
Reports of Biochemistry & Molecular Biology                                             
Vol.6, No.1, Oct 2017 
 

Original article 

 

 
1: Department of Cardiology, Madani Heart Center, Lorestan University of Medical Sciences, Khorramabad, Iran. 
2: Razi Herbal Researches Center, Lorestan University of Medical Sciences, Khorramabad, Iran. 
3: Department of Biochemistry, Faculty of Medicine, Lorestan University of Medical Sciences, Khorramabad, Iran. 
*Corresponding author: Gholamreza Shahsavari; Tel: +98 661 6200133; Fax: +98 661 6200133; E-mail: reza_shahsavari@yahoo.com 

Received: May 28, 2016; Accepted: Sep 2, 2016 

www.RBMB.net 

 

Paraoxonase 1 Activity, Lipid Profile, and 

Atherogenic Indexes Status in Coronary Heart 

Disease 

 
Mostafa Cheraghi1, Gholamreza Shahsavari*2, Ali Maleki1, Hassan Ahmadvand2,3     

 
Abstract 
 

Background: Dyslipidemia is considered an independent risk factor for coronary heart disease (CHD). In the 

present study, we examined lipid profiles and paraoxonase 1 (PON1) activity and atherogenic indexes status 

and the relationship of PON1 activity by high-density lipoprotein (HDL) and atherogenic indexes in CHD 

patients and healthy people.  

Methods: The aim of the study was to compare PON1, lipid profiles, and atherogenic indexes in CHD patients 

and healthy people as controls. This study enrolled 50 CHD patients and 50 matched healthy controls. Serum 

activities of PON1 and levels of triglyceride (TG), total cholesterol (TC), low density lipoprotein (LDL), very 

low density lipoprotein (VLDL), high-density lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG), 

and atherogenic indexes were analyzed. Data were analyzed by unpaired Student’s t tests. Coefficients of 

correlation were calculated using Pearson’s correlation analysis. 

Results: Levels of TG, TC, LDL, VLDL, FBG, and atherogenic indexes, atherogenic coefficients, and cardiac 

risk ratios were significantly greater in CHD patients than in controls. Paraoxonase 1 activity and HDL-C levels 

were significantly less in CHD patients than in controls. Also, PON1 activity correlated positively with HDLC 

and negatively with atherogenic coefficient, and cardiac risk ratios 1 and 2 in CHD patients.  

Conclusions: This study showed that CHD is associated with high lipid levels and atherogenic indexes, and 

low PON1 activity and HDL-C concentrations. Coronary heart disease is a pernicious disease requiring 

prolonged medical management and hypolipidemic drugs. 

 

Keywords: Atherogenic index, Coronary heart disease, Lipid profile, Paraoxonase 1 activity   

 
 

Introduction 
The prevalence of coronary heart disease (CHD) 

worldwide is rapidly rising (1). CHD is one of the 

main causes of death in Iran (2). It is widely accepted 

that CHD is associated with hypertension and 

elevated blood levels of low-density lipoprotein 

(LDL), total cholesterol (TC), and triglycerides (TG) 

(3, 4). In contrast, a low level of high-density 

lipoprotein (HDL) is a risk factor for mortality from 

CHD (5). Abnormalities of lipoproteins are 

responsible for increased incidence of microvascular 

and macrovascular complications in CHD (1).  

 

Dyslipidemia (high TG, high TC, and low HDL) is 

common in patients with CHD. Also, a TC to high-

density lipoprotein cholesterol (HDL-C) ratio > 4.5 is 

considered the most powerful predictor of CHD (6). 

Dyslipidemia is a risk factor for increased CHD 

incidence and increases the mortality rate in CHD (7). 

Monitoring and managing lipid profiles and using 

hypolipidemic drugs reduce CHD complications and 

associated mortality. 

Human serum paraoxonase 1 (PON1) is an 

HDL-C-bound enzyme considered to be the major 
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determinant of the antioxidant action of HDL-C 

(8). PON1 has detoxification activity in 

atherosclerotic processes (9). Several studies 

reported that PON1 and HDL protect against LDL 

oxidative modification (10). Other studies showed 

that PON1 can prevent lipid peroxide accumulation 

on LDL in vitro and in vivo (9). Also, serum PON1 

activity has been shown to be reduced in familial 

hypercholesterolemia and diseases associated with 

accelerated atherogenesis (11). Paraoxonase 1’s 

antiatherogenic activities protect lipoprotein 

particles from free radical oxidation, hydrolyze 

oxidized cholesteryl esters and phosphatidylcholine 

core aldehydes, and degrade hydrogen peroxide 

(11, 12). Monitoring the trends in cardiovascular 

complications via PON1 activity is critical for 

management of patients with CHD (12). 

Therefore, we hypothesized that serum PON1 

activity and HDL levels would be decreased, and 

cholesterol, TGs, and atherogenic indexes would 

be increased, in CHD. Few studies have evaluated 

atherogenic indexes status and correlated PON1 

activity with HDL and atherogenic indexes in 

CHD. The objectives of this study were to evaluate 

PON1 activity, lipid profiles, and atherogenic 

indexes status and correlate PON1 activity with 

HDL and atherogenic indexes in CHD. 

 

Materials and Methods 
Patient selection  
This study was conducted on 50 CHD patients and 

50 healthy controls at Shahid Madani 

Hospital, Khorramabad University of Medical 

Sciences, Khorramabad, Iran. The study was 

approved by the Institutional Ethics Committee. 

Written informed consent was obtained from the 

patients in the local language. This is an 

observational and cross-sectional study. The 

criteria for selection of cases were: 

 

Inclusion criteria 
I. The subjects were 35-65 years of age.  

II. Coronary heart disease patients were diagnosed 

by coronary angiography. 

Exclusion criteria:  

I. Diabetic patients 

II. Patients with any concurrent illness such as 

chronic liver disease and hypothyroidism.  

IV. Patients receiving medications including as 

diuretics, steroids, oral contraceptives, and beta 

blockers 

Collection of blood samples 
After an overnight fast of 10-12 hours, 5 ml of 

whole blood was collected via vena puncture 

between 7:00 and 8.00 am.  

Determination of PON1 activity 

Paraoxonase 1 activity was determined using paraoxon 

as the substrate and measured by increases in the 

absorbance at 412 nm due to the formation of 4-

nitrophenol as previously described (8). The activity was 

measured at 25 ºC by adding 50 μl of serum to 1 ml of 

Tris-HCl buffer (100 mM at pH 8.0) containing 2 mM 

CaCl2 and 5 mM paraoxon. The rate of generation of 4-

nitrophenol was determined at 412 nm. Enzymatic 

activity was calculated using a molar extinction 

coefficient of 17,100 M-1 cm-1 (8). 

Determination of lipid profile and atherogenic 

indexes 

The serum levels of triglyceride (TG), total 

cholesterol (TC), low density lipoprotein (LDL), 

very low density lipoprotein (VLDL), fasting blood 

glucose, (FBG), and HDL-C, and the atherogenic 

indexes of all the subjects were analyzed. Total 

cholesterol and TG concentrations were measured 

by biochemical analyses using commercial kits 

(Olympus AU-600, Tokyo, Japan). HDL-C was 

analyzed with a Pars Azmoon kit from Iran. LDL 

and VLDL were determined using the Friedewald 

et al. equation (13). The atherogenic index ((units) 

(log (TG/HDL-C)), atherogenic coefficient (TC-

HDL-C)/HDL-C), Cardiac Risk Ratio 1: 

(TC/HDL-C) and Cardiac Risk Ratio 2: 

(LDL/HDL-C) were determined using the 

Ikewuchi and Ikewuchi equation (14-16). 

Statistical analyses  

Data were analyzed using unpaired Student’s t 

tests. Coefficients of correlation were calculated 

using Pearson’s correlation analysis. Statistical 

analyses were performed using the software 

package for statistical analysis version 13 (SPSS) 

for Windows software. A P value of <0.05 was 

considered statistically significant. 
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Results 
Fasting blood glucose, TG, TC, LDL, and VLDL 

concentrations were significantly greater 

in CHD patients than in controls, while PON1 activity 

and HDL concentrations were significantly less in 

CDH patients than in controls (Table 1). 

 
Table 1. Lipid Profile and PON1 activity in coronary heart disease (CHD) 

Parameter Control CHD P Value 

FBG (mg/dl) 90.90± 16.25 105.3± 19.35 0.005 

PON1 Unit/min 9.42± 7.18 4.14± 2.11 0.0001 

TG (mg/dl) 114.73±31.63 195.21± 102.59 0.001 

TC (mg/dl) 126.46±18.68 166.33±30.66 0.001 

HDL-C (mg/dl) 48.08 ± 9.69 40.75± 5.49 0.0001 

LDL (mg/dl) 55.43± 23.14 86.54± 33.04 0.001 

VLDL (mg/dl) 22.94±6.33 39.04±20.54 0.001 

                  Values are represented as Means ± SDs 
 

The atherogenic index, atherogenic coefficient, 

and Cardiac Risk Ratios 1 and 2 were 

significantly greater in CHD patients than in 

controls (Table 2). 
 

Table 2. Atherogenic index, atherogenic coefficient, and cardiac risk ratio in coronary heart disease (CHD) 

Parameter Control CHD P Value 

Atherogenic index 
((units) (log (TG/HDL-C)) (TG/HDL-C)) 0.37±0.16 0.64±0.17 0.001 

Atherogenic Coefficient 
(TC-HDL-C)/HDLC) 1.76±0.76 3.16±0.95 0.001 

Cardiac Risk Ratio 1 
(TC/HDL-C) 2.76 ± 0.76 4.16 ± 0.94 0.001 

Cardiac Risk Ratio 2 

(LDL/HDL-C) 1.26 ± 0.67 2.19± 0.98 0.001 

              Values are represented as Means ± SDs 

 

Paraoxonase 1 activity correlated positively 

with HDL ((r = 0.261, p = 0.045, Fig. 1) and 

negatively with atherogenic coefficient (r = -

0.083, p = 0.303, Fig. 2), cardiac risk ratio 1 (r = 

-0.071, p = 0.33, Fig. 3) and cardiac risk ratio 2 (r 

= -0.45, p = 0.39, Fig. 4). 
 

  
Fig. 1. Correlation between serum PON1 activity and HDL-C levels. (r = 0.261, p = 0.045). 
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Fig. 2. Correlation between serum PON1 activity and AC levels (Atherogenic Coefficient (TC-HDLC)/HDL-C)). (r = -0.083, p = 0.303). 

 

 

 
Fig. 3. Correlation between serum PON1 activity and CRR1 levels (Cardiac Risk Ratio 1 (TC/HDL-C)). (r = -0.071, p = 0.33). 

 
 

 
Fig. 4. Correlation between serum PON1 activity and CRR2 levels (Cardiac Risk Ratio 2 (LDL/HDL-C)). (r = -0.045, p = 0.39). 

 

Discussion 
Serum lipid profile and atherogenic index 

The most relevant findings of this study were 

significant increases in serum levels of FBG, TG, TC, 

 

VLDL, LDL, atherogenic index, atherogenic 

coefficient, and cardiac risk ratios 1 and 2 in CHD. 

Studies have shown that total cholesterol, 
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triglycerides, LDL concentrations, and LDL/HDL 

ratios are significantly greater in CHD patients than in 

healthy people (17). Many studies have shown that 

total cholesterol and LDL are major risk factors for 

atherosclerotic vascular diseases. Also, 

epidemiological studies have shown a correlation 

between LDL and CHD (18). It has also been 

demonstrated that lipid-lowering drugs, such as 

statins, reduce the risk of cardiovascular diseases (17). 

It has also been shown that HDL-C concentration is 

inversely related to the risk of CHD (19). Atherogenic 

indices, atherogenic coefficient, and cardiac risk ratio 

are powerful indicators of the risk of heart disease: the 

higher the value, the higher the risk of developing 

CHD and vice versa (20). Many studies have shown 

that atherogenic indices, atherogenic coefficient, and 

cardiac risk ratios are major risk factors for 

atherosclerotic vascular disease and its complications. 

The results of our study agree with others researchers’ 

studies showing that total cholesterol, triglycerides, 

and LDL concentrations, and atherogenic indices, 

atherogenic coefficients and cardiac risk ratios are 

greater in CHD patients than in healthy people. 

Therefore, reduction of LDL cholesterol and 

atherogenic indices have been considered to reduce 

risk of CHD.  

Serum activity of PON1 and correlation with HDL 

and atherogenic index in CHD 

The most relevant finding of this study was a 

significant decrease in serum PON1 activity in the 

CHD patients compared with healthy controls. 

Also, PON1 activity correlated positively (r = 

0.261, p = 0.045) with HDL in CHD. Paraoxonase 

1 is an antioxidant that inhibits oxidative 

modification of LDL and contributes most of the 

antioxidative activity that has been attributed to 

HDL (21, 22). Paraoxonase 1 activity was 

positively correlated with HDL-C levels (23) and 

inversely correlated with atherogenic index, 

suggesting that decreased PON1 activity may be, in 

part, due to consumption of PON1 for the 

prevention of oxidation (8). This strongly suggests 

that decreased PON1 activity may be at least 

partially related to the consumption of PON1 

caused by oxidative stress process (24). Recently, 

roles for PON1 in a number of processes have been 

studied, including lipid and lipoprotein 

metabolism, as well as for their antiatherogenic and 

antioxidant properties (8, 25). This study showed 

strong evidence of CHD associated with low 

activity of PON1 and high lipid levels and 

atherogenic indexes. 

The association between PON activity and the 

development of atherosclerosis has been shown in 

animal and human studies (26). HDL isolated from 

normal animals protected LDL from oxidation 

while HDL isolated from PON-deficient animals 

did not. Studies have shown that PON deficiency 

developed atherosclerotic lesions but animals with 

overexpressed PON1 were resistant to 

atherosclerosis (27). Also, epidemiological studies 

have revealed an association between decreased 

PON1 levels and an increased risk for 

atherosclerosis (28). 

Our results agreed with those of earlier’ studies 

showing increased PON1 activity was in CHD and 

positively correlated with HDL. The mechanism 

behind this association is unknown. It is possible 

that the pathogenesis of decreased HDL may also 

play a role in the reduction of PON1 activity (29). 

In conclusion, we found significantly lower 

levels of HDL-C and PON1 activity and 

significantly higher levels of FBG, TG, TC, 

VLDL, LDL, atherogenic index, atherogenic 

coefficient and cardiac risk ratios in CHD. These 

findings support the hypothesis that decreased 

PON1 activity is associated with the decreased 

HDL concentration found in CHD. Our findings 

suggest that decreased PON1 activity and HDL 

concentration and increased FBG, TG, TC, VLDL, 

and LDL concentrations, atherogenic index, 

atherogenic coefficient, and cardiac risk ratios may 

be involved in the early pathogenesis of 

atherosclerotic heart disease in CHD. However, 

long-term clinical studies are needed to clarify the 

pathophysiological role of serum PON1 activity 

and lipid profile, and correlation of PON1 activity 

with HDL and atherogenic index in CHD. 
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