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Abstract: Background/Objectives:  Cardiovascular disease (CVD) is the leading cause of death 
worldwide, primarily owing to plaque formation in the coronary artery, which causes stenosis. One 
of the important causes in the development of atherosclerosis is systemic oxidative stress, which can 
be altered by serum paraoxonase 1 (PON1), one of the enzymes located on the high-density 
lipoprotein (HDL) particles. Methods: the study design used in this clinical and genetic investigation 
case-control. A total of 257 persons were investigated, including 149men and 108 women. The 
subjects were the indigenous population of Kazakh nationality of both sexes aged 45-80 years, living 
in the region of Karaganda, hospitalized in city-level clinics. The study was performed in the 
Laboratory of collective use of «Karaganda Medical University» non-commercial joint-stock 
company in Karaganda. The genetic research was conducted at the Laboratory of genomic and 
personalized medicine, National Laboratory Astana, Nazarbayev University, Kazakhstan. Results: 
The results show that traditional risk factors for atherosclerosis and CHD, such as dyslipidemia, 
hypertension, smoking increased body mass index does not always make a significant contribution 
to the development of cardiovascular complications after PCI in patients with CHD. According to the 
genotype study, the polymorphism of the PON1-rs854560 [L55M] a/a homozygous allele was 
detected in 54.5 % of the examined individuals. Conclusions: Thus, the polymorphism of the PON1 
gene, which encodes an enzyme of the body's antioxidant defense system, correlates with the 
development of CHD. 

Keywords: coronary artery disease; gene polymorphism; restenosis; PON1; acute coronary syndrome 
 

1. Introduction 

Coronary heart disease [CHD], which occurs as a result of coronary artery atherosclerosis is the 
most common cause of death in highly developed countries. Detailed studies to identify risk factors 
for CHD have been conducted for many years. Age, gender, hypertension, diabetes, obesity, elevated 
total cholesterol and LDL cholesterol, low HDL cholesterol [HDL-X], Smoking, and a history of 
premature cardiovascular disease are considered as independent risk factors for CHD [1]. Based on 
studies in a large population, it is reported that a low concentration of cholesterol transported with 
the HDL fraction is one of the most important risk factors for CHD, and a high concentration of HDL 
in serum plays a protective role [2].  

In recent years, the ways in which HDL protects the arteries from damage caused by free radicals 
and prevents the development of atherosclerotic plaques have been intensively studied. Increased 
oxidative stress is considered as a factor affecting the development of atherosclerosis. An important 
role in the antioxidant capacity is assigned to specific enzymes associated with the HDL particle, such 
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as paraoxonase [PON], glutathione peroxidase [GPX], or platelet-activating factor acetylhydrolase 
[PAF-AH] [3–5].  

Paraoxonase 1 is one of three enzymes [PON1, PON2, and PON3] encoded by a family of genes 
localized on chromosome 7 [6]. In vitro studies show that this enzyme hydrolyzes peroxide 
phospholipids, but the exact mechanisms of PON's antioxidant function remain unclear [7,8].Some 
studies show that decreased PON1 activity increases the risk of developing atherosclerosis and can 
be considered as an additional strong risk factor for CHD [9.10].The results of other studies show, 
that a decrease in the activity of PON1-paraoxonase and arylesterase is associated with the severity 
of coronary artery lesions in patients with coronary heart disease [11]. High PON1 activity reduces 
recurrence of CHD symptoms and improves prognosis after coronary artery bypass grafting [12]. It 
has been found that the activity of PON1 is affected by genetic polymorphism, and research has been 
conducted to find out which polymorphic form of PON1 can predict CHD. It is reported that the Q-
allo-enzyme of the coding region has a higher ability to hydrolyze peroxide lipids and protects LDL 
particles from peroxidation processes more effectively than the R-allo-enzyme. Several studies have 
been conducted to prove whether people with the PON1 192R isoenzyme are more susceptible to 
coronary artery disease, than people with the form PON1 192Q. Some experiments confirmed the 
supposed connection [13,14], while others received opposite conclusions [15,16]. 

Some authors reported a link between the appearance of the 55L allele and atherosclerosis 
[13,17], while other researchers denied this relationship [18,19]. In a meta-analysis concerning the 
Association between PON2 311 C/S polymorphism and CHD, the authors found a link between the 
estimated polymorphism and the prevalence of CHD in Caucasians, but not in Asian and Hispanic 
populations [20]. We published the results of a meta-analysis on potential links between the 
polymorphism of the PON1 gene at positions -108, 55, 192 and the PON2 gene at position 311 of the 
coding region and the risk of CHD. Only a weak association was found between the appearance of 
the PON1 192R PON1 allele and CHD [21].  In the prospective Heartwick Park Heart II study, no 
correlation was reported between the studied polymorphisms [PON1 55L / M, 192Q / R, PON2 311C 
/ S, PON3 99A / A] and the occurrence of a documented acute cardiovascular incident. However, it 
was noted that individuals with the PON1 55LM or 55MM genotype and PON2 311CC were 3.5 times 
more susceptible to cardiovascular disease than people with any other combination of haplotypes 
[22]. In a large case-control study that assessed the possible effect of PON1 status on CHD, no 
Association was found between C-108T and G-909C promoter polymorphism and the presence of 
CHD. However, the authors noted significantly lower activity and concentration of PON1 in patients 
with CHD compared to a healthy population, regardless of their genotype [23]. Many environmental 
factors affect the activity of Paraoxonase, as well as the decrease in the concentration of the enzyme 
and activity observed independently of the genotype in disorders that accelerate the development of 
atherosclerosis, such as diabetes, hypercholesterolemia or kidney failure. Therefore, it was suggested 
that a joint assessment of the activity of the genotype and the enzyme in serum can be considered as 
a potential indicator of CHD [24,25].  

The purpose of this study was to assess the relationship between genetic polymorphism PON1, 
enzyme activity, and other established risk factors for CHD, such as hypertension, elevated total 
cholesterol and LDL, low HDL concentration, Smoking, family history of premature CHD, and age 
in patients with confirmed atherosclerosis. 

2. Materials and Methods 

This study is a clinical and genetic study, study design: case-control. A total of 257 people were 
examined, including 149 men and 108 women. The subjects were the indigenous population of 
Kazakh nationality of both sexes aged 45-80 years, living in the region of Karaganda, hospitalized in 
city-level clinics. The study was performed in the Laboratory of collective use of «Karaganda Medical 
University» non-commercial joint-stock company in Karaganda. The genetic research was conducted 
at the Laboratory of genomic and personalized medicine, National Laboratory Astana, Nazarbayev 
University, Astana, Kazakhstan. Clinical examination of patients was carried out according to the 
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generally accepted method with filling in primary documentation on carefully collected anamnesis, 
objective examination of patients and laboratory and instrumental examination of patients.  

All 257 patients of the main and control groups after PCI, as well as with practically healthy 
individuals, were genotyped using the allelic discrimination of the variant PON1-rs854560 [L55M] 
by polymerase chain reaction, TaqMan Array. As a biological material, Whole blood obtained from 
the ulnar vein of the subjects.  DNA extraction from whole blood was performed using Gene JET 
Genomic DNA Purification Kit [Thermo Scientific]. Sample preparation was performed using a 
ready-made mixture for real-time PCR TaqMan ® OpenArray ® Genotyping Master Mix [Applied 
Biosystems]. The gene polymorphism was determined using the QuantStudio TM 12K Flex Real-
Time PCR [Applied Biosystems] system on TaqMan ® OpenArray ® Genotyping Plate, Custom 
Format 64 QuantStudio TM 12K Flex [Applied Biosystems] tablets. The tablets were filled with a 
reaction mixture using an automated QuantStudio TM 12K Flex Accufill System [Applied 
Biosystems]. Data analysis was performed using the TaqMan Genotyper Software V. 1. 3 software 
package.  

Statistical processing of the obtained data was performed using the SPSS software package.20. 
To check the Hardy-Weinberg equilibrium Chi-square test was used. To analyze the frequency 
distribution of alleles and genotypes for each polymorphism separately and combined genotypes, we 
used the Chi-square test, the exact Fisher criterion, and the relative risk method [RR] with the 95% 
confidence interval [CI]. 

3. Results 

During the study, all patients [n=257] were divided into 4 groups: The Gender characteristics of 
the groups are presented in table 1. 

Table 1. Gender characteristics of the surveyed groups. 

Group 
Total examined 

 
Men 

 
Women 

 
abs. % abs. % abs. % 

Total 257 100 149 57,9 108 42 
1 group 66 25,6 27 40,9 39 59 
2 group 46 17,8 37 80,4 9 19,6 
3 group 95 36,8 64 67,3 32 33,7 

4 group [healthy 
individuals] 

50 19,4 21 42 29 58 

 
The average age of the subjects was 63.08 ± 8.86 [minimum 45 years, maximum 80 years]. The 

distribution of patients in groups corresponded to the normal distribution of Shapiro-Wilk. The 
number of men surveyed was higher than that of women [57.9% and 42%, respectively]. 

Table 2. Clinical signs of the study participants. 

Parameters Av Me 
Mo
de 

SD Varian
ce 

Percentiles 
 

Q1 Q2 Q3 
Age 62,0 61,0 63 10.1 103,3 55 61 69 

Weight 77.3 76,0 80 14,4 208,8 66,5 76 85 

Height 165,8 165,0 165 8,016 64,3 160 16
5 

172 
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General clinical and laboratory characteristics of the subjects are presented in the form of an 

assessment of the lipid spectrum, coagulogram and peripheral hemogram [figure 1]. 

a b 

c d 

Figure 1. Comparative analysis of lipidogram indicators. 

When evaluating lipid metabolism indicators among both men and women, the HDL content 
was within the limits of the physiological norm. At the same time, the level of HDL was statistically 
significantly lower compared to other indicators. Analysis of the values of other components of lipid 
metabolism did not reveal statistically significant differences. 

Table 3. Comparative analysis of hemogram indicators. 

Abdominal 
circumference 96,6 94 88 17,3 299,7 84 94 108 

The index of 
the smoker 8,7 ,00 ,00 16,0 257,9 ,0 ,0 15 

Systolic blood 
pressure 

133,6 130 120 22,6 512,3 120 13
0 

140 

Diastolic blood 
pressure 83,3 80 80 10,2 103,7 80 80 90 

Av- Average; Me – Median; SD - Standard deviation; Q1-25; Q2-50; Q3- 75 

Parameters Av Me 
Mo
de 

SD Varian
ce 

Percentiles 
 

Q1 Q2 Q3 
RBC 4,7 4,6 4,6 ,79 ,63 4,2 4,6 5,0 
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Table-3 presents data on the comparative analysis of peripheral hemograms in the subjects. 

Based on the analysis of laboratory indicators, it should be noted that all the examined patients had 
average values within the limits of the physiological norm, but the hemoglobin and red blood cell 
indicators were shifted to the upper limit of the norm. 

 

 

Figure 2. Comparative analysis of coagulogram indicators 

It should be noted that according to the results of this analysis, there is a tendency to a higher 
level of PTI and fibrinogen compared to other indicators of the coagulogram [APTT, PV, SFMC, INR]. 
However, there are no statistically significant differences in these parameters. 

According to the results of the genetic study, the polymorphism of the PON1-rs854560 [L55M] 
a/a homozygous allele was detected in 54.5% of all the examined individuals. The frequency of 
occurrence of the PON1-rs854560 [L55M] gene polymorphism is shown in table 4. 

Table 4. Frequency of occurrence of the PON1-rs854560 [L55M] gene polymorphism in the examined patients. 

PLT 250.8 245 204 70,7 499,9 203, 24
5 300 

HGB 137,0 137 136 2,30 412,1 124 
13
7 149 

WBC 8,2 7,5 8,5 3,03 9,2 6 7,5 9,2 
ESR 14,9 12 10 11,6 134,0 7,0 12 20 
CI ,87 ,88 ,90 ,10 ,01 ,84 ,87 ,90 

RBC-red blood cells; PLT-platelet; HGB-haemoglobin; WBC-white blood cells; ESR-erythrocyte sedimentation rate ; 
CI-colour index 

PON1-rs8554560 [L55M] 
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It is known that the polymorphism of the PON1-rs854560 [L55M] A/A homozygous allele 

increases the risk of developing atherosclerosis, which allows us to consider it as an additional strong 
risk factor in the development of CHD [9.10].  

The distribution of genotypes of the PON1-rs854560 [L55M] gene polymorphism across the 
study groups is shown in figure 3.  

 

Figure 3. Distributions of genotypes of the PON1-rs854560 [L55M] gene polymorphism in the examined subjects. 

According to the results of this analysis, there is a tendency to a higher level of homozygous 
genotype A/A in group III [group of patients with a history of PCI] compared to group II patients 
[with developed restenosis] and group I patients [with CHD without a history of PCI]. Evaluation of 
gender characteristics of genotypes of the PON1-rs854560 [L55M] gene polymorphism. shown in 
table -5. 

Table 5. Gender characteristics of genotypes of the PON1-rs854560 [L55M] gene polymorphism by group. 

29.2

15

35.7

20

37.5

12.5

25

25

17.7

19.3

43.5

19.3

0 5 10 15 20 25 30 35 40 45 50

Group 1 (with coronary artery
disease)

Group 2 (with restenosis)

Group 3 (after PCI)

Practical healthy

Frequency of occurrence of the PON1-rs854560 [L55M) gene 
polymorphism)

А/Т - Adenine/Thymine Т/Т -Thymine А/А - Adenine

Alleles Frequency Percentage 
Valid 

percentag
e 

Accumulate
d percentage 

A/A 140 54,5 54,5 59,1 
A/T 62 24,1 24,1 83,3 
T/T 8 3,1 3,1 86,4 

Undetermi
ned 35 13,6 13,6 100 

Total 257 100 100  

PON1-rs8554560 [L55M] 
Allele

s 
1- group 

n=41 
2- group 

n=21 
3- group 

n=50 
4- group 

n=28 
 men women men women men women men women 

A/A 36,6% 63,4% 81% 19% 70% 30% 
46,4
% 

53,6% 

A/T 81,8% 18,2% 75% 25% 59,2% 40,8% 
41,7
% 

58,3% 

T/T 0 100% 100% 0 100% 0 50% 50% 
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Genotype A/A was detected in 57.1% of men and 42.9% of women. The ratio of men and women 

in A/A was 3: 2 [57.1% and 42.9%]. In the men studied, The A/T genotype was detected in 63% of 
cases, while in women it was significantly less [in 37% of women]. The distribution structure of the 
A/T genotype differed by gender, and men were more likely to have a heterozygous genotype than 
women. 

4. Discussion 
The results show that traditional risk factors for atherosclerosis and CHD, such as dyslipidemia, 

hypertension, smoking increased body mass index does not always make a significant contribution 
to the development of cardiovascular complications after PCI in patients with CHD, which is 
consistent with the data of a number of authors who conducted similar studies [23]. Based on the 
evaluation of clinical and laboratory data, patients after PCI showed a tendency to higher levels of 
PTI and fibrinogen compared to other coagulogram indicators. According to the genotype study, the 
polymorphism of the PON1-rs854560 [L55M] a/a homozygous allele was detected in 54.5 % of the 
examined individuals.  

The analysis showed a tendency to a more frequent level of homozygous genotype A/A in group 
III [group of patients with a history of PCI] in comparison with group II patients [ with developed 
coronary artery restenosis] and group I patients [with CHD without a history of PCI]. It was found 
that the ratio of men and women in A/A was approximately 3:2 [57.1% and 42.9%]. Of the 62 men 
surveyed, the A/T genotype was detected more often in men [63%] than in women [37%]. At the same 
time, men were more likely to have a heterozygous type of genotype compared to women. 

5. Conclusions 
Thus, the polymorphism of the PON1 gene, which encodes an enzyme of the body's antioxidant 

defense system, correlates with the development of CHD. At the same time, carriers of the 
homozygous genotype of the PON1-rs854560 [L55M] a/A gene polymorphism were more often found 
in men after coronary artery stenting and with the development of coronary artery restenosis. The 
obtained results make it necessary to conduct further research on the contribution of various risk 
factors in the development of CHD and possible mechanisms of sexual differences in the distribution 
of genotypes and alleles of the studied genes. 
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