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Abstract

Background: Myeloperoxidase (MPO) is a pro-inflammatory enzyme, who is believed to be involved in the pathogenesis of both 
Chronic Kidney Disease (CKD) and Cardiovascular Diseases (CVD). The study investigates whether elevated levels of MPO are asso-
ciated with increased risk of deterioration or de novo manifestation of heart failure, and a progression of Chronic Kidney Disease 
(with known CKD) in patients ischemic heart disease. 

Methods: A prospective observational study, including 49 patients with CKD, stage II-IIIB according to KDIGO classification and 
ischemic heart disease. We measured NTproBNP, left ventricular ejection fraction, eGFR, creatinine levels at baseline and after six 
months in a subset of patients. We stratified patients based on MPO levels (with normal MPO ≤ 94 or elevated > 94). We used Fish-
er’s Exact Test, Mann–Whitney U Test, and logistic regression as a choice for statistical analysis.

Results: Patients with elevated MPO levels showed a non-significant trend of worsening in NTproBNP levels (OR ≈ 2.1; p=0.664) 
and serum creatinine (OR ≈ 1.9; p=0.667). Logistic regression suggested an increased odds (OR ≈ 2.3; p=0.324) for worsening of 
NTproBNP values in the high MPO group. No statistically significant associations were found between MPO levels and LVEF decline 
(p=0.352) or eGFR changes.

Conclusion: While not clinically significant the study suggests a trend for heart failure progression or deterioration of CKD in pa-
tients with elevated values of MPO. These finding support the need for further investigation of MPO as a prognostic marker for early 
diagnose of heart failure and risk stratification of the patients. 
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Introduction
Myeloperoxidase is a member of hem-peroxidase superfam-

ily, predominantly expressed on the neutrophils and monocytes. 
Elevated blood levels of myeloperoxidase are associated with in-
creased oxidative stress and inflammation. Literature increasingly 
points a correlation between elevated MPO levels and cardiovas-
cular diseases, such as ischemic heart disease, arterial hyperten-
sion and congestive heart failure [1]. Chronic kidney disease is well 
known to be associated with increased cardiovascular risk and 
mortality. Elevated MPO levels, in turn, are connected with worst 
outcomes in patients with mild to moderate CKD. Although oxida-
tive stress and inflammation are implicated in the progression of 
both CKD and cardiovascular disease, the relationships between 
MPO concentration, CKD progression, and cardiovascular compli-
cations remain insufficiently understood.

Aim
Observing prospectively a cohort of patients who are diagnosed 

with ischemic heart disease and stage II-IIIb CKD (according to 
KDIGO classification). Also investigating whether elevated levels of 
MPO are associated with increased risk of de novo manifestation of 
heart failure or worsening of the existing one-measured by changes 
in NTproBNP levels and Left Ventricular Ejection Fraction (LVEF), 
as well as progression of CKD assessed with changes in serum cre-
atinine and Estimated Glomerular Filtration Rate (eGFR).

Methods
We conducted a prospective observational study involving 

patient cohort hospitalized in “Heart and Brain” Hospital, Pleven 
over a three-month period. We examined these patients for signs 
or worsening of heart failure, mainly using NTproBNP values and 
changes in LVEF (initial and at six-month follow up). 

A total number of 49 patients were included. The following pa-
rameters were assessed at baseline: 

a)	 NTproBNP

b)	 Left Ventricular Ejection Fraction (Simpson method)

c)	 Myeloperoxidase 

d)	 Creatinine

e)	 eGFR (estimated glomerular filtration rate)

We followed these parameters at a six-month in part of the pa-
tients (n=26, echocardiographic follow up for 24 patients). Worsen-
ing of heart failure or de novo manifestation of the last one and CKD 
were assessed based on: 

a)	 NTproBNP: increase from baseline

b)	 LVEF: decrease from baseline

c)	 Creatinine: increase from baseline

d)	 eGFR: decrease from baseline

Patients were stratified into two groups based on their baseline 

MPO values (reference range: 0-94):

a)	 MPO > 94

b)	 MPO ≤ 94

We compared how many patients in each group exhibited wors-
ening in NTproBNP, eGFR, creatinine and LVEF.

Statistical methods used:

a)	 Fisher’s Exact Test

b)	 Logistic Regression

c)	 Mann-Whitney U Test

Results
We monitored 49 patients who were hospitalized at “Heart and 

Brain” Hospital in Pleven city over a three-month period (March 
to June 2024). All participants had a known diagnosis of ischemic 
heart disease and stage II–IIIb chronic kidney disease (as per KDI-
GO classification, with eGFR values ranging between 89ml/min and 
30ml/min). During the hospitalization, NTproBNP, MPO, creatinine, 
and creatinine clearance levels were measured. A subset of the pa-
tients (n=26) was followed up at six months (limited follow-up due 
to personal or logistical reasons). During the follow-up, we re-eval-
uated the same parameters to identify potential pathological or 
worsening changes in NTproBNP (a key indicator for heart failure), 
reductions in LVEF, and any hospitalizations due to heart failure.

Demographic Characteristics

From all 49 patients, 35 were male (71%). The average age in 
the study population was 75 years and 6 months. All of them had 
a confirmed diagnose Ischemic heart disease-10 (approximately 
20%) had undergone coronary artery bypass grafting (CABG). All 
participants had stage II–IIIb CKD per KDIGO, with eGFR rang-
ing between 89 and 30ml/min. Of the 49 patients, 18(37%) had 
elevated MPO levels at baseline. Five patients were hospitalized 
for a decompensated heart failure, and three of them had an ele-
vated MPO values. The average NTproBNP level in the group was 
4161.48pg/ml, ranging from a minimum of 36pg/ml to a maximum 
of 32,310pg/ml. LVEF was assessed using the Simpson method. Pa-
tients with LVEF ≤ 40% were categorized as having reduced ejec-
tion fraction. Those with LVEF between 41% and 49% were consid-
ered to have mildly reduced systolic function. Patients with heart 
failure symptoms and/or signs, structural or functional cardiac 
abnormalities, and LVEF ≥ 50% were categorized as having heart 
failure with preserved ejection fraction (HFpEF) [2]. In Table 1 we 
present the demographic characteristics of the study group (Table 
1 and 2). We followed some of the patients as we mentioned above 
at the six-month. Table 3 presents the distribution of patients based 
on whether or not they had elevated baseline myeloperoxidase lev-
els. Eight of them had elevated values at baseline. The table also il-
lustrates whether there was a subsequent worsening in NTproBNP 
levels. We analyze whether there is a statistically significant associ-
ation between elevated MPO levels and worsening of the NTproBNP 
values, utilizing Fisher’s Exact Test (Table3). 
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Table 1: Demographic characteristics of the patients at baseline (all of the patients).

Parameter Total Men Women

Age (years) 75 years and 7 months ± 14 years и 
5 months 

75 years и 6 the month ± 13 years 
и 6 months 

Patients 49 35 14

Diagnosed with heart failure at 
baseline 36 (73%) 27 9

Patients with CABG 10 (20%) 5 5

Patients underwent PCI 39 (80%) 28 11

Type II diabetes mellitus 26 (53%) 12 14

Left Ventricular Ejection Fraction 
(LVEF) 

≥50% 27 (55%) 20 7

between 41% and 49% 11 (22%) 8 3

≤40% 11 (22%) 7 4

Chronic kidney disease (stage II-
IIIb KDIGO)

G2 (60-89) 4 (8%) 2 2

G3a (45-59) 19 (39%) 15 4

G3b (30-44) 26 (53%) 18 8

Table 2: Demographic characteristics of the followed patients.

Parameter Total Men Women

Patients 26 16 10

Patients with CABG 9 5 4

Patients underwent PCI 17 11 6

Type II diabetes mellitus 12 9 3

Left ventricular ejection fraction 

≥50% 12 10 2

between 41% and 49% 7 4 3

≤40% 7 2 5

Chronic kidney disease (stage II-
IIIb KDIGO)

G2 (60-89) 2 1 1

G3a (45-59) 10 8 2

G3b (30-44) 14 7 7

Table 3: NTproBNP Worsening in relation to Myeloperoxidase levels.

No worsening of NTproBNP Worsening of NTproBNP values

Normal values of MPO (≤94) 12 6

High values of MPO (>94) 4 4

Fisher’s Exact Test

a)	 Odds Ratio (OR): 2.1

b)	 p-value: 0.664

Patients with elevated baseline MPO levels (>94) have approxi-
mately twice higher risk of worsening NTproBNP values compared 
to those with lower ones. However, the result is not statistically sig-
nificant-p>0.05). Subsequently, we proceed with the analysis of se-
rum creatinine and eGFR levels. The values are presented in Table 

4, illustrating whether there was a deterioration in creatinine levels 
in relation to MPO status (Table 4).

Table 4: Distribution of creatinine levels showing worsening or 
on in relation to myeloperoxidase values.

Without worsening With worsening 

Normal values of MPO 
(≤94) 7 11

High values of MPO 
(>94) 2 6
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Fisher’s Exact Test:

a)	 Odds Ratio (OR): 1.9

b)	 p-value: 0.667

The test did not demonstrate a significant association between 
elevated baseline MPO levels and worsening in the creatinine val-
ues. The odds ratio (1.9) suggests that patients with high values 
of MPO have twice bigger risk of worsening of their CKD, assessed 
with the creatinine values, compared to those with normal ones 
MPO. The p-value is insignificant, suggesting no association. With 
regard to eGFR, no statistical analysis was performed due to insuf-
ficient variability in the data. Additionally, we performed a logistic 
regression analysis in order to evaluate the relationship between 
NTproBNP worsening and elevated MPO levels (>94) (Table 5). 

Table 5: Analysis Using Logistic Regression.

Parameter Coefficient (β) p-value

Constant -0.61 0.232

High MPO (>94) 0.83 0.324

a)	 Odds Ratio (OR) ≈ exp (0.83) ≈ 2.29

b)	 p-value=0.324→Statistically non-significant result (p>0.05)

Consequently, patients with elevated baseline Myeloperoxidase 
(MPO) levels >94 are exhibitingapproximately 2.3-fold increased 
risk of NTproBNP worsening, and therefore, potential manifesta-
tion or deterioration in heart failure status. However, the result is 
not statistically significant. Further studies are required to clarify 
this relationship. We also followed changes in left ventricular ejec-
tion fraction. Unfortunately, we do not have data for two of the pa-
tients (we evaluate 24 of them). Figure 1 illustrates the frequency 
of LVEF worsening in patients with normal versus with elevated 
MPO levels. Based on the analysis, elevated MPO levels are not sta-
tistically significantly associated with deterioration in LVEF (Fish-
er’s Exact Test: p-value=0.352; Odds Ratio=0.24) (Figure 1). We 
compared the changes in LVEF between patients with MPO levels 
>94 and those with MPO ≤94 using the Mann-Whitney U test. We 
calculate a p-value of 0.32. This indicates that there is no statisti-
cally significant difference in the change in LVEF between the two 
groups. Thus, it remains unclear whether elevated MPO levels are 
associated with LVEF deterioration. Table 6 summarizes the re-
sults obtained through the various statistical analyses. Overall, the 
data suggest a trend toward increased risk of heart failure onset or 
worsening in patients with elevated MPO levels. This may point to 
the potential utility of MPO as a biomarker for early detection or 
risk stratification in patients with heart failure (Table 6) (Figure 2).

Table 6: Summary of the test results.

Analys Odds Ratio MPO p-value Interpretation

Worsening of NTproBNP Levels 
(Fisher’s Exact Test Analysis) OR ≈ 2.1 0.664 Trend observed, but not statistically 

significant

Worsening of LVEF (Fisher’s Exact 
Test Analysis) ОR ≈ 0.24 0.352 No relation 

Worsening of creatinine levels 
(Fisher’s Exact Test Analysis) OR ≈ 1.9 0.667 Trend observed, but not statistically 

significant

Logistic Regression OR ≈ 2.3 0.324 Trend observed, but not statistically 
significant

Figure 1: Frequency of LVEF deterioration in patients with elevated or normal MPO.
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Figure 2: Statistical significance (p-values) for elevated MPO levels.

Discussion
The study highlights a trend suggesting the potential role of my-

eloperoxidase as a prognostic marker for manifestation or worsen-
ing of heart failure. MPO is a heme-containing protein, a component 
of the innate immune system within the heart and plays an import-
ant role in the inflammatory regulation [3]. It is known for a while 
that the inflammation, by its nature, significantly contributes the 
onset or progression of heart failure. MPO is primarily produced by 
neutrophils. The gene encoding myeloperoxidase is located on the 
long arm of chromosome 17, segment q23. In patients with heart 
failure, elevated plasma levels of MPO have been associated with 
poorer cardiac function and worse prognosis [4]. It is hypothesized 
that MPO inhibition reduces the generation of reactive oxygen spe-
cies, prevents microvascular dysfunction, improves cardiomyocyte 
relaxation, reduces fibrosis, and may ultimately enhance cardiac 
function. Studies have been focusing on MPO not only as a bio-
marker but also as a therapeutic target. Experimental evidence has 
shown that MPO may causally contribute to cardiac remodeling and 
myocardial fibrosis, while MPO deficiency may preserve cardiac 
function and reduce the incidence of atrial fibrillation and ventricu-
lar tachycardia under profibrotic conditions. A murine model using 
a high fat diet mimicking the human phenotype of HFpEF (heart 
failure with preserved ejection fraction) demonstrated left ven-
tricular hypertrophy, myocardial fibrosis, and impaired myocardial 
relaxation. A precursor drug, AZD4831 (also known as AZM198), 
was found to nearly abolish the systemic MPO activity in this model. 
However, the functional effects were most pronounced in adipose 
tissue and the liver, while the pathophysiological changes in the 
myocardium did not regress. The authors emphasized, once again, 
the need for further investigation [5]. 

The SATELLITE trial, a randomized, double-blind, place-
bo-controlled phase IIa study, investigates AZD4831 (mitiperstat) 
in patients with heart failure and left ventricular ejection fraction 
at least 40%. Among 41 participants enrolled in the clinical trial, 
AZD4831 demonstrated a favorable safety profile and successful-
ly inhibited MPO activity to expected levels. The results suggest 
that further studies are needed to determine whether AZD4831 

can reduce heart failure symptoms and improve functional status 
in this patient population [6]. Once again it is point out that there 
is need of further investigations concluding more clearly the rela-
tion between elevated MPO levels and both heart failure manifes-
tations and progression of chronic kidney disease. Because of all 
mentioned above, we investigated a cohort of patients with isch-
emic heart disease and chronic kidney disease. MPO, on the other 
hand, is well-established biomarker, involved in the atherosclerotic 
process, including the initiation and progression of plaque forma-
tion, lipid peroxidation, the generation of atherogenic lipoproteins 
and dysfunctional high-density lipoproteins. MPO also contributes 
to the catalytic depletion of Nitric Oxide (NO), thereby limiting its 
bioavailability and promoting endothelial dysfunction [7]. 

In evaluating the early diagnostic efficiency of plasma MPO, ei-
ther alone or in combination with cardiac troponin I(cTnI) for early 
detection of acute coronary syndrome in patients presenting with 
chest pain, Sawicki and colleagues report a sensitivity and specifici-
ty of 55% and 100% at the 97.5th percentile for MPO, with positive 
and negative predictive values of 100% and 47% respectively. For 
cTnI at the 99th percentile, sensitivity and specificity were 66% 
and 100%, with predictive values of 100% and 54%. The authors 
concluded that diagnostic accuracy is improved when MPO and 
cTnI are assessed in combination [8]. As a conclusion MPO is re-
lated with heart failure among its contribution to oxidative stress 
and inflammation. The potential as a biomarker is a promising op-
portunity for better treatment and early diagnosis of heart failure. 
Nevertheless, MPO is still seeking its place as a diagnostic marker 
and target for treatment in the context of chronic inflammation and 
its detrimental effects in patient with established heart failure or 
those at high risk.

Limitations
We should have in concern several limitations, regarding the 

study. The primary constraints include the short duration of the 
enrollment period (only three months) and the relatively small 
sample size of the followed-up patients. The investigation of heart 
failure progression or manifestation was based only on two param-
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eters: NTproBNP and LVEF. For future studies we should consider 
comparative analysis among Kansas City Cardiomyopathy Ques-
tionnaire or 6-minutes walking test, echocardiographic strain as-
sessment. 

Future Directions for Investigation of MPO in Patients with 
Heart Failure

The present study demonstrates the need of further analysis 
of MPO as a diagnostic marker in patients with heart failure. MPO 
may serve as an early biomarker for stratifying high-risk individu-
als for manifestation or decompensation of heart failure-including 
cases of subclinical decompensation-as well as for the progression 
of chronic kidney disease. It would also be of interest to monitor the 
therapeutic responsiveness of MPO levels, particularly in relation to 
pharmacologic treatment with medications such as beta-blockers, 
SGLT-2 inhibitors, and ACE inhibitors, which are commonly used 
in the treatment of heart failure. Overall, MPO holds promising po-
tential as an integrated biomarker in patients with heart failure, 
ischemic heart disease, and CKD. Nonetheless, we emphasize once 
again the importance of conducting additional multicenter studies 
involving larger patient populations.

Conclusion
In this small patient cohort elevated values of MPO (>94) from 

the beginning demonstrates a trend for higher risk for deteriora-
tion of the NTproBNP values, which may indicate a progression of 
heart failure. but the results are not statistically significant. There-
fore, more studies are needed to be done in this direction, clarifying 
the potential role of MPO as prognostic biomarker. 
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