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Update on Exercnse Cardlology

Richard A. Stein, M.D Niqm Goﬂbcrg,

MD, and Roscann Cbarkr EdD

' This review focuses on innovative directions and recent studles in cardiovascular exercise science. Studies that

address the enhancement of the diagnostic and prognostic value of exercise testing, by virtue of electrocardio-
graphic analysis and the integration of exertise tolerance and clinical findings, are reviewed. The roles of exercise

‘electrocardiographic testing In chest pain centers and the epidemiologic and physiologic effects of exercise

training are discussed. The impact of exercise training on the angiographic and clinical regression of coronary
artery disease and genhder differences in exercise testing and training are among the concluding topics.

The role of exercise in clinical wd.iology has expand.ed over '

the past two decaties, reflecting an increased appreciation
that the evaluation of symptoms that occur with exertion

(c 8., angina and dyepnu) are-best evaluated during exer-

don in a controlled setting, In addition, recent clinicat
expcnence has supported the increasing use of exercise
training as part of comprchensive cardiac rehabilitation
programs and the use of exercise testing and training in
spcda! clinical situations, such as at chest pain centers and
in congestive heart failure (CHF) treatment programs.
Most recently, advances in our knowledge of cardiovascular
exercise science in the areas of endothelial function and cell
biology have increased our understanding of the physiol-
ogy behind the clinical observadons.

This update will review recent advances in the field of
cardiovascular exercise science in four specific areas: exer-
cise clectrocardiography (ECG) testing; exercise training
and cardiac rehabilitation; exercise- training for patients
with CHF; and gender differences in exercise ECG testing

'EXERCISE ELECTROCARDIOGRAPHIC TESTING

Excrcise ECG tesdng for the detection and exclusion of
significant coronary stenosis is an imperfect test, and as
such is judged with other imperfect resting methods such as
exercise nuclear or echocardiographic imaging by its rela-

tive diagnostic accuracy. Statistical criteria used vo cvaluate |

clinical utliry are sensitivity (the percent of the time that a
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paticnt with caronary stenosis will have a positive test re-

sult) and specificity (the percent of the time that a patient.

without coronary stenosis will have a negative test result).
Positive and negative predictive values (the percent of time
a positive or negative test result will accurately represent the
presence or absence of coronary artery stenosis) and prog-
nostic value (ability to predict future clinical events) also are
used, and are often of greater clinical relevance than sensi-
tivity and specificity,

Recent important studies have used a variety of ap-
proaches to enhance the disgnostic value of the exercise
ECG examination. These include differing methods of
analysis of ST segment changes, the use of additional stress
test data, and using clinical criteria in the form of scoring
systemns to enhance the diagnostic value of exercise ECG
testing. '

From New York Hospital, Kligfield and Okin!3 have
reported that computer-based analysis of the slope of ST
segment depression ploted against the increase in heart
rate (HR)—reflecting increased myocardial oxygen de-
mand—enhances the sensitivity without degrading the
specificity of the exercise ECG examination,. We reported
similar findings in a study comparing the ST/HR slope and
standard criteria with respect to positive exercise planar
thallium findings.?

Recently Okin et al* published data derived from a

- posthoc analysis of the initial exercise ECG examination of

11,880 men at high risk of developing coronary hearr dis-
ease who were randomly enrolled in the usual care arm or
the special risk factor intervention arms of the MRPIT tri-
al.4 They compared the ST/HR index (increase ST seg-
ment depression/increase HR, from rest to peak exercise)
to standard ST segment analysis in predicting moreality
over 7 years. The investigators noted a significant reduction
in 7-year mortality in those in the special risk factor incer-

vention arm (2.4%) compnrcd with those in the usual care -

arm (5.3%) in men with a positive ST/HRmdex, butnotin
men sclected by virtue of a positive sandard ST segment
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analysis. The value of thé ST/HR index in the identifica- °

tion of populations who would benefit most from risk re-

.. ductiotintervention is intriguing. If this is confirmed with -
. prospective studies it will be of clinica] significance;

* "The tecent observition that excreise-related normaliza-
tion of inverted T waves in infarct-related ECG leads pre-
dict myocardial viability is of importance’in the manage-
ment of patients with myb6cardial infarction, Mobilia et al*

compared excrcise-related T wave normalization in infarce-

relared ECG leads to results of dual isotope positron emis-
sion tomography in 40 consccutive patients who had had a

" recent acute infarcr. The sensitivity, specificity, and predic-
tive value of T wave normalization at low work loads (less

then 50 watts) with respect to the positron emission to-

". mography finding of myocardial viability in the infarct arcas
"were an impressive 77%,.94%, and 85%, respectively. .

Ischemia may manifest in a variety of ways in addition to
ST segment depression. These include characteristic pain,a
reduction in exercise capacity, and decreased—or failure to
normally increase—heart rate and systolic blood pressure.
Two recent studies have emphasized the importance of
exercise capacity when exercise ECG testing is used for its
prognostic value. At the Mayo Clinic, Roger et al® retro-
spectively studied exercise ECGs and clinical outcome in a
cohort of 1,452 men and 741 women. After statistical ad-
justment, only workload achieved during the eximination
was associated with all-cause mortality and clinical eventa,
In a similar study from the Cleveland Clinic, Snadet et al”
evaluated the predictive value with rcspect to 2-year all-
cause mortality of exercisc ECG thallium single photon
cmission tomography studies in 3,400 consecutive pa-
tients. On multivariable analysis, workload achieved was
the strongest independent predictor of all-cause morzality,

It is reasonable to anticipate that integration of ST scg-
ment changes, exercise rolerance, and presence and charac-
ter of chest pain during examination should increase the
diagnostic accuracy and prognostic.value of exercise ECG
examinations; chis is the basis of the Duke treadmill score
(DTS). In a recent publication, Shaw et al® report on the
diagnostic accuracy of the DTS in symptomatic patients
who underweat exercise ECG testing and coronary angiog-

* raphy within 90 dayx, in a population with a relatively high

discase prevalence (significant didcase in 61%). The DTS is
calculated from the following equation:

DTS=cxcrdscﬁmc-(5xS'Idcviaﬁon)—(4Xaqgirm)_

with angina assigned a value of 0 if absent, of 1 if nonlim-

iting, and of 2 if limiting. Using the DTS to predict the
presence of significant disease in more than one vessel {sig--

nificant defined as > 75% stenosis), the odds increased 3.1
times (unadjusted risk) from low risk to moderate risk, and
376 times from low risk to high risk. The results of this
study support the widespread reporting and use of the DTS
score by exercise ECG facilities,

Froclicher et al® addressed the issues that make compar-
ing differing reports on the diagnostic accuracy of exercise
ECG examinations so difficult. These include differing dis-
case prevalence in the popualations studicd and referral bias,
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ie., the likelihood that patients with positive test results
will go ro angiography and thus be included in che analysis
whereas patients with negative test results will not, In the

- study, 814 patients agreed to undergo exercise ECG test-

ing and coronary angiography. Head-to-head comparisons

. of visual and computer analysis and indcxcs revealed a sen-

sltivity of 45% and specificity of 85% with standard ST
segment visual analysis in this population with 2 49% prev-
alence of coronary artery disease {CAD), This was not im-
proved with computer analysis or ST/HR index. However,
equations incorporating clinical variables and exercise test
results showed greater discrimination and significantly im-
proved diagnostic power.,

In emergency center chest pain protocols, patients in
whom a myocardial infarction has been ruled out and who
have clinical, ECG, and scrum markers of myocardial ne-
crosis findings that indicate low to moderate risk of acute
coronary syndrome are increasingly undergoing immediate
exercise BCG testing. Polanczk et al!® presented in-hospi-
tz2l and 6-month outcéme dara from 276 patients deter-
mined to be low risk according to the Goldman algorithm.
Patients underwent exercise ECG studies within 48 hours
of presentation with chest pain using a symptom-limitcd
Bruce or Modified Bruce protocol. There were no adverse
cvents related to the exercise ECG studics. These investi-
gators classificd exercise ECG results that were negative for
ischemic findings but did not achieve three metabolic
equivalents of exercise as equivocal. The 6-month event
rate in the 195 patients with a negative test result was 2%
(negative predictive value = 98%), compared with an event
rate of 15% in patients with positive or equivocal test re-
sults. Secnsitivity and specificity were 73% and 74%,
respectively.

Farkouh ct al'! recently reported the findings of a com-
munity-based, prospective, randomized, controlled clinical
trial of 424 patients comparing the safety, effectiveness, and
cost of admission in patents with chest pain admitred 10 a
Chest Pain Unit (212 patients) or to a hospital (212 pa-
ticats). Patients included for randomization were patients
who presented to the emergency department with unstable
angina that was classified according to Agency for Health
Care Policy and Research (AHCPR) guidelines as interme-
diate risk- This is in contrast to previous studies, which
included only low-risk patients. Afrer 6 hours of observa-
tion, patients in the Chest Pain Unit who were judged able
to walk and who did not manifest clinical or ECG changes
or clevations in serum markers of myocardial necrosis (CK-
MB) underwent an exercise ECG examination. In the pres-
ence of confounding ECG findings, nuclear or echocardio-
graphic stress studies were performed. Patiens with
negative results on exercise ECG (DTS > 5) and imaging
studies were discharged home, and patients with other re- -
sults (equivocal or positive) were admitred to the hospital.
Primary outcomes were acute clinical cardiovascular events
or presentations, and secondary outcomes included cardiac
procedures and hospitalizations for cardiac care within 6

- months of the randomization. There were no dinical

events associated with the exercise ECG testing, and the
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incidence of primary events (6.6% in CPU and .8.5% in

hospital - admissions) ‘and secondary events duting the .

6-mdnth follow:up period was not significantly different

between groups. The 97 patients randomized to the CPU.

who were dismissed after a‘negative functional study result
had no primary outcomes during the 6-month observa-
tonal period.. The CPU arm of the study ‘represented a

' significant reduction in healthcare.costs over the 6-month

period.

*

EXERCISE TRAINING AND CARDIAC
REHABILITATION

For the most part, cardiac rehabilitation programs em-
phasize or consist entirely of acrobic activity, which empha-
sizes large muscle groups and low-resistance exercise. This
is based on the favorable results of epidemiologic stidics of
low-resistance- exercise in healthy adults, such as the re-
cently reported Finish Twin Cohort Study. '3 In that study,
Urho et al reported that among twin pairs who were
healthy at baseline’ but discordant for death over the 25-

year follow-up period, the odds ratio for death was 0.66

among those who excrcised occasionally and 0.44 among
those who underwent conditioning exercise compared
with diose who were sedentary (odds ratio set ac 1.0).
Other studies also have demonstrated that frequent aerobic
exercise is associated with a reduced risk factor profile in a
variety of populations, most recently in 3,331 men in a
study by Hsich et al!? from Toranomon Hospital in Tokyo,
Japan. ) . '
Addidonally, insulin sensitivity is increased and the oc-
currence of noninsulin-dependent diabetes mellitus re-
duced in active populations. Meyer-Davis et al!4 measured
insulin sensitivity in 1,476 adults with glucose tolerance
that ranged from normal to mild roninsulin-dependent
diabetes. Habitual physical actvity was assessed by a 1-year
recall questionnaire. The authors noted that vigorous and
nonvigorous exercise energy expenditure were positively
and independently associated with insulin sensitivity. In a
population-based prospective study from the Cooper Insti-
tute in Dallas, Texas, Wei et all® followed 7,511 men who
did not have an impaired fasting glucose level foran average
period of 6 years. Men in the low-fitness group (the least-fit

20%) had an increase of 1.9 times in risk of develaping

impaired glucose intolerance, and a 3.7 times greater risk of

diabetes compared with men in the high-fimess group (the -

highest 20%). -
Recent studics have addressed the impact of high-resis-
tance training and the consequent increase in dynamic
strength in patiénts with coronary heart disease. Of partic-
ular clinical importance are the results of a recent study by
Beniamini et al'é assessing the effect of a high-intensity
resistance program on quality of life parameters. Their data
demonstrated that resistance training has a positive effect
on improved self-efficacy scores for strength-related tasks
and has positive effects on other psychological parameters
such as mood disturbance, depression, fatigue, and emo-
tiomal health. ' '
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"+ In 1990, Ormish crall? assessed the role of multifactoria)

[
3

lifestyle chaniges, including 38 minutcs a day of low-resis.

at § years (angiograms only).1® Their 1-year data revealed

significant reductions in levels of total and low-density §- o A
. poprotein (LDL) cholesteral and 2 reduction in body - 5~
‘weight of 10 kg, There was also a reduction in frequency, 4.
duration, and severity of angina in the treatment group, i} ¢
compared with a worsening in the control group. Angiog- X .
* raphy revealed a decrease in average diameter of stenosis jy Y. -
. atherosclerotic lesions of > 50% in the treatment group, .-
whereas progression was demonstrated in the contral 2%
. group. These findings were sustained at 5 years, when an- 2§
giography showed that the average percent diameter ste- 5§,
nosis in the treatment group decreased by 3.1 absolute #:: -
percentage points (a 7.9% relative improvement) compared * #i{

with bascline. The average percent diameter in the control
group increased by 11.8% (a 27.7% relative worsening)
comparcd with baseline.

Thesc data and comparable findings from other Epid -

reduction, smoking cessation, stress reduction, and exer-
cisc training trials demonstrate angiographic regression ora
reduction in clinical events. They do not, however, allow
for an assessment of the role of the exercise training in the
measured outcomes.

Shuler et al, 1730 Hambrecht et al,3! and Neibauer et al22
have addressed the role of exercisc training and CAD re-
gression in a series of studiecs in 113 patients (56 in the
study group and 57 in a control group) with chronic stable
angina and CAD documented by coronary angiography. In
these studies exercise training was the principal interven-
tion. In the fimt study in 1992,)® the treatment group
engaged in dictary modification and exercise for more than
3 hours per weck, consisting of two 1-hour sessions and
three to five 30-minute sessions at home per week. Angio-
graphic regression and improved myocardial perfusion
(thallium) was noted in the exercise trained group when
compared with the control group. A most impressive find-
ing was the significant relationship between improvement
in functional capacity (training cffect) and changes in cor-
onary morphology. Patients who demonstrated regression

- had a 29% improvement in exercise capacity, compared

with only a 6% improvement in patients with no change or

- angiographic progression. A 1-year report of the ongoing

study showed continuation of these responses, 30

Inan attempt to determine the optimal quantity of phys-
ical activity (kcal /week) that would be required to provoke
an improvement in both cardiovascular fitness and reduce
progression of atherosclerotic lesions, Hambrecht et al2t
recruited a subsct of paticats from the study. Energy ex-
pended in leisure-time activity was closely monitored with
the use of the Minnesots Leisure Time Physical Activity
Questionnaire and, from participation in supervised group
exercise sessions twice per week. After 12 weeks, repear
coronary angiography was performed and progression
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measured with digital image processing. The data from the
treatment group revealed a 14% increase in .maximail 1

- miriﬁte'o‘xy_gen ‘consumption (VO,), versus. ho change in
' the control group. In the weatment group, regression of

CAD was found in 8 patients (28%), no change in coronary
morphology in 18 patients (62%), and progression in 3
(10%). In camparison, 6% of the controf group showed
regression, 49% showed no change, and 45% showed

progression,

Leisure-time' activity was found to be an independent

predictor of change in coronary status, and there was an

' inverse rclationship between levels of leisure-time physical

activity and regression or attenuated progression of athero-
sclerotic lesions. The investigators quaritified the work re-

- quired to clicit these changes. The lowest activity level,
approximately 1,022 + 142 kcal/week, was noted in pa- °

tients with progression of CAD., Paticnts demonstrating no
changes in. coronary srarus averaged approximately
1,533 * 122 keal/weck, and those demonstrating regres-
sion expended approximately 2,204 + 237 kcal /week. The
findings support the beneficial effects of attenuating regres-
sion with a moderate level of regular exercise (approximate-
Jy 1,400 keal/week). Regression required a greater level of
exercise (2,200 keal/week or 5-6 hours of exercisc per
week). : : -

In the most recent report, Nicbauer et al?2 presented the
6-year follow-up results of their multifactorial trial. The
patents in the treatment group (n = 40) demonstrared a
reduction in total cholesterol and triglyceride levels, which
were not statistically different from those in the control
group (n = 57). However, the treatment group demon-
stratcd a significant (28%) increasc in physical work capacity
and regression, or a slower rate of progression, of coronary
artery stenosis compared with the control group. The en-
ergy expenditure consistent with coronary regression was
an average of 1,784 + 384 kcal /week, or approximately 4
hours of moderate acrobic exercise per week. Physical work
capacity was an independent predictor of angiographic
changes. The authors conclided that the beneficial effects
on caronary morphology resulted in large part from phys-

 ical exercise.

EXERCISE IN EVALUATION AND TREATMENT OF
PATIENTS WITH CONGESTIVE HEART FAILURE
Although it scems counterintuitive, the limited exercise
tolerance in a patient with CHF due to left ventricular
systolic dysfunction is not significantly relaved to resting
cjection fraction, cardiac output, or pulmonary capillary
pressure. Instead, a series of studies have indicated that in
paticnts with chronic CHF peripheral muscle factors limit
exercise tolerance. Okiya et al33 used 2'P magnetic reso-
nance spectroscopy to study skeletal muscle metabolism in
12 patients with CHF and 7 age-matched control subjects.
They noted that phosphacreatine (PCr) in muscle was
nearly depléted at maximal systemic cxercise, indicaring
that cxercise, is limited by muscle metabolic factors, and
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that the reduced tolérance in patients with CHF is associ-
ated with an impaired muscle metabolism. ,
" Exercise tolerance in CHF is increased with cxercise

. training, and in comparison to the resting indexcs of lef

ventricular function, exercise tolerance is the best predictor

. -of survival. Myers et al2* evaluated peak minute oxygen
* consumption (VO,peak) achicved during upright bicycle

excrcise ECG testing, and clinical and hemodynamic vari-
ables including cjecdon fraction and pulmonary capillary
wedge pressure as predictors of survival in patients with
advanced CHF (New York Heart Association Class IV). In
total, 644 ambulatory patients referred to the Heart Failure
Center at Sanford University were followed for a mean
period of 4 years. Of these, 187 patieats died and 101
underwent transplantation. With multivariate analysis, only
VO;peak was a predictor of death; clinical and hemody-
namic variables were not predictive. In a study from St.
Louis University that focused on cxcrcise test predictors of
survival in patients established to have a very reduced
VO,peak (less than 14 mL/kg/min, which is the mini-
mum for acceptance on a transplantation waiting list), Nao-
hiko et al?$ noted better survival in patients who were able
to reach a peak exercise systolic blood pressure of > 120
mmHpg.

Belardinellj et al*® recently presented the results of a
comprehensive cvaluation of an 8-week training program
in 26 patients with ischemic CHF and a control group of 20
patents. The patients had significantly reduced VO,peak
values (17.0 = 3 mL/kg/min versus 18.1 *+ 4 mL /kg/
min for the control group). Coronary angiography in a
subset of 23 patients, exercise thallium myocardial scintig-
raphy, and low-dose dobutamine stress cchocardiography
were performed at bascline and after an 8-weck exercise
training or control period. The VO,peak, contractile re-
sponse to dobutamine, and exercise thallium perfusion
scores improved only in the trained group (by 24%, 28%,
and 31%, respectively). In the subgroup of trained patients
who underwent coronary angiography before and after the
training period, improvements in both echocardiographic
and nuclear perfusion scores were correlated with an in-
crease in coronary collateral score. This is a very impressive
positive outcome of a relatively short-term exercise training
study in patients with CHF. Additional corroborating
studies arc necessary before these reported outcomes can
be generalized and exercise training integrated into the
standard care of patients with CHF. .

A concem with regard to exercise training in patieats
who have left ventricular dysfunction is that the exercise-
associated increase in myocardial work and wall tension
may [ead to an increase in ventricular remodeling. Results
of two previous studies in small populations37-2% have sug-
gested that in patients with ischemic heart failure who have
multiple large wall motion abnormalities, or as in the sec-

ond study, who fail to increase their cardiac output with
. low-intensity exercise, wall motion may deteriorare, ven-
tricular volumes may increase, and VO,peak may fail o

increase.
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R.cccutly, however, r.he Exc.rcnc in Left Venmcu.lar Dys
ﬁmctl.on ‘Trial conducted by Gainnuzzi et aP® addresscd
this ssué:77 [paticats with a history of myocardial infarc-

. tion'and e]ccuon fractions of less then 40% were enrolled in

z 6-month exercise ot control period. After 6 moriths, the
excrcise group demonstrated an increase in work capacity
and cjection fraction, with ventricular volumes remaining
unchanged In the control group, work capacity was un-
changed, cjection fraction decreascd, and ventricular val-

umes increased. Further studies to address the impact of
exercise training in patients with marked left ventricular

dysfunction and the near absence of cardlac reserve arc
indicated,

Investigations into thc mechanism of the ;:raming en- |
_ bancement of exercise holmncc in patients with CHF have
focused on alterations in vascular dynamics and enhanced .

oxygenated blood supply to muscle cells, Attention has
been focused on the impact of exercise training on ¢ndo-
thelial cell function, particalarly the cell’s ability to produce
nitric oxide in response to physiologic and chemical medi-
ator stimuli. At the University of Leipzig in Germa.ny
Hambrecht et ai® studied the endothelial-mediated in-
crease in femoral artery blood flow to an arterial infission of.
acetylcholine (kngwe to stimulate endothelial production
of nitric oxide} in 20 paticats with chronic CHF before and
after a 6-month excreise training or.control period. There
was a 26% increase in VO,peak and a2 203% increase in
acetylcholine-mediated peak blood flow in the trmining
group when compared with the control group. The fact
that this response was significantly abotished with a nitric
oxide synthase inhibitor confirms that the increase in arte-
rial blood flow that occurs with exercise training is a reflec-
tion of increased endothelial cell function,

Another intriguing study investigated the impact of ex-
ercise training on tachycardia-induced heart failure in dogs.
Wang ct al3! studied 15 dogs before and after 4 weeks of
rapid atrial pacing with (study group) and without (control
group) simultanecus exercise trainifig. Atrial pacing alone
produced the typical hemodynamic changes of CHF, and a
reduced endothelium-mediated vasodilator response in
both the coronary and femoral circulations. In addition,
the investigators documented a decreased expression of
the gene for endothelial constieytdve nitric oxidé synthase
(ECNOS). Excrcise training preserved normal hemody-
namics and normal endothelial-mediated vasodilator fine-
tion, and sustained a normal gene expression of ECNOS.

When the exercise trained dogs were given a nitric oxide

synthase inhibitor, the preserved endothelial-medjated re-
sponses were abolished and left ventricular end-diastolic
pressure clevated, indicating that the exercise wraining
effect was mediated to a substantial degree by increased
ECNQS expression.

EXERCISE AND CORONARY HEART DISEASE
_IN WOMEN

Cardiovascular discase is the leading cause of death and
disability in women in the United States. The morbidity
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- and morality associated with this discase may be largely
" artributed to risk factors such as hyperlipidemia, hyperten-

sion, smoking, diabetes, menopausal status, obesity, and

“sedentary lifestyle, Until recently; there has been a paucity
" of data with regard to the cardiovascular benefits of exercise

in womey, The 1996 United States Surgeon General's re-
port on physical activity has referenced only three epidemi-
ologic studies of the rclationship between cardiovascular
disease and physical activity in women. In the 3 years since
the Surgeon General’s report, however, there have been
important advances in the investigation of diagnostic test-
ing and in the cardiovascular benefits of exercise and phys-
ical activity in women.

Most of the correlation between physical activity and

reduced cardiovascular mortality was seen in srudies of

men, such as the study by Paffenbarger et al of Harvard
Alumni.?? This study showed a reduction in risk of fatal and
nonfatal myocardial infarcdon in men with moderate to
vigorous levels of physical activity. Recently, similar rela-

. tionships between moderate levels of physical activity and

cardiovascular mortality in women have been demon-
strated. Kushi ct al®* followed 40,417 postmenopausal
women for 7 years at the Minnesota School of Public
Health, and reported a relative risk reduction in all-cause

. mortality (range of 24~-38%) with increasing frequency of

moderate physical activity. These investigators also showed
that women who engaged in moderate physical activity at
least once a'week had a 22% relative risk reduction in car-
diovascular disease mortality. In the Nurses Health Study,
Manson et al* reported a trend {falling just shore of statis-
tical significance) showing similar relative risk reduction
(range 24-43% from the first to the fourth quintile) in
myocardial infarction and suoke with increased walking
loads.

Several studies have now looked at the important rela-
tionship between frequency and intensity of the exercise
prescription with regard to impact on levels of high-density
lipoprotein (FIDL) cholesterol in women. King et al*s eval-
uated the effects of varying intensity and frequency ofhome
and community center exercise programs (high-intensity 3
times/week or low-intensity 5 times/week) in healchy men
and women over a 2-year period. Improvements in HDL
cholesterol levels were not seen undl the second year of
participation. Of great interest was the finding that women
in the group participating in lowcr-intcnaity exercise (who
exercised more frequently) had a greater increase in HDL

. cholesterol levels than the group participation in higher-

intensity exercise (who exercised less ﬁ:eqncndy)
A zimilar relationship in terms of lag time in unprovc-
meat in HDL cholesterol levels to exercise was seen in a

. population of men and women enrolled in a cardiac reha-

bilitation program. In this 5-year study by Warren et al36 at
the Bowman Grey School of Medicine in North Carolina,
there were small nnprovemcnts in HDL cholesterol levels
after the first year, with men increasing their HDL levels by
10% and women by 7%. In the men, HDL cholesterol’

" remained level at the second year and then decreased. In

contrast, HDL continued to increase in women; at the 5-year
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mark, women showed a 20% imprbv'cxﬂcn:ovcrhasélinc com-.

parcd with-in improvement of only 5% in men.

" Improvements.in HDL cholesterol are not fimited to
. sedentary individuals who then participate in a regular cx-

ercise program. Data from a study of 1,837 women who

- were participants in the National Runners Health Study??
.showed a linear, relationship of distance run per week and
levels of HDL cholesterol. Women who ran 64 km per -
week had substantially higher HDL levels than those-who

ran 48 km per week. - ;

Exertise ECG stress testing is reported to have lower
sensitivity and specificity in women than in men. The false-
positive rate of exercise ECG testing is higher in women,
which is reflected as.a lower specificity. These issues have
led to women being routinely referred for exercise imaging

studies. A recent study looked at improving the diagnostic - -

and prognostic value of .the exercise ECG stress test in
women by integrating additional clinical outcome informa-
tion. Alexander et a3 evaluated the DTS in 976 women
and 2,249 men who underwent stress testing and coronary
angiography. The DTS combines ST secgment deviation,
treadmill time, and exercise-indnced angina, The DTS clas-
sification performed equally well in both genders with re-
spect to prognostic information.

CONCLUSION

In addition to enhancing survival and reducing symp-
toms, the meatmenrt goals for cardiovascular disease in-
creasingly rcflect a focus on achieving optimal functional
status and quality of life. These goals assure an cver-increas-
ing emphasis on cvaluating patients during exercise and on
treating patients with specific excrcise programs. In this
regard, as in others, we reflect the statement attributed by
Plato to Socrates in the Theaeterus: “. . . and is not bodily
habit spoiled by rest and illness, but preserved for a long
time by motion and exercise.” S :
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