VOZ kinetics foUowing short-tem training 

wilh oldcr men and have found Unprovernent in V02 kinetics similar in responx to those seen 

with CCB (verapamil SR) administration in the same study. The present study ( 5  day training 

protocol) wu Likely too short for changes in VOz kinetics to have k e n  aitered by 

mitochondrial cnzyrnatic potentiai (Green et al.. 1989; Green et al.. 199 1 b). Dependent 

upon the degm of change. changes in hemoconcentration may or may not eff'cct any changes 

in V 0 2  kinztics of a sub-maximal workload because oxygen supply rnay not be limiting during 

a suh-maximal workload demand. Although not invcstigated in the present study. it may be 

that manipulation of PV modulates Q and VO? kinetics of the cardiodynarnic phase (Yoshida 

et al.. 1993). However. the lack of any signifcant difference in v o  at 20 seconds Uito the 

onset of the sub-maximal square-wave workload in the prexnt study does not support this 

hypo thesis. 

5.1.2 Maximal Oxygen Uptake 

The absence of any signifïcant ditrerence in VO,, across conditions in cornparison 

to BASE in the present study is in contrast to the 12 4c increase in vobrK seen in response 

to the same exercise protocol in a previous study of older males and LVDF (Petrella et aL. 

1997). The subjects of the previous study were sunilar in num'oer (n=L2) and age (68 y) but 
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they were kss Tit (VO,, of 23.5 ml kg' min.') than the present study. The lower initial 

iitncss of the previous study possibly aliowed a greater potential for change in response to 

training than the present study. Another possible explanation for the disparity in VO,, 

results bctween the prexnt and previous (Petrella et al. 1997) studies is the question of the 

VO,,, reliability of the present study. However. maximal oxygen uptake measures of the 

prwnt study appear to be valid. 

There is some dispariiy in the Literature with respect to young male VOh, increaxs 

in responsc to short-rem training (Gmn et al.. 1987b). The disparity may be relateci to the 

duration of the short-tcrm training study. Convertino et ai. 199 1 observed that theri: is an 

initial inçrciisc in PV irnrnediately after exercisc which accounts for nearly ail of the change 

seen in hlood volume up to 10 days. followed by an increase in erythrocyte count thereafter 

(Convcrtino. 199 1 ). The VO,, results observed in 8 to 10 day studies (Convertino. 1983; 

Nadel. 1985) rnay be retlective of the increase in red ceIl mass and 0 carrying capacity seen 

in longer training studies rather than a change in PV. This may in part account for the lack 

of signiîicant change observed in VO,, in the prexnt and other 3 to 5 day training studies 

in contrat with studies of 10 days and longer duration (Convenino. 1991). However it 

should be noted that Petrella et ai.. 1996 did observe a signiticant increase with older and Iess 

lit men and this may indicate the response is fitness and a g  dependent. 



5.2 S hort-Term Training Adaptation 

5.2.1 Plasma Volume Expansion 

The imposition ofadiuretic stimulus in the present short-terrn training study provided 

a means by which to determine whether changes observed in V 0 2  and LV diasto tic f i g  

werc rclated to PV changes observed in older men. The EXER PV expansion of 6% was 

moderate in cornparison to a simiiar 5-day training study which reponed a 109 increase 

(Petrclla ci al.. 1997). Leutkemeier et al. ( 1994) used the sarne diuretic and dosage as the 

prcscnt study. a 3-day training stimulus. and achieved a similar PV diftèrential of 105% 

k iwccn  the* EXDI and EXER subjects. but had a 10% greater PV ùicreasr in EXER 

wmpared to BASE. 

Spironohctone administration (EXDI and DIUR) producrd higher aldosterone levels 

cornparcd 111 BASE in the prexnt study. The high EXDi renin secretion may indicate a 

comhhcd rcsponse to maintain rend blood tlow through the iniluence of both the diuretic and 

post-exercise hypotension (?). The ekvated EXDI and DIUR aldosterone are in response to 

spironolactme and an attempt to regain rend blood tlow and pressure. Aldosterone normaiiy 

causes excretion of K+ and retention of Na' and water at the site of the rend distal tubule. 

Howevcr. spironolactone cornpetes with aldosterone for receptor sites on the distal rend 

tubule and thereby retains K' and dows the excretion of Na' and water. 

Antidiuretic hormone (ADH) is secreted by the postenor p i t u i t q  in response to high 

blood osmolality subsequently acting upon the collecting duct cell membranes of the kidneys 

to promote water retention. Blood p b m a  osmohiity and ADH have been shown to be 

undfec trd by short-term training-induced PV expansion (Leutkemeier et al.. 1994; Zappe et 
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al.. 1996). This suggests that ADH does not play a role in short-term training-induced PV 

expansion. although ADH was not measured in the present study. 

Hrnce. the results of this study indicate that short-terrn training does induce a PV 

cxpansion, and diuretic intervention does attenuate that PV response. The RAAS plays a 

predominant role in short-term training-induced PV expansion as retlected by blood plasma 

clcçtrolytès. The rolé of albumin remains uncertain. 

5.3 Cardiac Filüng and Ageing 

5.3.1 Left-Ventricular Diastolic Dysfunction and Exercise 

Lc i i  vcntrîcular diastoiic function iF known io declim: with agehg (Tables 1 and 2). 

Spcifically. left ventricular diastolic function is compromixd by a lowcr total blood volume. 

dcgradation of biochemical processes, or mechanical function affecting a diminished rarly 

iilling (E). increased atnai systolic (A) contribution. and a longer isovolumic relaxation tirne 

( IVRT) (Lakatta. L993; Wei. 1992). In tems of ageing. the degradation of biochemical 

proccsscs ret'crs to the decline in P-adrenergic srnsitivity or the rate of Ca++ re-uptake 

(rcsequcstration) by the sarcoplasmic reticulum. Deciine in mechanicd hinction rekrs to the 

loss OC compliance of the myocardium due to an increase in collagen and o ther constituents 

(fat. amyloid) in the myocardial matrix. Although the SV of older hypenensive people 

appears to increase in an attempt to maintain Q, the loss of compliance and decline in LVDF 

may contribute to the lower SV that persists with ageing in a heaithy population (Lakatta. 

1993). Stroke volume decline can be attenuated with improved fimess. In the face of an age- 

relatrd decline in maximum heart rate, the age-related deche in maximum cardiac output. and 
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thus aerobic performance. cm be funher delayed as weil through exerck training (Ehsani et 

al., 199 L ; Pétrella et al.. 1996). 

Subjects' bueline mean early (E) and late (A) peak f i g  velocities were weU within 

the normal healthy age range (Feigenbaum. 1994). The ratio of earlyllate peak f i g  

vclocities (E:A) is considered to be an index of LVDF and was also in a normal healthy range 

( Fttigcnhaum. 1994; Petrelia et al.. 1996; Thomas & Weyman. 199 1 b). Early trans-mitral 

tlow velociiy with EXER (76.9 cmls) was p a t e r  than BASE (67.9 cm/s)(Table 9). Pnvious 

investigations of E:A have reponed that oldcr males. when trained (Ehsani et al.. 1991: 

PctrcUa et al.. 1 997) or already fit (Hagberg et al.. 1998; Petrella et al.. 1996). have shown 

increawd E:A. In the present study. the changes in E:A appear to be mediated in part by the 

changes in PV or total blood volume and this is borne out by the positive correlation shown 

k t w w n  %APV and E:A, 

Changes in LV relaxation and cornpliance can be inrerpreted by IVRT and DT. In 

agcd myocardiurn. both IVRT and DT increase in duration. This may be attributcd to a 

dccreilk: in the compüance and relaxation of the myocardium due to mechanisms such as 

increased çardiac amyloid. increased coilagen, decreased P-adrenergic sensitivity, and 

dccreased Ca* resequestration. In the present study, IVRT did not differ from BASE. This 

is in contlicr with the îïïdings ofa previous similar study which found lVRT to be decreaxd 

with short-term training in older men (Petreiiaet al., 1997). Both studies found no significant 

changes in DT. in the present study, it is has ken  shown that the subjects were more fit than 

the pnvious study by Petrella et aL. ( 1997) and it may be this improved fitness that accounts 

for the differences observed in IVRT response to the short-term training protocol. The 
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natural history OF LV füling abnormalities described by Appleton and Hatie ( 1992) may 

explain the age and fitness dependence of the degree O Presponse in E. A. E:A. IVRT. and DT 

to short-ierm training. In the present study. the subjects were moderately fit and this was 

re tlec ted by LVDF masures similar to those that appear early in the hypo theticai progression 

of changes in mitral and pulmonary tlow velocity that occur with ageing and cardiac d k a x .  

Impaircd relaxation and decreased cornpliance are no t yet evident. 

P-adrcnergic responsiveness and Ca* rexquestration have k e n  studied in terms of 

thcir effcct upon LVDF. Changes associated with the impairment of LVDF include ageing 

and a ioss of titness. and these may in part be responsible for any changes in LVDF O bxrved 

in thc prwnt study (An-ighi et ai.. 1994; Harrison et al.. 1991: PetreUa et al.. 1994: Spina et 

ai.. 9 hlthough not investigated in the pnsent study. the short duration of our training 

pro tocol should no t have resulted in c hangrs to the myocardial rnatrix influencing mechanicd 

function. It may be that any changes in IVRT observed in the present study or other sirnilar 

rcsciarch protocols were due to changes in either preload. P-adrcnergic responsiveness. or 

Ca* rc-uptakc by the SR. However. it is possible that short-term training-induced PV 

expansion and increased preload alone may cause the mitral valve to open sooner. thereby 

decreasing IVRT. 

5.4 Summary 

The presrnt study was undenaken in an attempt to determine whether short-term 

training-induced PV expansion or diuresis intluenced V0,-.. V O ~  kinetics. and cardiac f ï g  

in oldcr men. Diureiic intervention was implemented done (DIUR) and withexercise (EXDI) 
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and compared to EXER to discem whether or not any observed changes in LVDF and 

acrobic performance were in fact due strictly to the PV expansion. or some other yet 

unidentifcd mechanism such as adaptations in P-cdrenergic sensitivity or Ca* transport 

inlluence upon cardiac f i g .  If. during EXDI and DIUR, there were significant 

improvements observed in cardiac î i ï g  and aerobic performance. these improvements would 

have to h m  k e n  caused by some influence other than PV expansion. With respect to the 

results of thc present study. it appears that alterations in plasma volume following short- trrm 

rx t i r c i . ~  training and diuretic intervention do not effect significant changcs in VO,, or VO, 

kinctics in moderately Tit older men. However. the present study's observations of hproved 

LVDF for EXER compared to BASE. when cornbined with the observed PV changes, 

suggcst that improvernents seen in short-trrm training-stimulated LVDF would appear, at 

Icüst in part. due to PV-mediated changes in cardiac füling. 



Chapter 6 

Conclusions and Limitations 

6.1 Conclusions 

This prcsent study's objective was to determine the effect or alterations in blood 

volume on ~ 0 , ~ ~ .  VO? kinetics. and Doppler echocardiographic indices of cardiac filling 

iollo wing short-term exercise training and/or diuretic intervention. Although VO,, and VO, 

kinctics fmdings were insigniticant. an effect of PV change upon cardiac f i g  cm not be 

rulcd out. It appears ~hat shon-tenn training-induced PV expansion improves çardiac füling 

and rcmovai of the PV response by diuretic use attenuates those irnprovements. The initiai 

level of Iitnrss of the study participants may have played a role in the lack of any signiticant 

diffcrcnccs in VO?,. VO, kinetics, or the lack of strength in the indices of LV diastoiic f i g  

and Iunction. however. the observed changes in PV. improved E with EXER. and the positive 

corrclation of BAPV with E:A suggest that these oldrr men were stili amenable to 

improvcments in LV diastolic f ï g .  

Potential Limitations 

The power of this study was based upon an expected 3.5% increase in VO,, in 

response to the short-term training protocoL However the fitness characteristics of 

the group may have lirnited Our ability to achieve the expected changes. 

I t  should be noted again that the Doppler echocardiographic indices are non-invasive 

representations of left ventricular diastolic function and are not direct measures of 

relaxation or cornpliance (Thomas & Weyman. 199 la). The present method of 
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in terpre ting Doppler echocardiographic indices as left ven tricular diastoiic hnc  tion 

are only speculative without measures of intraventncular pressure. 

3. Thc diiliculties observed in achieving a VO,, plateau rnay be attributabb to the 

assignmcnt of a standard ramp WR of 15wlmin. The standard ramp WR d o w e d  

some subjects to exercise weLi beyond the suggested 8 to 12 minutes for a VO-, test 

{ Buchfuhrer et al.. 1983). Making the ramp protocol specüic to cach person to yield 

a VO,,,, test duration of 8 to 12 minutes rnay have improved the abiiity to yield a 

plateau. 

4. I t  couid be argued that this protocol was too long and demanding and this is a vdid 

conccrn. however. the study's strength ovrr other sirnilar studies Lies in its 

longitudinal design. This may have affectcd motivation during training and testing and 

cornpliancc to the dietary and activity guidelines drscribed upon initiai su bscription 

to the study. 

6.3 FutureResearch 

Although beyond the scope of the present study. acute P-adrenergic or Ca* transpon- 

mediated changes. as a result of short-temi training. rnay have contributed to the observed 

changes in LV diastoiic î ï ï g .  Developing a method of non-invasively or invasively 

determining P-adrenegic or Ca" transport activity in the myocardium may provide greater 

insight into short-term training-induced improvements in LV d h t o  tic function and its ageing 

related dechr.  
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Appendix 1.2 - LETTER OF INFORMATION 

Effect of Blood Volume on V 0 2  in Older Men 

Investigators: Dr. Rob Petrelia, MD., Ph.D. 

S. Keily Harris. M.Sc. Candidate 

Introduction: 

Y o u  are king asked to participate in a human rcsearch study to examine the effect 
o l blood volume on maximai oxygen uptake (V02-). Interventions used in the study 
arc exercise training, oral diuretic administration. and training and diuretic treatments 
combined. The study is divided into three randornly-ordered phases. with exercix 
tcsts rqxated dter cach phase. Al1 exercise will be done on a cycle crgometer in thr: 
lahoratory at the Centre for Activity & Ageing. and wiii be monitored by one of the 
invsstigators. 

Issues For Study: 

1. S bon-rem high-intensity exercise lasting 2- 10 days has k e n  shown to incrcase blood 
volume. 

7. The chmges in blood volume is associated with an increase in VQ,. which is often 
rcgarded as the best indication of an individual's carciiovascular titness. 

3. The changes in blood volume and VO?,, are rapidly lost when training ends. 

1. Diuretics or ''water pW' decrease blood volume in clinical situations and rnay Iower 
or blunt the increase in V02, and fitness in patients during training. This may be 
particularly important in the elderly who are already sensitive to changes in blood 
volume, 

5 .  High-intensity training and the related increase in blood volume rnay offset the diuretic 
etfect and help us understand the relationship between blood volume and exercise 
performance. 



The purpose of this study is to address these issues and to determine the relative 
efkcts of each treatment (exercise and diuretic) in older men. This information wiii 
be u x d  to improve our knowledge of exercise limitations in this group. 

Procedures: 

Each participant wiii complete aU three phases of the study. but the order in which the 
phases are cornpleted wili be randomly assigned. The three phases are (in random 
order): 

a Training Phase 

a Diuretic P h m  

a Combined Training and Diuretic Phase 

A description of each phase is induded below. 

During each phase you wili be askcd to maintain a dietary record. Throughout the 
study you ;ire ancouraged to maintain your normal eating. drinking. and activity 
habits. 



Baseline Screening: 

Y ou will be screened for your participation and sakty by a complete medical exarn 
including an exercise stress test on a cycle ergometer under the supervision of a 
physician. This test WU determine your maximal exercise performance or VO? ,. 

A smali blood sample (2 tbsp) wiU be drawn from an arm vein and anaiysed for 
electrolyte (i.ç.. potassium) balance for baseline screening and at the end of each 
p h m .  You wiü also be given a large jug in which to coiiect your urine over 24 hours 
at ~ h e  start and fiish of each phase. The u ~ e  and blood tests WU be done to 
monitor your blood volume changes during the study. 

The Study: 

To help understand the complete study. 10 dinerent 'thes" have k e n  identifed. A 
description of what each t h e  entaiis is included in the Appendix. 

Training Phase: 

The training phase wiU be 5 consecutive days. with 60 minutes of accumulated cycling 
cach day at a prc-determined cycling intensity. On Day 1. the intensity wili be set ai 
70% oi' your V02,  (as determined from the greater of two preliminary maximal 
cxcrcise tesis); Day 2. the load is 804 of V02  ,; Days 3-5 wiU be at 90% VO, ,. 
At any time during the training, you may stop for a rest period (potentiaily due to kg 
tàtiguc or pain) with the r a t  time recorded to ensure you complete a total of 60 
minutes of cycling. Your hem rate and blood pressure wiU be monitored regularly 
du ring the training. 

Diuretic Phase: 

The diuretic phase will consist of taking a 100 mg tablet of the diuretic Aldactonr 
< spironolactone) dady (every morning) for 5 consecutive days. 

Combined Training and Diuretic Phase: 

D u ~ g  this phase, you wiü take the diuretic as in the diuretic phase and complete the 
training as outlined in the training phase. 



Risks Associateci With The Study: 

Any intensity ofexercise carries a siight risk of hem attack, or rnay be uncomfonable 
if you are unfit or not used to exercise. There rnay be some discornfort during the 
cxercise testing You rnay experience an increased awareness of breathing. muscle 
pain ancüor fatigue, increased sweating, generai feeiing of fatigue andlor nausea. You 
will bt: required to Wear a face mask (which wiU prevent you from breathing through 
your nose while enabling the measurement of the air you breathe) during the exercise 
tests and this rnay offer some initial discornfort. Muscle fatigue rnay be expérienced 
for a few days after the exercise tests andor training rides (especiaily in thox not 
accustomed to exercise). 

During the exercise testing. surface clectrodes wiil be attached to your chest in order 
to provide information regarding hem rate and evidence of coronary artrry 
insulficiency. These ekctrodes rnay irritate the skin during removal. 

Side cff'ccts of the Aldactone are the same as those associated with any diuretic 
antihypcnensivc agent. The most common side ctTects (which occur in cl% of 
patients) are volume depletion. clectrolyte imbalance. gastrointestkal symptoms 
( including nausca. vomiting, cramping. diarrhea. gastric bteding, gasrritis and 
ulcoration). dizzinrss. lightheadedness. dry mouth or fatigue. Adverse reactions are 
usually reversible upon discontinuation of the study. This agent is designod to spare 
potassium loss and hence electrolyte and gastrointestinal symptorns are minimiwd. 

At each visit during the study your condition wiii be monitored to best prevent thest: 
adverse èîkcts. 

You may wish LO consider this study as a "boost" for a regular titness program. The 
short-term high-intensity training will provide a rapid increase in your VO? ,, that 
w ould normaiiy take much longer to acquire through a normal exercise program; and 
you rnay wish io initiate an exercise program after cornpletion of the study to maintain 
and funher improve your new level of fitness. 

Y ou wiil incur no cost as a direct result or your study participation - you wiU not be 
responsible for paying for physician lees, medication. or test procedures. 



Confidentiali ty : 

Records tiom the study are confidenthi and securely stored. Any publications as a 
result of this study will in no way i d e n t e  you by name. 

Voluntary Participation: 

Y our decision to participate in this study is completely voluntary. You are free to 
c hoase either to enter the research study or no t to enter the study. T h m  wül te no 
penalty of any son should you decide not to participate. 

S hould you agree to participate. you may voluntÿrily withdraw from the study at any 
time without penalty. Before withdrawing from the study. you should notify one of 
the investigators of your intent to do so. 

Further Information: 

You are encouraged at aii t h e s  to ask questions regarding the purpose of the study 
and thc outcome of your exercix tests. IF you have any questions conceming your 
participation in this study. contact one of the investigators: 

Dr. Rob Petreiia at 661- 16 10 or 66 1- 1637 or S. Kelly Harris at 66 1- 1636(w). 858- 
3 6Og(h). 

Do no[ sign the consent fom unless you have had a chance to ask questions and have 
rcceivod satisfactory answers to ail of your questions. 



APPENDIX - EFFECT OF BLOOD VOLUME ON V 0 2  PROTOCOL 

TIME O: This is the initial visit. You wili have the study described in detail by one of 
the investigators. repeating al1 information on this letter of information and funher 
detailuig ail aspects of training. the diuretic. urine collection and recordhg a dietary 
history. At this point. you will have bloodwork dnwn and a physical examination to 
dctermine if you are a candidate for the study. 

You wiU then xt up a schedule h r  cornplethg the study. 

This visit should last no longer than one half hour. 

TIME 1: This visit (1' baseline m a )  wüi consist of a progressive exercix test to 
voluntary fatigue, where the intensity of exercise grüdualiy increases until you are 
unable to continue. This test is cailed the V02, Test." and provides an indication 
of your aerobic titness. and will be conducted under medical supervision to ensure 
future exercise tests are performed safkly. Expect to spend about 15 minutes riding 
the bikc - the entire visit should 1 s t  one half hour. 

TIME 2 :  A one hour echocardiographic assessrnent is scheduled prior to testing. This 
visit (2"" badine ma) wiiJ consist o la  progressive exercise test to voluntary fatigue. 
w herc the htensity of exercise graduaily increases until you are unable to continue. 
This test is cakd the "V02, Test." and provides an indication of your aerobic 
titness. and wiiî be conducted under medical supervision to ensure future exercise 
tests are performed safely. Expect to spend about 15 minutes riding the bike - the 
entire visit should 1 s t  one haif hour. 

TIME 3: A kinetics test wiU be performed at this tirne. where you will instantaneously 
switch from loadless pedaling to a resistance representing a moderate intensity ride 
and then back to zero resistance. You wiil repeat this sequence two times. riding for 
a total of six minutes at each intensity before the load changes. A 10 minute break 
wdl ihen be given before you repcat the same ride (repeat the sequence two more 
times). This visit will iast a maximum of 90 minutes. with approxirnateiy 60 minutes 
actuaily spent riduig at a low intensity. 



TIME 3: You wiii start one of the three intervention phases. If you are randornised to 
either the training phase or the combined training and diuretic phase, you must visit 
the lab for approxirnately 60 minutes per day to complete the training: othenvise, in 
the diuretic phase you wiü take the diuretic (as outlined in the diuretic phase) at this 
time. Training. diuretic. or the combination last for 5 days each. AU three phases last 
7 days in to tai each. 

TIME 5 :  Two days the previous phase ends (i.e.."Day 7" of the preceding phase.). 
(Day 6 is a recovery day for each of the three phases.). you wiü have a one halC hour 
ccho assessment. perform a VO?,, and a kinetics test. as well as having blood drawn 
for analysis. You will then have three weeks rest before kginning the next phase of 
thc study. 

TIME 6: You wili begin phase 2. (Days 1-5) 

TIME 7: Day 6 is a recovery day and then i iU  tests (echo. blood sample. kinetics. & 
V Q , , )  arc npeatrd two days after phase 2 ends on Day 7. 

You wiii start the final phase. 

Two days d'ter fhishing the f ia l  phase. all tests are repeated. 
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Appendix L3 - LETTER OF INFORMED CONSENT 

Effect of B l d  Volume on VO in Older Men 

1, , have read the attached letter of information and 1 
agree to participate in this study. 

AU questions have k e n  answered to my satisfaction. 

Date Participant Signature 

Date W itness Signature 

Print Narne 

INVESTIGATOR STATEMENT: One of my delegates or 1 have carefuiiy explained to the 
subjcct the nature of the above protocol. I hereby cenify that to the best of my knowledge 
t hs subject signing this consent form understands the nature. demands. risks. and benefits 
involved in participating in this study and that a medical pro blem or language or educationai 
barrier has not precluded a clear understanding of the subject's involvernent in this study. 

Date Investigator Signature 

Print Name 
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Appendix 1.4 - Sample Size Calculation 

For a = 0.05, power = 0.8. and using a mean difference of 3.5 ml k g 1  ML and 
a standard deviation of 3.5 ml. k g 1  min" (PetreUa et aL. 1997) with the foUowing sample 
sizc rquation for paired data (Friedman et al., 1992): 

N,, = (2, + q, )? x S D V A ~  

where Z, = 1.96.2, = 0.84 

N,, = ( 1.96 + 0.84)' x (3.5)' / (3.3)' 

N,, = 8.82; 

whzrc Zr, rcprescnts the . 2p the . SD the standard deviation. and A the expected change. 

Due to the intensity of the exerck training and the duration of the study. wc expectrd 
dropouts. Using a dropout rate of 25% and the foiiowing equation for non adherence 
( Friedman è t al., l5)92): 

where R, = 0.25, q = O (no drop-ins) 

N* would be rounded to 16 people per group. 

Thzrclore. no t'cwer than 16 older men w e n  to be recmitcd. 



Appenàix 1.5 - SafetyfMonitoring Indices 

Table A: SafetylMonitoring Indices - Hematological 

Variable Condition 

BASE EXER EXDI DIUR 

K'(mmol/l) 4.7 -_ 0.8 

Na+( mmo V1) 140.1 5 3.1 

C1'(mmol/I) 103.5 2 2.1 

Crcatininc 86.64 7.1 
( umo VI) 

Renin(nC/Us) 0.85 + 0.52 

Aldostcrone 49 2.5 + 639.5 

(pmoV1) 

ACTH(pmoll1) I 1.0 7.27 

- - 44.18 + 3.3* 
From hlood smples taken just prior to Day 7 exercise testing. K+ = serum potassium; Na' 
= scrum sodium: CI' = x r u m  chloride; ACTH = adrenoconicotropic hormone. EXER = 
rxcrcise only condition; EXDI = exercise and diuretic condition: DIUR = diuretic only 
condition: BASE = baxline condition. Values are meanskSD. * = p 5 0.05. statisticdy 
significani differençe from BASE following repeated masures analysis of variance. 



Table 8: SaktylMonitoring Indices - Urinary 
-- - - -  - -- -- - - - - -  

Variable Condition 

(24 hour) EXER EXER EXDi EXDI DIUR DIUR 

Day 1 Day 4 Day 1 Day 4 Day 1 Day 3 

Na' 156.2 + 138.5 + 198.1 + 188.9 + 259.8 2 13.2 + 
59.8 46.0 47.2 56.3 LOOS* 77.8* 

( mmo Vdl ) 

Volumc 1552.3 2 136 1.8 t 18ûû.O t 1771.5 + 2080.9 + 2 14 1.5 2 
607.5 486.8 393.9 507.6" 6 13.0 650.1 * 

( ml) 
K+ = urinary potassium; Na4 = urinary sodium; Cl- = u ~ a r y  chioride; EXER = exercise ody 
condition: EXDI = exercise and diuretic condition; DIUR = diuretic only condition. From 
sepüratc: 24 hour urine collection performed on Days 1 and 4 of each condition. Values are 
rncan-D. * = p 5 0.05. statistically signiîicant diflerence versus EXER for the sarne day 
fo iia wing repeared measures anaiysis of variance. 




