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Abstract. – OBJECTIVE: Hypertension is 
closely related to oxidative stress and inflam-
mation. Endocan is a new inflammation marker 
whose role is not completely elucidated in hy-
pertension. The aim of this study was to explore 
the association between endocan and several 
oxidative stress markers [i.e., advanced oxida-
tion protein products (AOPP), total protein sulf-
hydryl (SH-) groups and prooxidant-antioxidant 
balance (PAB)] in adult population with hyper-
tension. 

PATIENTS AND METHODS: A total of 90 pa-
tients with hypertension were compared with 44 
controls. Blood pressure, anthropometric and 
biochemical parameters were measured. Asso-
ciations of clinical data with hypertension were 
tested with univariable and multivariable logistic 
ordinal regression analysis. 

RESULTS: Endocan and AOPP were signifi-
cantly higher in hypertensive patients than in 
the controls (p=0.006 and p=0.046, respective-
ly). In the multivariable logistic regression anal-
ysis, AOPP and endocan kept their indepen-
dent positive associations with hypertension. 
As AOPP rose by 1 μmol/L and endocan rose 
by 1 pg/mL, the probability for hypertension 
presence rose by 4.2% and 32.2%, respectively 
and 39.9% of variation in hypertension could be 
explained with the Model. The area under the 
Receiver Operating Characteristic curve [(AUC) 
for AOPP=0.638 (0.550-0.719), p=0.01 and for 
endocan=0.679 (0.593-0.757), p<0.001] demon-
strated sufficient clinical accuracy towards hy-
pertension. On the contrary, the Model showed 
very good clinical accuracy [AUC= 0.825 (0.749-
0.900), p<0.001].

CONCLUSIONS: Endocan and AOPP are inde-
pendently correlated with hypertension in adult 
population and these tested markers togeth-
er could be reliable parameters to discriminate 
patients with hypertension from normotensive 
ones. 
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Introduction

Hypertension is regarded as a multifactorial 
disorder closely related to inflammation and ox-
idative stress1,2. Reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) are instiga-
tors of vascular inflammation, with the concomi-
tant secretion of the pro-inflammatory cytokines. 
All these biomarkers lead to the endothelial dys-
function, hypertension occurrence and, if not 
controlled, to its complications and target organ 
damages1,2. 

Under physiological circumstances, antioxidant 
barrier (i.e., enzymatic and non-enzymatic) can 
prevent the negative side-effects of the free radi-
cals. However, this redox-balance gets disturbed 
and even exhausted during long-term ROS over-
production, leading to increased oxidative stress 
and harmful effects on target cells3. Endothelial 
cells, neutrophils, and macrophages are sources of 
ROS production. However, the major site of ROS 
production is mitochondria, during adenosine tri-
phosphate (ATP) synthesis through the process of 
oxidative phosphorylation. Also, myeloperoxidase, 
monoamine oxidases, cyclooxygenase, and lipoxy-
genase can contribute to ROS production3.

Due to a short half-life of ROS and its high 
reactivity, the estimation of oxidative stress is de-
termined by measuring markers of lipid peroxida-
tion, oxidation of proteins, and oxidative damage 
of nucleic acids3.

Endocan is a novel inflammation biomarker 
related to endothelial dysfunction4. It was shown 
that this proteoglycan, which is mainly secreted 
by endothelial cells, is included in regulation of 
different endothelial actions, like cell adhesion, 
neo-angiogenesis, proliferation, migration, etc4. 
Higher levels of this biomarker are observed in 
several cardiometabolic disorders5-7. Recent stud-
ies8,9 have also shown higher serum endocan levels 
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in patients with hypertension compared to healthy 
control. Moreover, patients with higher serum en-
docan levels also displayed higher arterial pulse 
wave velocity, which is considered as a marker of 
arterial stiffness8. Endocan was associated with ca-
rotid intima-media thickness (cIMT) which is also 
related with endothelial dysfunction9.

On the contrary, some investigations reported 
no difference in endocan levels between hyper-
tensive subjects without and with asymptomatic 
target organ damage, and reported no significant 
correlation between serum endocan levels and 
any of the variables related to asymptomatic tar-
get organ damage, like cIMT10.

Since the role of endocan in endothelial dysfunc-
tion is not completely explored, and considering the 
fact that there are no studies exploring the mutual ef-
fect of endocan and variety of oxidative stress mark-
ers in hypertensive subjects, in the present study we 
aimed to explore the association between endocan 
and several oxidative stress markers [i.e., advanced 
oxidation protein products (AOPP), total protein sulf-
hydryl (SH-) groups and prooxidant-antioxidant bal-
ance (PAB)] in adult population with hypertension.

Patients and Methods

Patients
A total of 90 patients with hypertension were 

compared with normotensive 44 participants in 
this case-control study. 

The examinees were recruited in a successive 
manner when visiting the Primary Health Care 
Center in a period from May to July 2017. All of 
them signed an informed consent after the ap-
proval of the study protocol by the Institutional 
Ethics Committee. 

A questionnaire consisted of questions regard-
ing demographic data, illnesses, lifestyle habits 
(cigarette smoking, medications use, alcohol con-
sumption) was given to each examinee with the 
request to fill it in.

A sphygmomanometer was used for systolic 
(SBP) and diastolic blood pressure (DBP) measure-
ment after the participant’s rest for 5 minutes and 
the average of the 3 measurements at 30 seconds in-
tervals taken on the right arm in the seating position 
was recorded. Hypertension was defined as SBP ≥ 
140 mmHg and/or diastolic DBP ≥ 90 mmHg, or the 
use of antihypertensive medications11.

Body weight (kg) and body height (cm) were 
obtained from each participant, whereas body 
mass index (BMI) was calculated. 

The inclusion criterion for the research was di-
abetes-free individuals who were willing to enter 
the study.

Subjects were excluded if reported: acute in-
fection, pregnancy, secondary hypertension (e.g., 
renal artery stenosis, pheochromocytoma, Cush-
ing’s syndrome, hyperaldosteronism), acute myo-
cardial infarction or stroke in the last 6 months, 
coronary artery disease, type 1 or type 2 diabetes 
mellitus, thyroid dysfunction, malignant disease, 
renal disease, hepatic disease, severe anemia, eth-
anol consumption >20 g/day, use of glucocorti-
coids, antihyperglycemic medications, antibiotics 
and non-steroidal anti-inflammatory medications. 
Additionally, subjects with high sensitivity C-re-
active protein (hsCRP), (> 10 mg/L), glycated he-
moglobin (HbA1c) level higher than 6.4%, fasting 
glucose equal to or higher than 7.0 mmol/L and 
with estimated glomerular filtration rate (eG-
FRMDRD) < 30 mL/min/1.73 m2 were also exclud-
ed from the study. Furthermore, if participants 
exhibited fasting glucose between ≥ 5.6 mmol/L 
and < 7.0 mmol/L, they underwent oral glucose 
tolerance test and those with plasma glucose level 
≥ 11.1 mmol/L were additionally excluded from 
the study12. 

Hypolipidemics (i.e., statins) and those with 
plasma glucose level ≥ 11.1 mmol/L after 2-hours 
of the test were used by 16% and 30% examinees 
in control and hypertensive group, respectively. 

Antihypertensive drugs were used by 79% 
(71/90) of participants in hypertensive group, 
whereas in control group there were no subjects 
that used such medications, as it would be expect-
ed based on inclusion criteria in this study.

Methods
The two blood samples were collected for each 

participant in the morning after an over night fast 
of at least 8 hours. One sample of a whole blood in 
the tube with K2EDTA was obtained for determi-
nation of HbA1c levels, immunoturbidimetrically 
on Roche Cobas c501 chemistry analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany).

The other sample was taken in the tube with se-
rum separator and clot activator for determination 
of biochemical parameters. After being left to clot 
within 30 minutes, those samples were then centri-
fuged at room temperature for 10 minutes at 3000 
xg. Thereafter, the obtained sera were used for 
routine biochemical markers determination [i.e., 
fasting glucose, urea, creatinine, uric acid, lipid pa-
rameters- total cholesterol, triglycerides (TG), high 
density lipoprotein cholesterol (HDL-c), low den-
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sity lipoprotein cholesterol (LDL-c) and hsCRP] 
on Roche Cobas c501 chemistry analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany). 

The remaining sera were used for serum en-
docan and oxidative stress markers measurement. 
Endocan levels were determined by using an en-
zyme-linked immunosorbent commercial assay 
(ab213776 – Human ESM1 ELISA Kit, Abcam, 
Cambridge, UK). 

A method of reaction with glacial acetic acid 
and potassium iodide was applied for AOPP mea-
surement13. A spectrophotometric method using 
5,5’-dithiobis (2-nitro benzoic acid) was used 
for total protein sulfhydryl (SH-) groups deter-
mination14, whereas a method using 3,3’, 5,5’-te-
tramethylbenzidine as a chromo gen was applied 
for PAB measurement15. 

Statistical Analysis
Data distribution was tested by Kolmogor-

ov-Smirnov and Shapiro-Wilk tests. Normally and 
log-transformed normally distributed data were 
tested by Student’s t-test and presented as mean 
± standard deviation and geometrical mean (95% 
Confidence interval – CI), respectively. Skewed 
distributed data were tested by Mann-Whitney 
test and presented as median (interquartile range). 
Differences in tested markers which were signif-
icant after two group comparisons, were further 
adjusted for age and BMI and tested by ANCOVA 
or Quade test, dependent on data distribution. As-
sociations between clinical markers and presence 
of hypertension were tested by binary logistic re-
gression analysis. All the markers that were sig-
nificantly associated with hypertension were tested 
by multivariable logistic regression analysis. Data 
were given as odds ratio (OR) and 95% CI in order 
to determine possible independent predictors for 
hypertension. The explained variation in hyperten-
sion was presented by Nagelkerke R2. Receiver Op-
erating Characteristic (ROC) curve analysis was 
used to test the diagnostic performance of clinical 
markers and the Model to distinguish patients with 
hypertension from those who have not got it. Data 
from this analysis were given as areas under curve 
(AUCs) and 95% CI. Significance was set at the 
probability level less than 0.05.

Results

Patients with hypertension were older and had 
higher BMI than patients without hypertension. 
These two tested groups differed in uric acid, 

AOPP and endocan levels. All these parameters 
were significantly higher in patients with hyper-
tension than in those without it (Table I). 

Univariable binary regression analysis was 
used to test associations between hypertension and 
other clinical parameters. Dependent variable was 
coded as follows: 0 – patients without hyperten-
sion and 1 – patients with hypertension. Significant 
positive associations were determined between 
hypertension and years of age, glucose, uric acid, 
hsCRP, AOPP and endocan levels. Only PAB was 
negatively associated with hypertension (Table II).

Data with significant odds in univariable anal-
ysis were tested in the Model. After multivariable 
logistic regression analysis, AOPP and endocan 
kept their independent positive associations with 
hypertension (Table II). As AOPP rose by 1 μmol/L 
and endocan rose by 1 pg/mL, the probability for 
hypertension presence rose by 4.2% and 32.2%, re-
spectively. Adjusted R2 for the Model was 0.399, 
which meant that 39.9% of variation in hyperten-
sion could be explained with the Model (Table II).

The calculated AUC for AOPP and endocan (in-
dependent predictors for hypertension according to 
multivariable logistic regression analysis) were rank-
ing from 0.600 to 0.700 [i.e., AUC for AOPP=0.638 
(0.550-0.719), p=0.01 and AUC for endocan=0.679 
(0.593-0.757), p<0.001] which demonstrated suffi-
cient clinical accuracy towards hypertension16. On 
the contrary, the Model showed very good clinical 
accuracy [AUC= 0.825 (0.749-0.900), p<0.001] (Fig-
ure 1) indicating that these tested markers together 
could be used to discriminate patients with hyper-
tension, from normotensive ones.

Discussion

The present study shows higher endocan and 
AOPP levels in patients with hypertension, com-
pared with normotensive counterparts. 

Higher endocan levels were also reported in some 
recent reports8,9,17,18. However, to our knowledge, this 
is the first study that evaluated the mutual effect of 
endocan and variety of oxidative stress markers in 
hypertensive subjects. Among examined oxidative 
stress biomarkers in this study [i.e., AOPP, PAB, to-
tal protein sulfhydryl (SH-) groups)], and despite the 
fact that PAB also correlated with hypertension in 
univariable logistic regression analysis, only AOPP 
remained its independent predictor. Moreover, en-
docan and AOPP, when tested together in the Model, 
were independently correlated with hypertension in 
adult population showing very good clinical accuracy 
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(AUC>0.8) and suggesting that these two biomarkers 
could be reliable ones to discriminate hypertensive 
patients from normotensive ones. 

Endothelial dysfunction represents the key 
pathophysiological change that underlies hyper-
tension19 and previous reports show that endocan 
may be the convenient biomarker for its monitor-
ing, since it is secreted by endothelial cells and 
has influence on neo-vascularization, cell adhe-
sion and leukocyte migration4. In addition, its 
expression is controlled by several cytokines (in-
terleukin-1, tumor necrosis factor-alpha) and vas-
cular endothelial growth factor (VEGF). 

Recently, Sun et al20 suggested a potential 
target for endothelial dysfunction induced by 
intermittent hypoxia, showing significant up-
regulation of endocan by the hypoxia-inducible 
factor-1 alpha/VEGF-A pathway under intermit-
tent hypoxia in endothelial cells, which takes an 
important part in intensifying adhesion between 

endothelial cells and monocytes. Additional-
ly, they showed the upregulation of expression 
of adhesion molecules, vascular cell adhesion 
molecule-1 (VCAM-1) and inter-cellular adhe-
sion molecule-1 (ICAM-1) by endocan, whereas 
endocan silencing has led to suppression men-
tioned adhesion molecules. It is already known 
that ICAM-1 and VCAM-1 are endothelial cells 
receptors and are upregulated by inflammatory 
cytokines stimuli, which further lead to leuko-
cytes migration and adhesion to injured endothe-
lium21. 

In line with this, Cimen et al22 reported a sig-
nificant decrease in serum endocan concentration 
after successful reperfusion in patients diagnosed 
with acute coronary syndrome. Also, Tadzic et 
al23 reported that reduction of endocan concentra-
tion could diminish the activation of endothelial 
cells, leading to delay of atherosclerosis progres-
sion. On the contrary, Ağaç et al10 showed that en-

Table I. Clinical data of study population.

Data are presented as mean ± SD. 
* Log-transformed data are presented as geometric mean (95% CI).
** Skewed distributed data are presented as median (interquartile range).

 Patients with  Control p
 hypertension N=90 group N=44

Male/Female (N) 37/53 14/30 0.298
Smokers, yes/no (N) 20/70 10/34 0.947
Hypolipidemics, yes/no (N) 27/63  7/37 0.078
Antihypertensives, yes/no (N) 71/19 0/44 -
 -Angiotensin converting 
 enzyme inhibitors, N=58
           – -Calcium channel blockers, N=13 – –
 -Angiotensin receptor blockers, N=11
 -Beta-blockers, N=29
 -Thiazide diuretics, N=39

SBP, mmHg 138  126  <0.001
 (128-149) (118-129)
DBP, mmHg 86 (80-94) 78 (74-84) <0.001
Age, years 62±9 56±9 0.001
BMI, kg/m2*  28.8  27.2 0.038
 (27.9-29.6) (26.0-28.5) 
Glucose, mmol/L** 5.6 5.4  0.183 
 (5.3-6.0) (5.2-5.6)
HbA1c, % 5.4±0.3 5.3±0.3 0.120
Urea, mmol/L** 5.5 (4.7-6.5) 5.2 (4.3-6.0) 0.119
Creatinine, μmol/L 74±15 71±10 0.279
Uric acid, μmol/L 289±7 264±10 0.050
eGFRMDRD, mL/min/1.73m² 81±15 83±11 0.357
hsCRP, mg/L** 1.43 (0.64-2.61) 0.88 (0.45-1.41) 0.106
AOPP, μmol/L** 42.20 (37-60-54.60) 37.60 (31.85-49.70) 0.046
PAB, HKU** 102.40 (66.47-131.67) 124.57 (96.60-134.80) 0.204
Total SH- groups, μmol/L 0.27 ± 0.09 0.26±0.07 0.503
Endocan, pg/mL** 4.03 (2.06-9.11) 2.36 (1.70-3.77) 0.006
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docan was not reliable marker for the occurrence 
of asymptomatic target organ damage in patients 
with hypertension.

Oxidative stress is one of the main culprits in 
the pathogenesis of hypertension2. In line with our 
results, Yıldırım et al24 also found higher AOPP 
levels in patients with hypertension, compared 
with normotensive controls. The AOPP are in-
dicators of oxidative damage of proteins that are 
involved in inflammation of endothelium by the 
overexpression of VCAM-1 and ICAM-13. Endo-
thelial dysfunction is characterized by a reduction 
in vasodilatation in response to nitric oxide (NO) 
deficiency. AOPP can also be involved in inhibition 
of production of NO through activation of nicotin-
amide adenine dinucleotide phosphate (NADPH) 
oxidase25. NADPH oxidase activation stimulates 
angiotensin II type 1 receptors, which may cause 
increase in production of ROS and concomitant de-
crease in NO in patients with hypertension25. 

In addition to this, Li et al26 have recently pro-
posed a novel pathophysiological mechanism of 
causal link between the accumulation of AOPP 

and renal tubulointerstitial fibrosis in diabetic ne-
phropathy via activation of the protein kinase C 
(PKC) signaling pathway (mostly the PKCη iso-

Table II. Associations of hypertension with clinical data.

Model: age, BMI, glucose, uric acid, hsCRP, AOPP, PAB, endocan (all continuous variables).

Predictors Unadjusted p Nagelkerke
 OR (95% CI)  R2 

Age, years 1.068 (1.024-1.114) 0.002 0.104
BMI, kg/m2 1.097 (1.000-1.205) 0.050 0.041
Glucose, mmol/L 2.457 (1.089-5.544) 0.030 0.054
HbA1c, % 2.383 (0.793-7.160) 0.122 0.025
Urea, mmol/L 1.293 (0.976-1.712) 0.073 0.035
Creatinine, μmol/L 1.020 (0.992-1.048) 0.166 0.021
Uric acid, μmol/L 1.008 (1.002-1.014) 0.004 0.091
eGFRMDRD, mL/min/1.73m² 0.988 (0.962-1.014) 0.357 0.009
hsCRP, mg/L 1.436 (1.080-1.908) 0.013 0.084
AOPP, μmol/L 1.038 (1.005-1.071) 0.022 0.065
PAB, HKU 0.989 (0.978-0.999) 0.039 0.045
Total SH- groups, μmol/L 4.239 (0.062-295.319) 0.500 0.005
Endocan, pg/mL 1.300 (1.121-1.506) < 0.001 0.170

Model Adjusted p Nagelkerke
 OR (95% CI)  R2 

Age, years 1.049 (0.998-1.104) 0.062 
BMI, kg/m2 0.989 (0.972-1.121) 0.865 
Glucose, mmol/L 1.387 (0.522-3.684) 0.511 
Uric acid, μmol/L 1.003 (0.996-1.011) 0.345 

0.399
 

hsCRP, mg/L 1.424 (1.002-2.118) 0.081 
AOPP, μmol/L 1.042 (1.002-1.084) 0.037 
PAB, HKU 0.988 (0.975-1.001) 0.079 
Endocan, pg/mL 1.322 (1.126-1.552) 0.001 

Figure 1. Discriminatory ability of Model regarding hy-
pertension presence.
Model: age, BMI, glucose, hsCRP, AOPP, PAB and endocan 
(all continuous variables).
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form). Namely, the accumulation of AOPP initiates 
CD36-dependent mitochondrial oxidative distress 
via activation of PKCη signaling, whereas inhibi-
tion of the PKC signaling can reverse AOPP-in-
duced proteinuria and renal insufficiency26. 

Taking all these findings into consideration, 
the therapeutic strategy for inhibition of endo-
can and/or reducing oxidative stress might be the 
challenge for hypertension prevention/treatment 
in future prospective studies.

There are several limitations of this study. 
Due to its cross-sectional design, only associ-
ations (between endocan, AOPP and hyperten-
sion) but not causality can be established. Also, 
we were not able to examine any relationship 
between endocan and/or AOPP and endothelial 
dysfunction (e.g., cIMT) due to limited diagnos-
tic procedures. However, this would be useful 
strategy for future studies in order to extend 
current investigation and to obtain deeper in-
sight into the pathophysiological mechanisms of 
hypertension. Additionally, in the current study 
we did not examine the relationship of endocan 
and AOPP with insulin resistance, since insulin 
resistance represents one of the important under-
lying factors of hypertension and cardiovascu-
lar disease6. However, we have recently shown 
higher endocan and AOPP levels in patients with 
type 2 diabetes than in the diabetes-free individ-
uals6. Moreover, we have shown the relationship 
between HbA1c and endocan and AOPP, respec-
tively, in patients with prediabetes and diabetes. 
Even more, endocan was shown to be the inde-
pendent predictor of HbA1c in those participants. 
Finally, except for antihypertensive medications 
in hypertensive group, some of the examinees 
used lipid-lowering therapy (i.e., statins) in both 
groups (i.e., both in case and control group) which 
might influence the obtained results27-29. Namely, 
previous investigations have reported that antili-
pemic agents lower oxidative stress biomarkers27 
and endocan levels29, whereas antihypertensive 
medications, such as valsartan and amlodipine 
may lower serum endocan levels28. However, our 
results are in line with those of Musialowska’s et 
al18 who also showed higher circulating endocan 
levels in subjects with treated hypertension com-
pared with normotensive ones. 

Conclusions

These results showed that endocan and AOPP 
are independently correlated with hypertension in 

adult population and these markers when tested 
together could be reliable parameters to discrim-
inate patients with hypertension from normoten-
sive ones. 
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