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Research Center, Uskudar, Istanbul

ABSTRACT
Atherosclerosis is a chronic vascular inflammatory disease associated to oxidative stress and endothelial 
dysfunction. It is characterized by lipid accumulation in the arterial wall, increased hyperlipidemia, 
oxidative stress, lipid peroxidation, and protein oxidation. Our study included 45 patients ages of 40–60 
and 45 healthy volunteers with similar demographic characteristics without any chronic disease as well. 
Fasting plasma glucose, BUN, creatinine, LDL-cholesterol, HDL-cholesterol, triglyceride, total cholesterol, 
HbA1c, and C-reactive protein (CRP) levels were measured using commercial kits by autoanalyzer. The 
oxidative stress biomarkers total oxidant status (TOS), total antioxidant status (TAS), total thiol (TT), native 
thiol (NT), catalase (CAT), paraoxonase (PON1), and arylesterase (ARES) enzyme activities were measured 
using photometric methods. The inflammatory biomarkers interleukin 1 beta (IL-1β), tumor necrosis 
factor-α (TNF-α), presepsin (PSPN), and raftlin (RFTN1) levels were measured with ELISA Kits. Oxidative 
stress index (OSI) and disulfide (DIS) were calculated. The clinical, biochemical biomarkers such as BUN, 
creatinine, HDL, LDL, total cholesterol, triglyceride, and CRP levels were found to be higher than the 
control group and lower post-treatment compared to the pre-treatment group (p <0.001). The oxidative 
stress parameters, TOS, OSI, and DIS levels were found to be higher than the control group, and the levels 
before the treatment were statistically significantly higher than after the treatment (p < 0.001).Antioxidant 
biomarkers TAS, TT, and NT levels were low in the patient group. Inflammatory biomarkers were highest 
before treatment and decreased with treatment. Oxidative stress and inflammation, which increased in 
atherosclerosis patients may guide disease prognosis and treatment strategies.
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Introduction

Cardiovascular diseases (CVD) cause an estimated 17.9 million 
deaths each year, according to WHO. It accounts for 31% of 
deaths globally and is one of the leading deaths worldwide. In 
our country, atherosclerosis and its complications are the most 
important causes of morbidity and mortality (1). 
Atherosclerosis is the main cause of CVD, including myocar-
dial infarction (MI), heart failure, stroke, and claudication (2).

Atherosclerosis is a chronic inflammatory arterial disease. 
Atheroma and characteristic plaques are formed due to lipid 
accumulation in the arterial walls. Acute rupture of these 
atheromatous plaques causes local thrombosis, which leads to 
partial or complete occlusion of the artery (3). It is character-
ized by lipid accumulation in the arterial wall, increased hyper-
lipidemia, oxidative stress, lipid peroxidation, and protein 
oxidation (4). Its main clinical manifestation includes ische-
mia, acute coronary syndromes, unstable angina pectoris, myo-
cardial infarction, and stroke (5). Many cells and cytokines 
such as macrophages, T and B lymphocyte cells, dendritic 
cells, endothelial cells, vascular smooth muscle cells, ILs, adhe-
sion molecules, and tumor necrosis factor (TNF-α) cause the 
formation of the atherosclerotic process (6).

Inflammation in atherosclerosis begins with immune reac-
tions against modified lipoproteins. Subendothelial retention 
of plasma lipoproteins in the arterial wall induces monocyte- 
derived macrophages and T helper type 1 (TH1) cells to form 
atherosclerotic plaques (7). Low-density lipoproteins (LDLs) 
penetrate the endothelial barrier and are retained, thereby 
binding to proteoglycans via apolipoprotein B100 in the sub-
endothelial space. LDL is oxidized (ox-LDL) and causes the 
formation of atherogenic lesions (8). As a result of athero-
sclerotic lesions, endothelial-derived adhesion molecules such 
as intracellular adhesion molecule-1 (ICAM-1), vascular cell 
adhesion molecule-1 (VCAM-1), and platelet-endothelial cell 
adhesion molecule-1 (PECAM-1), integrins and selectins upre-
gulation are induced. The induction of these molecules causes 
monocytes, macrophages, T lymphocytes, and platelets to 
attach to the vessel wall and accumulate (9). Monocytes, 
T cells, and dendritic cells (DCs) are the first cell types found 
in lesions. In the intima, monocytes differentiate into macro-
phages (or DCs). Subsequently, these phagocytes begin to 
engulf the modified lipids and become “foam cells,” producing 
atherogenic mediators and causing fatty streak formation and 
the development of atherosclerotic plaques (10).
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Antioxidants act as checkpoints to avoid the undesirable 
consequences of reactive oxygen species (ROS), and an imbal-
ance in oxidant/anti-oxidant mechanisms leads to a state of 
oxidative stress. Uncontrolled production of ROS, which dis-
rupts vascular homeostasis, is associated with vascular injury 
(11). The pathogenesis of atherosclerosis includes increased 
oxidative stress. ROS plays an important role in atherogenesis, 
oxidation of LDL-cholesterol, inflammatory responses, and 
vascular changes (12). Endothelial cells and smooth muscle 
cells can produce oxidants through the activity of various 
enzymes. ROS levels in the vascular wall are produced by 
a group of membrane-associated enzymes typical for cells of 
mesodermal origin (13). ROS stimulates atherosclerotic events 
such as cell infiltration, migration, adhesion, and platelet acti-
vation. It causes endothelial disorders and triggers athero-
sclerosis by oxidizing cellular biomolecules such as proteins, 
carbohydrates, lipids, and DNA (14,15). Nitric oxide (NO) is 
a signaling molecule in a variety of biological systems which 
plays a crucial protective role in the body to maintain home-
ostasis (16). The changes in NO level are related to arterio-
sclerosis, hypertension, hemorrhagic shock, ischemia- 
reperfusion injury, and diabetes (17,18). Impaired bioavailabil-
ity and activity of NO are associated with increased endothelial 
O2⁻ production. After interaction with NO, it leads to the 
formation of peroxynitrite, cleavage of eNOS, and decreased 
NO formation due to decreased L-arginine levels. As a result, 
decreased activity of NO causes endothelial dysfunction, 
resulting in impaired vasorelaxation and a procoagulant state 
(19,20). As a result of endothelial dysfunction, the expression 
of inflammation factors such as MCP-1, ICAM-1, and IL-1 
increases. It allows the disruption of the structural integrity 
of the vascular endothelium and the passage of ox-LDL into 
subendothelial tissues. Thus, Ox-LDL is involved in atheromas 
and stimulates foam cell formation (21).

Current treatment of atherosclerosis includes both dietary 
and pharmacological lipid-lowering strategies such as statins. 
Treatment aims to control cardiovascular risk factors, prevent 
acute plaque disruption and local thrombosis, and prevent 
complications such as MI or stroke with the use of anti- 
thrombotic agents (22).

Our study aims to investigate the levels of biochemical 
parameters used as biomarkers of oxidative stress and inflam-
mation before and after the treatment applied in patients with 
newly diagnosed atherosclerosis who applied to the Cardiology 
Polyclinic of Bezmialem Vakif University Medical Faculty 
Hospital.

Materials and methods

Our study included 45 volunteers between the ages of 40–60 who 
applied to the Cardiology Polyclinic of Bezmialem Vakif 
University Medical Faculty Hospital in August 2021 and were 
diagnosed with newly diagnosed atherosclerosis and 45 healthy 
volunteers with similar demographic characteristics without any 
chronic disease. These numbers were calculated using a power 
analysis of at least 45 volunteers in each group to achieve 80% 
power at the α = 0.05 significance level. The ethics committee of 
our study was approved by the Hamidiye Health Sciences 
University Clinical Research Ethics Committee with the decision 

numbered 21/539 on 25/08/2021, and an informed consent form 
was signed by all the volunteers involved in the study. 
Information about cigarette-alcohol use, drug use, and diseases, 
as well as demographic information, were recorded from all 
volunteers. Previously diagnosed atherosclerosis, MI, ECG find-
ings that complicate the interpretation of effort test, hyper-
trophic CMP, dilated CMP, presence of a permanent 
pacemaker, bundle branch block, severe atrioventricular conduc-
tion defects, left ventricular hypertrophy, left ventricular systolic 
dysfunction patients with valvular heart disease (those with 
ejection fraction < 50%), hypertensive heart disease, chronic 
arterial fibrillation, acute pericarditis and myocarditis, chronic 
obstructive pulmonary disease, liver dysfunction, renal dysfunc-
tion, and skeletal muscle disease were excluded from the study.

Sample preparation

For the measurement of oxidative stress and inflammation 
biomarkers, blood samples taken from the volunteers who 
agreed to participate in the study were centrifuged at 3000 
x g for 10 minutes, and the serum samples were separated 
and stored at −80°C until the sample count was completed.

Measurement of clinical biomarkers

Fasting plasma glucose, BUN, creatinine, LDL-cholesterol, 
HDL-cholesterol, triglyceride, total cholesterol, HbA1c, and 
C-reactive protein (CRP) levels, which are routinely studied 
blood biomarkers for the diagnosis and diagnosis of athero-
sclerosis by autoanalyzer (Abbott ARCHITECT CI16200 
Chemistry Analyzer, USA) was measured in the routine labora-
tory. The same biomarkers were also studied in healthy 
volunteers.

Measurement of oxidative stress biomarkers

Among the oxidative stress biomarkers, total antioxidant status 
(TAS) Erel’s (23), total oxidant status (TOS) Erel’s (24), oxida-
tive stress index (OSI) Erel’s (25), paraoxonase (PON1), and 
arylesterase (ARES) activities were measured according to the 
method of Gur (26), total thiol (TT), native thiol (NT), and 
disulfide (DIS) Erel (27).

Measurement of inflammatory biomarkers

Serum interleukin 1β (IL-1β) (Lot: E-EL-H0149; Elabscience, 
TXS, USA), interleukin 6 (IL-6) (Lot: E-EL-H6156; 
Elabscience, TXS, USA), tumor necrosis factor-α (TNF-α) 
(Lot: E-EL-H0109; Elabscience, TXS, USA), raftlin (RFTN1) 
(Lot: MBS7241519, MyBioSource, CA, USA), presepsin 
(PSPN) (Lot: MBS773009, MyBioSource, CA, USA) levels 
were measured by photometric methods with commercially 
purchased ELISA kits (28).

Statistical analysis

SPSS version 25.0 program (IBM, Armonk, NY, USA) was 
used for all statistical analyses. The Shapiro-Wilk test was 
used to test the distributions for normality. Parametric data 
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will be expressed as mean ± standard deviation (SD), and 
non-parametric data will be expressed as median, inter-
quartile range (IQR). The Kruskal-Wallis test was used to 
compare more than two independent parameters, and the 
Mann-Whitney U test was used to calculate the difference 
between the two parameters in the groups. The correlation 
between the two variables was evaluated using the 
Spearman rank correlation coefficient. Categorical data 
were evaluated using the chi-square test, and p < 0.05 was 
considered statistically significant.

Results

In our study, no statistically significant difference was found 
between the groups in terms of gender (23 Female + 22 Male), 
age (58.12 ± 10.17), and body mass index (Before treatment: 
24.76 ± 4.86; After treatment: 24.03 ± 4.74; Control: 
24.85 ± 4.13). Clinical biochemical biomarkers in blood sam-
ples taken from patients diagnosed with atherosclerosis and 
started on statin therapy and healthy controls in the cardiology 
outpatient clinic are given in Table 1, and oxidative stress and 
inflammatory biomarkers are given in Table 2. Except for 
fasting plasma glucose and HbA1c levels, which are clinical 
biochemical biomarkers, BUN, creatinine, HDL, LDL, total 
cholesterol, triglyceride, and CRP levels were found to be 
higher than the control group and lower after the treatment 
compared to the pre-treatment group.

Among the oxidative stress parameters, TOS, OSI, and DIS 
levels were found to be higher than the control group, and the 
levels before the treatment were statistically significantly higher 
than after the treatment (p < 0.001). Antioxidant biomarkers 
TAS, TT, and NT levels were low in the patient group, and it 
was found to be the lowest before the treatment. Inflammatory 
biomarkers were highest before treatment and most inadequate 
in the control group.

Discussion

Atherosclerosis is a life-threatening chronic inflammatory cor-
onary artery disease. It is the leading cause of mortality world-
wide (29). The disease is characterized by atherosclerotic 
plaques, accumulation of lipids, and inflammatory cells in the 
arterial wall, which may become less stable, leading to rupture 
and subsequent ischemic events. There are many mechanisms 
underlying atherosclerosis (30). The basic laboratory diagnos-
tic parameters in diagnosing the disease consist of lipid profile 
markers such as CRP, erythrocyte sedimentation rate (ESR), 
serum glucose, creatinine, total cholesterol, HDL, LDL, and 
triglyceride, and inflammatory biomarkers (31). There are 
many parameters used in the diagnosis of the disease, but 
there is still no disease-specific biomarker.

Inflammation plays a role in all stages of atherosclerosis, 
from the early stages when leukocytes collect at sites of sub-
endothelial LDL cholesterol deposition to the late stages, when 
plaque rupture with thrombus formation and adverse clinical 
outcomes occurs, and this process is governed by a complex 
pro-inflammatory cytokine cascade (32). Pro-inflammatory 
cytokines such as IL-1β, IL-6, and TNF-α are essential cyto-
kines that are increased in atherosclerosis-related inflamma-
tion (33,34). TNF-α is the main pro-inflammatory cytokine 
that causes both the initiation and maintenance of vascular 
inflammation. Significant reductions in the risk of vascular 
inflammation are seen when treated with highly specific biolo-
gic agents that target TNF-α signaling (35). Ox-LDL is known 

Table 1. Clinical biomarkers.

Atherosclerosis

ControlPre-Treatment Post-Treatment

Glucose 
mg/dL

96.95 ± 10.29 95.28 ± 5.29 91.29 ± 5.36

BUN 
mg/dL

12.66 ± 2.85 aaa 11.13 ± 3.12 bbb 10.42 ± 2.36 ccc

Crea 
mg/dL

1.19 ± 0.41 aaa 1.10 ± 0.09 bbb 0.98 ± 0.33 ccc

LDL 
mg/dL

203.75 ± 16.37 aaa 156.36 ± 15.44 bbb 102.68 ± 10.32 ccc

HDL 
mg/dL

41.02 ± 10.36 aaa 55.16 ± 8.74 bbb 67.21 ± 6.12 ccc

Trig 
mg/dL

99.32 ± 13.76 aaa 90.21 ± 11.67 bbb 78.85 ± 10.37 ccc

T. Chol. 
mg/dL

300.26 ± 34.29 aaa 235.19 ± 16.28 bbb 185.26 ± 29.36 ccc

CRP 
mg/dL

8.89 ± 2.67 aaa 7.85 ± 1.95 bbb 4.74 ± 0.94 ccc

HbA1c 
%

5,36 ± 0.62 5,25 ± 0.22 4,95 ± 0.34

Data are presented as mean ± standard deviation. Statistical difference before and 
after treatment: a p < 0.05; aa p < 0.01; aaa p < 0.001. Statistical difference 
between post-treatment and control: b p < 0.05; bb p < 0.01; bbb p < 0.001. 
Statistical difference between pretreatment and control: c p < 0.05; cc p < 0.01; 
ccc is presented as p < 0.001.

Table 2. Oxidative stress and inflammation biomarkers.

Atherosclerosis

ControlPre-Treatment Post-Treatment

TOS 
µmol H2O2 Eq./L

19.15 ± 2.21 aaa 14.86 ± 3.68 bb 10.17 ± 2.41 ccc

TAS 
mmol Ascorbate 
Eq./L

0.74 ± 0.29 aa 0.89 ± 0.33 bb 1.16 ± 0.19 ccc

OSI 
AU

25.88 ± 5.49 aa 16.70 ± 4.91 bbb 8.77 ± 2.36 ccc

TT 
µM

403.76 ± 102.85 
aa

467.16 ± 74.16 
bb

539.86 ± 98.76 
ccc

NT 
µM

176.68 ± 63.95 
aaa

268.54 ± 61.09 
bbb

411.75 ± 101.57 
ccc

DIS 
µM

114.33 ± 22.37 aa 100.02 ± 23.28 
bbb

65.28 ± 16.35 ccc

IL-1β 
pg/mL

403.08 ± 105.39 
aaa

259.67 ± 83.28 
bbb

93.17 ± 11.88 ccc

IL-6 
pg/mL

66.35 ± 10.85 aaa 39.28 ± 8.19 bbb 13.19 ± 3.95 ccc

TNF-α 
pg/mL

299.25 ± 86.99 
aaa

169.29 ± 68.96 
bbb

74.29 ± 16.67 ccc

PON1 
U/L

125.95 ± 19.25 
aaa

220.37 ± 45.29 
bbb

342.58 ± 101.38 
ccc

ARES 
kU/L

141.28 ± 31.97 aa 175.02 ± 26.66 
bb

241.93 ± 43.99 
ccc

Raftlin 
ng/mL

14.75 ± 3.57 aa 7.36 ± 2.11 bbb 4.12 ± 0.85 ccc

Presepsin 
µg/mL

26.96 ± 9.87 aaa 10.16 ± 2.38 bbb 2.74 ± 0.36 ccc

Data are presented as mean ± standard deviation. Statistical difference before and 
after treatment: a p < 0.05; aa p < 0.01; aaa p < 0.001. Statistical difference 
between post-treatment and control: b p < 0.05; bb p < 0.01; bbb p < 0.001. 
Statistical difference between pretreatment and control: c p < 0.05; cc p < 0.01; 
ccc is presented as p < 0.001.
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to induce gene expression and increase their secretion, which 
provides the release of pro-inflammatory cytokines such as 
TNF-α, IL-1β, and IL-6 (36). In our study, pro-inflammatory 
cytokine levels from newly diagnosed patients were found to be 
higher in atherosclerotic patients compared to the healthy 
group, as in the literature. As a result of the treatment applied, 
the levels of these cytokines decreased.

The oxidative hypothesis of atherosclerosis indicates that 
inhibiting LDL oxidation may help prevent the development of 
atherosclerotic disease. Studies have shown that statins can 
reduce oxidative stress and LDL’s susceptibility to oxidation. 
These effects of statin are used clinically in the treatment of 
atherosclerosis (37). In our study, it was observed that the 
oxidative stress levels decreased in the blood findings after 
the treatment, and the treatment gave a positive result.

Oxidative stress stimulates pro-inflammatory, prothrombo-
tic, proliferative and vasoconstrictor mechanisms related to the 
atherogenic process, and therefore causes endothelial dysfunc-
tion and progression of the disease (38). The inflammatory 
cascade and ox-LDL induced by ROS are known to cause the 
formation of macrophage-derived foam cells, the proliferation 
of vascular smooth muscle cells, activation of vascular matrix 
metalloproteinase, and extracellular matrix damage in the 
affected area (39). Studies show a strong correlation between 
TOS levels and oxidative stress and atherosclerosis (40). In our 
study, as in the literature, OSI and TOS levels were found to be 
higher in newly diagnosed atherosclerosis patients compared 
to the healthy group. After treatment, OSI and TOS levels 
decreased in response to treatment.

Paraoxonase-1 (PON1) is a Ca2⁺-dependent serum esterase 
associated with HDL (41). PON1 is an enzyme produced by 
hepatocytes, released into the blood and primarily associated 
with HDL. PON1 protects lipoproteins against oxidative mod-
ification and hydrolysis the proinflammatory platelet-activating 
factor (42). The main function of human PON1 is to reduce the 
accumulation of ox-LDL (43). Low PON1 activity is associated 
with atherosclerotic diseases, myocardial infarction, slow cor-
onary flow, cardiac syndrome, hypercholesterolemia, and dia-
betes (44). Therefore, PON1 is recognized as both an 
antioxidant and a potential anti-atherogenic enzyme (45). 
PON1 is recognized as a biomarker that could potentially reflect 
the inflammatory response of atherosclerosis and oxidative 
stress (46). PON1 has three hydrolytic activities: paraoxonase 
activity, arylesterase activity, and lactonase activity. One of the 
anti-atherogenic effects of HDL cholesterol is due to PON1, 
a glycoprotein primarily synthesized by the liver and mostly 
bound to HDL in the blood (47). Confirmatory evidence that 
low PON1 activity is positively associated with atherosclerosis 
has emerged from studies (48). In conclusion, lower serum 
paraoxonase and arylesterase activities were found in athero-
sclerotic patients. These findings suggest that decreased serum 
paraoxonase and arylesterase activities may play a role in the 
potential early pathogenesis of atherosclerotic heart disease.

Conclusions

In our study, oxidative stress and inflammation biomarkers in 
atherosclerosis were investigated, and the changes in parameters 
before and after treatment were tried to be shown. Possible 

biomarkers in newly diagnosed atherosclerotic patients were 
evaluated and extensively studied in the same patients. In our 
results, while oxidative stress and inflammation are induced in 
atherosclerosis, antioxidant defense is decreased. There is 
a decrease in the parameters that increase with the treatment. 
Our results may guide the identification of the factors causing 
atherosclerosis and the development of current treatments.
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