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Background: The exercise treadmill test is recommended for risk
stratification among patients with intermediate to high pretest
probability of coronary artery disease. Posttest risk stratification is
based on the Duke treadmill score, which includes only functional
capacity and measures of ischemia.

Objective: To develop and externally validate a post–treadmill test,
multivariable mortality prediction rule for adults with suspected
coronary artery disease and normal electrocardiograms.

Design: Prospective cohort study conducted from September 1990
to May 2004.

Setting: Exercise treadmill laboratories in a major medical center
(derivation set) and a separate HMO (validation set).

Patients: 33 268 patients in the derivation set and 5821 in the
validation set. All patients had normal electrocardiograms and were
referred for evaluation of suspected coronary artery disease.

Measurements: The derivation set patients were followed for a
median of 6.2 years. A nomogram-illustrated model was derived on
the basis of variables easily obtained in the stress laboratory, in-
cluding age; sex; history of smoking, hypertension, diabetes, or
typical angina; and exercise findings of functional capacity, ST-
segment changes, symptoms, heart rate recovery, and frequent
ventricular ectopy in recovery.

Results: The derivation data set included 1619 deaths. Although
both the Duke treadmill score and our nomogram-illustrated model
were significantly associated with death (P � 0.001), the nomo-
gram was better at discrimination (concordance index for right-
censored data, 0.83 vs. 0.73) and calibration. We reclassified many
patients with intermediate- to high-risk Duke treadmill scores as
low risk on the basis of the nomogram. The model also predicted
3-year mortality rates well in the validation set: Based on an opti-
mal cut-point for a negative predictive value of 0.97, derivation and
validation rates were, respectively, 1.7% and 2.5% below the cut-
point and 25% and 29% above the cut-point.

Limitations: Blood test–based measures or left ventricular ejection
fraction were not included. The nomogram can be applied only to
patients with a normal electrocardiogram. Clinical utility remains to
be tested.

Conclusion: A simple nomogram based on easily obtained pretest
and exercise test variables predicted all-cause mortality in adults
with suspected coronary artery disease and normal electrocardio-
grams.
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Exercise treadmill testing is recommended for assessing
prognosis in patients with symptoms suggestive of cor-

onary artery disease and at least an intermediate probability
for disease, as assessed by age, sex, and symptoms (1). Cur-
rent guidelines focus on the Duke treadmill score, which
incorporates functional capacity, electrocardiographic evi-
dence of ischemia, and test-induced angina pectoris (2–4).
However, this scheme of risk stratification based primarily
on age, sex, symptom status, and the Duke treadmill score
does not take into account other simple historical measures
that have known diagnostic and prognostic value (5, 6), as
well as more recently discovered exercise test predictors of
risk (7), such as heart rate recovery (8–11) and stress-
related ventricular ectopy (12).

Because combining clinical and exercise variables im-
proves prognostic accuracy (13–15), we developed a prac-
tical prognostic model for all-cause mortality based on
measures that are easily obtained at the time of stress test-
ing and do not require blood testing. We then compared
this model with the current standard Duke treadmill score
and externally validated the model for its ability to accu-
rately identify low-risk persons for whom conservative
management would be appropriate. We focused on all-
cause mortality as an end point because, unlike cardiac

mortality, it is wholly unbiased, objective, and clinically
relevant (16, 17). For ease of use, we present this model as
a nomogram.

METHODS

Patients
Since September 1990, all patients undergoing any

type of stress testing at our institution have had demo-
graphic, clinical, and stress data entered prospectively into
a computerized database as part of routine clinical report-
ing (8, 9, 12). For our analysis, we focused on adult pa-
tients 30 years of age or older who were referred for symp-
tom-limited exercise treadmill testing for evaluation of
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suspected coronary disease between 1 September 1990 and
31 December 2002. None had known coronary disease,
heart failure, documented left ventricular systolic dysfunc-
tion, any type of cardiomyopathy, valvular or congenital
heart disease, previous renal or cardiac transplantation,
atrial fibrillation, digitalis use, pacemaker or defibrillator
placement, or end-stage renal disease. Furthermore, none
had any baseline electrocardiographic abnormalities, such
as Q-wave myocardial infarction, right or left bundle-
branch block, left ventricular hypertrophy with accompa-
nying repolarization abnormalities, preexcitation syn-
drome, or resting ST-T wave changes precluding exercise
interpretation (defined as �1 mm of horizontal or down-
sloping ST-segment depression 80 ms after the J point).
We focused on patients with normal electrocardiograms to
allow for ST-segment interpretation and to minimize the
likelihood of undiagnosed left ventricular systolic dysfunc-
tion (18). Our institutional review board granted permis-
sion to use electronically obtained clinical data for research
purposes and waived the requirement for informed con-
sent.

Clinical Data
As described elsewhere, all patients underwent a rou-

tine structured chart review and interview with prospective
data entry of demographic and clinical data before exercise
testing (8, 9, 12, 19). For our analysis, we focused on age,
sex, smoking history, diabetes mellitus, hypertension, and
history of typical angina (5, 6)—variables that can be easily
obtained in a stress laboratory without blood tests or access
to medical records and have been correlated elsewhere with
severe angiographic coronary disease and death (5, 6). We
considered patients who reported regular use of cigarettes
any time within the past year to be recent or current smok-

ers. We classified diabetes on the basis of whether it was
being treated regularly with insulin or treated with oral
agents only. If resting systolic blood pressure was at least
140 mm Hg, resting diastolic blood pressures was at least
90 mm Hg, or medications were regularly used for treating
elevated blood pressure, we considered hypertension to be
present. We considered typical angina present if, on report-
ing a history of chest pain or discomfort, patients answered
affirmatively to all 3 of the following questions: “Is the
pain or discomfort substernal?” “Is the pain or discomfort
brought on by physical or emotional stress?” and “Is the
pain quickly relieved by rest and/or use of nitroglycerin?”
We did not consider other symptoms, such as atypical an-
gina, dyspnea, or nonanginal chest pain, that were not
routinely recorded before 1 January 1996 (20). Trained
personnel prospectively recorded all clinical data online be-
fore exercise testing; they were blinded to both the hypoth-
esis of this study and the patient outcomes.

Exercise Testing
We performed symptom-limited exercise testing

mostly by using the Bruce and modified Bruce protocols;
protocol selection was based on aiming for a test that
would last 8 to 12 minutes. We estimated exercise capacity
in metabolic equivalents, where 1 metabolic equivalent is
an oxygen consumption of 3.5 mL per kg of body weight
per minute, and calculated the age- and sex-adjusted pro-
portion of predicted exercise capacity achieved by using
previously published regression equations (21). We mea-
sured ST-segment deviation to the nearest 0.5 mm and
considered it abnormal if horizontal or sloping away from
the isoelectric line at least 80 ms after the J point in at least
2 contiguous leads for at least 3 consecutive beats was ob-
served. We recorded exercise-induced angina as being test-
limiting or non–test-limiting. The Duke treadmill score (2,
3) was calculated as follows: (Bruce equivalent number of
minutes until test termination) � (5 � the amount of ST-
segment deviation in millimeters) � (4 � the angina in-
dex). ST-segment deviation had to be horizontal or sloping
away from the isoelectric baseline. The angina index had a
value of 0 if no angina occurred during exercise, 1 if non–
test-limiting angina occurred, and 2 if test-limiting angina
occurred. A score of 5 or greater was considered low risk;
between 5 and �10, intermediate risk; and less than �10,
high risk.

We calculated heart rate recovery as the difference be-
tween heart rate at peak exercise and that 1 minute later;
we considered a heart rate recovery of 18 or fewer beats/
min to be abnormal for patients undergoing stress echocar-
diography (10) and a heart rate recovery of 12 or fewer
beats/min to be abnormal for patients undergoing other
types of testing that used an upright cooldown (8, 9). If at
least 7 premature ventricular beats/min, frequent ventricu-
lar couplets, any ventricular triplets, nonsustained or sus-
tained ventricular tachycardia or torsade de pointes, or ven-
tricular fibrillation occurred in the first 5 minutes of

Context

How might we best stratify low-risk patients with normal
electrocardiograms but suspected coronary artery disease?

Contribution

This large prospective study evaluated a post–treadmill test
mortality prediction rule in adults with normal electro-
cardiograms and suspected coronary artery disease. A no-
mogram that included clinical variables (age, sex, smoking,
and diabetes) and treadmill variables (exercise capacity,
abnormal heart rate recovery, and ventricular ectopy dur-
ing recovery) better identified patients with less than a 3%
mortality rate over 3 years than did a standard Duke
treadmill score.

Implication

The nomogram warrants additional validation to verify
that it reliably identifies low-risk patients who need no
further cardiac work-up after a treadmill test.

—The Editors
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recovery, we considered frequent ventricular ectopy to be
present (12).

Outcomes
The primary outcome was all-cause mortality as deter-

mined with the Social Security Death Index (22). Accuracy
of this measure can be described in terms of specificity
(death has occurred when the Index indicates that it has)
and sensitivity (the Index indicates that death has occurred
when in fact it has). Previous investigators have demon-
strated specificity greater than 99% (22); we have shown
that, among patients seen in our exercise laboratory, the
sensitivity of the Index exceeds 95% (9). The final censor-
ing date was 1 May 2004. Data on cardiac deaths were not
available.

External Validation Data
In 2001, physicians from Kaiser Permanente Colo-

rado, Denver, Colorado, visited the stress laboratory of the
Cleveland Clinic, Cleveland, Ohio. They agreed to adopt
the Cleveland Clinic database and definitions for their
tests. After receiving local institutional review board ap-
proval in May 2006, they sent the Cleveland Clinic’s de-
identified data for analyses from consecutive patients who
underwent testing in Denver and met the same inclusion
and exclusion criteria as those of patients at the Cleveland
Clinic.

Statistical Analysis
We used the Kaplan–Meier method to describe sur-

vival according to the Duke treadmill score and tested dif-
ferences by using the log-rank chi-square statistic. We used
Cox proportional hazards modeling (23) to predict mortal-
ity rate based on all the variables listed in Table 1 because
they are easily measured, are routinely available, and have
theoretical support. Any angina during testing was consid-
ered a composite variable (angina scores of 1 and 2 were
combined) because relatively few patients had test-limiting
angina (angina score of 2). To allow for nonlinear associ-
ations, we used restricted cubic splines for continuous or
ordinal variables (24). We confirmed the proportional haz-
ards assumption for all variables by calculating scaled

Schoenfeld residuals and inspecting time-based hazard ra-
tio plots. We constructed our nomogram on the basis of
the results of the proportional hazards model.

Prediction model accuracy was assessed in 2 different
ways. First, we assessed model discrimination by measuring
the concordance index (c-index) for censored data after
10-fold cross-validation (25). The c-index is analogous to
the area under a receiver-operating characteristic curve,
where a value of 1 indicates perfect discrimination and 0.5
indicates only random discrimination. Second, we assessed
model calibration by grouping patients with regard to no-
mogram-predicted 10-year survival probabilities obtained
by 10-fold cross-validation and comparing the probabilities
with actual Kaplan–Meier survival rates.

We compared the predictions from our model with
those of the Duke treadmill exercise score. An obvious
concern is that the Duke treadmill exercise score was de-
rived on a different data set from that of our nomogram;
however, we obtained predictions from our model using
10-fold cross-validation, refitting the model to omit one
tenth of the data set and obtaining predictions for the
patients in the omitted tenth. Thus, we generated 10 mod-
els during this process and obtained a prediction for each
patient based on a model that did not contain that patient.
These cross-validated predictions were then compared with
the Duke treadmill scores.

In a supplementary analysis, we tested the multi-
variable model on the external validation data set from
Kaiser Permanente Colorado. As none of their patients
were followed for more than 4.3 years, we used the model
to identify a cut-point in the derivation set that would
yield a 3-year negative predictive value of 0.97. This value
was chosen because it is generally agreed that patients with
an estimated risk of 1% per year or less should be managed
conservatively. After identifying an optimal cut-point for
the chosen negative predictive value of 0.97, we calculated
event rates for patients below and above the cut-point in
the derivation and validation sets.

All analyses were performed by using SAS, version 9.1
(SAS Institute, Cary, North Carolina), or S-plus 2000 Pro-

Table 1. Demographic, Clinical, and Exercise Test Characteristics in the Derivation and Validation Data Sets

Characteristic Derivation Data Set
(n � 33 268)

Validation Data Set
(n � 5821)

Median age (25th, 75th percentiles), y 52 (45, 61) 55 (47, 64)
Male sex, n (%) 20 518 (62) 3188 (55)
Current or recent smoking, n (%) 5680 (17) 874 (15)
Non–insulin-treated diabetes mellitus, n (%) 1820 (5) 552 (9)
Insulin-treated diabetes mellitus, n (%) 665 (2) 107 (2)
Hypertension, n (%) 16 177 (49) 2416 (42)
Typical angina, n (%) 358 (1) 101 (2)
Median proportion of predicted exercise capacity achieved (25th, 75th percentiles) 1.03 (0.86, 1.21) 0.94 (0.78, 1.12)
Median ST-segment depression (25th, 75th percentiles), mm 0 (0, 0) 0 (0, 0)
Test angina, n (%) 486 (1) 465 (8)
Abnormal heart rate recovery, n (%) 5644 (17) 1535 (26)
Frequent ventricular ectopy in recovery, n (%) 1204 (4) 192 (3)
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fessional software (Insightful, Seattle, Washington) with
Harrell’s Design and Hmisc libraries (26). We derived sur-
vival probabilities at specific time points based on the no-
mogram by using the “nomogram” and “survfit” functions
of the Design library, whereas the c-index was calculated
by using the “rcorr.cens” function of the Hmisc library.

Role of the Funding Source
The National Heart, Lung, and Blood Institute pro-

vided funding for the study. The funding source had no
role in the design, conduct, or analysis of the study or in
the decision to submit the manuscript for publication.

RESULTS

Baseline and Exercise Characteristics
There were 33 268 patients (20 518 [62%] men) eli-

gible for analyses (median age, 52 years; 25th and 75th
percentiles, 45 and 61 years; range, 30 to 93 years). Among
these patients, 6187 (19%) and 115 (�1%) had Duke
treadmill exercise scores in the intermediate- or high-risk
categories, respectively. Only 1246 (4%) were referred for
testing as part of preoperative evaluation. Table 1 shows
the baseline characteristics. Among the 21 130 patients
who had testing after 1 January 1996, 4601 (22%) had
atypical angina, 1504 (7%) had nonanginal chest pain, 664
(3%) had dyspnea, 455 (2%) had palpitations, and 266
(1%) had dizziness as presenting symptoms. Among all
patients, 2989 (9%) were taking thiazide diuretics, 3559
(11%) were taking �-blockers, 1684 (5%) were taking
nondihydropyridine calcium-channel blockers, 1419 (4%)

were taking dihydropyridine calcium-channel blockers,
and 2949 (9%) were taking angiotensin-converting enzyme
inhibitors. During exercise, 2875 (9%) patients developed
between 1 mm and 2 mm of horizontal or downsloping
ST-segment depression and an additional 1376 (4%) pa-
tients developed ST-segment depression greater than 2 mm.

Duke Treadmill Exercise Score and All-Cause Mortality
The median follow-up among survivors was 6.2 years

(25th and 75th percentiles, 3.6 and 9.9 years; range, 1.3 to
13.7 years); 1619 patients died. Figure 1 shows the deaths,
by the Duke treadmill score. As the Duke treadmill score
decreased, the hazard for death increased (spline-based haz-
ard ratio for score of 5 vs. 10, 5.18 [CI, 4.52 to 5.94];
score of 0 vs. 5, 1.21 [CI, 1.13 to 1.29]; and score of �5
vs. 0, 1.17 [CI, 1.09 to 1.25]) (overall P � 0.001). The
c-index of the Duke treadmill score for prediction of death
was 0.73, indicating moderately good discrimination. Fig-
ure 2 shows calibration; predicted and actual risks differed
for some risk groups.

Nomogram Prediction of Death and Validation
Table 2 shows the results of multivariable Cox pro-

portional hazards modeling. Statistically significant predic-
tors of death include older age, male sex, current or recent
smoking, diabetes mellitus, lower exercise capacity, an ab-
normal heart rate recovery, and frequent ventricular ectopy
during recovery. Hypertension, history of typical angina,
ST-segment deviation, and test angina were not predictive
of death. A prespecified test for interaction between sex

Figure 1. Survival according to the Duke treadmill exercise score.
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and exercise capacity was not significant. Figure 3 shows
the nomogram based on our proportional hazards model.
The c-index for the model was 0.83, which is substantially
better than the value of 0.73 obtained for the Duke score
(P � 0.001).

Model validation indicated that the degree of opti-
mism was trivial, with essentially no change between the
c-index based on the original data set and that based on
10-fold cross-validation. Model calibration, again based on
10-fold cross-validation, was also excellent even after ac-
counting for optimism (Figure 4).

Table 3 compares the classification of patients as low
risk (0% to 3% mortality rate over 3 years) or intermediate
to high risk (�3% mortality rate over 3 years) by using the
Duke treadmill score versus our nomogram-based model.
Through use of the Duke score, 26% were classified as
intermediate or high risk, whereas the nomogram model
classified only 14% as intermediate or high risk. Among
the patients classified as intermediate or high risk by the
Duke score, the nomogram model reclassified 64% of
them as low risk. Among all patients, 21% were reclassi-
fied.

External Validation
The external validation data set included 5821 pa-

tients. These patients were older and were more likely to
have diabetes than patients in the derivation data set; they
were also more likely to have exercise-induced angina and
an abnormal heart rate recovery (Table 1). Over the max-
imum follow-up of 4.3 years, 62 deaths occurred. As
shown in Figure 5, mortality rates below and above the
optimal cut-point for a negative predictive value in the
derivation set of 0.97 were similar in both data sets. Thus,
the multivariable model generated from the derivation data
set appropriately and successfully identified a low-risk sub-
set in the validation data set.

Our model also discriminated well in the validation
data set, with a c-index of 0.774. In post hoc analyses,
consideration of clinical variables alone and a model of just

age and percent-predicted exercise capacity yielded lower
c-indexes of 0.749 and 0.755, respectively.

DISCUSSION

Analyzing the outcomes of a large cohort of more than
30 000 patients with suspected coronary artery disease and
a normal electrocardiogram, we developed and externally
validated a nomogram-illustrated model for predicting all-
cause mortality. This model incorporates pretest variables
that can be easily obtained in a stress laboratory without
any need for blood tests or previous medical records (5, 6).
Our model also takes advantage of recent advances in our
understanding of the prognostic value of stress testing by
including heart rate recovery (8, 9) and ventricular ectopy
during recovery (12). The model performs substantially
better than the Duke treadmill score both in discrimina-

Figure 2. Calibration plot for the Duke treadmill exercise
score based on 10-fold cross-validation.
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Table 2. Results of Cox Proportional Hazards Analysis

Characteristic Comparison Hazard Ratio
(95% CI)*

P Value

Age 61 y vs. 45 y 4.04 (3.53–4.62) �0.001
Male sex Present vs. absent 1.83 (1.63–2.04) �0.001
Current or recent smoking Present vs. absent 1.88 (1.67–2.12) �0.001
Non–insulin-treated diabetes mellitus Present vs. absent 1.31 (1.12–1.53) �0.001
Insulin-treated diabetes mellitus Present vs. absent 1.85 (1.50–2.28) �0.001
Hypertension Present vs. absent 0.98 (0.89–1.09) 0.77
Typical angina Present vs. absent 1.20 (0.77–1.87) 0.43
Proportion of predicted exercise capacity achieved 1.21 vs. 0.86 0.53 (0.49–0.58) �0.001
ST-segment depression 2.0 vs. 0 1.09 (0.95–1.25) 0.23
Test angina Present vs. absent 0.77 (0.50–1.20) 0.25
Abnormal heart rate recovery Present vs. absent 1.46 (1.31–1.62) �0.001
Frequent ventricular ectopy in recovery Present vs. absent 1.23 (1.02–1.49) 0.032

* Hazard ratios for continuous and ordinal variables take into account nonlinear associations.
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tion (c-index, 0.83 vs. 0.73; P � 0.001) and calibration
(Figures 2 and 4), even when penalized for its derivation
from an internal data set.

Other studies (27) have shown that expanded models
outperform the Duke treadmill score for diagnosing coro-
nary disease; our model demonstrates better performance
for predicting all-cause mortality. The better performance
of the new model makes it possible to confidently identify
more low-risk patients in whom further work-up studies,
such as cardiac imaging or coronary angiography, would
not be needed. This is evident from Table 3, as 64% of the
patients identified as intermediate or high risk by the Duke
treadmill score were reclassified as low risk with our model.

An important advantage of our Cox proportional haz-
ards model is that it readily incorporates nonlinear associ-
ations between risk factors and hazard of death. However,
nonlinear spline-based coefficients are difficult to interpret
or readily apply to real clinical practice. Therefore, we
present the model as a nomogram and also as a simple,
user-friendly software application (available free at http:
//clinicriskcalculators.org), whereby a user can enter in val-
ues for the variables listed in Table 1 and obtain instant
predicted mortality risks.

Most variables on the nomogram have intuitive inter-
pretations. Obvious exceptions were resting typical and test
angina: Patients who experienced test angina had better
survival than those who did not. The effect of test angina
in the statistical model is not significant (P � 0.20). How-
ever, we did not remove the variable from the model, nor
did we limit the model to those variables that were signif-
icant on univariable analysis, because either approach is
inferior in accuracy to simply fitting the full model (24,
26). As a general rule, variable selection and univariable
screening based on statistical significance reduce predictive
accuracy of the final model because the variables that re-
main after this process have overstated effects; their coeffi-
cients are biased high in absolute value. A possible expla-
nation for this counterintuitive relationship is that patients
obtain points on the nomogram from each variable in our
multivariable model. Therefore, the patient who experi-
ences angina may actually have more nomogram points
because of the effects of other variables. For example, the
patient who experiences angina and has his test stopped
prematurely will have a lower recorded exercise capacity
and thus more nomogram points from the “percent-pre-
dicted metabolic equivalents” variable. In other words, pa-
tients who experience test angina but do not get test angina

Figure 3. Nomogram of multivariable proportional hazards
prediction model for all-cause mortality.

To determine risk, draw a vertical line from each risk marker to the top
line, labeled “POINTS,” to calculate points for each risk marker. The
sum of all these points is then marked on the line labeled “TOTAL
POINTS.” Drop vertical lines from there to yield the 3- and 5-year
survival probabilities. For binary variables, 1 means yes and 0 means no.
MET � metabolic equivalent.

Figure 4. Calibration curve for 10-year nomogram prediction
based on 10-fold cross-validation.
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nomogram points may be at higher risk once other vari-
ables are considered.

It is noteworthy that 2 of the 3 Duke treadmill score
variables, ST-segment deviation and test-induced angina,
were not predictive of risk. Similar observations have been
noted by others (28). One possible reason for this is that
the original sample from which the Duke treadmill score
was derived included only patients who were referred for
coronary angiography (2), whereas subsequent cohorts did
not have this potential selection bias (28).

We acknowledge some important limitations. Our no-
mogram-based model was derived from 1 cohort from a
single center, whereas the Duke treadmill score was derived
elsewhere and has been externally validated at multiple
centers (4, 9). We deliberately and systematically penalized
our model with serial 10-fold cross-validations and incor-
porated only variables that had previously been validated in
non–Cleveland Clinic cohorts. We also externally validated
the model by using data from patients cared for at Kaiser
Permanente Colorado.

We did not include other variables that are known to
be strongly predictive of risk, such as left ventricular ejec-
tion fraction, lipid panels, and renal function. We doubt
that left ventricular ejection fraction would have substan-
tially improved our model fit, given that all patients had a
normal electrocardiogram (18). Assessment of renal func-
tion and lipid status requires a blood test; we deliberately
restricted our model to variables that would not require a
blood test or even access to medical records. Although one
might think that such test results would be routinely avail-
able, only 56% of patients in the Kaiser Permanente Col-
orado validation cohort had a lipid profile within the pre-
vious 3 months and only 23% had their creatinine levels
measured. Importantly, the nomogram-illustrated model
discriminated and calibrated well despite the exclusion of
these variables.

Only a few patients presented with typical angina. The
performance of stress testing in asymptomatic patients is
the subject of considerable debate (11, 29, 30), although

the importance of symptoms for assessing prognosis has
also been challenged (20). The lack of association between
death and typical angina (or such standard risk factors as
hypertension) when considering exercise variables is consis-
tent with previous reported findings from other centers (28).

We did not measure cardiac deaths, but we focused
instead on all-cause mortality as a wholly unbiased and
objective end point (16, 17). Other investigators have val-
idated the Duke treadmill score or functional capacity as
predictive of all-cause mortality (4, 28). Because few high-
risk patients were in our cohort, we can only comment on
distinguishing patients who are at low risk (for whom fur-
ther cardiac work-up would not be indicated) and those at
intermediate or high risk (for whom some kind of work-up
would be indicated).

Finally, the clinical utility of our nomogram has not
been formally tested. Ideally, a randomized trial could be
performed in which patients, providers, or both are ran-
domly assigned to use or nonuse of the nomogram. End
points could include appropriate utilization of other car-
diac tests (such as nuclear imaging or angiography) and
clinical events.

Table 3. Classification of 3-Year Risk according to Duke Treadmill Score and Multivariable Nomogram-Based Models

Duke-Predicted Risk Nomogram-Predicted Risk

0–3% >3% Total Patients

0–3%
Patients, n 18 877 1316 20 193
Events, n (%) 148 (0.8) 82 (6.2)
Kaplan–Meier score (95% CI)* 0.007 (0.006–0.008) 0.053 (0.043–0.065)

>3%
Patients, n 4560 2582 7142
Events, n (%) 81 (1.8) 271 (10.5)
Kaplan–Meier score (95% CI)* 0.015 (0.012–0.019) 0.084 (0.075–0.094)

Total patients, n 23 437 3898 27 335

* 3-year mortality rate.

Figure 5. Three-year mortality rates in the derivation and
validation data sets.
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Despite these limitations, we found that our nomo-
gram-illustrated model works well for predicting all-cause
mortality among patients with normal electrocardiograms
who are referred for exercise testing to evaluate suspected
coronary artery disease. The nomogram outperformed the
current standard Duke treadmill score in both discrimina-
tion and calibration. Because the variables included in the
nomogram are all easily obtained within the stress labora-
tory, consideration should be given to routinely including
them within the standard clinical risk stratification report.
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