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ABSTRACT

Objective: There is a broad consensus that inflammation plays a crucial role 

in the development of artery disease. We investigated the prognostic value 

of circulating Annexin A5, elastase and myeloperoxidase (MPO) levels in 

patients with stable coronary artery disease during long-term follow-up and 

their relation to plaque burden assessed by noninvasive imaging.

Approach and Results: We studied 206 patients with non-acute chest 

pain who underwent cardiac computed tomographic angiography (CCTA) 

with a median follow-up of 9 years.  The combined outcome was coronary 

revascularization, acute coronary syndrome, cardiovascular death. Plasma 

biomarkers Annexin A5, elastase and MPO plasma levels were measured 

in addition to clinical biomarkers high-sensitive troponin T (hs-TnT), high 

sensitivity C-reactive protein (hs-CRP) and N-terminal pro-B-type natriuretic 

peptide (NT-proBNP). Coronary atherosclerotic burden was assessed by CCTA.

Our analysis demonstrated that circulating levels of Annexin A5, elastase 

and MPO are not significantly correlated to extent of coronary artery disease 

on CCTA. Kaplan-Meier analysis further revealed that Annexin A5, elastase 

and MPO levels were not predictive of significant coronary stenosis or acute 

coronary events during 9-year follow-up.

Conclusions: This study suggests that Annexin A5, elastase and 

myeloperoxidase do not provide incremental prognostic value as biomarker 

for the identification of patients at risk of cardiovascular events after 9 years, 

while clinically established biomarkers hs-TnT and NT-proBNP confirmed 

correlation between burden on CCTA. These results suggest, that there is no 

clinical added value for the examined biomarkers.



71

C
h

ap
ter 5 | C

ircu
latin

g A
n

n
exin

 A
5, E

lastase an
d

 M
yelo

p
ero

xid
ase

Graphic Abstract 

Abbreviations

ACS   Acute coronary syndrome

CAD   Coronary artery disease

CCTA   cardiac computed tomographic angiography

hs-CRP   high sensitivity C-reactive protein

hs-TnT   high sensitivity troponin T

MPO   myeloperoxidase

NT-proBNP   N-terminal pro-B-type natriuretic peptide
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Introduction

Timely prediction, risk stratification and detection of acute coronary events 

remain major clinical prerequisites. Multiple biomarkers have been identified 

to represent hallmarks of progression or instability of atherosclerotic 

plaques.1,2 Plasma troponin levels have successfully been used in the 

management of suspected acute coronary syndromes (ACS).3 In addition, they 

have been demonstrated to be detectable in patients with stable coronary 

artery disease, predicting medium-term survival. 4,5 To further improve 

detection and prognostication, numerous studies have examined the utility 

of existing and novel markers, including high sensitivity C-reactive protein 

(hs-CRP), interleukin 1-beta, interleukin-6, interleukin-17, procalcitonin and 

myeloperoxidase (MPO), which have all shown to be associated with adverse 

cardiovascular outcome. 6-9

Myeloperoxidase is a well-known pro-inflammatory enzyme that is secreted 

from activated neutrophils, monocytes and macrophages and has been 

associated with development of coronary artery disease, involving oxidative 

stress and associated damage.10,11 Endogenous Annexin A5 is abundantly 

present in atherosclerotic plaques, in particular in more advanced stages 

of atherosclerotic disease, due to apoptotic cells that reside in plaques. 

Targeting these apoptotic cells with Annexin A5 has been shown to inhibit 

atherosclerosis.12 A third marker, elastase, a marker of neutrophil activation, 

was found in the macrophage-rich shoulder of carotid artery plaques with 

histological features of vulnerability.13 Other studies showed promising results 

using elastase levels as a biomarker for complex coronary atherosclerosis.14,15

We have previously reported a correlation between high sensitivity 

troponin T (hs-TnT) and the extent of coronary plaque burden in stable 

chest-pain patients.4 The aim of the present study was to evaluate plasma 

levels of Annexin A5, elastase and MPO in a group of patients with non-acute 

chest pain and correlate this to coronary plaque burden and an extended 

9-year cardiovascular adverse outcome follow-up. Furthermore, we aimed to 

investigate if these new biomarkers show any predictive value on top of the 

known predictive capacity of hs-TnT. 
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Materials and Methods

Study population
We established in 2007 a prospective database for patients undergoing a 

cardiac computed tomographic angiography (CCTA) at Maastricht University 

Medical Center. Patient data, including clinical history, laboratory results, 

symptoms and event follow-up, were stored in a secured database. For the 

current study, we selected all the available 214 outpatient department patients 

from this database who underwent CCTA in the clinical work-up of non-

acute chest pain. This selection of patients is a subgroup of a study described 

earlier.4 In short, patients who were referred to the cardiologist, presenting 

with non-acute typical or atypical chest pain were included in this study and 

scheduled for CCTA. Eight patients were lost to follow-up. As a result, 206 

patients enrolled in this study. The study was approved by the Institutional 

Review Board of the Maastricht University Medical Center. Written informed 

consent was obtained from all patients prior to CCTA.

Measurements
Biomarkers
Blood was drawn just before the CCTA scan was performed. Blood samples 

were anticoagulated with ethylenediaminetetraacetic acid (EDTA), processed 

and coded to ensure anonymity. Subsequently, aliquoted samples were stored 

at -80°C in a biobank. Annexin A5 plasma levels were quantified according to 

the manufacturer’s instructions using the zymutest Annexin A5 ELISA (Hyphen 

Biomed, France). Plasma levels of MPO and elastase were assessed using the 

Human MPO ELISA kit and the Human Elastase ELISA kit, respectively, from 

Hycult Biotech (the Netherlands). All these tests were performed according 

to manufacturer’s instructions. In addition, Hs-TnT, N-terminal pro-B-type 

natriuretic peptide (NT-proBNP), hs-CRP, Total Cholesterol, high density 

lipoprotein and low density lipoprotein were assessed as described earlier.4 

CCTA Imaging
CCTA was performed using 64-slice multi detector computed tomography 

(Brilliance, Philips, Best, The Netherlands). To lower the heartrate intravenous 

metoprolol (5-20mg) was given. To maximize the use of the spatial resolution, 

sublingual nitroglycerin was administered. At first, a non-contrast scan 

according to the Agatston16 protocol was performed. To acquire the best 

possible image quality at the lowest radiation, the scan protocol was adapted 

to resting heart rate of the patient.  When the heart rate was above 65bpm, 
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a retrospective protocol was programmed; when the heart rate was below 

65bpm, a prospective electrocardiographic gated protocol was used. Tube 

voltage was adjusted to the weight of the patient within a range of 80-120kV. 

The right antecubital vein was used for the administration of 85-110mL contrast 

agent (Xenetix 350, Guerbet, Roissy CdG Cedex, France) was administered at a 

rate of 6.0 mL/sec, with subsequent administration of 40 mL saline at 6.0 mL/

sec to minimize artifacts to the right coronary artery.

CCTA assessment of Coronary atherosclerosis
Two experienced cardiologists separately assessed plaque severity based on 

luminal narrowing and calculated the CT-score as described earlier.4 Consensus 

was reached in case of disagreement between the readers. The images were 

assessed using Cardiac Comprehensive Analysis software (Philips, Best, The 

Netherlands) and Tera Recon (Foster City California, USA) The non-contrast 

images were assessed using dedicated software to calculated the Agatston 

score (Calcium Scoring, Philips).16 

Outcome
The study composite endpoint was the occurrence of revascularization, 

cardiovascular mortality and ACS. The electronic medical records were 

searched retrospectively for percutaneous coronary intervention, coronary 

arterial bypass grafting, ACS or cardiovascular death. The measurements of 

the plasma levels of Annexin A5, elastase and MPO were saved separately 

from the electronic medical records.

Statistics
Statistical analysis was performed using SPSS (v.24 IBM), R version 3.4.1, 

(Foundation for Statistical Computing, Vienna, Austria) and the additional 

packages (Hmisc17, car, foreign and mice). The pearson χ2 test was used to 

assess differences in discrete variables for linear relations and Spearman’s rank 

correlation in case of non-linear relations. We performed a one-way analysis of 

variance for continuous variables. Univariable and multivariable Cox-regression 

was performed for all mentioned biomarkers. 

Multiple imputation was performed with a fully conditional specification 

approach (20 iterations) for the binary outcome, using logistic regression. 

Missing data were considered at random. The multiple imputation procedure 

was performed with all baseline characteristics, predictors and multiple 

outcomes used for the composite endpoint. Kaplan-Meier curves were generated 

to analyze survival of different groups, stratified for biomarker-levels. 
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Results

Patient Demographics
The baseline characteristics of the study participants are shown in table 1. 

In total, 28 patients were categorized as having a cardiac event. Of these 28, 

27 patients were revascularized (20x percutaneous coronary intervention, 7x 

coronary arterial bypass grafting) and one patient was admitted with ACS. 

Twelve Patients died, 1 patient died (after revascularization) of heart failure, 

the remaining patients (n=11) died of non-cardiac causes. The mortality rate 

was 5.8 % and the cardiac event rate was 13.6 %. The median follow-up of the 

206 patients was 8.9 ± 0.9 years. 

Table 1. Patients’ Characteristics

All n=206 No event N=178 Event N=28 p-value

Age yrs* 58.4 (11.1) 58.14 (11.2) 60.29 (9.8) 0.341

Male gender % 55.3 53.9 64.3 0.306

Systolic BP in mmHg* 142.3 (19.7) 141.3 (19.1) 148.3 (23.0) 0.080

Smoking % 21.8 19.7 35.7 0.056

Diabetes Mellitus % 8.7 8.4 10.7 0.690

Positive family history % 37.9 38.8 32.1 0.502

PROCAM risk % 5.9 (2.1-13.5) 5.0 (2.0-11.9) 10.5 (5.1-21.1) 0.012

Total Cholesterol* mg/dL 209.0 (49.7) 210.1 (48.6) 202.5 (56.5) 0.453

LDL* mg/dL 129.3 (43.8) 129.7 (42.6) 126.8 (51.6) 0.744

HDL* mg/dL 49.4 (16.6) 50.4 (16.9) 42.8 (12.4) 0.024

Triglycerides* mg/dL 164.1 (111.4) 164.9 (117.1) 159.4 (66.4) 0.811

Glucose* (N=193) mg/dL 105.2 (22.8) 105.5 (23.9) 103.6 (15.0) 0.692

Creatinine† (N=202) mg/dL 0.97 (0.86-1.09) 0.95 (0.84-1.07) 1.05 (0.96-1.14) 0.036

hs-CRP† (N=200) mg/dL 0.06 (0.03-0.14) 0.05 (0.03-0.13) 0.07 (0.04-0.14) 0.833

hs-TnT† (N=206) 4.89 (3.20-6.78) 4.62 (3.00-6.56) 6.08 (4.59-7.58) 0.797

NT pro-BNP† (N=203) mg/dL 99.74 (45.17-174.65) 86.52 (41.01-158.55) 134.65 (95.31-190.22) 0.866

Annexin A5† (N=195) ng/ml 2.06 (1.47-3.26) 2.07 (1.49-3.44) 1.87 (1.22-6.65) 0.202

MPO† (N=205) ng/ml 18.8 (14.4-23.6) 18.7 (14.3-23.9) 19.1 (15.9-23.1) 0.987

Elastase† (203) ng/ml 102.1 (77.9-130.2) 102.7 (77.9-132.0) 99.4 (75.3-122.1) 0.995

* Values are mean (± SD)
† Values are median (IQR)
BP indicates blood pressure, LDL low-density lipoprotein, HDL high-density lipoprotein, NT pro-BNP N-terminal pro-B-type natriuretic 
peptide. In case data is missing, this is indicated. In the rest of the variables N=206.
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Prognostic and predictive value of biomarkers
Cox regression analysis (supplemental table 1) demonstrated that there was 

no significant predictive value of circulating MPO levels and the composite 

endpoint of mortality and revascularization and ACS (HR 1.30 95% CI (0.58 - 

2.93), P=0.52). Also, Kaplan-Meier analysis (figure 1) did not show significant 

differences in cardiac events during long term follow-up between high or low 

(>median, <median respectively) plasma concentrations of MPO.

Additionally, circulating Annexin A5 levels also did not show a significant 

predictive value (HR 0.78, 95% CI (0.43 - 1.40, P 0.40). Even after 9 years of 

follow up, the same holds true for the Kaplan-Meier analysis, which showed 

no significant difference in cardiac events regarding  Annexin A5 plasma 

concentration (figure 1).

Furthermore, elastase levels also did not show a significant predictive value 

(HR 0.92, 95% CI (0.35 – 2.39 P 0.86). A slight deviation in Kaplan-Meier curves 

was observed between the two groups, in the setting of low event numbers, 

this difference did not reach statistical significance. 

In figure 3, as an example of clinical relevance of the different measured 

biomarkers, a single case is presented of a severe coronary stenosis, which 

was detected by hs-TnT levels (>median) but showed no elevated levels of 

neither of the investigated biomarkers. 

Predictive value of hs-TnT, NT-proBNP and hs-CRP
As a reference, both hs-TnT and NT-proBNP showed to have a significant 

predictive value in Kaplan Meier analysis whereas hs-CRP did not show 

predictive value (figure 2). 

Association between biomarkers and coronary plaque burden.
Table 2 shows a significant difference in hs-TnT levels in the different coronary 

plaque burden categories, the circulating levels of Annexin, Elastase MPO and 

NT-pro-BNP are not significant.
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Figure 1. Shows Kaplan-Meier analyses of Annexin A5 (ANX), elastase and MPO. Demonstrating 
no significant predictive value for the need revascularisation, acute coronary syndrome and 
cardiovascular

Table 2. Relationship between biomarkers and coronary plaque burden.

No CAD (N=71) Mild CAD (N=82) Moderate (N=21) Severe CAD (N=32) p-Value

Annexin A5 2.19 (1.46-3.90) 1.95 (1.46-3.02) 2.14 (1.39-2.66) 1.89 (1.50-2.42) 0.784

MPO ng/ml 17.0 (13.5-22.4) 19.6 (14.4-24.2) 18.2 (15.5-20.4) 21.0 (14.4-29.5) 0.255

Elastase ng/ml 102.7 (72.7-123.2) 102.0 (81.0-137.8) 98.9 (75.7-122.0) 107.5 (84.9-144.2) 0.065

hs-TnT ng/ml 3.98 (3.00-5.68) 5.21 (3.78-7.76) 5.10 (3.00-7.12) 6.44 (4.34-8.67) 0.009

NT-pro-BNP mg/dL 64.9 (31.8-140.7) 100.5 (60.2-176.8) 111.5 (38.3-153.8) 139.5 (76.9-223.2) 0.536

Values are median (IQR) in the different coronary plaque burden categories
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Figure 2. Kaplan-Meier analyses of hs-TnT, NT-proBNP and hs-CRP. Hs-TnT and NT-proBNP 
have a significant predictive value (Median) and hs-CRP does not have a significant predictive 
value.
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Figure 3. An example case of a patient with a severe non-calcified lesion in the ramus 
circumflex coronary artery assessed by CCTA, the hs-TnT level is higher than median while 
Annexin A5, elastase and MPO levels are lower. Ao=Aorta, PA=pulmonary artery, LM=left main, 
RCx=Ramus Circumflex, LA=left atrium.

Discussion

There is a need for better identification and risk stratification of the vulnerable 

patient referred to the cardiologist at reasonable cost. Blood-based biomarkers 

linked to the mechanism and progression of atherosclerotic disease have 

potential to add value in clinical decision making at relatively low cost.

In the current study, we evaluated 3 promising biomarkers; Annexin A5, 

elastase and MPO, and we compared them to clinically established biomarkers. 

To our knowledge, this is the first study to investigate the prognostic value of 

Annexin A5, elastase and MPO plasma level measurements with an extensive, 

9-year patient follow-up. As a reference hs-TnT, NT-proBNP and hs-CRP have 

been analysed (figure 3). The main findings of study are: 1) The established 

inflammatory biomarkers elastase and myeloperoxidase did not show a 

significant association with plaque burden scores. 2) the novel biomarker 

Annexin A5 did not show a significant association with the coronary plaque 

Ao
LM

RCx

Ao

LA

PA
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burden assessed by CCTA 3) we found a convincing association between 

clinically established biomarkers, hs-TnT and NT-proBNP, and coronary 

plaque burden categories determined by CCTA and a significant predictive 

value, which is consistent with our earlier published data4,18 4) The examined 

biomarkers did not show a difference in prognosis in Kaplan Meier analysis 

and the biomarkers have no predictive value for cardiac events or the need 

for revascularization. 5) We observed no association between hs-CRP and the 

different coronary plaque burden scores assessed by CCTA and no predictive 

value for the hs-CRP levels, this is in line with our previous published data.4

Elastase is a proteolytic enzyme, present in the azurophilic granules of 

neutrophils, and mediates degradation of endothelial damage. Coronary 

artery disease is associated with damage of the endothelial wall, especially 

in the vulnerable plaque. Previous studies highlighted elastase as a possible 

biomarker for identifying patients with complex atheromatous plaques in 

patients with both acute, but also non-acute chest-pain.14,15 

In this study, however, we could not demonstrate a correlation between 

coronary atherosclerotic plaque burden assessed by CCTA and baseline elastase 

circulating levels. Moreover, adding baseline circulating elastase levels on top 

of the coronary plaque burden revealed no added predictive value of elastase 

in the composite outcome. In accordance with these findings, we found no 

predictive value of Elastase plasma levels alone for the composite outcome 

during a 9-year follow up. 

The second investigated marker was myeloperoxidase (MPO), a leukocyte-

derived enzyme-generating reactive oxidant species with possible atherogenic 

properties.11,19 Various earlier published studies show a relationship between 

plasma MPO levels and ACS in patients presenting with acute chest pain8,9 

and apparently healthy patients without any complaints.20 However, this was 

contrasted by a study showing no clinical added value of MPO levels to detect 

patients with stable coronary artery disease scheduled for elective invasive 

coronary angiography.21 In line with this last study, we found that baseline 

circulating levels of MPO had no correlation with atherosclerotic plaque burden 

on CCTA in our dataset. Furthermore, our data showed that circulating MPO 

levels on top of atherosclerotic plaque burden, did not increase the predictive 

value, even during a very long follow-up of 9 years. 

The third biomarker investigated was Annexin A5, an endogenous protein 

with high affinity for phosphatidylserine which is exposed on the outer cell-

membrane of cells during programmed cell death or apoptosis. Several studies 

have shown that both processes of inflammation and apoptosis appear to 

be closely associated with the progression of coronary atherosclerosis and 
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a higher possibility of coronary atherosclerotic plaque rupture resulting in 

acute coronary events.22-25 In a clinical study, higher endogenous Annexin A5 

circulating levels predicted mortality in patients with heart failure26, in addition 

to levels of NT-proBNP. Studies investigating the relationship between plasma 

level Annexin A5 and the presence and severity of coronary atherosclerosis 

showed conflicting results. One study demonstrated a clear relationship 

between plasma levels of Annexin A5 and the presence of atherosclerosis27, 

while two other studies showed either no relation or even the opposite.28,29 

This indicates a gap in our understanding of the relationship between Annexin 

A5 biomarker plasma levels and the presence of atherosclerosis. Our data with 

a very long follow-up show that plasma levels of Annexin A5 does not correlate 

with coronary plaque burden on CCTA in a group of more than 200 patients, 

and that Annexin A5 has no added value to predict ACS or revascularisation, 

even during 9-year follow up. 

Therefore, it seems unlikely that the use of MPO, elastase or Annexin A5 

will have significant clinical benefit for patients referred to the cardiologist 

with chest pain. This is a remarkable finding since current literature suggests 

that inflammation is closely associated with progressive atherosclerosis.22-25 

Inflammation seems to play a key role in the progression of atherosclerotic 

plaques and the transition into vulnerable plaques. 

In light of the relationship between inflammation and coronary plaque 

formation, a unique study addressing the impact of diet on inflammation and 

coronary calcium was performed in Tsimane Indians, known for their healthy 

lifestyle and the diet. While having elevated serum levels of hs-CRP in 50% of 

participants, the coronary calcium was fivefold lower than in the industrialised 

population.30 The investigated population appeared to have the lowest 

cardiovascular disease burden ever, even lower than the Japanese population. 

This argues for a large dietary component of coronary plaque formation, as 

their inflammatory burden seemed at least as high as Western populations. 

The current study is also interesting in the light of the recently published 

Cantos trial showed that patients with prior myocardial infarction and a 

high plasma level of hs-CRP had a significantly lower rate of cardiovascular 

events when treated with a monoclonal antibody targeting interleukin 1-beta, 

confirming the inflammation hypothesis in atherosclerosis. Although the 

effect of the drug on decreasing CRP levels was striking (minus 50%), the effect 

on cardiovascular outcome was modest (minus 15%). 31 Nevertheless, the Cantos 

trial confirms the importance of inflammation as a mediator of the atherogenic 

effect of risk factors. One of the reasons why Annexin A5, elastase and MPO 

did not show a correlation with coronary artery burden or coronary events 
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during long term follow-up may be that these inflammatory biomarkers are 

predominantly acting in later stages of the disease. An alternative explanation 

could be that Il-1b and the cytokines investigated in the Cantos study, are active 

in different pathway domains.23 Both elastase and MPO, as neutrophil products, 

may be more reflective of acute inflammation than the chronic low grade 

inflammation of atherosclerosis, however the transition to the vulnerable, 

prone to rupture, thin cap atheroma is presumably mediated by more acute 

inflammatory processes. Furthermore, the relatively small volume of vulnerable 

plaques may not release quantifiable levels of biomarkers in the peripheral 

blood and in addition, extra coronary inflammatory processes will elevate 

plasma levels of inflammatory biomarkers whilst coronary atherosclerosis is 

limited or even absent.

Taken together, the exact mechanisms and impact of inflammation on the 

development of atherosclerosis is not a straightforward one and there are still 

many gaps in our understanding and we believe that this study contributes 

to this gap.

Study limitations
This is a non-randomized study with 206 selected patients referred to the 

cardiologist with non-acute chest pain and scheduled for CCTA. 28 patients 

had a cardiac event. 27 of these were revascularized (percutaneous coronary 

intervention, coronary arterial bypass grafting) and 16 of these were performed 

within 90 days after the cardiac CT. It is not known whether these patients 

would have developed an acute coronary event if left untreated. This has 

potentially caused a survival bias in our dataset.

Another limitation of the present study is the relative small number 

of patients (n=206). As a result, the present study may be underpowered. 

However, based on our data we believe that the investigated biomarkers will 

not have the same clinical predictive impact in larger studies for coronary 

artery events.

A third study limitation is the low absolute number of events (13,6%). 

However, there is still a significant correlation between traditional biomarkers, 

hs-TnT and NT-proBNP, and the plaque burden as assessed by CCTA. This 

is confirmed by our findings from previous studies4,18, demonstrating the 

correlation between both hs-TnT and NT-proBNP and the burden of coronary 

atherosclerosis. Furthermore, using multiple imputation, we reduced the 

effect of missing values on our dataset. 
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Conclusion
Our study suggests that there is no significant association between the 

studied inflammation markers and the presence of atherosclerosis, and 

these biomarkers did not predict the occurrence of acute coronary events 

or the clinical decision to perform revascularisation. Since our reference 

biomarkers, hs-TnT and NT-proBNP, did significantly predict the endpoint, 

confirming our earlier published results, we conclude that it seems unlikely 

that the investigated biomarkers will play a similar important clinical role 

as established cardiac biomarkers in revealing the patient at risk of an ACS. 
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