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ABSTRACT 

Background: Diabetes is considered a health problem all around the world that affects people at different age levels 

with increasing incidence and spread of disease leading to many complications. Paraoxonase is known as an anti-

oxidant enzyme, it was originally found to stimulate the hydrolysis of paraoxonase and has a wide range of important 

analytical activities.  

Objective: To evaluate the serum level of paraoxonase1 (PON 1) in patients with type 2 diabetes mellitus with or 

without hypertension as a predictor marker of atherogenesis. 

Patients and methods: This study was a case-control study and carried out on 90 persons (45 males, 45 females) they 

were selected from the outpatient and inpatient clinic of Qena University Hospital. The study was conducted during 

the period between October 2019 and March 2020.   

Results: There was an increase in the level of blood glucose, serum cholesterol, serum triglycerides, serum LDL, 

serum Hs CRP, decreased serum PON 1, and serum HDL in (diabetic group) as compared to (healthy individuals 

group). The study also showed a positive correlation between the decreased level of serum PON 1 in patients and 

decreased serum HDL. The study also showed a negative correlation between the decreased level of serum PON 1 and 

increased serum glucose serum cholesterol, serum triglycerides, serum LDL, and serum Hs CRP.  Also, measurement 

of serum PON 1 may become a useful, expanding tool for evaluating atherogenesis diabetes and hypertension.  

Conclusion: Therefore, measurement of the proportion of serum PON 1 as a biomarker of atherogenesis in Egyptian 

patients with type 2 diabetes mellitus. 
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INTRODUCTION 

Diabetes mellitus is a group of metabolic diseases 

characterized by chronic hyperglycemia resulting from 

defects in insulin secretion, insulin action, and or both. 

The chronic hyperglycemia of diabetes is associated 

with long-term damage, failure of different organs, 

especially the eyes, kidneys, nerves, heart, and blood 

vessels. The basis of the abnormalities in carbohydrate, 

fat, and protein metabolism in diabetes is the deficient 

action of insulin on target tissues (1). 

Diabetes mellitus (DM) and essential hypertension 

are common conditions that are frequently present 

together. Both are considered risk factors for 

cardiovascular disease, microvascular complications, 

and therefore treatment of both conditions is essential 
(2). It is well known that there is an increased prevalence 

of hypertension among patients with type II DM, and 

hypertension is often present at the time of diagnosis (3). 

Diabetes mellitus is classified into two types:  

(1) Insulin-dependent diabetes mellitus: Type 1 

diabetes mellitus (T1DM) is characterized by an 

absolute deficiency of insulin, is seen most often in 

children and adolescents.  

(2) Non-insulin-dependent diabetes mellitus: Type 

2 diabetes mellitus (T2DM) is caused by insulin 

resistance, inadequate secretion of insulin, is generally 

associated with overweight and obesity (4). 

 

 

 

 

 

Progression from pre-diabetes to type 2 DM can be 

prevented or delayed in some patients through lifestyle 

interventions and/or metformin (5). 

Paraoxonase 1 (PON 1) is a protein of 354 amino 

acids with a molecular mass of 43 kDa. The amino acid 

arginine at position 192 of the protein specifies high 

activity whereas glutamine at that position specifies 

low-activity against paraoxon, the former has been also 

termed band the latter A (the currently recommended 

nomenclature is R and Q respectively). The B enzyme 

is stimulated by one mol L-1 NaCl to a greater extent 

than the A enzyme (6).  

Human paraoxonase (PON) is a Ca++-dependent 

esterase synthesized in the liver. PON is related to high-

density lipoprotein (HDL) (7). PON 1 has two main 

roles: detoxifying organophosphate compounds such as 

paraoxon and protecting low-density lipoprotein (LDL) 

by hydrolysis of lipid peroxides (8). This study aimed to 

evaluate the serum level of paraoxonase1 (PON 1) in 

patients with type 2 diabetes mellitus with or without 

hypertension as a predictor marker of atherogenesis. 

Lower paraoxonase 1 (PON 1) levels had been 

recognized as a risk factor for atherogenesis in patients 

with diabetes mellitus and hypertension. 

The connection between the serum level of 

paraoxonase 1 (PON 1) and atherogenesis in Egyptian 

patients with type II diabetes mellitus. 

 

 

 

http://creativecommons.org/licenses/by/4.0/


https://ejhm.journals.ekb.eg/ 

 

2401 

SUBJECTS AND METHODS 

This study was a case-control study and carried out 

on 90 persons (45 males, 45 females) they were 

selected from the Outpatient and Inpatient Clinic of 

Qena University Hospital, divided into three groups:  

The first group (Control group): composed of 30 

healthy people (15 males and 15 females) with no 

history of diseases such as hypertension, diabetes, 

inflammation, tumors, and cardiovascular disease.  

The second group (Diabetic group): normotensive 

patients with type II DM and composed of 30 patients 

(15 males and 15 females).  

 

The third group (Diabetic and hypertensive group): 

hypertensive patients (diastolic blood pressure 90 

mmHg or more) with type II DM and composed of 30 

patients (15 males and 15 females). 

The study was conducted during the period between 

October 2019 and March 2020. 

Ethical considerations: 

The study was approved by the Ethics Board of 

Al-Azhar University.Informed written consent was 

obtained from all participants. The type II DM diagnosis 

was assessed by a specialist in the Internal Medicine 

Department at Al-Azhar Assiut Hospital and was selected 

by determining their fasting and 2 hours postprandial 

blood glucose. 

 

Inclusion Criteria: 

 This study was designated for patients of an age > 

30 years (range: 31 - 40). 

 Normotensive Type II Diabetic patients. 

 Hypertensive Type II Diabetic patients.  

 Treatment was stopped at the time of the study.  

 Supine diastolic and systolic blood pressures were 

measured three times, with one min intervals, using 

a standard sphygmomanometer after resting for 10 

minutes.  

  

Exclusion Criteria: 

  Patients younger than 30 years old and older than 

40 years old. 

 Unstable, severe, or secondary hypertension.  

 Atrioventricular block exceeding the first degree 

and not permanently paced.  

 Angina pectoris 

 Severe heart failure 

 Hepatic failure 

 Renal insufficiency 

 Hypertensive patients were being treated with 

antihypertensive drugs. 

 All participants in this study were subjected to full 

history, complete clinical examination, and 

electrocardiogram. 

 

Blood samples: 

 Peripheral venous blood samples were taken from 

all patients after overnight fasting to analyze 

 Lipid profiles (total cholesterol, triglycerides, HDL 

cholesterol, and LDL cholesterol). 

 Glucose levels fasting and 2 hours postprandial.  

 Serum level of PON 1  

 Serum level of hs CRP 

 Serum PON 1 was measured by enzyme-linked 

immune sorbent assay (ELISA). Fasting, 

postprandial blood glucose, cholesterol, 

triglycerides, LDL, HDL, were measured by 

Microlab semi-automated chemistry analyzer. Hs 

CRP was measured by enzyme-linked immune 

sorbent assay (ELISA). 

 

Statistical analysis 

Recorded data were analyzed using the statistical 

package for social sciences, version 20.0 (SPSS Inc., 

Chicago, Illinois, USA). Quantitative data were expressed as 

mean± standard deviation (SD). Qualitative data were 

expressed as frequency and percentage. Independent-

samples t-test of significance was used when comparing 

two means. The confidence interval was set to 95% and 

the margin of error accepted was set to 5%. The p-value 

was considered significant as the following: P-value 

<0.05 was considered significant. P-value <0.001 was 

considered as highly significant. P-value >0.05 was 

considered insignificant. 

 

RESULTS 

The value of female was the same as the value of 

male in controls and cases. There was no statistically 

significant difference between controls, cases regarding 

age. The mean value of LDL, TG , cholesterol , FBG, 

PPBG and Hs CRP was statistically significant higher 

(p≤0.0) among cases than controls. The mean value of 

HDL was statistically significant lower among cases 

than controls and P value was 0.001.  

The mean value of paraoxonase 1 (U/L) was 

statistically significant lower among cases than controls 

and P value was 0. 008 (Table 1). 
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Table (1): Comparison between controls and cases regarding sex, age, LDL, HDL, TG,  cholesterol, Hs CRP, 

paraoxonase 1,  FBG, and PPBG. 

 Controls Cases P-value Sig. 

Sex Female No. 15 30 1.000 N.S 

% 50.0% 50.0% 

Male No. 15 30 

% 50.0% 50.0% 

Age (years) Mean ± SD 35.73 ± 3.61 34.82 ± 3.54 0.253 N.S 

LDL (mg/dL) Mean ± SD 88.80 ± 8.83 142.84 ± 35.27 0.001 H.S 

HDL (mg/dL) Mean ± SD 50.30 ± 3.22 41.45 ± 4.15 0.001 H.S 

TG (mg/dL) Mean ± SD 132.50 ± 11.81 236.78 ± 50.79 0.001 H.S 

Chol. (mg/dL) Mean ± SD 165.57 ± 9.96 231.65 ± 34.49 0.001 H.S 

Hs CRP (mg/dL) Mean ± SD 0.793 ± 0.119 11.59 ± 3.949 0.001 H.S 

Paraoxonase 1 (U/L) Mean ± SD 44.02 ± 10.79 34.29 ± 16.68 0.001 H.S 

FBG (mg/dL) Mean ± SD 85.93 ± 8.61 185.32 ± 44.28 0.001 H.S 

PPBG (mg/dL) Mean ± SD 113.87 ± 7.257 326.67 ± 82.08 0.001 H.S 

There was no statistically significant difference between controls, diabetic, diabetic and hypertension cases 

regarding sex. This table showed that the mean of age in controls, diabetic , diabetic, hypertension cases. There was 

no statistically significant difference between controls, cases regarding age. The mean value of LDL was statistically 

highly significant in diabetic and diabetic with hypertemsion  than control. The mean value of HDL was statistically 

significant low among diabetic and diabeticwith hypertension cases in comparison with control (Table 2). 

The mean values of TG, cholesterol , Hs CRP, PPBG and FBG were statistically significant high among diabetic 

and diabetic, hypertension cases as compared to control. The mean value of paraoxonase 1 was statistically significant 

low  among diabetic, hypertension cases .  

Table (2): Comparison between (controls), (diabetic cases), (diabetic and hypertension cases) regarding sex, 

age, LDL TG, cholesterol, HsCRP, Paraoxonase 1, FBG, and PPBG.  

 Controls Diabetic cases Diabetic and 

hypertension cases 

P-value Sig. 

Sex Female No. 15 15 15 1.00 N.S 

% 50.0% 50.0% 50.0% 

Male No. 15 15 15 

% 50.0% 50.0% 50.0% 

Age (years) Mean±SD 35.73 ± 3.61 34.73 ± 3.65 34.90 ± 3.48 0.514 N.S 

LDL 

(mg/dL) 

Mean±SD 88.80 ±8.83 143.44±34.25 142.25 ±33.84 P1=0.001 

P2=0.001 

P3=0.876 

H.S 

H.S 

N.S 

HDL 

(mg/dL) 

Mean±SD 50.30 ± 3.22 40.27 ±4.26 42.63 ±3.75 P1=0.001 

P2=0.001 

P3=0.017 

H.S 

H.S 

S 

TG 

(mg/dL) 

Mean±SD 132.50 ±11.81 229.97 ± 56.43 243.60 ±44.37 P1=0.001 

P2=0.001 

P3=0. 212 

H.S 

H.S 

N.S 

Cholesterol 

(mg/dL) 

Mean±SD 165.57 ± 9.96 229.70 ± 34.61 233.60 ±34.86 P1=0.001 

P2=0.001 

P3=0. 603 

H.S 

H.S 

N.S 

HsCRP 

(mg/L) 

Mean±SD 0.79 ± 0.12 8.56±2.81 14.62 ±2.19 P1=0.001 

P2=0.001 

P3=0.001 

H.S 

H.S 

H.S 

Paraoxonase 1 

(U/L) 

Mean±SD 44.02±11.79 36.63 ±1.48 31.96 ±2.19 P1=0. 076 

P2=0. 004 

P3=0. 260 

N.S 

S 

N.S 

FBG 

(mg/dL) 

Mean±SD 85.93 ± 8.61 204.17 ± 50.20 166.47 ±38.88 P1=0.001 

P2=0.001 

P3=0. 001 

H.S 

H.S 

H.S 

PPBG Mean±SD 113.87 ±7.26 352.67 ±8.59 300.67 ±73.59 P1=0.001 

P2=0.001 

P3=0. 005 

H.S 

H.S 

H.S 

P1--(Controls) and (Diabetic cases), P2-- (Controls) and (Diabetic and hypertension cases), P3-- (Diabetic cases) and 

(Diabetic and hypertension cases) 
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This table showed that the correlation between paraoxonase 1 and other numerical data. There were statistically 

significant negative correlations between Paraoxonase 1 and (LDL, Cholesterol, Hs CRP, FBG, PPBG). There were 

statistically significant postive correlations between paraoxonase 1 and HDL (Table 3). 

 

Table (3): Correlation between paraoxonase 1 (U/L) and other numerical data. 

Correlation 
Pearson’s correlation 

r p 

LDL (mg/dL) * Paraoxonase 1 (U/L) -0.272- 0.010 

HDL (mg/dL)  * Paraoxonase 1 (U/L) 0.186 0.080 

TG (mg/dL)  * Paraoxonase 1 (U/L) -0.150- 0.158 

Cholesterol (mg/dL)  * Paraoxonase 1 (U/L) -0.269- 0.010 

Hs CRP (mg/L)  * Paraoxonase 1 (U/L) -0.240- 0.023 

FBG  (mg/dL) * Paraoxonase 1 (U/L) -0.232- 0.028 

PPBG  (mg/dL) * Paraoxonase 1 (U/L) -0.266- 0.011 

 

DISCUSSION 

Diabetes mellitus, hypertension are both 

associated with increased oxidative stress and changes in 

antioxidant enzyme activities. The increased oxidative 

stress in type 2 DM may result from changes in energy 

metabolism, alterations in sorbitol pathway activity, 

changes in the level of inflammatory mediators, the 

status of the antioxidant defense systems, or localized 

tissue damage following hypoxia and ischemic 

reperfusion injury (9).  

Maxwell et al. (10) also suggest that persistent 

hyperglycemia promotes nonenzymatic glycosylation of 

proteins and local free radical production. 

In this study,serum paraoxonase 1 level was 

decreased in patients with (diabetic group), (diabetic, 

hypertension group) as compared with the (controls 

group) suggesting that serum paraoxonase 1 as a marker 

of diabetes and hypertension.  

These results were in agreement P-value 

with Mackness et al. (11) who showed a reduction in PON 

1 in patients with insulin-dependent diabetes mellitus 

(IDDM). Serum paraoxonase was significantly lower in 

IDDM populations than in controls 67% of the IDDM 

population was in the lower half of the frequency 

distribution for serum paraoxonase 1 .  

Ebtehaj et al. (12) stated that decreased anti-

inflammatory protection capacity of HDL conceivably 

contributes to the increased atherosclerosis risk 

associated with T2DM. The HDL anti-inflammatory 

capacity is substantially impaired in T2DM at least partly 

attributable to the degree of hyperglycemia and 

decreased PON-1.  

Connelly et al. (13) stated that lower mass of 

PON 1; an anti-inflammatory HDL-associated enzyme in 

T2DM may contribute to their increased risk for 

cardiovascular disease. An interaction between the 

inflammatory and metabolic changes in diabetes results 

in lower serum PON 1. The extent to which the lower 

PON 1, subsequent reduction in the anti-inflammatory 

function of HDL contributes to vascular and renal 

changes remains to be determined.  

Dullaart et al. (14) stated that PON-1, HDL 

cholesterol, and apoA-I were decreased in T2DM 

( p < 0.05). The inverse relationship of PON-1 with 

T2DM was only modestly attenuated by HDL 

cholesterol or HDL particle characteristics. Impaired 

PON-1 in T2DM is not  a considerable extent explained 

by altered HDL subfraction levels.  

In contrary to our results Sözmen et al. (15) 

showed no difference in PON 1 in controls or either 

patient group. These data suggest that antioxidant 

enzyme activities are affected more by the severity of 

diabetes than the duration of the disease. These data 

suggest that antioxidant enzyme activities are affected 

more by the severity of diabetes. There was no change in 

PON 1 regarding the duration of diabetes and patients 

who had hypertension for more than either 5 or 10 years; 

had reduced basal/salt-stimulated PON 1 compared with 

patients with less than 5 or 10 years of hypertension 

history. 

Kunutsor et al. (16) stated that serum HDL-C 

concentration was inversely and independently 

associated with the risk of type 2 diabetes. 

In the present study serum Hs CRP levels were 

increased in patients with (diabetic group), (diabetic, 

hypertension group) as compared with the (control 

group) suggesting that serum Hs CRP as a marker of 

diabetes, hypertension. This result was in agreement 

with Ebtehaj et al. (12) . 

Stępień et al. (17) stated that serum Hs CRP 

levels (mg/L) in (low cardiovascular risk), (moderate 

cardiovascular risk), (high cardiovascular risk) were 

0.83 ± 0.26, 1.8 ± 0.6, and 4.9 ± 1.7 respectively. 

In the present study serum cholesterol levels 

were increased in diabetic group, diabetic, hypertension 

group as compared with the control group .These results 

were in agreement with Sözmen et al. (15) and Mahfouz 

et al. (18) .These results were in disagreement with 

Umapathy et al. (19) . 

https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%B6zmen+B&cauthor_id=10667477
https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%B6zmen+B&cauthor_id=10667477
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Serum triglyceride levels were increased in 

patients with (diabetic group), (diabetic, hypertension 

group) as compared with the (control group) .These 

results were in agreement with Sözmen et al. (15) and 

Umapathy et al. (19). This result was in disagreement 

with Han et al. (20). 

 

In the present study serum LDL-cholesterol 

levels were increased in diabetic group, diabetic with 

hypertension group as compared with the (control group) 

.This result was in agreement with Mahfouz et al. (18) 

.Also, this result was in agreement with Umapathy et al. 
(19) . Our results were in disagreement with Sözmen et al. 
(15) . In the present results serum HDL-cholesterol levels 

were decreased in diabetic group, diabetic, with 

hypertension group as compared with controls group 

.These results were in agreement with Ebtehaj et al. (12) 

and Umapathy et al. (19)  .These results were in 

disagreement with Han et al. (20) . 

In the present study serum fasting blood 

glucose levels were increased in diabetic group, diabetic 

with hypertension group as compared with control 

group. These results were in agreement with Sözmen et 

al. (15) and Elsayed et al. (21). 
In the present study serum postprandial blood 

glucose levels were increased in diabetic group, diabetic 

with hypertension group as compared with the control 

group. These results were in agreement with Elsayed et 

al. (21).  In the present study paraoxonase 1 had a 

negative correlation with dyslipidemia. Ebtehaj et al. (12) 

stated that T2DM was associated with lower PON-1 

activity, impaired HDL anti-inflammatory capacity, 

coinciding with decreased HDL cholesterol and 

apolipoprotein A-I. PON-1 showed a positive 

association with HDL-C, inverse relation with lipid 

peroxides, and no association with antioxidant vitamins 

in healthy subjects (22). In the present study paraoxonase 

1 had a negative correlation with blood sugar. Ebtehaj 

et al. (12) stated that T2DM was associated with 

hyperglycemia and lower PON-1 activity . In the present 

study paraoxonase 1 had a negative correlation with Hs 

CRP. This result was in agreement with Ebtehaj et al. 
(12) who stated that T2DM was associated with lower 

PON-1 activity and higher hs-CRP . 

CONCLUSION 
  Therefore, the measurement of the proportion of serum 

PON 1 is considered as a biomarker of atherogenesis in 

Egyptian patients with type 2 diabetes mellitus. 

 

RECOMMENDATIONS 

Serum paraoxonase 1 promises to open up new 

strategies based on these findings for the diagnosis, 

follow up treatment of numerous pathological status 

associated with diabetes and hypertension. Serum 

paraoxonase 1 level is useful as a biomarker in diabetes.  

We hope for more advanced research on a large 

number including male, female Egyptian with diabetes 

mellitus and hypertension. 
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