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 Introduction 

 Myeloperoxidase (MPO) is a biomarker of inflamma-
tion and oxidative stress produced by neutrophils, mono-
cytes and endothelial cells  [1] . It plays an important role 
in the host defense against bacteria and viruses. There is 
ongoing interest in the use of MPO as a biomarker in dif-
ferent cardiovascular diseases  [2] . MPO is associated with 
mortality, disease progression and severity in heart fail-
ure (HF)  [3, 4] . In animal and clinical studies, it has been 
shown that MPO may be related to cardiac remodeling 
and left ventricular (LV) function  [5, 6] . There are also 
increased levels of MPO in patients with coronary artery 
disease  [7, 8] .

  The presence of ongoing myocardial damage is an im-
portant predictor of prognosis in patients with HF  [9, 10] . 
Heart-type fatty acid-binding protein (H-FABP) and tro-
ponin T (TnT) have been widely used as markers of myo-
cardial damage  [9–11] . H-FABP is a low-molecular-
weight (15 kD) cytoplasmic protein, which has the role of 
intracellular transportation of free fatty acids in the car-
diomyocyte  [12] . It has been reported to have the poten-
tial to reflect a small extent of ongoing myocardial dam-
age  [10] . Cardiac troponins are myofibrillar cardiac pro-
teins that control the interaction of actin and myosin  [13] . 
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 Abstract 

  Objective:  Our aim was to investigate the possible relation-
ship between myeloperoxidase (MPO) and myocardial dam-
age markers such as heart-type fatty acid-binding protein 
(H-FABP) and troponin T (TnT) in patients with chronic heart 
failure (HF).  Materials and Methods:  Forty-two consecutive 
patients (age range: 27–80 years) with chronic HF were en-
rolled in the study. Serum H-FABP, TnT and MPO levels were 
measured. Routine biochemical and clinical parameters 
were recorded. Echocardiographic examinations were per-
formed on all patients. A linear regression analysis was per-
formed to determine the correlates of serum H-FABP.
 Results:  The MPO, H-FABP and TnT levels were 255 ± 227, 
60.6 ± 48.5 and 0.07 ± 0.15 ng/ml, respectively. In multiple 
linear regression analysis, age (β = –0.36, p = 0.006), creati-
nine level (β = 0.3, p = 0.024) and serum MPO level (β = 0.41, 
p = 0.009) were significant determinants of H-FABP levels. 
Bivariate predictors were not significantly associated with 
TnT levels in linear regression analyses.  Conclusions:  The 
MPO was significantly associated with serum H-FABP levels 
but not with TnT.  © 2014 S. Karger AG, Basel 
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Previous studies have shown that both H-FABP and TnT 
are associated with cardiac events in patients with chron-
ic HF  [9, 10] . The potential effect of MPO on myocardial 
damage has not been studied in patients with HF. The aim 
of this study was to investigate the relationship between 
MPO and myocardial damage markers such as H-FABP 
and TnT. 

  Subject and Methods 

 Subjects 
 Forty-two consecutive chronic HF patients who were admitted 

to our outpatient clinic were prospectively studied. Demographic, 
clinical and routine biochemical data were recorded. Echocar-
diographic examination was performed on all patients with the 
Vingmed System 7 (GE Healthcare, Horten, Norway). LV func-
tions were measured according to the American Echocardiogra-
phy Society guideline  [14] . Patients with hemolytic, hepatic or re-
nal diseases (serum creatinine concentration  ≥ 1.4 mg/dl) and a 
history of acute coronary syndrome within the last 3 months were 
excluded from the study. Written informed consent was obtained 
from each subject, and the Institutional Ethics Committee ap-
proved the study protocol.

  Measurement of Myeloperoxidase 
 Blood samples for measuring MPO levels were drawn from an 

antecubital vein. Serum was immediately obtained by centrifuga-
tion of the blood at 3,000 rpm and 4   °   C for 10 min and then stored 
in several aliquots at –20   °   C until assayed. Serum MPO levels in all 
samples were measured using commercially available ELISA kits 
(Immundiagnostik AG, Bensheim, Germany). 

  Measurement of Myocardial Damage Markers 
 Blood samples were drawn from an antecubital vein. The se-

rum was obtained after a centrifugation of 3,000 rpm at 4   °   C for 
10 min and stored at –70   °   C until analysis. H-FABP levels in all 
the subjects were measured with commercially available ELISA 
kits (BioCheck Inc., Foster City, Calif., USA). The normal range 
for H-FABP levels was 1.6–19 ng/ml  [15] . For this equipment, the 
minimal detectable concentration for the H-FABP assay is 0.25 
ng/ml and the interassay and intra-assay variations for determin-
ing H-FABP are 10 and 8%, respectively  [15] . The TnT levels 
were determined by means of a quantitative electrochemilumi-
nescence assay (Elecsys 2010; Roche, Mannheim, Germany) with 
a cutoff value <0.010 ng/ml  [16] . 

  Statistical Analyses 
 Continuous data are expressed as means ± SD. Data distribu-

tion was assessed using the Kolmogorov-Smirnov test. Serum H-
FABP and TnT levels, with respect to the demographic character-
istics and drug use, were compared using the Mann-Whitney U 
test. The Spearman correlation analysis was performed to estimate 
the correlation between myocardial damage markers and other 
variables. Linear regression analysis was performed to identify the 
independent predictors of serum H-FABP and TnT. For linear re-
gression, factors showing a value of p < 0.1 in the univariate analy-
sis were selected. p < 0.05 was considered statistically significant. 

Statistical analyses were performed using SPSS software (v10.0, 
SPSS Inc., Chicago, Ill., USA). 

  Results 

 The 42 patients with chronic HF had a mean age of 67 
± 12 years. Demographic, clinical and echocardiographic 
characteristics of the study population are reported in  ta-
ble 1 . Routine biochemical parameters and serum levels 
of MPO, H-FABP and TnT are also given in  table 1 . 

  A positive correlation was found between H-FABP 
and blood urea nitrogen (BUN; r = 0.38, p = 0.013), cre-
atinine (r = 0.32, p = 0.034) and MPO (r = 0.61, p = 0.0001; 
 fig.  1 ). A negative correlation was found between H-
FABP and age (r = –0.28, p = 0.07), sodium (r = –0.27, 
p = 0.075), hemoglobin (r = –0.28) and ejection fraction 
(EF; r = –0.26, p = 0.08;  table 2 ). No significant relation-
ships were observed between H-FABP and LV diameters 
and volumes. H-FABP levels were similar in patients 
who used angiotensin-converting enzyme inhibitors, 
β-blockers, digoxin and diuretics and those who did not. 
H-FABP levels were significantly higher in females than 
males (95.6 ± 76.5 vs. 45.8 ± 24.7, p = 0.03). Other demo-
graphic characteristics did not significantly affect serum 
H-FABP levels. Multiple linear regression analyses 
showed that the significant determinants of H-FABP lev-
els were age (β = -0.36, p = 0.006), serum creatinine level 
(β = 0.3, p = 0.024) and serum MPO level (β = 0.41, p = 
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  Fig. 1  Correlation of MPO and H-FABP. 
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0.009;  table 2 ). Gender was not associated with H-FABP 
levels (β = –0.17, p = 0.16). 

  A positive correlation was found between TnT and 
BUN (r = 0.46, p = 0.002), potassium (r = 0.31, p = 0.046), 
LV end-diastolic volume (r = 0.46, p = 0.007), LV end-
systolic volume (r = 0.29, p = 0.09) and MPO (r = 0.32, 
p = 0.03;  table 3 ). A negative correlation was found be-
tween TnT and sodium (r = –0.29, p = 0.06), hemoglobin 
(r = –0.34, p = 0.026) and EF (r = –0.29, p = 0.06;  table 3 ). 
Demographic characteristics did not significantly affect 

serum TnT levels. Multiple linear regression analyses 
showed that bivariate predictors were not significantly as-
sociated with TnT levels in the linear regression analyses 
( table 3 ).

  Discussion 

 In this study, age, creatinine level and MPO level were 
independent determinants of H-FABP. However, there 
was no independent relation between MPO and TnT. 
Previous studies demonstrated that age and renal func-
tion are associated with H-FABP  [17, 18] . H-FABP im-
munoreactivity has been detected not only in cardiomyo-
cytes but also in the renal epithelial cells  [19] . Niizeki et 
al.  [18]  showed renal function to be significantly associ-
ated with H-FABP levels, which was confirmed by our 
results. In our study, while MPO was an independent pre-
dictor of serum H-FABP, it was not associated with TnT. 
This is similar to the study by Niizeki et al.  [20] , who re-
ported that H-FABP (but not TnT) was an independent 
predictor of cardiac events in patients with chronic HF. 
A probable explanation for this observation could be the 
molecular sizes of H-FABP and Tnt; while H-FABP is a 
small protein abundant in the cytosol  [9] , TnT is a com-
ponent of the myofibrillar contractile apparatus, present 
in small amounts in the cytosol  [9, 13] . Hence, due to its 
small size, H-FABP is released quickly into the circulation 
when membrane integrity is compromised. Thus, it could 
be postulated that MPO primarily affects cytosolic pro-
teins, rather than myofibrillar components. 

 Table 1.  Baseline characteristics of the study population

Variables Value Variables Value

Age, years 67 ± 12 LVEDD, mm 64.2 ± 8.3
Male, % 57 LVESD, mm 53.5 ± 9.2
Smoking, % 12 LVEDV, ml 152 ± 57
Hypertension, % 38 LVESV, ml 109 ± 45
Diabetes, % 23 EF, % 27 ± 10
BMI 24.5 ± 4.2 Glucose, mg/dl 115 ± 46
AF, % 64 BUN, mg/dl 29 ± 9
Etiology of HF Creatinine, mg/dl 1 ± 0.22

Ischemic, % 52 Hemoglobin, g/dl 12.8 ± 2
Valvular, % 13 WBC ×103/μl 8 ± 1.8
DCMP, % 35 P count ×103/μl 213 ± 65

Medications Sodium, mEq/l 136 ± 4.3
ACE inhibitors, % 66 Potassium, mEq/l 4.5 ± 0.68
β-Blocker, % 40 MPO, ng/ml 255 ± 227
Digoxin, % 28 H-FABP, ng/ml 60.6 ± 48.5
Diuretics, % 70 TnT, ng/ml 0.07 ± 0.15

 Values represent means ± SD unless otherwise stated. ACE = 
Angiotensin-converting enzyme; AF = atrial fibrillation; BMI = 
body mass index; DCMP = dilated cardiomyopathy; LVEDD = LV 
end-diastolic diameter; LVEDV = LV end-diastolic volume; 
LVESD = LV end-systolic diameter; LVESV = LV end-systolic vol-
ume; P = platelet; WBC = white blood count.

 Table 2.  Bivariate correlation and linear regression analysis of
H-FABP and other variables

Variables Bivariate correlation  Linear regression analysis

r p β p

Age –0.28 0.07 –0.36 0.006
BUN 0.38 0.013 0.05 0.72
Creatinine 0.32 0.034 0.3 0.024
Sodium –0.27 0.07 0.05 0.5
Hemoglobin –0.28 0.06 –0.02 0.87
EF –0.26 0.08 –0.01 0.94
MPO 0.61 0.0001 0.41 0.009

 Table 3.  Bivariate correlation and linear regression analysis of TnT 
and other variables

Variables Bivariate correlation  Linear regression analysis

r p β p

BUN 0.46 0.002 –0.62 0.78
Sodium –0.29 0.06 –0.25 0.92
Potassium 0.31 0.046 –0.84 0.71
Hemoglobin –0.34 0.026 –0.12 0.6
LVEDV 0.46 0.007 0.36 0.45
LVESV 0.29 0.09 –0.08 0.87
EF –0.29 0.06 0.1 0.68
MPO 0.32 0.03 0.22 0.44

 LVEDV = LV end-diastolic volume; LVESV = LV end-systolic 
volume.
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  The association and interaction of H-FABP with mo-
lecular mediators has been the subject of previous studies 
on patients with HF  [21] . Setsuta et al.  [21]  showed that 
tumor necrosis factor, soluble Fas, atrial natriuretic pep-
tide, brain natriuretic peptide and norepinephrine levels 
were significantly associated with serum H-FABP levels 
in patients with chronic HF. In addition, our study shows 
the association of MPO and serum H-FABP in chronic 
HF patients. 

  The pathophysiological role of serum MPO levels in 
patients with HF has been reported  [2–4] . Numerous 
studies have shown increased levels of MPO in HF  [3, 4, 
22] . Reichlin et al.  [3]  reported a significant independent 
association between increased baseline MPO levels and 
1-year mortality, while Tang et al.  [22]  reported that ele-
vated MPO levels were associated with adverse clinical 
outcomes in patients with HF. They further reported that 
increasing MPO levels were associated with an increasing 
likelihood of restrictive diastolic dysfunction and right 
ventricular systolic dysfunction  [22] . Rudolph et al.  [6]  
reported that circulating MPO mRNA levels were signif-
icantly increased in patients with LV dysfunction. They 
also found that the MPO level was an independent pre-
dictor of LV impairment  [6] . In addition to the role of 
MPO mentioned in these studies, MPO may also contrib-
ute to myocardial damage in patients with HF.

  The mechanism that likely links MPO with myocar-
dial damage is that MPO alters myocardial function  [5, 
23, 24] . In animal models of ischemia, MPO facilitated 
myocardial remodeling  [23] . It has been shown that 
MPO-null mice subjected to chronic LV dysfunction un-
derwent less LV remodeling than wild-type mice  [5] . 
MPO has been shown to oxidize endothelial-derived ni-

tric oxide, to catalyze the oxidation of lipoproteins and 
to activate metalloproteinases, thus impairing vascular 
function  [25, 26] . It has also been reported to adversely 
affect myocardial perfusion by impairing vascular func-
tion, thereby contributing to ventricular dysfunction 
 [27] . Eleuteri et al.  [28]  showed that nitrosative stress is 
significantly associated with MPO levels, particularly in 
severely diseased chronic HF patients. They also found a 
significant correlation between MPO and pro-brain na-
triuretic peptide levels. They suggested that increased 
MPO levels may alter myocardial function by increased 
nitric oxide consumption and protein nitration in these 
patients. Taking all these mechanisms into account, it can 
be postulated that increased MPO levels may responsible 
for the development of myocardial damage in patients 
with chronic HF.

  This study had several limitations including the num-
ber of patients and the lack of assessment of other mark-
ers of myocardial damage such as CK-MB and myoglo-
bin. In addition, evaluation of the myocardial damage 
with current advanced imaging techniques such nuclear 
magnetic resonance and photon emission tomography 
was not performed.

  Conclusions 

 A significant association between MPO levels and H-
FABP levels was observed, thereby indicating that in-
creased MPO levels may contribute to ongoing myocar-
dial damage in patients with chronic HF. However, it 
must be taken into consideration that MPO had different 
effects on H-FABP and TnT.
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