JOURNAL OF WOMEN'S HEALTH . p
Volume 00, Number 00, 2017 Original Article

© Mary Ann Liebert, Inc.
DOI: 10.1089/jwh.2016.5940

GRACE Score Validation in Predicting Hospital Mortality:
Analysis of the Role of Sex

Eva de-Miguel-Balsa, MD; Jaime Latour-Pérez, MD, PhD,' Anna Baeza-Romén, MD!
Cristina Amordés-Verdu, MD,' Juan Antonio Fernandez-Lozano, MD? and the ARIAM-SEMICYUC group

Abstract

Background: The GRACE (Global Registry of Acute Coronary Events) risk score is recommended for risk
stratification in acute coronary syndrome (ACS). It does not include sex, a variable strongly associated with
ACS prognosis. The aim of this study was to examine if sex adds prognostic information to the GRACE score in
a contemporary population.

Materials and Methods: Analysis of discrimination and calibration of GRACE score in the validation popu-
lation, derived from the ARIAM-SEMICYUC registry (2012-2015). Outcome was hospital mortality. The
uniformity of fit of the score was tested in predefined subpopulations: with and without ST-segment elevation
myocardial infarction (STEMI and NSTEMI).

Results: A total of 9781 patients were included: 4598 with NSTEMI (28% women) and 5183 with STEMI (23%
women). Discriminative capacity of the GRACE score was significantly lower in women with STEMI com-
pared to men (area under the receiver operating characteristic curve [AUC] 0.82, 95% CI 0.78-0.86 vs. AUC
0.90, 95% CI 0.88-0.92, p=0.0006). In multivariate analysis, female sex predicted hospital mortality inde-
pendently of GRACE in STEMI (p=0.019) but not in NSTEMI ( p=0.356) (interaction p =0.0308). However,
neither the AUC nor the net reclassification index (NRI) improved by including female sex in the STEMI
subpopulation (NRI 0.0011, 95% CI —0.023 to 0.025; p=0.928).

Conclusions: Although female sex was an independent predictor of hospital mortality in the STEMI sub-
population, it does not substantially improve the discriminative ability of GRACE score.
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Introduction gram (non-ST-elevation myocardial infarction [NSTEMI]).
Treatment of STEMI addresses the urgent opening of the
C URRENT CLINICAL PRACTICE guidelines on diagnosis and  culprit artery, either using pharmacological thrombolysis or
treatment of acute coronary syndrome (ACS) recom- percutaneous coronary intervention (PCI). Where PCI is not
mend early ischemic risk stratification using prognostic tools  available or primary PCI cannot be achieved within 120
such as GRACE (Global Registry of Acute Coronary Events), minutes of diagnosis, thrombolytic therapy should be given.®
a score derived from a multinational registry, developedina  In high-risk NSTEMI, treatment is based on percutaneous
heterogeneous population without bias due to predetermined revascularization in the first 24—72 hours and is not an im-
inclusion criteria' and Thrombolysis in Myocardial Infarc- mediate emergency, with some exceptions.”’ In recent years,
tion (TIMI),>* derived from clinical trial cohorts in the ACS treatment has undergone many changes, e%pecially the
thrombolytic era.*” increasing use of percutaneous revascularization.*”

In ACS, the electrocardiographic pattern of ST elevation is The GRACE score applies equally to both types of ACS.
associated with acute thrombotic occlusion of an epicardial ~Although sex was considered in the development of the
artery (ST-elevation myocardial infarction [STEMI]). When GRACE score, it was not a statistically significant predictor
the occlusion is not complete or there is collateral flow in their ~ associated with hospital mortality.' Therefore, GRACE does
distal segments, no ST segment occurs in the electrocardio- not consider this parameter, even though the literature
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continues to present data supporting significant differences in
diagnosis and clinical outcomes between men and women,
both in NSTEMI'® and STEMI'"'? and also data suggesting
that they do not respond equally to the same treatments.'3-13
Despite these facts, the same prognostic tool for risk strati-
fication is used for both sexes. Thus, there may be opportu-
nities for adjustment based on this variable.'®

This study aims (1) to validate the prognostic accuracy of the
GRACE score (predicting in-hospital mortality) in a contem-
porary Spanish cohort; (2) to explore possible differences in the
prognostic accuracy of the GRACE score in women compared
to men; and (3) to determine whether the inclusion of sex as a
predictor improves discrimination of the GRACE score.

Materials and Methods

The validation population derives from the national,
hospital-based registry ARIAM-SEMICYUC (Analisis del
Retraso en el infarto Agudo de Miocardio de la Sociedad
Espafiola de Medicina Intensiva y Unidades Coronarias). It
includes consecutive adult patients (=18 years) admitted with
ACS within 48 hours of evolution to coronary/intensive care
units in Spain (63 centers over 16 regions), from January 1,
2012, to August 31, 2015. We excluded patients whose final
diagnosis did not confirm ACS.

The analysis was performed following the TRIPOD rec-
ommendations (Transparent Reporting of a multivariable
prediction model for Individual Prognosis or Diagnosis)."’

Complete data analysis was performed to hospital discharge.
We analyzed variables included in the GRACE score as well as
sex. The registry website (https://ariam.investigacion-intensivos
.org) calculates the GRACE score based on epidemiological,
laboratory, and electrocardiographic data collected in the regis-
try, according to published nomograms that assign a value to
each variable.! Data are anonymized, and the database conforms
to the data protection regulations in Spain.

The outcome was hospital mortality from all causes. For
ischemic risk stratification, the GRACE score (predicting in-
hospital mortality) was used.

All data were collected retrospectively, including the
GRACE score, independent of clinical management. Patients
were managed according to standard clinical practice, fol-
lowing the recommendations of clinical practice guidelines.

A descriptive analysis was performed according to the type
of ACS (NSTEMI and STEMI). STEMI was defined as
persistent ST-segment elevation in at least two contiguous
leads or new (or presumably new) left bundle branch block.
NSTEMI was defined as ST-segment depression, transient
ST-segment elevation, T wave changes in at least two con-
tiguous leads, or electrocardiogram unchanged. These defi-
nitions are in line with the current universal definition of
myocardial infarction.'® In the original design of the score,
cases were grouped into these same subgroups.' Univariate
analysis was performed using the chi-squared test, chi-
squared test for trends, and Mann—Whitney or Kruskal—
Wallis tests, as appropriate. For multivariate analyses, we
constructed various models of binomial logistic regression.
Hospital mortality was the response variable; the predictor
variables were the GRACE score, sex, type of ACS, and the
interaction term between sex and type of ACS.

The discriminative ability (ability of the score to distinguish
subjects with different outcomes) was assessed by calculating
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the area under the ROC (receiver operating characteristic) curve
(AUQC). Calibration (agreement between observed probabilities
and predicted probabilities of hospital death) was tested using a
linear regression model, dividing the GRACE score in 20 in-
tervals, as in the original study, and comparing the observed
mortality with the predicted probability of hospital death.' In
addition, we calculated the goodness of fit (Hosmer—Lemeshow
test), the Brier score, and Nagelkerke’s R? statistic.'” Finally,
we analyzed uniformity of fit in predefined subpopulations
(NSTEMI and STEMI) according to sex, comparing the AUCs
using nonparametric methods.”® The effect of sex on the re-
classification was analyzed by calculating the net reclassifica-
tion index (NRI).'

Analyses were performed with StatsDirect (version 3.0.167.
StatsDirect Ltd; Altrincham, Cheshire, United Kingdom), Stata
(version 13.1, Stata Corp, College Station, Texas), and Pre-
dictABEL, an R package designed for the evaluation of risk
prediction models.'

Results
Validation population

During the study period, we collected data on 11,036 patients
who met the inclusion criteria: 5188 patients (47%) with
NSTEMI and 5848 (53%) with STEMI. We ultimately analyzed
data on 9781 patients with available mortality data at hospital
discharge: 4598 patients with NSTEMI (28% women) and 5183
patients with STEMI (23% women). Cases of unstable angina
accounted for 19.2% (847/4598) of cases of NSTEMI, 18%
(596/3326) in males and 19.76% (251/1272) in women.

Although we could not make a direct comparison with the
original population described by Granger et al., there were
some large differences in the validation population, as a
higher percentage of STEMI (53% vs 35%), a higher per-
centage of percutaneous reperfusion (>65% in our popula-
tion, compared to 15%), and more severe disease (almost
10% of the patients in this series had Killip class >2 vs. 4%
of the original population) (Table 1).

The differences between men and women are shown in
Table 2. Women with NSTEMI were older (73 years vs. 67
years, p<0.0001) and presented with more heart failure at
admission (12.67% vs. 9.83%, p < 0.0001), but no differences
were found in cardiac catheterization (performed in 73.12%
men and 71% women, p=0.2083) or in hospital mortality
(5.03% vs. 5.26%, p=0.7532). In patients with STEMI, dif-
ferences were found in reperfusion therapy (77.51% in
women vs. 84.52% in men, p <0.0001). Cardiac catheterization
for PCI was performed in 2292/3332 men (68.72%) and 663/
996 women (66.56%), p<0.001. Women also had higher
hospital mortality (11.85% vs. 5.87%, p <0.0001).

Discrimination and calibration of GRACE score
in the validation population

The GRACE score had an AUC of 0.87 (95% CI 0.85-0.88
(Fig. 1). The calibration plot (Fig. 2) shows correlation between
observed and predicted results; with correlation coefficient
(1N=0.99 (95% CI 0.98-0.99). The Brier score (mean differ-
ences between predicted and observed values) was 0.044; with
R? Nagelkerke (proportion of the variation in mortality ex-
plained by the GRACE) of 0.34, indicating a moderate overall
performance. The Hosmer-Lemeshow goodness of fit test
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TABLE 1. DESCRIPTIVE ANALYSIS OF THE VALIDATION POPULATION

NSTEMI (n=4598), n % STEMI (n=5183), n %

Age (years) median (IQR) 69 (58-78) 64 (54-75)
Female sex 1272/4598 (27.66) 1206/5183 (23.27)
Diabetes 1657/4566 (36.29) 1285/4566 (24.98)
Tobacco use

Ex-smokers 1247/3892 (32.04) 1103/4513 (46.58)

Current smokers 1247/3892 (32.04) 2102/4513 (24.44)
Hypertension 3112/4569 (68.11) 2789/5140 (54.26)
Dyslipidemia 2674/4536 (58.95) 2435/5111 (47.64)
Prior MI 1228/4587 (26.77) 598/5173 (11.56)
Chronic renal disease 439/4595 (9.55) 195/5180 (3.76)
Heart failure 342/4589 (7.45) 125/5180 (2.41)
SBP (mmHg) median (IQR) 138 (120-155) 130 (110-150)
Heart rate (Ipm) median (IQR) 76 (65-90) 77 (65-90)
Creatinine (mg/dL) median (IQR) 0.96 (0.8-1.2) 0.90 (0.79-1.1)

Elevated cardiac enzyme levels
ST-segment deviation

4150/4570 (90.81)
1763/3878 (45.46)

4973/5117 (97.19)
5124/5124 (100)

Cardiac arrest at admission 83/4587 (1.81) 291/5175 (5.62)
Killip Class>II 488/4596 (10.62) 480/5179 (9.27)
Reperfusion (invasive strategy®) 2594/4597 (72.55) 4293/5183 (82.89)

Hospital mortality 239/4598 (5.2) 376/5183 (7.25)

Values are numbers (percentage) unless stated otherwise.

“In NSTEMI: realization of urgent (in the first 24 hours) and early (within the first 72 hours) coronary angiography. In STEMI,
reperfusion using primary percutaneous coronary intervention or thrombolysis.

IQR, interquartile range; MI, myocardial infarction; SBP, systolic blood pressure; NSTEMI, non-ST-elevation myocardial infarction;
STEMI, ST-elevation myocardial infarction.

showed significant differences (p=0.0218) between observed  mortality in patients with STEMI (p=0.0197), not in those with
and predicted results. NSTEMI (p=0.3563), with an interaction p-value of 0.0308.
Discriminative capacity of the GRACE score was significantly
. . . . lower in women with STEMI compared to men (AUC 0.82, 95%
Uniformity of fit of GRACE score in STEMI C10.78-0.86 vs. AUC 0,90, 95% CI 0.88-0.92, »=0.0006).
and NSTEMI subpopulations In the NSTEMI subpopulation, we did not observe significant

Considered together with the GRACE score in multivariate ~ differences (AUC in women 0.83, 95% CI 0.78-0.88 vs. AUC
analysis, sex was only an independent predictor of hospital in men 0.87, 95% CI 0.85-0.90, p=0.096) (Fig. 3).

TABLE 2. DESCRIPTIVE ANALYSIS OF STEMI AND NSTEMI SUBPOPULATIONS, ACCORDING TO SEX

STEMI NSTEMI
Men (n=3977), Women (n=1206), Men (n=3326), Women (n=1272),
n % n % p n % n % p

Age (years) median 61 (52-72) 73 (59-80) <0.0001 67 (57-T7) 73 (64-80) <0.0001

(IQR)
SBP (mmHg) 130 (112-150) 130 (110-150) 0.233 136 (120-153) 140 (120-160) 0.0036

median (IQR)
HR (Ipm) median 76 (65-89) 80 (65-90) 0.003 75 (65-88) 78 (67-90) <0.0001

(IQR)

Creatinine (mg/dL) 0.94 (0.80-1.11) 0.80 (0.67-1)  <0.0001 1 (0.82-1.22) 0.85 (0.7-1.1)  <0.0001
median (IQR)

Elevated cardiac 3828/3929 (97.43) 1145/1188 (96.38) 0.055 2999/3300 (90.88) 1151/1270 (90.63) 0.7942
enzyme levels

ST-segment deviation 3934/3934 (100)  1190/1190 (100) >0.9999 1299/2799 (46.41)  464/1079 (43) 0.0566

Cardiac arrest at 223/3971 (5.62) 68/1204 (5.65) 0.966 68/3316 (2.05) 15/1271 (1.18) 0.0478

admission
Killip Class>II 317/3974 (7.98)  163/1205 (13.53) <0.0001 327/3325 (9.83) 161/1271 (12.67)  0.0053
Reperfusion® 3359/3974 (84.52) 934/1205 (77.51) <0.0001 1926/2634 (73.12) 668/941 (70.99) 0.2083

Hospital mortality 233/3977 (5.86)  143/1206 (11.86) <0.0001  175/3326 (5.26) 64/1272 (5.03) 0.7532

Values are numbers (percentage) unless stated otherwise.

“In STEMLI: reperfusion using primary percutaneous coronary intervention or thrombolysis. In NSTEMI: urgent (in the first 24 hours) and
early (within the first 72 hours) coronary angiography.

HR, heart rate.
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FIG. 1. Discriminative ability of the GRACE score in the
validation population.

To determine the incremental value of sex beyond the
GRACE score, we again compared AUC adding the variable sex
to GRACE score. The discriminative ability of the GRACE
score did not improve substantially, with superimposable ROC
curves in both subpopulations (Fig. 4). Adding the variable sex
was not associated with significant improvement in reclassifying
patients with STEMI (NRI 0.0011, 95% CI —0.0236 to 0.0258;
p=0.92869).

Discussion

This study provides information on the prognostic accu-
racy of the GRACE score in the era of percutaneous re-
perfusion in ACS. We did not use the TIMI risk score,
developed in populations treated with thrombolysis, as it was
not considered representative of the clinical spectrum of
patients analyzed, mostly reperfused by PCI (Table 1).% As
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FIG. 2. Calibration of the GRACE score in the validation
population.
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FIG. 3. Discriminative ability of the GRACE score ac-
cording to sex.

our objective was to analyze the potential role of sex, an
additional reason not to choose a risk score based on clinical
trials is the underrepresentation of women in these trials.
The first conclusion of this external validation is the accept-
able performance of the score in the validation population,
based on the results of global measures of model performance
(Brier score=0.044 and Nagelkerke R? statistic=0.34), ROC
curves, and the calibration plot (Figs. 1 and 2). AUC is very
sensitive to sample size and event numbers, but although the
number of events in women is less than men, we think that the
possible underestimation representing the number of events is
negligible. The lack of adjustment according to the Hosmer—
Lemeshow test was expected given the sample size and cannot
be considered as evidence of miscalibration.® Therefore, after
more than 10 years of the development of the score and fol-
lowing the generalization of percutaneous reperfusion in ACS,
despite the differences presented regarding the population in
which the score was developed (mainly a higher percentage of
STEMI patients'), the GRACE risk score proved to be a robust
tool for predicting hospital mortality in our population. These
results are similar to other external validations in contemporary
populations.>**> Despite persistent differences in the era of re-
perfusion between men and women,?® the improvement in the
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FIG. 4. Added value of the variable sex in the discrimi-
native ability of GRACE.

NRI resulting from adding the sex variable to the GRACE risk
score was negligible (less than 1%).

Our result also supports the validity of the GRACE risk score
in the assessment of hospital mortality in both STEMI and
NSTEMI patients, although results suggest underperformance
of the GRACE risk score in women compared to men in the
STEMI subpopulation (Fig. 3). However, although female sex is
an independent predictor of hospital mortality in STEMI pa-
tients (with some evidence of subgroup effect), the discrimi-
native ability of the GRACE score did not substantially improve
by adding the variable sex (Fig. 4). The clinical usefulness of
this finding is limited. In STEMI patients, decision-making
about treatment does not depend on the systematic use of the
GRACE scoring system (as in NSTEMI) but on the delay from
onset of symptoms and on electrocardiographic characteristics.®
In both regards, there are significant differences between men

and women.'>?’” Prehospital delay was considered in the de-
velopment of GRACE score but was not included in the final
model.'

The aim of this analysis is not to explore the causal rela-
tionship between sex and hospital mortality, but to explore
whether the addition of the variable sex can improve the
predictive ability of a widely used score. Therefore, our
conceptual framework, in line with this objective, fits with a
predictive (and not explanatory) modeling, without focusing
on the causal relationship between the variables. Our results
may be limited to the population analyzed, with 11.3% of
missing hospital mortality data. This fact may introduce a risk
of bias to our findings due to the loss of information attrib-
utable to incomplete cases. However, other studies from our
group have shown these losses to be random and not asso-
ciated with hospital mortality.”® Another aspect that limits
the results refers to nonobstructive coronary disease. The
predictability of the GRACE score in patients with non-
obstructive CAD is not well established and might explain, at
least partially, the superiority of GRACE at predicting death
in men, compared to women, in whom the rate of non-
obstructive CAD is usually higher.?’ Unfortunately, we lack
quality data to include this in the analysis. Also, the analysis
of patients with unstable angina along with NSTEMI patients
may be a limitation. However, we consider that the risk of this
patient group is adjusted for the elevation of biomarkers in
the overall calculation of the score.

Conclusions

External validation of the GRACE risk score in a con-
temporary Spanish cohort with ACS shows that it is still
useful to predict hospital mortality in both STEMI and
NSTEMI populations. GRACE risk score has a worse diag-
nostic performance in women than in men, but adding the vari-
able sex to the score does not substantially improve its diagnostic
accuracy. It would be desirable to consider new specific scores
that adequately reflect the risk of women with STEMI.
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