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Abstract---Background: High-density lipoprotein (HDL) has a reverse 

relation with incidence of coronary artery disease (CAD). Paraoxonase 
(PON) is an HDL associated enzyme responsible for antioxidant 

capacity of HDL. Oxidative modification of LDL results in formation of 

oxLDL. This can be reduced by Paraoxonase, which has anti-
inflammatory and antioxidant function. Aim: To evaluate and compare 

the level of HDL, oxLDL and Paraoxonase (PON) activity in Coronary 

Artery Disease patients with controls. Effort was also made to 

correlate HDL with PON, also to correlate OxLDL with PON and HDL. 
Materials and Method: 60 clinically proven CAD patients within the 

age group of 35 to 70 were selected from OPD of Dr. Somervell 

Memorial CSI Medical College, Kerala. 60 controls within the same age 
group without any history of CAD was selected from subjects coming 

for Health Checkup. Results: HDL and PON were significantly lowered 

in CAD patients than in controls (P<0.05). OxLDL, Total Cholesterol, 
Triglyceride, LDL and VLDL were significantly higher in CAD patients 

than in controls (P<0.05). Correlation Analysis showed a positive 

correlation of HDL and PON. Statistically significant negative 
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correlation was observed in case of oxLDL with PON and HDL. 

Conclusion: Increased oxLDL and decreased PON, forms additional 
risk factors together with the conventional ones for development and 

progression of CAD. Hence these two parameters can be targeted for 

future therapeutic purposes. Methods can be introduced to increase 
paraoxonase activity, thereby increasing antioxidant capacity of HDL, 

which might help in reducing formation of oxLDL. 

 

Keywords---Coronary Artery Disease, oxidized Low Density 
Lipoprotein, Paraoxonase, High Density Lipoprotein. 

 

 
Introduction  

 

Among the major lipoprotein classess, High-density lipoprotein (HDL) has an 
inverse relation with coronary artery disease (CAD) (1). HDL without any doubt is 

an anti-atherogenic molecule. Due to this action, together with its role in reverse 

cholesterol transport, HDL is referred to as good cholesterol. Many studies have 
considered reducing CAD risk by increasing the HDL quantitatively, but the 

expected clinical outcome in terms of atheroprotection was not attained (2). Lipid 

and protein constituents associated with functional HDL molecule have been 

extensively studied in the past, which throws more light into the antioxidant and 
anti-inflammatory roles of HDL particle. (3). This explains the fact that together 

with level of HDL, its functions or properties also needs to be studied extensively 

to reduce the impendent cardiac risk. 
 

Paraoxonase (PON1) is an HDL associated enzyme assumed to be accountable for 

majority of the antioxidant capacity of HDL. The antioxidant property of PON was 
explained by the inverse correlation between PON activity and coronary heart 

disease and also by the increased levels of lipid peroxidation products (4).  

 
Extensive oxidative modification of LDL results in formation of oxLDL, if the lipid 

peroxidation is not kept under check by the antioxidant mechanisms available in 

the body. Formation of oxLDL can be reduced or even inhibited by Paraoxonase 

enzyme, which has an anti-inflammatory and antioxidant function. This HDL 
associated enzyme has the capacity to hydrolyze substrates like lactones, aryl 

esters, organophosphates etc (5). Predictive role of PON in CAD has been analyzed 

and it is seen that PON contributes considerably to the materialization of 
dysfunctional HDL. PON is considered to be significantly associated with multi-

vessel disease and is a suitable therapeutic target for preventing CAD (6). 
 
Previous Studies have shown that oxLDL is a risk factor for CAD and  the level of 

ox-LDL, ratio of oxLDL to Total cholesterol and other lipoproteins are better 

markers than individual lipoproteins to discriminate CAD  from control subjects 
(7).The  parameters discussed so far are having an opposing effect on posing a 

risk for CAD. Oxidised low density lipoprotein (oxLDL) promotes occurrence of 

CAD, whereas high density lipoprotein or the associated Paraoxonase is 
atheroprotective, mainly their role in removing oxidised lipids from oxLDL (8).  
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On the basis of these findings, decrease in activity of PON can be further studied 

as a causative factor for advancement of Coronary Artery Disease. Although there 

are studies that show the ability of PON in preventing atheroma, much more 

reports are required for the pharmacological and therapeutic effects of this HDL 
associated enzyme. More light can be thrown into the protective effect of 

Paraoxonase by studying in detail its role in preventing lipid peroxidation and 

formation of oxLDL. The specific objective of the present study was to assess and 
compare Paraoxonase and oxLDL level in CAD patients and controls. An attempt 

was also made to correlate HDL with PON and also to correlate OxLDL with PON 

and HDL. 
 

Materials and Methods 

 
Study Centre: Dr. SMCSI Medical College, Kerala. 

Sample size: With 90 % power and 5 %, significance, assuming a difference of 100 

U/ml of PON (standard deviation 150) sample size required was calculated to be 

49 per group. 
Study population: 60 CAD patients were selected from those attending Cardiology 

OPD in our institute.60 age and sex matched subjects without CAD was taken as 

controls from subjects attending Medical OPD. 
 

Blood samples were collected from patients after getting written informed consent 

as per the criteria laid down by the institute scientific and ethics committee. 
Venipuncture was done to collect sample from patients when admitted to CCU. 

Serum samples were separated by centrifugation at 3000 rpm for 10 minutes and 

were stored at -80 ̊C till they were taken for analysis. 
 

Detailed demographic and other relevant information were recorded using 

Proforma. 4 ml of peripheral blood was collected from each patient and the 

following parameters were analyzed - Total Cholesterol (TC), High Density 
Lipoprotein Cholesterol (HDL), Low Density Lipoprotein Cholesterol (LDL), 

Triglyceride (TG), oxidized LDL (oxLDL), Paraoxonase (PON).   

 
PON activity was estimated spectrophotometrically, using the method of Beltowski 

et al 1985. Plasma Lipid Profile was estimated in fully automated chemistry 

analyzers using commercial assay kits. VLDL value was calculated using 
Friedwalds equation. 

 

Statistical analysis 
 

Data represented as mean ± SD in normal distribution variables. t test used to 

test difference in baseline characteristic between two groups.  Pearson Correlation 

Coefficient was calculated to evaluate correlation among parameters. P value of 
<0.05 was taken as statistically significant. SPSS software used for statistical 

analysis. 

 
Results 

 

The study was planned to assess the extent of oxidation in CAD patients by 
determining the level of oxLDL. Level of oxLDL was correlated to activity of HDL 
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associated Paraoxonase. Oxidation product, oxLDL, anti-atherogenic PON, and 

serum lipid profile were estimated in CAD patients. These values were compared 
with that of age and sex matched controls. The test and control group comprised 

of 60 subjects. Baseline demographic characteristics of patients and controls, 

with risk factors of CAD are shown in Table 1.  
 

Table 1: Baseline demographics and risk factors of CAD and control group 

 CAD ( n=60) Control (n=60) 

Age 39-70 (54.5) 34-65 (49.5) 

Gender 
 

M 69 % 33 % 

F 31 % 27 % 

Body Mass Index 

(BMI) 

29.41  ± 3.44 24.03  ±  3.16 

Waist Circumference 

(WC) 

101.5  ± 11.05 78.5  ± 12.5 

Diabetes Mellitus 65 % 19 % 

Family History of 

CAD 

21 % 11 % 

Smokers 79 % 24 % 

Hypertension 64 % 18 % 

Dyslipidemia 65 % 14 % 

 

Biochemical parameters 
 

Lipid profile in Coronary Artery Disease patients and controls were compared. 

Mean value of TC, HDL, LDL, TG and VLDL of these two groups are given in table 
2. TC, TG, LDL, VLDL showed significant increase in CAD patients compared to 

that of controls .HDL value was significantly high in controls. 

 
Table 2: Lipid profile in CAD and control  

   PARAMETERS  CAD        Control P-Value 

Total Cholesterol 

(mg/dl) 
223.99 ± 60.46 171.37 ± 30.33 .04 

Triglycerides 

(mg/dl) 
163.84 ± 60.89 114.14 ± 54.45 .000 

High Density 

Lipoprotein 
(mg/dl) 

44.95 ± 12.25 57.88 ± 10.64 .000 

Low Density 
Lipoprotein 

(mg/dl) 

151.93 ± 41.48 133.33 ± 25.70 .000 

Very Low Density 

Lipoprotein 

(mg/dl) 

32.76  ± 12.17 22.82 ± 10.89 .000 

Results are expressed in mean ± SD 
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Oxidized LDL and antioxidant enzyme PON1 was evaluated and compared in 

Coronary Artery Disease patients and controls. The mean value of oxLDL and 

PON1 in CAD patients and control subject were compared and given in table 3. 
oxLDL of  CAD  patients were significantly high compared to control subjects. 

PON1 was significantly lowered in patients group as compared to controls. 

 
Table 3: Level of oxLDL and PON1 in CAD and control 

Parameters(U/ml) CAD Control P-Value 

PON1 315.17 ± 80.05 410.05 ± 86.53 .000 

oxLDL 40.94 ± 49.32 20.75 ± 19.05 .000 

Results expressed as mean ± SD 

 

Correlation analysis was done between HDL and PON given in Table 4. A 

statistically significant positive correlation was observed between HDL and PON. 

Correlation analysis was done between HDL and oxLDL given in Table 5. Negative 
correlation with statistical significance was observed between oxLDL and HDL.  

Correlation analysis was done between oxLDL and PON given in table 5. OxLDL 

and PON also exhibited a statistically significant negative correlation. 
 

Table 4. Pearson correlation analysis of HDL with PON 

 
 

 

 
 

 
 

 

**Correlation is significant at 0.01 level (2-tailed). 

*Correlation is significant at 0.05 level (2-tailed). 

 
Table 5. Pearson correlation analysis of oxLDL with HDL and Pearson correlation 

analysis of oxLDL with PON 

 
 

 

 
 
 

 

 

**Correlation is significant at the 0.01 level (2-tailed). 

*Correlation is significant at the 0.05 level (2-tailed). 

 

 
  

PON 

 
 

HDL 

CAD 
Pearson Correlation 0.316 

Sig. (2-tailed) 0.006 

CONTROL 
 

Pearson Correlation 0.091 

Sig. (2-tailed) 0.322 

 
  

HDL PON 

 
 

OxLDL 

CAD 
Pearson Correlation -0.21 -0.309 

Sig. (2-tailed) 0.05 0.006 

CONTROL 
 

Pearson Correlation 0.168 0.018 

Sig. (2-tailed) 0.196 0.463 
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Discussion 

 
There are many cellular and molecular processes involved in development and 

progression of CAD in patients. If studied in depth these may serve as future 

therapeutic targets. It is undisputed that older patients are at a greater risk for 
adverse events and complications from nearly all pharmacological and procedural 

therapies (9). 

 

Males and females reporting for suspected angina exhibits noticeable variation in 
severity of CAD. Females probably have less disease severity than age matched 

males, particularly if they do not present with myocardial infarction (10). In this 

study, waist circumference and BMI was increased in CAD patients. Findings of 
study conducted by Janssen et al revealed that BMI and WC can be used to 

predict CAD risk factors among children and adolescents. (11) 

 
If we look at the risk factors included in our study, it shows that diabetes, family 

history of CAD, Smoking, Hypertension all are more in patients with CAD. Based 

on a study in 2017, the risk of developing Coronary artery disease increases with 
age in individuals, mostly age more than 45 years in men and more than 55 years 

in women. This study shows that family history of early heart disease is risk 

factor for CAD (12). Study by Hajar suggests that cardiac complications of 

diabetes makes it an important risk factor in the causation of Coronary Heart 
Disease. They also suggests that Diabetes is high risk for cardiovascular disease 

development. Cholesterol-lowering therapy and hypoglycemic drugs should be 

used in diabetic patients for lowering this risk (13). Study by Nowbar et al has 
shown that there is a high prevalence of hypertension and smoking in a few 

countries, which correlates with increased mortality rate from Ischemic Heart 

Disease (14). 
 

It is an already established fact that Coronary artery Disease exhibits an 

abnormal lipid profile. In our study we observed similar findings. CAD group 
showed increased TC, LDL-C, TG and VLDL. HDL fraction in this group were 

significantly lower. Study by Rao et al shows that Total cholesterol, LDL, 

Triglycerides was high in cases than controls. In this study also HDL cholesterol 

was significantly lower in cases than controls (15). Study by Borzyszkowska et al 
also shows high total cholesterol, high LDL cholesterol and low HDL cholesterol 

(16) and these have been marked as risk factors for development of CAD. 

 
Our study showed statistically significant reduction in paraoxonase activity. 

Similar findings were obtained by other studies also. Study by Zhou et al suggests 

that PON has a significant role in arresting atherogenesis. Reduced PON activity 
go together with increased inflammatory status and is strongly linked to 

development of atherosclerosis. This decreased enzyme activity can therefore be 

an essential inflammatory marker for severity of CAD. Efforts to boost PON 
activity may prove to be an assuring approach to reduce CAD risk and for 

averting enhancement of cardiovascular atherosclerosis. Study by Shen at al 

shows that decreased HDL-associated PON activities are associated with the 
presence and severity of stable CAD in patients (17, 18).   
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We assessed the level of oxLDL in CAD and control group. Our results showed 

increased amount of oxLDL in CAD as compared to controls. Study by Khalili et al 

suggests that assessing the level of oxLDL is important in establishing Coronary 

Heart Disease. They also obtained a significant correlation between severity of 
CAD and oxLDL level (19). It is known fact that PON is an HDL allied enzyme. In 

CAD patients we had observed a significant decrease in HDL and associated PON. 

Correlation analysis of PON against HDL showed a positive correlation, suggesting 
that as functional HDL decreases, PON activity also decreases. 

 

According to Singh et al suggests that the low level of HDL and PON together with 
their correlation in CAD group may explain the process by which CAD develops. If 

we take HDL as a dependent variable, PON becomes the parameter responsible for 

change of HDL in CAD (20). Correlation analysis was done between oxLDL and 
PON enzyme activity. As per our study it was seen that as PON activity decreases 

oxLDL value increased. Similar result was obtained in case of Hackenhaar et al 

who showed that PON activity and HDL levels are decreased. They propose that 

decreased PON and increased oxLDL can forecast CAD (21). 
 

Conclusion 

 
HDL quantity is seen to be low in Coronary Artery Disease. Activity of 

Paraoxonase, an HDL related enzyme with antioxidant property is also found to 

be low in CAD patients. Enhanced lipid peroxidation increases oxLDL level in 
CAD patients. Lack of shielding effect of HDL associated PON enzyme on lipid 

peroxidation may be a causative factor in oxLDL surge and hastening of CAD. 

Reduced HDL and PON together with rise in oxLDL and their significant 
correlation in CAD may explain the rationale of occurrence of this disease. 

Available medical proof indicates that the lowering of PON activity is associated 

with increase of inflammatory status and is interrelated with advancement of 

atherosclerosis. Results of our study suggests that lower PON activity and 
increased oxLDL can used as an inflammatory markers for CAD. Together with 

the established therapeutic target HDL, attention should also be given to 

enhancing the activity of PON, which can help in reducing cardiovascular risk. 
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