
INTERNATIONAL 
JOURNAL                

OF BIOMEDICINEORIGINAL ARTICLE 

Cardiology

http://dx.doi.org/10.21103/Article9(3)_OA2
 International Journal of Biomedicine 9(3) (2019) 202-204

Changes in Indicators of Oxidative Stress, Inflammation and 
Endothelial Dysfunction in Patients with Coronary Heart Disease 

during Lipid-Lowering Therapy
Julia A. Kotova, PhD*; Anna A. Zuikova, PhD, ScD; Aleksander N. Pashkov, PhD, ScD 

Voronezh State Medical University named after N.N. Burdenko
 Voronezh, Russian Federation

Abstract
Results of this study present the features of the severity of coronary atherosclerosis, evaluated by the Gensini score, depending 

on the use of statins. Differences in indicators of oxidative stress, inflammation and endothelial dysfunction are revealed. In 
addition, the study established the relationship between statin intake and studied biomarkers and revealed the features of changes 
in the studied markers, depending on the achievement of the target levels of total cholesterol and LDL-C. (International Journal 
of Biomedicine. 2019;9(3):202-204.)
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Introduction
Atherosclerosis, which is the primary pathophysiologic 

mechanism for the development of coronary heart disease 
(CHD), is a multifactorial and multifaceted process.(1-4) 

Currently, statins are the basis of primary and secondary 
prevention of coronary atherosclerosis. In addition to the fact 
that statins reduce the levels of total cholesterol (TC) and 
LDL-C and promote regression of atherosclerotic plaques, 
the use of statins is associated with proven efficacy against 
major cardiovascular events. However, the development of 
cardiovascular complications on the background of lipid-

lowering therapy (LLT) with the achievement of target levels 
for LDL-C can be considered in the framework of the residual 
risk.(5)

Residual cardiovascular risk (RCVR) is defined as 
the risk of cardiovascular events that is present in patients, 
regardless of the achievement of the target levels for LDL-C, 
glucose and blood pressure on the background of standard 
therapy.(6-8) Even against the backdrop of intensive LLT, 70% 
of patients still have a high RCVR.(9,10) In this regard, at the 
present stage, it is of interest to search for markers and combine 
them into risk determination algorithms to create new scales 
for cardiovascular risk stratification with the subsequent 
development of preventive measures.(11)

The aim of the study was to evaluate the changes in 
clinical and biochemical parameters in patients with different 
severity of coronary atherosclerosis, depending on the 
administration of LLT.
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Materials and Methods
We examined 354 patients (175 women and 179 men 

aged between 47 and 75 years, mean age of 61.8±8.1 years) 
with CHD verified by standardized validated criteria and 
clinical-functional methods. 

All patients underwent the following examinations: 
assessment of traditional risk factors, physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography, Holter ECG monitoring, treadmill test, 
and coronary angiography. Blood samples were obtained in 
the morning after a 12 h overnight fast. The levels of total 
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), triglycerides 
(TG) were determined in the blood plasma using “Daytona» 
analyzer (RANDOX, Ireland). CAG was performed by the 
Judkins technique using General Electric Innova 3100 (GE 
Healthcare, USA).

The severity of coronary atherosclerosis was evaluated 
by the Gensini score (GS).(12) The severity of the disease is 
expressed as the sum of the scores for individual lesions and 
the functional importance index of the area of each lesion in 
the coronary tree. The sample was continuous.

According to the calculated GS, patients were divided 
into three groups: GS0 – 152 patients with normal coronary 
artery, GS1 (1-15 points) – 124 patients with hemodynamically 
insignificant coronary atherosclerosis, and GS2 (>15 points) 
– 78 patients with hemodynamically significant coronary 
atherosclerosis. 

Depending on the use of LLT (atorvastatin 40 mg or 
rosuvastatin 20 mg or simvastatin 40 mg), the patients were 
divided into 2 groups: Group 1 included 185 patients who 
did not receive statins for 6 months before the study; Group 
2 included 169 patients who received statins for 6 months 
before the study.

The determination of oxidative modified proteins in the 
blood serum was carried out using the methods by Dubinina et 
al.(13) The assay is based on the spectrophotometric detection 
of the reaction between 2.4-dinitrophenylhydrazine (DNPH) 
with protein carbonyl to form protein hydrazone. The optical 
density of 2,4-dinitrophenylhydrazones derivates was 
recorded on an SF-36 spectrophotometer. The optical density 
of aldehyde- and ketone derivatives of a neutral character 
was recorded at 356 nm and 370 nm, respectively (ADPHn 
and KDPHn). The optical density of aldehyde- and ketone 
derivatives of a basic character was recorded at 430nm and 
530nm, respectively (ADPHb and KDPHb). 

The SOD activity was determined by the 
spectrophotometric method. The serum level of tHcy was 
determined by EIA using «Axis-Shield» test kit.  The level of 
high-sensitivity C-reactive protein (chCRP) was determined 
using the High Sensitive Elisa Kit for CRP (Cloud-Clone 
Corp., USA).

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Chicago, 
IL). Median values are presented with interquartile (IQ) 
ranges (IQR; 25th to 75th percentiles). The Mann-Whitney 
test was used to compare median values. The frequencies of 

categorical variables were compared using Pearson χ2. The 
Spearman correlation coefficient (rs) was used to assess the 
relationship between variables. A probability value of P<0.05 
was considered statistically significant.

Results and Discussion
All patient groups were matched for age. In Group 1, 

GS0 was determined in 88 patients, GS0-GS1 in 34 patients 
and GS2 in 47 patients. In Group 2, GS0 was determined in 
64 patients, GS0-GS1 in 90 patients, and GS2 in 31 patients 
(Fig.1). A statistical relationship was found between a group of 
patients separated by GS and statin intake (χ2[df=2]=13.432, 
ϕ=0.283, P=0.0012) There were 2.6 times more patients with 
GS0 and GS1 who took statins compared to patients without 
statins. The reverse trend was found in the GS2 group: there 
were 1.8 times more patients who did not take statins than 
those who did. In the GS0 group, in 58% of cases patients did 
not take statins.

Among patients treated with statins, the average 
score, which determined the level of GS, was 10.5[8;23.6], 
and among patients who did not take statins – 26[14;31] 
points. When evaluating clinical and anthropometric indices, 
significant differences were established in BMI (P=0.000), 
waist circumference (P=0.000), and systolic blood pressure 
(P=0.25). When assessing the lipid profile, significant 
differences were found in the levels of TC (P=0.001) and 
HDL-C (P=0.021) between the studied groups. There were no 
significant differences in the levels of TG and LDL-C.

Comparison of parameters of OS, hsCRP and tHcy in 
patients with signs of coronary lesion and statin intake or 
no intake (St+ and St-) is presented in Table 1. A significant 
difference was found for all studied parameters. There was 
no such tendency among patients without signs of coronary 
atherosclerosis: significant differences were found only for the 
levels of tHcy and SOD.

Correlation analysis in patients with signs of CA revealed 
significant correlations between statin intake and levels of 
tHcy (rs=-0.502, P=0.000), hsCRP (rs=-0.329, P=0.002), SOD 

Fig.1. The structure of the studied groups depending on the 
severity of coronary atherosclerosis.
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(rs=0.228, P=0.033), ADPHn (rs=-0.307, P=0.004), KDPHn 
(rs=-0.243, P=0.023), ADPHb (rs=-0.394, P=0.000), KDPHb 
(rs=-0.237, P=0.027), TC (rs=-0.344, P=0.001), and HDL-C 
(rs=0.249, P=0.02). In patients without signs of coronary 
atherosclerosis, significant correlations were found between 
statin intake and levels of tHcy (rs=-0.361, P=0.001) and SOD 
(rs=0.286, P=0.010).

Analysis of the achievement of the target levels of 
lipid blood spectrum in patients with signs of coronary 
atherosclerosis revealed a statistically significant relationship 
between the achievement of the target levels of TC and 
LDP-C and statin intake (χ2[df=2]=5.649, ϕ=0.255, P=0.017; 
χ2[df=2]=7.853, ϕ=0.300, P=0.005; respectively). Among 
patients who took statins, TC<5 mmol/l was reached in 69.6% 
of cases and LDL-C<1.8 mmol/l in 82.6% of cases. When 
comparing the studied markers, depending on the achievement 
of the target level for TC, significant differences were found 
for all parameters (P<0.05). With the achievement of the target 
level for LDL-C, the levels of tHcy (P=0.006) and KDPHn 
(P=0.05), an early marker of OS, significantly changed.

Conclusion
Thus, in clinical practice, the therapy of the atherogenic 

dyslipoproteinemias remains at a suboptimal level, and a 
significant proportion of patients do not reach the target levels 
of TC and LDL-C. Low adherence to LLT in patients with 
hemodynamically significant coronary atherosclerosis was 
noted. In this regard, the search for RCVR markers, taking 
into account the significance of non-lipid risk factors, remains 
necessary.
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Table 1.
The level of biochemical markers among patients with coronary 
atherosclerosis, depending on the use of statins

Variable St+ St- P
tHcy, μmol/l 11.34 [10.36; 11.98] 11.80 [10.84; 12.37] 0.000
hsCRP, mg/l 0.21 [0.12;0.76] 0.43 [0.03; 0.85] 0.002
SOD, % 35.21 [32.41; 37.30] 34.89 [32.05; 37.04] 0.034
ADPHn, IU/mg 25.37 [24.21; 27.31] 26.74 [24.21; 28.01] 0.004
KDPHn, IU/mg 21.43 [20.32; 22.74] 22.74 [20.65; 23.98] 0.024
ADPHb, IU/mg 11.03 [10.72; 11.75] 11.43 [10.98; 12.34] 0.000
KDPHb, IU/mg 6.98 [6.34; 8.76] 7.32 [6.72; 8.76] 0.028


