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Abstract: Background and Objectives: Oxidative stress and inflammation are cooperative events involved in essential 
hypertension diseases. This study was as a step for elucidating the contribution of N-terminal pro-brain natriuretic peptide, 
matrix-metalloprotinase-9 and 8-oxo2-deoxyguanosine with the essential hypertension incidence, development, and 
progression. Aims: The objective was to determine the serum studied parameters levels in essential hypertensive and 
normotensive subjects, and to assess the association between these biomarkers with the essential hypertension, and to 
investigate the effect of other confounding factors like stages, age, and gender and finally find the correlation between all 
studied parameters. Methods: This study was designed to examine the associations between the focused parameters with the 
essential hypertension on 50 patients of both genders, as well as an equal numbers of matched age–gender healthy adults were 
also enrolled in this study as a control group. The hypothesis suggesting that oxidative stress and inflammatory processes 
influence the risk of adverse clinical outcomes are worth investigating. These parameters were analyzed using enzyme linked 
immunosorbent assay. Statistical analyses were performed with SPSS version 18. Results: Patients with essential hypertension 
exhibited significantly higher serum focused parameters levels as compared with the control group. The mean serum N-
terminal pro–brain natriuretic peptide levels in patients and control groups were 304.33 ± 204.19, 76.52±20.98 pg/ml 
respectively. The mean serum matrix–metalloprotinase-9 level in patients and control groups were 2.36±1.1, 1.4±0.8 
respectively. The mean serum 8-oxo-2-deoxy guanosine level in patients and control groups were 170.40±41.95, 84.11±34.07 
(mg/ml) respectively. Conclusions: Data suggested an association between these circulating biomarkers with the incidence, 
development, and progression of essential hypertension. No effect of age and gender present on serum levels of focused 
biomarkers in both groups. These focused parameters seem to be a simple, non-invasive tools and independent parameters for 
early detection, assessing disease severity, and involved in the etiology of disease. Data indicated an alteration in the oxidative 
status and inflammatory processes in patients with essential hypertension. Accordingly, this work was undertaken to assess 
contribution of the oxidative stress and inflammatory process as a risk factors. In addition, these parameters are regarded as 
markers with prognostic significance and as potential therapeutic targets. These biomarkers are tools that might aid the 
physicians in diagnosis and subsequent risk stratification, guiding selection of therapy, secondary prevention, and serving as a 
target for therapy. 
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1. Introduction 

Hypertension is clinically defined as the increased arterial 
blood pressure (BP) of over 139 mm Hg for systolic BP (SBP) 
and/or 89 mm Hg for diastolic BP (DBP). Hypertension is 

associated with alterations in the cardiac, neural, renal, and 
vascular control systems, which increase the cardiac output, 
peripheral resistance, and arterial stiffness. During essential 
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hypertension, increased reactive oxygen species (ROS) 
production leads to enhanced contractility, endothelial 
dysfunction, inflammation, and increased deposition of 
extracellular matrix (ECM) proteins. Oxidative stress (OS) 
and inflammation are cooperative events involved in 
essential hypertension (EHT) development. 

The N-terminal pro-brain natriuretic peptide (NT-proBNP) 
has emerged as a candidate biomarker that may enable the 
early detection of essential hypertension. 

As a recognized prognostic marker of several cardiac 
conditions, NT-proBNP has also been proposed to be an 
indicator for prognosis and follow-up therapy [1, 2]. In 
addition, the use of NT-proBNP is well established in the 
diagnosis and staging of patients with EHT. The natriuretic 
peptides have attracted much interest because they are of 
diagnostic and prognostic importance. 

Hypertension develops as a result of cardiac hypertrophy 
and fibrosis or as a result of exchange of the ECM [3]. 
Matrix metalloprotinases (MMPs) are believed to be 
responsible for the destruction of connective tissue at sites of 
chronic inflammation. Among the cytokines, tumor necrosis 
factor- α (TNF-α) is a pro-inflammatory cytokine that can 
increase matrix collagen degradation by upregulating MMPs 
activity and downregulating the tissue inhibitors of matrix 
metalloprotinases (TIMPs) [4]. The ECM depends on a 
balance between MMPs and (TIMPs) [5]. Therefore, 
imbalances between MMPs and TIMPs are involved in the 
pathological mechanisms of numerous diseases [6]. 
Oxidative stress results from the overproduction of free 
radicals (FRs) or the depletion of antioxidants, this type of 
stress has been implicated in the development of 
hypertension [7]. The OS by-product (8-oxo-2dG) was 
previously found to increase in patients with EHT [8]. 

8-oxo2-deoxyguanosine is an oxidized derivative of 
deoxyguanosine; this compound is generated by the 
oxidation of DNA under physiopathological conditions or 
environmental stress [9]. 8-oxo2-deoxyguanosine has been 
linked to several biological processes and diseases, including 
hypertension [8]. Mounting evidence indicates that OS has an 
important role in the development of EHT. The present study 
was undertaken to evaluate the OS biomarker 8-oxo-2dG in 
EHT patients. The quantification of serum 8-oxo-2dG levels 
is used as a specific marker of oxidative damage to DNA. 
This parameter has been used to express the oxidation status 
of EHT patients. Therefore, such parameters appear to be 
simple, non-invasive tools and independent parameters for 
the diagnosis and assessment of disease severity. These 
parameters may contribute to the prognosis of EHT incidence 
and development, they may also be involved in the etiology 
of EHT. Accordingly, these selected parameters have 
emerged as candidate biomarkers that enable the early 
detection and prognosis of patients with EHT. This study was 
designed to test the hypothesis that serum concentrations of 
the selected parameters were altered and related to the 
incidence, development, and progression of EHT. Moreover, 
this study sought to evaluate the effect of staging on the 
concentration of these biomarkers. which were related to 

EHT, to determine the effect of other confounding factors, 
such as the stages of EHT, age, and gender, and to evaluate 
the correlation between all the studied parameters. Moreover, 
the study intended to determine the role of the selected 
parameters as screening biomarkers for the incidence, 
progression, and development of EHT with the contribution 
of OS and inflammatory processes as risk factors. 

2. Patients and Methods 

2.1. Subjects and Study Design 

This prospective study was conducted at the College of 
Pharmacy of Hawler Medical University in the Kurdistan 
Region of Iraq from November 2013 to December 2014. A 
total of 50 patients with EHT of both genders were selected 
from patients who routinely came to the Internal Medicine 
Outpatients Clinic at the Hawler Teaching Hospital for 
follow-up and management. For comparison, an equal 
number of the matched age–gender healthy adults were also 
enrolled in this study as a control group. Healthy subjects 
were selected from the staff and sub-staff of the same 
hospital. This study was designed to investigate the 
cooperation of OS concomitant with the inflammatory 
processes during the prevalence of EHT. Participants were 
interviewed and informed regarding the nature of the study 
and verbal consent was obtained from each subject. All 
procedures were in accordance with established ethical 
standards. The Ethics Committee of Medical Research at 
College of Pharmacy of Hawler Medical University approved 
the study protocol. The control group was confirmed to be 
normal by biochemical and hematological examinations. This 
prospective study involved a total of 96 participants. Among 
these participants, 50 patients of both genders (26 men and 
24 women) were newly diagnosed with EHT; their mean age 
at diagnosis was 50.90 ± 9.27 years were enrolled in this 
study after the exclusion of other diseases based on patient 
clinical history, laboratory investigations, and clinical 
examination. For purposes of comparison, 46 age–gender 
matched, apparently healthy adults were randomly selected 
as the control group, this group included 23 healthy men and 
23 healthy women with a mean age of 49.19 ± 9.49 years. 
Both groups completed the baseline questionnaire with self-
reported questions concerning several risk factors for EHT, 
including the history of diabetes, smoking, physical activity, 
alcohol consumption, hormone replacement therapy, family 
history, past medical history, and medication history. Case 
sheets had been prepared for each patient, each including the 
following information: age, gender, race, occupation, social 
history, chief complains, other diseases, and medications. 
This investigation included biochemical and hematological 
estimates. All clinicopathological data of the patients were 
collected from the clinical files of the patients. The following 
exclusion criteria were applied: diabetics; asthmatic patients; 
malignancies; muscular disease; renal disease; patients with 
GFR < 30 ml/min, given the reduced renal excretion of NT-
proBNP at these levels [10], heart failure, arthritis, chronic 
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diseases, current use of any medications, which included 
dietary supplements. Furthermore, patients on lipid-lowering 
drugs and participants with antioxidant vitamin or mineral 
supplements were excluded from the current study. Patients 
with chronic liver disease, endocrine dysfunction, and CHD 
were also excluded from the study because these diseases 
also have serum biochemical disturbances. Data depended on 
the physical and clinical examination as well as laboratory 
investigations (hematological and biochemical data) to 
prevent overlapping or interfering results in the present study. 

2.2. Grouping of Patients 

Patients group classified in to stage I, stage II and stage III 
of essential hypertension according to [11] in order to study 
the effect of staging on the serum levels of studied 
parameters. 

2.3. Methods 

2.3.1. Collection of Sample 

The Protocol of the Study: The fasting blood (10 ml) 
samples were collected without using tourniquet. The blood 
samples were left for 30 minutes for coagulation purpose, 
and then made centrifugation for 15 minutes at 2500-3500 
revolution per minutes (rpm).The sera of the participants 
were separated and divided into several parts and put them 
into several plastic plain tubes to do the biochemical tests of 
the current study. The sera of the participants were stored at 
(-8 C º) till the day of the analysis. The sera were prepared 
for measurement by warming the frozen sera at room 
temperature. 

2.3.2. Biochemical Determinations 

Inflammatory markers NT-proBNP, MMP-9 and oxidative 
stress marker 8-oxo-2 deoxy guanosine were measured using 
enzyme linked immunosorbent assay (ELISA). 

2.4. Statistical Analyses 

Data were analyzed by using the Statistical patch for 
Social Sciences (SPSS vi.18). The results of biochemical 
tests were expressed as mean ± standard deviation (SD). 
Furthermore, student t-test was applied to compare between 
two means. Multiple regression was used to show the 
association between each of the biomarkers (as a dependent 
variables) and several independent variables. A (p) value of ≤ 
0.05 was considered as statistical significance. Correlations 
between laboratory findings and continuous variables were 
evaluated using linear regression analysis. 

3. Results 

3.1. Subjects Characteristics 

The characteristics of the participants have been shown in 
(Table 1).This study included 96 participants of both genders, 
50 of them were newly diagnosed essential hypertensive 
patients with mean age of (50.9± 9.2). The reminders 46 were 
apparently healthy adults with mean age was (49.1± 9.4). 

3.2. Essential Hypertension -Effect 

The variation in the mean serum levels of studied 
parameters in patient group as compared with the control 
group has been shown in (Table 1). There were a significant 
elevation in the serum levels of the studied parameters as 
compared with the control group p˂ 0.001. Regarding NT-
proBNP the mean serum level of this parameter was 
(304.33± 204.19) (pg/ml) in patients group and it was 
(76.52±20.98) (pg/ml) in control group. The mean serum 
level of MMP-9 (2.36±1.18SD ) ng/ml in patient group while 
the mean serum level of MMP-9 was (1.42±0.87) ng/ml in 
control group. In case of 8oxo2dG the mean serum level of it 
was (170.40± 41.95) (mg/ml) in patient group and it was 
(84.11±34.07) (mg/ml) in control group. 

Table 1. Comparison between patient and control groups regarding the mean serum levels of the studied parameters. 

Variables Group N Mean ±SD SE P 

Age 
Patients 50 50.9000 9.27857 1.31219 

0.376 
Control 46 49.1957 9.49999 1.40070 

Systolic 
Patients 50 16.7000 1.61940 0.22902 

< 0.001 
Control 46 11.7609 0.84155 0.12408 

Diastolic 
Patients 50 9.6300 0.77466 0.10955 

< 0.001 
Control 46 7.5543 0.67682 0.09979 

NT-proBNP(pg/ml) 
Patients 50 304.3340 204.19890 28.87809 

< 0.001 
Control 46 76.5261 20.98343 3.09384 

MMP-9 (ng/ml) 
Patients 50 2.3638 1.18680 0.16784 

< 0.001 
Control 46 1.4226 0.87738 0.12936 

8 oxo2dG(mg/ml) 
Patients 50 170.4020 41.95269 5.93301 

< 0.001 
Control 46 84.1196 34.07789 5.02451 

 

3.3. Stage Effect 

The statistical study shows the stage effect on the mean 

serum levels of the studied parameters. The mean serum 
levels of focused parameters were increased significantly 
according to the stage progression of the disease p˂ 
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0.001(Table 2). 

Table 2. The effect of stages of hypertension on serum levels of studied biomarkers. 

 
N Mean ±SD p 

BNP (pg/ml) 

Stage 1 14 137.679 16.186 

< 0.001 
Stage II 21 228.262 61.391 

Stage III 15 566.380 174.027 

Total 50 304.334 204.199 

MMP-9 (ng/ml) 

Stage 1 14 1.164 0.223 

< 0.001 
Stage II 21 2.208 0.393 

Stage III 15 3.703 1.125 

Total 50 2.364 1.187 

8 OXO(mg/ml) 

Stage 1 14 124.886 38.242 

< 0.001 
Stage II 21 170.776 14.085 

Stage III 15 212.360 23.675 

Total 50 170.402 41.953 

 

3.4. Age –Factor 

The statistical analysis represented that there were no 
significant differences between different age categories 
regarding the mean serum levels of the studied parameters, so 
there were no age effect on the mean serum levels of focused 
parameters p > 0.05 in patient and control groups ( Table 3 
and Table 4) respectively . 

Table 3. Comparison between different age categories regarding the mean 

serum levels of the studied parameters in patient group. 

\ 
 

N Mean ±SD p 

Systolic 

< 40 7 16.71 2.29 

0.411 

40-49 16 16.69 1.49 

50-59 17 16.29 1.36 

60+ 10 17.40 1.71 

Total 50 16.70 1.62 

Diastolic 

< 40 7 9.86 0.80 

0.861 

40-49 16 9.59 0.88 

50-59 17 9.56 0.61 

60+ 10 9.65 0.91 

Total 50 9.63 0.77 

NT-pro BNP(pg/ml) 

< 40 7 331.26 258.57 

0.421 

40-49 16 304.66 219.31 

50-59 17 247.44 129.75 

60+ 10 381.69 242.95 

Total 50 304.33 204.20 

MMP-9 (ng/ml) 

< 40 7 2.31 1.43 

0.124 

40-49 16 2.33 0.89 

50-59 17 1.98 0.82 

60+ 10 3.11 1.70 

Total 50 2.36 1.19 

8 oxo dG (mg/ml) 

< 40 7 167.16 70.51 

0.572 

40-49 16 173.69 25.57 

50-59 17 160.75 30.18 

60+ 10 183.83 56.17 

Total 50 170.40 41.95 

Table 4. Comparison between different age categories regarding the mean 

serum levels of the studied parameters in control group. 

  
N Mean ±SD P 

systolic 

< 40 7 11.43 0.53 

0.252 

40-49 16 11.56 0.73 

50-59 16 12.06 0.83 

60+ 7 11.86 1.21 

Total 46 11.76 0.84 

diastolic 

< 40 7 7.14 0.75 

0.383 

40-49 16 7.66 0.60 

50-59 16 7.59 0.74 

60+ 7 7.64 0.63 

Total 46 7.55 0.68 

NT-proBNP (pg/ml) 

< 40 7 82.59 24.61 

0.628 

40-49 16 71.68 24.01 

50-59 16 79.49 18.21 

60+ 7 74.77 17.13 

Total 46 76.53 20.98 

MMP-9 (ng/ml) 

< 40 7 1.25 0.67 

 
0.816 

40-49 16 1.55 1.01 

50-59 16 1.32 0.71 

60+ 7 1.54 1.17 

Total 46 1.42 0.88 

8 oxodG(mg/ml) 

< 40 7 58.50 22.86 

0.105 

40-49 16 94.21 34.69 

50-59 16 88.79 35.43 

60+ 7 76.00 29.48 

Total 46 84.12 34.08 

3.5. Gender –Effect 

Statistical study revealed that there were no significant 
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differences between men and women regarding mean serum 
levels of the studied parameters in patient and control groups 
(Table 5 and Table 6 ) respectively, so there were no gender 

effect. 
 

 

Table 5. Comparison between men and women regarding the serum levels of the studied parameters in patients group. 

 
Gender N Mean ±SD SE p 

Age 
Male 26 51.654 10.024 1.966 

0.555 
Female 24 50.083 8.536 1.742 

Systolic 
Male 26 16.885 1.657 0.325 

0.407 
Female 24 16.500 1.588 0.324 

Diastolic 
Male 26 9.654 0.704 0.138 

0.823 
Female 24 9.604 0.859 0.175 

NT-proBNP (pg/ml) 
Male 26 317.235 209.041 40.996 

0.647 
Female 24 290.358 202.345 41.303 

MMP-9 (ng/ml) 
Male 26 2.539 1.393 0.273 

0.282 
Female 24 2.174 0.906 0.185 

8-oxo-2dG (mg/ml) 
Male 26 173.485 43.557 8.542 

0.594 
Female 24 167.063 40.805 8.329 

Table 6. Comparison between men and women regarding the serum levels of the studied parameters in control group. 

 
Gender N Mean ±SD SE p 

Age 
Male 23 47.08 9.59 2.00 

0.13 
Female 23 51.30 9.12 1.90 

Systolic 
Male 23 11.97 0.57 0.12 

0.08 
Female 23 11.54 1.01 0.21 

Diastolic 
Male 23 7.56 0.62 0.13 

0.91 
Female 23 7.54 0.73 0.15 

NT-proBNP (pg/ml) 
Male 23 80.74 20.51 4.27 

0.175 
Female 23 72.30 21.03 4.38 

MMP-9 (ng/ml) 
Male 23 1.34 0.82 0.17 

0.536 
Female 23 1.50 0.93 0.19 

8-oxo-2dG (mg/ml) 
Male 23 77.65 23.98 5.00 

0.201 
Female 23 90.58 41.38 8.62 

 

3.6. The Correlation Coefficient 

Table 7. The correlation coefficient between the studied parameters in 

patients group. 

X variable Y variable R P value N 

Age MMP-9 0.1 0.2 50 
Age NT-pro BNP 0.05 0.6 50 
Age 8-oxodG 0.05 0.7 50 
SBP MMP-9 0.9 <0.001 50 
SBP NT-proBNP 0.9 <0.001 50 
SBP 8-oxodG 0.8 <0.001 50 
DBP MMP-9 0.4 0.001 50 
DBP NT-pro BNP 0.3 0.005 50 
DBP 8-oxodG 0.4 0.003 50 
MMP-9 NT-pro BNP 0.9 <0.001 50 
MMP-9 8-oxodG 0.8 <0.001 50 
NT-pro BNP 8-oxodG 0.7 <0.001 50 

The statistical study investigate the correlation coefficient 
between the studied parameters in patient group, there were 
non significant weak correlation between age and MMP-9, 
non significant weak correlation between age and NT-pro 
BNP,non significant weak correlation between age and 8-
oxo-2dG,significant strong correlation between SBP and 
MMP-9,significant strong correlation between SBP and NT-
pro BNP,significant strong correlation between SBP and 8-
oxo-2dG ,significant moderate correlation between DBP and 
MMP-9, significant weak correlation between DBP and NT-
pro BNP, significant moderate correlation between DBP and 

8-oxodG, Significant strong correlation between MMP-9 and 
NT-pro BNP, significant strong correlation between MMP-9 
& 8-oxodG, significant strong correlation between NT-pro 
BNP and 8-oxodG (Table 7). 

4. Discussion 

4.1. General View 

The rational of the present study conducted the association 
oxidative stress / antioxidant status imbalance concomitant 
with inflammatory process in patients with EHT. This study 
has highlighted three markers that are considered integral to 
the relationship between oxidant /antioxidant status 
imbalance and inflammatory process with the incidence, 
development, and progression of EHT, these markers are NT-
proBPN, MMP-9, and 8-oxo- 2deoxyguanosine. 

All of these parameters have been correlated with the most 
important clinical indices of patients such as stage of disease, 
age and gender. 

4.2. Effect of Essential Hypertension on the Serum Levels 

of Studied Biomarkers 

4.2.1. Inflammatory Biomarker N-Terminal Pro–Brain 

Natriuretic Peptide 

This study revealed a significant elevation in the serum 
levels of NT-proBNP as compared with the control group p < 
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0.001 (Table 1). So, this finding could indicate that there was 
a significant relationship between serum NT-proBNP level as 
an inflammatory marker with incidence of EHT. Accordingly, 
elevated serum NT-proBNP levels have been shown to be a 
predictive and contributor marker for the prevalence of EHT. 
It was hypothesized that a significant elevation in serum NT-
proBNP level could indicate it,s association with EHT. The 
present data supported the hypothesis that the NT-proBNP 
serum levels may play a key role in the inflammatory 
response that contributed in EHT incidence. 

An increase in NT-proBNP serum concentrations was 
hypothesized to indicate its association with EHT and, could 
be associated with the inflammatory status. A link between 
NT-proBNP and the inflammatory activation process was 
previously estimated. The present data supported the 
hypothesis that NT-proBNP serum levels may have a key role 
in the inflammatory response that contributed in EHT 
incidence. Taken together, the above mentioned finding 
confirmed the notion that the inflammatory process is 
involved with the prevalence of EHT. Accordingly, this 
finding may account for the correlation of NT-proBNP levels 
with the etiology of EHT and could be a marker that can be 
implicated in the pathogenesis of EHT. 

This finding addresses the prognostic value of NT-proBNP 
in EHT, which was confirmed by previous studies [12–15], 
where in plasma NT-proBNP levels had a significant 
prognostic value in hypertensive patients. The current result 
was consistent with the previous findings [12, 14–26]. The 
significant elevation of NT-proBNP in EHT could be 
explained by the expression and secretion of NT-proBNP 
from ventricular myocytes, which is a landmark of cardiac 
remodeling that is of particular interest in hypertension [25]. 
N-terminal pro–brain natriuretic peptide is mainly secreted 
by the left cardiac ventricle as a consequence of pressure 
overload and wall stretching [27]. Natriuretic peptides are 
related to systolic dysfunction [28] and increased the filling 
pressure [29]. This peptide also strongly depends on 
ventricular after-load, particularly the BP [22] and aortic 
stiffness. This study showed that serum NT-proBNP was an 
emerging powerful circulating marker and prognostic 
noninvasive indicator that could be associated with the EHT. 
N-terminal pro–brain natriuretic peptide may act as an early 
predictor of EHT and may be considered a potential 
candidate marker for diagnosis and follow-up. Therefore, 
NT-proBNP can be used as a useful biomarker to provide 
diagnostic information concerning the development and 
management of EHT as well as a strong prognostic marker 
associated with the prevalence of EHT. Moreover, NT-
proBNP acts as an integrative marker that can predict 
outcomes beyond cardiac events, this peptide may be a useful 
tool for monitoring the follow-up of patients with EHT. 
Therefore, NT-proBNP was added as independent prognostic 
information and could be used to monitor essential 
hypertensive patients. 

4.2.2. Inflammatory Biomarker Matrix Metalloproteinase-9 

Given that EHT may be a part of an inflammatory disease, 

the circulatory factors related to inflammation could be 
predictors of EHT prevalence. Nevertheless, increasing 
evidence supports the relationship between the elevation of 
vascular inflammatory markers and hypertension [30]. 
Matrixmetalloproteinase-9 was hypothesized to play an 
independent role in BP modulation in patients with EHT. 
This study was aimed to elucidate whether serum MMP-9 
levels were related to EHT. Results demonstrated that the 
significant elevation in the serum MMP-9 levels in the 
patient group as compared with the control group p < 0.001 
(Table 1). Accordingly, the inflammatory marker MMP-9 is 
considered a contributory marker of BP in EHT. This finding 
provides an important link between the risk factors of 
inflammation and the prevalence of EHT. Therefore, 
inflammation is implicated in the pathogenesis of EHT. 

In addition, it was supported the current study and stated 
that the elevation of plasma MMP-9 has been associated with 
increased arterial stiffness and elevated BP in EHT [31]. The 
elevation of MMP-9 is important because abnormal MMP 
levels can stimulate vascular inflammation, which is a 
potential contributor to the pathogenesis and progression of 
EHT [32,33]. The elevation of MMP-9 predicts worse 
outcomes in patients with EHT. The current result was 
consistent with the findings of several previous studies [31, 
33–37]. Therefore, the significant elevation of serum MMP-9 
levels was associated with the incidence of EHT and may be 
explained by the well-known contribution of inflammation to 
the incidence of EHT and target organ damage. The MMP-9 
enzyme is an inflammatory mediator that may contribute to 
EHT and its target organ consequences. 
Matrixmetalloproteinases were previously implicated in the 
development of chronic vascular diseases, but the key 
effectors and mechanism of action remain unknown [38]. By 
contrast, they were suggested that plasma MMP-9 is actually 
decreased in hypertensive subjects as compared to the 
controls [39,40]. Another study reported no significant 
differences in the MMP-9 levels between hypertensive 
patients and controls [41]. 

The present prospective study gave available evidence to 
support the link between inflammation and EHT prevalence 
as well as to discuss future implications for the drug therapy 
of EHT. 

4.2.3. Oxidative Stress Marker 8-Oxo-2 Deoxy Guanosine 

The present study was designed to simultaneously assess 
the OS levels by measuring 8-oxo-2dG in the patient and 
control groups. The study aimed to test the OS as a potential 
early risk factor for EHT prevalence in the Hawler population 
by examining 8-oxo-2dG as a byproduct of ROS-induced 
DNA damage. The statistical analysis revealed that the OS 
marker 8-oxo-2dG was significantly increased in the patient 
group as compared with the control group p < 0.001 (Table 1). 
The result of the current study was concordant with several 
previous findings [42–45]. The present study was designed to 
assess the serum 8-oxo-2dG levels to express the degree of 
OS in patients with EHT. Therefore, the hypothesis that OS 
serves as a risk factor of EHT incidence was tested. Results 



 American Journal of Internal Medicine 2015; 3(2): 66-77  73 
 

strongly suggested that the serum 8-oxo-2dG level can serve 
as a sensitive biomarker of oxidative DNA damage and OS is 
important in the pathogenesis of EHT. The results confirmed 
the hypothesis that EHT involves a state of OS, which is 
implicated and contributes to the pathogenesis of EHT. 

This study clearly demonstrated a significant association 
between the serum 8-oxo-2dG levels and the incidence of 
EHT and confirmed the idea that OS has an important role in 
the incidence of EHT. Accordingly, the 8-oxo-2dG assay is a 
good marker for monitoring OS changes in patients with 
EHT. A previous study on hypertensive patients reported that 
the amount of damaged 8-oxo-2dG in hypertensive patients 
was significantly higher than that of the control subjects [42]. 
Meanwhile, urinary sample from hypertensive patients was 
analysed and reported that urinary 8-oxo-2dG was a reliable 
OS marker in hypertension and 8-oxo-2dG levels in 
hypertensive patients was significantly higher than those of 
the controls [43]. Moreover, urinary samples of EHT patients 
was investigated and reported that 8-oxo-2dG was 
significantly higher in EHT patients than in the control group 
[46]. 

Several lines of evidence show that oxidative damage may 
be an important mechanism underlying several 
pathophysiological states such as EHT. The present study 
provided evidence that oxidative DNA damage was 
associated with the incidence of EHT. According to the 
present study, OS has been implicated in the pathogenesis of 
EHT. Mounting evidence indicates that OS has an important 
role in the incidence of EHT. Therefore, this study has 
offered the opportunity to test whether OS could be a 
potential early risk factor for developing EHT. 

4.3. Stage –Effects 

4.3.1. NT-ProBNP 

In the patient group, the serum NT-proBNP level was 
significantly increased according to the stage progression p ˂ 
0.001 (Table 2). Therefore, according to the current result, 
the elevated NT-proBNP level serves as a simple, non-
invasive tool and independent parameter for assessing 
disease severity in patients with EHT and it might be related 
with development and progression of EHT. The analysis of 
this biomarker was based upon an evaluation of the utility of 
serum NT-proBNP to indicate the incidence, development, 
and progression of EHT. Unlike the present study, it was 
reported that no differences were demonstrated between 
moderate and severe stages in patients with EHT in a small 
study [47]. Recent advances in basic science have established 
a fundamental role for inflammation in mediating all stages 
of this disease from initiation until the progression of EHT. 

4.3.2. Matrixmetalloprotenase -9 

In the patient group, the serum MMP-9 level was 
significantly increased according to the stage progression p ˂ 
0.001(Table 2). Therefore, this noninvasive marker could 
indicate the severity of EHT and it might be related with 
development and progression of EHT. Accordingly, current 
data supported the hypothesis that elevated MMP-9 levels 

were associated with the progression and development of 
EHT. Similarly, it was reported that MMP-9 has been 
implicated in the development and progression of EHT[30]. 

4.3.3. 8-Oxo2deoxy Guanosine 

In the patients group, the serum 8-oxo-2dG level was 
increased significantly according to the stage progression p ˂ 
0.001 (Table 2). The current study indicated that free radical-
mediated oxidative damage of DNA occurs at an early stage 
of EHT and could increase significantly in later stages. 
Therefore, the present study was designed to assess the serum 
8-oxo-2dG levels to express the degree of OS in essential 
hypertensive patients and to clarify the severity of disease by 
investigating the staging of EHT. Therefore, this noninvasive 
marker could indicate the severity of EHT and was associated 
with progression and development of EHT. 

4.4. Age-Factor 

This study attempted to determine the age effect on the 
serum levels of studied parameters. The statistical analysis 
found no significant differences between the different age 
categories in terms of the serum levels of the studied 
parameters. Therefore, no age effects p > 0.05 were found in 
the patient and control groups (Table 3 and Table 4, 
respectively). In addition (Table 7) has shown that there were 
weak non significant correlation between the age and studied 
parameters. Unlike the current findings, it was reported that 
NT-proBNP was significantly associated with age and DBP 
[48]. Meanwhile, previous studied on MMP-9 were carefully 
reviewed, there were no any results that deal with age effect 
on the serum level of MMP-9,accordingly this study might be 
the first one that deal with association of age factor with 
MMP-9 in patients with EHT. In addition, it was reported 
that damaged 8-oxo-2dG was found in elderly people [49]. 

4.5. Gender-Factor 

This study also highlighted one of the aspects regarding 
gender effect. No significant differences were observed 
between men and women in terms of the serum levels of the 
studied parameters in patients and control groups (Tables 5 
and 6, respectively). The patient group of the current study 
consisted of 26 men with a mean age of 51.654 ± 10.02 years 
and 24 women with a mean age of 50.083 ± 8.536 years. 
Meanwhile, the control group included 23 men with a mean 
age of 47.087 ± 9.596 years and 23 women with a mean age 
of 51.304 ± 9.123 years (Table 1). The absence of gender 
effects could be attributed to the fact that women who 
enrolled in this study were elderly (post-menopause). Thus, 
no hormonal effects were present. At a young age, the 
prevalence of hypertension is reportedly higher among men 
compared to women [50]. This trend can be attributed to the 
fact that women are more protected from OS by estrogen [51]. 
Contrary to the current findings, it was reported that plasma 
NT-proBNP levels increase with age and are higher in 
women than men after the adjustment for age [52]. In 
addition, it was reported that NT-proBNP was significantly 
higher P < 0.001 in women than in men [24]. It was also 
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published that NT-proBNP levels in a healthy population are 
dependent on age and gender[53]. 

4.6. Correlation Coefficient 

The statistical study reveals that there were a significant 
strong correlation between SBP and studied parameters NT-
proBNP r=0.9 p˂0.001,MMP-9 r= 0.9 p˂0.001, and 8-
oxo2dg r=0.8 p˂0.001(Table 7),these strong significant 
correlations were in harmony with the hypothesis that these 
parameters NT-proBNP,MMP-9 (parameters of inflammation) 
and 8-oxo2dg (parameter of oxidative damage of DNA) are 
associated with EHT incidence and the contribution of the 
inflammation and OS with the prevalence of EHT. In 
addition there were a weak significant correlation between 
DBP and studied parameters as well as there were a strong 
significant correlation between all studied parameters 
(Table7). To the best of our knowledge, this is the first report 
that used Iraq/Kurdistan Governorate population data to 
evaluate the association between serum levels of selected 
parameters and the incidence, development, and progression 
of EHT. Whether inflammation is a cause or effect of EHT 
remains unclear, but evidence from human and animal 
studies suggests that inflammation can lead to the 
development of hypertension. OS and endothelial 
dysfunction are known to be associated with inflammation 
and can contribute to hypertension by exacerbating the 
inflammatory response 

The strengths of this study include the use of an equal 
number of participants from both genders. In addition, this 
study focused on the association between NT-pro-BNP, 
MMP-9, and the OS marker 8-oxo-2dG, which have not been 
fully investigated in the Iraqi Kurdistan Region. Therefore, 
this study offers the opportunity to test whether the 
inflammatory status and OS could be a potential early risk 
factor for the incidence of EHT. 

Clinical Implications: Cardiac biomarkers are tools that 
should aid the physician in diagnosis and/or the subsequent 
risk stratification for secondary prevention. In some cases, 
these biomarkers serve as targets for therapy and, finally, for 
guiding the selection of therapy. The identification of 
individuals at high risk for cardiovascular events is important 
for the optimal use of primary and secondary prevention 
measures. The selected parameters in this study are simple 
and noninvasive. Thus, the repeated measurement of these 
parameters may be helpful as part of the evaluation of 
treatment in patients with EHT and, in particular, as a guide 
to the selection and timing for alternative therapies. The 
selected parameters have also been proposed as indicators for 
follow-up therapy and prognosis. This study supports the 
expanding evidence that the selected parameters may serve as 
surrogate markers in the clinical evaluation and management 
of EHT. Accordingly, these parameters are regarded as 
markers with prognostic significance and as potential 
therapeutic targets. Therefore, efforts have been focused on 
identifying the risk factors for developing EHT, and these 
parameters may allow for the early detection of people who 
are likely to develop EHT and the subsequent risk of 

cardiovascular events. Consequently, prevention and 
treatment may be initiated earlier. 

5. Conclusion 

Available data revealed the significant elevation in serum 
levels of selected parameters in association with EHT. 
Results suggested a strong association between the serum 
levels of selected parameters with EHT. The serum levels of 
the studied parameters were significantly elevated according 
to the stage progression of the EHT. These results indicated 
that the selected biomarkers are associated with disease 
progression and development. Therefore, these biomarkers 
can be considered as independent parameters for assessing 
disease severity in patients with EHT. These parameters 
could provide a relatively simple, non-invasive method for 
investigating EHT. The studied parameters are sensitive 
biochemical markers, which are valuable and useful tools to 
diagnose patients with EHT. These markers have also been 
proposed as indicators for the incidence, development, and 
progression of EHT, as well as its follow-up and prognosis. 
Oxidative stress and inflammatory processes may serve as 
risk factors for the incidence of EHT in the Hawler 
population. Mounting and cumulative evidence support and 
indicate that OS and inflammatory processes have an 
important role in the development and pathogenesis of EHT. 
The results of the current study supported the role of chronic 
low-grade inflammation in the incidence of EHT. Data 
suggested that inflammation may have an integral part in the 
development and progression of EHT. The significant 
elevation of the inflammatory parameters NT-proBNP and 
MMP-9 in patients with EHT are particularly relevant and 
creates options for potential primary prevention strategies. In 
addition, the findings of the current study indicated and 
supported the idea that OS is a cooperative event involved in 
the incidence, development, and progression of EHT, based 
on the investigation of 8-oxo-2dG as an oxidative marker of 
DNA damage. Based on these results, the studied parameters 
can be regarded as valuable markers associated with the 
incidence of EHT; these markers should be used as simple, 
diagnostic, and strong prognostic tools for EHT incidence 
and risk stratification. 

Further prospective studies are needed to evaluate whether 
lowering of the oxidative stress and inflammatory process, 
such as via antioxidant treatment and anti-inflammatory 
therapy, subsequently decreases the incidence, development, 
and progression of EHT. Efforts have been focused on 
identifying risk factors for developing EHT; these studies 
may allow for the early detection of people who are likely to 
develop EHT and the subsequent risks of cardiovascular 
events. Thus, the prevention and treatment may be initiated 
earlier. 
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