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Abstract 
Cardiovascular diseases are the major cause of death globally. Hyperlipidemias and hyperlipoproteinemias are the most important 

risk factors for atherosclerosis. Inflammation plays a major role in atherothrombosis, and measurement of inflammatory 

biomarkers like High Sensitive C- reactive protein (hsCRP) can provide detection of high risk for Ischemic Heart Disease (IHD). 

Lipoprotein (a) [Lp (a)] is a low density lipoprotein like particle synthesized by the liver. There is a strong association between 

circulating Lp(a) levels and IHD. 

Objectives: To estimate the serum levels of lipoprotein (a) and lipid profile in ischemic heart disease patients and healthy 

subjects and to show that serum hsCRP as a better predictor of ischemic heart disease than low density lipoprotein cholesterol. 

Materials and Methods: A total number of 100 subjects were studied comprising of 50 controls and 50 IHD subjects. Total 

cholesterol (TC), triglycerides (TGL) and HDL-C, were estimated by enzymatic methods, LDL-C and VLDL-C were estimated 

by calculation, Lp(a) was estimated by immunoturbidimetric methods and hsCRP was estimated by chemiluminiscence method. 

Appropriate statistical analysis was done. 

Results: TC, TGL, LDL-C, VLDL-C, Lp(a) and hsCRP were increased whereas HDL-C was decreased in IHD subjects when 

compared to controls. Diagnostic validity test revealed that hsCRP to be a better discriminator of IHD than LDL-C.  

Conclusion: The results of the current study support the concept that the levels of Lp(a), and hsCRP are strongly related to 

ischemic heart disease in addition to the levels of serum lipids. 
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Introduction 
Myocardial Infarction (MI) is one of the major 

cause of morbidity and mortality in the world and the 

cause for ischemic heart disease (IHD) is 

atherosclerosis.1 IHD is a condition in which a portion 

of the myocardium is lack with supply of blood and 

oxygen; it typically occurs when there is an imbalance 

between myocardial oxygen supply and demand. The 

common cause of myocardial ischemia is an epicardial 

coronary artery (or arteries) with atherosclerotic disease 

which leads to a regional reduction in myocardial blood 

flow and inadequate perfusion of the myocardium. 

Dyslipidemia is the most important risk factor for 

atherosclerosis. IHD causes more deaths and disability 

and incurs greater economic costs than any other illness 

in the developed world.2  

C-reactive protein (CRP) is an acute phase reactant 

protein produced in response to inflammation by liver 

and found in the blood.1 Chronic inflammation is an 

important component in the development and 

progression of atherosclerosis and various 

epidemiological studies have explained that increased 

serum CRP concentrations are positively associated 

with a risk of future coronary artery disease, 

cerebrovascular disease or peripheral arterial disease.3 

High sensitivity C-Reactive Protein (hsCRP) is useful 

in the measurement of very low levels of CRP (< 

0.03mg/dL) in blood, hence inflammatory biomarker 

such as hsCRP can provide detection of high risk for 

IHD.1  

Lipoprotein (a) [Lp (a)] is a low density lipoprotein 

like particle synthesized by the liver that contains an 

apo B molecule covalently bound to a very large 

glycoprotein known as apolipoprotein a.4 However, 

unlike LDL-C, Lp(a) contains apo (a) which is a 

carbohydrate-rich protein covalently attached to the apo 

B-100 through a disulfide linkage. The available 

evidence suggest that Lp(a) contains one molecule of 

apo (a) and one molecule of apo B-100. Apo (a) is an 

unique protein of Lp(a) and exhibits a significant 

sequence homology with plasminogen and a high 

degree of variation in polypeptide chain length.3 Lp (a) 

is a part of low density lipoprotein cholesterol, having a 

pro-atherogenic and hypofibrinolytic effect.5 

Therefore the present study was undertaken to 

measure the serum concentrations of lipoprotein (a) and 

lipid profile in ischemic heart disease patients and 

healthy controls, to evaluate whether the serum hsCRP 

is a better marker of IHD than low density lipoprotein 

cholesterol (LDL-C). 

 

Materials and Methods 
A case control study was carried out in clinically 

proven cases of IHD and age and sex matched healthy 

individuals as controls. Serum concentrations of 

lipoprotein (a), hsCRP and lipid profile was carried out 
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in both cases and control group after obtaining 

Institutional Ethical Clearance. A total number of 50 

IHD patients and an equal number of controls were 

selected based on inclusion and exclusion criteria for 

the present study. Written informed consent was taken 

from each subject.  

Inclusion Criteria: IHD cases diagnosed clinically 

either by electrocardiogram (ECG) and/or troponin-I in 

the age group of 30-70 years and an equal number of 

healthy controls with age and sex matched were 

included. 

Exclusion Criteria: IHD patients with sepsis, diabetes 

mellitus, malignancy, anemia, hepatic and renal disease, 

hypolipidemic drugs were excluded from the study. 

Sample Collection: About 6 ml of venous blood was 

drawn in a sterile vacutainer after a period of overnight 

fasting of 10-12 hours under aseptic precautions from 

selected subjects. Serum was immediately separated by 

centrifugation. The TC (CHOD-PAP method),6 TGL 

(GPO-PAP method),7 HDL-C (Phosphotungstic acid 

method, End point method)8 were analysed by using 

semi auto analyzer, Lp(a) was analyzed by 

immunoturbidimetric method using Agappe kit in semi 

auto analyzer9 and hsCRP by acculite which employs 

immunoenzymometric chemiluminescence technique. 

LDL-C level was calculated by using Friedewald 

equation based on the levels of TC, TGL and HDL-C. 

VLDL-C is calculated by TGL/5.3  

 

Statistical Analysis 
Data obtained are presented as mean ± SD. For 

comparing the means of two groups student’s unpaired 

‘t’-test was used. Diagnostic validity tests were 

performed for selected variables. Relationship between 

measurements was assessed by Karl Pearson's 

coefficient of correlation. A p-value of 0.05 or less was 

considered as statistically significant.  

 

Results and Discussion 
IHD is one of the important cause for morbidity 

and mortality in most countries of the world. The 

debate on the value of lipids as a predictive risk factor 

for atherogenesis has centered for many years on TC, 

TGL and LDL. Recently the interest has been focused 

on role of apolipoprotein and inflammatory marker in 

atherogenesis. 

  

 

Table 1: Age-wise distribution of controls and cases. 

 Controls Cases 

 Age (Years) Female Male Female Male 

 30- 39 01 02 01 02 

 40- 49 02 03 01 05 

 50- 59 09 11 08 10 

 60- 70 09 13 10 13 

 Total  21 29 20 30 

 Mean ± SD 52.7 ± 11.0 56.3 ± 8.8 

 

Table 1 shows that the incidence of IHD in men is more compared to women. The incidence of IHD increased 

after 50 years in women probably due to the decreased protective mechanism of oestrogen in the postmenopausal 

period. 

 

Table 2: Comparison of Lp(a), hsCRP, lipid profile and ratios in controls and in patients with ischemic heart 

disease 

 Controls Cases  

Parameters Mean ± SD Mean ± SD p*- Value, Sig 

Lp (a) (mg/dL) 10.12 ± 6.00 16.9 ± 7.39 p < 0.001 

hsCRP (µg/mL) 1.396 ± 0.567 2.733 ± 1.546 p < 0.001 

TC (mg/dL) 147.38 ± 32.47 202.75 ± 33.13 p < 0.001 

TGL (mg/dL) 115.98 ± 40.35 168.73 ± 71.37 p < 0.001 

HDL-C (mg/dL) 44.53 ± 8.24 33.83 ± 5.84 p < 0.001 

LDL-C (mg/dL) 107.24 ± 25.60 134.73 ± 35.88 p < 0.001 

VLDL-C (mg/dL) 23.2 ± 8.07 34.2 ± 13.55 p < 0.001 

TC / HDL-C 3.41 ± 0.90 6.20 ± 1.56 p < 0.001 

LDL-C / HDL-C 2.47 ± 0.68 4.17±1.49 p < 0.001 

Student’s unpaired t- test, p < 0.001 HS (Highly significant)  

 

The mean serum concentrations of TC, TGL, LDL-

C and VLDL-C were higher in IHD subjects when 

compared to controls and thus had a positive 

correlation. The mean serum concentration of HDL 

cholesterol was lower in IHD subjects when compared 

to controls suggesting a negative association toIHD. 

These results were in accordance with the studies of 
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Lhamo Y. Sherpa, et al10 and M. Mohsen Ibrahim, et 

al.11 The predictive of increased IHD risk is associated 

with smaller, denser LDL particles, this may be due to 

close relationship between phenotype and altered 

plasma lipid levels. It has been noticed that the hepatic 

LDL apo B/E receptor have lower affinity for dense 

LDL-C. In normolipidemic individuals LDL-C 

subfractions of intermediate density, generally found at 

higher concentrations bind to the LDL receptor with 

higher affinity and are degraded with increased rates 

than the denser LDL subfraction. Denser LDL particles 

are more prone for oxidation. The capacity of binding 

of dense LDL particles to the intimal proteoglycans also 

depends on its atherogenicity.12 

The ratios of TC / HDL-C, LDL-C / HDL-C were 

increased in IHD subjects when compared to controls 

and was statistically significant with p value < 0.001. It 

was found to be a better indicator and this result was in 

agreement with the previous report.13 The ratio of LDL-

C to HDL-C is a better predictor of IHD than either 

measurement alone.14,15  

The serum concentration of hsCRP was increased 

in patients with IHD when compared to controls. There 

is a positive association between IHD and hsCRP levels 

and the results were in agreement with those of Mukta 

N Chowta, et al,16 Marc S. Sabatine, et al,17 Shital S 

Ghodke, et al18 and Michael B Clearfield.19 

In response to pro-inflammatory cytokines, and the 

cytokine interleukin-6 the inflammatory biomarker such 

as hsCRP is produced and reflects low-grade systemic 

inflammation. Cytokines interleukin-6 releases due to 

inflammation and thought to be largely responsible for 

triggering the production of CRP, which is thus 

generally viewed as a marker of inflammation, with 

very high values associated with acute inflammation. 

Chronic, low-level inflammation can result in near-

normal values. In apparently healthy men and women 

elevated levels of hsCRP have been shown to be 

predictive of increased risk of coronary artery disease.16  

Inflammation plays a critical role in the 

development, progression and rupture of 

atherosclerosis. This ruptured atherosclerotic plaque 

bind to leukocytes and endothelial cells and causes both 

upregulation of adhesion molecules and decreased 

production of nitric oxide and to induce atherosclerosis, 

thrombosis and increase infarct size.20 

The Lp(a) concentration was increased in patients 

with IHD when compared to age matched healthy 

normal individuals. This study showed a positive 

association between IHD and Lp(a) level and the results 

were in agreement with those of John Danesh et al,21 

Mika Kivimaki et al,22 and Pai R Kamstrup et al.23 

The Lp(a) levels were associated with the presence 

of coronary artery stenosis and also with the severity of 

the coronary atherosclerosis. In young and middle aged 

men and women an increased Lp(a) level is thought to 

be an important cardiovascular risk factor.5 The risk 

associated with apolipoprotein B and TC is enhanced 

by elevated Lp(a) levels. The beneficial effects 

associated with elevated HDL cholesterol levels were 

lost in the presence of elevated Lp(a) levels even 

though HDL-C particles may not be directly related to 

it.24 

 

 

Table 3: Diognostic validity of hsCRP and LDL-C cholesterol discrimination of ischemic heart disease 

subjects 

Diagnostic validity test result hsCRP cut off value 

≤1.655 µg/mL 

LDL-C cut off value 

≤ 116.6 mg/dL 

Sensitivity 75 % 67.5% 

Specificity 72.5% 65% 

Positive predictive value (PPV) 73% 65.8% 

Negative predictive value (NPV) 74% 66.6% 

Diagnostic efficiency 73.7% 66.3% 

 

 
Fig. 1: Diognostic v alidity of hsCRP and LDL-C cholesterol discrimination of ischemic heart disease subjects 
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Table 3 and Fig. 1 shows the diagnostic validity 

results with higher sensitivity, specificity, PPV, NPV 

and greater diagnostic efficiency for hsCRP when 

compared to LDL -C suggesting superiority of hsCRP 

over LDL in predicting IHD and in discriminating IHD 

from normal healthy individuals. The results were in 

accordance with those of Subinay Dutta et al. Recent 

studies have shown that the size of LDL particle is 

more important as compared to LDL-C concentration in 

atherosclerosis.1 

 

Table 4: Karl pearson's coefficient (r) of correlation  

 hsCRP Lipoprotein (a) 

Correlation between r p* value Sig r p* value Sig 

TC -0.21 0.17 NS -0.18 0.26 NS 

TGL 0.05 0.73 NS 0.18 0.25 NS 

HDL-C 0.26 0.1 NS 0.18 0.24 NS 

LDL-C 0.29 0.06 NS 0.28 0.08 NS 

VLDL-C 0.12 0.43 NS 0.22 0.17 NS 
 

Table 4 shows that there is a positive correlation 

between LDL-C, and Lp(a) in karl pearson's coefficient 

but is not statistically significant. 

Lipoprotein (a) may contribute to the development 

of MI by different mechanisms: LDL-C particle present 

in lipoprotein (a) may promote atherosclerosis and a 

plasminogen-like apolipoprotein (a) particle that may 

interfere with fibrinolysis and increase the risk of 

thrombosis. Lipoprotein (a) can enter into human 

atherosclerotic plaques, smooth muscle cell 

proliferation and plaque inflammation and instability. 

Lipoprotein (a) has also been shown to bind 

proinflammatory oxidized phospholipids recently 

associated with coronary artery disease. Lipoprotein (a) 

enters into and leaves the arterial wall by mechanisms 

similar to LDL and appears to accumulate more at sites 

of arterial injury than LDL. Mechanisms by which Lp 

(a) may contribute to thrombus formation include 

inactivation of tissue factor pathway inhibitor, thus 

promoting coagulation and attenuation of fibrinolysis 

through inhibition of plasminogen activation.25,23 

 

Strength and Further Scope 

The concentrations of Lp(a), hsCRP and lipid 

profile were significantly increased in patients with 

IHD as compared to control group except, HDL which 

was statistically decreased in IHD subjects compared to 

controls. This study also proved that hsCRP is the better 

biomarker with high sensitivity and specificity of IHD 

than LDL cholesterol. 

The diagnosis of IHD can be improved by 

measuring newer markers of IHD like oxidized LDL, 

Homocysteine levels and Interleukin-6.  

 

Conclusion 
The recommended lipid variables in international 

guidelines for diagnosis and treatment of IHD disease 

are TC, TGL, HDL-C and LDL-C. However, recent 

information shows the importance of Lp(a) and hsCRP 

as risk predictors of suspected IHD. Our findings 

support the consideration of the estimation of serum 

Lp(a) as a screening tool for the risk of IHD.  

 

Inflammation plays a major role in atherothrombosis 

and hence the measurement of hsCRP may provide a 

promising novel biochemical marker for risk 

assessment in IHD.  
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