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The aim. To assess levels of circulating plasma ox-LDL in various subgroups with different CVD and their relationship 
with oxidative stress markers, MDA, catalase, and traditional coronary disease risk factors. 
Material and methods. A total of 215 subjects divided into four groups comprising 54 healthy controls, patients with 
the SAP were 52 persons, with the UAP 53 ones, and with the AMI there were 56 persons, respectively. Lipid profile 
parameters (TC, TG, HDL-C, LDL-C, and VLDL-C), plasma MDA, catalase were estimated by kit methods, TBARS 
method, and colorimetric assay respectively. Plasma Ox-LDL was estimation by competitive ELISA kit method (Merco-
dia) with the help of specific monoclonal antibody mAb4Eb. Results were present as mean ± SD, significance level at p-
values<0.05 with Student’s unpaired t-test. Data analysis was performed by software package SPSS version 17.0.  
Results. It showed a highly significant (p<0.001) correlation in SAP, UAP, and AMI except for age in the SAP sub-
group, moderately significant (p<0.01). Lipid profile except HDL-C was found highly elevated (p<0.001) in subgroups 
than in healthy controls. HDL-C was higher (p<0.001) in controls with respect to patient subgroups. Comparison of 
oxidative stress markers (MDA and catalase) and ox-LDH in control with patient’s subgroup indicates highly signifi-
cant (p<0.001) correlation. The correlation between SAP & UAP was insignificant (p<0.05), SAP with AMI was signif-
icant (p<0.05), and UAP & AMI were highly significant (p<0.001). Large interquartile range in SAP subgroup sug-
gesting scattered deviation in the mean value as compared to UAP and AMI showed in the box and whiskers plot and 
concluded that significantly elevated level of ox-LDL in SAP, UAP, and AMI subgroups indicate its diagnostic im-
portance of CVD.  
Conclusions. Study concluded that significantly elevated level of ox-LDL in SAP, UAP, and AMI subgroups indicate its 
diagnostic importance of CVD 
Keyword: acute myocardial infarction (AMI), unstable angina (UA), stable angina pectoris (SAP), cardiovascular dis-
order (CVD)  
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1. Introduction 
Major independent risk factors for coronary artery 

disease (CAD) are advancing age, elevated blood pres-
sure, elevated serum total and LDL cholesterol level, low 
serum HDL cholesterol level, diabetes mellitus, and ciga-
rette smoking. The Framingham heart study has elucidat-
ed the quantitative relationship between these risk factors 
and CAD [1]. It has shown that the major risk factors are 
additive in predictive power and along with these factors 
oxidative stress and oxidized low-density lipoprotein 
(ox-LDL) have been proposed to play an important role 
in the development of atherosclerosis [2, 3]. The ox-LDL 
is present in atherosclerotic lesions from humans and 
animals [4]. Also it has been detected in the plasma of 
coronary heart disease (CHD) patients. Thus, perhaps it 
plays a key role in the generation of inflammatory pro-
cesses in atherosclerotic lesions of all stages [5]. 

However, the potential association of systemically 
measured ox-LDL with coronary heart disease (CHD) is 

still a matter of controversy. Although several studies 
that investigated the association between circulating lev-
els of oxidative biomarkers and CHD yielded fairly 
strong associations, others were not able to demonstrate 
any meaningful relationship with CHD [2]. 

Thus, the aim of the present observational case-
control study was to assess levels of circulating plasma 
ox-LDL in various subgroups of patients with different 
cardiovascular diseases i.e., UAP, SAP, and AMI and 
their relationship with oxidative stress markers, 
malondialdehyde (MDA), catalase, and traditional coro-
nary disease risk factors. 

 
2. Materials and methods 
The present case-control study consist of total of 215 

subjects during the period from January 2018 to December 
2019, divided into four groups i.e., healthy control (n=54), 
established patients with stable angina pectoris (SAP, n=52), 
unstable angina pectoris (UAP, n=53), and patients with 
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acute myocardial infarction (AMI, n=56). All recruited sub-
jects were selected from series of consecutive outdoor and 
indoor patient in collaboration of the department 
of Biochemistry and General Medicine, Varun Arjun Medi-
cal College and Rohilkhand Hospital, Shahjahanpur. Over-
night fasting blood samples, 4.0 ml were collected in vials 
containing EDTA anticoagulant and transported immediate-
ly to the Clinical Biochemistry Laboratory, VAMC & RH, 
Shahjahanpur, for further analysis. 

Lipid profile parameters namely, total cholesterol 
(TC), triglycerides (TG), HDL-C, LDL-C, and VLDL-C 
were estimated in all the study subjects by commercially 
available kit methods. Plasma MDA was estimated by 
TBARS method and catalase was estimated by colorimetric 
assay. Further, Plasma concentrations of Ox-LDL were 
quantitated by commercially available competitive sandwich 
ELISA kit method (Mercodia) with the help of specific 
monoclonal antibody mAb4Eb [2]. It has been shown that 
ox-LDL remains stable in stored samples and that the afore-
mentioned assay has good reproducibility. Evaluation of the 
cardiovascular disease was performed by experienced inves-
tigators blinded for study aim. Established CVD patients 
with deranged lipid profiles were selected for the study.  

The study was approved by an institutional ethical 
committee (reference number: VAMC&RH/JR/3247/ 
2018 and date 04/01/2018), and informed consent was 
obtained from each subject in accordance with principles 
of the Helsinki declaration. The patient’s demographic 
profile, socioeconomic status, behavioural risk factors 
(sedentary lifestyle, dietary habits), and disease risk fac-
tor histories were recorded. Patients with diabetes melli-
tus, renal diseases, respiratory diseases, thyroid disor-
ders, acute infection, or any other systemic illness and on 

lipid-lowering drugs for the past three months were ex-
cluded from the study. Regular smokers and alcohol 
abusers were also excluded. None of the control subjects 
had clinical or laboratory evidence of any disease that 
might have affected the parameters to be measured. 

Statistical analysis. Data analysis was performed 
by software package SPSS version 17.0. Results were 
shown as mean±SD. Continuous variables of demograph-
ical and baseline characteristics were assessed with the 
use of Student’s unpaired “t” test to compare the levels 
of both the ratios between the test and control group. All 
p-values that were <0.05 were considered significant. 
Comparative analysis of plasma ox-LDL control within 
the patient subgroups (SAP, UAP and AMI) was also 
performed by box and whiskers plot to check the skew-
ness and deviations within the values.  

 
3. Research results 
A total of 215 subjects recruited in the study for 

analyzing the risk factors, comprising 54 healthy control 
(31 male, 23 female), patients with stable angina pectoris 
(SAP) 52 (28 male, 24 female), patients with unstable 
angina pectoris (UAP) 53 (33 male, 20 female) and pa-
tients with acute myocardial infarction (AMI), 56  
(34 male, 22 female) respectively as shown in Table 1. 

The baseline characteristics in control and pa-
tient’s sub-groups comprised of age, BMI, systolic and 
diastolic blood pressure (expressed as mean±SD). Re-
sults highlight highly significant (p<0.001) correlation in 
all the three patient subgroups namely SAP, UAP and 
AMI except for age in SAP subgroup where it is moder-
ately significant (p<0.01) in comparison to control as in 
Table 2.  

 
Table 1 

Demographical characteristics of control and patient subgroups 

S. 
No 

Demographical 
characters 

Control 
(n=54) 

Patient subgroups (n=161) 

SAP (n=52) UAP (n=53) AMI (n=56) 

1 Sex, male, n (%) 31 (57.4 %) 28 (53.84 %) 33 (62.26 %) 34 (60.7 %) 

3 Diet (Non-veg), n (%) 28 (51.8 %) 29 (55.76 %) 31 (58.49 %) 30 (53.57 %) 

4 Smoker, n (%) 18 (33.3 %) 21 (40.38 %) 20 (37.73 %) 24 (42.85 %) 

5. Alc. Intake, n (%) 3 (5.55 %) 6 (11.53 %) 5 (9.43 %) 8 (14.28 %) 

6. Family history of CVD, n (%) 21 (38.8 %) 25 (48.07 %) 32 (60.37 %) 30 (53.57 %) 
 

Table 2 
Demographical characteristics of control and patient subgroups 

S. n 
Baseline 

characters 
Control 
(n=54) 

Patient subgroups (n=161) 
SAP (n=52) UAP (n=53) AMI (n=56) 

1. Age (yrs.) 41.31±8.13 46.88±8.96** 49.81±8.06** 50.01±7.25** 
2. BMI (kg/m²) 23.54±1.29 25.63±1.70*** 26.07±1.45*** 25.02±1.40*** 
4. SBP (mmHg) 112.66±9.06 139.78±10.67*** 135.05±7.67*** 129.28±10.42*** 
5. DBP (mmHg) 79.88±6.58 89.5±5.80*** 89.52±5.68*** 85.69±7.36*** 

Value are expressed as mean±SD, **p value <0.01 is moderately significant, ***p value <0.001 is highly significant 
 
Table 3 shows the clinical and laboratory character-

istics of all the three patient sub-groups i.e., SAP, UAP & 
AMI compared with age and sex-matched control subjects. 
Total cholesterol, LDL-C, VLDL-C, and triglycerides were 
found highly elevated (p<0.001) in patient subgroups than 
in healthy controls. On the contrary, HDL-C was higher 

(p<0.001) in control with respect to patient subgroups. 
Comparison of oxidative stress markers in control with pa-
tient’s subgroup indicates a highly significant (p<0.001) 
correlation with respect to the levels of MDA and catalase. 

Analysis of the data showed significant elevation 
in the levels of Ox-LDL from control to patient sub-
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groups. The differences were found highly significant 
(p<0.001), between control and all the three patient sub-
groups. Non-significant (p>0.05) correlation was found 
on comparison between SAP and UAP. A further signifi-

cant correlation was observed on comparison between 
SAP with AMI (p<0.05) whereas a highly significant 
correlation was found between UAP and AMI subgroup 
(p<0.001) as shown in Table 3.  

 
Table 3 

Level of biochemical parameters in control and in patient subgroups 
S. 
No 

Biochemical parameters 
Control 
(n=54) 

Patient subgroups (n=161) 
SAP (n=52) UAP (n=53) AMI (n=56) 

1 
Total Cholesterol 

(TC) (mg/dl) 
185.20±10.28 215.69±16.04*** 212.03±12.85*** 213.69±15.5*** 

2 HDL-C (mg/dl) 42.47±4.68 35.42±3.52*** 39.17±3.38*** 37.56±3.53*** 
3 VLDL-C (mg/dl) 30.14±2.82 37.34±4.33*** 36.17±3.16*** 36.51±2.98*** 
4 LDL-C (mg/dl) 112.58±8.61 142.92±14.94*** 136.68±14.10*** 139.61±15.38*** 

5 
Triglycerides (TG) 

(mg/dl) 
150.72±14.10 186.74±21.69*** 180.87±15.8*** 182.56±14.93*** 

6 
Lipid peroxidation 
(MDA) (µ mol /L) 

2.15±0.51 6.35±0.769*** 4.50±0.722*** 4.87±0.77*** 

7 
Catalase (CAT) 

(µmol/ min / gmHb.) 
129.59 ±6.01 67.26±7.33*** 61.97±8.60*** 64.36±8.62*** 

8 
Oxidized-LDL 

(U/L) 
95.27±3.70 104.5±4.37*** 103.64±2.43*** 105.92±2.96*** 

Value are expressed as mean±SD, *p value >0.05 non-significant, **p value <0.01 moderate significant,  
***p value <0.001 highly significant 

 
According to the box and whiskers plot, the inter-

quartile range in the SAP subgroup was found to be very 
large suggesting scattered deviation in the mean values 
as compared to UAP and AMI subgroup. Also longer 
lower whisker suggests the existence of the majority of 
individual mean values towards the lower levels in the 
SAP subgroup. Box plots of UAP and AMI subgroup 
showed right skewness suggesting the existence of mean 
values towards the higher side according to Fig. 1.  

 

 
Fig. 1. Box and whisker plot for oxidized LDL 

 
4. Discussion of research results 
Cardiovascular disease (CVD) has emerged as the 

leading cause of death all over India, with coronary heart 
disease (CHD) affecting Indians at least 5-6 years earlier 
than their western counterparts [3]. 

CVD mortality and morbidity are promoted by 
major traditional risk factors such as hyperlipidaemia, 
hypertension, and smoking. The sequence of events 
leading to CVD includes endothelial dysfunction, ath-
erosclerotic plaque formation, and rupture. Inflamma-
tion has been implicated in all these stages in the evolu-
tion of atherosclerotic plaques [6]. Moreover, oxidative 

stress is currently considered a key event in CVD de-
velopment [4]. 

In the present case-control study, 215 subjects 
were selected for analyzing the risk factors in the various 
healthy control group (n=54) and patient subgroup 
(SAP=52, UAP=53 and AMI=56), respectively. The 
baseline characteristics in control and patient subgroups 
such as age, BMI, systolic and diastolic blood pressure 
(expressed as mean±SD) and sex, smoking, diet, alcohol 
consumption, and family history (expressed as frequency 
distribution) were found elevated in SAP, UAP and AMI 
patient subgroup than the healthy controls as shown in 
Table 1. 

In the present study, significant (p<0.05) correla-
tions were found between the age of the control group in 
comparison to that of a patient subgroup. Similar, results 
were obtained earlier in studies conducted by Ndrepepa 
et al, 2008 [7]. This implies that the occurrence of CVD 
increases in older age i.e., oxidative stress accelerates the 
aging process as per Table 2. 

Highly significant (p<0.001) correlation was 
found in terms of BMI when controls were compared 
with patient subgroups (Tab. 2) as supported by study 
performed by Shen et al 2017 [8]. Comparison between 
SAP Vs UAP has shown non-significant (p<0.05) corre-
lation whereas a significant (p<0.001) correlation ob-
served comparison between UAP and AMI subgroup. 
Thus, this suggests that increasing BMI must have a sig-
nificant association with CVD. 

Statistical analysis of systolic and diastolic BP be-
tween control and patient subgroups showed a highly 
significant correlation in all the three patient subgroups 
(SAP, UAP, and AMI) in comparison to control  
(Table 2). Similar results were obtained in the studies 
done by Heslop et al 2010 [9] and Schulz et al 2011 [10]. 
Also according to Van der Zwan et al, 2010 [11] the rela-
tionship between myeloperoxidase and blood pressure 
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was strongest under conditions associated with oxidative 
stress, like obesity, low high-density lipoprotein choles-
terol, metabolic syndrome, and type 2 diabetes. The 
strength of these associations was only marginally atten-
uated by adjustment for other cardiovascular risk factors. 

The clinical and laboratory characteristics such as 
total cholesterol, LDL-C, VLDL-C, and triglycerides 
found highly elevated (p<0.001) in inpatient subgroups 
than in healthy (p<0.001) in controls with respect to pa-
tient subgroups as shown in Tab. 3. Our findings corre-
late with the studies conducted by Shen et al 2017 [8], 
and Lobbes et al 2010 [12]. Furthermore, non-
significance (p>0.05) correlations were observed on 
comparisons within the patient's subgroups in above 
mentioned biochemical parameters i.e., TC, VLDL-C & 
TG. Comparison of HDL-C indicates highly significant 
(p<0.001) associations between SAP vs UAP, moderate-
ly significant (p<0.01) correlation between SAP vs AMI, 
and significant (p<0.05) an association was found be-
tween UAP and AMI as seen in studies performed by 
Linton et al, 2019 [6] as shown in Table 3. 

According to NCEP guidelines, the optimal level 
for non-HDL-C should be <130 mg/dl. In the present 
study, the biochemical levels of non-HDL-C were found 
to be significantly elevated (p<0.01) in all the three pa-
tient subgroups i.e., SAP, UAP, and AMI respectively in 
comparison to the control group as shown in Table 3. 

The diagnostic and prognostic significance of 
non-HDL cholesterol is limited in different types of CVD 
subjects having only impaired lipid profile. Dyslipidae-
mia represents one of the most important risk factors for 
cardiovascular morbidity and mortality [13]. 

As in Table 3, comparison of control with the pa-
tient subgroups showed a highly significant (p<0.001) 
correlation with respect to the level of MDA and Cata-
lase, Karajibani et al, 2009 [14] revealed the differences 
in the levels of oxidant and antioxidant markers between 
CVD patients and healthy persons. A significant increase 
in MDA levels, a lipid peroxidant capacity indicates ele-
vated oxidative stress in CVD patients. Evidences of 
ROS production leading to oxidative stress has been ob-
served in atherosclerotic patients and also in patients 
suffering from hypercholesterolemia, hypertension, and 
diabetes mellitus [15].  

The present study highlights a highly significant 
correlation (p<0.001) with respect to ox-LDL in all the 
three patient sub-group-SAP, UAP, and AMI, respective-
ly, in comparison to control. Furthermore, the comparison 
of UAP with AMI showed a highly significant (p<0.001) 
correlation whereas comparison of SAP with AMI indi-
cates nearly significant (p<0.08) correlation and that of 
SAP vs UAP showed insignificant association (p>0.05) as 
shown in Table 3. Moreover, according to box and whisk-
ers plot in Fig. 1 observations of the mean±SD level of ox-
LDL in all the three patient subgroups indicate a larger 
deviation in the SAP subgroup in comparison to UAP and 
AMI subgroup. Thus, ox-LDL is used for the diagnosis of 
CVD, but its prognostic value is not reliable. 

A number of case-control studies have examined 
the involvement of oxidative modifications of LDL in 
subjects with the presence of clinical cardiovascular dis-
ease [16]. Holvet et al [2] demonstrated elevated plasma 
concentrations of ox-LDL in patients with stable CHD or 

ACSs compared with age-matched, apparently healthy 
controls. Also, ox-LDL concentrations were significantly 
higher in patients with MI than in patients with unstable 
or stable angina pectoris or age-matched controls sub-
jects, suggesting a positive association between ox-LDL 
and the severity of ACSs. Findings from another study 
suggested that plasma levels of ox-LDL represent a more 
sensitive marker for the presence of CAD than the Global 
Risk Assessment Score, although a significant associa-
tion between ox-LDL and most of the Framingham risk 
factors were observed [17]. 

The ox-LDL/Plasma cholesterol ratio was higher 
among cases compared with controls and also higher com-
pared with hypercholesterolemic subjects free of an event, 
suggesting that the high plasma ox-LDL/TC ratio might 
serve as a possible indicator of increased risk of MI. 

Recently, an association between metabolic syn-
drome and a high prevalence of ox-LDL has been found in 
a population-based cohort of individuals aged 70 to  
79 years at baseline. In that study, participants with high 
ox-LDL concentrations had a greater risk of future CHD 
(relative risk 2.25;95 % CI, 1.22 to 4..15), defined as 
coronary death or any hospitalization for MI, angina, 
coronary angioplasty, coronary artery bypass grafting, or 
chronic heart failure. However, in that study ox-LDL was 
not an independent predictor of incident CHD risk [18]. 

Limitations of the study. Our study deals only 
with Ox-LDL whereas several modern studies show that 
there are multiple modifications of LDL along with oxi-
dation that allows the particle to develop its atherogenic 
property. Furthermore, the present study is conducted on 
a very small sample size that is not sufficient enough to 
justify the role of ox-LDL as a biomarker for CVD. 

Prospects for further research. Our study along 
with several supporting evidence indicates that ox-LDL may 
exhibit both anti-inflammatory and pro-inflammatory prop-
erties. So, by elaborating its study regarding multiple modi-
fications along with genetic polymorphism will probably 
leads to the development of good research/diagnostic tools 
for CVD and associated complications. 

 
5. Conclusion 
1. The usefulness of circulating oxidized LDL 

levels act as a diagnostic and prognostic marker in vari-
ous subgroups of CVD patients i.e., SAP, UAP, and AMI 
according to the increasing severity of the disease.  

2. Significantly elevated levels of ox-LDL in 
SAP, UAP & AMI subgroup when compared with con-
trol subjects suggesting its diagnostic importance in CVD 
along with the elevated levels of traditional risk markers 
like oxidative stress (MDA & catalase) and lipid profile 
as confounding factors. 

3. It shows scattered deviation of ox-LDL levels 
in the SAP subgroup in comparison to control. UAP and 
AMI subgroup reflects its poor prognostic reliability in 
assessing the severity of the disease. 
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