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We aimed to explore the utility of multiple biomarkers with GRACE risk stratification for
non-ST-elevation myocardial infarction (NSTEMI). A total of 1,357 patients diagnosed
with NSTEMI were enrolled in this study at multiple medical centers in Tianjin, China.
The outcomes were 1-year all-cause death and major adverse cardiac events (MACE: all-
cause death, hospital admission for unstable angina, hospital admission for heart failure,
nonfatal recurrent myocardial infarction, and stroke). C-index, net reclassification
improvement (NRI), and integrated discrimination improvement (IDI) were calculated to
verify that the biomarkers improve the predictive accuracy of the GRACE score. A total
of 57 participants died, while 211 participants experienced 231 MACEs during follow-up
(mean: 339 days). For all-cause death, the combination of N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) and D-dimer improved the predictive accuracy of GRACE
the most, with C-index, IDI, and NRI values of 0.88, 0.085, and 1.223, respectively. For
MACE, trigeminal combination of NT-proBNP, fibrinogen, and D-dimer resulted in C-
index, IDI, and NRI values of 0.80, 0.079, and 0.647, respectively. As a result, NT-proBNP,
D-dimer, fibrinogen, and GRACE comprise a new scoring system for assessing 1-year clin-
ical events. Kaplan-Meier analysis revealed a significant increase in 1-year mortality
(score ≥3.85 vs <3.85, p < 0.0001) and 1-year MACE (score ≥1.72 vs <1.72, p < 0.0001)
between different score groups. In conclusion, the combination of NT-proBNP and
D-dimer added prognostic value to GRACE for all-cause death. Combining NT-proBNP,
fibrinogen, and D-dimer increased the prognostic value of GRACE for MACE. This newly
developed scoring system is strongly correlated with all-cause mortality and MACE, and
can be easily utilized in clinical practice. © 2020 Elsevier Inc. All rights reserved. (Am J
Cardiol 2021;140:13−19)
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Acute myocardial infarction is defined as cardiomyocyte
necrosis with clinical evidence of acute myocardial ische-
mia.1 Acute myocardial infarction is divided into non-ST-
elevation myocardial infarction (NSTEMI) and ST-eleva-
tion myocardial infarction (STEMI). NSTEMI has a higher
long-term mortality than STEMI, which is probably due to
a greater burden of co-morbidities and coronary artery dis-
ease.2,3 Current guidelines recommend using a risk score to
assess prognosis in patients with NSTEMI for stratified
management.4,5 The Global Registry of Acute Coronary
Events (GRACE) risk score provides the most accurate
stratification of ischemic risk, and an estimation of mortal-
ity rate and incidence of myocardial infarction.6 Moreover,
the “TACSO” trial has demonstrated that in NSTEMI with
a GRACE score >140, undergoing coronary angiography
within 12 hours of admission could reduce the risk of death
and myocardial infarction at 180 days.7 However, some
challenges remain unaddressed. First, the GRACE risk
score mainly assesses the occurrence of death and myocar-
dial infarction in acute coronary syndrome (ACS). Never-
theless, other cardiovascular adverse events, including
heart failure and revascularization still seriously affect
patient quality of life and should be considered in the risk
assessment. Second, GRACE risk score only incorporates
cardiac biomarkers (troponin T/I or CK-MB) and serum
creatinine. Some biomarkers have been shown to have a
high predictive value for prognosis, such as N-terminal pro-
B-type natriuretic peptide (NT-proBNP), high-sensitivity
C-reactive protein (hsCRP), and D-dimer.8−10 NT-proBNP,
hsCRP, and growth differentiation factor 15 have been rec-
ognized to enhance the predictive power of GRACE risk
score.11−15 However, the models constructed using these

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.10.050&domain=pdf
mailto:cuizhuang@tmu.edu.cn
mailto:gaojing2088@163.com
mailto:gaojing2088@163.com
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2020.10.050


14 The American Journal of Cardiology (www.ajconline.org)
studies have some drawbacks, including the inconvenience
associated with using biomarkers that are not routinely
monitored in clinical practice. In addition, no studies have
evaluated whether the addition of D-dimer to the GRACE
risk score could improve the ability to predict cardiovascu-
lar events. Therefore, there is a need to evaluate the prog-
nostic value of multiple biomarkers simultaneously focused
on NSTEMI patients and explore if these integrated bio-
markers provide additional information for the GRACE
risk score. The present study first investigated whether bio-
markers such as D-dimer combined with GRACE can
improve risk prediction for all-cause mortality and major
adverse cardiac events (MACE) in patients with NSTEMI.
Methods

This research represents a real-world, multicenter, pro-
spective, cohort study on the prognostic value of multiple
biomarkers in patients with NSTEMI. Research populations
were recruited at Tianjin Medical Center (Tianjin Chest
Hospital, Tianjin Fourth Central Hospital, Tianjin Medical
University General Hospital, Tianjin Third Center Hospital,
and Tianjin People’s Hospital) between January 2018 and
December 2018. All hospitals were required to enroll par-
ticipants continuously. MACE that occurred within 1 year
were censored. Inclusion criteria: (1) age >18 years; (2)
NSTEMI was defined as acute MI without ST-segment ele-
vation in electrocardiography at presentation and meeting
the following criteria: (1) clinical presentation was compat-
ible with myocardial ischemia; (2) dynamic elevation of
cardiac troponin above the 99th percentile of healthy indi-
viduals. Exclusion criteria: (1) Electrocardiogram with per-
sistent ST-segment elevation; (2) chest pain caused by
noncardiac causes, such as aortic dissection and pulmonary
embolism. The study was approved by the ethical commit-
tee of each hospital and all patients signed the informed
consent forms. This study is listed at ClinicalTrials.gov
(identifier: NCT03600259).

GRACE was used to assess risk stratification when
NSTEMI patients were admitted to the hospital. Eight vari-
ables were collected for all patients upon admission, includ-
ing age, systolic blood pressure, heart rate, serum
creatinine, Killip class, cardiac arrest, elevated cardiac bio-
markers, and ST deviation. These variables were then
included in the GRACE risk calculator (https://www.out
comes-umassmed.org/ risk_models_grace_orig.aspx) to
determine the final score.

Treatment therapy was systematically determined using
current clinical guidelines,5 physicians’ judgment, and
patient’s preference. All patients were expected to receive
the best medical treatment. The timing of coronary angiog-
raphy and revascularization strategy was determined by at
least two experienced operators.

Blood was collected within the first 12 hours after admis-
sion. All samples were centrifuged at 3000 g for 10 min to
obtain serum samples. Aliquots were stored at �80˚C until
measurement. Common clinical indicators (NT-proBNP,
hsTnT, CK, hsCRP, fibrinogen, and D-dimer) were mea-
sured using Roche Diagnostics (Mannheim, Germany).

The primary study outcome was 1-year all-cause mortal-
ity, including cardiac, vascular, and noncardiovascular
causes of death. The secondary outcome was 1-year
MACE, consisting of all-cause death, hospital admission
for unstable angina, hospital admission for heart failure,
nonfatal recurrent myocardial infarction, and stroke. Heart
failure was diagnosed according to the current guidelines16

from the European Society of Cardiology. The recurrent
myocardial infarction diagnosis was defined by the fourth
universal definition of myocardial infarction.1 Stroke was
identified by CT and/or MRI with signs of ischemia or
bleeding. Reviews of clinic visits and telephone interviews
were conducted for the 6-month and 1-year outcomes. Clin-
ical follow-up was performed at 1, 3, 6, and 12 months for
each participant.

The biomarker value was determined using logarithmic
transformation for normal distributions. Patient characteris-
tics were described according to quartiles for continuous
variables, and absolute and relative frequency for categori-
cal variables. In univariate analysis, parametric t tests, non-
parametric Wilcoxon-rank tests, and Wald Chi-squared
tests were used dependent on their distribution to examine
the difference between groups. Pearson’s correlation coeffi-
cient was calculated for the biomarkers. Since there is no
standard method for accessing the discrimination ability for
time-to-event data, receiver operating characteristic (ROC)
analyses were utilized to calculate the corresponding C-sta-
tistic, sensitivity, and specificity at optimal cutoff point
based on the Youden index maximization principle for
every biomarker.

Cox proportional hazards regression was used to evalu-
ate the biomarker effect on both primary and secondary out-
comes. In multivariable regression, the stepwise method
was utilized to reveal independent significant biomarkers.
The Kaplan-Meier curves for patients at risk were plotted
stratified by the optimal cutoff value for the calculated risk
score based on GRACE combined with biomarkers, and
compared with the log-rank test.

C-index was used to evaluate the discrimination of dif-
ferent models. However, comparing C-index is inefficient
to evaluate the relative merits of the new models. Thus, net
reclassification improvement (NRI) and integrated discrimi-
nation improvement (IDI) based on logistic regression were
calculated to evaluate added predictive ability of bio-
markers to the GRACE score. NRI involves classifying
patients into binary outcomes and evaluates how the new
model, updated using biomarkers, reclassifies these patients
compared with a previous model.17 IDI is a more sensitive
metric because it is free of arbitrary boundaries delineating
discrete categories of risk.18 Moreover, the subgroup analy-
ses were performed based on age (<75 or ≥75 years), sex,
left ventricular ejection fraction (left ventricular eject
fraction, <40 or ≥40%), and Killip classification (Killip <2
or ≥2). Analyses were performed using the SAS software
(version 9.4, SAS Institute, Cary, NC) and R version 3.4.3.
A 2-sided p < 0.05 was considered statistically significant.
Results

The study included 1,357 patients with NSTEMI, 93 of
whom were lost to follow-up. The mean follow-up time
was 339 days. A total of 57 (4.2%) all-cause death and 211
(15.6%) MACE cases were observed during 1-year follow-
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up (all-cause death in 57 patients, hospital admission for
unstable angina in 58 patients, hospital admission for heart
failure in 81 patients, nonfatal recurrent myocardial infarc-
tion in 29 patients, and stroke in 6 patients). Presentation
characteristics and biomarkers across different primary out-
come groups are shown in Table 1. NT-proBNP, hsTnT,
CK, hsCRP, fibrinogen, and D-dimer were significantly
higher in all-cause death patients than in patients without
all-cause death.

ROC analysis was used to assess the discrimination of
each univariate biomarker for a fundamental exploration of
biomarker prognostic value. NT-proBNP and D-dimer
exhibited good performance, with a C-index >0.7 in both
primary and secondary outcomes (Additional file, Table
S1). Logarithmic transformation was performed prior to
correlation analysis. Correlation among the biomarkers
was medium or low. The most correlated biomarkers were
Table 1

Characteristics and biomarkers of NSTEMI patients upon presentation

Characteristics All (n = 1357)

NO Event (n = 1

Age(years) 65 § 12 64 § 11

Men 945 (69.6%) 921 (70.9

Smoker 811 (59.8%) 773 (59.5

Hypertension 917 (67.6%) 879 (67.6

Diabetes mellitus 460 (33.9%) 433 (33.3

Hyperlipermia 994 (76.8%) 959 (77.2

No. of narrowed coronary arteries

1 177 (16.5%) 175 (16.7

2 245 (22.9%) 240 (22.9

3 623 (58.1%) 606 (57.8

LVEF (%) 51.33 § 9.86 51.62 § 9

Prior PCI 219 (16.1%) 212 (16.3

Prior CABG 73 (5.4%) 69 (5.3%

Baseline Medication

DAPT 1335 (98.4%) 1279 (98.4

b-blockers 1041 (76.7%) 995 (76.5

ACEI or ARB 862 (63.5%) 834 (64.2

Statins 1310 (96.5%) 1256 (96.6

Anticoagulants 1334 (98.3%) 1278 (98.3

Treatment therapy

Conservative treatment 472 (34.8%) 428 (32.9

PCI 770 (56.7%) 761 (58.5

CABG 115 (8.5%) 111 (8.5%

TC (mg/dl) 171.05 (144.74, 197.757) 171.83 (145.51,

TG (mg/dl) 138.22 (105.43, 193.15) 139.99 (106.32,

HDL (mg/dl) 37.54 (32.12,44.89) 37.54 (32.12,

LDL (mg/dl) 114.17 (89.78, 138.55) 114.55 (90.17,

GRACE score 127.48 § 34.32 125.66 § 3

NT-proBNP (pg/mL) 913.3 (366.5, 2471.0) 878.5 (355.45,

HsTnT (mg/L) 0.54 (0.24, 1.22) 0.53 (0.23, 1

CK (U/L) 209 (103, 489) 207 (103, 4

hsCRP (mg/L) 5.47 (2.26, 16.58) 5.33 (2.22, 1

Fibrinogen (g/L) 3.59 (3.13, 4.27) 3.57 (3.12, 4

D-dimer (mg/mL) 0.38 (0.27, 0.65) 0.37 (0.26, 0

Quantitative data are expressed as mean § SD (normal distribution) or median

homoscedasticity data. In other cases, Wilcoxon test was used. Category data w

squared test.

LVEF = left ventricular eject fraction; TC = total cholesterol; TG = triglyceride;

atine kinase; CABG = coronary artery bypass grafting; PCI = percutaneous corona

verting enzyme inhibitors; ARB = angiotensin receptor blocker; hsCRP = hyperse

peptide; hs-TnT = hypersensitive troponin T.
hs-TnT and CK, with a correlation coefficient of 0.53
(Additional file, Figure S1).

Dichotomized biomarkers were used based on optimal
cutoff points (Additional file, Table S2) for the Cox regres-
sion in both crude and adjusted models for clinical conve-
nience (Table 2). NT-proBNP and D-dimer were significant
independent biomarkers for all-cause death. NT-proBNP,
fibrinogen, and D-dimer were significant independent bio-
markers for MACE. The quartiles and continuous (logarith-
mic transformation) form were also used to validate the
results. The regression results were robust for both all-cause
death and MACE (Additional file, Tables S3 and S4).

Considering the robustness of NT-proBNP and D-dimer
for the prediction of all-cause death, all possible combina-
tions of NT-proBNP, D-dimer, and fibrinogen were tested
for MACE to evaluate the added predictive ability of bio-
markers (Table 3). Prespecified subgroup analyses revealed
All-cause death at 1 year Statistic pValue

300) Event (n = 57)

76 § 8 7.96 <0.0001
%) 24 (42.1%) 21.33 <0.0001
%) 38 (66.7%) 1.16 0.2806

%) 38 (66.7%) 0.02 0.8809

%) 27 (47.4%) 4.82 0.0282

%) 35 (68.6%) 2.00 0.1574

%) 2 (8.3%) 0.66 0.4160

%) 5 (20.8%) 0.06 0.8115

%) 17 (70.8%) 1.63 0.2015

.73 44 § 10.53 4.81 <0.0001
%) 7 (12.3%) 0.65 0.4186

) 4 (7.0%) 0.31 0.5755

%) 56 (98.3%) - 0.6139

%) 46 (80.7%) 0.53 0.4667

%) 28 (49.1%) 5.32 0.0210

%) 54 (94.7%) - 0.4442

%) 56 (98.3%) - >0.9999
48.50 <0.0001

%) 44 (77.2%)

%) 9 (15.8%)

) 4 (7.0%)

198.14) 188.08 (160.61, 215.56) 1.87 0.0608

194.92) 113.41 (93.03, 139.10) 3.61 0.0003

44.89) 38.7 (31.73,46.05) 0.33 0.7419

139.32) 105.65 (86.69, 127.71) 1.72 0.0848

3.34 169.04 § 30.04 8.54 <0.0001
2236.5) 9373 (3715, 15042) 9.11 <0.0001
.17) 1.54 (0.43, 2.56) 4.55 <0.0001
83) 252 (136, 585.5) 2.05 0.0400

5.08) 32.89 (5.86, 102.96) 5.68 <0.0001
.23) 4.49 (3.65, 5.26) 4.63 <0.0001
.60) 0.95 (0.50, 2.00) 6.81 <0.0001

(Q1, Q3; non-normal distribution). t test was used for normal distribution

ere described by absolute and relative frequency and tested by Wald Chi-

HDL = high-density lipoprotein; LDL = low-density lipoprotein; CK = cre-

ry intervention; DAPT = dual antiplatelet therapy; ACEI = angiotensin con-

nsitive C-reactive protein; NT-proBNP = N-terminal pro-B-type natriuretic



Table 2

COX proportional hazards model for 1-year all-cause death and MACE

Biomarkers Crude Adjusted*

HR (95%CI) p Value HR (95%CI) p Value

All-cause death

NT-proBNP 18.80 (9.74, 36.30) <0.0001 10.85 (4.19, 28.11) <0.0001
Hs-TnT 4.04 (2.39, 6.83) <0.0001
CK 1.88 (1.10, 3.20) 0.0207

hsCRP 5.67 (3.21, 10.00) <0.0001
Fibrinogen 4.41 (2.60, 7.49) <0.0001
D-dimer 6.70 (3.71, 12.07) <0.0001 2.44 (1.10, 5.38) 0.0092

MACE

NT-proBNP 5.71 (4.35, 7.49) <0.0001 3.06 (2.12, 4.42) <0.0001
Hs-TnT 2.30 (1.75, 3.03) <0.0001
CK 1.41 (1.08, 1.85) 0.0125

hsCRP 2.65 (2.02, 3.47) <0.0001
Fibrinogen 2.62 (2.00, 3.43) <0.0001 1.43 (1.05, 1.97) 0.0177

D-dimer 3.69 (2.81 ,4.86) <0.0001 2.12 (1.50, 2.99) <0.0001

*Adjusted significant baseline variables in Table 1 (age, gender, diabetes, left ventricular eject fraction, angiotensin converting enzyme inhibitors or angio-

tensin receptor blocker, treatment therapy, total cholesterol, triglyceride, and GRACE) and other biomarkers. In multivariable Cox stepwise regression, 0.05

level for entry was adapted.

MACE =major adverse cardiac events; CK = creatine kinase; hsCRP = hypersensitive C-reactive protein; NT-proBNP = N-terminal pro-B-type natriuretic

peptide; hs-TnT = hypersensitive troponin T.
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consistent results for all subgroups (Additional file, Tables
S4 and S5). Quartile results are shown in the Additional
file, Table S6.

Four variables (GRACE, NT-proBNP, fibrinogen, and
D-dimer) were used to build a new scoring system. The
cutoff points for all biomarkers were determined using
the Youden index. Group information and risk score
assignments are presented in Figure 1. Survival curves
for different risk score groups based on GRACE aug-
mented with biomarkers are represented in Figure 1.
The number of clinical events in the high-risk categories
(score ≥3.85 for all-cause death or score ≥1.72 for
MACE) was significantly higher than that in the low-
risk categories (p < 0.0001).
Table 3

C-index, IDI, and NRI for GRACE augmented by biomarkers

C-index

All-cause death at 1 year

GRACE 0.77

GRACE+ NT-proBNP 0.86

GRACE+ D-dimer 0.82

GRACE+ NT-proBNP+ D-dimer 0.88

MACE at 1 year

GRACE 0.73

GRACE+ NT-proBNP 0.78

GRACE+ Fibrinogen 0.76

GRACE+ D-dimer 0.76

GRACE+ NT-proBNP+ Fibrinogen 0.79

GRACE+ NT-proBNP+ D-dimer 0.79

GRACE+ Fibrinogen + D-dimer 0.77

GRACE+NT-proBNP+ Fibrinogen+ D-dimer 0.80

The added predictive ability of all significant biomarker combinations in mult

was designated continuous NRI (ranging from �2 to 2) in this manuscript.
Discussion

Using prospectively collected data for NSTEMI patients,
the present study demonstrated that multiple biomarkers (NT-
proBNP and D-dimer) measured upon hospital admission can
enhance the ability of the GRACE risk score to predict 1-year
all-cause mortality. Moreover, the addition of NT-proBNP, D-
dimer, and fibrinogen improved risk discrimination for 1-year
MACE (all-cause death, hospital admission for unstable
angina, hospital admission for heart failure, nonfatal recurrent
myocardial infarction, and stroke) beyond that achieved by
GRACE score alone. In addition, a new scoring system that
can successfully identify high-risk groups was developed
based on the GRACE score.
IDI NRI

Ref Ref

0.077 (0.061, 0.092) 1.208 (1.068, 1.486)

0.024 (0.012 ,0.035) 0.903 (0.669, 1.137)

0.085 (0.065, 0.105) 1.223 (1.014, 1.433)

Ref Ref

0.062 (0.044, 0.080) 0.783 (0.643, 0.924)

0.022 (0.012, 0.033) 0.455 (0.313, 0.598)

0.029 (0.018, 0.040) 0.660 (0.518, 0.802)

0.070 (0.051, 0.089) 0.719 (0.579, 0.860)

0.074 (0.055, 0.094) 0.700 (0.559, 0.842)

0.040 (0.027,0.053) 0.617 (0.477, 0.757)

0.079 (0.059,0.099) 0.647 (0.505, 0.788)

ivariable Cox regression was measured using C-index, IDI, and NRI. NRI

www.ajconline.org


Figure 1. Risk score assignment table and survival curve for different risk score groups.
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The condition of patients with non-ST-elevation acute
coronary syndrome (NSTE-ACS) can range from asymp-
tomatic to life-threatening. Therefore, risk stratification is
critical for the management of NSTE-ACS, especially
NSTEMI.5 The GRACE risk score is the most powerful
tool for the risk assessment of patients with NSTE-ACS.
However, the C-statistic for predicting 1-year death or myo-
cardial infarction is only 0.715 (95% CI: 0.672 to 0.756).19

Other studies that validated the GRACE score also showed
that the C-statistic to predict 1-year mortality was 0.78 to
0.79.20−22 The predictive ability was similar (area under the
receiver-operating characteristic curve, AUC: 0.77) in the
present study. Beyond that, the predictive power of GRACE
score for MACE was not ideal (AUC: 0.73), suggesting that
there is room for further improvement. Biomarkers that are
readily available in clinical practice may offer additive
prognostic value to the GRACE score. The present study
demonstrated that NT-proBNP and D-dimer provided a bet-
ter predictive power based on the GRACE score.

The present study showed that both NT-proBNP and D-
dimer have excellent predictive powers (C-index >0.7) in
ROC analysis. The AUC for NT-proBNP predicting 1-year
mortality reached 0.85. NT-proBNP has been studied exten-
sively and its clinical value is thoroughly understood.5,8

Additionally, the predictive value of D-dimer for the
prognosis of stable coronary heart disease and ACS is grad-
ually becoming recognized.23,24 D-dimer is associated with
a composite event of cardiovascular death, myocardial
infarction, or stroke in ACS (OR: 1.13, 95% CI: 1.00 to
1.28, p = 0.048). In the present study, univariate ROC anal-
ysis revealed a prognostic value for NT-proBNP and
D-dimer, while multivariable Cox regression analysis indi-
cated that they were independent risk factors for 1-year
mortality.

NRI and IDI were calculated for each combination of
biomarkers significant in the time-to-event analysis. The
positive NRI and IDI values suggested that the combination
of NT-proBNP and/or D-dimer with GRACE might
improve the accuracy of GRACE. For the secondary out-
come, MACE, fibrinogen might prove to be another poten-
tial biomarker with prognostic value, in addition to
NT-proBNP and D-dimer, due to its MACE hazard ratio of
1.43 (1.05, 1.97) in multivariable Cox regression analysis.
Trigeminal combination of NT-proBNP, D-dimer, and
fibrinogen with GRACE improved the predictive accuracy
the most for MACE.

Several previous studies have explored biomarkers to
improve GRACE risk stratification of NSTE-ACS.12−14,
22,25 Widera et al.25 explored 9 biomarkers (NT-proBNP,
GDF-15, cardiac troponin T, C-reactive protein, fibroblast
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growth factor 23, and others) in 1,146 patients with NSTE-
ACS and found that the two most promising biomarkers to
improve the performance of GRACE model were NT-
proBNP and GDF-15. The addition of NT-proBNP and
GDF-15 to GRACE enhanced model discrimination with
an increase in AUC from 0.79 (95% CI, 0.71 to 0.88) to
0.86 (95% CI, 0.78 to 0.94).25 Compared with the present
study, this study only evaluated the 6-month all-cause mor-
tality or nonfatal myocardial infarction. In addition, GDF-
15 that was eventually included in the model was not clini-
cally easy to obtain. Similarly, although the final model
(heart-type fatty acid-binding protein plus NT-proBNP plus
GRACE) to predict 1-year MACE (death and cardiovascu-
lar events) had an AUC of 0.83 (0.77 to 0.89), it is inconve-
nient to obtain in clinical practice.22 Both Toorenburg
et al.22 and Klingenberg et al.13 have studied some of the
common clinical biomarkers. Their final models incorpo-
rated more indicators, but the model’s ability to predict all-
cause mortality or myocardial infarction was lower than the
present model. More importantly, the present study is the
first to evaluate the role of D-dimer in improving the predic-
tive ability of GRACE. Adding D-dimer to NT-proBNP and
GRACE can increase the AUC for 1-year all-cause death
from 0.86 to 0.88, which is higher than the AUC for models
using GRACE and biomarkers reported in the previously-
mentioned literature. Whether it is 1-year MACE or 1-year
mortality and myocardial infarction, the final model had
an AUC >0.8. Therefore, the present study is the first to
reveal the value of D-dimer in improving GRACE risk
stratification.

In addition, a new scoring system was developed based
on GRACE that can distinguish between low-risk and high-
risk groups. All biomarkers were readily available upon
admission and were easily assessed. This simple and easy-
to-use scoring system quickly identifies high-risk groups so
that the medical team can provide more aggressive treat-
ments. Compared with the current risk stratification of
NSTE-ACS management,13 the score is more specific to
NSTEMI and has objective indicators to evaluate. In addi-
tion to referencing patient’s physiological state and co-mor-
bidities, medical professionals can also refer to this score
when making clinical decisions.

Study limitations were reflected in four aspects of this
research. First, the included sample size was relatively
small. Therefore, follow-up studies will need to recruit
more patients with NSTEMI. Second, due to the nature of
observational studies, it is impossible to verify the guiding
value of the scoring system for clinical treatments. Third,
the added predicted value of biomarkers was based on the
dichotomous form for clinical convenience, which might
miss some information. Nevertheless, result robustness was
evaluated in quartered and continuous forms. Fourth,
although this research was carried out at multiple medical
centers, the patients were mainly form Tianjin, China.
Thus, it is necessary to validate these findings in multiple
regions.

In conclusion, the present study demonstrates that NT-
proBNP and D-dimer are closely related to prognosis and
can be used to optimize GRACE risk stratification. The
newly developed scoring system based on GRACE shows a
good ability to distinguish between high-risk and low-risk
patients, which may provide guidance for the management
of NSTEMI.
Author Contribution

Peng-Ju Lu: Conceptualization, Data curation, Writing -
original draft, Writing - review & editing. Xiao-Wen Gong:
Software, Writing - original draft, Formal analysis, Method-
ology. Yin Liu: Conceptualization, Supervision, Funding
acquisition, Resources. Feng-Shi Tian: Resources. Wen-
Juan Zhang: Resources. Ying-Wu Liu: Resources. Zhu-Hua
Yao: Resources. Ji-Xiang Wang: Resources. Peng Han:
Investigation. Ya-Nan Yang: Investigation. Zhuang Cui:
Methodology, Data curation, Writing - review & editing.
Jing Gao: Conceptualization, Funding acquisition, Project
administration, Supervision, Writing - review & editing.
Conflicts of interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this study.

Acknowledgments

The authors thank all study participants and research staff
for their effort in the study. This research project was funded,
in part, by Major Science and Technology Projects of
Tianjin Science and Technology Commission in 2016
(No. 16ZXMJSY00150); the Key Project of Scientific
and Technological Support Plan of Tianjin in 2020
(No.20YFZCSY00820); The Science and Technology Proj-
ect of Tianjin Jinnan District Science and Technology Com-
mission (No. 20171514); National 135 Key Research and
Development Program in 2016 (No. 2016YFC1301203) and
the Key Project of Healthcare Industry of Tianjin in 2016
(No. 16KG131).
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2020.10.050.

1. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
White HD. Fourth universal definition of myocardial infarction
(2018). Eur Heart J 2019;40:237–269.

2. Puymirat E, Simon T, Cayla G, Cottin Y, Elbaz M, Coste P, Lemesle
G, Motreff P, Popovic B, Khalife K, Labeque JN, Perret T, Le Ray C,
Orion L, Jouve B, Blanchard D, Peycher P, Silvain J, Steg PG, Gold-
stein P, Gueret P, Belle L, Aissaoui N, Ferrieres J, Schiele F, Danchin
N. Acute myocardial infarction: changes in patient characteristics,
anagement, and 6-month outcomes over a period of 20 years in the
FAST-MI program (French registry of acute ST-elevation or non-ST-
elevation myocardial infarction) 1995 to 2015. Circulation
2017;136:1908–1919.

3. Chan MY, Sun JL, Newby LK, Shaw LK, Lin M, Peterson ED, Califf
RM, Kong DF, Roe MT. Long-term mortality of patients undergoing
cardiac catheterization for ST-elevation and non-ST-elevation myo-
cardial infarction. Circulation 2009;119:3110–3117.

4. Amsterdam EA, Wenger NK, Brindis RG, Casey DJ, Ganiats TG,
Holmes DJ, Jaffe AS, Jneid H, Kelly RF, Kontos MC, Levine GN,
Liebson PR, Mukherjee D, Peterson ED, Sabatine MS, Smalling RW,
Zieman SJ. 2014 AHA/ACC guideline for the management of patients

https://doi.org/10.1016/j.amjcard.2020.10.050
https://doi.org/10.1016/j.amjcard.2020.10.050
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0001
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0002
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0003
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
www.ajconline.org


Coronary Artery Disease/Optimization of GRACE risk stratification 19
with non-ST-elevation acute coronary syndromes: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation 2014;130:e344–e426.

5. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F,
Bax JJ, Borger MA, Brotons C, Chew DP, Gencer B, Hasenfuss G,
Kjeldsen K, Lancellotti P, Landmesser U, Mehilli J, Mukherjee D,
Storey RF, Windecker S. 2015 ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persistent
ST-segment elevation: task force for the management of acute coro-
nary syndromes in patients presenting without persistent ST-segment
elevation of the European Society of Cardiology (ESC). Eur Heart J
2016;37:267–315.

6. de Araujo GP, Ferreira J, Aguiar C, Seabra-Gomes R. TIMI, PUR-
SUIT, and GRACE risk scores: sustained prognostic value and interac-
tion with revascularization in NSTE-ACS. Eur Heart J 2005;26:865–
872.

7. Deharo P, Ducrocq G, Bode C, Cohen M, Cuisset T, Mehta SR, Pol-
lack CJ, Wiviott SD, Elbez Y, Sabatine MS, Steg PG. Timing of angi-
ography and outcomes in high-risk patients with non-ST-segment-
elevation myocardial infarction managed invasively: insights from the
TAO trial (treatment of acute coronary syndrome with otamixaban).
Circulation 2017;136:1895–1907.

8. Thygesen K, Mair J, Mueller C, Huber K, Weber M, Plebani M, Hasin
Y, Biasucci LM, Giannitsis E, Lindahl B, Koenig W, Tubaro M, Col-
linson P, Katus H, Galvani M, Venge P, Alpert JS, Hamm C, Jaffe AS.
Recommendations for the use of natriuretic peptides in acute cardiac
care: a position statement from the study group on biomarkers in cardi-
ology of the ESC working group on acute cardiac care. Eur Heart J
2012;33:2001–2006.

9. Kikkert WJ, Claessen BE, Stone GW, Mehran R, Witzenbichler B,
Brodie BR, Wohrle J, Witkowski A, Guagliumi G, Zmudka K, Henri-
ques JP, Tijssen JG, Sanidas EA, Chantziara V, Xu K, Dangas GD. D-
dimer levels predict ischemic and hemorrhagic outcomes after acute
myocardial infarction: a HORIZONS-AMI biomarker substudy. J
Thromb Thrombolysis 2014;37:155–164.

10. Chan MY, Neely ML, Roe MT, Goodman SG, Erlinge D, Cornel JH,
Winters KJ, Jakubowski JA, Zhou C, Fox K, Armstrong PW, White
HD, Prabhakaran D, Ohman EM, Huber K. Temporal biomarker pro-
filing reveals longitudinal changes in risk of death or myocardial
infarction in non-ST-segment elevation acute coronary syndrome.
Clin Chem 2017;63:1214–1226.

11. Ang DS, Wei L, Kao MP, Lang CC, Struthers AD. A comparison
between B-type natriuretic peptide, global registry of acute coronary
events (GRACE) score and their combination in ACS risk stratifica-
tion. Heart 2009;95:1836–1842.

12. van Toorenburg M, van den Berg VJ, van der Ploeg T, Heestermans
AA, Dirksen MT, Hautvast RW, Drexhage O, Boersma E, Kardys I,
Umans V. Addition of routinely measured blood biomarkers signifi-
cantly improves GRACE risk stratification in patients with myocardial
infarction. Int J Cardiol 2018;273:237–242.

13. Klingenberg R, Aghlmandi S, Raber L, Gencer B, Nanchen D, Heg D,
Carballo S, Rodondi N, Mach F, Windecker S, Juni P, von Eckardstein
A, Matter CM, Luscher TF. Improved risk stratification of patients
with acute coronary syndromes using a combination of hsTnT,
NT-proBNP and hsCRP with the GRACE score. Eur Heart J Acute
Cardiovasc Care 2018;7:129–138.

14. Widera C, Pencina MJ, Meisner A, Kempf T, Bethmann K, Marquardt
I, Katus HA, Giannitsis E, Wollert KC. Adjustment of the GRACE
score by growth differentiation factor 15 enables a more accurate
appreciation of risk in non-ST-elevation acute coronary syndrome.
Eur Heart J 2012;33:1095–1104.

15. Eggers KM, Kempf T, Venge P, Wallentin L, Wollert KC, Lindahl B.
Improving long-term risk prediction in patients with acute chest pain:
the global registry of acute coronary events (GRACE) risk score is
enhanced by selected nonnecrosis biomarkers. Am Heart J 2010;160:
88–94.

16. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland J, Coats A,
Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M,
Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano
G, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P. 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart
failure: the task force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC)
Developed with the special contribution of the Heart Failure Associa-
tion (HFA) of the ESC. Eur Heart J 2016;37:2129–2200.

17. Alba AC, Agoritsas T, Walsh M, Hanna S, Iorio A, Devereaux PJ,
McGinn T, Guyatt G. Discrimination and calibration of clinical pre-
diction models: users’ guides to the medical literature. JAMA 2017;
318:1377–1384.

18. Kerr KF, McClelland RL, Brown ER, Lumley T. Evaluating the incre-
mental value of new biomarkers with integrated discrimination
improvement. Am J Epidemiol 2011;174:364–374.

19. de Araujo GP, Ferreira J, Aguiar C, Seabra-Gomes R. TIMI, PUR-
SUIT, and GRACE risk scores: sustained prognostic value and interac-
tion with revascularization in NSTE-ACS. Eur Heart J 2005;26:865–
872.

20. Yan AT, Yan RT, Tan M, Casanova A, Labinaz M, Sridhar K, Fitchett
DH, Langer A, Goodman SG. Risk scores for risk stratification in
acute coronary syndromes: useful but simpler is not necessarily better.
Eur Heart J 2007;28:1072–1078.

21. Chen YH, Huang SS, Lin SJ. TIMI and GRACE risk scores predict
both short-term and long-term outcomes in Chinese patients with acute
myocardial infarction. Acta Cardiol Sin 2018;34:4–12.

22. Onda T, Inoue K, Suwa S, Nishizaki Y, Kasai T, Kimura Y, Fukuda K,
Okai I, Fujiwara Y, Matsuoka J, Sumiyoshi M, Daida H. Reevaluation
of cardiac risk scores and multiple biomarkers for the prediction of
first major cardiovascular events and death in the drug-eluting stent
era. Int J Cardiol 2016;219:180–185.

23. AlKhalfan F, Kerneis M, Nafee T, Yee MK, Chi G, Plotnikov A,
Braunwald E, Gibson CM. D-Dimer levels and effect of rivaroxaban
on those levels and outcomes in patients with acute coronary syn-
drome (an ATLAS ACS-TIMI 46 trial substudy). Am J Cardiol
2018;122:1459–1464.

24. Simes J, Robledo KP, White HD, Espinoza D, Stewart RA, Sulli-
van DR, Zeller T, Hague W, Nestel PJ, Glasziou PP, Keech AC,
Elliott J, Blankenberg S, Tonkin AM. D-Dimer predicts long-term
cause-specific mortality, cardiovascular events, and cancer in
patients with stable coronary heart disease. Circulation 2018;138:
712–723.

25. Widera C, Pencina MJ, Bobadilla M, Reimann I, Guba-Quint A,
Marquardt I, Bethmann K, Korf-Klingebiel M, Kempf T, Lichtingha-
gen R, Katus HA, Giannitsis E, Wollert KC. Incremental prognostic
value of biomarkers beyond the GRACE (Global Registry of Acute
Coronary Events) score and high-sensitivity cardiac troponin T in
non-ST-elevation acute coronary syndrome. Clin Chem 2013;59:
1497–1505.

http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0004
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0005
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0006
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0007
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0008
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0009
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0010
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0011
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0012
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0013
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0014
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0015
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0016
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0017
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0018
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0019
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0020
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0021
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0022
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0023
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0024
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025
http://refhub.elsevier.com/S0002-9149(20)31183-8/sbref0025

	Optimization of GRACE Risk Stratification by N-Terminal Pro-B-type Natriuretic Peptide Combined With D-Dimer in Patients With Non-ST-Elevation Myocardial Infarction
	Methods
	Results
	Discussion
	Author Contribution
	Conflicts of interest
	Acknowledgments
	Supplementary materials


