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CLINICAL PREDICTION MODELS

may be helpful for medical
decision making1 as patients
judged to be at higher risk

may receive more aggressive surveil-
lance and/or earlier treatment, while pa-
tients estimated to be at lower risk may
be reassured and managed less aggres-
sively.2,3 By using simple yet valid risk
calculations, clinicians can accurately
advise patients about their likelihood
of an event, and how this likelihood
translates into treatment decisions.

The acute coronary syndrome (ACS)
encompasses a continuum of condi-
tions ranging from ST-segment eleva-
tion myocardial infarction (STEMI) to
non–ST-segment elevation myocardial
infarction (NSTEMI) and unstable an-
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Context Accurate estimation of risk for untoward outcomes after patients have been
hospitalized for an acute coronary syndrome (ACS) may help clinicians guide the type
and intensity of therapy.

Objective To develop a simple decision tool for bedside risk estimation of 6-month
mortality in patients surviving admission for an ACS.

Design, Setting, and Patients A multinational registry, involving 94 hospitals in 14
countries, that used data from the Global Registry of Acute Coronary Events (GRACE) to
develop and validate a multivariable stepwise regression model for death during 6 months
postdischarge. From 17142 patients presenting with an ACS from April 1, 1999, to March
31, 2002, and discharged alive, 15007 (87.5%) had complete 6-month follow-up and
represented the development cohort for a model that was subsequently tested on a vali-
dation cohort of 7638 patients admitted from April 1, 2002, to December 31, 2003.

Main Outcome Measure All-cause mortality during 6 months postdischarge af-
ter admission for an ACS.

Results The 6-month mortality rates were similar in the development (n=717; 4.8%)
and validation cohorts (n=331; 4.7%). The risk-prediction tool for all forms of ACS iden-
tified 9 variables predictive of 6-month mortality: older age, history of myocardial in-
farction, history of heart failure, increased pulse rate at presentation, lower systolic blood
pressure at presentation, elevated initial serum creatinine level, elevated initial serum car-
diac biomarker levels, ST-segment depression on presenting electrocardiogram, and not
having a percutaneous coronary intervention performed in hospital. The c statistics for
the development and validation cohorts were 0.81 and 0.75, respectively.

Conclusions The GRACE 6-month postdischarge prediction model is a simple, ro-
bust tool for predicting mortality in patients with ACS. Clinicians may find it simple to
use and applicable to clinical practice.
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©2004 American Medical Association. All rights reserved. (Reprinted) JAMA, June 9, 2004—Vol 291, No. 22 2727



gina.1,4-8 Numerous risk-prediction mod-
els for differing outcomes exist for the
different types of ACS.5,9 Most models
have been developed from large random-
ized clinical trial populations in which

the generalizability to risk prediction in
the average clinician’s experience is ques-
tionable.6-10

We were interested in developing a
simple risk-prediction tool that would

be applicable to all types of ACS,
would focus on an important clinical
end point of all-cause mortality, and
be developed in patients who are
similar to those encountered in rou-
tine clinical practice.

METHODS
The Global Registry of Acute Coronary
Events (GRACE) is a multinational co-
operative effort involving 94 hospitals in
14 countries that has been designed to
reflect an unbiased, representative popu-
lation of patients with ACS. Full details
of the GRACE methods have been pre-
viously published.11,12 For this analysis,
patients had to be at least 18 years old
and alive at the time of discharge, be ad-
mitted for ACS as a presumptive diag-
nosis (ie, have symptoms consistent with
acute myocardial ischemia), and have at
least 1 of the following: electrocardio-
graphic changes consistent with ACS, se-
rial increases in serum cardiac biomar-
kers, and/or documentation of coronary
artery disease. The qualifying ACS must
not have been precipitated by signifi-
cant noncardiovascular comorbidity,
such as acute anemia or hyperthyroid-
ism. At approximately 6 months after
hospital discharge, patients were fol-
lowed up to ascertain vital status. At each
enrolling hospital, study investigators
worked with their ethics or institu-
tional review board to obtain appropri-
ate approval to participate.

To ensure enrollment of an unbi-
ased population, the first 10 to 20 con-
secutive eligible patients were re-
cruited from each site per month. Data
were collected by trained coordina-
tors using a standardized case report
form. Demographic characteristics,
medical history, presenting symp-
toms, biochemical and electrocardio-
graphic findings, treatment practices,
and a variety of hospital outcome data
were collected. Standardized defini-
tions for all patient-related variables and
clinical diagnoses were used.11,12 At dis-
charge, all cases were assigned to
STEMI, NSTEMI, or unstable angina
categories.11,12 Standardized defini-
tions were used for selected hospital
complications and outcomes.11

Table 1. Baseline Characteristics of Patients in the GRACE Model*

Characteristics

Development
Cohort

(n = 15 007)

Validation
Cohort

(n = 7638)

Vital Status
Unknown
(n = 5116)

Age, y
Mean (SD) 65 (13) 65 (13) 65 (13)

Median (IQR) 66 (55.5-74.6) 66 (55.4-75.3) 66 (55.0-75.0)

Men 9966 (66.8) 5061 (66.8) 3493 (67.9)

Medical history
Coronary artery bypass graft 1997 (13.4) 1005 (13.2) 570 (11.1)

Diabetes mellitus 3511 (23.5) 1894 (24.9) 1213 (23.5)

Hypertension 8683 (58.2) 4574 (60.2) 3115 (60.5)

Myocardial infarction 4778 (32.0) 2277 (30.0) 1480 (29.0)

Percutaneous coronary intervention 2283 (15.3) 1392 (18.3) 873 (17.0)

Hyperlipidemia 6786 (45.6) 3691 (48.7) 2330 (45.4)

Prior or current smoking 8611 (57.8) 4437 (58.3) 2983 (57.8)

Congestive heart failure 1504 (10.1) 729 (9.6) 485 (9.4)

Prior medical therapy
Aspirin 6496 (43.4) 3196 (41.9) 1900 (36.7)

Thienopyridines 622 (3.5) 523 (6.9) 283 (5.6)

ACE inhibitors 3803 (25.6) 2178 (28.7) 1311 (25.6)

�-Blockers 4603 (30.8) 2577 (34.0) 1519 (30.0)

Calcium channel blockers 3071 (20.8) 1400 (18.6) 946 (18.8)

Oral nitrates 3674 (24.6) 1592 (21.0) 1039 (20.3)

Digoxin 759 (5.2) 367 (4.9) 255 (5.1)

Diuretics 2634 (17.7) 1479 (19.6) 832 (16.2)

Statins 3362 (22.6) 2111 (27.9) 11 076 (21.0)

Signs and symptoms at presentation
Pulse, beats/min

Mean (SD) 79 (20) 79 (20) 79 (20)

Median (IQR) 76 (65-89) 76 (65-89) 76 (65-90)

Systolic blood pressure, mm Hg
Mean (SD) 143 (29) 143 (29) 142 (29)

Median (IQR) 140 (122-160) 140 (123-160) 140 (120-160)

Initial serum creatinine level, mg/dL†
Mean (SD) 1.2 (0.8) 1.2 (0.8) 1.2 (0.9)

Median (IQR) 1.0 (0.9-1.2) 1.0 (0.9-1.2) 1.0 (0.9-1.2)

Killip class‡
I 12 368 (84.2) 6416 (85.2) 4406 (86.8)

II 1863 (12.7) 885 (11.8) 517 (10.2)

III 268 (2.7) 200 (2.7) 115 (2.3)

IV 60 (0.4) 32 (0.4) 36 (0.7)

Cardiac arrest 179 (1.2) 93 (1.2) 52 (1.0)

Initial cardiac enzyme† 4999 (33.6) 3256 (44.0) 2178 (42.8)

ST segment
Deviation 7873 (52.5) 4055 (53.0) 2879 (55.5)

Depression 4813 (32.1) 2494 (32.7) 1603 (31.0)
Abbreviations: ACE, angiotensin-converting enzyme; GRACE, Global Registry of Acute Coronary Events; IQR, inter-

quartile range.
SI conversion factor: To convert creatinine to µmol/L, multiply by 88.4.
*Data are No. (%) unless otherwise specified. Patients may have had more than 1 comorbidity or used more than 1

medication.
†Value of the first serum creatinine or cardiac enzyme drawn following presentation to hospital for the acute event.
‡Degree of heart failure present on admission categorized by Killip class.
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Model Development
The primary end point was all-cause
mortality occurring within 6 months of
discharge from hospital. The model was
developed by using a multivariable Cox
proportional hazards regression back-
ward elimination technique.13 The fol-
lowing variables were included in the
stepwise Cox proportional hazards re-
gression: baseline characteristics, symp-
toms and signs at presentation, in-
hospital treatments and procedures, and
in-hospital complications. A backward
stepwise technique evaluated all poten-
tial univariate correlates (P�.25) to cre-
ate a multivariable model containing
variables with P�.05. No imputation
was performed on the final model. Im-
putation was tested but did not influ-
ence the identification of multivariate
predictors or the discriminative power
of the model for predicting death.14 All
variables in the final model met the as-
sumptions for proportional hazards.

The model accuracy was tested in sev-
eral ways. First, we developed the model
in all patients with ACS enrolled in
GRACE between April 1, 1999, and
March 31, 2002. The c statistic was ex-
tended to evaluate the discrimination
of survival analytic techniques.15 We
checked for any nonlinear relation-
ship between death and each variable
in the final model and found none. Se-
lected testing was performed for inter-
actions using the significant prognos-
tic variables from the final model based
on interactions that have been re-
ported from other published models.
Second, we tested the model in a vali-
dation cohort of consecutive patients
enrolled in GRACE between April 1,
2002, and December 31, 2003. Statis-
tical analyses were performed using SAS
version 8.2 (SAS Institute Inc, Cary,
NC) and S-Plus version 3.4 (MathSoft
Inc, Seattle, Wash).

The overall follow-up rate in our de-
velopment cohort was 87.5% for death.
A comparison of the patients with and
those patients without available fol-
low-up data demonstrated no signifi-
cant clinical differences in terms of
baseline characteristics, symptoms at
presentation, in-hospital treatments and

procedures, in-hospital outcomes, and
postdischarge outcomes.

Making the Model Usable
We developed a bedside prediction tool
that can be applied to either a pocket

card or a handheld device. Clinical pre-
diction variables were given weighted
scores based on the model’s variable co-
efficients. The prediction tool consid-
ers the variables taken from the final
model assigning a point total to each

Table 2. In-Hospital Treatments and Outcomes of Patients in the GRACE Model*

Characteristics

Development
Cohort

(n = 15 007)

Validation
Cohort

(n = 7638)

Vital Status
Unknown
(n = 5116)

Length of hospital stay, median (IQR), d
Patients who died 8 (5-12) 6 (3-10) NA

Patients discharged alive 6 (3-10) 6 (3-9) NA

In-hospital medical therapy and procedures
Catheterization in the absence of PCI

and CABG
2862 (19.3) 1456 (19.3) 1048 (20.3)

PCI 3945 (26.6) 2563 (34.0) 1651 (32.1)

CABG 719 (5.0) 355 (4.7) 193 (3.8)

Lytics 2457 (16.5) 1061 (14.1) 714 (14.0)

Aspirin 14 023 (93.6) 7197 (94.4) 4759 (92.0)

Thienopyridines 4688 (31.8) 3930 (52.0) 2287 (45.2)

ACE inhibitors 8380 (56.4) 4921 (64.8) 3236 (63.2)

�-Blockers 12 019 (80.6) 6414 (84.6) 4274 (83.3)

Calcium channel blockers 426 (28.6) 1832 (24.4) 1239 (24.6)

Unfractionated heparin 7869 (53.1) 3500 (46.4) 2417 (47.8)

Low-molecular-weight heparin 7371 (50.0) 4612 (60.8) 3086 (60.5)

Warfarin 965 (6.6) 504 (6.8) 322 (6.5)

Glycoprotein IIb/IIIa 2668 (18.0) 1932 (25.7) 1138 (22.4)

Digoxin 1269 (8.6) 573 (7.7) 352 (7.0)

Diuretics 4815 (32.4) 2589 (34.3) 1576 (31.4)

Statins 7347 (49.3) 5061 (67.0) 2216 (43.2)

In-hospital complications
Congestive heart failure 902 (6.5) 466 (6.6) 255 (5.3)

Cardiogenic shock 192 (1.3) 93 (1.2) 106 (2.1)

Atrial fibrillation 1119 (7.5) 516 (6.8) 348 (6.8)

Cardiac arrest 229 (1.5) 80 (1.1) 80 (1.6)

Sustained VT/VF 315 (2.1) 180 (2.4) 135 (2.6)

Atrioventricular block 266 (1.8) 128 (1.7) 108 (2.1)

Major bleeding 327 (2.2) 162 (2.2) 100 (2.0)

Renal insufficiency 378 (2.5) 206 (2.7) 120 (2.4)

Stroke 80 (0.5) 336 (0.4) 40 (0.8)

Recurrent ischemia 4265 (28.6) 1847 (24.4) 1065 (21.0)

Medical therapy at hospital discharge
Aspirin 12 158 (87.7) 6184 (90.2) 3998 (87.3)

Thienopyridines 3952 (29.0) 3198 (47.0) 1825 (40.6)

Warfarin 912 (6.7) 462 (6.9) 288 (6.6)

ACE inhibitors 7107 (51.6) 4159 (60.8) 2716 (59.8)

�-Blockers 9684 (70.2) 5263 (77.1) 3372 (74.3)

Calcium channel blockers 3259 (23.7) 1314 (19.4) 866 (19.3)

Digoxin 862 (6.3) 389 (5.9) 230 (5.2)

Diuretics 3149 (22.9) 1659 (24.5) 968 (21.5)

Statins 6963 (50.5) 4546 (66.7) 2624 (57.8)
Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; GRACE, Global Registry of

Acute Coronary Events; IQR, interquartile range; NA, not available; PCI, percutaneous coronary intervention; VT/VF,
ventricular tachycardia/ventricular fibrillation.

*Data are No. (%) unless otherwise specified. Patients may have had more than 1 in-hospital procedure or complica-
tion and used more than 1 medication at hospital discharge.
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variable, which allows a total point
score for each patient to be calculated.
This then is applied to a reference plot
nomogram, which shows the corre-
sponding risk of death. Alternatively,
the risk of death could be calculated us-
ing a handheld device. The clinical ap-
plication can be found at http://www
.outcomes-umassmed.org/grace.

RESULTS
Baseline characteristics, in-hospital
treatments, and outcomes of the 15007
patients used to develop the model (de-
velopment cohort), 7638 patients used
to test the model (validation cohort),
and 5116 patients for whom 6-month

vital status was unknown are shown in
TABLE 1 and TABLE 2. The mean age
was 65 years and 67% of the cohort
were men. Prior or current smoking and
hypertension were present as risk fac-
tors in more than half of the patients.
Approximately 45% of patients had a
diagnosis of hyperlipidemia and less
than 25% had diabetes mellitus.

The 6-month mortality risk was simi-
lar in the development (4.8%, n=717)
and validation cohorts (4.7%, n=331).
Nine multivariate predictors of mor-
tality were identified (TABLE 3). The
model calibrations were retained when
testing the model in an independent
validation cohort (Table 3 and
FIGURE 1). The model performed well
in all forms of ACS with a c statistic of
at least 0.70 (TABLE 4).

FIGURE 2 illustrates a method to es-
timate a patient’s risk depending on the
total score obtained by summing the in-
dividual scores for each of the 9 vari-
ables in the model. A similar nomo-
gram can be programmed into a
handheld device to make the risk cal-

culation automatic once the indi-
vidual variables have been entered.

COMMENT
We have developed and validated a
simple bedside prediction tool that can
be used to estimate a patient’s postdis-
charge risk of 6-month mortality in all
forms of ACS, regardless of their ini-
tial electrocardiogram or biomarker re-
sults. By using the power of the GRACE
registry (�25000 patients studied) and
focusing on the clinically relevant and
wholly unbiased end point of all-
cause mortality, we believe that clini-
cians may find this tool usable and re-
liable as they attempt to make key
diagnostic and treatment decisions
among patients hospitalized with ACS.

Previous risk tools have been pro-
posed in estimating in-hospital risk af-
ter admission for ACS,1,4,6-8 including
risk models developed from large clini-
cal trials or registry data by the Throm-
bolysis in Myocardial Infarction (TIMI)
clinical trials group.4,9 These models are
robust in predicting risk for specific end

Figure 1. Comparison of Predicted vs
Observed Mortality Rate for the Validation
Cohort
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Table 3. Multivariate Predictors for the 6-Month Postdischarge Mortality Model

Predictors �2

Hazard Ratio (95% Confidence Interval)

Development Cohort
(n = 15 007)

Validation Cohort
(n = 7638)

All Patients With ACS
(n = 22 645)

Age per 10-year increase 228.6 1.8 (1.64-1.91) 1.7 (1.48-1.86) 1.7 (1.63-1.84)

History of myocardial infarction 22.0 1.5 (1.26-1.75) 1.2 (0.88-1.50) 1.4 (1.20-1.59)

History of congestive heart failure 66.5 2.2 (1.79-2.59) 2.0 (1.50-2.70) 2.1 (1.80-2.47)

Pulse per 30/min increase 28.8 1.3 (1.16-1.43) 1.4 (1.20-1.66) 1.3 (1.23-1.47)

Systolic blood pressure per 20-mm Hg decrease 21.5 1.1 (1.08-1.20) 1.0 (0.92-1.19) 1.1 (1.06-1.17)

Initial serum creatinine level per 1-mg/dL increase* 28.1 1.2 (1.11-1.24) 1.2 (1.10-1.30) 1.2 (1.12-1.23)

Initial cardiac enzyme elevation* 33.3 1.6 (1.39-1.89) 1.5 (1.20-1.99) 1.5 (1.33-1.79)

ST-segment depression 19.2 1.4 (1.22-1.69) 1.6 (1.25-2.05) 1.5 (1.29-1.69)

No in-hospital PCI 14.8 1.6 (1.24-1.96) 1.5 (1.11-2.11) 1.9 (1.30-1.88)

c Statistic 0.81 0.75 0.77
Abbreviations: ACS, acute coronary syndrome; PCI, percutaneous coronary intervention.
*Value of the first serum creatinine or cardiac enzyme drawn following presentation to hospital for the acute event.

Table 4. Model Performance in the STEMI, NSTEMI, and Unstable Angina Groups

c Statistic

STEMI NSTEMI Unstable Angina

Development cohort 0.71 0.78 0.76

Validation cohort 0.76 0.78 0.70

All patients with ACS 0.80 0.78 0.75
Abbreviations: ACS, acute coronary syndrome; NSTEMI, non−ST-segment elevation myocardial infarction; STEMI,

ST-segment elevation myocardial infarction.
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Figure 2. GRACE Prediction Score Card and Nomogram for All-Cause Mortality From Discharge to 6 Months
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points and in the population in which
they have been studied. However, com-
parison between our methods and those
of the TIMI group elucidate the issue
of using prediction models in prac-
tice. For example, many ACS trials, in-
cluding the TIMI trial, have used a com-
bined end point that includes recurrent
coronary ischemia with a secondary end
point of ischemia requiring coronary re-
vascularization. This particular end
point is potentially troublesome be-
cause it is influenced by local practice
style in which the availability of a cath-
eterization laboratory may have more
to do with a decision to revascularize
than with patient characteristics.16,17 It
may also lead to inaccuracies in over-
all prediction. For instance, prior coro-
nary artery bypass graft surgery pre-
dicts an increased risk of death after
percutaneous coronary intervention but
a decreased likelihood of surgical coro-
nary revascularization in patients un-
dergoing coronary angioplasty.18 This
is because prior coronary artery by-
pass graft surgery is associated with a
worse complication rate after reopera-
tive coronary artery bypass graft sur-
gery, so surgeons may try to avoid it
where possible. In ACS, studies sug-
gest that at the extremes of older age
or serum creatinine clearance, inter-
ventionalists reduce their use of per-
cutaneous coronary intervention for
fear of complications, while at the same
time the risk of death steadily in-
creases.19 Finally, it is not clear that re-
vascularization is an event that should
be avoided. Given the benefits of an
early invasive strategy, revasculariza-
tion may be considered a good event,
and in our analysis was a predictor of
improved survival at 6-months post-
discharge.

Another limitation of prior ACS pre-
diction models relates to the arbitrary
separation into STEMI and non–ST-
segment elevation ACS populations. Be-
cause few models incorporate the en-
tire spectrum of patients with ACS,
physicians wishing to apply these mod-
els in routine practice need to be aware
of multiple risk scores for different types
of patients with ACS. In the GRACE

model, we were able to demonstrate
that diagnostic prediction for in-
hospital mortality is similar whether the
ST-segment deviation is elevation or de-
pression.14 In this analysis, we ex-
tended that observation to show that
one can robustly predict 6-month mor-
tality, regardless of whether the pa-
tient presents with STEMI, NSTEMI, or
unstable angina. The overall c statistic
is high (0.81) compared with other risk
models for combined end points such
as the TIMI risk model (0.65).9

How generalizable are prediction
tools? They are as generalizable as the
population from which they are de-
rived. In this way, we believe that the
GRACE model is unique. In so far as
we have studied consecutive patients,
observed in care at 94 hospitals, rep-
resenting 14 countries, and have used
a population-based enrollment wher-
ever possible, the GRACE registry
model may well be closer to real-
world practice than previous studies
limited to clinical trial populations or
single-region registries. As such, we be-
lieve that clinicians will find greater
confidence in its applicability in their
practices. Because it has been vali-
dated on patients enrolled in 2002 and
2003, clinicians can also feel confi-
dent that it is current.

GRACE is the largest multinational
registry study to include the entire spec-
trum of patients with ACS. It is de-
signed to be representative of regional
communities and uses standardized cri-
teria for defining ACS and hospital out-
comes and quality control and audit
measures. Given the overall number of
deaths in the development (n=717) and
validation (n=331) cohorts, one has in-
creased confidence of the robustness of
the model.

Risk-prediction tools are developed in
populations, not individuals. Although
the risk-prediction tools may inform
practitioners regarding the estimated
likelihood of complications in a pa-
tient, each individual patient is unique
and subject to many influences not mea-
sured or ascertained in clinical prac-
tice. Local practice referral patterns or
practice style may influence average risks

of patients being cared for by an indi-
vidual clinician. To the extent that
GRACE studies patients cared for all
over the world by hundreds of clini-
cians, it has an excellent chance to ad-
just for this variation to create a risk-
prediction instrument that is robust for
most situations. However, like indi-
vidual patients, each practice has its set
of unmeasured variation that may in-
fluence risks, such as socioeconomic sta-
tus, which was not considered in the cur-
rent model. The model is applicable to
patients hospitalized with ACS and dis-
charged alive, not patients being ob-
served in an emergency department.

In summary, our GRACE 6-month
postdischarge prediction model is a
simple robust tool for predicting death
in patients with ACS and has very good
discriminative ability. We believe that
clinicians will find it simple to use and
applicable to clinical practice.
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An education isn’t how much you have committed to
memory, or even how much you know. It’s being able
to differentiate between what you do know and what
you don’t.

—Anatole France (1844-1924)

PREDICTION MODEL FOR ACUTE CORONARY SYNDROMES

©2004 American Medical Association. All rights reserved. (Reprinted) JAMA, June 9, 2004—Vol 291, No. 22 2733


