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Aims The aim of this study is to simultaneously evaluate the incremental prognostic value of multiple cardiac biomarkers
reflecting different underlying pathophysiological processes in a well-characterized population of patients with non-
ST-segment acute coronary syndrome (NSTE-ACS).

Methods
and results

We measured cardiac troponin I (cTnI), N-terminal pro B-type natriuretic peptide (NT-proBNP), C-reactive protein,
and myeloperodixase (MPO) among 4352 patients with NSTE-ACS in the MERLIN-TIMI 36 (Metabolic Efficiency
With Ranolazine for Less Ischaemia in Non-ST Elevation Acute Coronary-Thrombolysis In Myocardial Infarction 36)
trial and followed them for a mean of 343 days. When added individually to a multivariable model adjusted for clinical
characteristics, the risk of cardiovascular (CV) death rose in a stepwise fashion with increasing quartiles of each bio-
marker, and when using their pre-defined cut-points [HRadj 2.71 (P , 0.001) for cTnI ≥0.03 ng/mL; HRadj 3.01
(P , 0.001) for NT-proBNP ≥400 pg/mL; HRadj 1.45 (P ¼ 0.019) for high-sensitivity (hs) C-reactive protein
≥15 mg/L; and HRadj 1.49 (P ¼ 0.006) for MPO ≥670 pmol/L]. After including all biomarkers, only NT-proBNP and
cTnI were independently associated with CV death, and only cTnI with myocardial infarction (MI). The addition of
NT-proBNP to a model adjusted for TIMI risk score incorporating cTnI significantly improved both the discrimination
and re-classification of the model for CV death and heart failure (HF) while there was no such improvement after the
addition of either MPO or hs-C-reactive protein.

Conclusion In this study of over 4300 patients presenting with NSTEACS, we found that both cTnI and NT-proBNP offer prog-
nostic information beyond that achieved with clinical risk variables for CV death, MI, and HF. Myeloperoxidase and hs-
C-reactive protein, while independently associated with some adverse CV outcomes, did not provide substantial
incremental prognostic information when evaluated together with cTnI and NT-proBNP.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Acute coronary syndrome † Biomarkers † Risk-stratification † Troponin † Natriuretic peptides †

Myeloperoxidase

Introduction
Cardiac biomarkers are an integral component in the evaluation
and risk-stratification of patients with cardiac diseases in general

and acute coronary syndromes (ACS) in particular.1 Simultaneous
evaluation of multiple cardiac biomarkers, which reflect different
underlying pathophysiological processes, have been shown to
offer complimentary prognostic information,2– 5 but professional
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guidelines have not advocated the routine use of a multimarker
strategy because of the need for additional validation in large
studies of well-characterized patients with established risk indi-
cators and the establishment of specific ties to therapy.1,6 Although
prior studies have utilized different combinations of biomarkers,
panels that include biomarkers representing the different under-
lying pathobiological processes in ACS have the greatest potential
to provide incremental prognostic information. Evaluation of new
biomarkers should also be conducted in the context of the two
most established and studied biomarkers, troponin and natriuretic
peptides.

Myeloperoxidase (MPO) is a haemoprotein, released from neu-
trophils and monocytes, that has been implicated in the develop-
ment and subsequent instability of atherosclerotic plaques.7

Elevated levels of MPO have been shown to be independently
associated with an increased risk of cardiovascular (CV) death
and recurrent ischaemia in patients with ACS.4,8– 10 However,
the prognostic value of MPO beyond that of currently used clinical
risk tools and biomarkers is still incompletely characterized. There
is a need to evaluate this and other novel cardiac biomarkers in
large, prospective, clinical studies to determine whether they
offer independent and complimentary information when assessed
together with established clinical and biochemical risk-stratification
techniques.11– 13

We therefore set out, first, to prospectively evaluate a ‘multi-
marker’ approach to risk-stratification using markers of necrosis,
stress, and inflammation, employing contemporary statistical
methods; and, second, to determine whether levels of MPO
measured at the time of admission improve the risk-stratification
of patients with non-ST-segment elevation ACS (NSTE-ACS).

Methods

Patient population
The design and primary results of the MERLIN-TIMI 36 trial have been
published previously.14,15 Eligible patients had at least 10 min of ischae-
mic symptoms at rest and presented with one of the following: elev-
ated biomarkers of myonecrosis, ST-depression ≥0.1 mV, history of
diabetes mellitus, or an intermediate to high (≥3) TIMI risk score.
Exclusion criteria included persistent ST-segment elevation, end-stage
renal disease requiring dialysis, cardiogenic shock, or a life-expectancy
less than 12 months. Patients were randomized in a 1:1 ratio to receive
intravenous ranolazine followed by oral ranolazine or matching
placebo. The protocol was approved by the relevant institutional
review boards, and written consent was obtained from all patients,
including for the biomarker study.

Biomarker testing
The protocol specified that blood samples be obtained at enrolment in
serum-separator and EDTA-anticoagulated plastic tubes and serum/
plasma isolated within 60 min of sample acquisition. Samples were
stored in plastic cryovials at 2208C or colder at the enrolling site
until shipped to the TIMI Clinical Trials Laboratory (Boston, MA,
USA), where they were maintained at 2808C or colder. Samples
were tested after one prior freeze-thaw cycle.

Testing for MPO, N-terminal pro B-type natriuretic peptide
(NT-proBNP), and high-sensitivity C-reactive protein (hsCRP) was
performed on the Dimension RxL (Siemens Healthcare Diagnostics,

Deerfield, IL, USA) platform by personnel blinded to clinical outcomes
and treatment allocation. To minimize any interaction with heparin,
EDTA-anticoagulated plasma samples were used for MPO analyses16

and simultaneously collected serum samples were used for the other
three biomarkers. The assay range for hs-C-reactive protein was
0.05–10 mg/L with a limit of detection of 0.03 mg/L and total impreci-
sion (CV) of 5.1%, 2.2%, and 2.5% at hs-C-reactive protein concen-
trations of 0.17, 1.16, and 1.88 mg/L. The assay range for
NT-proBNP was 10–30 000 pg/mL. The reported CV is 4.3%, 3.9%,
and 3.8% at concentrations of 123, 462, and 5359 pg/mL, respectively.
The assay range for MPO was 20–5000 pmol/L with a CV of 3.8% and
3.3% at 428 and 3644 pmol/L. Cardiac troponin I was measured using
the TnI-Ultra assay (ADVIA Centaur, Siemens) which has a lower limit
of detection of 0.006 mg/L and an established 99th percentile refer-
ence limit of 0.04 mg/L and a total imprecision of 10% at a concen-
tration of 0.03 mg/L.17

Endpoints
The endpoints of CV death, fatal and non-fatal myocardial infarction
(MI), and hospitalization for heart failure (HF) were adjudicated by a
blinded clinical events committee. The definition of MI has been
reported in detail.15 New or worsening HF was defined as
re-hospitalization or prolongation of the index hospitalization
(.24 h) in an acute care facility primarily for the treatment of HF
along with an objective sign of HF.

Statistical analyses
Biomarkers were categorized by quartiles and then by cutpoints [MPO
.670 pmol/L, hs-C-reactive protein .15 mg/L,18 NT-proBNP
.400 pg/mL,19 and troponin I 0.04 mg/L17]. Hazard ratios (HR) and
95% confidence intervals (CI) were estimated using a Cox
proportional-hazards regression model. Event rates are presented as
Kaplan–Meier failure rates at 12 months. The relationship between
biomarkers and outcomes was first evaluated by adding each bio-
marker individually to a clinical model that included the following clini-
cal variables as described in the TIMI risk score—age .65 years,
more than three cardiac risk factors, documented CAD, recent
severe angina, ST deviation .0.5 mm, prior ASA—together with crea-
tinine clearance ,60 mL/min and a history of HF (Tables 3 and 4). We
then created a fully adjusted model that incorporated all of the
biomarkers together with the clinical variables (Table 5).

Estimates of the c-statistic for the Cox regression models were cal-
culated and differences in the c-statistic after the addition of each indi-
vidual biomarker to the clinical model were compared (Table 4). The
increased discriminative value of the biomarkers was further examined
with the method described by Pencina and colleagues to determine
the net re-classification improvement (NRI)—the probability that
patients are appropriately assigned to a higher or lower risk—and inte-
grated discrimination improvement (IDI)—a method to quantify the
differences in the probabilities for events and non-events based on
the addition of the new biomarkers to the model.20

We calculated NRI using two methods. For the initial comparisons
of the baseline clinical model with each biomarker, we used Harrell’s
technique, as programmed in R, which evaluates the change in the esti-
mated risk as a continuous variable and therefore is not dependent on
a priori categorization.21 We then categorized patients into low, mod-
erate, or high categories based on the variables of the TIMI risk score
that incorporated the cTnI Ultra results as the positive marker of
necrosis, creatinine clearance, and history of HF and determined the
degree of re-classification risk categories after the addition of
NT-proBNP, and then when hs-C-reactive protein and MPO were
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added separately to the model that included NT-proBNP. With this
method, it is possible to provide clinically relevant information regard-
ing the number of patients who are more appropriately risk-stratified
with the addition of the new variable.20

Analyses were performed using STATA v9.0 (STATA Corp., College
Station, TX, USA) and R (version 2.10.1). The authors had full access
to and take full responsibility for the integrity of the data.

Results
A total of 4352 patients had baseline concentrations of
NT-proBNP, hs-C-reactive protein, cTnI, and MPO measured at
randomization. Baseline characteristics of the patients with bio-
marker data are presented in Table 1. The median (25th, 75th per-
centile) time from symptom onset to randomization was 23 h
(13 h, 33 h). The median (25th, 75th percentile) concentration of
MPO was 592 pmol/L (401 pmol/L, 907 pmol/L); the median
NT-proBNP was 214.8 pg/mL (59.5 pg/mL, 677.2 pg/mL); the
median hs-C-reactive protein was 5.5 mg/L (2.5 mg/L, 12.8 mg/L).

The correlations between the four biomarkers are presented
in Table 2. Myeloperoxidase correlated weakly with the other
biomarkers. N-terminal pro B-type natriuretic peptide and cTnI
were moderately correlated (r ¼ 0.51, P , 0.001).

Adjusted risk relationships
All analyses were first adjusted for a clinical model that included crea-
tinine clearance, history of HF, and the components of the TIMI risk
score (except for the marker of necrosis). The adjusted relationships
between each individual biomarker and CV outcomes are shown in
Table 3 and Supplementary material online, Table S1. When each bio-
marker was added individually to a multivariable model that adjusted
for clinical characteristics, the risk of CV death or HF rose in a step-
wise fashion with increasing quartiles of each biomarker (see Sup-
plementary material online, Table S1). Also, using their pre-defined
cut-points, each biomarker identified patients with a significantly
higher risk of an adverse CV event (Table 3). Notably, an elevated
concentration of each of the biomarkers was associated with a sig-
nificantly higher risk of CV. The relationship between the elevated
biomarkers and death or HF was the most robust among the end-
points examined, with more than a two-fold increase in risk associ-
ated with each biomarker, including MPO. The relationship with
MI was less consistent; only NT-proBNP and troponin were inde-
pendently associated with the risk of MI.

Effect of left ventricular function
and timing of samples
Left ventricular function was known in 2897 subjects and an ejection
fraction ≤40% was independently associated with an increased risk of
each endpoint. However, even after adjusting for left ventricular func-
tion, the association between each of the four biomarkers and each
endpoint was similar to the results from the entire cohort (see Sup-
plementary material online, Table S2). There were similarly no differ-
ences in the relationship between each biomarker and outcomes
based on whether the biomarker was obtained before or after 24 h
from symptom onset (see Supplementary material online, Table S3).

Discrimination and re-classification
for individual biomarkers
Addition of each of the four biomarkers individually improved the
discrimination of the clinical model for CV death or HF as calcu-
lated by improvements in the c-index or IDI. Only cTnI and
NT-proBNP improved the discrimination of the model for MI
(Table 4). Similarly, all four biomarkers improved re-classification
of risk for CV death or HF, though only cTnI and NT-proBNP
improved the re-classification of MI (Table 4). The addition of
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Table 2 Correlation of biomarkers

NT-ProBNP cTnI hs-C-reactive protein

MPO 0.13 0.17 0.14

NT-proBNP 0.51 0.31

cTnI 0.29

P , 0.001 for Spearman’s rank correlation coefficient for all comparisons.
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Table 1 Baseline characteristics of patients in
biomarker assessment

Characteristics

Age (mean), years 64

≥75 years 16.4%

Male 64.9%

Weight (mean), kg 81.8

History of diabetes 32.4%

History of hypertension 74.6%

Dyslipidaemia 67.9%

History of revascularization 26.6%

History of HF 21.1%

Creatinine clearance ,60 mL/min 20.2%

Current smoker 25.0%

Prior MI 35.8%

TIMI risk score

Low (0–2) 24.5%

Moderate (3–4) 43.8%

High (≥5) 21.7%

Index diagnosis

Unstable angina 49.2%

Non-ST-elevation MI 48.3%

Other 2.5%

Left ventricular EF (median),% (n ¼ 2897) 55

Symptoms to time of blood sampling (median), h 22.4

Baseline biomarker levels

Troponin I ≥0.04 ng/mL 64.7%

NT-proBNP .400 pg/mL 36.3%

C-reactive protein .15 mg/L 21.6%

MPO .670 pmol/L 42.4%

Assigned to ranolazine 50.8%

Assigned to placebo 49.2%

Assessment of multiple cardiac biomarkers in NSTE-ACS 699
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Table 3 Risk of cardiovascular outcomes by cutpoints

cTnI NT-proBNP hs-C-reactive protein MPO

<0.04 ng/mL; KM%;
referent (%)

≥0.04 ng/mL; KM%; HRadj

(95%CI)
<400 pg/mL; KM%;
referent (%)

≥400 pg/mL; KM%; HRadj

(95%CI)
<15 mg/L; KM%;
referent (%)

≥15 mg/L; KM%; HRadj

(95%CI)
<670 pmol/L; KM%;
referent (%)

≥670 pmol/L; KM%; HRadj

(95%CI)

CV death 2.0 5.7%; 2.72 (1.84–3.99); ,0.001 1.8 9.2%; 3.01 (2.13–4.24); ,0.001 3.9 6.5%; 1.45 (1.06–1.96); 0.019 3.6 5.7%; 1.49 (1.12–1.97); 0.006

MI 4.0 9.9%; 3.02 (2.24–4.07); ,0.001 6.0 11.4%; 1.50 (1.18–1.80); 0.001 7.5 9.3%; 1.17 (0.91–1.51); 0.23 7.6 8.3%; 1. 05 (0.84–1.31); 0.63

HF 1.5 5.4%; 4.35 (2.72–6.94); ,0.001 1.4 8.7%; 4.99 (3.38–7.37); ,0.001 3.2 7.1%; 2.13 (1.56–2.91); ,0.001 2.8 5.6%; 1.95 (1.43–2.64); ,0.001

CV death/
HF

3.1 8.7%; 2.97 (2.16–4.09); ,0.001 2.7 13.9%; 3.55 (2.69–4.70); ,0.001 5.9 10.2%; 1.62 (1.27–2.07); ,0.001 5.5 8.5%; 1.49 (1.18–1.88); 0.001

Hazard ratio (HR) adjusted for variables in TIMI risk score (except troponin), creatinine clearance ,60 mL/min, and prior HF. Each biomarker was evaluated independently with clinical model. KM, Kaplan-Meier.
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Table 4 Improvements in discrimination and re-classification according to the addition of biomarkers to clinical risk

CV death MI HF CV death/HF

c-index
(P-value)

P-value for
IDI

NRI (%)
(P-value)

c-index
(P-value)

P-value for
IDI

NRI (%)
(P-value)

c-index
(P-value)

P-value for
IDI

NRI (%)
(P-value)

c-index
(P-value)

P-value for
IDI

NRI (%)
(P-value)

Clinical model 0.784 Reference Reference 0.654 Reference Reference 0.740 Reference Reference 0.749 Reference Reference

cTnI Ultra .0.04 ng/mL 0.805 (0.005) ,0.001 0.389 (,0.001) 0.698 (,0.001) ,0.001 0.482 (,0.001) 0.779 (,0.001) ,0.001 0.410 (,0.001) 0.776 (,0.001) ,0.001 0.389 (,0.001)

NT-ProBNP .400 pg/mL 0.809 (0.003) ,0.001 0.802 (,0.001) 0.660 (0.25) ,0.001 0.328 (,0.001) 0.797 (,0.001) ,0.001 0.892 (,0.001) 0.790 (,0.001) ,0.001 0.822 (,0.001)

Hs-C-reactive protein
.15 mg/L

0.789 (0.29) 0.098 0.187 (0.010) 0.655 (0.78) 0.45 0.062 (0.28) 0.760 (0.008) 0.002 0.346 (,0.001) 0.757 (0.074) 0.009 0.227 (,0.001)

MPO .670 pmol/L 0.791 (0.11) 0.040 0.217 (0.003) 0.654 (0.68) 0.87 0.032 (0.58) 0.751 (0.116) 0.001 0.345 (,0.001) 0.754 (0.280) 0.007 0.214 (,0.001)

All four biomarkers 0.818 (0.001) ,0.001 0.777 (,0.001) 0.694 (,0.001) ,0.001 0.363 (,0.001) 0.810 (,0.001) ,0.001 0.843 (,0.001) 0.798 (,0.001) ,0.001 20.807
(,0.001)

Clinical models contain variables from TIMI risk score (except troponin), creatinine clearance ,60 mL/min, and history of prior HF. Each biomarker was evaluated independently with clinical model.
P-values represent comparison of differences in c-indices, IDI, and NRI between clinical models before and after the inclusion of the individual biomarkers.
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each biomarker (using either quartiles or cutpoints) significantly
improved the global fit of the clinical models as assessed by
likelihood-ratio tests for CV death or HF. Only models with
NT-proBNP or troponin significantly improved the global fit for
MI when compared with the clinical model (data not shown).

Multimarker approach
The results of full multivariable models that included all four bio-
markers and clinical characteristics are presented in Table 5. Each
of the biomarkers, except hs-C-reactive protein, was associated
with a higher risk of CV death or HF. N-terminal pro B-type
natriuretic peptide and cTnI were independently associated with
CV death. Only cTnI was independently associated with the risk
of MI. The addition of all four biomarkers together in the clinical
model significantly improved the discrimination as determined by
improved c-statistic or IDI and improved the re-classification
(NRI) of risk for all endpoints (Table 3). These results were consist-
ent when left ventricular function was included in the clinical
model (see Supplementary material online, Table S3) and when
examining the early (≤24 h from symptom onset) and late
(.24 h) samples (see Supplementary material online, Table S5).

Re-classification of the TIMI risk score
We then determined whether the incremental addition of each
biomarker significantly improved the risk-stratification based on
tertiles of TIMI risk score. First, we first added NT-proBNP to
the TIMI risk score that incorporated cTnI as the indicator for elev-
ated marker of necrosis, as well as creatinine clearance and history
of HF. N-terminal pro B-type natriuretic peptide significantly
improved the c-statistic, NRI, and IDI for CV death and HF, but
not MI (Figure 1). The addition of either MPO or hs-C-reactive
protein to the TIMI risk score that included cTnI and NT-proBNP
did not result in any consistent improvement in either discrimi-
nation (c-statistic or IDI) and re-classification (NRI) for any of
the clinical endpoint (Figure 1).

Figure 2 graphically presents how patients were reclassified in
terms of their risk of CV death or HF with the addition on
NT-proBNP to the TIMI risk score that included cTnI as the
marker of necrosis. The greatest degree of re-classification with
the addition of NT-proBNP occurred in the moderate group,
where over 30% of patients originally deemed moderate risk
according to the TIMI risk score were reclassified (12.1% to low
risk and 19.8% to high risk). With the addition of NT-proBNP,

13% of patients who were previously categorized as low risk
were re-categorized to moderate risk. A total of 23.8% of patients
originally categorized as high risk were subsequently lowered to
moderate risk after NT-proBNP was included in the model
(Figure 2).

Discussion
The development of novel biomarkers in CV disease requires rig-
orous evaluation in the context of established tools. In this analysis
of over 4300 patients with moderate- to high-risk NSTEACS, we
evaluated the prognostic performance of three established
cardiac biomarkers—cTnI, NT-proBNP, and hs-C-reactive
protein—together with MPO, a clinically available novel marker
of macrophage and monocyte activation, using both traditional
and recently proposed statistical techniques to assess their incre-
mental contribution to risk-stratification. We found that each bio-
marker contributed statistically significant independent information
towards risk-stratification at presentation with NSTEACS;
however, only NT-proBNP and troponin substantially influenced
discrimination beyond clinical risk predictors alone.

Performance of individual biomarkers
Using standard multivariable Cox models and likelihood-ratio tests,
we found that when evaluated separately in a model adjusting for
clinical characteristics, MPO, NT-proBNP, cTnI, and hs-C-reactive
protein were each associated with CV death and HF, and
NT-proBNP and cTnI with MI. Our findings expand on the pre-
viously reported relationship between MPO and overall mortality
reported in 516 patients with STEMI8 and in patients with
ACS,4,9,10 and newly demonstrate an independent association
determined using Cox models between MPO and new or worsen-
ing HF after ACS. By this metric, each of these biomarkers was sup-
ported as viable tools for risk-stratification.

Both hs-C-reactive protein and MPO are markers of inflam-
mation; however, they appear to reflect different aspects of the
inflammatory process. C-reactive protein, which is produced in
the liver after cytokine stimulations, is one of the earliest and
most non-specific acute-phase reactants, though its role as a
direct causal agent in atherosclerosis remains uncertain.22 Owing
to the development of highly sensitive and reliable assays and
the well-documented association with CV outcomes in stable
patients, it is the most commonly utilized marker of inflammation.
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Table 5 Fully adjusted model for cardiac endpoints according to clinical characteristics and levels of biomarkers

CV death MI HF CV death/HF

HRadj; 95% CI P-value HRadj; 95% CI P-value HRadj; 95% CI P-value HRadj; 95% CI P-value

cTnI Ultra .0.04 ng/mL 1.88; 1.25–2.83 0.002 2.97; 2.12–4.06 ,0.001 2.41; 1.47–3.96 ,0.001 1.93; 1.38–2.71 ,0.001

NT-ProBNP .400 pg/mL 2.37; 1.64–3.41 ,0.001 1.07; 0.83–1.38 0.58 3.36; 2.22–5.10 ,0.001 2.73; 2.02–3.68 ,0.001

hs-C-reactive protein .15 mg/L 1.06; 0.78–1.46 0.70 1.01; 0.79–1.32 0.93 1.39; 1.01–1.91 0.045 1.15; 0.90–1.49 0.27

MPO .670 pmol/L 1.28; 0.96–1.71 0.088 0.94; 0.75–1.17 0.57 1.55; 1.14–2.11 0.005 1.26; 1.00–1.59 0.052

Hazard ratio adjusted for TIMI risk score, creatinine clearance ,60 mL/min, and prior heart failure, MPO .670 pmol/L, NT-proBNP .400 pg/mL, cTnI ≥0.04 ng/mL, and
hs-C-reactive protein .15 mg/L.
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Myeloperoxidase, in contrast, may play a direct role in the growth
and destabilization of atherosclerotic plaques through oxidizing
LDL cholesterol,23 activating metalloproteinases, and reducing
endothelial-derived nitric oxide.24 While MPO and hs-C-reactive
protein only correlate weakly in our analysis—thus illustrating
the differential assessment of inflammation—the risk of cardiovas-
cular outcomes associated with each inflammatory biomarker was
similar.

Assessment of incremental
discrimination and re-classification
Traditionally, Cox models and receiver-operator characteristic
curves have been used to identify variables that are independently
associated with outcomes or to demonstrate an improvement in a
model’s ability to identify patients who will or will not have an
event. However, these statistical techniques may underestimate
the significance of a new variable in predicting relatively infrequent
events such as CV death and recurrent ischaemic episodes and is
dependent on the strength of the baseline model and overall
effect size. Nor, as in the case of a change in the c-statistic, do
they provide clinically meaningful data. Newer statistical
methods, such as NRI and IDI attempt to improve the integration

of sensitivity and specificity and evaluate the proportion of patients
who are reclassified to higher or lower risk categories based on
new biomarkers.20

When we further evaluated the incremental value of each bio-
marker using tests of discrimination and re-classification, all four
biomarkers improved discrimination as determined by improve-
ments in the c-statistic or IDI for CV death and HF, but only
cTnI and NT-proBNP significantly improved the discrimination of
the clinical model for MI. Statistically significant improvements
were more often detected using the IDI compared with improve-
ment in c-statistics, which is consistent with the concept that IDI is
a more sensitive statistical test for comparing two predictive
models, because the c-statistic utilizes the rank of estimated prob-
abilities rather than the relative contribution of each risk variable
and thus may underestimate large relative risk differences.13,20,25

These results highlight the significant improvement in discrimi-
nation and re-classification of risk with the established biomarkers
NT-proBNP and cTnI; contrasting with the relatively small
improvements in discrimination provided by MPO or hs-C-reactive
protein.

Improvement in re-classification with the addition of each bio-
marker followed a similar pattern, with the greatest relative
re-classification observed when either cTnI or NT-proBNP was

Figure 1 Incremental prognostic benefit of the addition of myeloperodixase and C-reactive protein to more established biomarkers. The
baseline model in this figure utilized the TIMI risk score that incorporates the cardiac troponin value of ≥0.04 mg/dL as the marker of myo-
cardial necrosis. When N-terminal pro B-type natriuretic peptide was added to the model, it significantly improved the discrimination (c-statistic
and IDI) and re-classification for cardiovascular death and heart failure, but not myocardial infarction. The addition of myeloperoxidase or
C-reactive protein to the model that already incorporated N-terminal pro B-type natriuretic peptide did not meaningfully improve the prog-
nostic value for any endpoint. The TIMI risk score in this model included the standard variables as well as cardiac troponin I ≥0.04 mg/dL as the
marker of myocardial necrosis, creatinine clearance ,60 mL/min, and a history of heart failure.
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added to the clinical models. Notably, this finding is conceptually
consistent with Eggers and colleagues who found that among the
biomarkers cTnI, NT-proBNP, and hs-C-reactive protein, only
NT-proBNP was associated with death and only elevated cTnI
was associated with MI.26 However, when evaluated in context
with the TIMI risk score that utilized the ultra cTnI assay, only
NT-proBNP significantly improved the discrimination and
re-classification of patients. Neither C-reactive protein nor MPO
improved upon the TIMI risk score with the addition of
NT-proBNP.

High-sensitivity-C-reactive protein has been evaluated exten-
sively in patients with NSTEACS. Earlier reports, including large,
prospective, and well-characterized populations, demonstrated an
independent relationship between hs-C-reactive protein and
death and MI, in particular.18,27– 29 However, similar to Eggers
et al.26 and observations in primary prevention populations,30,31

the incorporation of more sensitive measures of necrosis and
natriuretic peptides diminished the independent contribution of
hs-C-reactive protein for prediction of outcomes.

Limitations
There are several potential limitations in this study. First, left ven-
tricular function, a robust maker of CV risk, was not assessed in all
patients; though with data on LV function in nearly 3000 patients,

we did not observe any differences in the relationships between
the biomarkers and outcomes compared with the overall cohort,
even after adjusting for LV function. We also did not measure
these biomarkers at later timepoints and therefore cannot
examine the relationship between dynamic changes in each bio-
marker and outcomes. And finally, these findings are from a clinical
trial cohort and thus cannot be generalized to the overall popu-
lation and should be validated in a larger population-based
cohort. Moreover, our data relate to prognostic rather than diag-
nostic applications of these biomarkers.

Clinical implications
Recent expert consensus regarding the evaluation of new bio-
markers has recommended that the evaluation of emerging bio-
markers should include assessments of their effect on
discrimination and re-classification as well as their potential for
interactions with specific therapies.13 However, the most recent
professional society guidelines to directly address the application
of novel biomarkers in patients with ACS were formulated prior
to these recommendations.1 The MERLIN-TIMI 36 biomarker
study is one of the largest assessments of biomarkers in ACS to
comprehensively evaluate multiple biomarkers in ACS and incor-
porate newly recommended statistical techniques.13,25 Overall,
our results demonstrate that a sensitive cardiac troponin and

Figure 2 Degree of re-classification of risk for cardiovascular death or heart failure after the addition of N-terminal pro B-type natriuretic
peptide to the TIMI risk score. Patients were first categorized into tertiles according to their TIMI risk score (low, moderate, or high). Each
individual patient’s risk was then re-calculated after including N-terminal pro B-type natriuretic peptide into the model and the proportion
of patients re-classified into a higher or lower risk group are shown, For example, of the 1418 patients who were originally categorized as
moderate risk for cardiovascular death or heart failure (4% risk), 171 (12.1%) were re-classified as low-risk (1.5%) and 281 (19.8%) were
re-classified as high risk (15%). The TIMI risk score in this model included the standard variables as well as cardiac troponin I ≥0.04 mg/dL
as the marker of myocardial necrosis, creatinine clearance ,60 mL/min, and a history of heart failure.
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natriuretic peptide provide the most robust information for early
risk-stratification of patients with ACS.1 In addition, cardiac tropo-
nin remains the most useful marker for identifying patients at high
risk for recurrent MI, and natriuretic peptides the most useful for
identifying those at risk for CV death and HF. These findings
confirm the discriminatory capacity of these biomarkers and
support present guidelines with respect to the use of troponin
(Class I) and natriuretic peptides (Class IIa) for risk-stratification
in ACS. The higher recommendation for measuring troponin
rests, in part, on the important therapeutic implications associated
with elevated levels of cardiac necrosis. Current guidelines rec-
ommend an early invasive strategy in patients at high risk based
on elevated troponin. The therapeutic implications of an elevated
level of natriuretic peptides have not been as clearly demonstrated,
though one post hoc analysis did suggest a benefit of early invasive
therapy.32

Use of hs-C-reactive protein (Class IIa) and novel inflammatory
biomarkers such as MPO (Class IIb) are presently recommended as
reasonable to consider for risk-stratification in patients presenting
with ACS when additional prognostic information beyond clinical
characteristics and troponin is desired by the clinician.1 Our
finding that levels of hs-C-reactive protein and MPO offer indepen-
dent information in the risk-stratification for HF support prior
work in smaller studies4,33,34 and is consistent with the hypothesis
that activated inflammation exacerbates HF. However, the small
incremental contribution of these two markers points toward, at
most, a limited clinical role early after ACS, among patients in
whom troponin and natriuretic peptides have been measured. A
broader role would be considered if these biomarkers were to
be proven useful for therapeutic decision-making, such as using
hs-C-reactive protein for monitoring the intensity of statin
therapy when measured 30 days or later after ACS. These findings
may be taken into account with future updates to professional
guidelines for the clinical use of these biomarkers.1

Conclusion
In this study of over 4300 well-characterized patients presenting
with NSTEACS, we found that both cTnI and NT-proBNP offer
prognostic information beyond that achieved with clinical risk vari-
ables for CV death, MI, and HF. Myeloperoxidase and hs-C-reactive
protein, while independently associated with some adverse CV
outcomes, did not provide substantial incremental prognostic
information when evaluated together with cTnI and NT-proBNP.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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