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Background:The recent American College of Cardiology/
American Heart Association exercise testing guidelines pro-
vided equations to calculate treadmill scores and recom-
mended their use to improve the predictive accuracy of the
standard exercise test. However, if physicians can esti-
mate the probability of coronary artery disease as well as
the scores can, there would be no reason to add this com-
plexity to test interpretation. To compare the exercise test
scores with physician’s estimation of disease probability,
we used clinical, exercise test, and coronary angiographic
data to compute the recommended scores and print pa-
tient summaries and treadmill reports.

Objective: To determine whether exercise test scores
can be as effective as expert cardiologists in diagnosing
coronary disease.

Methods: Five hundred ninety-nine consecutive male pa-
tients without previous myocardial infarction with a
mean ± SD age of 59±11 years were considered for this
analysis. With angiographic disease defined as any coro-
nary lumen occlusion of 50% or more, 58% had disease.
The clinical/treadmill test reports were sent to expert
cardiologists and to 2 other groups, including randomly
selected cardiologists and internists, who classified the pa-
tients as having high, low, or intermediate probability of

disease and estimated a numerical probability from
0% to 100%.

Results: Forty-five expert cardiologists returned esti-
mates on 336 patients, 37 randomly chosen practicing
cardiologists returned estimates on 129 patients, 29 ran-
domly chosen practicing internists returned estimates on
106 patients, 13 academic cardiologists returned esti-
mates on 102 patients, and 27 academic internists re-
turned estimates on 174 patients. When probability es-
timates were compared, the scores were superior to all
physician groups (0.76 area under the receiver operat-
ing characteristic curve to 0.70 for experts [P=.046], 0.73
to 0.58 for cardiologists [P=.003], and 0.76 to 0.61 for
internists [P=.006]). Using a probability cut point of
greater than 70% for abnormal, predictive accuracy was
69% for scores compared with 64% for experts, 63% to
62% for cardiologists, and 70% to 57% for internists.

Conclusion: Although most similar to the disease esti-
mates of the presence of clinically significant angio-
graphic coronary artery disease provided by the expert
cardiologists, the scores outperformed the nonexpert
physicians.
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C LINICAL and exercise test
scores can enhance the
decision-making pro-
cess regarding whe-
ther a patient with symp-

toms possibly due to coronary artery
disease should undergo coronary angi-
ography.1,2 The scores help make it less
likely that individuals without coronary
artery disease will be referred for un-
necessary cardiac catheterization. By pro-
viding a second opinion, scores also help
nonspecialists make more appropriate de-
cisions regarding referral to a specialist.
Thus, exercise test scores can provide a
means to see that expensive technology is
properly used and that access to special-
ized therapy is ensured.

Besides providing increased predic-
tiveaccuracy, scoreseliminatephysicianbias
and lessen the variability of decision mak-

ing.3,4 Physicians do not always follow a to-
tally rational decision-making process, but
often make clinical decisions based on per-
sonal experience and heuristics.5 By elimi-
nating the intuitive aspect of decision
making, scores can provide an unbiased
evaluation. Although the value of exercise
testing scores to help physicians has been
documented,6 many physicians remain
skeptical of the accuracy of scores and
prefer to rely on the results of more expen-
sive tests in making their decisions. This
skepticism remains despite data demon-
strating that scores improve the diagnostic
characteristics of exercise tests and predict
the presence of coronary disease as well as
or better than echocardiographic or nuclear
tests.7 To resolve this skepticism, we per-
formed an analysis to compare the diagnos-
tic accuracy of exercise scores with that of
cardiologists and generalists.
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MATERIALS AND METHODS

Patients were selected from a database of the last 2000
consecutive male patients who underwent clinical evalu-
ation, exercise testing, and coronary angiography at the
Long Beach and Palo Alto Veteran Affairs medical cen-
ters in Long Beach and Palo Alto, Calif, respectively.
Patients with previous cardiac surgery or interventions,
valvular heart disease, left bundle branch block, more
than 1 mm depression, or Wolff-Parkinson-White syn-
drome on their resting electrocardiogram were excluded
from the study. Previous cardiac surgery was the pre-
dominant reason for exclusion of patients. We then
selected all patients who were referred to evaluate chest
pain possibly due to coronary disease and who had com-
plete data and coronary angiography within 4 months of
the exercise treadmill test. As is the case for clinical
observational studies such as this, there was no attempt
to remove workup bias. To avoid falsely increasing the
accuracy of the exercise treadmill test, we excluded
patients with a previous myocardial infarction by history
or diagnostic Q wave, leaving a target population of 599
patients.

Physicians who also examined the patients recorded
with the use of computerized forms a thorough clinical his-
tory, including medications and risk factors, prospec-
tively at the time of exercise treadmill testing.8,9

EXERCISE TESTING

Patients underwent symptom-limited treadmill testing
with the US Air Force School of Aerospace Medicine10 or
an individualized ramp treadmill protocol.11 Before ramp
testing, the patients were given a questionnaire to esti-
mate the patient’s exercise capacity before the test. This
allowed most patients to reach maximal exercise at
approximately 10 minutes.12 Visual ST-segment depres-
sion was measured at the J junction and corrected for
pre-exercise ST-segment depression while standing; ST
slope was measured during the following 60 millisec-
onds and classified as up-sloping, horizontal, or down-
sloping. Slope was coded as 1 for horizontal, 2 for down-
sloping, and 0 for normal slope (ie, up-sloping or
ST-segment depression of less than 0.5 mm). The ST
response considered was the most horizontal or down-
sloping ST-segment depression in any lead, except aVR
during exercise or recovery. An abnormal response was
defined as 1 mm or more of horizontal or down-sloping
ST-segment depression.

No test result was classified as indeterminate,13 medi-
cations were not withheld, and a maximal heart rate target
was not used as an end point.14 The exercise tests were
performed, analyzed, and reported per standard protocol
with a computerized database (EXTRA; Mosby Publish-
ers, Chicago, Ill).15 Decisions for cardiac catheterization
were consistent with clinical practice.

CORONARY ANGIOGRAPHY

Coronary artery narrowing was visually estimated and ex-
pressed as percentage of lumen diameter stenosis. Patients
with 50% or greater narrowing in 1 or more of the following
were considered to have significant angiographic coronary

artery disease: the left anteriordescending, left circum-
flex, or right coronary arteries or their major branches or
the left main coronary artery. The 50% criterion was
chosen to be consistent with the cooperative trialist’s
choice.16

PATIENT DATA SHEET

Reports of the patient information and treadmill test
were then generated from the database. The results of
the coronary angiography were excluded from the data
sheet to blind the physician interpreter. The patient data
sheet provided the information traditionally used by
physicians to assess whether a patient presenting with
possible coronary artery disease should undergo coro-
nary angiography.

The studies were randomly divided into 78 groups of
12 studies. Each reviewer was sent the data sheets, a
return envelope, and a cover letter, which explained the
goals of the experiment and guidelines on assigning a
patient to the high, intermediate, or low probability group
for any coronary disease. We selected 110 cardiologists
who were considered experts on the basis of their author-
ship of exercise testing or angiographic studies. The
experts were sent 12 studies each. A 40% response rate
resulted in a total of 336 studies filled out by 45 expert
cardiologists.

A similar approach was taken with random cardiolo-
gists. The random cardiologists were nonacademic prac-
ticing cardiologists selected at random from a current mem-
bership directory of the American College of Cardiology.
The cardiologists were selected as random cardiologists if
they were not associated with a university or hospital and
were not fellows in training, to distinguish them from the
expert cardiologists. To increase the rate of participation
in the study, only 6 data sheets of the group of 12 were sent
to each random cardiologist. Approximately 400 random
cardiologists were sent a packet of studies; 37 cardiolo-
gists responded, for a return rate of approximately 10% with
129 studies returned.

A group of random internists were also included for
comparison. They were nonacademic practicing internists
selected from the 1997 and 1998 official American Board of
Medical Specialists directory of board-certified medical
specialists. Those associated with a university or hospital
were excluded. The randomly selected internists were then
sent the same group of studies that were sent to the random
cardiologists. Approximately 400 random internists were sent
a packet of studies; 29 internists responded, for a return rate
of 8% with 106 studies returned.

The final 2 groups of physicians were the local aca-
demic cardiologists and the local academic internists. We
recruited colleagues at the Palo Alto Veterans Affairs Health
Care Center, Palo Alto, Calif, and William Beaumont Hos-
pital, Royal Oak, Mich, to participate and asked them to
complete 12 studies each. Thirteen cardiologists returned
data sheets on 102 patients, and 27 internists returned data
sheets on 174 patients. The response rates were 40% and
75%, respectively.

PHYSICIAN PARTICIPATION INSTRUCTIONS

Physicians were asked to classify the patient as having a high
probability, intermediate probability, or low probability of
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having clinically significant coronary disease. The
physicians were requested to make this evaluation based on
the following criteria for stratification: low probability: pa-
tient is reassured that symptoms are most likely not due to
coronary disease; intermediate probability: other tests, even
possibly angiography, indicated to clarify diagnosis and an-
tianginal medications tried; and high probability: antiangi-
nal treatment indicated and angiography may be required if
severe disease is likely and an intervention is clinically war-
ranted. Physicians were also requested to provide a numeri-
cal percentage as their estimate of the probability that the
patient had clinically significant coronary disease.

SCORES

The clinical and exercise test data were input into the fol-
lowing equation to generate 3 probability estimates:

Probability=1 / [1+e −(a + bx + cy . . . )],

where e is the natural log, a is the intercept, b and c are �
coefficients, and x and y are variable values.

The appropriate coefficients and variables were from
the 3 equations included in the American College of Car-
diology/American Heart Association exercise testing guide-
lines.1 The variables included age, symptoms, risk factors,
and exercise test responses, which were derived from the
Veterans Affairs (VA) Score, the Simplified VA Score, the
Detrano Score, or the Morise Score.

VA Score

The pre-exercise test equation,17 including the chosen vari-
ables and their coefficients and the constant, is as follows:

−2.1+(0.03�Age)−(0.4�Symptoms)
+ (0.8�Diabetes)+(0.4�Hypercholesterolemia)

+ (0.01�Pack-years)
+(0.7�Resting ST Depression in Millimeters).

The postexercise test equation, including the chosen vari-
ables, their coefficients, and the constant, is as follows:

−1.2+(3.3�Pretest)
+ (0.5�Exercise ST Depression in Millimeters)

+(0.6�ST Slope)
−(0.16�Metabolic Equivalents)

−(0.5�Exercise Angina),

where pretest is a number between 0 and 1 generated by
the pretest equation.

Simplified VA Score

The simplified VA score18 is as follows:

(6�Maximal Heart Rate)+(5�ST Depression Code)
+(4�Age Code)+(Angina Pectoris Code)

+(Hypercholesterolemia)+(Diabetes)
+(Treadmill Angina Index).

Detrano Score

Detrano et al19 included 3549 patients from 8 institutions
in the United States and Europe who underwent exercise
testing and angiography between 1978 and 1989. Disease
was defined as greater than 50% diameter narrowing in at
least 1 major coronary arterial branch, and the prevalence

of disease according to this criterion was 64%. The se-
lected Detrano equation components are as follows:

1.9+(0.025�Age)−(0.6�Sex)−(0.1�Symptoms)
−(0.05�Metabolic Equivalents)
−(0.02�Maximal Heart Rate)

+(0.36�Exercise-Induced Angina)
+(0.6�ST Depression in Millimeters).

Sex was coded as 1 for female and −1 for male. Symptoms
were classified into the 4 categories of typical, atypical,
nonanginal pain, and no pain and coded with the values
1, 2, 3, and 4, respectively. Exercise angina was coded as 1
for presence and −1 for absence.

Morise Score

Morise et al20 studied 915 consecutive patients without a
history of previous myocardial infarction or coronary
artery bypass surgery who were referred to the exercise
laboratory at West Virginia University Medical Center,
Morgantown, between June 1981 and December 1994 for
evaluation of coronary disease. All patients had coronary
angiography within 3 months of the exercise test. The
patients were classified as having disease if there was at
least a 50% lumen diameter narrowing in 1 or more ves-
sels, and using this criterion, the prevalence of disease in
their population was 41%. Morise et al generated both
pre-exercise and postexercise logistic regression equa-
tions. The Morise pre-exercise test intercept and variables
are as follows:

−3.6+(0.08�Age)−(1.3�Sex)+(0.6�Symptoms)
+(0.7�Diabetes)+(0.3�Smoking)

−(1.5�Body Surface Area)+(0.50�Estrogen)
+(0.3�Number of Risk Factors)

−(0.40�Resting Electrocardiogram).

Sex was coded as 1 for female and 0 for male. Symptoms
were classified into the 4 categories of typical, atypical,
nonanginal pain, and no pain and coded with the values
4, 3, 2, and 1, respectively. Diabetes was coded as 1 if pres-
ent and 0 if absent. Smoking was coded as 2 for current
smoking, 1 for any previous smoking, and 0 for never
smoked. Estrogen was coded as 0 for men and, for women,
1 for estrogen-negative (postmenopausal and no estro-
gen) and −1 for estrogen-positive (premenopausal or tak-
ing estrogen). Risk factors included history of hyperten-
sion, hypercholesterolemia, and obesity (body mass index
[calculated as weight in kilograms divided by the square
of height in meters], �27). Resting electrocardiogram was
coded as 0 if normal and 1 if there were QRS or ST-T wave
abnormalities.

The Morise posttest equation is as follows:

−0.12+(4.5�Pretest)
+(0.37�ST Depression in Millimeters)

+(1.0�ST Slope)
−(0.4�Negative ST)

−(0.016�Maximal Heart Rate).

Pretest is the pretest probability (0 to 1) derived from the
pretest equation. ST depression in millimeters was coded as
0 for women. ST slope was coded as 1 for down-sloping

Continued on next page
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RESULTS

Table 1 describes our patient population (N=599). No
significant differences were found in the 5 different phy-
sician data sheet samples.

PREDICTIVE ACCURACY

Table 2 shows the predictive accuracy using the 70%
probability cut point for the 5 groups of physicians com-
pared with the average of the 3 scores in the same pa-
tients reviewed by each physician group.

Consensus provided a significantly higher predic-
tive accuracy than did the physicians (69% vs 63%,
P � .01). These data, however, do not allow compari-
son among the different groups, because each group of
physicians provided probability percentages for differ-
ent patients.

PROBABILITY CLASSIFICATION

The next area of concern is the determination of the prob-
ability stratification of each patient. Per the definition pro-
vided to the reviewers, this demonstrates the accuracy with
which a physician determines whether a patient should un-
dergo further testing. The categories in which a patient could
have been placed are high probability, intermediate prob-
ability, and low probability. Because a patient classified in
the intermediate-probability group will undergo addi-
tional diagnostic tests to determine the presence of coro-
nary disease, it is difficult to draw any conclusions from
the data for patients in this category. However, high-
probability and low-probability categories provide critical
data. Patients who are in the low-probability group prob-
ably do not have cardiac catheterization or restriction of
their activities. If the patient has coronary disease and was
in the low-probability group, an incorrect assessment of
the likelihood of disease may result in a cardiac event that
could have been avoided. Also, if a physician considers a
patient without coronary disease to have high probability
of disease, he/she may undergo needless costly pro-
cedures that are not without risk. Table3 provides a com-
parison among the 5 groups of physicians and scores in the
number of patients with coronary disease who were con-

and 0 for up-sloping or horizontal. Negative
ST was coded as 1 if ST depression was less than 1
mm of depression horizontal or down-sloping or
if ST depression was less than 1.5 mm of up-
sloping.

Consensus of Scores

Our group previously validated a means to make
predictive equations more portable and self-
calibrating by requiring a consensus for patient
classification as to risk of coronary disease.18-20

These studies used 2 thresholds of each of the
computer-generated probability scores to separate
the population into 3 groups: low probability
(prevalence of coronary disease, �5%), intermedi-
ate probability (prevalence of coronary disease,
5%-70%), and high probability (prevalence of
coronary disease, �70%). Patients were classified
as having low or high probability if at least 2 of the
3 equations agreed, ie, there was a consensus by
majority. This approach avoids difficulties due to
differences in variable collection, test method,
missing data, and disease prevalence.

DATA ANALYSIS

The numerical probability must have a cut point to
separate normal and abnormal results to calculate test
diagnostic characteristics. A 70% probability was es-
tablished as the cut point for the physician esti-
mates, with predictions greater than or equal to 70%
indicating that the patient has coronary disease and
predictions less than 70% indicating that the patient
does not have coronary disease.

The probability predictions for the 5 groups of
physicians were entered into the database and com-
pared against the angiographic results of the
patients. Using the 70% cut point, the diagnostic
accuracy of predicting angiographic coronary
disease was established for each of the 5 groups
of physicians. The predictive accuracy of a group of
physicians is determined by adding the number of
true-positives results and true-negative results and
then dividing the sum by the total number of
patients. A true-positive result in the probability
percentage section results from the physician giving
a probability greater than or equal to 70% for a
patient with coronary disease. A true-negative result
is when the physician gives a probability less than
70% for a patient without coronary disease. A false-
positive result is when the physician gives a prob-
ability greater than or equal to 70% for a patient
without coronary disease. A false-negative result is
when the physician gives a probability less than
70% for a patient with coronary disease. The same
was done with the average of the probability esti-
mates generated by the 3 equations. The probabili-
ties computed from the scores and their averages
were also used to construct receiver operating char-
acteristic (ROC) curves for comparison of their
diagnostic (discriminatory) characteristics. P values
were calculated from the standard errors generated
for each area under the ROC curve.

Table 1. Clinical Characteristics of the 599 Study Patients

Variable Results

Patient age, mean ± SD (range), y 59 ± 10.6 (29-92)
Body mass index, mean ± SD, kg/m2 28.0 ± 4.6
Hypercholesterolemia, % 37
Diabetes, % 18
Currently smoking, % 32
Typical angina pectoris, % 32
Atypical angina pectoris, % 56
Maximum heart rate, mean ± SD, beats/min 129 ± 24
Maximum systolic blood pressure, mean ± SD,

mm Hg
168 ± 29

Metabolic equivalents, mean ± SD 7.5 ± 3.8
Abnormal ST depression response to

the exercise test, %
35

Angiographic coronary disease (�50), % 58
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sidered to have low probability of disease divided by the
total number of patients with coronary disease. The re-
sults show that scores performed better than did the phy-
sicians, with a sensitivity of 90% or more. A similar table
was constructed for patients who did not have coronary
disease but who were considered to have high probability
of developing the disease, and the scores outperformed the
physicians, with a specificity of approximately 90%. In ad-
dition, the scores performed better than did all 5 groups
of physicians by putting a higher percentage of patients with
coronary disease into the high-probability category.

ROC CURVES

The ROC curves were plotted for the physician groups
and the amount of horizontal ST depression, and the av-
erage of the 3 scores was used for consensus (Figure).
The area under the curve of the scores was significantly
greater than that for the other methods for diagnosis. This
can also be seen in Table 4.

COMMENT

Although scores based on exercise testing data have been
advocated for years, only 3 previous studies have com-
pared them with physician estimates of disease. De-
trano et al21 performed one of the first such studies. They
derived a score for estimating probabilities of signifi-
cant and severe coronary disease, then they validated and
compared it with the assessments of cardiologists. The
score performed at least as well as did the physicians when
the latter knew the identity of the patients. The clini-
cians were more accurate when they did not know the
identity of the subjects but worked from tabulated ob-
jective data. Detrano and colleagues concluded that the
application of scores or consultation with cardiologists
not directly involved with patient management might re-
sult in more rational assessments and decision making.

Hlatky et al22 validated 2 scores by comparing their di-
agnostic accuracy with that of cardiologists. Ninety-one
cardiologists participated in the study; each evaluated the
clinical summaries of 8 randomly selected patients who
had complete evaluations, including coronary angiogra-
phy. The scores outperformed these cardiologists. A third
study23 considered scores for prognosis (rather than di-
agnosis), with clinical summaries for 100 patients sent
to 5 senior cardiologists at 1 center. Again, the scores out-
performed these cardiologists. Our study was larger and
included different groups of physicians, validating the re-
sults of these earlier studies that showed that scores can
predict angiographic results as well as physicians can.

We are not advocating that these scores replace phy-
sician judgment. The scores can be thought of as provid-
ing a readily available second opinion or consultation. The
scores can also reassure nonspecialists that their decision
to either manage the treatment of a patient themselves or
refer that patient to a cardiologist is consistent with medi-
cal knowledge. Certainly, if a patient’s symptoms reoccur
or are not manageable, reassessment by the physician will
lead to referral. In addition, by using the scores to objec-
tively stratify probability, a management strategy be-
comes available that is more practical than the traditional
interpretation of abnormal or normal exercise test results.
Because the ability of scores based on any test to detect coro-

Table 2. The Predictive Accuracy of the Physician Groups Compared With the Scores

Expert
Cardiologists

(n = 45)

Random
Cardiologists

(n = 37)

Random
Internists
(n = 29)

Academic
Cardiologists

(n = 13)

Academic
Internists
(n = 27)

Predictive accuracy, % (No.) 64 (215/336) 62 (80/129) 57 (60/106) 67 (68/102) 66 (115/174)
Predictive accuracy of the scores in the same patients, % 69 63 70 71 71

Table 3. Comparison of the 5 Groups of Physicians
and Scores for the Classification of Patients
With Coronary Artery Disease (CAD) as Having
Low Probability of Having Coronary Disease

Physician Group

Patients With CAD
Considered Low

Probability, % (No.)
Scores, %

(No.)

Expert cardiologists 11 (23/204) 6 (12/204)
Random cardiologists 15 (12/79) 8 (6/79)
Random internists 12 (7/57) 11 (6/57)
Academic cardiologists 5 (3/61) 8 (5/61)
Academic internists 12 (13/113) 10 (11/113)

1.00

0.75

0.50

0.25

0.00 0.25 0.50 0.75 1.00
1–Specificity

Se
ns

iti
vi

ty
Consensus of Scores (0.76)
Expert Cardiologists (0.70)
ST Depression (0.64)

Receiver operating characteristic curves for the expert cardiologists estimates,
the amount of horizontal ST depression, and the average of the 3 scores used
for consensus. Straight line represents no descriminating value.
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nary disease remains imperfect, physicians will always be
paramount in the decision process. However, decision mak-
ing has been greatly improved in a wide range of endeav-
ors through the use of scores.2

Although numerous studies have shown that scores
enhance the discriminatory power of the standard, in-
expensive, and widely available exercise test, scores have
not been widely applied. There has always been a ten-
dency to replace the old with the new in medicine de-
spite evidence of only marginal improvement.24 Al-
though imaging has certain advantages in patients with
certain electrocardiogram abnormalities and for local-
ization of ischemia, it is better applied in patients with
chest pain when these advantages are the issues at hand.
Certainly, most initial testing is best accomplished with
the less expensive technology. We hope now that we have
validated scores by comparing them with the interpre-
tive abilities of a large number of expert cardiologists,
physicians and other health care practitioners have the
evidence to apply the strategy we have suggested. Al-
though not designed as a cost-efficacy analysis, simple
mathematical modeling allows demonstration of consid-
erable savings. Also, our approach follows current health
care mandates to empower nonspecialists yet ensure ac-
cess to specialty care.

Legal liability and related issues are possible rea-
sons that nonspecialists may refer patients to cardiolo-
gists, who may then recommend catheterization for those
patients who have a low to intermediate probability of
coronary disease. The decisions generated by the scores
are not influenced by such liability or recent personal ex-
periences with a rare bad outcome. Since the scores are
objective and cited in the guidelines, they can shield phy-
sicians from such concerns.

Limitations to our study include its retrospective de-
sign, workup bias, lack of outcomes data, lack of women,
and no formal cost-efficacy component. Another con-
sideration is that the physicians did not interview or ex-
amine the patients themselves. However, we hope that
our findings will encourage investigators to perform stud-
ies that overcome these limitations. At first, the low re-
sponse rates seem to be a limitation, but if anything, they
favor the physician groups, since those physicians with
experience and confidence in their ability to diagnose
coronary disease would be more likely to respond. Al-
though the consensus of scores we applied could be con-
sidered complicated, a single score, such as our simple
score,18 validated in a clinical setting, would be just as
effective.

In our study, scores did as well as or better than
physicians in estimating the probability of clinically sig-
nificant angiographic coronary artery disease.
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Table 4. Comparison of Area Under the Receiver
Operating Characteristic Curves for Physician Groups
With Treadmill Scores

Experts
Random

Cardiologists
Random
Internists

Academic
Cardiologists

Academic
Internists

Area under the curve
ST depression 0.64 0.67 0.57 0.71 0.71
Physician 0.70 0.58 0.61 0.73 0.71
Score 0.76 0.73 0.76 0.71 0.80
P value .046 .003 .006 .34 .02
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