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Ahst'rucr
One of the clcclrocard'ioeram (F(?G dbnormﬂhnu that has corrclaml mlh LOTOHdF\'

artery dmasc ((AI)) is a horizontal or downsloping ST’ segment depression of lmm or greate
' “ .

.

These ECG abnormalities indicative of ischemia can be clicit&iurin’g maximal exercke in

relatively few asymptomatic normotensive subjcus The purposc 0 " this study was to deterntine

il ST -segment depression during a lrcadmnll stress test vuas rclatco o cardlovascular fitness on a

‘submaxxmal exercise lCSI. Thc sccondary aim.fas to determine if these abnormalitics could
»

potcmxal]\ be dclectcd m ‘a Tilness centre usmg a 5mgle lead ECG (CM 7. One hundred and

eight (10&) male Lhcms (0-30 percentife n=62; 70-100 pcrccmile n-—-5(a) and 47 female clients

Sy

4

(()-SU percentile n=10; 70-100 pcrccn:ile n=37) from two diverse [itness lev " unteered for

© 2
]

. , R
a clinical exercise stress test. The male clients in the low fitness group were older, wetghed

3

more, had a greater percent body fat, 10\.ver predicted VO;max on the Astrand and Bruce test,
higher resting heart raltc, lower total c'xcr'cisc ume on the treadmill, and completed fcwcf 3
minute exeTcise stages ojn the Bruce protocol (p<<0.001). There were more malc clients in the
high ‘{‘imcss group rated as having a hypertensive exercise blood pressure (p<0..05v.) and more
clients in the low fitness group ?ated as ha.ving a ldw exercise Lglcrance’ on the Bruce protoco!
(p<0.05). The fcmalcv clients showed sifnilar results with the low ﬁtnes; group having'av higher
resting svstolic and dlaslollc ‘blood pressurc (p<0.05). No female clients had a hvpertensive
exercise blood pressurc (p>0 05) but there were more female chcms in the low filne§s group
rated Aas having a low exercise tolerance (p<0.001). The prevalence of ST-segmeni depression
was riot irclaled to the fitness éroup for either the male or the female clicms (p>0.05). The
prevalence of ST-segment derCSblOH was 15.3 percent for ma]c clients and 25.5 percent for
female Lhems A dlscrlmm ant fuvncuon analysis correctly classified 71.1 percent of the male
clients into a group wil_h or without ST-segment depression usiné age, percent body fat,

v

VO,max on the Astrand test, fitness percentile, resting diastolic blood pressure and physical

.

activity status (p<0.001). There were no useful variables that would predict group membership

for the female clients. The number of ECG abnormalities tl;ét could be detected in a fitness
L N
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*

centre using a single lead ECG cannot be determined with certainty from this study. A fitness
unit may be able to identify a group of male clients with an increased chance of ST -scgment

. : . ! ' ’ '
depression during exercise. ' ’

"
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I ‘  Chapter I : ' o :
' R " Introduction
Th’cre has been a greal deal of research o indicate that a sedentary lifestyle increases

'

and an aclive llfesme reduces the mudf'ncc of coronary artery drseasr (Morris et al 1973

Cooper et al., 1976; Frkrsson el al 1981). One of the elcctrocardioaram (ECG) abnormalities

|

that has, been correlated wuh coronary arten dxsease (CAD) is | mm or greater of honzontal

or downsloping ST segmem 0.08 sec afler the J point. These ECG abnormalmcs mdlcarwe of

r"’>V .
rscherqra can be elicited during maximal exercise in relativcl'_v few (1.5-1’2%) asymptomatic

.

hormotensive “males (Cummines et al., 1975, T-roeluher et al 19/6 Bruce et al.. 1980

Glaanom ct a] 1983) Among individuak wrth abnormal exercise I:CG responses there is an

)

death)

In a pilot.stud\‘ conducted. on clients presenting for a Fimcss and Lifestyle Appraisal at

the Umvcrsm of A]bcrta it was found that 23. 8” (9 of 39) clients had abnormal maxrmal
treadmill stress tests at the Umversm of Alberta Cardrac Rehabllauon I aborator\ The. result<
indicated that 30% (6 of 20) of the Lhemc were categorized into Lhc O 30 percenule and 16% (3

of 19) of the clrems were caugonzed into the 70-100 percentile on a submaxxmal bicvcle test
for their age and scx These results showed a significantly mcrcased incidence of ST-segment
dcpressmn durmg exercise (p<0.01). A larger sampl¢ was collected and tested 1o determme if
these results would remam consistent. . . | REE
A. Préblem | B ‘
The y'm'mary aim of this study was to dercrmiﬁe if thé prevalence of abhorrrialilies::in

, -

the exercise cfe‘ctr‘Océrdiogram (ECG) during a m'a);irrral treadmill stress test (Bruce, 1971) is

related to cardiovascular fitness oa a submaximal bicvcle ergometer test (Astzand, 1960)..

increased m.crdence of coronary events (angma myocardial ‘infarction argd sudden cardrac

L




B. Sub-problem
‘A'V'sccondary.aim was lo indicate the number of ECG abnormalities that could

: po[cnuall\ bc detected m a ﬁmess cemre usmg a single channcl ECG recorder L0 monitor hcarl

©
v

" rate wnh a modn"xed chest lcad (CM\

C. Delimitations

1) The'sample was 118 male and 47 female cli'ents of ihe University of Alberta Fitness Unit.

The age range was 17 to 72 yeér&. |

2) The clieﬁts asked to volunteer for further assessment were LhOS“ md1v1dual§ cateoomed into

the 0-30 pﬂrcenule and the 70-100 percentile on a submaximal exercise LCS( (Astrand 1960) for

their age and sex. . B

3Y The clients were aSyrﬁptomatic (Par-Q né'gau"ve)‘ .normotensive individuals.

4) The duration of the studv was December 1983 1o November 1984.

D. Limitations

1) The subjects were volunteers.

2) The submaxﬂ'mal _(ASlra;ld 1960) and maximal éxc‘rcisc fest (Bruce' 1971) ar¢ predictors of

maximal 6xygen uptake. '

3) ST-segment depression of 1 mm or greater does not -necessarily indigat:‘tﬁe éresencé.of

coronary artery disease and a normal exercise ECG response does not rule out the possibilit): of ‘
coronary events ( Froelicher et al. 19;/6'.Cummings et al., 1975).

4) There are man) conmbutmg risk faktors 1o corenary artery disease but onh exercise rlsk

factors will be consxdered in this study.

-

» 1
5) The average durauon between the time of the ﬁmess test and the s[rcss test was 2-3 weeks

Fl

bbt occassionally a duration greater than dne month occurred and thus the clients fitness level

3

may have changed slightly on the second test.



E. Significance of the Study | | “
The idcmif’;ication (;f‘ individualé with a high risk o/f" developing cofonar_\' artery discase
(CADS\ would allow for proper clinical diagnosis and risk factor iﬁtcr\'enlion. Due 1o .Lhc high
incidcnu& of coronary artery discasc among -individuals with abnormal ECG resbonses, they are
encouraged\o take every measure possible 1o reduce the mfluence of known risk factors
associated with clinical CAD (Cumr:nings et al., 1975). Preventive measures applied to high risk
individuals will consequently reduce the chance of the asy mptomatlc individual from becomme
sxmpiomalxc al which stage thc CAD is almost irreversible and.wxll I'CQUITC clinical aLLcnuon

If a group of mdmdual« with a higher incidence -of abnormal exercise ECG responses can be

“identified through a simpie fitness evaluation it would pronde a morc cost cﬂecllve method of

N a

screemng individuals than the current system of physician monitored stress Lests.

F.~I)‘.cfinition of Terms

Asvmptomatic - s.ymptomlcs.s; exhibiting or produciﬁg_ no svmptoms (Blackiston s Gotz{q
Medical Dictionar_v, pp. 129, 1979).

Alh;rOSC]STOSIK -a varlable combmanon of changes in the intima of arteries consisting of the
focal accumulation of lipids. complex carbohvdrates., blood and blood products, fibrous Llssue
and calcium deposits and associated medical changes (Blackiston's Gould Medical Dictionary,

pp. 131,1977).- 7 *

Cardiovascular Fitness - refers 1o th> circulatory capacity for oxygen transportation (Astrand

~

and Rodahl, 1977).

Coronary Stenosis - narrowing of a coronary artery without complete blockage (Blackiston's t

Gould Medical Dictionary, pp. 320, 1977).

Electrocardiograph - a graphic record of the electrical forces that produce contraction of the
heart (Blackiston's Gould -Medical Dictionary, pp. 430, 1977).
Ischemia - local difninution- in the blood supply, due to obstruttion of inflow of arterial blood ,

or due 1o vasoconstriction; localized tissue anoxia (Blackiston's Gould Medical Dictionary, pp.



103, 1977).

Maximum Aecrobic Power - VO,max is quantified as the maximum amount of oxvgen that can
be consumed per unit of time by a person during a progressive exercise test to exhausiion and

may be expressed in absloute (1/min) or relative terms {ml/kg/min) (Thoden, Wilson. and

-
a

r

MacDougall, 1982).

\ N



Clmptgr_ll

Review of Literature

. ) A . ‘ .
. . |
A. Prevalence of ECG Abnormalities '

Electrocardiogram (FCG) abnormalities indicative of ischemia can be clicited during
maximal cxercise in relatively few asy mptomam normotensive individuals. However, among the
individuals \mt; mm}mlc ECG's therc is increased incidence of coronarv events (angina,
myocardial mfarcu‘on Na:n’d sudden -dcath). In asymplomatic individzlals the the demonstration
of an abnormal ECG during or near maximal.excrc'ise identifies a group at greater risk of
developing a clinical manifestation 'O[:,CA'I) (Froelicher et al.. 1974).

_ Froclicher and colleagues (1974) found a p.revalencc of ST-segmcr}; depression of 2.7
\\- percent in healthy airforce pfrsonnc} .‘on a-maximal treadmill test. In a study by Bruce ._and
collcagues (1974) 28.3 pereent of healthy men had ST-scgmém d.cphression of Imm or more 0.0(;
scconds after the J point during maximal lrea;jmill testing. When only horizontal or
downsloping ST-segment dcpréssi_onv was examined ‘the ‘prcvalcncc rate was rgduced to 16.8

' percent (Bruce et al., 1974),

Cummme and colleagues (1975) found that ST segment depression greatcr lhan Imm
occirred in 61 of 510 (12%) or" asymptomatic men aged 40 to 65 years on a bicycle erogmeter
exercise test. Clinical CAD dcv,clopéd in 24.6 percent of the mén with an ischemic exercise ECG
and in 2.4 percent of the individuals with: ﬁorrrlal exercise ECG responses (Cumming et al.,
1975y, |

In a study by Erii(sscn and colleagues (1976) 85 of ‘201'4 .(4.2%) héallh_\' males aged 40
10 59 vears had a pbsiu'vc ECG test during cvcling to 90 percent of the age predictcd‘maximal
heart rate. When angiographic tests wére ‘done on these _85 individuals with positive FCG
responses it waé found that 29 (34 l%) had normal coronary arteries, 15 (17.6%) had 1 vessel

dlsease 20 (23.5%) had 2 vesscl dlscasc and 21 (24.7%) had 3 vessel dxs;ase (Erikssen et al.,

1976)‘.



\ 6

Bruce and collcagues (1980’) studied 2,365 men without known CAD and found that
264 (11.1%) had ischemic ST-segment depression during maximal trcadr\nill‘ testing. The
presence of 'onc or more ‘conventional risk factors (Tamily hist.ogy ol CAD, resting systolie
blood pressure greater than 140 mmHg. smoking and sérum cholesterol greater than 140 mg/dl)
and two or more exercise predictors identified 1 percent of healthy men with 33 times increased
risk of CAD events in a 6 vear period (Bruce et al., 1980).

Allen and collcagues (1980) completed a “five vear [ollow-up s‘tudy on 888
as_\'mptomatic rﬁen and women following a maximal treadmil] test. The -prevalence rate for
ST-segment depression was 15.4 percent in males and 5.1 percent in females. CAD developed in

4 of 89 (15.7%) males and 1 of .16 (6.3%) females with an ischemic SnT-segmcnt response o
exercise testing (A]lén etal,, 1980).'

In astudy by McHenry and colicagues (1981) 49 of 723 (6<8%) asymptomatic men agéd
27 10 55 vears showed ST-segment dcpfcssion during maximal ireadmill testing, The incidence
" rate of cotonary events for these 49 'subjccts was 25 percent c;vcr a 3 vear I'ollow—up perio‘d
(McHenr.\; etal.. 19%1). . | o

Giagnoni and colicagues (1983) repbncd that 184 of 10,723 (1.6%) -subjects had -
horizomal. or downsloping in the ST segment of Imm or more during or after exericse testing on
an initial screening test. Of these 184 iniLiél. abnormal ECG Tesponses 135 had a second
abnormal screening session. In a 6 vear follow-up‘ 15.6 percent of the indi,vidgals-with an

abnormal ST-segment had coronary cvents compared to 3.4 percent in the subjects with a -

negative exercise ECG resylt (Giagnoni et al., 1983).

A

In a recent study by Cumming and Langford (1984) ST-segment depression ochrré"d i

26 percent of 169 asymptomatic males aged 45 10 72 years during treadmill testing. Five years.,

. SR S
later the treadmill test was repeated and ST-segment depression occurred in 38 percent of the
subjects. Twenty-five percent of the subjects with ischemic ST-segment changes at test 1 were

- at test 2 (Cumming and Langford, 1984).



Most of the studies nlisctxsségl' previously were conducted on men and the exercise stress
test results fo? healthy women are slightly different. There are more [alse positive tests in
w'omcn than in men and the reason l‘orv this i\),llrl‘clcar (Sketch cl‘al., 1975; Barolsky ¢t al.,
1979). Profant and colleagues (1972) found a prevalence of 33 pereent for women on visual
anterpretation of the ECG data and this rate was reduced to 18 percent when the FCG analysis
was completed by a computer. An age specific prevalence indicated that women in the fourth,
fifth. sixth and seventh decades was' 14, 3.1 51 and 100 percent respectively (Profant et al.,
1972). Yn this stud_\; by Profant and colleagues (1972) only two women'had significant
horizontal ST-scgment depression and all other ischemic responses were of the upsloping‘
variety. Cumming and colleagues™ (1973) in a similar study on women found a.n overall
prevalence of 25 percent for ST-segment depression. This data was examined over different age
lgroups. and the prcvalcncé of abnormal FCG results increascd with'increasedﬂagc: 20-29 14%,
30-39 14%, 40-49 34%, 50-59 36% and 60 and over 33% (Cumming ct al., 1973). Sheffield and
collcagﬁcs (1978) found a lowcr. prevaience among asymptomatic women, 6 of 95 (()%,)kwomcn
ha'd ST-'segmcm depression during or after exercise. Only 1 6f the 6 women with ST-segment
dcpreslsion‘had a horizontal S‘T—scgmc.mvlhc resl were upsloping (Sheffield ¢t al., 1978). The
mean aéé of the women with ST-segement depression was 52 vears and only one was uxlacr 38
vears (Sheffield et al., 1978). Bruce and colleagues (1980) reporied a ‘prevalence rate of 19.6
percent fof ischemic ST-segmcm depression in 547 hea]thy_@omcn aged 23 to 72 vears during

maximal treadmill testing.

B. ST-Segment Criteria

Myocardial ischemia is the result of a reduced oxygen supply to the heart muscle due to
artherosclerosis in. the coronary arteries or 10 excessive hémodynamic Stress on' the heart or a
combination of these two factors (Cooksev, Dunn. and Massey, 1977). With exercise the

hemodynamic stress on the heart is increased and the chance of an ischemic response is

increased. During ischemia there is a change in permeability of the myocardial cell membrane to



potassium jons (K-), depolarization is delaved. and the duration of repolarization is increased

(Schamroth, 1975). These changes in the mvocardial cells are represented as a depressipd in the

ST-segment in the exercise FCG (Cooksev, Dunn, and Massc_\‘, 1977, Schamrotfx 197

The most common criteria utilized 1o indicate mvocardial ischemia i horizontal or
-downsloping ST-segment depression of 0.10 mV or grcdlcr 0.0% scconds after tht I point
(Froelicher ¢t al.. “1973; McHenry et al.. 198]: Chaitman and Hanson, 1981: LLam and

. [

Chaitman, 1984). While others such as Erik_sSen and collcagues (1976) have included a
ST -segment dAcprcssio'n. regardless of ST-slope, that was 1.5 mV or greater b'cl()\\ the isoclectric
iine 0.0% seconds after the | p;)inl in leads CH. to CH:_or 1.0 mV below the ioselectric line in

feads I, 11, aVl, 'a\’F, or V. to V.. Erikssen and colleagues (1976) found no significant

difference in the predictive value of the ST-segment criteria during exercise but posL exercise

results indicated that the slow ascending ST-segment had a lower predictive value in identifying .

CAD.

One of the limimlionsl of using FCG responses in the the assessment of coronary heart
discase s lhal an abnormal ECG response does not necessarily. indicate the presence of
coronaﬁi artery discase ahd that a normal ECG response does not rule oul the possibility of
coronary evenis (Froelicher ¢ al. 1976: Cummings ct al. 1975). Chaitman and Hanson (19&1)
* support this viewpoint and statc that in populations with'low disease prevalence (as_\'mptomélic
subjects) the predictive a.ccuracy of abnormal ECG criteria rc‘quircs further study. One of the
problems when comparing exercise lead system:. is that researchers use different lead systems to
ana]‘:\'zc the ECG information. different cxcrcisc/ dees (bicycle verus treadmill), and recruit
subjects by different methods. Therefore, the prevalence of ST-segment depression in an
asymptomatic population will depend on: the definition bf the asymptomatic population; the
‘type and intensity of exercise performed; age of the population; coumr}" studied; ECG lead
system; and the crvitcria for a positive test (Chaitman and Hanson, 1981). There is a large
number of factors that can contribute to false a positve ECG test: valvular héart disease:

congenitial  heart disease; cardiomvopathies; pericardial disorders: drugs; electrolyte

-
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abnormalites: nonfasting stale; anemia; bundle branch block: left ventricular hypertrophy;
mitral  valve  prolapse;  vasoregulatory  abnormalitics: hvperventilation  repolarization

abnormalities; and hypertension (F roclichcr\:l al., 1976).

C. Risk Factors .

There afc numerous possible risk factors whcp considering CAD. For example, the
incidence of CAD an({ the prevalenée of abnormal ECG responses to treadmill Lesting s

.

posiiively related to age (Froclicher et al. 1974; Erikssen et al., 1‘970; Bruce et al. 19%0). In a
.stud) by Bruce and colleagues (1971} the prevalence of ST -segment dcprbssion increased from
U to 19 percent with an increase ingage from less than 30 to greater lha"n 50 vears. In a more
recent paper by Bruce and colleagues (19%0) a significantly grcélcr (p.<0..05) cardiac event rate
was found for men split into two groups at the age of 55 vears after .a 5 vear period (4.6
pereent verus 1.5 perceni). Froclicher and colleagues (1974’) also found that lhc_occurcnce of
premature ventricular contractions (PVC) was positivelv related 1o age.

' There are other risk factors that will also prechspose an individual to an increased risk
of CAD. Subjects with an abnormal initial exercise ECG in 'whom disorders developed were
-older, ‘had a higher mean cholesterol level (Froclicher et ai.l 1974), a higher frequency of
hvpertension, poéiu'vc family history, inacu’vity, low fitness level and smo'king (Cummings et
al. 1975, Giagnoni et al., 1983). Gilliam and colleagues (1977) indicated that hypertension,
clevated blood lipids (serum cholesterol and triglveerides). cigarette smoking, obesity, FCG
abnormalites at rest and exercise, family history of heart discase, diabetes, and inadequate
physical activity were risk factors cdmibuting to coronary hcart discase. All risk factors that
have prgdiclix‘e value in detecting CAD should be used for screening individuals (Froelicher et
al., 1974). Bruc/c and colieagues (1980) found that conventional risk factors as well as physical
activity status and relative qu_\' weight were not reliably predictive. Exercise risk factors in
combination with thq conventional risk factors must be utilized to predict future coronarv

events (Bruce et al., 1983; Giagnoni ¢t al., 1983).
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Fam and Chaitman (19%4) 1dentificd five FCG varbles that have diagnostic value in
. v

the detection of CAD and these are: duration of 81 -segment changes in (hc_ POSL-CACTCISe
period; the time that the ST -segment dcprvj\mﬁ First appears: the rate-pressure product at the
onset of ST segment depression: the sum of the S'I'-scgmchi depression in all leads; the sumber
Cof FCG Teads that show depression. Bruce and colleagues (1980) found that the excereise risk
factors with predictive value (p<<0.05) were: duration of exercise less than 6 mmmcs;bischcmic
ST-scgment depression; maximum heart rate less than 90 percent of the age predicted normal
value; chest discomfort or pain on maximal exertion. Allen and colleagues (1980) found that
for men over the age of 40 vears the exercise factors that had a \ignii*icam'corrdaupn between
the development of coronary arte v odisease were s ST -segment criteria; an increase or fo change
m the R wave amplitude and an exercise duration of § minutes or less. An increase or no
change 1in the R v\'a'vcwamplilud: m lead CM3 or VS immediately after exercise was thought to
indicate severe CAD and left ventricular dvsfunciion (Bonoris etal., 1978). The use of R wave
amplitude 1o detect the presence of CAD does not of‘f‘crv any morc¢ information than
ST-segment depression (Fox et al., 1982) and R wave changes have been found 10 be related 1o
heart rate (Wolthuis ct al., 1979), According to McHenry and colleagues (1981) the variables
with the best predictive value were downsloping ST-segment. depression during cxcréigb, a
decrease in systolic blood pressure during exercise and ncgaliv‘c U waves with exercise. Inverted
or negative U waves may occassionally occur in the excrcise FCG of patients with CAD or
individuals with left ventricular hypertrohpy (Kishida et al.. 1982). Other \Zariablc> that have
predictive value are a maximal svstolic pressure of less than 140 mmHg (Iriving et al... 1977)
and a heart rate of 140 beats per minute or less at the onsel of ST-segment depression

(McHenry et al., 1981). ,

L,

. ) -
An females, age. relative overweight, systolic h_\'pCT[é{lSiOﬂ at rest (140 mmHe or
i .

N

& )
greater) and serum cholesterol levels of 270 mg/100 ml or more ;w\as related Lo the prevalence of

ST-segment depression (Profant et al.. 1972). Allen “and G
5

positive maximal treadmill test by ST criteria did not correlat



coronany artery disease inowomen but an evercise duration of Jess than 2 minutes was of
sienificant value. Sketeh and colleagues (19753 found that the ability of ST-segment depression

to correctly detect the presence of CAD 1o be 33 pereent m women and thus o positve test s ol

little value but a negative test is useful in ruling out the presence of discase,

Physical inactivity is considered a risk factor for CAD (Morris et al., 1973 Hickey ¢

al., 1975 Cooper et al., 1976; Montove et al., 1950: Erikssen et alo, 1981 Bruce etal., 1984).

There s also an inverse relationship between the level of cardiorespiratory [itness and the

-~

conventional risk factors for CAD (Cooper ¢t al., 1976) . Hickey and colicagues (1975) Tour.
that the mean serum cholestero!l, hlood pressure, relative weight and number of cigareties
smoked tended 1o decrease with mereased leisure activity but a similar trend was not evident for
activity at the work place. The relationship between cigarette use and physical activiny s
controversial, some researchers have found no relavonship (Morris et al.. 1973 Montove et al .
1981). while others have fourd an inverse relationship between cigarette nse and physical
e d

acuvity (Hickey et al., 1975, Erikssen ¢t al., 1981). The primary benefit of an A teased level of
physical fitness is an enhanced oxvgen transport system and possible secondary benefits such as
reduced resting heart rate, blood pressure and reduced incidence of of premature ventricular
contractions -( Bruce et al., v19>s4). Erikssen and colleagues (1981) found that systolic and
diastolic blood pressure decreased with increased physical fitness, as did resting heart rate, but
maximal systolic blood pressure during exercise was not related 1o physical fitness.

The carly identification of individuals with a high risk of devcioping CAD will allow
proper clinical diagnosis and risk lactor intervention (Bruce et al.. 1974: Froelicher et al.. 1976;
Bruce. 1983). Individuals with abnormal FCG Arcsponsés can b.c cncouraged 1o +duce the
infiucnce of known risk factors associated with clinical CAD’(Cumrﬁ-ings el - '3). By
reducing identified risk factors. in particular smoking and & sedentary lifestyle, the clinical
manifestations of CAD may be delayed (Bruce et al . 1983). Earlv détcc[ionAis the kev (Bruce
et al., 1974) and the pteventive measures adopted should strive for an extension and also an

cnhancement of the quality of life along the wav (Fox et al., 1971).

-



D. Comparison of Lxercise FCG Lead Systems

A1) dead FCG or multiple lead FCG Mapping is & nonanvasive procedure that gives
mformation concernmg: the anatomical orientation of the heart: relative sives of s chambers;
aovariety of dl«lurb:‘mccs of rhythm and of conduction; the extent, location and progress of

)

ischenmic damage o the myocardium; the effects of clectrolvte concentrations: and the influence
.o drugs (Berne and Leva, T981). When compared 1o a sinlgle lead FCG system, a multple
lead syvstem or f'ull!l,j fead FCG gives additonal information and the sensitivity of the test i
mcreased (Lam and (._‘haitnmn,\]()h'd; Chaitman and Hanson, 1981; Simons and Block, 19%1).
The advantage of a bipolar exercise lead svetem iy that they are relativels simple to record.,.
produce less noise artifact, require less time to apply electrodes and are less cxpensive than the
12 lead FCG (Chaitman and Hanson, 1981). In low risk asympiomatic individuals a single lead
FCG is adequate but if arrvthmia detection is impormﬁl a multiple lead svstem is required to
locate the focus of the beat (I,;im and Chaitman, 1984; Simons and Block . 1‘)81).

There are many bipolar FCG leads used 1o anal’.\'zc an cxercise test. The selection of the
opumal lcad is controversial and will depend upgl the purpose of the FCG recording
(Chaitman and Hanson, 1981). Simoons and Block (1981) suggested-that the sclection of the
exercise ECG lead system should be determined by the type of ST-scgmc_m depression expected
in that population. Two important factors to consider in the sclection of an exercise ECG lead
system is ‘the sensitivity and specificity of that lead system. Sensitivity is the ability to detect the
percent of the population that have CAD with a positive test (true positive/true positive +
false ncg:m\;c). Specificity is the ability to detect the percent of the population that do not have
CAD with a negative test (iriue negative/true negative ~ false positive).

Common bipolar exercise lead svstems in use ar¢ the CM,, CC,. CS.. CR,, CX., CB..
and the CH. (figure 1). The two‘mosl commonly used exercise ECG lead systems are the CM,
and the CC.. Chaitman and colleagues (1979) compared the sensitivity and specificity of the
CM. and CC; lead in a patient population and found the sensitivity to 'be 73 percent and 6%

percent respectively. The specificity for the CM, lead was 75 percent and for the CC, it was 81
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pereent (Chattman ¢t al.. 1979), Blackbumn and colleagues (1967) compared the ability of

varous leads o detect 0,05 m\ or greater of honzontal or downslopimg ST seement i a patient

I

popualation with CAD. The CM o detected ST sepement depression nltopereent of the
panents. CHO SO percent, CC 4009 pereent, CB o) percent. and CS3e pereent
(Blackburn et al., 1967). Wolihuis and colleagies (1979) found that the feads CC COML VL
Yh. and Z showed a similar ST-seegmen; slope response 1n a low nisk asvmptomatic population.
When comparing the CC. 'I(\ the CM.. the repolanization changes in the CCare more closels
related to the changes in the standard V. lead (Frochicher et al., 1976). I;m CM. lead produces
a QRS compley greater in ampiitude than 1‘:1; CCoor the A fead (Lam and Chattman, 1984
Wolthuis et al., 1979). Lam and Chaitman (1984) reviewed the selection of bipolar esercise
FCG dead systems and suggested that because the CM. s associated with mare false positive
results the leads CC.or CB. should be used. Simoons and Block (1981) suggested that the 1wo
FCG Tead systems with the greatest sensitivity for aetecting exercise imduced ischemia are the
S or the CM. lead. The optimal excrcise FCG lead svstem has not been identified and the

4

criteria for.detecting CAD in an asymptomatic population on the various FCG lead syvstems

3 . o ‘ . .
needs further assessmient (Lam and Chaitman, 1984 Simoons and Block, 19&1; Chaitman and -

[
£ . . .
.. Hanson, 1ol Froelicher et al . 1981). :
g 1 «“:\ . '

i

%



Figure 1. Negative references for the most commonly used bipolar FCG lead svstems are
lustrated with letiers (CM., CC., CS., CH,, CR., CX.. and CB.). The positive electrode is
located in the V. positien (adapted from [Lam and Chaitman, 1984). -

A

E. Submaximal Exercise Testing

Maximal oxygen consumption (VO,max) is the most common reference of

cardiorespiratory fitness. The direct measurement of VO,max presents a problem in the average
population since it exposes the individual to potenual risk (Davies, 196%). The alternative
procedure in the average population is to predict VO,max from a submaximal cxercise test. The

major assumption of a submaximal exercise test is that there is a linear relationship between

heart rate and oxygen consumption and that each individual can achieve a predetermined
N -

maximal heart rate for their age (Davies, 1968).L»~
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Thcre has been a greal déal of comrovch\ o quesuon thc aculrac\ of the predlcuon of
VO,max from subma\lmal exercise tcc(% (Da\lcs 51968 Kasch, 1984 Astrand and Rodahl’
1977) “Astrand and Rodahl (19//) indicate four sources of error Lhat will affect subma\xmal
EXEercise test results the assumpuon that a- lmear mcrcas» in hcart ralc corresponds to an

increase in omgen consumpllon doe\ not hold true near mammal cxercise; maximal heart rate

declines with age and Lhnrc is-a. standard deviation of maumal heart rate within an) age group

i of +10 beats per minute; mechan.ca1 emenc:\ on a bicycle ergometer varies by *6 percent;

cardiac output is not strictly relaled Lo O\ygen uptake and there is individual varixtion. Dav1es
1968) found thal a linear relationship between heart rate and oxvgen consumpuon do"s not

xist and that an asvmptotic Curve occurs near maximal exercise causmg an undercsumauon of

VO,max of 1 ,200 ml. Dav1ds (1968) aleo found [hdl when using the Astrand nomogram (1960)

: wnh he(an rate-values between 120-15(? beats. per minute the predicted VOymax will be, within

w

i1.22 ‘l/mi\n of the direct measurement. With hightr heart rate values greater than 165 beats

x

. per ute the estimation of VO,ma\ was 1mpxoved usmg the Astrand nomogram (Davxes
‘1968) Astrand (1960) found that Lhe standard error of - \O max was 10 percent in W\N\l}ramed-

'mdmduas and 15 percent in modexalel\ trained mdmduals Kasch (1984) found. that the

Astrand age- corr»cted nomogram unacrprcdlclcd VO,ma\ by 21 p°rcem in healthy subjbcts and
Sldne\ (1977) found a coefﬁmem of variation of 20 percent in elderly male and I"emale subjects
on the same test. Thc VO:.max of umramed individuals is often underestlmated and the VO,max
of extreme]\ well tramed athletes is overestimated during submaxxmal tesung (Astrand and
Rodahl, 1977). A submammal test cannot replace a ma\mlal treadmill test for the mcacurempm
of work capacity but repeal@d submammal lC‘ 18 are useful in moglormg a training program or
motlvauno an individual to commue a training proglam (Astrand and Rodahl 1977).

| “The best mcthoa of determmmg heart rate is by the use of an ECG. Jetle and

%
collepgues (1976) found a systematlc dlft”crencn of 7. 0*3 ,6 beats per minufe when comparmg

3.

eart rates measured b\ FCG (154 1% 27 2 beats per mmute) and by palpation (147.0+.20.2 |

beats per minute). Borien and colleagues (1977) examined heart rates measured by ECG and
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palpation and found a mean error of 3.0x 12.1 beats per minute at a hea/fl rate of 128.6* 16.6

/
7

beats per minute and a mean error of §.5+9.0 beats per mmute ata heart rate of 147. 4:20

n

beats per minute. Shephard (19%0) found a correlation of 0.76 bel\;w/cen heart rate nfeasured by

ECG and when an individual measured a partners ‘pulse by palpa;ribn‘ A morc expensive method

/ <.

of determining heart rate is by the use of a microcompulter /(eg. sport tester). Karvonen and
. /
colieagues (1984) compared the heart rate measured by a/microcomputer and an ECG- and

found that values differed at the most’ by 5 beats per minute. Karvonen (1984) concluded that
the mlcrocomputer was an apprOprlaLe de\'zce for measurmg exercise heart rates. The use of .a

heart rate monitor is a necessity for accurate heart rate determination and it would be ideal to

v

have an ECG tracing for the measurement of heart rate during an exercise test.



" Chapter 1"+ -

Methodology T

A. Sample ‘

The subjects for this project were 165 clients who had presented, Ahémselves for a
Fitness and Life Stvle Appraisal at. the ‘Univcrsi[y of Alberta Fitness Unit and had been
- categorized 'into a low and high fitness group on a submai.;imal cardiovascular test. From
december 1983 to november 19&;4; 108 clients were classified into the 0-30 percentile group, 82
accepled further assessment at the University of Alberta Cardiac Rehabilation Exercise
Laboratory of which 75 were actually tested. During this same time period 152 clients were .
classified into th¢ 70-100 percentile, 112 volunteered for further assessment, of which 103 were

tested. These numbers were reduced in the final assessment to 72 in the 0-30 percentile group

and 93 in the 70-100 percentile groupy due 1o individuals not meeting the Subjgzct criteria.

B. Procedures . - )

S

Fitness Unit

,.A..ll subjects in this study complqled a PAR-Q exercise readiness questionnaire (1978). |
This questionnaire indicated that the subj’ects were free of any known illness prior to the fiméss
test (appendix A). Fach subject underwent a -general test of fitness, ‘which involved the
measurement. of skinfolds for body compdsilion, height, wncight, cardiovascular fitness, grip
strength, forward trunk fiexion, sig-ups, and push-ups. The percent body fat was determined
" from the measurement of the éub-scapular, tricep, bicep and supra-iliac skinfold sites using the
formula of Durnin and Wormerslev (1974). The test of cérdiovascular fitness utiliz.ed in this

ki

study was an eight minute submaximal bicycle ergometer test, modified Astraitd bicvcle test

(1960). All subjects were tested on constant work load Quinton bicycle ergometers (Model 845)

ata speed between 50 and 60 rpm. The test consisted of two 4 minute exercise stages. The initial

2

) ) 17
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work load is set al 65 Watts for males and 50 Watts or femalc and clderly bllbjCLlS The sccond
WwOrk load I$ set at an intensity that achieves a heart rate between 2()() minus the client's age and
170 minus the client's age. Maximal oxy gen consumption is predicted from the mean heart rate
during the last two minutes of cxcrciso and corrccled for age. Heart rate and blood pressure are
recorded at rest, the fourth, scvemh and eighth minute of exercise and at the third minutc of a
3 minute recovery period. Heart ratc was determined by palpation of the radial pulse or by use
of a heart rate recorder (exersentry or sport tester). Biood pressure was measured wi\th a Tycos
ancroid blood pressure cuff. All exercise testers in the fi.mcss centre were registered fitness
appraisers, Thc. subjects were classified into a low fitness group if their predicted maximél
oxXvgen consumption wés in the 0-30 percentile for their age aﬂd sex (n=72) and into a high
fitness group if their oxygen consumption was in the 70-100 percentile (n=93) on the Swedish-

norms established by Astrand (1954).

Exel;cisc Stress Lahorat;)ry

At the Exercise Stress Laboratory each subject underwent a comprehensive personal
medical history quesuonnaire which included family history of heart_ disease (mvocardial
‘infarction and angina), hypertension, stroke and diabetes. Also inclﬁdcd in the questionnaire
were smoking, alcohol, éﬁd ph’ysica'l activity habits (appendix C). Physical activity status of
the subjects were categofizcd as sedentary (non-active), minimally active (1-2 Limes ‘per week ),
active (3 times per week) and very active (4 times or- more a wcck): All subjects réceived a
physical examination by a physician prior to the maximal treadmill Lc\ét. The subjects also
ﬁnderw'ent a 12 lead ECG using a Marquette Case computer. assisted ECG recorder and
analyzer. One hundred and three subjects were tesied using a Marquette Case I ECG analyvzer
and 62 suvbjects were tesied using a Marquette Case 11 ECG recording svstem. The Marquette
Case I ECG analyzer gives a 3 lead sufnmary (leads V., V,, and aVF) at 3 minute intervals.
The Marquette Case 11 ECG analyzer gives a minute by minute summary of all ECG leads

'ng and alter the exercise test. The increased information that the Case 11 ECG analyzer
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gives may cause a higher ;.)rCValcnce of positive ECG lests.

The 12 lead ECG clectrode placement was Lhél described by Mason and Likar (1967)°
and is illustrated in figu'ric 2. The arm electrodes were placed in the inf‘racia\vicularv fossal medial
to the border of the d:.lloid' muscle and the left leg clectrode in the anterior axillary line,
halfwa,\. between the costal margin and iliac crest. The ground was placed in the right anterior
.axillary line at “Lhe same level as the left leg clccirode. The six precordial leads were placed . in
their standard location. The electode sites were prepared by rubbing the skin with a rough
stone.

A resting heart rate, blood pressure and a restin.g FCG were recorded with the subject
‘resu‘ng in a chair. S}'stolic blood pressure was recorded as the first audible sound and the
diastolic pressure as the phase I\;' so%’nd. A mercury filled Baumanometer was used 10 measure
the blood pressure. The subject then underwent a standardized Bruce treadmill test (Bruce,
1971). This test involves walking for 3 minutes at 1.7 mph and at a 10% grade; speed angd grade
are,increased every 3 minutes in a continuous manner as described in Table 1. The subjects were
exercised 10 a target heart : of 90% of the age perICICd maximal heart rate and were
encouragca to excrcise as lony - possible. Predicted VO,max was determined from the total
exercise tigae. The exercise stage completed was assessed from the last stage of exercise that the
Subjcct completed 2 minutes of «ork. The subjects were encouraged to use the handrail on the
treadmill only as a guide and not z¢ a support. Exercise ‘was terminated once the Largu heart
rate had beer achieved or if any of the following abnormalities occurred: chest pain; ‘severe

exhaustion; abnormal .'blood presyare rc>ponse; abnormal ‘heart rate response; or significant

arrvthmias.
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Figure 2. The Mason-Likar system for recording the exercise electrocardiogram. Placemcm of
elcurodes is as illustrated (adapted from Chaitman and Hanson. 1081)

; v ,
Table 1
Bruce Treadmill Protocol
Stage ' Speed Grade Duratigfn VO,
(mph) (%) " (min)4# (ml/kg/min)

I 1.7 10 3 18

I1 2.5 12 3 25

1 N 34 4 &3 34

Y : 4.2 16 3 46

\Y 5.0 18 3 h )

VI 3.5 2 3
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Heart rate and ST segment depression were rccord(‘:(d every ‘'minute during the exercise
!
test and cach minute of a five minute resting recovery. The FCG was recorded al rest, maximal
¢ A
exercise. immediately post exercise and five minutes post exercise. Blood pressure was measured

during the third minute of each stage of the excrcise test, immediatchy post exericse and at the

fourth minute of recovery. Qceassiona!’s the blood pressure could not be measured during near

‘maximal exercise and in these instances 1t was measured immediately post exercise. The resting

blood pressure was categorized as hypertensive if the systolic pressure was greater than 145
mmHg or if the diastolic pressure was greater than 90 mmHg. The exercise blood *pressure was
categorized as hypertensive if the svstolic pressure was greater than 2v]O mmMHg during the first
stage of the treadmill test or greater than 220 mmHg at any time during 6r after exercise. An
abnormal blood pressure response was ‘recorded if the systolic blood pressure failed 10 rise
above resting values during exercise or if there was l"kalfl in the systolic pressure of 10 mmHg or
grcalevr with an increased exercise intensity. The criteria for an abnormal exercise test was 0.10
mV (Imm) or greater of horizontal or downsloping ST -segment depression 0.08 seconds after
the I point in any of the leads. Tb reduce the chance of a false positive test: the clients ;V"ith
bundle branch block in the resting ECG or left ventricular h_vpcrtroﬁlb,\‘, as indicated by \'Oltégc
criteria in the resting ECG (Dubin, 1‘574), were climinated from the final assessment of the
exercise ECG. Sixty subjcc_‘ls underwent 4 resting ECG following fortyv-five seconds ld 1 minute
of hyperventilation to dctérmine labile ST segment and T wéve changes. ISubjecls with labile ST
scgr‘ncm'and T wave changes were not included as positive tests. The R wave amplitude in lead
V. during exercise was categorized as having no change, an incrcase,vdecreasc, "U" shaped or
inverted "U" shaped compared tovlhc R wave amplitude at rest. An increase or décrease of 0.10
mV was the criteria for recording a change in the R wave amplitude and was assessed by visual
interpretation. The subjects were asked to rct,ufn for a standardized resting ECG that was
analyzed l;y a cardiologist and a 10-12 hour [asting blood sample in which serum cholesterol,

triglycerides, glucose and lipid ratios were measured. The conventional risk factors: smoking;

aicohol; family history of heart disease, diabetes, hypertension, stroke; and blood lipid analysis .
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wérc not included in this study.

The results were initially entered into a. computer data base at the University of Alberta
Hospital and then re-entered into the University of Alberta MTS computer system lor analysis
with a Statistical Package for the Sbcial Sciences (SPSSx). I)escripli\"c statistics, student's t-test
and chi square analysis wérc utilized to interpret the data. A discriminant function ;nalysis
(step-wisc method) was used to identify which combination of variables would give the ‘be'sl

prediction of group membership for ST-segment and no ST -scgment depression.



Chapter IV

Results and Discussion
A. Results

Comparison of Fitness Groups

Male Clients
The characteristics of the male clients in the low (0-30 pereentile; n=62) and
high Titness group (70- 100 percentile: n=356) are presented in Table 2. The high fitness
group was vounger (p<0.0U1), weighed less (p<0.001) and had a significantly lower
pereent body fat (p<0.001). The selection of clients for this study was determined
~from the fitness pereentile ranking on the Astran’dv submaximal bicvele test and
therefore a signif’icaﬁl difference between fitness groups was expected for VO,max as
prcdidcd by the Astrand test (p<0.001) and VO,max predicted on the Bruce treadmill
test (p<0.001). Mean \'a‘lué.‘s for geight, resting svstolic and diastolic bledd pressure
WCTC not signif‘icéntly different (p>0.05) between the two .f‘imess groups. The highest :
s)'stqlic blood pressure measured during the Bruce test was.highcr ih the high fitness
group, 191.4£19.9 mmHg compared to 184.6 + 1§.1 mmHg, bui the difference was
not statistically significant (n>0.05). The resting heart rates were lower (p<0.001) for
the high fitness group. The high fitness group rcached a slightly higher final heart rate
on the Bruc'c fcsl than .the low fitness group, 169.8 = 11.1 verus 160.6=12.3 bts/min.
but this difference was not significant (p>0.05). The percent of thc‘l age predicted
maximal heart rate achicved during the Bruce l'.:sl was shghtly higher for the low ﬁmcs;
group (p<<0.01). The Lotai cxcrcisé time and the number of 3 minute exercise stages
completed .on the B‘.rucc protocol were significantly lower for the low fitness group
(p<-O..OOl‘). This is reflected in the lower VO,max scores for the low fitness ‘group on

the Bruce test.
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Table 2

Charactenistics of Male Clients

FFactor (- 30%iie Group T 10091 e (ir.uup
N | 0 56
Age (vrs) 708 33545900
Ht (¢m) 17724 0.1 1782462

) Wt (Kg) 84115 Tdd T e
RF (%) 287501 18,35 70
VO.FU (ml/kg/mnﬂ RN et S§5.727.9%e
VO.FU (I/min) ) 283059 130610
VO.TM (mi/kg/min) 40.9+9 4 540 =g 300
VO.TM (I/min) 3302084 $.01 =0.66%
RISBP (mmHg) 12492125 1238153
RIDBP (mmHg) 82O KK Kl.er 6.3
RtHR (bts/min) 29114 v 6.6 10,20
BrL;L‘C Stage 35=0.9 ' 4.0£() gene
HRmax (bts/min) 166.0+12.3 169.8 =111
Percent HRmav 92.(\,;4.7 90.9x4 4%
Exercise SBP 1846151 191.4=19.9
Total Exer Time(min) 10.6 = Z.G 14,522 6%

Values = Mean=S.D.

BF=Body Fat; VO.FU =Astrand Predicied VO.max; VO.-TM=Bruce Predicted
VO.max; Fit%ile = Astrand Fitness Percentile: RiSBP =Resting Svstolic Blood Pressure:
RtDBP =Resting Diastolic Blood Pressure: RtHR =Resting Heart Rate; HRmax =
Maximum Heart Rate; Exercise SBP = Fxercise Systolic Blood Pressure: Total Exer
Time =Total Exercise Time on Bruce Protocol:

* p<0.05 ** p<0.01 *** p<0.00!



)
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Female Clients

Fable 3 illustrates the data for female clients in the Jow fitness group {n=10)
and the igh finess group (no 37) on the same vartables that were presented in Table
2o The sample sive of the two groups are quite different and with the small number of
sibjects in the low fitness group the (iif'f'c§011ccs must be interpreted with caution. The
results for the female clients in the low and high' fitness groups are similar to that of
the maie clients. The females in the high I'imcs§ group are vounger (p<().01 ). have a
lower total body mass (p<0.001) and a lower percent body fat (p<(l.0()l) than the low
fitness group. The VO.mavx as predicted on the Astrand test and the VO.max on the

g

Bruce test are ﬁgmnc: nthyv different between the two groups (p<0.001). Resting
systolic and diastolic blood brcssurc were significantly lower for the high fitness group
(p<w.001). The high fitness group of female clients had a longer exercise time on the

-

treadmill (p<0.001) and completed a greater number of 3 minute stages on the Bruce
protocol (p<0.001). Height, maximum heart rate achieved on the treadmill, percent of
‘the age predicted maximum heart rate and the highest systolic blood pressure during the

Bruce test were not found to be different for the two fitness groups (p>0.05).
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Fable 3

Charactenstics of Female ¢Clients

0-30%ile Group

N
Age (vrs)

Ht (em)

Wi (Kg)

BE (%)

VO,FU (ml/kg/min)
VO,FU (I/min>
VO, TM (mi/kg/min)
VO, T™ (I/.min>
RISBP(mmHyg)
R{DBP(mmHg)
RtHR(bts/min)
Bruce Stage

‘HRmax (bts/min)
Percent HRmax
“Ié.\’ercisc SBP

Total Exer Time(min)

10
43.0+9.4
166.0+7.5
7552209
35 1+6.5
26.9+6.0
148 +0.52
29.6=10.2
2 15%0.66
127.5:12.7
35263
TT9+13.9
2412

164.7217.3

0

T0-100%ile Group

37
3.029.60%

1655+ 16.4

SK.3£7. 3%

2T A5 00
$3.2210.6%%
3.08£0.62%%

46,32 7% _
2.69=0.53% ’
109.9=11.9%**
73.9-9.9%
68.0z10.1*

4.1 £0.8%%
171.2£10.7
90.6=4.4
159.7=14.3

12.0+2 3%+

Values = Mean =S.D.
BF=Body Fat; VO,FU=Astrand Predicled VO.max;

VO.TM =Bruce Predicted

VO,may; Fit%ile = Astrand Fitness Percentile: RtSBP =Resting Systolic Blood Pressure:
RtDBP =Resting Diastolic Blood Pressure: RtHR =Resting Heart Rate; HRmax=
Maximum Heart Rate; Exercise SBP = FExercise Svstolic Blood Pressure; Total Fxer
Time=Total Exercise Time on Bruce Protoco!
* p<0.05** p<0.01 *** p<0.001



Categorized Variables and Fitness Group

Male Clients

Various risk factors were separated into categorizes and then analvzed using B
Chi square test. Results for the male clients in the two Fitness groups dre presented in
Table 4. Restung blood pressure rated as being hypertensive (syvstolic> 145 mmHg;
diastolic > 90 mmHg) was not related 10 10 the fitness group of the clients (p>0.05).
There were very few clients in either group who had a resting FCG rated as being
Qmsido the normal limits, 11.3 percent in the low fitness group and 17.9 percent in the

) )
high fitness group. There was no reiationship between the classification of the resting
ECG and the fitness group of the client (p>0.05). There was a significant relationship
(p>0.05) between the exercise svstolic blood pressure rated as being hyvpertensive
. \

(svstolie > 220 mmHg¢) and the fitness group of the cl\jcms. Eight clients in the high
fitness group (14.3 %) were rated as having a hyvpertensive L.‘.\'crcisc response compared
to onlyv 1 client in the low fitness group (1.6 %). There was only one client in the high
fitness group with a blood pressure rated as being abnormal. There was no relationship
between ST-segment depression and fitness group (p>0.05). Nine clients in the high
fitness group (16.1 %) and 9 clients in the low fimc§s group (4.5 %) had 0.10 mV
horizontal or downsleping ST-segment depression 0.08 scconds after the J-point with
exercise. In this study there was no relationship between fitness group and the incidence
of PVC's (multiform or couplets) or PAC's. There was a significant reléu’onship
oetween the fitness group of the client and lqw exercise tolerance on the Bruce test
(p<0.05). Therc were 6 clients in the low fitness group (9.7 %) that C‘Ould not
complete 6 minutes of exercise on the treadmill compared to none in the high fitness
group. The classification of the R wave amplitude in icad V. during exercise was not
related to the fitness group. Similar patterns for R wave amplitude changes were
observed in both fitness groups. The most comm_on changes in R wave amplitude were

no change, an increase or an inverted "U" shape. A decrease in the R wave amplitude



kb

ora "U" shaped classification were less common. As should have heen eapected more
clients in the low fitness zroup had therr physical activity habits Cassified as sedentars

and mimmally qetive {2 times per week ) and more clicnts in the high fimess IRUSTTEANNTN

active 3 umes per week and <4 times per week (p <0.081).

Fema l{c Clients

“ “ll’ﬂblc S gontains the results for female clients in the two fitness .gmups for the
same categorized variables presented in Table 4. There was no relationship for fitness
group and resting blood pressure, resting FCG or exercise blood pressure classification
(p>0.03). Thcrc\?vcrc no temaie clients rated as having a hypertensive blood pressure

N <. o
but there was 1 client in the high fitness group (2.7%) rated as having an abnormal
blood pressure response. There were 2 clients in the low fitness group (20%) and 10
clients in the high fitness group (27.0%) tha: had ST-scgment depression with exercise
(p>0.03). The occurence of PVC's and PAC's were not related 1o the fitness group of
the clients (p>0.05). Changcs in the R wave amplitude during exercise was not relaied
to the fitness group of vthc female clients (p>0.05). The most common changes were
no change and a decrease in the R wave amplitude. A "U" shaped pattern was the least
common change observed in the R wave a;n;)litudc. Low exercise tolerance on the Bruce
protocol was rclal?d to the fitness group of the client (p<0.001). Five clients in the
low ﬁtr;ess group (30%) could not complete 6 minutes on the Bruce protocol compared

)

10 none in the high fitness group. Ph_vsical‘activ‘ity status as rated from the response 1o
the medical history questionnaire was related 10 the fitness group of the client
(p<0.001). One hundred percen: of the females in the low»t'imess group were rated as
acuive 2 times or less per week and 757 pereent of th\dicnls in the high fitness group _

. e
Were active 3 or more times per week .



PAC=Premature Atrial Contractions

4 29
Table 4
‘ Categorizcd Variables and Fitness Groﬁp for Male Clients
Risk Factor Grbup
- 1? ’ e
o Low g High Sl
no. % rno. %
N 62 525% . ¢ 56 47.5%
Resting B.P. 9 14054 g 14.3%
(>145/>90mmHg)
Abnormal Resting 7 11.3% 10 17.9%
ECG .
Exercise B.P. , B -
SBP>220mmHg »~ 1 1.6% 8" 14.3%*
Abnormal . 0 0.0% 1 1.8%
AN
Exercise ECG (Imm 9 14.3% G 16.1%
Horizontal Dep.).
PVC 6 9.7% 7 12.5%
4 94
PAC " e 5 8.1% 4 7.1%
R-Wave Amplitude _
No Change 19 30.6% 12 21.4%
Increase .24 38.7% 16 28.6%
Decrease 6 9.7% 11 19.6%
"U" Shape 1 1.6% . 1 1.8%
“ Inverted "U" Shape 12 19.4% - 16 2%.6%
- Low Fxercise: 6 9.7% 0 0%*
Tolerance. :
'. Activity Rating
Sedentary 24 38.7% ) 4 L 71.1%
© . Active 2x/wk 17 27.4% 4 7.1%
- Active 3x/wk 19 30.6% 29 51.8% 4
Active dx/wk 2 3.2% 19 33.9%***
*p <0.05
**p < 0.0
*** p < 0.001 R »
PVC=Premature Ventricular  Contractions (Multiform  or Consecut_ive): _



Table 5 §
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Categorized Variables and Fitness Group for Female Clients

PAC =Premniature Atrial Contractions

{(Multiform™

Risk Factor Group
Low High
no. % no. %
& .
N 10 21.3% - 37, 78.7%
Resting:B.P. 2 20.0% 1 2.7%
(>145/>90mmHg) '
Abnormal Resting = 0 0.0% . 2 5.4%
ECG -
Exercisc B.P. _
SBP >220mmHg 0 0.0% 0 0.0%
Abnormal ' ¢ 0.0% 1 2.7%
* Exercise ECG (Imm 2 20.0% 10 27.0%
Horizontal Dep.)
PVC 2 ©20.0% 3 8.1%
PAC 1 10.0% 1 2.7%
R Wave Amplitude ‘ :
No Change 5 50.0% 16 43.2%
Increase 3 30.0% 3 §.1% i
“Decrease 1 10.0% 14 378% |
"U" Shape 0 S 00% 1. 2.71%
Inverted "U" Shape 1 10.0% 3 8.1% .
Low Exercise 5 50.0% 0 0%***
- Tolerance . o '
Activity Rating. R .
Sedentary 4 ~ 40.0% 3 §.1%
U Active 2x/wk 6 60.0% 6 16.2%
CActive 3x/wk 0. 0.0% 24 64.9%
- Active 4x/wk 0 - 0.0% 4 10.8%*** |
. 5
5 <0.05
**p <0.01 .
*** p < 0.001 S
PVC=Premature  Ventricular . Contractions

or  Consecutive):



Comparison of Clients With and Without ST-Segment Depression

Male Clients

There were 16 of 118 (15.3%) male clients ‘with hagrizontal or downsloping
ST-segment depression of 0.10 mV' or greater during or affler exercisc. The group of
clients that showed 'ST-segmcm depression were older, had a g :ater percent bodv fat,
had a lower pfedidcd VO;max on the Bruce test expressed as an absolute value (I/min)
and relative to body weight (;nl/kg/min), had a lower exercise time, and a. lower final,
heart rate on the Bruce protocol. (p<0.0s; Tab\lc 6-).' All other variables were not<
significant at the 0.05 level. | o

Ninc of the 18 (30%) clients had ST-segment depression in the inferior leads
(I, 111, aVF) and 9 (S(J%)Ihad S‘T»scgmcr‘ltl dcpression}in the lateral leads (V,-Vy).

, A . ,

The mean heart'rate at the occurence of ST -segment depression was 152.2+11.4 beats

per minute (mean=S.1D.). This resulted in a mean of §5.9+6.3 percent for the age

predicled maximum heart rate.

Female Clients
T_wclvc of 47 (25.5%) female clients had ST-seémént depression during or.after X
exercise (Table 7). The femélc clients with ST-segment depression were taller. had a
lower percent bodi‘ fat, and ‘had a lower resting heart rate ‘(p<.0.05). All bLher _
variables tested were not significantly different between the two groups. *
Seven of the 12 (5%.3%) female clients had ST--segxﬁem deércssion in the
inférior lcads and 5 (41.7%) had ST -segment depression in the lateral leads. The mean ‘
heart rate at the oc‘curcnce of of ST-scgm'cnt depression was 159.6+12.4 bexts _pe\r'

minute (mean=SD). The percent of the age predicted masimum heart rate al the

occurence of ST-segment depression was 84.9 = 6.2 percent (mean=SD).
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No ST-Segment l)cpressi»on vs ST-Scgment Depression in Male Clients

v

y

Faclor No ST Depression ST Depression
N 100 18

Age (vrs) '36.9+10.% 42.81‘9.'1‘
Ht (cm) 1326=6. 178.326.1
Wt (Kg) T1410.7 §1.2+9.8
BF (%) 21.526.6 250555
VO,FU (ml/ke/min) 42.8=14.3 42.7=15.0

" VO.FU (I/min) _ 3.2720.9% 3422112
VO,T™ (mi/kg/min) 4.24105 41.0210.7%¢
VO,TM (I/min) 3.73+0.81 3.29%(.80*
Fit%ile 50.0+38.2 51.1=38.4
R(SBP (mmHg) 124.3=13.9 124.§+13.9
RIDBP (mmHg) 817287 85.4=10.7
RUHR (bts/min) | 68.1=12.4 67.729.9
Bruce Stage 43x1.1 3.621.2%*
HRmax (bts/min) | 1259.lt11‘.6 160.5%10.7°*
Percent HRmax - 92.(5:4.5 90.6%5.1
Exercise SBP 187.32 18,9 190.7+21.4
Total Exer Time(min) 127231 10.94 3.4¢

Values = Meanz*S.D.

BF =Body Fat; VO,FU=Astrand Predicted VOmax; VO,TM=Bruce Predicted
VO,max; Fit%ile = Astrand Fitness Percentile: RISBP = Resting Systolic Blood Pressure:
RUDBP =Resting Diastolic Blood Pressure: RtHR =Resting Heart Rate; HRmax =
Maximum. Heart Rate; Exercise SBP = Exercise Systolic Blood Pressurc; Total Exer

Time=Total Exercise Time on Bruce Protoco]

*p <0.05; ** p <0.01; *** p <0.001



No ST-Segment Depression vs ST-Segment Depression in Female Clients

Table 7

ST Depression

Total Exer Time(min)

Fadtor No ST Depression
N 35 12
Age (v1s) 35.0211.7 31.3;6.0.
Ht (cm) 163.0+7.5 173.1+26.0*
Wt (Kg) 63.9%14.3 56.4+8 .4
BF (%) 30.326.3 25.324.7%
VO.FU (mi/kg/min) 46.0=14.7 52.4+14.0
VO,FU (I/min) 2.82+0.76 2.93=0.76
VO.TM (ml/kg/miﬁ) 41.9=11.8 45.4+99
VO, T™ (I/min) 2.5950.63 2332050
Fit%ile 70.3133.7 78.3=20.2
R(SBP (mmHg) 115.4+14.4 108.4+11.7
RtDBP (mmHg) 76.5=10.2 74.3+9.§
RtHR (bts/min) 72.3=11.5 63.629.6*
Bruce Stage 36512 3.940.8
HRmax.(bts/min) 170.1412.8 168.9+12.0
" Percent HRmax °L. 5+L. 0 89.5+5.9
Excrcise SBP 16174 15.0 156.5+15.4
10.6%3.4

11.8%2.3

Values = Mean +S.D.
BF=Body Fai; VO,FU=Astrand Predicted VO.max:

VO, TM =Bruce Predicted

\O max; Fit%ile= Astrand Fitness Percentile: Ri1SBP = “Resting Systolic Blood Pressure;

RtDBP =Resting Diastolic Blood Pressure:

RtHR =Resting Heart Rate; HRmax=

Maximum Heart Rate; Exercise SBP =FExercise S\SlOllC Blood Pressure; Tolal Exer
Tlme Total Exercise Time on Bruce Protocol
* p <0.05; ** p <0.01; *** p <0.001



Categorized \j'arial;‘l'cs and ST-Segment Response

Male Clients

The categorized ariables for ‘Lhc male clients with ST"-segnicn[ depression and
the male clients with no ST-scegment depression are presented in Table &, There were no
significant relationships found for any of the variables (p>0.05). The pereentage of
“male clients that were rated as having an eleval&d resting blood pressure was slightly
greater (22.2% \'5913,0%) for the group with ST-segment depression. The percentage of
clients in the ST-segment depression group that rated their acu’vit_\.‘ level as sedentary
was slightly greater (3§.9 percent compared to 21.0 pereent) than the group with no
ST-segment’ depression. Only Jo percent of the clients with ST-segment depression
rated theiz activity as four.or morc times per week compared to 20.0 percent in the

group with no ST -segment depression.

Female Clients
The catggorized variables for the Temale clients with ST-segment depression and
“the female clients with no ST-segment dpprcssion arc presented in Table 9. There were
no significant relationships between any oi the variables and the female clients group
by ST-segmeml response (p>0.039. There was a slightly greater percentage of fema]c
clients in the gfoup with'no ST-segm‘cnt depression that had a resting blood pressure
rated as hypertensive (§.6 pcrt.'cﬁt compared to 0.0 percent). Five of the femaie clients
- who had a low exercise tolerance on the tradmill were in the group with no ST -segment

depression.
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Categorized Variables and ST-Segment Response for Male Clients

Risk Factor Group

ST -Segment No ST

Depression Depression

no. - % no. %
N 1& 15.2% 100 %4.7%
Resting B.P. 4 22.2% 13 13.0%
(>145/>90mmHg)
Abnormal Resting 3 16.7% 14 14.0%
ECG
Exercise B.P.
SBP >220mmHg 2 171.1% 7 7.0%
Abnormal 0 0.0% 1 1.0%
PVC 2 11.1% A 11.0%
PAC 2 11.1% 7 7.0%
R Wave Amplitude [
No Change 7 38.9% 24 24.0%
Increase 4 22.2% 36 36.0% .
Decrease 2 11.1% i4 14.0%
"U" Shape 0 0% - 2 2.0%
Inverted "U" Shape 5 27.8% 23 23.0%
LLow Exercise 1 5.6% 5 5.0%
Tolerance ‘
Activity Rating
Sedentary 7 38.9% 21 21.0%
Active 2x/wk 2 11.1% 19 19.0%
Active Ix/wk 8 4.4% 40 40.0%
Active 4x/wk 1 5.6% 20 20.0%

*p < 0.05%*p < 0.01 *** p < 0.00]

PVC =Premature

Ventricular

Contractions

PAC=Prematurc Atrial Contractions

(I;(iul[if"orm

or  Consecutive):
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Table 9

Categorized Variables and ST -Segment Response For Female Clients

Risk Factor : Group
ST-Segmenmt No ST
Depression Depression
no. % no. %
N N 12 25.5% 35 74.5%
Resting B.P. 0 0.0% 3 §.6%
(>145/>90mmHg)
Abnormal Resting  © 0 0.0% A 57% *
ECG
Exercise B.P. _
SBP >220mmHg 0 0.0% 0 : 0.0%
Abnormal 1 8.3% . 0 0.0%
PNC ] 8.3% 4 11.4%
PAC ] 8.3% 1 2.9%
R Wave Amplitude ,
.No Change 3 33.3% 17 4%.6%
Increase -0 0.0% 6 17.1%
Decrease 6 50.0% 9 25.7%
"U" Shape 0 0% 1 2.9%
‘Inverted "U" Shape. 2 16.7% 2 t3T%
Low Excrcise _ 0 0.0% 5 14.3%
Tolerance
Activity Rating
" Sedemtary ] 8.3% 6 17.1% '
Active 2x/wk - 3 25.0% 25.7%
Active 3x/wk 7 58.3% 17 48 .6%
Active 4x/wk 1 §.3% §.6%

*p <0.05

**p <001

*** p < 0.00]

PVC=Premature Ventricular  Contractions (Multiform  or  Consccutive);
PAC =Premature Atrial Contractions



Correlations Among Variables

Male Clients

Pearson product moment correlations were caleulated on o large number of the
variables in this Sllld_\.‘ The male and female clients were anlalyzed separatehy . With the
large sample size a low correlaton could be found to be significant. Variables were
sclected on an a prior: basis and will be presented mn this section,

The correlation matrix for the male clients can bc‘found in Table 10. For the
male clients age was p’osilivcl_\‘ corrc.lat'cd with body fat (r=0.69) and negatively
correlated with the predicted VO, may on the Aeraind test (r=-0.63) and the Br:ucc lest
(r=-0.65), maximum heart rate (r=-0.67) and total cxercise time on the Bruce tesi
(1=-0.70). Body weight and pereent body fat were positively correlated (r=0.33).
Percent body fat was negatively correlated with the predicted VO,max on thc_ Astrand
(r=-0.73) and Brucc test (r=-0.67), fitness percentite on the Astrand test (r=-0.5%).
maximum heart rate on the Bruce (est (r:~OASO) and total eaercise time on the
treadmill (r=-0.69). The predicted VOmax on the Astrand test was positively
Ucorrc}atcd to the prcdicl;d VO,max score on the Bruce test (r=0.72). physical activity
rating (r=0.53) and toial exercise time on the treadmill (r=0.74). Ifrcdic{ed VO.max
0;1 the Bruce test was posi[ivcl_\" correlated with the fitness percentile on the Astirand
test (1=0.63), and physical activity rating (r=0.56). The fitness percentile on the
Astrand test was positively related to the physical activity rating of _[hc' male clients
(r=0.57) and total exercise time on the treadmill ('r:O.63). The clients reported
aclvity status was pos‘iiivcl_\ correlated with totai exercise time on the treadmill
(r=0.51). Resting systolic blood pressure was related to the resting diastolic blood

pressurce (r=0.54).
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Female Clienis

The corrclanon matey for the female elients can be found m Table L1, In the
Female chents, age was positivels correlated with pereent body Fat (r-0.63) and resting
systohe blood pressure (1 0.81) Age was negatively correlated with the predicred
VOmay values on the Astrand (r= -0.05) and Bruce test (r=-0.63), maximum heart
rate (r=-0.71) and total exercise time on the treadmill (1 =-0.06). Body weight was
positively correlated to the percent body fat (r=0.71) and negatively correlated with
predicted VO.man on the Astrand (r= -0.54) and the Bruce test (r=-0.51). itness
pereentile on the Astrand test (r=-0.35) and the total exercise time (r = -0.53). Percent
body fat was negatively correlated with  the prcdidcti VO.may on the Asirand
(r=-0.72) and the Bruce test (r=-0.70), fitness pereentile on the Astrand test
(r=-0.57) actvity status (1= -0.34) and total exercise time on  the treadmil!
(r= -(').7.?). The predicted VO max on the Astrand test was positively correlated with
the “ﬁeaiclcd VO:may score on the Bruce test (r=0.79), physicdl activity  status
(r=0.66) and total exercise time on the treadmill (r=0.7%). Predicted VO.max of the
Astrand test was negatisely correlated with resting svstolic blood pressure (r=-(),39)
and resung heart rawe (r=-0.51). The predicted VO,may oa the Bruce test was
positively correlated with fitness percentile on the Astrand test (r=0.69). and physical
activity status (r=0.57). There was a negative correlation between predicted VO, max
on the Bruce test and resting heart rate (r=-0.50). Fiiness percentile as determined by
the Astrand test was positiveiv related 1o the phvsical acuivity status of the client
(r=0.03). towi exercise time (r=0.70) and negatively correlated w‘ith resting svstolic
blood pressure (r=-0.54). Physical activity status of the female clients was positively
correlated 1o total exercise Lime on the trrzadmill (rF:O.S’—l)_ Resting svstolic blood

pressure was positively correlated with resting diastolic blood pressure (r=0.72).
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Discriminant Function Analysis

Male Clients

A disciminant function analvsis was used 1o determine which group of
variables would best predigt group membership for ST-segment depression and no
ST-segment-depression (Table 12). The variables selected by this analysis were age,
pereent body fat. predicted VO,may on the Astrand (ml/kg/mdd) and on the Bruce
protocol (ml/kg/min). fitness pereentile on the Astrand test. fitness group, rosting
diastohic blood pressure, physical activity status, exercise duration 6( jess than 6
minutes, and PVC's (p=0.0004). These ’\'ariablcs could corrccil_v predict 772 percent
of the clients into a group with or without ST-segment depression. The canonical
discriminant function histogram  (figure 3) in(iicalcs that all of the diéms with
ST-segment depression had positive discriminant function scores. The more positive the
discriminant function score the greater the chance that the client would be classified
imq the ST-segment depression group.

\

Variables that are measured in the Fitness L?vni_t. (age. weight, ‘pcryccm bodyv fat,
VO.max of the Astrand test, fitness pereentile, resting syvstolic, diastolic blood pressure
and physciai activity status) were also assessed using the discriminant function analysiQ
(Table 13). Age, percent body fat, VO,max on the As‘trand tesvt,. fitness percentile,
resting diastolic blood pressure. and physical activity status correctly ‘grouped 771.1

pereent of the ciients (p=0.0013). The canonical discriminant function analysis for the
e . ’
fitness unit variables can be found in figure © There is only one client with ST-segment

depression with a negative discriminant function score. The number of clients with a

discriminant function™core greater than one is very similar to figure 3.
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Table 12

P
Classification Function Coe!Ticients for Male Clients on Al \ ariables

Vanable ST-Segment Depression

N0 YES Standardized Canonical
Discriminant Function
Cocefficients

r\;c"_~“h - 2,208 ) ?;gi ) N 1.011 ”
BF Y90 300 | 0.397
VORFU 5.304 5.610 \ 27038
VOXTM 173y 1.648 -(1.744
FIT%lle -3.45% ' -3.35G 225108
FitCls 156.%40 160.570 , 1.167
RIDBP 1146 1.214 0.375
Act 2221 -2.769 0,35
FxDur 2 4nY 50.355° T0.29%
pPNC -1.836 -3.462 -(.324

Constant -325.246 - 345660

BF =Bodv  Fat:  VOFU =Predicted VO,max on the Astrand  Protocol;
VO2TM = Predicted VO.max on the Bruce Protocol: FIT%ile = Fitness Percentile on the
Astrand Protocol; FitCls= Fitness Group; RtDBP = Resting Diastolic Bloogd Pressure;
Act=Activity Rating; ExDur= I'readmill Exercise Time Rating: PVC=Preventricular
Contractions. :
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Table 13

Classification Function Coefficients of Fitness Unit Variables for Male Clients

'}"‘ajriablé"""' : ' »"ST-S'cgmem I)éprc’ssiqn
NO YES Standardized Canonical
' ' Discriminant Function
- . _ - CoefTicients
Age 1. - 1.550 . 1.0l4
" BF | 1563 L1679 0.588
VO2EU S a0 3688 . 2.330
Fit%ile coL o 0sas om0 o
RIDBP © - C 1,096 1150 o 0.378
Al 1031 - 0.305 . 10585
Constant ' 143,061 -160.617

BF =Body Fat; VO2EU=Predicted VO,max on the "Astrand Protocol: FIT%i‘le:Fimes‘s
Percentile on the Astrand Protocol; RiDBP =Resting Diastolic Blood Pressure: Acl=Activity .
Rating. - ' : . ’
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Female Clients
e

The combination o{'%‘yariabl‘g that had ™®'best predictive value for group
nﬂcmbcrsh,ip were height, pcrccm\*ﬁmﬁ.\‘ fat, final exercise heart rate, and excrcise blood
pressure tating (Table 14). These \Lariablcs could correctly group &1.8 percent of the
female clients into a group with and without ST-segment depression. The canonical
disciminant function histogram for these variables is presented in figure 5. The
majority of female clients with ST-segment depression had negative discriminant
function scores. Six femaic clients with ST-segment depression and only two clients
with no ST-segment deprcs,sio.nu had discriminant scores greater than negative one.

The only variable that \\'aS‘“SClCCIC'd from the 1151 of \'ariablqs that could be
measured in a fitness unit was percent body fat (p=0.0261: Table 13). Percent body fat
could correctly classify group'membership in 63.6 pereent of the cases. The canonical
discriminant function histogram (figure 6) indicated a diversc.spread of discriminant

function scores when percent bodv fat was the only discriminating variable.

- ,

e



Table 14
Classification Function Coefficients of All Variables for Female Clients

v’

Variable ST-Segment l);prcssion
| NO | YES Siandardiz.cd Canonical
Discriminant Function
.Cocfficients
Hi 0.730 0.789 L0580
BF : 2.139 1.956 ‘ 0.746
HRmax 1“.4()8 | 1.425 0.379
E\BP 15.069 17.403 0.475
Constant - -224.710 | -224.712

Hi=Height; BF=Body Fat; HRmax=Maximum Heart Ratc on the Bruce Protocol;
EXBP = Fxercise Blood Pressure Rating.
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Table 15

Classification Function Coefficients of Fitness Unit for Female Clients

Variable - ' ST-Segment I)éprcssion
NO YES Standardized Canonical
Discriminant Function
Coefficients
BE | 0845 0.706 | 1,000
Constant -13.476 19626

BF = Body Fat.

49
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B. Discussion

Comparison of Fitness Groups

Male Clients

The primary benefit that occurs with increased physical activity is an increased

maximal oxyvgen uptake. There arce secondarn benefits such as a lower total body

;
weight, decreased percent body fat, and a lower heart rate at rest and al submaximai
. J ‘ . ‘

work Intensitics. Compaﬁ{son of the male clients in the low and high fitness groups in
this study confirms the beneficial factors associated with a higher level of physical '
fitness. Cooper and collcagues (1976) found that age, weight, pereent body fat, resting
hca}l raklc, and resung systolic and diastolic blood pressures were significantly different
(p<0.01) when comparing males rated as having a very poor and an excellent level of
cardiovascular fitness. Cooper and colleagues (1976) USCd? age-adjusted treadmill
time during a rﬁodif'icd Balke chadrﬁill test to determine phe physical fitness level rather
than a submaximal fitness [Ci[ as used fn this study. .

It is possible that lh‘c\:‘ age difference between the two groups of male clicm’s.
could account for some of the differences 'n body weight, percent body fat, predicted
‘ma,\im’al oxygen uplake on the Astrand and Brucc tests, total exercise time on the Bruce
protocol, and final excrcise heart rate on the treadmill. There was a positive correléu’on
between age and percent body fat and a negative correlation between age and predicted
VO.max on the Astrand and Bruce test and toial excrcise time on the treadmill Lﬁat
would support that age is a cont;ibuting fa‘ctor in the results, The development of
fitness as an integral .part of an improved lifestyle is a rec_cm. phenomena. The older
clients in this study are less likely 1o perceive fitness as an important lifestvle goal.
kven if the older clients maintained an active lifestvle there is still a decrease in:

' maximal oxygen uptake; stroke volume: maximal heart rate; and there is increased lay

down of body fat (Astrand and Rodahl, 1977: McArdle, Katch and Katch, 1981).
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| 1 hf male clients in the two finess groups had very similar resting svstolic and
dm.smiic blood pressarés. Scheur :‘nu\l Tipton (1977) found that physical activity mav
not lower resting blood pressure in normotensive subjects as those examined in this
.st.‘ud_\. The highc;*1‘\ncidcnc‘c of male clients in the high fitness group rated as ha\'mé a

hypertensive exercise blood pressure response may be related 1o a longer exercise time
/ . ,

on_the treadmill and a greater work output. There is evidence 10 suggest that the

[=4a

occurtoxllcc of a hypertensive bl(;od pressure response durmg exercise may prediet the
dcvcloy;mcm of resting hypertension (Wilson and Mevers, 1981). However, the
beneficial CH‘ch;s of a_lowcr.bod'\’ weight and lower percent body fat mayv prevent the
clients in‘ the high fitness group from developing resting hypertension. Wilkson ahd
Mevers (i?'éﬁl) were using pauents, had slightly lower values-for resting hypertension
and slightv).\ higher values for cxercise hypertension than the values usgd in this study
which makes a direct comparison difficult.

T‘hcbﬂprcva‘lcncc of low excreise toierance was higher for thc.low fitness group of
the male ciricms. Low exercise tolerance mayv be an indicator of underiving problems
and has been found to be related 1o the development of CAD. Fxercise duration on the
treadmill \;'as negatively related to body weight and percent body fat which are all
rcla"i‘?d to greater risk of developing CAD. .

The use of R wave amplitude to predict presence of CAD is a controversial
ssuc. A five category classification svstem was used in this study 1o classify R wave
amplitude response 10 cxercise. This classification svetem has not bet'?n used by other
rcs’;afchcrs. A wide variety of R wave amplitude responses occurred with exercise and
there was no relationship between the R wave response and the fitness group or ST
scgment dcprcs$ion for the male clients.

| Fitness as determined by the Astrand test was not related to the prevalence of
ST -seement depression for .Lhevmalc clients in this study. An active 1ifestylcv has been a
comrﬁ_onl_v identified procedure by health professionals for reducing the risk of CAD.

i

4
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Fhis increased activite should be measured as an enhanced maximal ovvgen upiake
durimyg a submanimal evercise test. 1 a submavimal exeraise test is not Jiserimmating
enough o adentify differences between individuals then the relationship between [imess
and CAD will be low. To su,\p;‘\:" that CAD or even S$T-segment depression in
normotensive asvmptomatic chients would be related to a single variable. such as
fitness, may be too stmple of an approach. There is a multiple of risk Factors (family
history. hypertension, diabetes, elevated blood lipids. obesity, macuvity, and FCG
abnormalites) and the mieraction of these risk factors over three or four Liccades of

e may be responsible for the development of CAD.

Female Clients

There was a disproportionate number of femaice clients in the low {itness group
which makes interpretation of the results riskv. The reason for a lower number of
females i‘n the low fitness group is unclear. There are two possible explanations: a) the
females that arc imcrcstéd n I‘ifncss test information arc quite fit, while femaies who
are unfit avoid confirming what they already know: b) or the Astrand test overpredicts
maximai oxvgen uptake in females and thus there are fewer female clients rated as

/
having a iow fitness ievel. A corrciation coefficient of 0.79 was found between the
predicted maximal oxygen uptake for the Astrand and the Bruce test which may
indicate that the first suggestion is more plausible.

The bcncﬁciallvcf'f"ccr.s that would be c,\bcctcd to occur with a high level of
nhysical fitness were also evident for the female clients in this study. The mean age
differcnce of 11.4 vears and the Jiffereace in the sampic size between the two litness
groups could have substantially influenced the results. One difference in the results of
the female clients is that the high fitness group had significanty lower resting systolic
and diastolic blood pressures. It should be noted that the low fitness group’s mean

systolic and diastolic blood pressure are still within the normal range. Age, bodysmnass,

percent body & and physical fitness level may all affect the blood pressure of the
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clients in the low fitness gronp. There was no relationship between the fitness group
and the nuwmber of female clients rated as having a resting ot exercise hypertensive
blood pressure response. Whether the highe: ~img blood pressure of the low f‘ilvncsw
group iy climcally significant will be diffhalt 10 determine unless these clients are
followed. longitudinally. ,

The prevalence of low exeraise tolerance was related 1o low fitness for the
female clients. Fifty percent of the female clients 1in the low fitness group could not
complete siy minutes of exercise on the Bruce protocol. This would indicate that these
clients are extremely unfit or mav have underiving disease. Allen and cotleaguas (1980)
found that for female subijects an exercise duration of less than three minutes on the
treadmill was related 1o the development of CAD. The SIY minute exercise duration
used i this study was identical 1o that of Bruce and colicazues (1950). Differences
between client populatons and 1o protocols makes  direct con‘xparison 10 other
mvestigations dif ficult,

ST-scgment deprassion was not related 1o the fitness group for the female
clients. ST -segment depression has poor predictive power for detecting CAD 1 female
clients and this decreases the chance that there would be a significant relationship

between fitness and ST-segment depression (Sketch et al., 1975: Allen ot al., 1980).

ST-Segment Response

Male Clients ' '

. Fhe overall prevalence of ST-scgment depression for the male clients in. this
- 3

Slud'_\‘ was 15.3 percent. This prevalence rate is greater Lhan the findings of some
" researchers (F,roclicher et al.. 1974; Erikssen et al., 1976: Mchnr_\"el al., 1980;
Giiagnoni et al., 1983) and is similar to the findings of other rescarchers iHrucc et al.,
1974; Cumming ¢t al., 1976; Allen et al.. 1980: Bruce et al., 1980). Only 118 male

clients were examined in this study compared 1o the 510 (o 9438 apparently healthy
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male subjects in other investigations. The sample in this study were fitness centre
chientele and may not be o true representation of the general population in the
Fdmonton area. Other im:c.\tig:nions (Bruce et ai 1974, Froclicher et al j974, Glagnoni
et al. 1985 have used emplovees of large corporations to collect subjects. A low
nrevalence rate for S'l"—ségmcm depression would have been expected in a fitness testing
centre due to the screening procedures (Par-Q). The exact reason ‘r'or the higher
prevalence of ST-segment depression in lh,lx study is unclear. The agc of the uunm mn
;.,”‘H
this study was similar to the age of the Lr‘Cl‘l\ in other studics. JhC direct comparison
to many ST-segment response studies of asymptomatic populations 18 complicated by

v

1;1@ followmg'dil‘l'crcnccs: incidence of CAD between countries: sample studied; FCG
lcad system; mode of exercise; and intensity of exercise. Cumming and colleagues
(1975) is the only studyv on other canadian asymptomatic males and comparispn 10 this
study is dif ficult because the exercise mode is different (bicyele verus treadmiil).

Familv hi.storA_\ and clevated blood lipids were not included in this study but it is
possible that the clients with ST -segment depression were at higher risk due 1o these
variables. A sclection process, _imroduccd by the clients. may have influcnced the
prevalence of ST-segment depression. For cxample, individuals who ;rs concerned
about their health may seek advice from a fitness appraisal centre. It is less disturbing
1o be told that vour fitness level is low rather than suffering underlving disease.

The clients with ST -segment depression were older and had a greater percent
body fat. With mcreased age an increased prevalence of- ST-segment depression would
be expected. The predicted mavimal oxveen uptake on the Bruce protocol, stages

' & ‘ ;
completed, total exercise time and final exercise heaff rate were tower for the Clients
with ST-scgment dcpr;cssion. None of the male clients experienced any svmptoms
during the exercise tests, but in some instances the exercise test was termjnated prior 1o

. . i . . . . .
the attainment of the 90 pcrccn{ age predicted maximum heart rate. This would explain

some of the differences in the exercise variables on the Bruce test



The use of a prediction equation using varables that are collected in g fitness
centre (age, pereent body fat; predicted VO.max on the Astrand test. {iiness pereentile,
resting diastolic blood pressure and phyvsical activity status) can be used 10 pradict
group membership for ST-segment response in 71,1 percent of all cases. 1 the clients

~with a canonical discriminant score greater than one can be identified then a subgroup
of male clients with an increased chance for ST-scxnent depression can be screened
with out a clinical stress test. This information would allow fitness appriasal centres (o
identify clients that may be at greater risk of CAD and allow for lifestvle modifications

to reduce the risk.

Female Clients "

The overall prevalence rate for ST-segment depression for !‘cn/x,é/lc clients m this
study was 25.5 percent. This presalence rate is almost identical to Iﬁc 25 pereent rate
found by Cumming and colicagues (1973) for 357 healthy women and only Slightly less
than the 30 pereent found be Bruc.«c and colleagues (1971) and the 33 pcrceﬁt found by
Profant and colleagues (1973). The later two rescarchers included an- upsloping
ST-segment in the criteria for an abnormal exercise ECC which wouid cxpllain the
“higher prevalence rate in these investigations. However, the use of an abnormal exercise
ECG to predict the development of CAD is of limited value in female subjects (Sketch
et ala, 1975;.A11en et al., 1980). The exact reason for the higher prevalence rate of
ST-segment depression lh female subj.ecls is beyond the scope of this paper. Barolsky ‘

[
and colleagues (1979) have suggested that ecither anatomical or physiological

characteristics of subjects is responsibic for the nigher prevalence. *
The female clients with ST-segment depression had characteristics that would

be associated with an increased level of phf’sical fitness (ic. weighed less, lower percent

body fat, lower resting heart rate). The discriminant function analysis identified body

fat as as the only variable measured in a fitness appraisal centre that would predict

group membership for ST-segment response. Figure 6 indicates that the spread of

i 8]
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b LS ) . . . S

canonical discriminant funcnon SCoTes IS quite larac I ST -segment depression has,
poor perlCUV“ \alue in femalc clients then the use_of a variabie such as bod\ fat to
predict ST-segmenl dcprcssion is of little value..

. . N -‘ Y] - AN

 Comparison of Exercise Tests . Ny

s

Correlation coefTicients of 0.72. (p<<0.001) and 0.79 (p<0.001) were found for male

and female clients respecuvel\ for the Astrand and Bruce predlcted maximal oxygen uptakes. A
\

high correlauon ‘would have been expected duc to- Lhe dwerse nature of the lov& and high fitness

=P 7,

groups for predlcted VO many. Since both exercise tests are predlctorc of VOma\ the chances.of -

o

an extremely hxgh correlation is reduced. An'othr consideration ‘is thal during the Astrand test

v

' the,clicm's body weight is supported and during the Bruce test the %‘iem's ene?rgv”cost is weight

dcpendcm Older people in North Amerma arc more famllaWth walkmg than with cyclingand

thus fam'larm with an exercise mode may also affcu the correlation between-the two tests. The -

determlnauon of heart rate from a 10 second count, of the radial pulse during the Astrand
submammal test could also account for a lower correlation. The use a heart rate momtor is a
necessity for accurate heart rate dctermmauon and .it would be 1deal to have an ECG tracing

for thc measurement of hean ratc Thc measurement of hcan rate must be accurate and of a

great enough imensi[_\' to ensure an accurale prediction of maximal oxygen uptake. .
Future Directions

exercise test. The use of either a CM; or « CC, ‘lead for momtorme the heart rate’is appropnate
fo ‘itness testing. The mean age of the cliehts with ST-segmem dcpression was 42.8 +9 1 years
and the mean heart rate at the occurence of ST'—s gment depressmn was 152.2+11.4 beats per

" minute! Durmg the submaximal exercise test the heart rate zone for a client age 43 vears is

between 157 to 127 beats per minute. It cannot be said with 100 percent ce’rtaimy that a single

b

lead ECG, such as the CM.; would detect all of the ECG abnormalities found at the Cardiac

s Curremly few flmess appraisal centres use an ECG to dete&x;mmc hcan rate durmg an

o B0
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gained at such a centre c.ould screen asy mptomgeetd

CAD that would not‘norr'hal‘ly be identified.

Stress Laboratory. Thc‘cxcrcisc modcs were different ‘and the final heart rate achieved during
the two cxercise tests were also different which makes a dircct comparison difficult. Anothcr
LOﬂSld\.rallOn 15 thaL the sensitivity and the specificity of the CM. and CC; in- comparlson oV,
have onlv bc‘cn examined in patient populations and not in asvmptomatic clicnts asin this “study
(Lam and Chaitman, 1984; Chaitman and Hansen, 1981). It may be sfafcblo sav that some of
the abnérmal ST -segment r’esgonscs could be identified during the fitness test, However,
without other clinical symptom‘s' (angina or dyspnea) being present dﬁring exercise the,
occurence of ST-segment depression makes clinical cvaluatipn of the test difficult. The test’
result could be given to a ph_\"sician to decide whether there would be a need for further clinical
evaluation. . | | \
, . .
At present, Certified Fitness Appraisers arte only allowed to determine heart rate from

the ECG during a fitness test (C.A . 1983). Shephard (1980) reported that there is a need

for individuals conducling exercise tests to be trained in the interpretation of exercise ECG 's.

With this knowledge an exgrcise tester could not ethically ignare an abnormal exercise FCG but

1o send all abnormal ECG responses 10 a physician or cardiologist for further evaluation or
follow-up would be impractical and costly (Shephard, 1980). The exercise tester must be aware

that ST -segment depression is not 100 percent sensitive for detecting CAD in an asymploma[ic

‘populauon. For examplc it would be undulx stressful for 4 client of a fitness appraisal centre

to be told that they have an abnormal. ECG, when in realm there ma\ be no undéﬁmg
d15¢as_e. However, asymptomatic individuals who have an abnormal ECG response 10 exercise

have becn shown to bc at greater risk of developmg CAD. The cost of not following-up an

abnormal I—CG responsc may be far greater Lhan the price of a medical e»aluauon

§ denuﬁcauon of high risk .individuals may allow fo: further assessment and proper risk factor

' mtervcnuon A fitness appraisal centre with trained personnel and the mformauon that can

duals at greater risk of dcvelopmg

<



0 ‘ N Chapter V

Summary, Conclusion and Recommendations

&

A. Summary ' v ‘ &

The purpose of this study was to determine if ST-segment depression during a treadmiil
- - . ‘ :

stress test was related- o cardiovascular ﬁlnes‘s on a supbmdximal exercise test. The sccondar\'

ﬂf
aim was 10 determihe 1! thése abnormalmcs could potentially ‘be detected in a mness centre

usme a single lcad ECG (CM, ) Onc hundred and eight (108) male clients (0-30 pcrcemi]e

",‘. e s

—&4&% =100 pcrecnnlc n—J(J) and 47 Temale clients (0- 30 percentile n=10; 70-100 perccnulc

.

n <3 Qm rom two diverse ﬁmcsx l"\’Cl\ volunteered {or further assessment. The male clients in -

“

the low [itness group were older, weighed more. had a greater percent body fat, lower predicted

N

V’O,méj\ on the Astrand and Bruce test, lower fitness pcrccﬁtile:‘higher resting heart rate, lower |
total exercise lime on the treadmill, and completed @r 3 minute exercise slagc‘s on the Bruce
protocol. Thug were more malc ciients in the high fitness group rated as having a h\pertcnswe
‘exercise bloodvprcssurc and more clients .in the low fimcss group raled as having a low exercise

tolerance on the Bruce protocol. The female clients showed similar results with the low fitness

group having a higher resting svstoli

(diastolic: blood pressure. No female clients had a
hypertensjve exercise blood pressus : e were more f‘e;na]c clients in the Jo@ fimess"gr‘oup
rated as having a low cxergse tolerance. ST—segnﬂéﬁl depression was not related to the fitness @
group for éithcr the male or the female clients. Tie prevalence of ST-segment depression was’f;’

15.3 percent for the male clients and 25.5 percent for the female clients. A discriminant

function analysis correctly classified 71.1percent of the male clients into a group, with or

Al a2 <

without ST-segment depression, using‘gagc, percent body fal, VO,max on the Astrand test,
. L
fitness percentile, resting diastolic blood prcssurc and ph\sncal activity status. There were no

useful (/arlablcs that would perlC[ group membership for the female clients.



B. Conclusion

%)

”‘H 6()

A3

Cardiovascular fitness was not related o ST-segment depression during  the

treadmill stress test for male or female clients .

»

It cannot be determined with certainty the number of ECG abnormalities that

-

could be detected with a single lead ECG in a fitness centre but it is safe to sav

that some of the ECG abnormalities could have been detected.

Fitness unit information may be able 1o identify a group of male clients with a

higher prevalence of ST-segment depression. - p

C. Recommendations !

%4

The clients from this study should be followed-up over a’3 1o 5 vear period 1o

determine to incidence of cardiac events. A complete risk factor analysis for

CAD should be included to identify the important risk factors for this sample.

o

To determine ihc prevalence of ECG abnormalities during a fitness test a single
lead ECG (CM. or CCq) should be recorded. Only male clients should be
studied and they should be from all fitness levels. Individuals with abnormal

responses could have a 12 lead trcadmill stress lest to determinc if serial

abnormal responses will occur.

Error in the submaximai fitness test must be reduced 10 a minimum. An ECG

tracing is the most accurate method of determining heart rate. Standardized test -

conditions are necessary and the fitness tester must have a good knowledge of

test procedures. For example, the subjett must bé in a post-absorptive state,

N\

J
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i i

DU

rested, free of any known illness, should not have smoked a vcigarcuc or
consumcdfﬁ cacffinated beverage I'ors:\&'o hou‘rﬁs prior to the test, and the clients
fear ér anxiety must be controlled ;5 well as possible (Astr;&fd and Rodahl,
1977).. Thc work 'load during the second exercise stage must be of a great
enough intensity to achieve a heart rate of approximatély 200 minus the clierln‘s
age a'nd 170 minus the cliqnl's age. Care should be used when imerpretiﬁg the
submaximal exercise test resmtsﬂand limitations of the test should be ind‘icated

to the clients.
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Appendin A: Physical Activity Readiness Questionnaire (PA R-Qand Consent Form)

THE UNIVERSITY OF ALBERTA
FITNESS APPRATSAY
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Calculations:

1.
values. Wuh this average heart rate value and }hc gméf work load Valuz on lhé " , R
bicvele ergometer (Kpm), obtain a prcdlt*}xd&n"‘ o’f Lhc maxlmal O,\'_vgeri o
. .) % o Q) I N ! '
consumption (I/min) using Jable A for malc.s,' ' ‘d“eTafblt B ‘or fcmalcs .
2. 'I"ipl_ving mc',value by the
appropiale age correction score (Table € ) *‘r
3.
4.
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7 Table A '
Prediction of Maximal Oxvgen Consumption for Males
Mawniai Oayger Uptoke ! Monul Oxyaen Uptoke
lares mun hitrey mar
Heg*t Mer 1t
o 300 600° w00 1200 1500 O™ 300 600 P00 1206 183
) kom ' kpm.  kpm’ i kpm kpm kpn, kpm kpm ' kpm kpm
; min min men mrs e man nun myn o man men
1200 22 3.5 4% 148 24 32 43 5.4
120 22 3.4 4r 146 2332 43 54
122 2.2 34 46 150 23 32 42 5.3
123 2.1 34 a4 151 23 31 42 52
124 2.1 33 4 b 152 25 3T 4% 52
125 2.0 3.2 44 b8 153 22 30 4 =
126 2.0 32 44 5¢ 154 22 30 40 50
127 o 31 43 57 157 230 4C SO
126 2.0 31 42 56 156 22 29 40 50
129 1.9 30 42 56 157 27 1 W ac
130 1.9 30 41 55 158 T 2¢ 39 40
131 1.9 29 40 5.4 159 : 26 12 48
132 )8 29 40 S3 Vel D28 3E 40
133 1.8 28 19 53 s o8 LT 4
134 18 28 3, &0 el 20 e i
' 35 17 2g 28 & Pe 2 Ty 46
TR B S R I B 200 0 18
s 137 17 27 3T 5% 6 JCozy ¢ a4
. 138 HES 27 3.7 a6 T ‘ 7 e 45
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@5 34 s 5T
4 34 47 e
V4l 2.4 33 44 5%
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2

(Source: P.O. Astrand. Work Test with the Bicycle Ergonieter, pg. 24)
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Table B

Prediction of Maximal Oxygen Consumption for Females
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Table C.

<! Age Correction Factor o
~ f
. [ e SR e e R -
Mcx
Age Factor heart Facror
rate

15 ©o10 210 12
25 1.06 200 1.00
. , 35 0.€7 i 190 .93
. 40 0.83 180 0.83
: 45 L0078 170 0.75
.. 80 F.og7s ", 60 0.69
85 ‘ o7V ¢ 150 0.64

60 | . does ,

- 65 0.6& g , )
S . W0 S U SO
. a Fid
‘ R
., s
r

4

(Source: P.O. Astrand. Work Test with the Bicvcle Ergometer, pg. 28)
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Table F

v Swedish Norms for Maximal Oxygen Consumption
’t for Males and Females Aged 20 to 69 Years -
: “ ' ‘0
. f
. -
— A S
Moximal oxygen uptoke, Vo !, ml’kg X min. .
, Age e S U O S ——
v : .1 dew i ‘°";::h°' average high very high
L e e _ !
s 20-29  <11.69 1.70~1.99 2.00-2.49 250-2.79] >>2.80
t <28 29— 34 3543 44-48 | > 49
st 3039 -C1.59 1.60--1.89 1.90—2.39 2.40-2.69 >2.70
o <27 2833 J4—41 42-47 ' S48
e 40—49 149 150-1.79 1.80-2.29 2.30-2.59 . >2.60
: <25 26-31 32.-40 4145 > 46
~50—65  -71.29 1.30- 1,59 1.60-209 210-2.39 >-2.40
e SRS 22--28 2936 3741 = 42
- 4
T 20-2%  :I279 2.80-3.09 3.10-3.69 3.70-3.99
738 3943 4451 5256
30-3% -12.49 250-275 280-3.39 3 40-3.49
: 35-2% 40-¢7 48-51
4045 2.20-2.49 250109 3.10-3.39
31--35 36--43 44-.47
50- 59 1.90-2.1§ 2.20-279 2.80-3.09
‘ T 2631 37-.39 4043 &
60.-6% 1.40--1.8¢ 190-2 492 50279
' / 22 2¢ 27-35 T, 36-39
oher

a
: i 9
{Source: P.O. Astrand. Work Test v‘ukth the Bicvcle Ergometer, pg. 29)°
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Appendix C: Medical History Questionnaire

Nawe:

Address: e e
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5o
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Swoking:  Ne. . dav

.
smored [0t N L vears - ‘
o
Quit - - __ Yedrs ay. )
Ne. ot packs x years _
Alcohol: Drinks/week
RS
. . . 3
Previous Medical Historv.! )
. Y a -
Yamilv M4 oo e 2 N
tamily History of:@ | :
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. . i . y 7
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Appendix D: Fitness Unit Data Sheet

UNIVERSITY OF ERTA
FITNESS TEST
4]
NAME: S, DATE CF TEST:
AGE SEX |
ANTHRCPQMETRIC DATA )
HETGHT WEIGHT: o p
JTRTHE:  Chest - sluteal e
g .
7.
'SKINFOLDS: N .
-~ * %
) o
TRICEPS » 5
SUBSCARULAR
' . ' ,;,‘.ﬁy:‘ P
BICEPS T . .
It . 4 £ ‘\"."hﬁ' g
CASUPRAILIACT |0 v
. S
BICYCLE IRGOMETER TEST
FESTING KK, . . NG BE: o
) e . .. S o
LTAGE L werkload - ko : ‘ . ‘ : ;
4 Min MF o , i "
STAGE worrload T oam .
T Mo HR v
£ omMin KR
- ‘ Al
PRl o —_—t
e-xep
b BDURANKCE,
- ¢
38D STRESTH KT L. N TTRL .
TRNF FLEXION s ! (\ G
» €2 SEC. SIT-UPS .
,
PUSH U .
v .
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Appendix L Cardiology Laboratpry Data Sheets

UNIVERSITY HOSPITALS
Division of Cardiotogy

REQUISITION FOR EXERCISE TEST

Name: Age: ] Sex: Date:
Physician: . AH.CIP. No -
Preferred Exercise: Bicycle/Treadmll

Major Symptom:

If Chest Pain Specity L Typical Ang:u | Al‘y—f):?ﬂ-Angnnl _ _L __Nof_sfwf'jf___Jl
Clnmcal Dlagnosns —Com.rv Arery D::;u ) . Mitral V.l;a Dinease . Acrtic Vaive Disaase
Nl . - S S S e e e el “.V.‘
\[ Othes
Informauon‘,;’ought: o
Present Medication: .
REPORT
) M - z
Resung HR . bts/ min Resting B P mrmkg Resting ST mm (lead * )
Hegnt = cm . o Weight ” kg
[ S Protocol Undertaken [Bruce |T Modified Bruce "~ Bicycle iOther
3 \ : S — [ ———
| X - L T - T RN
. E Termunated Due 10' | Pain | ST [ Arryth ] Faugue_l Target HR J SBP i
s : j !
. R ‘ . SBP > 220 mmHgIO(her :
v Co — — : |
! . | !
i g LToxal Time min lTotal Work (W/kpm) | Highest 1oad (kpm W) stage |
L g : 'nghest HR b,ts/mm] % for age & sex Highest SB P '
i L_._‘_,\ ——C )
T S
£ rTypa of B.P . re response . ! No.vmal I Hyperlenswe Atmorm
. T Tt R ST oI
i' § Highest VO2 iomin (Measurad/Predncxed» ! Pre—au.m sl C O '
T — S L S S
(ﬂssmc ECG Q Am z [Omer] s Antl L
. ,‘;’:*W,* S : S
E "Maximum ST mm [ﬁ_"LL_La‘ l_rlf Otner |
X. . ST slope . - Change :n R wave amplhiuce lnueaﬂeJ"D.P Qe—:ased nchang‘ga
Py C‘ E C.G Cruenia for 1scnawm 3 discounting slopy i Pre;n_km VA;s;nTT . ,
G. .pvc Mﬁ.focdn u Sieear PAC |+ Mylutocal Unitocal ! ‘
e = —l,._ e _,,-V*:&:t ’Ttﬁ:‘:,—_ T e e “.__J
PROBABILITY FOR CAD tased on | Aqe Sex. B8P . Symptoms, ST' Cor Calc. Ex Thalhum Scan ]
10 20 - 30 40 50 60 70 80 90 100
COMMENT: ‘ .
’
~
BN ¥
e
Drug Coce Y2 3 4 s 6 7 8 § ‘

3830-13646.170€C81 -CARDIO ) -
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EXERCISE TEST - BRUCE PROTOCOL

NAME AGE:

DATE: DOCTOR:
RESTING 8P RESTING HR

MEDICATIONS

WEIGHT: HEIGHT
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