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 Pro-protein convertase subtilisin kexin-9 (PCSK9) is a protein that 

regulates the expression of low-density lipoprotein receptors (LDLR) 

and has critical role in the initiation and progression of the 

atherosclerotic process. This study aimed to quantify the concentration 

of PCSK9 protein, total lipid profile and fasting blood glucose (FBG) 

levels in the serum sample of Iraqi patient with atherosclerotic coronary 

artery disease (ASCAD) and compared to healthy control groups. The 

present study include 150 participant (100 patient with ASCAD and 50 

control), their ages ranged from 30 to 65 years, the PCSK9 levels 

estimated by ELISA technique, while lipid profile and FBG determined 

through routine laboratory methods. The results showed that was a high 

PCSK9 levels in a patient group comparison to healthy controls group 

(P= 0.00), while lipid profile serum levels (TC, TG, LDL-C, VLDL and 

HDL-C) and fasting blood sugar displayed a highly significant 

difference were compared between patients with ASCAD and control 

group. According to the findings of serum PCSK9 levels may be 

consider a better predictors for coronary artery disease. 
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1. Introduction 

Coronary artery disease (CAD), the most popular type of heart disease, is the leading cause of death 

worldwide [1]. Plaques typically form in the opposite direction of the vessel during the early stages of AS 

formation, and atherosclerotic vessels are willing to expand in diameter. The arterial channel is considered 

occupied when a plaque covers more than 40% of the internal elastic layer of the vessel [2]. Atherosclerosis 

is characterized by an inflammatory, cellular, and metabolic process. Cholesterol precipitation and chronic 

inflammation are two important factors in the pathogenesis of atherosclerosis [3]. 

 

Pro-protein convertase subtilisin kexin-9 (PCSK9) is a protein that has been linked to lipid levels and the 

risk of atherosclerotic coronary artery disease (ASCAD), known since 2003. PCSK9 is primarily produced 

in the liver, but it is also produced in the intestine and kidney. PCSK9 regulates plasma LDL-C levels 

indirectly by controlling the number of LDL-R molecules expressed at the plasma membrane [4]. 
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The previous study by [5], who reported that a serum cholesterol levels are of great interest because they 

provide direct evidence of various metabolic disorders and the development of atherosclerosis, and elevated 

cholesterol concentration is considered a primary risk factor for cardiovascular disease (CVD). According 

to the Framingham study, an increase in total plasma cholesterol concentration from 180mg/dl upwards 

results in a linear increase in coronary risk. 

 

The LDLRs bind and internalize LDL from the bloodstream in normal conditions, as shown in figure 1, 

promoting blood clearance of highly-enriched cholesterol lipoproteins. The LDL-LDLR complex is 

streaked to the lysosome, where LDLs are digested and LDLRs are recycled to the cell surface, where they 

continue to remove LDL particles from circulation [6]. 

 

 
Figure 1: Pathways of PCSK9 regulating cell surface levels of the LDLR. A: LDLR clearing LDL-C and 

recycling. B: PCSK9 mediate degradation of LDLR [11]. 

 

In 2007, [7] who found that a role of PCSK9 to be a ligand for LDL-R, the catalytic domain of mature 

PCSK9 can bind to the mature LDLR at the point of epidermal growth factor (EGF-A) domain leading to 

inhibit LDLR recircularization and induce its lysosomal degradation. This effect causes a rise in LDL 

particles in the bloodstream by reducing the presence of LDLR on the hepatocyte's cell membrane. 

 

PCSK9's primary function remains the regulation of cholesterol homeostasis. PCSK9 effects on vascular 

biology, in particular, are known to promote inflammation, plaque formation, and thrombosis, all of which 

are involved in this process of ASCAD [8]. 

 

2. Experimental Methods 

 

2.1 Blood colection 

This case- control study blood samples were collected from the Iraqi Center of Heart Disease at (Ghazi Al -

Hariri) Hospital/ Baghdad, Iraq who were recruited for diagnosis and treatment. In cases and controls, data 
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on cardiovascular risk factors such as lipid profile, blood pressure, smoking status, body mass index (BMI) 

mass (Kg) / height (m)2, diabetes mellitus, age, and gender were collected using a structured questionnaire.  

 

 
Figure 2: Experimental diagram of the study. 

 

2.2 Experimental design 

The study design as shown in figure 2, include putting of (3) ml of blood into a serum separating tube and 

left to clot for 30min at room temperature, thereafter, were centrifuged at 3000 rpm for ten min, the 

separated sera were divided into small aliquots and store at -20 until assayed. The enzyme linked 

immunosorbent assay (ELISA) is a diagnostic method used in present study to estimated PCSK9 levels in 

the serum of ASCAD patients and controls and an ELISA kit produced by (R&D/ USA) companies, while 

serum lipid levels were measured through routine laboratory methods for the plasma total cholesterol, TGs 

and HDL. In addition, serum glucose level determination was done by enzymatic reaction. Body Mass 

Index (BMI) is one of the anthropometric measurements specified in the study. The BMI was calculated 

according to the equation involved diving the weight (kg) by the squared height (m2) [9]. Information of 

blood pressure (systolic and diastolic) for each patient and control were recorded in questionnaire form 

under the supervision of the consultant. 
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2.3 Statistical Analysis 

All calculations were performed with IBM SPSS for Windows, version 26 (SPSS Inc. Chicago, Illinois, 

United States). Continuous variables were expressed as mean ± standard deviation (SD). Differences 

between groups were analyzed by student’s t-test. A p-value<0.05 was considered statistically significant 

[10]. 

 

3. Results 

The study included hundred fifty individuals hundred patients with ASCAD and fifty apparently healthy 

people as control group. Data information of different criteria that obtained from the questionnaire forma 

answered by patients and control subjects and all participants provided permission. The results of 

demographic characteristics of this study shown in table 1, displayed that was no significant association 

between two study groups according to age, gender and weight, respectively (P= 0.4, p= 0.06, P= 0.7). 

While found a significant difference between case and control groups based on height and smoking status 

(P= 0.004), also the finding of current study revealed that was a significant difference between two study 

groups according to Systolic pressure (Ss) and Diastolic pressure (Ds) (P< 0.05). 

 

Table 1 Probability (P value) of demographic characteristics for two study groups. 

characteristics Plvalue 

Age (years) 0.06 

Gender 0.49 

Weight  0.77 

Height  0.004 

Smoking Status 0.004 

Ss 0.00 

Ds 0.001 

 

As shown in table 2, the lipid profile serum levels and fasting blood sugar were compared between patients 

with (ASCAD) and control group. 

 

Table 2 Biochemical parameters levels of the study groups. 

Parameters Controls Patientss Plvalue 

TC (mg/dl) 137.48 ± 18.02 307.54 ± 96.30 0.00 

TG (mg/dl) 111.24 ± 14.98 167.84 ± 67.01 0.00 

HDL-C (mg/dl) 50.14 ± 8.46 41.96 ± 7.77 0.00 

LDL-C (mg/dl) 65.09 ± 19.17 233.72 ± 91.55 0.00 

VLDL (mg/dl) 22.24 ± 2.99 33.56 ± 13.40 0.00 
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FBG (mg/dl) 96.58 ± 9.22 118.63 ± 42.94 0.001 

 

1- Total cholesterol (TC): The mean of TC for case group was (307.54 ± 96.30) and for control group 

was (137.48 ± 18.02) that leading to indicate was a highly significant association between two study groups 

(P= < 0.01). 

2- Triglycerides (TG): The means of TG there was a highly significant association between two study 

groups (P= < 0.01), the mean for patients (167.84 ± 67.01) and for controls (111.24 ± 14.98). 

3- High Density Lipoprotein (HDL): The mean of HDL-C for patients group was (41.96 ± 7.77) and 

for controls group was (50.14 ± 8.46) that show a highly significant difference between cases and healthy 

controls groups (P= < 0.01). 

4- Low-Density Lipoprotein (LDL): These results observed highly significant association between two 

study groups (P= < 0.01), the mean for patients (233.72 ± 91.55) and for controls (65.09 ± 19.17). 

5- Very Low Density Lipoprotein (VLDL): for the mean of VLDL, there was a highly significant 

association between cases and healthy controls groups (P=< 0.01), the mean for patients (33.56 ± 13.40) 

and for controls (22.24 ± 2.99). 

6- Fasting Blood Glucose (FBG): The mean of FBG for patients group was (118.63 ± 42.94) and for 

controls group was (96.58 ± 9.22) that show a highly significant difference between cases and healthy 

controls groups (P= 0.001). 

The serum PCSK9 level estimation by ELISA Test between patients and control groups as shown in table 3.  

The finding of current study displayed that the PCSK9 concentration in case group was high comparison to 

controls group (P= 0.00) the mean for patients group (303.82 ± 49.94) and for controls group (181.15 ± 

31.85). 

 

Table 3 Serum PCSK9 level of the two study groups 

Parameters Control Patients P value 

PCSK9  (ng/ml) 181.15 ± 31.85 303.82 ± 49.94 0.00 

 

4. Discussion 

This study estimation the serum PCSK9 protein, total lipid profile and FBG levels in the patient with 

ASCAD and found the role of these marker in progression of CAD. Coronary artery disease is caused by 

hyperlipidemia and has long been a leading cause of death in developed countries [12]. In this study the 

highest percentage of gender distribution was found in male (79%) than female (21%), this same in 

consistent with [13], who illustrated about 60% of the study population were male and 40% female in Iraqi 

patients with ASCAD. The highest incidence of CAD in men compared to women is due to the protective 

function of female sex hormones [14]. The results of this study incompatible with results of study in Iraq 

presented by [15], who found significant association between age and ASCAD among Iraq patient, this may 

be belong to the sample used in this study confined to single center of heart disease. The relationship 

between blood pressure and cardiovascular risk is continuous, dyslipidemia and hypertension are not only 

the manifestations of metabolic syndrome, but also the well-established risk factors for coronary artery 

disease [16]. Arterial hypertension raises the risk of CVD and accelerates the aging and development of 

ASCAD. PCSK9 is present in atherosclerotic plaques and is released by smooth muscle cells (SMCs). 
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Inflammatory cytokines released by macrophages cause media smooth muscle cell proliferation and 

migration. This causes thickening of the blood vessel wall, which is one of the age-related impairments and 

part of the vascular aging process [17]. The result of present study was the same result documented by [18], 

found that was a highly significant differences between healthy controls and patients groups in Iraqi 

population based on TC, while [19], showed in their study that total cholesterol was associated with 

ASCAD incidence, also displayed that LDL-C and non-HDL-C increased ASCAD risk. [20] indicated that 

triglyceride levels has a significant difference increased in patient with ASCAD compared with healthy 

controls group. Triglyceride concentration play important role in evaluating ASCAD risk because TG 

contribute either directly or indirectly in atherosclerotic lesion development that leading to used as 

indicators for ASCAD happened [21]. Then, [22] found that patient with atherosclerosis has low levels of 

HDL-C and illustrated it has regular association with increased risk of ASCAD and events. HDL-C levels 

represented as a predictor for ASCAD and not play a causal role in atherosclerosis, while another studies 

indicated the HDL-C has functional relationship with biochemical mechanisms of atherosclerosis and effect 

on vascular endothelium [23]. About LDL-C, result was documented by [19], who indicated that LDL-C 

concentration was positively correlated with the risk of atherosclerosis and consider as biomarker for 

ASCAD events, also [24] found that the level of LDL-C is related to the risk of ASCAD events, and the 

lower the LDL-cholesterol levels that leading to lower the risk of ASCAD events. High levels of VLDL 

were associated with an increased mortality risk in patients with ASCAD, implying that VLDL-C may have 

a role in risk prediction beyond serum TG. [21], [25] found that only increased VLDL-C level was 

significantly associated with atherosclerosis risk. The results displayed a significant elevation in serum 

levels of glucose in atherosclerotic patients as comparison to controls, this agreement with the study found 

that blood glucose may affect the atherosclerosis development through impairing endothelial function and 

increased the risk for ASCAD [18]. In this study the PCSK9 levels in patients with ASCAD were 

significantly higher than those in healthy group. Thus, PCSK9 plasma levels have been associated with 

coronary lesions developing in patients with acute coronary syndrome. The association of PCSK9 with 

coronary atherosclerosis may be influenced by a number of factors [26]. An article published for the first 

time in 2014 discovered a link between plasma PCSK9 levels and the intensity of ASCAD, demonstrating 

that PCSK9 serum levels are positively and independently related to the degree of coronary stenosis in 

patients with ASCAD [27]. Numerous investigations have demonstrated a link between circulating PCSK9 

levels and main adverse cardiac problems in patients with stable acute coronary syndromes (ACS). The 

overall results of this study showed elevation PCSK9 concentration and change in lipid profile levels play 

critical role in progression of CAD. 

 

5. Conclusion 

Base on the results of this study the serum PCSK9 concentration and lipid parameters may be consider a 

good diagnostic method for ASCAD than other traditional risk factors, also may be added to the routine 

examination of patient with ASCAD to serve as a basis for personalized therapy for patients suffering from 

cardiovascular disease. 
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