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Abstract

Background: Low-grade inflammation mediates the relation between overweight and the development of cardio-
vascular diseases. The study aimed to examine if myeloperoxidase (MPO) and hsCRP (high-sensitivity C-reactive 
protein) in overweight hypertensive patients can be used as biomarkers of endothelial and leukocyte activation. 
Material and methods: Seventy-five subjects were included in the study; 38 had essential arterial hypertension 
(AH) and 37 were normotensive controls (NC), subsequently divided into overweight (OW; BMI ≥ 25 kg/m2) and 
normal weight subgroups (NW; BMI < 25 kg/m2). Body mass index (BMI), inflammatory markers concentrations, 
association of MPO and hsCRP with AH and/or overweight were assessed. 
Results: AH patients had higher MPO (median 132.5 pmol/L, IQR: 53.8–691.9) (p < 0.001), while hsCRP did 
not significantly differ compared to normotensive controls (NC). NW-AH patients had higher MPO (p = 0.02) 
than normotensive NW patients. MPO was similar between normotensive patients OW and NW, while hsCRP 
concentration was significantly higher in the OW (median 1.85 mg/L, IQR: 0.47–7.19) (p = 0.01) compared to 
NW. OW-AH patients had significantly higher MPO (median 137.4 pmol/L, IQR: 53.80–703.4) (p = 0.002) com-
pared to normotensive NW and OW (p < 0.001) patients, likely reflecting neutrophilic activation in hypertension. 
Additionaly, OW-AH patients had significantly higher hsCRP (median 1.71 mg/L, IQR: 0.22–14) (p = 0.005) than 
normotensive NW patients. hsCRP significantly positively correlated with BMI in both AH (r = 0.41, p = 0,009) 
and NC groups (r = 0.38, p = 0.01), while MPO did not correlate, supporting inflammation in OW, particularly 
in OW with AH. 
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Introduction

Arterial hypertension (AH) is a major independent 
risk factor for development of cardiovascular (CV) 
diseases, such as heart failure and myocardial infarc-
tion, as well as the primary cause of stroke which 
makes it a significant public health problem [1]. 
Another CV risk factor and a global health epidemic 
is overweight (OW), a chronic disease with distinct 
metabolic and endocrine disorders, which result in 
a number of severe chronic complications [2]. The 
common denominator of the both, AH [3, 4] and 
overweight, is inflammation, which causes endothe-
lial dysfunction [5, 6] and has a key role in the devel-
opment and progression of atherosclerosis [7]. 

C-reactive protein (CRP) is an inflammatory 
biomarker synthesized in hepatocytes in response 
to primary stimulation by interleukin 6 (IL-6) [8]. 
A recent study demonstrated that high sensitive CRP 
(hsCRP) (which is a term for a more sensitive assay 
of CRP) is involved in mechanisms that lead to de-
velopment of AH [9]. hsCRP can be considered as 
biomarker of the process of endothelial dysfunction 
and, at supraphysiological concentrations, as a pre-
dictor of vascular disease [10]. 

Several studies have shown that CRP impaired 
endothelial vasoreactivity in vivo [11, 12] by inhibit-
ing endothelial nitric oxide synthase (eNOS) activity 
in vitro and in vivo, reducing NO availability, and 
by predisposing blood vessels to chronic vasospasm, 
leading to an increase in total vascular resistance 
and AH [13]. Interestingly, there are evidences that 
hsCRP may be also secreted by other cells than hepa-
tocytes, such as smooth muscle cells and adipocytes 
[14]. In addition, prolonged periods of low-grade 
systemic inflammation may explain the higher risk 
for high blood pressure observed among overweight 
people [15]. 

Myeloperoxidase (MPO) is a lysosomal enzyme 
present in neutrophils and monocytes, released dur-
ing their activation to the surface of vascular endo-
thelial cells and around them, following leukocyte 
degranulation [16]. MPO has affinity to both, the 
endothelial and the leukocyte’s surface and may con-

tribute to leukocytes attraction and recruitment to 
endothelial cells by its electrostatic effect of positively 
surface charge, which is a catalysis-independent func-
tion of the enzyme [17].

MPO catalyzes the production of hypochloric 
acid and a range of other highly reactive species. 
These MPO-derived reactive substances may dam-
age the arterial wall, thereby reducing its elasticity 
[18]. Another potentially important consequence of 
MPO activity is consumption of NO and induction 
of endothelial dysfunction [19].

MPO is rapidly taken up by endothelial cells by 
a transcytotic process and accumulates within the 
subendothelial space, positioning it anatomically to 
interfere with the effects of NO in the vessel wall 
[20]. Together, these mechanisms may lead to en-
dothelial dysfunction and subsequently increased 
blood pressure. And while some reports of studies 
in human subjects have shown a significant associa-
tion between blood pressure and hs-CRP elevation 
in people with hypertension [21, 22] other studies 
showed no significant relation between hypertension 
and hs-CRP [23, 24].

The aim of the study was to examine if myeloper-
oxidase (MPO) and hsCRP in overweight hyperten-
sive patients can be used as biomarkers of endothelial 
and leukocyte activation and their interaction.

Material and methods
The study included 75 examinees, 43 men and 32 
women, ranging in age from 20 to 70 years (median 
42). Thirty-eight patients were recently diagnosed 
having essential AH that lasted less than a year (AH 
stage 1 according to the European Hypertension 
Guidelines 2013 – systolic blood pressure ≥ 140 mm 
Hg and/or diastolic blood pressure ≥ 90 mm Hg), 
while 37 were normotensive controls. The study was 
designed as a cross-sectional investigation. The exam-
inees were recruited from the ambulatory office for 
nephrology and hypertension, in the Department of 
Nephrology, Osijek University Hospital, in Osijek, 
Croatia (Fig. 1). 

Conclusions: All together, the results suggest that inflammation may mediate mutual association of AH and OW, 
suggesting MPO as inflammatory biomarker for AH and hsCRP for overweight.
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Exclusion criteria were diabetes, liver disease, renal 
disease and/or serum creatinine above 97 µmol/L for 
men and 80 µmol/L for women, myocardial infarc-
tion, stroke and use of nonsteroidal anti-inflamma-
tory drugs or glucocorticoids.

The groups were further subdivided according to 
the body mass index (BMI) into an overweight (OW) 
group, with BMI ≥ 25 kg/m2, and a normal weight 
(NW) group, with BMI < 25 kg/m2. The studied 
groups’ characteristics are shown in the Table 1.

The previous workup for diagnosis of essential 
AH was as following: all patients were examined for 
medical history, then underwent physical examina-
tion that included arterial blood pressure measure-
ment using calibrated mercury sphygmomanometer 
with the suitable dimension cuff; blood pressure 
(BP) readings were taken while patients were in the 
sitting position and rested for 5 minutes; their BP 
was taken three times consecutively and the mean 
value was calculated for systolic and diastolic BP, 
respectively. The same procedure was performed 
in the controls group to exclude AH. During the 

study, the hypertensive patients did not receive an-
ti-hypertensive therapy for 2 weeks before the blood 
sampling. In patients with AH additional labo-
ratory tests were done to exclude secondary AH: 
plasma renin activity, aldosterone, metanephrine 
and normetanephrine in the 24-hour urine, ACTH, 
circadian rhythm cortisol, duplex sonography of 
the kidneys, endogenous creatinine clearance and 
24-hour proteinuria to assess renal function. Pa-
tients’ height and weight measurements were taken 
in the morning and the following laboratory tests 
were performed: total cholesterol, high density li-
poprotein (HDL), low density lipoprotein (LDL), 
triglycerides, plasma glucose, urea, creatinine, urate 
and urinalysis. All examinees were informed about 
the research methods, ethical principles and the 
purpose of the research prior to its beginning and 
they all gave their written informed consent.

MPO and hsCRP concentration measurements
Concentrations of MPO and hsCRP were de-
termined by aArchitect 1000i (ABBOT, United 

Figure 1. Formation of the sample in the study
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States) analyzer in EDTA plasma, applying chemi-
luminescence microparticle immunoassay (CMIA). 
Serum hsCRP was determined using immunotur-
bidimetry test for quantitative determination on 
Olympus AU-680 analyzer (Beckman Coulter, 
Switzerland). 

Statistical analyses
The data were statistically analyzed by SPSS 15.0 
for Windows (SPSS Inc., Chicago, IL, USA). Cat-
egorical variables were expressed as proportions and 
percentages. Normality of distribution of numerical 
data was analyzed by Kolmogorov-Smirnov test. 
Differences in categorical variables were examined 
by chi-square test. Differences in numerical vari-
ables were tested by Student’s t-test for normally 
distributed variables and by Mann-Whitney test for 
nonparametric statistics. Binary logistic regression 
(Hosmer-Leveshow goodness of fit test) was used 
for multivariate analysis. Spearman’s r was deter-
mined for correlations between numeric variables. 
Values of p < 0.05 were considered statistically 
significant.

Results
Myeloperoxidase and hsCRP concentrations

Table 1 shows the general demographic character-
istics of the groups. The patients with AH were not 
different from normotensive individuals in age, gen-
der, plasma concentration of cholesterol and triglyc-
erides. AH patients had higher BMI (p = 0.001) 
and higher MPO concentrations (median 132.5 
pmol/L, 53.8–691.9) compared to the normoten-
sive group (NC) (median 73 pmol/L, 28.60–859.3)  
(p < 0.001). No difference in hsCRP concentrations 
were found between the two groups (p = 0.09).

Overweight hypertensive (OW-AH) and over-
weight normotensive (OW-NC) examinees together 
had higher hsCRP (median 1.8 mg/L, 0.22–14) 
(p = 0.01) compared to normal weight hypertensive 
(NW-AH) and normal weight normotensive (NW-
NC) examinees taken together (Tab. 2). MPO did 
not differ between all OW and all NW examinees.

MPO concentration and hsCRP concentration 
were not different in hypertensive OW patients 
compared to NW-AH patients (MPO p = 0.87 and 

Table 1. Demographic and laboratory characteristics of arterial hypertension (AH) patients and normotensive controls (NC) (n = 75)

 
Group

Test value p
AH (n = 38) NC (n = 37)

Age [yrs] 42 ± 14 (20–70) 40 ± 9 (24–55) t = 0.704 0.48

Sex (men/women) (n) 21/17 22/15 c² = 0.13 0.71

Cholesterol [mmol/L] 5.44 ± 1.05 5.55 ± 1.81 t = –0.33 0.74

HDL [mmol/L] 1.31 ± 0.34 1.4 ± 0.34 t = –0.86 0.39

LDL [mmol/L] 3.38 ± 1.03 3.35 ± 1.44 t =  0.10 0.92

Triglycerides [mmol/L] 1.38 (0.37–5.65) 1.62 (0.34–9.94) z = –0.81 0.42a

BMI [kg/m2] 27.97 (19.33–45.61) 25.2 (19.49–34.29) z = –3.38 0.001a

hsCRP [mg/L] 1.62 (0.22–14) 1.05 (0.13–7.19) z = –1.63 0.09a

MPO [pmol/L] 132.5 (53.8–691.9) 73 (28.6–859.3) z = –4.60 < 0.001a

HDL — high density lipoproteins; LDL — low density lipoproteins; BMI — body mass index; hsCRP — high-sensitivity C-reactive protein; MPO — myeloperoxidase; aMann-Whitney test

Table 2. Differences in high-sensitivity C-reactive protein (hsCRP) and myeloperoxidase (MPO) within the entire and within the hypertensive 
group according to body mass index (BMI)

BMI [kg/m2] z p

Entire group (n = 75) ≥ 25 (n = 48) < 25 (n = 27)

hsCRP [mg/L] 1.80 (0.22–14.00) 1.04 (0.13–5.50) –2.42 0.02a

MPO [pmol/L] 100.55 (28.6–703.40) 98.90 (30.8–859.3) –0.57 0.57

Hypertensive group (n = 38) ≥ 25 (n = 25) < 25 (n = 13)

hsCRP [mg/L] 1.71 (0.22–14.00) 1.55 (0.29–5.50) –0.49 0.62

MPO [pmol/L] 137.4 (53.80–703.4) 132.50 (37.75–691.90) 0.16 0.87
aMann-Whitney test
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tively correlated with BMI (for hsCRP correlation 
coefficient (r) = 0.44, p < 0.001; for MPO r = 0.24, 
p = 0.038).

hsCRP significantly positively correlated with 
BMI in hypertensive (n = 38, r = 0.42, p = 0.01) and 
in normotensive (n = 37, r = 0.39, p =0.01) groups 
respectively, while MPO did not correlate with BMI 
in any of these two groups (in the hypertensive group 
r = 0.18, p = 0.26, whereas in the normotensive 
group r = –0.12, p = 0.48). 

Discussion
The main findings of our study include: a) significant 
elevation of MPO concentration in hypertensive pa-
tients, irrespective of their BMI; b) significantly in-
creased hsCRP in overweight subjects, irrespective of 
AH; and c) hsCRP significantly positively correlates 
with BMI in all participants, irrespective of AH. 
Nevertheless, MPO and hsCRP were significantly 
increased at the same time only in patients who were 
both hypertensive and overweight compared to the 
normotensive overweight and normal weight sub-
jects. Our results are in concordance with the data 
obtained in study by Heine et al. [25] in which the 
concentrations of MPO in the circulation positively 
associated with systolic and diastolic blood pressure, 
and in concordance with the data obtained in study 
by Yudkin et al. [26] which showed relationships 
between levels of CRP and measures of overweight 
in healthy subjects without hypertension.

hsCRP p = 0.61, respectively) (Tab. 2). OW normo-
tensive subjects did not significantly differ from NW 
normotensive subjects in MPO concentrations (me-
dian 73 pmol/L, 28.60–131.50 in OW compared 
to median 78.05 pmol/L, 30.80–859.30 in NW) 
(p = 0.56), while significantly higher concentrations 
of hsCRP were found in overweight normotensive 
subjects (OW-NC) (median 1.85 mg/L, 0.47–7.19 
compared to median 0.89 mg/L, 0.13–4.64 in NW) 
(p = 0.01).

OW-AH patients had significantly higher MPO 
(median 137.4 pmol/L, 53.8–703.4) (p = 0.002) and 
hsCRP (median 1.71 mg/L, 0.22–14) (p = 0.005) 
compared to NW-NC patients. OW-AH patients 
had significantly higher MPO compared to normo-
tensive OW subjects (p < 0.001), while hsCRP did 
not differ between those two OW subgroups (p = 
0.72) (Tab. 3). 

Multivariate analysis 
Multivariate analysis (binary logistic regression) with 
overweight, hsCRP and MPO as covariates showed 
that overweight was independently significantly pre-
dictive for AH, unlike hsCRP, while higher MPO 
increased risk for AH with statistically marginal sig-
nificance (Tab. 4).

Correlations between MPO and hsCRP
Within the entire examined group (n = 75) Spear-
man Rank Correlation Analysis of body mass index 
(BMI, kg/m²) with serum concentrations of hsCRP 
and with MPO showed that hsCRP and MPO posi-

Table 3. Differences in myeloperoxidase (MPO) and high sensitivity C-reactive protein (hsCRP) between arterial hypertension (AH) patients 
and normotensive controls (NC) divided  according to body mass index (BMI)

BMI [kg/m2] MPO [pmol/L] z p

AH (n = 38) NC (n = 37)

< 25 132.5 (37.75–691.9)*† 78.5 (30.8–59.3)*‡ *–2.21, 0.03a

≥ 25 137.4 (53.8–703.4)‡§ 73 (28.6–131.5)†§ § –4.04, < 0.001a

hsCRP [mg/L]

AH (n = 38) NC (n = 37)

< 25 1.55 (0.29–5.5)*† 0.89 (0.13–4.64)*‡ *–1.42 0.15

≥ 25 1.71 (0.22–14)‡ § 1.85 (0.47–7.19)†§ § –0.34 0.73
aMann Whitney test; MPO: †z = –0.64, p = 0.008; ‡z = –3.15, p = 0.002; hsCRP: †z = –0.566, p = 0.572, ‡z = 2.778, p = 0.005

Table 4. Binary logistic regression (Hosmer-Lemeshow goodness of fit test) for arterial hypertension (n = 38) as dependent variable (n = 75)

Covariate p Exp (B) 95%CI

Obesity 0.044 3.00 1.03–8.75

hsCRP [mg/L] 0.247 1.19 0.88–1.61

MPO [pmol/L] 0.069 1.00 1–1.01

hsCRP — high-sensitivity C-reactive protein; MPO — myeloperoxidase; CI — confidence interval
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Our results suggest that hypertensive patients 
might have higher neutrophil activation than nor-
motensive subjects, reflected by MPO increase, and 
also suggest potential role of inflammation in the 
development of AH, by MPO affecting the local 
vascular level of oxidative stress, thus possibly alter-
ing the synthesis and degradation of vasodilating and 
vasoconstricting factors, as discussed in [27]. 

Previous studies confirmed that inflammatory 
process is an integral part of AH by showing elevated 
concentration of CRP in hypertensive patients [28]. 
Moreover, it has been suggested that elevated CRP 
in healthy humans lead to an increased risk of de-
veloping AH [29]. CRP in arterial wall promotes 
expression of adhesion molecules E-selectin, cell ad-
hesion molecules wall 1 (VCAM-1) and intercellular 
adhesion molecule1 (ICAM-1) on endothelial cells. 
Dysfunction of endothelial cells, as induced by CRP, 
renders reduced NO synthesis, resulting in enhanced 
reactivity of blood vessel wall [30]. 

Overweight per se is a condition of chronic inflam-
mation which could contribute to a further endo-
thelial damage, worsening the vascular disease and 
promoting development or maintenance of AH [31]. 
Thus, one of the goals of the present study was to 
evaluate the potential mutual interaction of over-
weight and hypertension.

Plasma concentration of hsCRP has been shown 
to be strongly associated with OW and OW-related 
diseases, including diabetes mellitus, and hyperlip-
idemia [31]. In the present study, overweight hy-
pertensive and normotensive patients together had 
significantly increased hsCRP, which is in accordance 
with the literature [31, 32]. Moreover, there was 
a significant positive correlation between the con-
centrations of hsCRP and BMI within the entire 
examined group. All together, these findings sup-
port hypothesis that hsCRP is a good marker of 
overweight-associated inflammation, independently 
of the blood pressure.  

Although there was a positive correlation between 
hsCRP and BMI in the group of hypertensive pa-
tients, there was no difference in hsCRP levels be-
tween OW and NW-AH patients. In support of 
this, the results of The Relationship between Blood 
Pressure and C-Reactive Protein in the Multi-Ethnic 
Study of Atherosclerosis (MESA) study [33] dem-
onstrated that some hypertensive groups showed 
a greater association, while some groups showed no 
difference in CRP in respect with the hypertension 
status. MESA showed that Chinese participants had 
the lowest CRP concentration but the largest dif-
ference in CRP by hypertension status, followed by 
Caucasians and African Americans, whereas Hispan-

ics had no significant difference in CRP by hyperten-
sion status. It might be that some other factors, be-
sides being OW, affect the value of CRP in AH. Nev-
ertheless, the level of systemic inflammatory markers 
such as CRP, white blood cell count and albumin are 
at least partially determined by genetic factors [34].    

Adipose tissue has been characterized as a dy-
namic endocrine organ that produces proinflamma-
tory cytokines. Overweight is a well-known predictor 
of AH and may confound the association between 
inflammation and hypertension [35]. However, the 
finding that hsCRP statistically significantly posi-
tively correlated with BMI in normotensive patients 
might support a previously published research which 
found that the protein may be released by adipocytes. 
Our data also showed a positive correlation between 
hsCRP and BMI in normotensive group. Therefore, 
it can be concluded that overweight, as a chronic 
persistent process, affects CRP levels, thus increasing 
the risk of developing CV disease in normotensive 
participants, i.e. independently of AH. In support 
of this thesis is large prospective epidemiological 
study that have shown that plasma level of hsCRP 
was a strong independent risk for a future myocar-
dial infarction, stroke, peripheral arterial disease and 
vascular death among individuals without known 
previous CV disease [36]. 

While concentration of MPO activity was found 
significantly elevated in hypertensive patients in 
comparison with the normotensive, regardless of 
BMI, high-sensitivity C-reactive protein between 
those groups were different only in respect to BMI. 
That means that only OW-AH patients had sig-
nificantly higher hsCRP compared to the NW-
normotensive subjects, while hsCRP did not differ 
between OW-AH patients and OW-normotensive 
subject, suggesting that the association between 
hsCRP and OB could be stronger in hypertensive 
individuals, which makes it more difficult to dis-
tinguish independent effects of inflammation or 
overweight on AH.

Our results showed a positive correlation between 
BMI and hsCRP in hypertensive and normotensive 
patients, but with no impact on MPO, suggesting 
that the increase in body weight induces endothelial 
inflammation processes, which may contribute to the 
development of hypertension.

Taken together, the results of our study lead to the 
conclusion that the effect of hsCRP and MPO in the 
development of AH might be strengthened by the 
increase in body weight, due to the observed fact that 
only patients who are hypertensive and overweight 
at the same time had significantly increased both 
hsCRP and MPO compared to all normotensive 
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subjects, regardless of their BMI. Additionally, the 
findings could reflect that overweight might partici-
pate in the development of AH due to the proinflam-
matory processes.

Conclusion
In the present study, MPO was significantly higher 
in patients with AH, irrespectively of BMI, which 
indicates neutrophilic activation concomitant to hy-
pertension. OW is associated with proinflammatory 
effects, as evident by increase in hsCRP in OW par-
ticipants (both hypertensive and normotensive), but 
without effect on leukocyte activations in any of the 
studied groups. Only in patients with both hyperten-
sion and overweight, there were significantly higher 
concentrations of MPO and hsCRP compared to 
the healthy normal weight subjects who had either 
AH or OW solely. Taken together, our data provide 
evidence that inflammation may be an important 
link between overweight and AH and that MPO and 
hsCRP may serve as good markers for inflammatory 
processes common to these two diseases. Altogether, 
results suggest that inflammation may mediate mu-
tual association of AH and OW, suggesting MPO 
as an inflammatory marker for AH and hsCRP for 
overweight. 

Ethical Standards
The study protocol and procedures conformed to the 
standards set by the latest revision of the Declaration 
of Helsinki. The study was approved by the institu-
tional Ethical Committee and by Ethical Committee 
of the Faculty of Medicine Osijek, University Josip 
Juraj Strossmayer Osijek, Croatia.

Informed consent
Informed consent was obtained from all patients for 
being included in the study.
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