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Abstract 
Oxidized LDL cholesterol (ox-LDL) is considered to be a key factor of initiating and accelerating coronary heart 

disease CHD and diabetes Mellitus DM , is associated with several mechanisms one of them Oxidative stress. 

The aim of this study was to find the association between ox- LDL ,HDL-C , TG , LDL-C and arylesterase , with 

CHD risk in different age groups in males and females , the difference in these risk factors can explain the sex 

difference and how much the changes in the risk factors levels in CHD and CHD with DM patients between age 

groups. 

Methods: determination biochemical parameters of serum blood of ox-LDL , TG , TC , HDL-c , LDL-c , S. 

Glucose and arylesterase activity were measured in cases male and females were carried CHD and CHD with 

DM .The cases divided in different the age  groups (40-49) , (50-59) and (60-69) years and compered the result 

with control groups . 

Results: mean Value of ox-LDL and oxidation ratio of LDL show significantly higher at (p<0.05) in CHD and 

(p<0.001) in CHD with DM patient for females  in the age group (40-49) years but in the males show the results 

significant decrease  and different significant in others groups ,beside to effect Sex and age some the studied 

biochemistry parameters levels and signification decrease in HDL-C and arylesterase levels as antioxidant 

enzymes in females and male patient selected compared with control groups. 

Key words: Oxidized LDL, Atherosclerosis  ,Diabetes Mellitus ,Coronary heart disease 

Abbreviation list: 

CHD: Coronary heart disease, DM: Diabetes Mellitus, HDL: High density lipoprotein cholesterol, LDL-C: Low 

density lipoprotein cholesterol, TC: Total cholesterol, TG: Triglycerides, OX-LDL: Oxidized low density 

lipoprotein cholesterol . 

Introduction 
Despite the involvement of oxidized LDL (ox-LDL) 

[1] in all stages of atherosclerosis from the initiation 

of fatty streaks to the development of plaque 

instability and rupture, the potential association of 

systemically measured ox-LDL with coronary heart 

disease (CHD) is still a matter of controversy [2],[ 3]. 

ox-LDL has been hypothesized to induce foam cell 

formation, an early yet critical step in the 

development of atherosclerosis [2]. Furthermore, ox-

LDL down regulates endothelial nitric oxide 

synthase, increases the formation of 

metalloproteinase, and induces apoptosis in human 

coronary endothelial cells [1],[5]. Nevertheless, the 

data from epidemiologic studies remain controversial 

Although several studies that investigated the 

association between circulating levels of oxidative 

biomarkers and CHD yielded fairly strong 

associations, others were not able to demonstrate any 

meaningful relationship with CHD. We sought to 

further elucidate whether ox-LDL is a predictor of 

incident CHD in a large prospective population-based 

cohort study of middle aged men and women[6]. 

Oxidative modification of low density lipoprotein 

(LDL) in the arterial wall is central to the 

pathogenesis of atherosclerosis. LDL oxidation has 

been shown to be inhibited by HDL in vitro, In co-

culture HDL prevents the production of mildly 

oxidized LDL by artery wall cells[7]. This protective 

effect of HDL relates to enzymes associated with it. 

Paraoxonase [8], platelet activating factor acetyl 

hydrolase[9] and lecithin: cholesterol acyl transferase 

[10] are the HDL associated enzymes that retard the 

oxidation of LDL by preventing the generation of 

lipid peroxides.[7] Furthermore, logistic regression 

analysis revealed that the predictive value of ox-LDL 

was additive to that of the global risk assessment 

score for cardiovascular risk prediction that is based 

on Framingham risk factors: age, total cholesterol, 

HDL cholesterol, systolic blood pressure, diabetes 

mellitus, and smoking [11]. Atherosclerosis, a major 

degenerative disease of arteries involves a series of 

inflammatory and oxidative modification within the 

atrial wall(12) Atherosclerosis typically being with 

endotheial injury followed by low density lioprotien 

(LDL)oxidation and accumulation with vascular cell 

,triggering the pro-inflammatory cascade (inter leukin 

(IL)-1,IL-6 and tumor necrosis factor (TNF)-a) and 

the subsequent proliferation of smooth muscle cell, 

Through this complex process, a sequence of events, 

including foam cell formation followed by fibrous 

cap and thrombus formation in the advanced plaque 

occurs leading to cardiovascular diseases, such as 

coronary heart diseases (angina, myocardial 

infarction, stroke, and peripheral vascular diseases 

[13] emerging researches shows that obesity, 

hypertension, diabetes mellitus, dyslipidemia , 

smoking, aging, diets rich in saturated fats, and 

reduced activity are the established risk factors for 

atherosclerosis[14],[15]. 

Oxidative stress is a state in which oxidation exceeds 

the antioxidant systems in the body, it is arises from 

an imbalance between the production of reactive 

oxygen species (ROS) and the body’s antioxidant 

defenses against them, which intensifies cellular 

damage. The antioxidant defenses enable the body 

system to remove ROS, restore the prevailing 
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reducing environment and repair the tissue damage 

[16]. Oxidative stress plays an important role in the 

etiology and pathogenesis of many chronic diseases 

such as atherosclerosis, hypertension cancers [17] and 

diabetes mellitus which is a chronic metabolic 

condition leading to microvascular and 

macrovascular complications resulting in 

considerable morbidity and mortality, Patients with 

diabetes are at a two to four-fold increased risk of 

cardiovascular disease (CVD). However, the 

mechanism that predisposes these patients to 

increased risk of CVD is poorly understood. 

Inflammatory processes have been increasingly 

recognized to play a role in pathogenesis of both 

diabetes and heart disease, and may offer a biological 

link between the two diseases. Various circulating 

markers of inflammation have been extensively 

evaluated for their role as risk predictors of 

cardiovascular disease, Dietary intake of antioxidants 

can inhibit or delay the oxidation of susceptible 

cellular substrates so prevent oxidative stress.[18]. 
The Aim of study: 

The present study was the effect of levels (ox-LDL, 

TG, TC, HDL-C, LDL-C, VLDL-C, S. Glucose, 

Arylesterase activity) in different age groups with 

development of heart disease ((CHD) and (CHD with 

DM)) for females and males . 
Material and methods 
Taking 163(93 samples from patient (female) and 70 

(male)) who attend Rizgary Teaching Hospital, the 

province of Arbil, Iraq,between November 2014-

march 2015 and the intensive care cardiac samples 

were divided into two section first to those who suffer 

from heart disease and blood vessels, other part with 

one heart and cardiovascular diseases, as well as type 

II diabetes from both disease and gender (male and 

female) than they were aged between 40-70 years. 

were divided in the age groups (40-49) , (50-59) and 

(60-69) years 

Control group: 137 samples taken from healthy 

people with the same age of the patients group. 

Blood collection and biochemistry analysis : 

Blood samples (5ml) were collected before initiating 

the treatment in patients. fasting blood sample were 

used to analyze (total cholesterol, HDL-C , LDL-C , 

VLDL-C and triglycerides, S.glucose) commercial 

diagnostic kits from franc (BDH) company . serum 

sample collected to estimate  OX-LDL and frozen at 

(-80) °C then were analyzed within one month the kit 

for estimating ox-LDL, the kit was obtained from 

MyBiosource company ,U.S.A. depended on ELISA. 

And Arylesterase was assayed by using 4 mM phenyl 

acetate as a substrate depending on (Allwsh and 

Jasim) method [19].  

Statistical analysis : 

All  data have presented as mean ±SD. (One-way 

analysis of variance) (ANOVA) was performed on 

each variable and the Bonferroni statistics employed 

to compare the mean values from the different groups 

.un paired T-test was used to assess the effect 

between groups. differences were considered 

significant at (P<0.05,P<0.01,P<0.001), All statistical 

analysis were performed using SPSS statistical 

software (version 19) .   

Results and Discussion 
In this study, the patients were examined as a part of 

population based survey for lipid profile in Irbil city , 

serum lipid profile was measured for all subjects 

following 12 hours fasting . this profile includes 

TC,TG,HDL-C,LDL-C, ox-LDL, ox-LDL/TC, ox-

LDL/HDL, ox-LDL/LDL-C , Arylesterase (U/mmol), 

S-Glucose. The results are presented in conventional 

units of mmol/l for control (female and males) in two 

groups were not different because the control were 

age and sex matched to cases . 

A total of (93 females and 70 male) as patients 

individuals participated in the study the clinical and 

biochemical characteristics of the study population 

are show in the table(1), the age group (40-49) year 

show higher significantly in (ox-LDL; ox-LDL/TC; 

ox-LDL/HDL-C and ox-LDL/LDL-C) at(p<0.05) for 

patients with CHD and significant increased at 

(p<0.001) for (ox-LDL; ox-LDL/LDL-C; ox-

LDL/HDL-C) and ox-LDL at (p<0.01) for patients 

with (CHD+DM) when compared with control group. 

The age group (50-59) years show signification  

increase at (P<0.05) for (ox-LDL; ox-LDL/TC; ox-

LDL/HDL-C) for CHD patients. in addition the high 

significantly at (P<0.05) for females with (CHD with 

DM) in (ox-LDL; ox-LDL/TC and ox-LDL/HDL-C) 

at(p<0.01), wherever there was a significant 

decreases at (p<0.05) for ox-LDL/LDL-C for female 

with CHD and (CHD+DM) group where compare 

with control group for the same age . 

The (60-69) years group show increase significantly 

at (P<0.01) for ox-LDL, and ox-LDL/HDL-C at 

(p<0.05) for females with (CHD) higher signification 

increases at (p<0.001) for females with (CHD with 

DM) for (ox-LDL; ox-LDL/TC and ox-LDL/HDL-

C), wherever  no signification difference in (ox-

LDL/TC; ox-LDL/LDL-C) for females with (CHD) 

when compared with control and no signification in 

ox-LDL/LDL for female with (CHD+DM) when 

compared with control. the results shows for females 

in age group with (CHD) higher signification at 

(p<0.05) for ox-LDL and ox-LDL/TC and ox-

LDL/HDL-C where compared with healthy females 

as a control group. 
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Table(1) oxidized low density lipoprotein in females (Coronary heart disease and Diabetes type2) 

Age year Patients ox-LDL (mmol/l) ox-LDL /TC ox-LDL /HDL-C ox-LDL/LDL-C 

40-49 CHD 

N=10 

40.64±6.71 

* 

7.37±0.12 

* 

44.65±8.71 

* 

10.66±0.88 

* 

CHD+DM 

N=13 

47.09±9.03 

*** 

7.69±1.04 

** 

57.42±5.31 

*** 

11.92±2.12 

*** 

control  (N=30) 24.01±9.16 5.152±0.98 22.45±0.008 8.365±2.12 

50-59 CHD 

N=18 

45.091±9.11 

** 

8.07±0.81 

** 

62.89±10.09 

** 

11.75±1.27 

** 

CHD+DM 

N=17 

49.22±10.31 

** 

8.189±1.05 

** 

60.67±12.31 

* 

11.74±1.56 

** 

control (N=22) 30.16±5.31 6.27±0.69 29.86±5.059 13.771±1.50 

60-69 CHD 

N=20 

55.19±7.91 

** 

9.306±2.03 66.49±8.71 

* 

12.51±1.47 

CHD+DM 

N=15 

57.44±11.07 

*** 

11.08±1.56 

*** 

74.59±13.11 

*** 

12.35±2.06 

control  (N=15) 38.4±8.72 8.30±0.02 38.4±6.67 13.24±2.28 

All CHD 

 

47.33±10.11 

* 

8.549±1.033 

* 

58.72±7.13 

* 

11.74±1.18 

CHD+DM 

 

54.31±12.11 

*** 

9.03±0.97 

*** 

61.71±6.09 

*** 

12.48±1.25 

* 

control 30.87±6.06 6.63±0.99 30.22±2.11 11.80±0.166 

P*<0.05 ,P**<0.01 , P***<0.001 (Compared females with control for same age ) 

 

Recently we show high signification at(p<0.001) for 

all groups for different ages groups for example 

(CHD+DM) ox-LDL; ox-LDL/TC and ox-LDL/HDL 

compared with control, and signification increase at 

(p<0.05) in ox-LDL/LDL-C  when compared with 

control group. 

This results for oxidized low density lipoprotein may 

be due to the Lp-PLA2 enzyme ( lipoprotein 

associated phospholipase A2) activity  is an important 

risk predictors for CHD, ox-LDL correlated 

positively with activity of Lp-PLA2 in CHD because  

the ox-LDL being substrate of Lp-PLA2 may be 

affects the activity of this enzyme [18] Lp-PLA2 

hydrolyses oxidized phospholipid of OX-LDL to 

produce lysophosphatidycholine (LysoPC) and 

oxidized non esterified fatty acid (OXNEFA) [20]. 

the two products are prion flammatory and a 

therogenic and are important contributors to the risk 

of CHD.  In addition, a positive correlation was 

observed between enzyme activity and fasting 

glucose in diabetes group, the hyperglycemia may be 

effected the activity of the Lp-PLA2 which is increase 

in ox-LDL levels [18] The enzyme activities which 

have an important role in lipoproteins synthesis such 

as cholesterol acyl. COA Carboxylase and reduced 

the activity of cholesterol Acyltransferase and lecithin 

and inhibiting the activity of lipoprotein lipase and 

liver lipase activity that led to increased synthesis of 

vL DLc and decreased the concentration of HDL-C 

[21]. 

In this study found a strong significant effect between 

ox-LDL and total cholesterol ratio and known that 

HDL levels are associated with age in women, HDL-

cholesterol levels increase progressively to the fifth 

decade and then decrease with menopause, the 

mechanism may influence the data on HDL-C 

concentration [22]. One of the more prominent 

markers of oxidative stress in DM is ox-LDL ; 

increased production of free oxygen radicals, higher 

ox-LDL along with stimulation of ox-LDL uptake by 

macrophages and the ensuing promotion of early 

atherosclerotic changes might be contributed by 

insulin resistance (IR);hyperglycemia is associated by 

increased inflammatory burden and increased lipid 

peroxidation ,all leading to inhanced macrophage 

foam cell formation , low density lipoprotein (LDL) 

oxidation by macrophages was increased due to the 

activation of several pro-oxidant systems as well as 

the depletion of antioxidants [23] ox-LDL and 

oxidation ratio of LDL (ox-LDL/TC, ox-LDL/HDL-

C, and ox-LDL/LDL-C) are closely related with CHD 

and they are better biomarkers for discrimination 

between patients with coronary heart disease and 

healthy[24]. 
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Table(2) Biochemical variables in females ( Coronary heart disease & Diabetes type2) 
Age 

year 

Patients TG 

mmol/l 

TC 

mmol/l 

HDL-C 

mmol/l 

LDL-C 

mmol/l 

HDL-C/TC HDL-C  /LDL-C Aryl-esterase 

U/mmol 

S.Glucose 

mmol/l 

40-49 CHD 

N=10 

2.55±1.93 

* 

5.5± 0.31 0.91±0.031 3.51± 1.10 0.165±0.031 0.259±0.031 

* 

50.31± 9.91 

* 

5.95±1.21 

CHD+DM 

N=13 

2.91±0.11 

** 

6.12±0.92 

** 

0.82±0.031 

* 

3.75± 0.95 

* 

0.133±0.021 

* 

0.218±0.021 

** 

46.93± 8.17 

** 

7.71±0.01 

*** 

control 

N=30 

1.8± 0.74 4.66±0.92 1.09± 0.28 2.87± 0.77 0.23± 0.03 0.379± 0.021 68.92± 4.31 5.51± 0.38 

50-59 CHD 

N=18 

3.04±0.44 

** 

5.81±0.92 

* 

0.78± 0.07 

* 

3.99± 0.91 

* 

0.134±0.071 0.195± 0.08 

** 

42.71±12.01 

* 

5.85±1.13 

* 

CHD+DM 

N=17 

3.33±0.05 

*** 

6.01±1.21 

** 

0.81± 0.07 

** 

4.19± 0.96 

*** 

0.134±0.041 0.193± 0.04 

** 

33.41±12.44 

** 

7.31±1.35 

*** 

control 

N=22 

2.036±0.78 4.81±0.91 1.106±0.257 2.91± 0.87 0.229± 0.0289 0.380± 0.0295 59.87± 12.1 4.59±0.25 

60-69 CHD 

N=20 

4.32±1.05 

** 

5.93±1.21 

** 

0.83±0.044 4.41± 0.91 

* 

0.1399±0.03 

* 

0.188± 0.06 

* 

55.41±11.31 

 

6.70±1.12 

* 

CHD+DM 

N=15 

4.53±0.88 

*** 

5.18±1.03 0.77±0.031 

* 

4.65± 0.78 

** 

0.148±0.008 0.165±0.016 

** 

42.32±10.21 

** 

7.71±2.26 

** 

control 

N=15 

1.851±0.85 4.622± 1.22 1.0± 0.233 2.90±1.191 0.216± 0.09 0.344±0.019 55.42± 9.91 5.98±0.07 

All CHD 3.96±0.79 

*** 

5.77±1.31 

* 

0.84± 0.04 

** 

4.20± 0.92 

* 

0.145±0.044 

* 

0.2± 0.033 

* 

52.33± 8.72 

* 

6.12±1.11 

CHD+DM 3.25±0.21 

* 

6.01±1.21 

** 

0.88±0.025 

* 

4.35±0.871 

** 

0.146±0.071 

* 

0.202±0.047 

* 

43.01± 7.01 

*** 

7.31±2.71 

** 

control 1.863±0.78 4.659±0.90 1.096±0.252 2.836±0.83 0.235±0.028 0.386± 0.03 61.403± 9.21 5.36± 1.13 

P*<0.05 ,P**<0.01 , P***<0.001 (Compared females with control for same age ) 

 

The results in table(2) show signification for females 

the age group (40-49) years which increase 

signification at (p<0.05) for TG and decrease 

signification at (p<0.05) for (HDL/LDL), 

Arylesterase and no signification in (TC,HDL-C; 

LDL;HDL/TC; S.Glucose) when compare with 

control, for females (CHD) and the results show for 

females (CHD with DM)  high significantly increases 

at(p<0.01) for (TG,TC) and (S.Glucose) at(p<0.001), 

and decrease signification at (p<0.05) in HDL-

C,HDL-C/TC and HDL-C/LDL-C, Arylesterase 

at(p<0.01) when compared with control group. 

On the other hand the age group (50-59) years show 

high signification increase at (p<0.05) in level of 

LDL-C, S.Glucose, TC, and TG at(p<0.05), while 

there was a decrease signification at (p<0.01) for 

HDL-C/LDL-C and (HDL-C; Arylesterase) at 

(p<0.01) for females with (CHD) compared with 

control group. For females with (CHD and DM) show 

increase signification at (p<0.001) in (TC, LDL-C, 

S.Glucose) as well as TG at (p<0.01) and decrease 

signification at (p<0.01) in HDL-C, as well as 

decrease signification in HDL-C/LDL and 

Arylesterase when compared with control group.  

The third age group (60-69) years the female with 

(CHD) show high significantly increases at (p<0.01) 

in TG, LDL-C, TC and S.Glucose at (p<0.05), but 

decrease signification at (p<0.05) in HDL-C/TC, 

HDL-C/LDL-C, arylesterase , while no signification 

in HDL-C level. For females with (CHD and DM) 

show high signification at (p<0.01) in S.Glucose  

while signification at (p<0.001) for TG, LDL-C, but 

signification decrease at (p<0.05) for HDL-C , HDL-

C/ LDL-C, arylesterase. while no signification in TC 

and HDL-C/TC levels.  

The total the age groups the results show signification 

increase at (p<0.001) in TC, LDL-C, TG levels at 

(p<0.05), but there was significant decrease 

at(p<0.05) in arylesterase, HDL-C, HDL-C/LDL-C 

and HDL-C/TC while no signification in S.Glucose 

for females with CHD, The females with (CHD and 

DM) shows the results significant increase at(p<0.05) 

in TG, LDL-C(p<0.01), S.Glucose and TC, while 

decrease significant at(p<0.05) in HDL-C, HDL-

C/LDL-C,and arylesterase, but  no significant in 

HDL-C/TC level when compare with healthy women. 

The results in table (2) shows increased in TG, 

TC,HDL-C/LDL-C levels . lipid abnormalities, high 

blood pressure, and smoking are major risk factors 

for coronary heart disease . obesity and diabetes also 

contribute to CHD risk, the role of major 

cardiovascular risk factors in the development of 

CHD[25], male and female phenotypes are developed 

through the action of sex hormones, Among women 

storgen is the predominant sex hormone, the decrease 

in estrogen production after menopause changes the 

females lipid metabolism toward a more atherogenic 

form by decreasing the HDL cholesterol level and by 

increasing LDL-C and total cholesterol, triglyceride 

and lipoprotein (a) levels [26],[27]. In addition to the 

lipid effect, estrogen may have cardio protective 

effects through glucose metabolism and the 

hemostatic system, and it may be also have direct 

effect on endothelial cell function [25] .Some of 

studies show the strong association between high TG 

to HDL molar ratios and high levels of circulating ox-

LDL, even after adjustment for LDL cholesterol 
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levels , thus suggests astrong association between  the 

small, dense LDL phenotype and oxidation of LDL 

[11] . 

The characteristic dyslipidemia in metabolic 

syndrome which favors atherogenesis is an elevated 

vLDL, lowered HDL and qualitatively altered LDL 

which becomes small and dense which is more 

readily oxidized and more atherogenic, bing non 

recognized by LDL receptors but taken up by 

macrophages which intern become the foam cell, the 

increased free fatty acid  fluxes to the liver resulting 

in increased synthesis of vLDL because of hepatic 

insulin resistance even postprandial vLDL synthesis , 

its clearance too is impaired because of impaired 

lipoprotein lipas activity due to the insulin resistance , 

normal activity of cholesterol ester transport protein 

results in transfer of cholesterol esters between 

vLDL-C, LDL-C and HDL-C. thus vldl-C becomes 

cholesterol rich and LDL-C and HDL-C becomes rich 

in triglycerides then they reach liver, lose the 

triglyceride merely by the action of hepatic lipase, 

whose activity is normal despite insulin resistance , 

thus converting intor small dense LDL small dense 

HDL which are poor cholesterol scavengers because 

of inpaired reversed cholesterol transforms [28]. 

Diabetes is associated with an increased risk of 

cardiovascular death and higher incidence of CHD 

[29]. One  of the features of diabetes is abdominal 

obesity and visceral adipose tissue plays an 

importance role in the progress of diabetes [28]. in 

addition to change in sex hormone levels with aging 

or illness may lead to metabolic disorders. more ever, 

the ratio changes in men versus women may have 

distinct pathological responses [30] . 

The results show decrease in arylesterase level, 

arylesterase can in turn hydrolyze lipid peroxides in 

ox-LDL and convert them to a less atherogenic LDL-

C thus causing further reduction in ox-LDL content 

[16] . Arylesterase is a calcium dependent HDL 

associated ester hydrolase that catalyese the 

hydrolysis of organophosphates , aromatic carboxylic 

acid esters and carbamates  purified human HDL 

associated arylesterase retards the oxidation of LDL 

by preventing the generation of lipid peroxides [7]. 

The reason for decrease arylesteras activity enzyme 

may be due to decreased ability of HDL to protect 

erythrocyte membranes could be related to lipid 

composition of HDL and to this low arylesterase 

enzyme activity, and diabetic is associated with 

oxidative damage, the higher lipid peroxidation 

products in diabetic patients are ascribed to higher 

susceptibility of plasma lipoproteins to oxidation and 

decrease of antioxidant defenses [31]. Oxidative- 

imbulance has been implicated in the etiology various 

disorders, including cancers, renal disease, 

parkinson’s disease and diabetes mellitus. 

arylesterase activity has been shown to be modulated 

by lifestyle and dietary factors such as short – term 

caloric restriction , same studies suggests the increase 

in the susceptibility of low–density lipoprotein for 

oxidation is due to the decrease in serum arylesterase 

activity with age [32]. 

 

Table(3) oxidized low density lipoprotein in males (coronary heart disease& Diabetes type2) 

Age (year) Patients ox-LDLmmol/l ox-LDL/TC ox-LDL/HDL-C ox-LDL/LDL-C 

40-49 CHD 

N=10 

45.81±4.21 

++ 

7.691±0.159 

++ 

53.26±4.47 

+++ 

13.05±1.08 

++ 

CHD+DM 

N=12 

46.33±2.01 

++ 

7.55±0.911 

+++ 

61.691±1.97 

+++ 

11.789±2.41 

+ 

control (N=25) 26.33±2.05 13.21±2.30 25.81±2.51 8.955±1.02 

50-59 CHD 

N=11 

29.11±5.31 

+ 

4.892±1.052 

++ 

42.189±6.91 

++ 

6.60±3.87 

++ 

CHD+DM 

N=14 

30.41±2.66 

+ 

4.606±1.681 

++ 

39.966±5.42 

++ 

6.83±3.591 

+ 

control (N=30) 33.11±9.12 1.413±0.81 26.02±2.87 11.223±2.7 

60-69 CHD 

N=13 

38.03±2.31 

+ 

6.76±2.316 

+ 

54.25±8.031 

++ 

8.335±1.351 

++ 

CHD+DM 

N=10 

40.01±4.61 

++ 

6.941±1.44 

+ 

58.715±12.817 

+++ 

6.697±2.571 

+++ 

control (N=15) 39.77±7.41 8.707±0.53 39.02±5.61 14.95±2.65 

All CHD 

 

37.97±4.24 

++ 

6.154±1.709 

+ 

50.553±8.831 

++ 

9.127±1.031 

+ 

CHD+DM 

 

38.97±3.03 

+ 

5.985±1.711 

++ 

54.12±11.351 

+++ 

8.113±2.98 

+ 

control 32.66±7.16 7.11±1.01 30.28±3.41 11.69±1.21 

P
+
<0.05 ,P

++
<0.01 , P

+++
<0.001 (Compared between males with control for same age ) 

 

The results for males (CHD and CHD+DM) table (3) 

for oxidized low density lipoprotein for age group 

(40-49) years  male with (CHD) significant increase 

at (p<0.01) for ox-LDL, ox-LDL/HDL-C(p<0.001) 

and ox-LDL/LDL-C. but significant decrease at 

(p<0.01)for ox-LDL/TC, the male with (CHD & DM) 

the results show significant increase (p<0.01) for ox-

LDL, ox-LDL/TC, ox-LDL/HDL-C and ox-
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LDL/LDL-C when compared with control group for 

the age year (40-49).   

The age group (50-59) years with CHD disease the 

results show significant decrease for ox-LDL at 

(p<0.05), ox-LDL/TC at(p<0.01), but the significant 

increase at (p<0.01) in ox-LDL/HDL-C, ox-

LDL/LDL-C. (CHD with DM) group the results show 

significant  decrease at(p<0.05) for ox-LDL, ox-

LDL/LDL-C and ox-LDL/TC on other side 

significant increase at(p<0.01) for ox-LDL /HDL-C 

when compared with control group for the same age 

group.  

The age group (60-69) years for (CHD) patients the 

results indicated significant increase at (p<0.05) for 

ox-LDL/TC, ox-LDL/LDL-C while ox-LDL/HDL-C 

at(p<0.01), the results show significant decrease in 

ox-LDL. the (CHD and DM)  group the result show 

significant increase at (p<0.01) for ox-LDL and ox-

LDL/HDL-C, while significant decrease at(p<0.05) 

ox-LDL/LDL-C, and ox-LDL/TC when compared 

with normal females as a control group . 

The results shows for all age groups (CHD) highly 

significant increases at (p<0.01) for ox-LDL, ox-

LDL/HDL-C, and significant decrease at(p<0.05) for 

ox-LDL/TC, ox-LDL/LDL-C, (CHD with DM) group 

the result show significant increase ox-LDL 

at(p<0.01) and ox-LDL/HDL-C at(p<0.001) while 

significant decrease in ox-LDL/LDL-C at (p<0.05), 

ox-LDL/TC at(p<0.01) when the result compared 

with control group for the same age . 

The results show highly significant  for ox-LDL level 

in patients with (CHD with DM) the reason may be 

due low density lipoprotein cholesterol (LDL-C) has 

been confirmed to play an important role in 

development of CHD, including endothelial cell 

injury, inflammation, foam cell, formation, and 

unstable plaque rupture [33].and the NCEP ATPIII 

(National Cholesterol  Education Program Adult 

Team Panel III) have emphasized that lowering LDL-

C is an important target in the prevention and 

treatment of coronary heart disease some evidence 

indicate that oxidized low–density lipoprotein 

cholesterol (ox-LDL) plays a more crucial role in the 

process of CHD. ox-LDL was increased in patients 

with coronary heart disease, found that unstable 

plaques were filled with ox-LDL which elevated 

levels was positively correlated with acute coronary 

syndrome, and level of ox-LDL is regarded as an 

index severity of acute coronary syndrome[33].  

The indicate serum ox-LDL level and oxidation ratio 

of LDL are closely related with CAD, more 

interesting date form the study revealed that the 

correlation ship between CAD and relative degree of 

LDL oxidation is stronger than with the level of ox-

LDL in vivo [34]. 

Hyperglycemia may lead to intracellular changes in 

redox state resulting in depletion of cellular 

NADpH+H pool, leading to increased tendency for 

oxidative stress and high level of oxidized lipoprotein 

especially LDL , in addition the macrophage express 

scarenger receptors for modified lipoprotein (ox-

LDL) permitting themnto ingest lipids and become 

foam cells , the activated macrophage can generate 

reactive oxygen species that augment oxidant stress 

[35]. 

On the other hand the (50-59) years group the  result 

show  decrease in ox-LDL level the reason may be 

that was HMG-COA(statins) are considered as the 

frontline medication which can reduce cardiovascular 

morbidity and mortality in both primary and 

secondary preventation [36]. By lowring LDL, 

studies have also shown that statins can slow down 

progression or even regress coronary CHD, and found 

that statins also have pleiotropic effect such as 

antioxidant, anti-inflammatory, and stabilization of 

plaques which are independent of LDL lowering [37]. 

As well as the simulation can significantly reduce 

circulating  ox-LDL level in subjects with coronary 

artery disease (CAD) and that agree with researcher 

Pasterkamp et al. which show the effect statins on 

reducing level of ox-LDL and oxidation ratio of LDL 

(ox-LDL/TC, ox-LDL/HDL-C, ox-LDL/LDL-C in 

long), as well as short – period (within 2 weeks) 

therapy [33]. 

From the other side the result indicated decrease in 

ox-LDL, ox-LDL/TC, ox-LDL/ LDL-C,for male with 

CHD  and DM , the reason may be due to diabetes 

mellitus is characterized by disturbance in insulin 

secretion, act of it enzyme or both in which lead to 

hyperglycemia condition, clinically the glucose – in 

blood stream cannot move efficiently from vascular 

in to cell, so that the glucose level  in blood stream 

remain high this will harm the entire organ in the 

body and certain tissue because of hyperglycemia 

[38], so ox-LDL can be formed by several causes one 

of them is through non enzymatic glycation, glycation 

process can occur in Apo ẞ as well as LDL-C-

phospholipid, advanced glycosylation End products 

(AGEs) which formed by oxidative stress and 

hyperglycemia can oxidize LDL-C, glycated LDl-C 

will bind with scavenger receptor in macrophage 

which it can be a foam cell later-the foam cell is a 

fundamental for forming atherosclerotic lesion [39]. 

There are several method that can be done as a step of 

palliative therapy for type 2 diabetes mellitus , one of 

them through inhibition of lipoprotein –associated 

phospholipase A2 (Lp-PLA2) which is very 

specifically to the inflammation in vascular has low 

biologically variability, and has a role in 

atherosclerotic plaque inflammation .new finding 

suggests that Lp-PLA2 can be substantial risk factor 

on CHD plaque formation and on it’s rupture [40] . 

one of the drugs which act through selective 

inhibition of Lp-PLA2 is Dara pladib which some 

patents with DM used treatment hyperglycemia, the 

drug is irreversible inhibitor for Lp-PLA2 enzyme by 

formed from two hydrogen bonding interaction with 

tyr160 and gln 352 side chain and a couple of pi-pi 

interaction with aromatic and aliphatic hydrophobic 

remainder of Lp-PLA2 [41]. as well as the drugs has 
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the ability as a selective inhibitor for Lp-PLA2 

receptor, by inhibiting the receptor of Lp-PLA2, it 

also inhibits the formation of lysophosphatidylcholine 

(Lyso-pc) and oxidized free fatty acid (ox-FA) which 

is derived from ox-LDL [42]. 

The results table(4) show the patients(40-49) years 

with CHD highly significant increases at (p<0.05) for 

TG, TC, LDL-C and decrease significantly at(p<0.05) 

in HDL-C/TC, HDL-C/LDL-C, and Arylesterase but 

there is no significant difference in S.glucose level . 

The patient group with (CHD with DM) the results 

show significant increase at (p<0.01) in TG, LDL-C 

and (TC ,S.glucose) at (p<0.001), while a significant 

decrease at (p<0.01) for HDL-C, at (p<0.05) HDL-

C/TC and arylesterase activity the results compared 

with healthy males group. 

The result of (50-59) years group shows  highly 

significant at(p<0.01) in (CHD) patients at for TG, 

S.glucose, TC, LDL-C as well as significant decrease 

at(p<0.05) HDL-C, HDL-C/TC and HDL-C/LDL-C, 

while no significant difference in arylasterase. while 

(CHD with DM) group show highly significant 

increases at (p<0.01) for TG, LDL-C, TC and 

S.glucose, while decrease significant at(p<0.05) in 

HDL-C, HDL-C/TC and HDL-C/LDL-C, all this 

result compared with normal group  for the age (50-

59) year . 

From the other side the results show for (60-69) year 

age group for CHD patients significant increase at 

(p<0.01) for TC,LDL-C, S.glucose and TG at 

(p<0.05), while significant decrease at (p<0.05) for 

HDL-C while no significant difference in HDL-C/TC 

and arylesterase. the patients of (CHD with DM) 

group the result show significant increase at (p<0.01) 

for TC,TG, LDL-C and S.glucose, while there was a 

significant decrease at (p<0.001) for HDL/TC, 

arylesterase as well as HDL-C and HDL-C/LDL-C, 

as well as no significant difference in arylesterase 

levels. all this result are compared with healthy male 

as a control group.  
 

Table (4) Biochemical variables in males (coronary heart disease& Diabetes type2) 
Age 

year 

Patients TG 

mmol/l 

TC 

mmol/l 

HDL-C 

mmol/l 

LDL-C 

mmol/l 

HDL-C/TC HDL-C /LDL Arylesterase 

U/mmol 

S.Glucose 

mmol/l 

40-49 CHD 

N=10 

2.61±0.41 

+ 

5.95±0.75 

++ 

0.86±0.03 

 

3.51±1.03 

+ 

0.144±0.021 0.245±0.011 

+ 

52.33±3.31 

+ 

4.61±1.93 

CHD+DM 

N=12 

3.11±0.61 

++ 

6.13±1.21 

+++ 

0.751±0.07 

+ 

3.95±0.98 

++ 

0.122±0.061 

+ 

0.190±0.026 

++ 

55.36±2.03 

+ 

6.97±0.67 

+++ 

control 

N=25 

1.924± 0.704 4.715± 0.89 1.02± 0.02 2.942± 0.288 0.216± 0.02 0.346± 0.03 65.91± 8.01 4.41± 0.80 

50-59 CHD 

N=11 

3.36±0.15 

+ 

5.95±0.91 

++ 

0.691±0.061 

+ 

4.41±1.04 

++ 

0.116±0.057 

+ 

0.156±0.049 

++ 

49.76±3.45 

 

5.67±0.99 

+ 

CHD+DM 

N=14 

3.71±1.09 

++ 

6.61±0.96 

+++ 

0.761±0.031 

+ 

4.45±0.77 

++ 

0.116±0.012 

+ 

0.171±0.062 

++ 

45.43±3.44 

++ 

7.71±1.13 

+++ 

control 

N=30 

2.09± 0.61 4.84± 0.878 1.072± 0.22 2.958± 0.841 0.221± 0.012 0.362±0.0261 52.71± 5.17 4.98± 0.67 

60-69 CHD 

N=13 

3.95±1.06 

++ 

5.63±0.86 

+ 

0.701±0.04 

+ 

4.56±1.03 

+ 

0.136±0.081 

 

0.153±0.079 

++ 

40.88±2.91 5.96±0.04 

 

CHD+DM 

N=10 

3.99±1.33 

+++ 

5.77±1.03 

++ 

0.661±0.07 

+++ 

5.98±0.31 

+++ 

0.114±0.022 

+ 

0.110±0.53 

+++ 

39.98±3.41 

+ 

7.91±1.41 

+++ 

control 

N=15 

1.979± 0.674 4.41± 0.83 1.019± 0.214 2.622± 0.786 0.231±0.0257 0.383± 0.027 49.78± 2.03 5.70± 0.51 

All CHD 

 

3.30±0.061 

++ 

6.176±0.871 

++ 

0.751±0.051 

+ 

4.163±0.96 

++ 

0.180±0.034 

 

0.1807±0.04 

+ 

47.656±4.32 

+ 

5.53±1.23 

CHD+DM 

 

3.60±0.33 

++ 

6.50±1.91 

+++ 

0.724±0.041 

+ 

4.80±1.09 

+++ 

0.111±0.096 

+ 

0.167±0.089 

+ 

32.926±3.41 

+++ 

7.506±1.12 

+++ 

control 1.983± 0.73 4.596± 0.922 1.045± 0.225 2.779± 0.861 0.227± 0.091 0.376± 0.026 56.13±  8.11 5.03±0.991 

P
+
<0.05 ,P

++
<0.01 , P

+++
<0.001 (Compared between males with control for same age ) 

 

The patients for all the age groups show result for 

CHD highly increase significant  at(p<0.01) for 

TG,TC,LDL-C while significant decrease at (p<0.05) 

for HDL-C,HDL-C/TC, HDL-C/LDL-C and aryl-

esterase , the patients of (CHD with  DM) the results 

indicated increase for TG at(p<0.01) and TC, LDL-C, 

S.glucose at(p<0.001), as well as significant decrease 

for HDL-C ,HDL-C/TC,HDL-C/LDL-C and 

arylesterase this result compared with control group . 

The results shows CHD dyslipidemia is checterized 

by -3-lipid abnormalities: elevated TG , reduced 

HDL-C and small LDL particle size ,LDL is 

heterogeneous in terms of size and density [11] , 

After the age of 20 years , low density lipoprotein 

cholesterol (LDL-C) increase significantly in both 

men and women or is in a flat state between the age 

of (50-60) years (male) and (60-70) years (female) on 

the other hand ( HDL-C) levels decrease during 

puberty to young adulthood (in male) throughout 

their lives women have lower TC compared to men  

but the levels will rise sharply after menopause and 

will be higher in the age 60 year as compared to men 

[43]. 

Insulin resistance and type 2 diabetes are associated 

with interrelated plasma lipid and lipoprotein 

abnormalities, which include reduced HDL 
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cholesterol, and a predominance of elevated 

triglyceride levels is associated with an increased risk 

of cardiovascular disease, HDL-C the anti 

atherogenic lipoprotein influences the retardation of  

CHD process and it low levels contribute to CADin 

Diabetes Mellitus [28] The antioxidant  roles to 

oxidative imbalance has been implicated in the 

etiology of various disorders , including cancer , renal 

disease and diabetic mellitus [32], Hyperglycemia 

generates free radicals , increasing oxidative stress, 

which is proven to be one of the mechanisms for the 

development of complication in DM [44] .  

The high plasma levels of lipid peroxidation products 

in diabetic patients are attributed to higher 

susceptibility of lipoprotein for oxidation, this 

enzyme has both paraoxonase and arylesterase 

activity and by virtue of it’s hydrolytic action, 

prevents accumulation of lipid peroxides in LDL, and 

gives protection  against lipoprotein oxidation [45] . 

The decrease in arylesterase activity may decrease the 

antiatherogenic effect of HDL leading to accelerated 

and CAD in diabetic patients, who have additional 

proatherogenic dyslipidemias, DM is associated with 

dyslipidemias due to deficiency and/insulin 

resistance, there is ineffective lipoprotein lipase 

activity, increased lipolysis, and increase hapatic 

VLDL secretion resulting in hyperlipidemia, both 

micro and macro vascular complication of DM are 

majorly due to LDL peroxidation, HDL along with 

(PON) arylesterase activity reduces the formation of 

ox-LDL, lower HDL level and reduced PON 

(arylesterase) activity will increase the risk for the 

development of complication in DM[46]. some 

studies show that the increase in susceptibity of LDL-

C for oxidation is due to the decrease in serum 

arylesterase activity with age [32]. 

Conclusions 
Results of the present study showed that there were 

increased ox-LDL level in coronary heart disease and  

diabetic type 2 and increase in the prevalence of 

metabolic disease (T2DM and CHD) in old age may 

be related directly with age or CHD process itself or 

in directly through several other-age –related risk 

factors of T2DM and CHD such as Free fatty acid 

(FFA), lipid metabolisms, insulin resistance ,ẞ-cell 

dysfunction , inflammation , metabolic syndrome and 

central obesity  finally ox-LDL and oxidation ratio’s 

of LDL, HDL, TC are closely related with CHD and 

they are better biomarker for discriminating between 

patients with coronary artery disease and healthy 

subjects. 
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 وخطر امراض القمب التاجية المؤكسد كوليستيرول البروتين الدهني الواطئ الكثافة
 لمى عبد المنعم بكر

 ، كمية التربية لمعموم الصرفة ، جامعة الموصل ، الموصل ، العراق الكيمياء قسم
lolo1_978@yahoo.com 

 الممخص
الاوعية الدموية وداء السكري يعتبر كوليستيرول البروتين الدهني واطئ الكثافة  المؤكسد عامل لبداية تكوين وتعجيل لأمراض القمب التاجية ,امراض 

الهدف من هذه الدراسة هو علاقة الكوليستيرول المؤكسد لبروتين الدهني واطئ  حيث يرتبط من خلال عدة ميكانيكيات احدها مسار الاكسدة,
لبروتين الدهني واطئ الكثافة وانزيم اريل الكثافة, الكوليستيرول الكمي, كوليستيرول البروتين الدهني عالي الكثافة ,الكميسريدات الثلاثية ,كوليستيرول ا

, الاختلاف في عوامل الخطورة يظهر في الاختلاف في فئات العمرية عند الرجال والنساءاستريز مع خطورة امراض القمب التاجية في مختمف ال
 لفئات العمرية.الجنس ومدى التغير في مستويات عوامل الخطورة في امراض القمب التاجية ومرض داء السكري ما بين ا

وفعالية  طرق العمل : قيست مستويات كوليستيرول البروتين الدهني واطئ الكثافة المؤكسدة وكوليستيرول البروتين الدهني عالي الكثافة , سكر الدم
الات قسمت الى فئات عمرية انزيم اريل استريز لجميع الحالات المدروسة )الرجال والنساء( والذين يحممون امراض القمب التاجية وداء السكر, الح

 ( سنة ومقارنة النتائج مع مجاميع السيطرة.04-04(,)04-04(,)04-04مختمفة )
 النتائج: مستوى معدل ونسب البروتين الدهني واطئ الكثافة اظهر ارتفاع معنوي لدى مرضى القمب التاجية  ومرضى امراض القمب وداء السكري

سنة ولكن المجموعة العمرية لدى الرجال اظهرت انخفاض معنوي لنتائجها الى جانب تأثير الجنس والعمر ( 04-04لمنساء في المجموعة العمرية )
ريز عمى زيادة بعض المتغيرات الكيموحيوية المدروسة وانخفاض معنوي عمى مستوى كوليستيرول البروتين الدهني عالي الكثافة وفعالية اريل است

 ال مقارنة مع مجاميع السيطرة المختارة.  كمضاد للأكسدة في مرضى النساء والرج
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