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ABSTRACT

Aims/hypothesis: MPO, an enzyme of the innate immune system, exhibits a wide array 

of pro-atherogenic eff ects. These include induction of oxidative damage to LDL- and HDL-

cholesterol, and promotion of endothelial dysfunction. Recent studies revealed that MPO 

independently predicts adverse outcomes in patients with chest pain or suspected acute 

coronary syndrome. We evaluated whether plasma myeloperoxidase (MPO) levels are associ-

ated with scintigraphic myocardial perfusion abnormalities, in type 2 diabetic patients with 

mild anginal complaints.

Methods: MPO was measured in plasma samples of 267 patients with diabetes mellitus type 

2 and stable angina pectoris complaints (Canadian Cardiovascular Society class I-II/IV) prior 

to myocardial perfusion scintigraphy (MPS).

Results: The median plasma level of MPO was 141 pM (IQR 115-171). One-hundred-ninety 

patients (71%) had perfusion abnormalities on MPS and of these, 138 patients had myo-

cardial ischemia. No relation was found between plasma MPO levels and the scintigraphic 

myocardial perfusion abnormalities. Even in combination with known other cardiovascular 

risk factors MPO failed to predict scintigraphic myocardial perfusion abnormalities.

Conclusions: MPO levels are not associated with scintigraphic myocardial perfusion abnor-

malities in type 2 diabetic patients with mild anginal complaints. Therefore, in type 2 diabetic 

patients MPO is unlikely to be a useful biomarker to predict hemodynamically signifi cant 

coronary artery disease. 

Key words: Myeloperoxidase; diabetes Mellitus type 2; myocardial ischemia; SPECT

Abbreviations: CAD, coronary artery disease; CABG, coronary artery bypass grafting; CCS, 

Canadian Cardiovascular Society; DM2, diabetes mellitus type 2; MI, myocardial infarction; 

MPO, myeloperoxidase; MPS, myocardial perfusion scintigraphy, PCI, percutaneous coronary 

intervention 
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INTRODUCTION

Atherosclerosis is the major cause of morbidity and mortality in patients with diabetes mel-

litus type 2. The risk of coronary artery disease (CAD) in these patients is two- to fourfold 

higher compared with non-diabetic patients and approximately 75% will die from a cardiac 

cause (1-3). Moreover, diabetic patients are more likely to have an atypical or less distinct 

expression of their anginal symptoms and silent myocardial ischemia is already present in 

approximately 20% of patients (4). To reduce the risk of cardiac complications, attempts 

must be made to identify diabetic patients with CAD at an early stage, possibly even before 

anginal complaints become overt. To identity those patients at risk at an early stage, widely 

available and relatively cheap markers or combination of markers with a high sensitivity are 

necessary.

Recent evidence suggests that myeloperoxidase (MPO) plays an important role in the devel-

opment and progression of atherosclerosis (5). MPO is a pro-oxidant enzyme released from 

granules of activated leukocytes and monocytes at infl ammatory sites (5). Upon release, 

it generates free radicals and reactive oxygen species, such as hypochlorous acid. Next to 

its antimicrobial actions as part of the innate immune system, MPO activity can also lead 

to oxidative damage of the vessel wall, causing not only endothelial dysfunction, but also 

infl uencing the vulnerability of the developed plaques (6;7).

Recent clinical studies have demonstrated that MPO levels are predictive for endothelial 

dysfunction and cardiovascular disease. A recent study concluded that elevated MPO was 

able to predict future coronary artery disease (8). Moreover, systemic levels of MPO were 

signifi cantly higher in patients with a history of CAD compared with healthy controls (9). 

Furthermore, elevated MPO levels were found to predict an increased risk of coronary com-

plications in patients presenting with both stable and unstable complaints of angina pectoris 

(5;9-13). Higher levels of MPO were related to the presence of endothelial dysfunction or 

atherosclerotic plaques as determined by brachial artery fl ow-mediated dilation and carotid 

ultrasound investigations.

In a recent study, we found that plasma levels of MPO are higher in patients with type 2 dia-

betes mellitus and stable, mild anginal complaints compared with non-diabetic patients with 

similar anginal complaints (chapter 10). Whether higher MPO levels contribute to endothelial 

dysfunction and accelerated atherosclerosis in these diabetic patients is unknown. We hy-

pothesized that MPO plays a role in diabetic endothelial dysfunction and more specifi cally that 

elevated MPO levels can predict the presence of myocardial perfusion defects as a measure 

of CAD in diabetic patients. To test this hypothesis we conducted a study in type 2 diabetic 

patients with mild anginal symptoms undergoing myocardial perfusion scintigraphy.
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METHODS

Setting

The study population consisted of type 2 diabetic patients who visited the outpatient clinic 

of the Department of Cardiology because of mild anginal complaints (Canadian Cardiovas-

cular Society (CCS) I-II/IV). All patients underwent initial clinical and laboratory evaluation, 

followed by a myocardial perfusion scintigraphy (MPS). The study complied with the Declara-

tion of Helsinki. The medical ethical committee approved the protocol and all patients gave 

written informed consent before MPS.

Patient population

Patients, aged ≥ 30 years, with mild, stable (≥ two months) complaints of angina pectoris 

(CCS class I-II/IV) and type 2 diabetes mellitus were eligible for screening. Type 2 diabetes 

mellitus was defi ned as the presence of one or more of the following: fasting glucose of > 

7.0 or non-fasting of > 11.0 mmol/L in two samples on two separate days, treatment with 

oral anti-diabetic medication, treatment with oral medication combined with insulin, or 

onset of insulin treatment at age ≥ 50 years. Exclusion criteria were 1) percutaneous coronary 

intervention (PCI) or coronary artery bypass grafting (CABG) in the preceding six months; 

2) unstable angina pectoris (UAP) (CCS III-IV/IV) or myocardial infarction (MI) in the preced-

ing two months; 3) known valvular disease; 4) known congenital heart disease; 5) known 

cardiomyopathy; 6) severe hypertension (systolic blood pressure ≥ 180 mmHg or diastolic 

blood pressure ≥ 100 mmHg, after treatment); 7) familial hypercholesterolemia;  8) serious 

bronchial asthma; 9) body weight > 120 kg;10) heart failure or ejection fraction < 35%, as 

measured by echocardiography or gated MPS and 11) plasma creatinine level > 250 μmol/L.

Myocardial perfusion scintigraphy and image analysis

Stress and rest myocardial perfusion scintigraphy (with single-photon emission computed 

tomography (SPECT)) was performed with 99mTc labeled perfusion tracers (Tetrofosmin 

or sesta-MIBI) or Thallium-201. Symptom limited exercise (bicycle or treadmill ergometry) 

was the preferred stress modality. Pharmacological vasodilatory stress with adenosine or 

dipyridamole was applied if there was insuffi  cient increase of heart rate (< 85% age predicted 

maximal heart-rate) during physical exercise, in the presence of a left bundle branch block, 

or if the anti-anginal medication had not been adequately discontinued. Dobutamine stress 

testing was performed in patients with a contra-indication for adenosine or dipyridamole. 

ECG-gated image acquisition was optional, but not a prerequisite.

Nuclear physicians analyzed the images in a total of 17 myocardial segments. Segments were 

scored with a 5-point scoring system (0 = normal; 1 = equivocal; 2 = moderate reduction; 3 

= severe reduction; 4 = absent activity). Summed stress score (SSS) and summed rest score 
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(SRS) were obtained by adding the scores of all segments of respectively stress and rest im-

ages. The summed diff erence score (SDS) was calculated by subtracting the SRS from the 

SSS. Reversible myocardial perfusion defects, indicative for inducible myocardial ischemia, 

were defi ned as SDS ≥ 3. Fixed defects, indicative for scarring were defi ned as a SRS-score 

of ≥ 3. The presence of either fi xed or reversible defects was defi ned as the presence of any 

perfusion defect.

Biochemical analysis 

Fasting blood samples were collected before MPS and were centrifuged without undue delay 

and stored at −70°C until further analysis. C-reactive protein (CRP) was measured with a neph-

elometric assay (Dade Behring Diagnostics, Marburg, Germany). For the present analysis, we 

used a cut-off  value of 3.0 mg/L (i.e. 90th percentile of the normal distribution). Modular P-800 

instrument was used for chemiluminescent measurement of N-Terminal-pro-Brain Natriuretic 

Peptide (NT-pro-BNP) (Roche Diagnostics, Mannheim, Germany). The lower detection limit of 

the NT-pro-BNP assay was 5 pg/ml and all values < 5 pg/mL were designated as 2.5 pg/mL for 

statistical analysis. A Prospec instrument was used for photometric measurement of cystatin 

C (Dade Behring, Marburg, Germany). Plasma levels of total cholesterol, HDL-cholesterol and 

triglycerides were measured on fresh samples with the RA 1000 (Bayer Diagnostics, Basing-

stoke, UK), and LDL-cholesterol levels were calculated with the Friedewald formula. EDTA 

samples were retrieved from frozen storage, thawed, and plasma concentration of MPO was 

measured by use of a commercially available ELISA (CardioMPO™ Test, PrognostiX, Cleveland, 

Ohio, USA). The inter-assay and intra-assay variability were 2 and 6%. The lower detection 

limit was 13 pM, and the upper detection limit was 5,223 pM. Samples were analyzed in 

random order to avoid systemic bias and in a blinded fashion. 

Statistical analysis

Data are presented as number of patients (%), mean (standard deviation (SD)) or as median 

(interquartile range, (IQR)). Continuous variables were compared by Student’s unpaired t test, 

Mann-Whitney test or one-way ANOVA; categorical variables were compared by χ2, Fisher’s 

exact test or χ2 for trend where appropriate. MPO concentrations were divided into quartiles 

since levels of MPO did not follow a Gaussian distribution. Receiver Operator Curves (ROC) 

analysis was used to evaluate the performance of MPO by the area under the curve (AUC). 

Binary logistic regression analysis was performed to assess the additional value of MPO in the 

prediction of myocardial ischemia on MPS, expressed as an odds ratio (OR) with correspond-

ing 95% confi dence intervals (CI). The SPSS package for windows version 12.0 (SPSS Inc, 

Chicago, IL, USA) was used for these purposes. Values of p < 0.05 were considered statistically 

signifi cant. 
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RESULTS

Baseline characteristics

Between October 2002 and July 2004, a total of 267 type 2 diabetic patients with mild and 

stable angina pectoris underwent ischemia detection by MPS. Fasting blood samples were 

collected in all patients, prior to the MPS. The median plasma level of MPO in type 2 diabetic 

patients with mild and stable anginal symptoms was 141 pM (interquartile range (IQR) 115-

171). Baseline characteristics of these patients in relation to quartiles of MPO concentration 

are described in Table 1. The population consisted predominantly of male patients (182 

(68%)), the mean age was 64 ± 9 years. Approximately 40% was obese (body mass index > 

29.9 kg/m2). The median duration of DM was 6.5 years (IQR 3.3-11.7), the median glycosated 

Table 1. Baseline characteristics in relation to quartiles MPO. 

Quartiles plasma MPO 57-115 pM 115-141 pM 141-171 pM 171-1414 pM P

Patient characteristics n = 67 n = 68 n = 66 n = 66 * / #

Male gender 50 (75)  43 (63) 43 (65) 46 (70)

Age, years 63 (8) 66 (8) 64 (9) 65 (11)

CCS II/IV 25 (37) 25 (37) 23 (35) 30 (46)

Duration of DM, years 6 [3-12] 8 [5-12] 7.4 [5-14] 4.7 [2.0-9.8] # 0.002

BMI, kg/m2 29 (4) 29 (4) 30 (4) 29 (5)

Medication

Aspirin 57 (85) 58 (85) 53 (80) 58 (88)

Statin 53 (79) 51 (75) 48 (73) 46 (70)

ACE-inhibition 19 (28) 33 (49) 32 (49) 26 (39)

Betablockade 46 (69) 51 (75) 47 (71) 48  (73)

Long-acting nitrates 25 (37) 25 (37) 22 (33) 30 (46)

Calcium-antagonists 25 (37) 30 (44) 27 (41) 33 (50)

Insulin 17 (25) 35 (52) 32 (49) 18 (27) # < 0.04

Cardiac risk factors/
medical history

Current smoking 8 (12) 9 (13) 10 (15) 18 (27) * 0.02 / # 0.009

Hypertension 34 (51) 41 (60) 33 (50) 35 (53)

Family history of CAD 23 (34) 22 (32) 29 (44) 22 (33)

Hypercholesterolaemia 45 (67) 44 (65) 45 (68) 37 (56)

History of CVD 35 (52) 43 (63) 35 (53) 41 (62)

- History of CAD 33 (49) 34 (50) 31 (47) 34 (52)

  - Previous MI 22 (33) 22 (32) 20 (30) 18 (27)

  - Previous PCI 20 (30) 17 (25) 17 (26) 21 (32)

  - Previous CABG 13 (19) 14 (21) 14 (21) 9 (14)

Values are presented as number (percentage), as mean (standard deviation) or median [IQR]. BMI, body 
mass index; ACE, angiotensin converting enzyme; CAD, coronary artery disease; CVD, cardiovascular 
disease, including cerebral, coronary and peripheral vascular disease; MI, myocardial infarction; PCI, 
percutaneous coronary intervention; CABG, coronary artery bypass grafting. 

* P for trend; # P for highest quartile vs. lowest three quartiles.
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hemoglobin (HbA1c) was 7.6 % (IQR 6.6-8.3) and 102 patients (38%) needed insulin to regulate 

their blood glucose. More than half of the population (58%) had a history of vascular disease, 

defi ned as a history of peripheral, cerebral or coronary artery disease. More specifi cally, 132 

(49%) had a known cardiovascular medical history defi ned as previous MI, PCI or CABG. The 

majority of patients was on aspirin, lipid-lowering therapy and beta-blockers. 

Patients with a shorter duration of diabetes mellitus and patients not needing insulin to regu-

late their diabetes mellitus more often had levels of MPO in the highest quartile. Furthermore, 

with increasing levels of MPO, more patients were currently smoking, with most smokers in 

the highest quartile compared with the lower quartiles (18 (27%) vs. 27 (13%), p < 0.009).

Table 2. Quartiles MPO in relation to laboratory fi ndings and MPS outcomes

Quartiles plasma MPO 57-115 pM 115-141 pM 141-171 pM 171-1414 pM P

 n = 67 n = 68 n = 66 n = 66 * / #

Laboratory analysis

Leukocytes, x109/L 6.9 (2) 7.5 (2) 7.1 (2) 8.5 (2) * 0.001/ # 0.001

HsCRP, mg/L 1.2 [0.7-2.6] 2.1 [1.1-4.1] 2.5 [1.2-5.1] 2.7 [1.9-6.2] * 0.001/ # 0.006

NT-pro-BNP, pg/mL 89 [44-238] 145 [64-372] 87 [32-219] 185 [57-465] # 0.02

Cystatin C 0.9 [0.8-1.0] 1.0 [0.9-1.2] 0.9 [0.8-1.2] 1.1 [0.9-1.3] * < 0.03/ # 0.001

Total cholesterol, 
mmol/L

4.4 (1.0) 4.5 (0.9) 4.6 (1.0) 4.6 (1.1)

HDL, mmol/L 1.2 (0.3) 1.9 (0.3) 1.2 (0.3) 1.2 (0.4)

LDL, mmol/L 2.4 (0.6) 2.5 (0.7) 2.6 (0.8) 2.6 (0.9)

Triglycerides, mmol/L 1.7 (1.0) 1.8 (0.9) 1.8 (0.8) 2.3 (2.5)

HbA1c, % 7.5 (1.8) 7.6 (1.5) 7.9 (1.4) 7.6 (1.7)

MPS

Summed stress score 
(SSS)

9 (7) 8 (7) 9 (9) 9 (8)

Summed rest score 
(SRS)

5 (6) 4 (6) 5 (7) 5 (7)

Summed diff . score 
(SDS)

2 (1) 2 (1) 2 (1) 2 (1)

Reversible defects 
(SDS ≥ 3)

37 (55) 34 (50) 36 (55) 31 (47)

Moderate (SDS 3-8) 25 (37) 17(25) 17 (26) 19 (29)

Severe (SDS ≥ 8) 12 (18) 17 (25) 19 (29) 12 (18)

Fixed defects (SRS ≥ 3) 35 (52) 26 (38) 28 (42) 37 (56)

EF < 45% (n = 116) 4 (14) 4 (19) 5 (13) 1 (4)

EF rest > EF stress (n 
= 102)

17 (61) 8 (44) 21 (64) 14 (61)

Values are presented as mean (standard deviation) or median [IQR], except for the variables reversible 
defects and fi xed defects which are presented as number (percentage). * P for trend; # P for highest 
quartile vs. lowest three quartiles.
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Table 2 summarizes the distribution of laboratory outcomes by MPO quartile. White blood cell 

count, hs-CRP, and cystatin C levels signifi cantly increased with MPO-quartile. Furthermore, 

higher leukocytes, hs-CRP, NT-pro-BNP and cystatin levels were associated with MPO levels in 

the highest quartile. No associations were found between MPO and HDL, LDL or HbA1c.

Plasma levels of MPO and the presence of perfusion defects on MPS

Stress and rest MPS was performed using 99m Tc labeled perfusion tracers in the majority of 

patients (236 (89%)). Adequate exercise was performed in 170 (64%) patients and in 90 (34%) 

Table 3. Odds ratio and 95% confi dence intervals of highest quartile MPO in relation to other cardiovascular 
biochemical variable or risk factors for the presence of reversible and fi xed perfusion defects

Any abnormality on MPS Myocardial ischemia on MPS 

 Quartile plasma MPO  1-3 4 1-3 4

NT-pro-BNP < 126 pg/mL 1 0.62 (0.26 - 1.48) 1 0.45 (0.17 - 1.15)

NT-pro-BNP ≥ 126 pg/mL 2.15 (1.12 - 4.13) * 2.35 (0.94 - 5.85) 2.13 (1.20 - 3.79) # 1.86 (0.87 - 3.96)

  

HDL > 1.18 mmol/L 1 0.77 (0.34 - 1.77) 1 0.43 (0.19 - 0.97) *

HDL ≤ 1.18 mmol/L 1.34 (0.72 - 2.50) 1.32 (0.53 - 3.28) 0.77 (0.44 - 1.34) 1.10 (0.49 - 2.47)

   

LDL < 2.50 mmol/L 1 0.67 (0.28 - 1.62) 1 0.71 (0.31 - 1.88)

LDL ≥ 2.50 mmol/L 0.84 (0.45 - 1.56) 0.91 (0.39 - 2.15) 1.39 (0.79 - 2.44) 1.12 (0.52 - 2.40)

CRP < 2.1 mg/L 1 0.84 (0.30 - 2.36) 1 1.14 (0.45 - 2.88)

CRP ≥ 2.1 mg/L 0.64 (0.34 - 1.19) 0.65 (0.30 - 1.41) 0.82 (0.47 - 1.45) 0.52 (0.25 - 1.06)

Diabetes < 10 yrs 1 0.83 (0.42 - 1.66) 1 0.76 (0.40 - 1.46)

Diabetes ≥ 10 yrs 1.20 (0.61 - 2.32) 2.49 (0.53 - 11.64) 1.26 (0.69 - 2.28) 1.24 (0.41 - 3.76)

Never / previous 1 0.91 (0.46 - 1.82) 1 0.73 (0.38 - 1.38)

Current smoking 1.45 (0.55 - 3.81) 1.08 (0.37 - 3.18) 1.59 (0.69 - 3.66) 1.17 (0.44 - 3.10)

No insulin 1 1.10 (0.52 - 2.34) 1 0.89 (0.45 - 1.74)

Insulin 1.09 (0.58 - 2.02) 0.64 (0.23 - 1.80) 1.02 (0.58 - 1.80) 0.57 (0.21 - 1.56)

BMI < 29.9 kg/m2 1 1.02 (0.39 - 2.67) 1 2.12 (0.84 - 5.38)

BMI ≥ 29.9 kg/m2 1.35 (0.53 - 3.44) 1.24 (0.42 - 3.69) 2.03 (0.83 - 4.96) 2.17 (0.78 - 6.07)

Female 1 1.29 (0.46 - 3.56) 1 0.86 (0.31 - 2.45)

Male 3.41 (1.82 - 6.59) # 2.43 (1.07 - 5.51)* 2.43 (1.33 - 4.45) # 1.74 (0.81 - 3.75)

No history of CAD 1 0.54 (0.24 - 1.20) 1 0.99 (0.57 - 1.72)

History of CAD 1.97 (1.05 - 3.70) * 4.03 (1.32 - 12.34)* 0.68 (0.31 - 1.51) 0.87 (0.40 - 1.90)

Values are described as frequencies and odds ratios of the combination of MPO in relation to 
cardiovascular biomarkers and other variables known to be related to MPO levels or the presence of CAD. 

* P < 0.05; # P < 0.01. Abbreviations as described in Table 1.
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patients pharmacological induced vasodilatory stress was used. Dobutamine was used in 

the remaining 6 (2%) patients. In 190 (71%) patients myocardial perfusion defects on MPS 

were present and of these, 138 (52%) patients had reversible myocardial perfusion defects, 

indicative for myocardial ischemia. Table 2 describes the semi-quantitative scores and the 

presence of perfusion defects according to MPO quartile. Neither median plasma MPO levels, 

nor levels of MPO in the highest quartile vs. the lowest three quartiles were related to the 

presence of either clinically relevant myocardial ischemia or scar-tissue. Analyzing the rela-

tionship with MPO concentrations divided in tertiles did not change the result. Furthermore, 

ROC analysis with MPO levels as a predictor of perfusion defects, showed a non-signifi cant 

AUC for myocardial ischemia and also for any perfusion defect on MPS (AUC = 0.48, 95% CI 

0.42-0.56, p = 0.69; AUC = 0.49, 95% CI 0.41-0.56, p = 0.77, respectively).

Plasma levels of MPO and cardiovascular risk factors and biomarkers

In Table 3, frequencies and odds ratios are described for MPO in relation to cardiovascular 

biomarkers and other risk factors known to be related to MPO levels or the presence of CAD. 

However, MPO, even in combination with these variables, failed to predict the presence of 

perfusion defects. However, male gender, a previous history of CAD and NT-pro-BNP were 

associated with perfusion defects. Furthermore, higher levels of HDL were inversely related 

with myocardial ischemia.

DISCUSSION

MPO can exert a plethora of pro-atherogenic eff ects, including oxidation of lipoproteins and 

induction of vascular dysfunction (12-15). These intriguing fi ndings indicate that MPO as a 

mediator of atherogenesis may be an important marker for the presence and risk of CAD. 

However, the present study shows no association between plasma MPO levels and perfu-

sion defects as assessed with MPS in patients with diabetes mellitus type 2 and mild anginal 

symptoms. These fi ndings indicate that MPO is of limited value in predicting the presence 

of myocardial perfusion defects indicative for the presence of coronary artery disease in 

patients with type 2 diabetes mellitus.

Most likely, the patient characteristics of our study population are in part responsible for the 

absence of an association. First, as frequently suggested, all diabetic patients are likely to 

have some form of endothelial dysfunction as well as plaque burden, and diabetic patients 

are more likely to have diff use microvascular disease (16-18). Although microvascular disease 

and endothelial dysfunction might not yet result in hemodynamical signifi cant coronary 

artery disease and thus do not infl uence the outcome of MPS in diabetic patients, one might 

speculate that this does infl uence the levels of MPO. Second, one might speculate on the pos-
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sibility of a false negative MPS outcome leading to an underestimation of the patients with 

reversible myocardial ischemia. Unfortunately other variables for the detection of myocardial 

ischemia (e.g. ECG changes, transient ischemic dilatation ratio or changes in ejection fraction 

(EF) between stress and rest MPS) were only available in a selection of patients. However, in 

these patients (approximately 50% of the total) in whom ECG-gated information was avail-

able, no relation was found between EF changes and increasing MPO quartiles. Finally, an 

important part of our patients received lipid lowering therapy, which might have blurred the 

relation between the concentration of LDL and HDL with MPO and might have infl uenced 

MPO levels. A number of studies have demonstrated a decrease in MPO levels as a possible 

pleiotropic eff ect of statin use. However, these possible pleiotropic eff ects of statins on MPO 

were not replicated in a recent study on statin therapy in  hypercholesterolemic patients 

(19-21). It should be noted that the majority of studies showing predictive value of MPO for 

CAD are limited to the prediction of acute coronary syndromes (9-11,13, 22). Most markedly, 

the predictive value of MPO in the setting of acute coronary syndromes (adjusted OR ranging 

from 2.1 to 7.1) by far outweighs that in the setting of primary prevention of CAD related 

hospital admission or mortality (adjusted OR 1.27, 95% CI 0.98-1.63) (8,10). Since we evalu-

ated MPO in patients with stable anginal complaints, the lack of a relation is in line with these 

fi ndings. Collectively, the present fi ndings confi rm that MPO is probably more closely related 

to acute events, rather than to the presence of stable atheroma burden. This is supported by 

the fact that MPO is predominantly derived from activated neutrophils and monocytes and 

that increased MPO in acute coronary syndromes is likely to refl ect activation of these cells 

following plaque rupture (23, 24). 

In a study by Exner et al., a relation between progression of carotid stenosis as detected with 

ultrasound and MPO is described (25). The discrepancy with our study might be explained by 

the mechanism by which the diagnostic tests detect vascular disease. MPS describes a diff er-

ence in radiofarmacon uptake compared with adjacent regions of myocardium, visualized in 

two- and three dimensional images. Although diff erences in uptake on myocardial perfusion 

scintigraphy are directly related to the fl ow through the coronary arteries, myocardial perfu-

sion scintigraphy does not provided information on the actual plaque burden. In addition, 

the fi ndings of the study by Exner et al. are based on a subset of patients with progressive 

disease in combination with low HDL levels. Unfortunately, the study does not report the 

relation between MPO and the amount of plaque burden at baseline.

In our study, we found positive correlations between MPO and cardiovascular risk factors, 

comparable with numerous previous studies. Higher levels of MPO were related to white 

blood cell count, hs-CRP, NT-pro-BNP and participants with high MPO levels were more 

likely to smoke. This observation strengthens the assumed relation between MPO and the 

development and progression of atherosclerosis. Interestingly, patients with a shorter dura-



MPO in diabetes mellitus type 2 with stable angina 167

tion of diabetes mellitus and patients not needing insulin to regulate their diabetes mellitus 

more often had levels of MPO in the highest quartile. However, no association was found 

between MPO and HbA1c. These fi ndings suggest that MPO is related to the earlier phases 

of impaired glucose metabolism, in which insulin resistance induced hyperinsulinemia is 

present. Furthermore, these fi ndings may support those who state that hyperinsulinemia, 

and not hyperglycemia, is the major factor producing damage to the endothelium and ac-

celerating the appearance of atherosclerosis (26-28). Arcaro et al clearly demonstrated that 

even modest hyperinsulinemia produces a signifi cant decrease in the physiologic response 

of the endothelium and correlates with the early stages of atherosclerosis (26). In addition, 

Campia et al. demonstrated the detrimental eff ects of hyperinsulinemia on vascular func-

tion (27). They proposed that insulin might trigger the endothelial dysfunction and promote 

atherosclerosis. This fi nding supports the notion that MPO is probably an early marker of 

atherosclerosis (28). 

Limitations

Some limitations in the current study need closer attention. First, it has recently been sug-

gested that MPO levels after heparin administration are a better refl ection of subendothelial 

MPO (29). However, these analyses could not be performed in the present study. Furthermore, 

diurnal variation, variation over time, e.g. temporarily increased levels due to infection all 

could have aff ected the variables. In this respect, measurement of specifi c MPO products, 

such as chlorotyrosine in HDL, may provide a better indication of MPO activity and MPO-

induced damage. 

CONCLUSION

MPO is a promising biomarker for endothelial dysfunction and is of incremental use as a 

marker of plaque instability in patients presenting with an acute coronary syndrome. How-

ever, in type 2 diabetic patients with stable anginal complaints, MPO is of limited value in the 

prediction of scintigraphic myocardial perfusion abnormalities.
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