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ABSTRACT. Paraoxonases are a group of enzymes consisting of three sub-types that were originally discovered 
for their involvement in the hydrolysis of organophosphatases. Objectives of our study included determination of 
human paraoxonase 1 (PON1) values at the patients with the highest risk of cardiovascular disease and 
correlation of the results with the markers of atherosclerosis. We selected a total of 120 hypertensive without 
chronic treatment; group II (H2) consisting of 30 subjects diagnosed with hypertension, impaired glucose 
tolerance, obesity (metabolic syndrome); group III (H3) also included 30 patients with hypertension and type II 
diabetes; group IV (H4) included 30 patients hypertensive with type II diabetes and renal disorders. The control 
group included 25 clinically healthy subjects. For estimation of the immediately atherogenic risk, atherogenic 
index of plasma (AIP) is more sensitive to changes in lipid fractions values. Determining the PON1 can, however, 
estimate the long-term risk of developing cardiovascular diseases. PON1 value is more accurate than AIP for 
estimating cardiovascular risk, even if PON1 values may be influenced by many factor it may indicate accurately 
the risk of cardiovascular disease.  
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INTRODUCTION 

Cardiovascular diseases have an important place in 

the world ranking of chronic disease, being the leading 

cause of death worldwide after cancer. As shown in 

SEPHAR II studies, our country occupies a leading 

position in the ranking of developing countries, with high 

prevalence for hypertension and dyslipidaemia as major 

risk factors for cardiovascular disease (Dorobantu M. et 

al., 2010). 

Other standardized studies showed that in 2008 more 

than 17 million people died from cardiovascular disease 
around the world. For Romania, studies revealed a 

mortality of 155 deaths / 100,000 inhabitants (ischemic 

heart disease) and 127 deaths / 100,000 inhabitants 

(cerebrovascular disease) (World Health Organization, 

2004 ; Alwan A. et al., 2010). Given that atherogenesis 

begins at young age in modern human body and at the 

same time it is a risk factor for those who have 

hypertension installed, the early identification and 

treatment of atherogenesis could slow hypertension 

progression and organ damage (Young M H, 2010). 

The latest genetic research (Bakhit M., et. al, 2010)  

showed that from the paraoxonase family (PON1, PON2 
and PON3), human paraoxonase 1 plays an important 

role by protecting LDL and HDL molecules from being 

oxidized by free radicals. Therefore, it is directly 

involved in the atherogenesis and cardiovascular disease 

risk. 

A low PON1 serum activity is linked with an 

increased risk of coronary heart disease, myocardial 

infarction and carotid atherosclerosis (Flekač M., et. al, 

2008). 

The objectives of our study included: 

 Patients selection – patients with the highest risk of 

cardiovascular disease using personal and family 
pedigree; 

 Determination of human paraoxonase 1 (PON1) 

values; 

 Correlation of the results with the markers of 

atherosclerosis. 

 
MATERIAL AND METHOD 

We selected a total of 120 hypertensive patients who 

were divided into four study groups: group I (H1) 

consists of 30 hypertensive patients newly discovered (14 

male and 16 female) aged 35-45 years without chronic 

treatment; group II (H2) consisting of 30 subjects (17 
males and 13 females) diagnosed with hypertension, 
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impaired glucose tolerance, obesity (metabolic 

syndrome); group III (H3) included 30 patients (11 male 

and 19 female) with hypertension and type II diabetes; 

group IV (H4) included 30 patients (13 male and 17 

female) hypertensive with type II diabetes and renal 

disorders. The control group included 25 clinically 
healthy subjects (15 males and 10 female). 

Other clinical data of hypertensive patients and of the 

control group were selected from history, clinical and 

laboratory examination performed for each patient at the 

moment of inclusion in our study. Blood pressure 

measurements were carried out in accordance with the 

Reference guidelines by the European Society of 

Hypertension (ESH). 

After obtaining PON1 data we also calculated in 

groups of hypertensive patients the atherogenic index of 

plasma (AIP), which uses a logarithmic formula (log 
(TG/HDL-C), were reported to be expressed like: low 

(<0.11); intermediate (0.11); high (>0.21) (Dobiasova M., 

2004). Subsequently for optimum results in comparing 

cardiovascular risk and PON1 values we used in our 

study the Qrisk2-2013 calculator. 

All results were expressed as mean ± standard 

deviation (SD). Data were analysed for statistical 

significance using the software Statistica 12. 

For values of p <0.05 it was considered statistically 

significant, for values of p <0.01 it was considered 

statistically significant distinct, and for values of p 

<0.001 it was considered highly statistically significant 

and p values> 0.05 was considered insignificant. 

 
BIOLOGICAL SAMPLES 

Blood was collected by venepuncture in commercial 
vacutainer (red without additives, SPS yellow and purple 

with EDTA). After centrifugation (10 min at 1500x g) 

the serum was immediately separated and stored in 

aliquots at -80° C until use. The next step was to use the 

Serum on PON1 ELISA kits for quantitative 

determination of Human Paraoxonase 1 serum 

concentration according to manufacturer's specifications. 

 
RESULTS AND STATISTICAL ANALYSIS 

Data from history and specific clinical examination 

on selected patient groups are represented in Table I. 
Blood pressure (BP), body mass index (BMI) are 

modifiable parameters of the study group, and at the 

same time risk factors together with age and gender, 

important both for our study and cardiovascular risk 

computers as for significance of results interpretation. H4 

Group has included the older patients, while group H2 

has patients with a high BMI compared to patients from 

other study groups. 

Table I. Clinical data of hypertensive patients and control group 

G 
R 
U 
P 

PARAMETERS 

Age1 BMI1 BP1 

♂ ♀ ♂ ♀ ♂ ♀ 

Control 38.5±2.3 37±4.2 24.3±3.2 20.4±1.6 124±2.1/78±1.7 118±1.2 /74±1.7 

H1 42±5.7 39±4.5 25.9±2.3 25.1±1.2 148±1.7/96±1.8 146±1.9/94±2.4 

p (H1 vs. 
C)2 

0.00026 *** 0.01492 
* 

0.26054 
* 

0.00155 
** 

0.00355 *** 0.00213 
** 

H2 46.5±3.6 44.5±4.8 31.5±4.6 29.5±5.3 150±3.2/92±2.4 148±2.8/98±2.3 

p (H2 vs. 
C)2 

0.00012 *** 0.00123 
** 

0.01801 
* 

0.00256 ** 0.00082 
*** 

0.00188 
** 

H3 47±5.1 46±7.2 25.8±1.7 24.9±1.4 168±2.2/106±2.4 156±2.6/104±2.8 

p (H3 vs. 
C)2 

0.00018 *** 0.00025 *** 0.01901 
* 

0.00158 ** 0.00142 
** 

0.00186 
** 

H4 49±4.2 52±3.1 25.3±3.8 25.5±4.7 176±2.8/104±2.9 172±3.5/108±4.1 

p (H4 vs. 
C)2 

0.00102 
** 

0.01811 
* 

0.3902 
* 

0.00118 
** 

0.00024 *** 0.00048 *** 

Legend: 
1 mean and standard deviation for the selected parameters; BMI = body mass index; BP = blood pressure (systolic / 

diastolic); *** - values of p as high statistically significant results. 
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Regarding distribution by gender, female patients had smaller measured parameters compared to male, and the 

hypertension pressure in the same groups is significantly different from the control group, indicated by values of p <0.05 

(e.g. the values of p = 0.0098 for male subjects and p = 0.00168 for female subjects in group H2).  

Biochemical parameters (total cholesterol, HDL, triglycerides and AIP values) for the 120 hypertensive patients 

selected and for the subjects in the control group are presented in Tables II, III, IV and V. 
Table II. Biochemical parameters for H1 and control group 

Legend: 
CT - total cholesterol; TG - triglyceride; HDL - high-density lipoprotein; LDL – low-density lipoprotein; AIP –

atherogenic index of plasma; (SD) - standard deviation values; * Average values expressed for each parameter. 

 
Table III. Biochemical parameters for H2 and control group 

Legend: 
CT - total cholesterol; TG - triglyceride; HDL - high-density lipoprotein; LDL – low-density lipoprotein; AIP –

atherogenic index of plasma; (SD) - standard deviation values; * Average values expressed for each parameter. 
 
Table IV. Biochemical parameters for H3 and control group 

Legend: 
CT - total cholesterol; TG - triglyceride; HDL - high-density lipoprotein; LDL – low-density lipoprotein; AIP –

atherogenic index of plasma; (SD) - standard deviation values; * Average values expressed for each parameter. 
Table V. Biochemical parameters for H4 and control group 

Legend: 
CT - total cholesterol; TG - triglyceride; HDL - high-density lipoprotein; LDL – low-density lipoprotein; AIP –

atherogenic index of plasma; (SD) - standard deviation values; * Average values expressed for each parameter. 

 
All lipid fractions were modified for most patients studied, with markedly values in group H2 with hypertensive 

patients. Also in this group atherogenic index of plasma (AIP) had very high values, indicating a great atherogenic risk. 

 
Parameters 

Control group H1 p 

♀ ♂ ♀ ♂ ♀ ♂ 

CT mg/dl (SD) * 186.1 (4.2) 188.1(10.2) 202.2(25.8) 206.5(26.8) 0.0125 0.0118 

TG mg/dl (SD)* 122.8 (9.8) 138.3(9.6) 144.3(22.4) 182.6(18.6) 0.0228 0.0214 

LDL col.  mg/dl (SD)* 126.4 (7.5) 124.2(8.4) 154.2(26.8) 158.5(24.5) 0.0345 0.0278 

HDL col.  mg/dl (SD)* 58.1 (2.8) 52.1(4.4) 46.7(32.3) 44.8(12.26) 0.0159 0.0147 

AIP (SD)* 0.078(0.23) 0.0054(0.8) 98.7(17.6) 98.7(18.45) 0.0445 0.0356 

 
Parameters 

Control group H2 p 

♀ ♂ ♀ ♂ ♀ ♂ 

CT mg/dl (SD)* 186.1(11.2) 188.1(10.2) 386.1(4.6) 424.3(8.5) 0.0036 0.0028 

TG mg/dl (SD)* 122.8(9.8) 138.3(9.6) 368.1(5.7) 452.4(6.2) 0.0068 0.0015 

LDL col.  mg/dl (SD)* 126.4(7.5) 124.2(8.4) 192.3(5.5) 202.4(4.3) 0.0145 0.0122 

HDL col.  mg/dl (SD)* 58.1(2.8) 52.1(4.4) 40.5(4.5) 38.8(8.5) 0.0224 0.0189 

AIP (SD)* 0.078(0.23) 0.0054(0.8) 0.688(1.4) 0.605(1.2) 0.0025 0.0032 

 
Parameters 

Control group H3 p 

♀ ♂ ♀ ♂ ♀ ♂ 

CT mg/dl (SD)* 186.1(11.2) 188.1(10.2) 212.2(34.5) 234.7(25.8) 0.0098 0.0122 

TG mg/dl (SD)* 122.8(9.8) 138.3(9.6) 256.1(38.4) 260.7(33.7) 0.0144 0.0147 

LDL col.  mg/dl (SD)* 126.4(7.5) 124.2(8.4) 166.2(42.1) 168.5(34.6) 0.0159 0.0135 

HDL col.  mg/dl (SD)* 58.1(2.8) 52.1(4.4) 46.3(44.8) 38.4(27.4) 0.0115 0.0215 

AIP (SD)* 0.078(0.23) 0.0054(0.8) 0.470(1.9) 0.386(1.8) 0.0118 0.0221 

 
Parameters 

Control group H4 p 

♀ ♂ ♀ ♂ ♀ ♂ 

CT mg/dl (SD)* 186.1(11.2) 188.1(10.2) 244.8(46.2) 252.9(51.1) 0.0147 0.0125 

TG mg/dl (SD)* 122.8(9.8) 138.3(9.6) 262.2(31.7) 281.5(46.5) 0.0255 0.0261 

LDL col. mg/dl (SD)* 126.4(7.5) 124.2(8.4) 172.1(28.5) 174.2(11.8) 0.0169 0.0256 

HDL col. mg/dl (SD)* 58.1(2.8) 52.1(4.4) 42.4(48.2) 36.3(12.3) 0.0259 0.0169 

AIP (SD)* 0.078(0.23) 0.0054(0.8) 0.530(3.2) 0.486(2.8) 0.0025 0.0018 
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Human paraoxonase 1 (PON1) values were shown graphically in Fig.1 for male patients, and for female patients in 
Fig.2, for better Statistical significant differences-observation from our study. PON1 values can be easily modified by diet, 

exercise, stress, medications and lifestyle. Considering these conditions, PON1 results were obtained after two different 

dose levels at intervals of 2-3 weeks. The resulting values were close and the two measurements were averaged. To 

emphasize the accuracy of atherogenic indices we used in this study QRiskR2-2013 licensed medical software, whose 

values we compared to PON1 and AIP values. 

 
 

 

Fig.1 Human serum paroxonase 1 values (PON1) for male gender patients 
(* p value <0.0001 (highly statistically significant) p value <0.001 (very statistically significant), the value of p <0.01 

(statistically significant) when compared to the control group) 
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2 Human serum paroxonase 1 values (PON1) for female gender patients 
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(* p value <0.0001 (highly statistically significant) p value <0.001 (very statistically significant), the value of p <0.01 
(statistically significant) when compared to the control group) 

 
In the study group H1 (newly discovered patients with hypertension) PON1 values averaged 46.7 ng/dL for male 

persons (compared to the control group 72.5 ng/dL) and 48.5 ng/dl for female persons (versus control group 74.7 ng/dl). 

 

The group H2 (hypertensive patients with metabolic syndrome) PON1 values averaged 45.3 for male persons (compared 
to the control group 72.5 ng/dl) and 44.2 ng/dL for female persons (Fig.1 and Fig.2). H3 group (patients with hypertension 

and type II diabetes) PON1 values averaged 38.5 ng/dl for male patients compared to the control group 72.5 ng/dl and 37.8 

ng / dl for the female versus control group 74.7 ng/dl. 

H4 group (patients with hypertension, type II diabetes and renal disease) PON1 values were on average 25.7 ng/dl  

compared with control group 72.5 ng/dl for male and 22.3 ng/dl for female compared to those of control group 74.7 ng/dl 

(Fig.1 and Fig.2). 

It thus values of p <0.01 as statistically significant for all study groups (H1, H2, H3 and H4) than the control group 

(Fig.1şi Fig.2). 

All obtained results for PON1 were significant statistically, and the lowest values were noted for the group H4 (e.g. for 

male patients of this group p-value=0.0032 is highly significant). In this group, as evident from history, these patients had 

more risk factors (age higher than other groups, type II diabetes for at least 2 years and renal in different stages). 
Although for H2 group AIP values were high (Table VII), indicating an increased atherogenic process, PON1 values 

were low for this group, but higher than for H4 study group (for example, in H2 male patients the mean value AIP results 

was 0.688, and for H4 25.7 ng/dl). QRrisk score confirmed PON1 results, indicating a very high risk of CV disease in the 

long term for H4 group of hypertensive patients. 
Table VII. Cardiovascular risk scores associated with PON1 values 

Legend: 1-Index’s values expressed as average and standard deviation; AIP (atherogenic index of plasma); Qrisck 
score (score indicating the estimated risk of developing cardiovascular disease in the next 10 years) obtained with 
software licensed QRisk2013; PON1- plasma levels of human paraoxonase 1; 2-values of p result by comparing each 
group of hypertensive with control group, p <0.0001 *** (highly significant). 

And of these, male patients had higher values (> 45% score QRisk). Some patients in the control group had low levels of 

PON1, even if these people did not show pathological personal history (PON1 values of <70ng / dl). But some male 

subjects had positive family history of diabetes, heart infarction and stroke. Also, the female persons in the group of control, 
who had lower PON1 values, were identified with several people who confirmed the use of contraceptives prior study, in 

the last 12 months (Fig. 3 and Fig. 4).  

 
Study groups 
 

Index’s values 1 

AIP index QRISK index PON1 values 

♀ ♂ ♀ ♂ ♀ ♂ 

Control 0.046±0.8 0.064±0.23 0.4%±1.71 0.5%±1.52 72±1.75 69±2.7 

H1 0.136±1.2 0.257±1.45 4.2%±2.52 4.6%±2.45 55.6±3.7 52.3±5.8 

p (H1 vs. C)2 *** *** *** *** *** *** 

H2 0.604±1.87 0.688±1.75 30.4%±1.95 31.8%±2.75 44.8±2.8 38.8±8.5 

p (H2 vs. C)2 *** *** *** *** *** *** 

H3 0.385±1,98 0.475±2.11 20.2%±2.14 21.3%±3.24 35±3.7 31±4.4 

p (H3 vs. C)2  *** *** *** ***  

H4 0.435±2.31 0.532±2.33 42.5%±2.06 44.2%±2.48 22±4.3 18±2.9 

p (H4 vs. C)2 *** *** *** *** *** *** 
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Fig. 3. Comparison of atherogenic index to PON1 values for male gender study groups 
 

 
Fig. 4. Comparison of atherogenic index to PON1  values for female gender study groups 

 
DISCUSSIONS 

In our study, we selected those patients with the 

highest risk of cardiovascular disease both in upward and 

from side-line, and those patients whose lipid profile was 

very changed. Between hypertension, atherogenesis and 

PON1 there is a complex and fully unsolved connection. 

The pathogenesis of hypertension is a multifactorial 

process involving the interaction of genetic and 

environmental factors. Vascular remodelling with 

decreased vascular lumen and increased vascular 
resistance, volume adjust abnormalities and 

vasoconstriction contribute to increased blood pressure. 

On the other hand, the pathogenesis of the atherosclerotic 

process is multifactorial and is characterized by chronic 

inflammatory response. 

Hypertension is known as one of the most important 

risk factors for atherosclerosis and many recent studies 

have shown that hypertension, by vasoactive peptides 
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(angiotensin and endothelin like - 1) stimulates and 

accelerates atherosclerosis through inflammatory 

mechanisms (Aviram M., et al, 2004) showed that human 

paraoxonase has an important role to endothelium by 

protecting HDL and LDL molecules from being oxidized 

by free radicals, and when its values in plasma are high it 
interferes even with atheromatous plates already 

installed, reduces its size and causes local inflammation 

by peroxidase and lactonase activity (attenuating 

cholesterol macrophage, the accumulation of oxidized 

lipids and the formation of foam cells). These facts are 

confirmed by Gugliuci (Gugliucci A., et. al, 2012) and by 

the other scientists who also admitted that from the 

family of paraoxonase (PON1, PON2 and PON3), the 

most active and important for atherogenesis process is 

PON1 with all its polymorphism variants in various 

populations. 
According to Blatter (Blatter M., et. al, 2006) PON1 

values can be easily modified by red wine, statins and 

fibrates, exercise, vitamins and aspirin. However, the 

changes are of short duration and not statistically 

significant. Recent studies (Mendonca I. et al, 2008)  

indicates that a high PON1 activity is associated with 

decreased odds of atherosclerosis. 

In our study, patients in the group H1, hypertensive 

patients without chronic diseases associated, human 

paraoxonase 1 values were below normal, low for both 

female and for male patients. PON1 values were lower 
than the group H1 in H2 group, the group of hypertensive 

patients with metabolic syndrome. Compared to the 

control group the difference was very significant 

statistically for both genders as can be seen from the 

results obtained (Fig.1 and Fig.2). 

If we were to compare data with AIP values for the 

same group (H2) to other control groups, for this group 

of patients AIP had the most elevated values, being the 

group with the highest values of lipid fractions. Since the 

AIP is calculated using TG and HDL values, parameters 

that are modifiable, means that it quantifies atherogenic 

AIP immediately (Dobiasova M., 2004; Dobiášová M., et 

al, 2011). But comparing PON1 values for H2 group 

with other study groups, it does not indicate that the 

atherogenic risk is the highest for this group.  

Going further with observations on obtained PON1 

values for the H3 and H4 groups we have the lowest 

values indicating the highest risk of cardiovascular 

disease and atheromatous disease, because these patients 
had higher mean age and associated chronic diseases 

such as type II diabetes for both groups and renal disease 

for H4 group. Statistically one can notice significant 

difference between PON1 values of these groups and 

PON1 values of control group so that it confirms the 

results of literature, increased PON1 activity is associated 

with declining odds of atherosclerosis, so for the group 

H1 compared with other study group the risk is smaller 

but still existent, being below normal levels (46.7 ng/dl 

average for male gender group and 48.5 ng/dl average for 

female gender group).  

Comparing the data overall, it appears that the higher 

values of AIP which correlates with greatly increased 

risk of atheromatous disease were for masculine gender, 

the difference is even greater in study groups associated 

with chronic illness (H3 and H4). While for PON1 results 

its lower values, which are associated with low 
protection against atheromatous process and the risk of 

cardiovascular disease were for female patients of the 

same groups mentioned above (H3 and H4). For 

example, the mean PON1 values for H3 group, male 

gender was 38.5 ng/dl and for the same group female 

gender were 37.8 ng/dl. The same for group H4, female 

patients had the lowest values compared to the entire 

study group, 22.3 ng/dl to 25.7 ng/dl for male patients. 

Withal, in our study we also showed low levels of 

PON1 for control group, subjects with no risk factors 

(Popa C., et al, 2013) with values of PON1 less than 70 
ng/dl. 

By comparing the AIP values obtained for the study 

group II, Qrisk2-2013 and PON1 values we can see that 

PON1 has a higher accuracy compared to the AIP in 

quantifying the atherogenic risk and future 

cardiovascular disease, the PON1 results are close to 

those of complex and customized risk computer Qrisk2-

2013, as can be seen from Fig. 3 and Fig. 4 for both 

genders. But PON1 values indicated only 2% of healthy 

subjects in the control group as having low levels of this 

enzyme in serum, indicating a present risk to further 
develop atheromatous disease or cardiovascular disease, 

even in the absence of certain diseases or risk factors. 

Qrisk score confirms PON1 results, indicating a 

greatly increased long-term risk of cardiovascular 

diseases for hypertensive patients group with associated 

chronic diseases (diabetes and renal disease), higher 

values being male patients (> 45% risk of cardiovascular 

disease according to the risk index Qrisk) (Table VI). 

 

CONCLUSION 
According to our findings we can say that for 

estimation of the immediately atherogenic risk, 
atherogenic index of plasma (AIP) is more sensitive to 

changes in lipid fractions values. 

Determining the PON1 can, however, estimate the 

long-term risk of developing cardiovascular diseases. 

PON1 value is more accurate than AIP for estimating 

cardiovascular risk, even if PON1 values may be 

influenced by many factors (which can change its value 

by a few percent) it may indicate accurately the risk of 

cardiovascular disease. 

The overlap of PON1 results with those of Qrisk2-

2013 score indicates a similarity in quantifying the risk 
of major cardiovascular events for patients with several 

risk factors associated. 

PON1 is an extremely sensitive indicator of 

atherogenic and future cardiovascular diseases risk 

determination even on healthy patients with no apparent 

risk factors and determining the amount of PON1, can be 

a useful and efficient tool for quantifying atherogenesis 

risk of developing cardiovascular disease over time. 
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From our study, we conclude that AIP from 

atherogenic indices is most sensitive to the values of lipid 

fractions. If you associate this index to PON1 values 

determining, then we have an even greater accuracy on 

predicting the risk of developing cardiovascular disease. 
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