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Finland FIMM, University of Helsinki, Finland, 3National Institute for Health and Welfare, Helsinki, Finland, *Wellcome Trust Sanger Institute,
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Background. Early diagnosis of acute coronary syndrome (ACS) is
frequently a challenging task.

Aims. To assess the role of novel biomarkers to identify ACS.
Methods. Concentrations of lipids, lipoproteins, oxidized LDL
(oxLDL), high-sensitivity C-reactive protein (hsCRP), paraoxonase-1
(PON1), secretory phospholipase A2 (sPLA2), and myeloper-
oxidase (MPO) were measured in 703 patients (mean age
65.5*11.2 years; 422 men, 281 women) without diabetes
mellitus assigned to coronary angiogram. The subjects were
divided into three groups: ACS (n = 242), stable angina pectoris
(SAP) (n = 242), and normal coronary artery (NCA) (n = 219).
Results. HDL-cholesterol (HDL-C) (P<<0.001) and apolipoprotei-
nA-l concentrations (P << 0.0001) were lowest in subjects with ACS.
LDL-C (P= 0.008) and non-HDL (P < 0.0001) were higher in the
ACS group than in the SAP group. Leukocyte count (P<<0.0001),
oxLDL (P<<0.05), hsCRP (P<0.001), sPLA2 (P<0.05), and MPO
(P<0.0001) were highest in the ACS group. In multivariate
models, comprising all biomarkers, elevated level of MPO had
the best discriminatory power to identify patients with ACS.
Receiver-operating characteristic curve with and without MPO
comparison differed significantly (P= 0.03 for both ACS versus
NCA and ACS versus SAP).

Conclusion. Our study shows that ACS associates with low HDL-C
and biomarkers of oxidative stress and inflammation. The addi-
tion of MPO in biomarker panels might improve diagnostic
accuracy for ACS.

Key words: Acute coronary syndrome, biomarkers, inflammation,
myeloperoxidase

Introduction

Traditional risk factors, including low-density lipoprotein choles-
terol (LDL-C), diabetes mellitus (DM), hypertension, and smok-
ing, are strong risk factors for cardiovascular disease outcomes
(1,2). However, atherosclerosis also develops in a significant
number of individuals with relatively modest risk factor profiles,

o Acute coronary syndrome associates with low high-
density lipoprotein cholesterol and biomarkers of
oxidative stress and inflammation.

e The addition of myeloperoxidase in biomarker panels
might improve diagnostic accuracy for acute coronary
syndrome.

highlighting the need for novel biomarkers that improve the pre-
diction of an adverse cardiovascular outcome (3). In particular,
early diagnostic assessment of patients suspected of having acute
coronary syndrome (ACS) remains a challenge, especially when
the electrocardiography is inconclusive. In addition, the pro-
longed release pattern of troponins and the limited sensitivity of
the routine troponin assay make it difficult to diagnose ACS at an
early stage.

Recent reports have indicated that increases in biomarkers
upstream from biomarkers of necrosis (cTroponinT and cTropo-
ninl), such as markers of inflammation (myeloperoxidase (MPO),
high-sensitivity C-reactive protein (hsCRP)) (4), specific lipid
parameters (lipoprotein(a), secretory phospholipase A2 (sPLA2))
(5,6), and oxidative stress (oxidized LDL (oxLDL)) (7), may facili-
tate an earlier assessment of overall risk and the identification and
management of patients with symptoms suggestive of ACS before
tissue necrosis.

The role of inflammation in the translation of disease to clini-
cal events is supported by the observation that increased systemic
concentrations of the inflammatory biomarker, hsCRP, predict
prospective cardiovascular risk in the settings of both primary
and secondary prevention. HsCRP, which is produced in the
liver after cytokine stimulations, is one of the earliest and most
non-specific acute-phase reactants. However, the true utility of
hsCRP as an independent predictor for cardiovascular disease
(CVD) events is hotly debated. Several lines of evidence suggest
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that hsCRP is a surrogate marker, but not a causal factor, for
CVD events (8).

MPO, a heme enzyme linked to both inflammation and oxida-
tive stress, has been implicated in the development and subse-
quent instability of atherosclerotic plaques (9). Recently, it has
become clear that MPO is involved in rendering high-density
lipoprotein cholesterol (HDL-C) dysfunctional (10). Increas-
ing evidence suggests that circulating concentrations of MPO
predict the prospective risk of adverse cardiac events in cohorts
of patients who are asymptomatic (11), have stable coronary ar-
tery disease (CAD) (12), or either present with ACS (13) or to
the emergency department for the assessment of chest pain of
suspected cardiac origin (14). Given these promising data, there
has been increasing interest in developing a multi-biomarker
approach that incorporates MPO. A recent study showed that
the combined panel of leukocyte count, MPO concentration,
and pregnancy-associated plasma protein-A concentration was
able correctly to classify acute coronary events (15). Although
these prospective and retrospective studies have supported the
prognostic utility of MPO both in patients with stable CAD and
in patients with ACS, other studies have highlighted its potential
diagnostic limitations (16,17).

The present study was undertaken to evaluate the independent
diagnostic information of a comprehensive panel of several es-
tablished and emerging biomarkers across the entire spectrum of
patients with CAD.

Methods

Study population

Between July 2006 and March 2008 all consecutive patients
(n=5809) signed for coronary angiography were collected for
prospective Corogene-registry in Helsinki University Central
Hospital (18). Of all Finnish patients 93% gave informed consent
(n =5295). Comprehensive information of patients, medical his-
tory, medication, and current condition were gathered from pa-
tient records, questionnaire, digital angiogram records, cardiac
ultrasound, etc. Of these patients 2090 had ACS, 1799 had stable
CAD, and 1202 had diagnostic angiograms without significant
CAD.

We selected randomly 242 non-diabetic ACS patients. Subjects
with stable angina pectoris (SAP) were matched to these ACS
patients according to sex, age, body mass index, and lack of DM.
Individuals with normal coronary artery (NCA) were matched
according to age and lack of DM.

Written informed consent was obtained from all participants,
and the study design was approved by the institutional Ethics
Committee.

Diagnostic criteria

CAD was confirmed by the presence of coronary stenoses = 50%
lumen obstruction in at least one of the three main coronary ar-
teries. Normal coronary arteries were defined as arterial wall ir-
regularities of < 10% lumen narrowing (at most). ACS comprised
subjects with non-ST segment elevation myocardial infarction
(MI) or unstable angina class II to IIIB (according to the Braun-
wald classification) undergoing coronary angiography within 72
hours from admission or with a diagnosis of ST segment eleva-
tion MI undergoing primary percutaneous coronary intervention
within 12 hours of symptom onset.

Hypertension was defined as current use of antihypertensive
drugs. Smoking status was recorded as those who were current
smokers and those who had quit smoking or never smoked.
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Biochemical investigations

Blood samples were collected in acute phase at the beginning of
the coronary angiography. Serum and ethylenediamine tetra-
acetic plasma were separated by centrifugation and stored at —-80°C
until different biomarkers were analyzed in 2009 and 2010.

Total serum cholesterol, triglycerides, HDL-C, LDL-C, con-
centrations of lipoprotein(a), apolipoproteinA-I, apolipoproteinB,
and hsCRP were automatically analyzed by Konelab analyzer
60i (Thermo Fisher Scientific, Vantaa, Finland) with Konelab
TM kits. LDL peak particle diameter (LDL size) was determined
on a non-denaturing polyacrylamide gel with electrophoresis.
Non-HDL-C was calculated by subtracting HDL-C from the total
cholesterol. A monoclonal antibody 4E6-based competition
enzyme-linked immunosorbent assay was used for measuring
plasma levels of oxLDL (Mercodia, Uppsala, Sweden). An ELISA
kit (Uscn Life Science Inc., Wuhan, China) was used to measure
concentrations of sSPLA2 and paraoxonase-1 (PON1), respectively.

The plasma concentration of MPO was determined with an
enzyme immunoassay (Hycult Biotech HK324, Uden, The Neth-
erlands). The immunoassay technique is based on the sandwich
technique in which two monoclonal antibodies are directed
against separate antigenic determinants on the MPO molecule. The
absorbance at 450 nm is measured spectrophotometrically and the
respective concentration calculated by using Tecan Magellan soft-
ware. The result is accepted if the absorbance of two parallel wells
of one sample does not vary from each other more than 15%.

Leukocyte counts and measurement of TroponinT were
performed using standard laboratory techniques.

Statistical analyses

All statistical analyses were performed with SPSS 17.0 for Win-
dows (SPSS, Inc., Chicago, IL, USA) and R 2.12.2. Between-group
differences were assessed by the ¢ test, the Mann-Whitney test,
and the chi-square test, as appropriate.

Multivariate logistic regression analysis with disease statuses
as outcomes was used to evaluate the significance of biologi-
cal markers (total cholesterol, LDL-, HDL-, and non-HDL-C,
non-HDL-C/HDL, triglycerides, hsCRP, oxLDL, apolipopro-
teinA-I, apolipoproteinB, apolipoproteinB/apolipoproteinA-I,
lipoprotein(a), LDL size, MPO, leukocyte count, PON1, and
sPLA2). When comparing ACS and NCA groups, models were
adjusted for sex, body mass index, hypertension, smoking, and
the use of B-blockers, aspirin, and statins. When ACS cases
were compared to SAP subjects, the models were adjusted for
hypertension, smoking, previous MI, and the use of B-blockers,
aspirin, and statins. We tested the significance of each biological
marker individually in logistic regression models and simulta-
neously in the same multivariate model. The relevance of these
markers was further examined with receiver-operating charac-
teristic curve statistics. A P value <0.05 was considered statisti-
cally significant.

Results

Demographic characteristics of the three patient groups are
shown in Table I. There were more women in the NCA group
than in the two other groups. Body mass index was higher in the
NCA group than in the ACS group. Smoking habits of patients
in the NCA group differed from those in the two other groups:
there were more never-smokers in the NCA group. Two-thirds
of subjects in the SAP group and one-third in the ACS group had
previous MI. None in the NCA group had suffered any such at-
tacks. Use of B-blockers was less frequent, and the use of aspirin
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Table I. Clinical characteristics of the study groups.

NCA

SAP ACS

n (males/females)
Age (years)
Body mass index (kg/m?)

Hypertension 146 (66.7)
Previous myocardial infarction 0 (0)
Smoking
Never 120 (54.9)
Ex-smoker 34 (15.6)
Current smoker 65 (29.5)
Medication use
Aspirin 176 (80.4)
B-Blocker 176 (93.1)
ACE inhibitor/AT 1 receptor 106 (48.4)
blocker
Statin
In previous use 194 (88.6%)
Initiated in hospital, before 0 (0%)
study enrollment
Not in use before study 1 (0.5%)

enrollment
Use not known before
study enrollment

219 (102/117)
65.7 (59.6-71.7)
26.8 (24.2-29.8)

24 (11.0%)

242 (160/82)¥% 242 (160/82)

65.9 (57.0-75.3)  66.0 (56.5-76.5)
26.5 (23.8-29.0) 25.5 (23.3-28.1)**
163 (67.2) 172 (71.1)

153 (63.2)F# 83 (34.4)%** 111

92 (38.1) 97 (40.0)

59 (24.3) 60 (24.6)

91 (37.7) 86 (35.4)
220 (90.9) 233 (96.3)** T
206 (93.6) 195 (84.8)™*
116 (47.9) 134 (44.6)

222 (91.7%)
2 (0.8%)

161 (66.5%)™** 11t
26 (10.7%)*** 111
5(2.1%) 45 (18.6%) %% 11T

13 (5.4%)** 10 (4.1%)***

ACE = angiotensin-converting  enzyme;

ACS =acute

coronary syndrome; Apo=

apolipoprotein; AT = angiotensin; CRP = C-reactive protein; HDL = high-density lipoprotein;
LDL = low-density lipoprotein; NCA = normal coronary artery; oxLDL = oxidized low-density

lipoprotein; PONI1 = paraoxonase-1; SAP =stable angina pectoris; sPLA2=

phospholipase A2.

secretory

Data are presented as medians (interquartile ranges) or numbers (frequencies).
#P<0.05, **P<0.01, ***P<0.001 for difference between groups NCA versus ACS.
TP<0.05, "TP<0.01, "TP<0.001 for difference between groups SAP versus ACS.
#P<0.05, ¥P<0.01, ¥##P<0.001 for difference between groups NCA versus SAP.

was more frequent in the ACS group than in the two other groups.
Therefore, we adjusted for all these background variables in the
analyses presented below.

Mean levels of the biomarkers and their confidence intervals
in each patient group along with between-group comparisons are
presented in Table II. The total cholesterol level was lowest in SAP
patients. LDL-C was highest in the ACS group, and HDL-C was
highest in the NCA group, gradually lowering from SAP to ACS
groups. ApolipoproteinA-I levels followed the pattern of HDL-C.

Table II. Biochemical characteristics of the study groups.

Non-HDL-C, as a marker of all triglyceride-rich lipoproteins,
and oxLDL were highest in the ACS group. On the contrary,
lipoprotein(a) was highest in the SAP group. Inflammatory pa-
rameters showed similar patterns across the three groups: hsCRP,
oxLDL, MPO, and leukocyte count were all highest in the ACS
group as compared to SAP and NCA groups.

Next we tested each biomarker individually with logistic re-
gression models adjusting for background variables (sex, body
mass index, hypertension, previous MI, smoking, and the use of

NCA

SAP ACS

Total cholesterol (mmol/L) 4.21 (3.76-4.77)

4.02 (3.59-4.58)* 4.22 (3.66-4.93)"

LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)

Non-HDL cholesterol (mmol/L)

Triglycerides (mmol/L)
LDL particle size (nm)
ApoA-I (mg/dL)

ApoB (mg/dL)
ApoB/ApoA-I
Lipoprotein(a) (mg/L)
Leukocyte count (E°/L)
High-sensitivity CRP (mg/L)
sPLA2 (pg/mL)
Myeloperoxidase (ng/mL)
OxLDL (U/L)

PONT1 concentration (pg/mL)

TroponinT (ng/L)

2.15 (1.77-2.77)
1.18 (0.95-1.51)
2.86 (2.50-3.54)
1.18 (0.90-1.73)
26.7 (25.8-27.2)
134.0 (120.4-150.2)
75.8 (64.7-92.9)
0.57 (0.46-0.71)
284.2 (138.3-540.5)
6.1 (85.2-7.2)
1.14 (0.51-2.60)
480 (298-834)
29.5 (23.5-40.8)
46.3 (36.0-60.7)
18.50 (12.41-27.11)

2.14 (1.79-2.61)

1.10 (0.85-1.36)

2.86 (2.48-3.41)

1.12 (0.87-1.60)

26.6 (25.7-27.2)
127.8 (112.9-143.0)#

76.6 (66.7-90.9)

0.60 (0.51-0.74)*
419.6 (205.5-783.0)

6.1 (5.2-7.2)

1.07 (0.44-3.10)

591 (367-1020)*

29.4 (23.1-41.0)

46.9 (37.6-58.2)
14.45 (9.27-22.02)%#*

—~ e~~~

2.31 (1.89-2.93)""
0.99 (0.82-1.17)*** 1t
3.15 (2.64-3.83)** ftt
1.24 (0.93-1.65)
26.6 (26.1-27.2)
115.2 (105.9-126.0)*** 111
77.6 (65.5-90.9)
0.68 (0.56-0.80)*** Tft
321.6 (170.6-606.2)"*
7.1 (6.0-8.6)*** 1t
4.49 (1.39-23.1)%** 11t
770 (471-1155)%***
69.7 (46.7-100.8)*** 111
50.2 (38.6-64.6)*
13.54 (9.36-19.90)***
166 (39-620)

ACE = angiotensin-converting enzyme; ACS = acute coronary syndrome; Apo = apolipoprotein; AT = angiotensin; CRP = C-reactive protein; HDL = high-
density lipoprotein; LDL = low-density lipoprotein; NCA = normal coronary artery; oxLDL = oxidized low-density lipoprotein; PON1 = paraoxonase-1;
SAP = stable angina pectoris; SPLA2 = secretory phospholipase A2.

Data are presented as medians (interquartile ranges) or numbers (frequencies).
*P<0.05, **P<0.01, ***P<0.001 for difference between groups NCA versus ACS.
TP<0.05, "TP<0.01, "TP<0.001 for difference between groups SAP versus ACS.
#P<0.05, ¥P<0.01, ¥#¥P<0.001 for difference between groups NCA versus SAP.
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Table ITI. Association of biomarkers with acute coronary syndrome (ACS) when compared to subjects with normal coronary artery (NCA) and stable angina

pectoris (SAP).>

Model 1: ACS versus NCA

Model 2: ACS versus SAP

OR 1/OR SE P value OR 1/0OR SE P value
Total cholesterol (mmol/L) 0.93 1.07527 0.13 0.624 0.98 1.02041 0.13 0.885
LDL cholesterol (mmol/L) 1.09 0.91743 0.19 0.634 1.01 0.99010 0.17 0.962
HDL cholesterol (mmol/L) 0.12 8.33333 0.05 <0.00001 0.33 3.03030 0.12 0.003
Non-HDL cholesterol (mmol/L) 1.20 0.83333 0.18 0.217 1.15 0.86957 0.16 0.292
Triglycerides (mmol/L) 1.00 1 0.16 0.985 0.97 1.03093 0.11 0.762
LDL particle size (nm) 1.02 0.98039 0.11 0.835 1.08 0.92593 0.10 0.450
ApoA-I (mg/dL) 0.96 1.04167 0.01 <0.00001 0.97 1.03093 0.01 <0.00001
ApoB (mg/dL) 0.99 1.01010 0.01 0.407 0.99 1.01010 0.01 0.044
ApoB/ApoA-I 6.93 0.14430 5.26 0.011 0.88 1.13636 0.20 0.579
Lipoprotein(a) (mg/L) 1.00 1 0.00 0.462 1.00 1 0.00027 0.016
Non-HDL/HDL cholesterol 1.28 0.78125 0.13 0.016 0.99 1.01010 0.02 0.745
Leukocyte count (E°/L) 1.30 0.76923 0.09 <0.001 1.16 0.86207 0.07 0.010
High-sensitivity CRP (mg/L) 1.13 0.88496 0.03 <0.00001 1.06 0.94340 0.01 <0.00001
sPLA2 (pg/mL) 1.00 1 0.000038 0.362 1.00 1 0.000011 0.408
Myeloperoxidase (ng/mL) 1.04 0.96154 0.01 <0.00001 1.03 0.97087 0.0046 <0.00001
OxLDL (U/L) 1.01 0.99010 0.01 0.262 1.00 1 0.01 0.725
PONI concentration (g/mL) 1.00 1 0.000010 0.125 1.00 1 0.000010 0.743

ACS =acute coronary syndrome; Apo = apolipoprotein; HDL = high-density lipoprotein; hsCRP = high-sensitivity C-reactive protein; LDL = low-density
lipoprotein; NCA = normal coronaryartery; oxLDL = oxidizedlow-densitylipoprotein; PON1 = paraoxonase-1; SAP = stable angina pectoris; sSPLA2 = secretory

phospholipase A2.

2Each biomarker was tested individually with a logistic regression model adjusting for background variables: sex, body mass index, hypertension, previous
myocardial infarction (model 2), smoking, and the use of B-blockers, aspirin, and statins.

B-blockers, aspirin, and statins). HDL-C, hsCRP, apolipoprotei-
nA-I, MPO, and leukocyte count were all strongly associated with
ACS status when compared to either SAP or NCA groups. Ad-
ditionally, apolipoproteinB/apolipoproteinA-I and non-HDL-C/
HDL-C were associated with ACS when compared to NCA
groups, and apolipoproteinB and lipoprotein(a) were significant
in ACS versus SAP analyses (Table III).

Because of the strong correlations between the measured bio-
markers (data not shown) we also tested all the biomarkers in one
multivariate model. As expected, apolipoproteinA-I, apolipopro-
teinB/apolipoproteinA-I, and leukocyte count, as well as LDL-C
were significant in NCA versus ACS analyses (apolipoproteinA-I:
P =0.007; apolipoproteinB/apolipoproteinA-I: P=0.04; leuko-
cyte count: P= 0.04; LDL-C: P= 0.002), and apolipoproteinB
remained significant when ACS was compared with SAP patients
(P<<0.0001). Also, LDL-C (P<0.00001) and triglycerides (P <
0.001) were significant in this group. Interestingly, only hsCRP
and MPO remained statistically significant in both groups when
all biomarkers were tested simultaneously in the same model
(ACS versus NCA: hsCRP P < 0.001, MPO P < 0.00001; ACS
versus SAP: hsCRP P < 0.001, MPO P < 0.001). These results
indicate that MPO and hsCRP have strong associations with the
ACS status, and they seem to be mostly independent of other
biomarkers.

To follow up this finding, we next estimated the areas under the
receiver-operating characteristics curves for each individually as-
sociated biomarker. MPO had the largest area under curve (ACS
versus NCA: AUC = 0.87; ACS versus SAP: AUC = 0.85). When
multivariate models consisting of all biomarkers and with and
without MPO were compared, AUC increased from 0.92 to 0.94
(P= 0.03) (Figure 1) and from 0.88 to 0.90 (P = 0.03) (Figure 2),
in ACS versus NCA and ACS versus SAP analyses, respectively.

Discussion

Our study aimed to evaluate the potential diagnostic information
contributed by a comprehensive spectrum of different biomark-
ers representing lipid metabolism, inflammation, oxidative stress,
plaque destabilization, plaque rupture, and myocardial necrosis
in a consecutive series of case and control subjects in whom the

presence of CAD was defined by coronary angiographic exami-
nation. The main findings of the study are as follows: 1) HDL-C
and apolipoproteinA-I were significantly reduced in ACS patients
as compared with SAP and subjects with NCA; 2) Biomarkers of
oxidative stress and inflammation (leukocyte count, MPO, ox-
LDL, and hsCRP) were significantly increased as compared with
SAP and subjects with NCA; 3) Elevated level of MPO had the
best discriminatory power to identify patients with ACS.

The role of LDL-C in atherosclerotic cardiovascular disease
is indisputable. Lowering LDL-C with statins in large placebo-
controlled trials in both primary and secondary prevention has
been successful to prevent cardiovascular disease outcomes (19).
Despite the overwhelming benefit of lowering LDL-C, there
is a considerable residual risk for cardiovascular events (20).
Our study, comprising a high rate of statin users, shows that ACS

No CAD vs ACS
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Figure 1. Risk discrimination of acute coronary syndrome (ACS) by
receiver-operating characteristic curve. Models have been adjusted for sex,
body mass index, hypertension, smoking, and the use of B-blockers, aspirin,
and statins. CAD =coronary artery disease; MPO = myeloperoxidase;
AUC = area under curve.
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Figure 2. Risk discrimination of acute coronary syndrome (ACS) by
receiver-operating characteristic curve. Models have been adjusted for
hypertension, smoking, previous myocardial infarction and the use of
B-blockers, aspirin, and statins. CAD = coronary artery disease; MPO =
myeloperoxidase; AUC = area under curve.

associates with low HDL-C and biomarkers of oxidative stress
and inflammation. Therefore additional therapy to relieve the
burden of the residual risk should focus on potential risk factors
beyond LDL-C.

Cardiac troponins owing to their superior sensitivity and spec-
ificity for detecting myocardial necrosis are, so far, the biomarker
of choice and are critical to the universal definition of MI. Un-
fortunately, these biomarkers are not consistently elevated within
the first few (< 6) hours after onset of symptoms, and therefore a
challenge is to identify patients at risk during an earlier stage of
the disease. In this setting inflammatory biomarkers have been
extensively assessed given the fact that vascular inflammation
is acknowledged as a key factor leading to plaque rupture and
clinical events.

MPO, reflecting both inflammatory and oxidative processes
distinct from those detected by markers of necrosis, has come up
as a reliable early candidate biomarker for ACS associated with
unfavorable clinical outcome (11-15). Baldus et al. (13) found
that, in 1090 patients with ACS, the MPO above a cut-off of 350
ug/L was associated with an adjusted hazard ratio for the 6-month
incidence of death and acute M1 of 2.25% (95% CI 1.32-3.82). No-
tably, the prognostic value of MPO in this study was independent
of biomarkers such as cardiac troponin, CRP, and soluble CD40
ligand. Furthermore, Brennan et al. (14) showed that elevated
concentrations of MPO predicted 30-day risk of acute MI and
other major adverse coronary events, even among patients whose
initial cardiac troponin levels were undetectable. However, avail-
able studies have given conflicting results, and the place of MPO
in the clinical work-up of patients with CAD is still disputable
(16,17). In a post hoc analysis of the MERLIN-TIMI 36 trial in-
cluding 4300 patients with ACS, Scirica et al. (16) found that only
N-terminal proB-type natriuretic peptide and cardiac troponin
were independently associated with cardiovascular death, but not
MPO or CRP. Recently, Schaub et al. (17) found that concentra-
tions of MPO, myeloid-related protein 8/14, pregnancy-associated
plasma protein-A, and CRP were significantly elevated in patients
with acute MI, but the diagnostic accuracy of these markers was
low and inferior compared to troponin. However, Schaub et al.

(17) showed that the concentrations of these biomarkers were
higher in non-survivors than in survivors and predicted all-cause
mortality with moderate accuracy.

A potential limitation of using MPO in early risk stratification
may be related to drug treatment. Recent limited studies reveals
that acute use of unfractionated heparin induces pre-analytical
bias and error in MPO measurements and may thus influence
MPO level interpretation (21,22). However, no data exist on the
repeated injections of heparin and its effects on MPO levels.

Experimental and clinical studies provide support for a
potential impact of therapy with statins on tissue and plasma
MPO levels (23-26). In clinical studies, statins reduced circulat-
ing levels of MPO in patients with ACS (26), congestive heart
failure (23), and patients with DM on dialysis (25). Recently,
Ndrepepa et al. (27) found that pre-admission therapy with sta-
tins, B-blockers, or angiotensin-converting enzyme inhibitors
associated with reduced MPO levels in patients with ACS. Our
observations provide further evidence linking inflammatory
cascades that promote MPO release from activated leukocytes,
MPO activity, and acute ischemic events. Notably, the MPO
values in ACS were 2-fold higher than in SAP and NCA with-
out overlap of confidence limits. In addition, our study shows
that MPO has a strong association with ACS independently of
pre-admission therapy. To the best of our knowledge this is the
first study to report the superiority of MPO to predict ACS in
patients assessed for a comprehensive panel of different estab-
lished and novel biomarkers.

Based on the receiver-operating characteristic curve analy-
ses, our study reveals that elevated MPO level had the best and
a stronger discriminatory power than hsCRP to predict ACS.
This finding is supported in the study by Ndrepepa et al. (12)
who suggested that MPO may have a more direct involvement
in the plaque destabilization and thus a stronger link with ACS.
Increased numbers of MPO expressing macrophages have been
observed in human atherosclerotic plaques with vulnerable fea-
tures, as compared with fatty streak lesions, which show little or
no MPO (9). Studies by Brennan et al. (14) and Baldus et al. (13)
both revealed the potential utility of circulating MPO levels as a
predictor of plaque vulnerability in subjects at risk for incident
major adverse cardiac events, even in the absence of detectable
levels of myocardial necrosis.

In recent years, accumulated evidence has shown that elevated
sPLA2 activity is a strong independent risk for CAD (6), corre-
lates with the degree of atheromatosis (28), and predicts recur-
rent events in patients with severe ACS (29). Similarly, we found
a progressive increase in the sSPLA2 activity with the increase in
severity of CAD. However, when sPLA2 was tested with a logistic
regression model adjusting for background variables the associa-
tion of sSPLA2 with ACS was insignificant. Similarly, we could not
find an association between PONI, a major contributor to the
antioxidant activity of HDL-C, and ACS (Table II). The reason for
this remains unknown.

Some important points should be noted. This study has by
nature a cross-sectional design, which limits our ability to infer
causality. We did not assess the time-dependency of the biomark-
ers, and this represents a limitation regarding a potential role of
these markers as predictors of risk over time. However, the data
obtained in ACS subjects are of clinical relevance as our patients
are representative of contemporary management strategies, and,
more importantly, the use of medication was taken into account
in multivariate analyses. Additionally, inflammatory marker
levels might have been influenced by acute infections or inflam-
matory states, conditions that were not used as exclusion criteria
in our study. Furthermore, some of our patients had received



enoxaparin before collection of blood samples. Nevertheless,
all blood samples were taken before coronary angiography and
ethylenediamine tetra-acetic plasma samples were used for MPO
analyses.

In conclusion, our data highlight the role of antiatherogenic
lipids, oxidative stress, and inflammation in processes leading
to plaque rupture and ACS. Moreover, our results indicate that,
in the context of a conventional troponin, the addition of MPO
to the biomarker profile might improve diagnostic accuracy for
acute ACS in clinical practice.
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