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Chu et al.: Correlation between Serum Inflammatory Factors Level and Diagnosis of Coronary Artery Disease

To observe the changes of neutrophil gelatinase associated apolipoprotein (neutrophil gelatinase associated 
lipocalin), lipoprotein associated phospholipase A2 and inflammatory cytokine hypersensitive C-reactive 
protein in patients with coronary heart disease and to explore the correlation between serum lipoprotein-
associated phospholipase A2, neutrophil gelatinase associated lipocalin, hypersensitive C-reactive protein 
and the degree of coronary artery disease in patients with coronary heart disease. 200 inpatients in 
cardiovascular department of our hospital were divided into coronary heart disease group (n=153) and 
control group (n=47) according to coronary angiography. The serum levels of lipoprotein-associated 
phospholipase A2, neutrophil gelatinase associated lipocalin and hypersensitive C-reactive protein were 
measured. According to the Gensini score, the patients in the CHD group were divided into mild, moderate, 
severe and extremely severe groups. The changes of serum lipoprotein associated phospholipase A2, 
neutrophil gelatinase associated lipocalin and hypersensitive C-reactive protein was analyzed. At the same 
time, the relationship between the levels of serum lipoprotein associated phospholipase A2, neutrophil 
gelatinase associated lipocalin, hypersensitive C-reactive protein and the degree of coronary artery 
disease was discussed from the three aspects of coronary artery stenosis and Gensini score and the value of 
combined detection in the diagnosis of coronary heart disease. The serum levels of lipoprotein associated 
phospholipase A2 lipoprotein associated phospholipase A2 , neutrophil gelatinase-associated lipocalin, 
hypersensitive C-reactive protein and Gensini score in the coronary heart disease group were significantly 
higher than those in the control group (p<0.01). The serum levels of lipoprotein-associated phospholipase 
A2, neutrophil gelatinase associated lipocalin and hypersensitive C-reactive protein in extremely severe 
coronary artery disease group were significantly higher than those in moderate to severe disease group, 
mild disease group and control group (p<0.05) and those in severe disease group were significantly higher 
than those in mild and moderate disease group and control group (p<0.05). The area under the curve of 
combined detection of lipoprotein-associated phospholipase A2, neutrophil gelatinase associated lipocalin 
and hypersensitive C-reactive protein in the diagnosis of coronary heart disease reached 0.859. The 
serum levels of lipoprotein associated phospholipase A2, neutrophil gelatinase associated lipocalin and 
hypersensitive C-reactive protein are significantly increased in patients with coronary heart disease and 
are closely related to the severity of coronary artery disease, which can be used to evaluate the severity 
of coronary artery disease. The diagnostic rate of combined detection of serum lipoprotein associated 
phospholipase A2, neutrophil gelatinase associated lipocalin and hypersensitive C-reactive protein for 
coronary heart disease can reach 0.859, which can provide important clinical guidance value.
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Coronary atherosclerotic heart disease referred to as 
coronary heart disease (CHD), is a kind of myocardial 
dysfunction and/or organic lesion caused by coronary 
artery stenosis, occlusion, spasm and so on. With 
environmental pollution, changes in diet and many 
other reasons, CHD has become the most common 
type of cardiovascular disease, seriously endangering 
human health. According to the abstract report of China 

Cardiovascular Disease report 2016, the mortality rate 
of CHD has been increasing in recent 10 y, whether in 
urban areas with good material conditions or rural areas 
with poor basic conditions. Due to the increasing aging 
of Chinese residents, the number of deaths from CHD 
will continue to increase and has become the leading 
cause of death[1-3]. With the improvement of people’s 
material and economic living standards, some scholars 
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have shown that the occurrence of CHD is gradually 
getting younger[4].

As a common cardiovascular disease, the occurrence 
and development of CHD are related to many 
factors, including dyslipidemia, hypertension, 
diabetes, smoking, metabolic syndrome and so on. 
Atherosclerosis, as the pathological basis of CHD, is 
affected by many factors. Abnormal lipid metabolism 
in blood and inflammatory reaction of vascular 
endothelium play an important role in the occurrence 
and development of atherosclerosis[5,6]. In recent years, 
more and more studies have shown that the occurrence 
of many acute coronary syndrome (ACS) is not only 
related to the degree of mechanical coronary artery 
stenosis, but also inflammation occurs in every stage of 
atherosclerosis and has been unanimously recognized 
by the academic community[7]. Normal endothelial cells 
maintain vascular homeostasis through tight junctions 
and play an anti-inflammatory role through synthesis 
and secretion. When endothelial cells are injured under 
the action of various influencing factors, endothelial 
cells are activated and secrete a large number of adhesion 
factors, resulting in leukocyte adhesion, resulting in 
vascular damage. Vascular endothelial inflammatory 
reaction and injury caused by various factors are not 
only the initial factors of atherosclerosis, but also play 
an important role in the development of atherosclerosis. 
At present, coronary angiography (CAG) is still used 
as the gold standard for the clinical diagnosis of CHD. 
This method is intuitive, invasive and costly. Current 
studies have shown that neovascularization, positive 
remodeling and severe endothelial dysfunction in 
atherosclerotic plaques are closely related to the 
vulnerability of atherosclerotic plaques, which is the 
result of the comprehensive action of multiple factors. 
Inflammatory factors have attracted much attention in 
this process. Nowadays, more and more scholars shift 
the research focus of early diagnosis of CHD to safer 
and faster hematological examination indicators.

In this study, the correlation between the levels of 
lipoprotein-associated phospholipase A2 (LP-PLA2), 
neutrophil gelatinase-associated lipocalin (NGAL) and 
hypersensitive C-reactive protein (Hs-CRP) alone and 
the combined detection of coronary artery disease and 
diagnosis was analyzed. This paper puts forward the 
value of combined detection of serum inflammatory 
markers in the diagnosis of coronary artery disease, and 
provides a more meaningful theoretical basis for clinic.

MATERIALS AND METHODS
Subjects
All the subjects were from the Department of Cardiology, 
Taizhou people’s Hospital. The diagnosis and treatment 
time was from May 2019 to January 2021, including 
153 patients with CHD. Another 47 patients with non-
coronary heart disease were used as control.

Inclusion criteria: subjects were selected according to 
the diagnostic criteria of CHD issued by the American 
College of Cardiology (ACC) in 2009. The age ranged 
from 40 to 65 y old and CAG was performed strictly 
according to the indications of CAG. After successful 
puncture via femoral artery or radial artery, the catheter 
was sent to the ostium of coronary artery sinus and CAG 
was performed. All the imaging results were converted 
into imaging techniques. The whole operation of the 
experiment was performed by experienced doctors with 
cardiac catheterization qualification in the department 
of cardiology. The degree of coronary artery stenosis 
was judged by two experienced doctors by visual 
method, and the degree of coronary artery stenosis 
was determined according to the percentage of lumen 
diameter stenosis. Coronary artery stenosis ≥50 % of 
the left trunk, anterior descending branch, circumflex 
branch, right coronary artery or its main branches were 
regarded as diagnostic criteria for coronary heart disease; 
those who did not receive cardiac interventional therapy 
within 6 mo before admission; mentally sound persons 
with independent judgment; voluntarily participated in 
this study and signed informed consent.

Research exclusion criteria: there are cerebrovascular 
accidents in clinic, such as cerebral infarction and 
cerebral hemorrhage; patients with severe systemic 
immune diseases and impairment of liver and 
kidney function, patients with severe infection, 
latent hemorrhage and anemia; history of dementia, 
depression, Parkinson’s disease and osteoporosis. 
cardiogenic shock, pump grade III and IV, symptomatic 
heart failure, malignant arrhythmia, aortic dissection 
or aneurysm, stroke; malignant tumor, hematological 
disease; pulmonary heart disease, pulmonary 
embolism; hyperthyroidism and hypothyroidism, 
pheochromocytoma and primary aldosteronism; 
Patients with external thrombotic diseases of coronary 
artery, myocarditis, cardiomyopathy and other heart 
diseases.

Control group: Patients with no clinical symptoms 
of angina pectoris, no ischemic changes in 
electrocardiogram, normal cardiac function and normal 
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results of coronary angiography.

Detection of serum LP-PLA2, NGAL and Hs-CRP

According to the selection and exclusion criteria, the 
appropriate subjects for clinical study were selected 
and the general data such as clinical history, sex, 
age, height, body mass index (BMI), smoking and 
hypertension (excluding secondary possibility) were 
collected. On the 2nd d after admission, fasting routine 
tests were performed on blood routine, liver, renal 
function, thyroid function and so on. At the same time, 
the levels of LP-PLA2, NGAL and Hs-CRP were 
detected in the morning of the 2nd d after admission. All 
the examination items were provided by the laboratory 
of our hospital.

Data processing of coronary arteriography

The results of coronary angiography in patients with 
CAG were scored by Gensini[8]. Gensini score can 
objectively and accurately reflect the severity of 
CHD coronary artery stenosis. Usually, the higher the 
Gensini score, the more serious the degree of coronary 
artery stenosis, indicating that CHD is more serious. 
Specific scoring rules: first, determine the basic score 
according to the degree of coronary artery stenosis: 1 
point for stenosis diameter <25 %, 2 points for 25 % 
stenosis diameter, 2 points for 50 % stenosis diameter, 
4 points for 50 % stenosis diameter, 8 points for 75 
% stenosis diameter, 16 points for 90 % stenosis, 32 
points for 100 %. Then the corresponding coefficients 
are determined according to the location of the stenosis 
(that is, the main branches of the coronary artery), 
which are: left main coronary artery (LM)×5 of the 
left trunk. The left anterior descending branch (LAD): 
proximal segment×2.5, middle segment×1.5, distal 
segment×1, diagonal branch lesion D1×1~(-1) D2×0.5, 
left circumflex branch (LCX): proximal segment×2.5, 
blunt marginal branch×1, distal segment×1, posterior 
descending branch×1, posterior descending branch×0.5, 
right coronary artery (RCA) and posterior descending 
branch×1. The basic score of each coronary artery 
stenosis is multiplied by the coefficient of the lesion 
site, that is the score of the diseased vessel and the sum 
of the score of each diseased vessel is the total score 
of the degree of coronary artery stenosis of the patient. 
According to the Gensini score of coronary artery 
disease, the coronary heart disease group was divided 
into four groups: mild, moderate, severe and extremely 
severe (see Table 1).

Statistical analysis

SPSS 26.0 software was used for statistical analysis. 
TABLE 1: GROUPING ACCORDING TO GENSINI 
SCORE

Score Degree of stenosis Number of cases

Gensini score<20 
points Mild disease group 39

20 points≤Gensini 
score<40 points

Moderate lesion 
group 38

40 points≤Gensini 
score<100 points

Severe disease 
group 43

Gensini score≥100 
points

Extremely severe 
disease group 33

The values of LP-PLA2, NGAL and Hs-CRP in serum 
were expressed by mean±standard deviation (x±s) 
and the sampling rate or constituent ratio of counting 
data was expressed. The average values of LP-PLA2, 
NGAL and Hs-CRP in each group were compared 
by t-test, rank sum test was used for data that did not 
obey normal distribution, chi-square test was used 
for non-econometric data and correlation analysis 
of metrological data and degree of coronary artery 
stenosis were used. All serum inflammatory factor 
data and combined with multiple data were calculated 
ROC curve, the use of binary logic regression statistical 
method to establish a model, through the area under the 
curve (AUC) to predict the accuracy of coronary heart 
disease. The difference was statistically significant 
(p<0.05).

RESULTS AND DISCUSSION

There was no difference in age, sex, smoking history 
and family history of coronary heart disease among 
the control, mild, moderate, severe and extremely 
severe groups (p=NS). After admission, there was no 
significant difference in TG, TC, HDL-C and LDL-C 
among all groups. The history of hypertension and 
abnormal blood glucose in the CHD group was higher 
than that in the control group (paired 0.008, paired 
0.021) and there was no difference among the CHD 
groups (p=NS). There was no significant difference 
in the proportion of β-blockers, calcium antagonists, 
nitrates and clopidogrel among the groups within one 
week before blood sampling (p=NS), (see Table 2).

Comparison of serum LP-PLA2, NGAL, Hs-CRP levels 
and Gensini scores between the two groups. The serum 
levels of LP-PLA2, NGAL, Hs-CRP and Gensini score 
in the CHD group were significantly higher than those 
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in the control group (p<0.01), as shown in Table 3.

Comparison of serum levels of LP-PLA2, NGAL and 
Hs-CRP in patients with coronary heart disease under 
different conditions of coronary artery stenosis. The 
serum levels of LP-PLA2, NGAL and Hs-CRP in the 
extremely severe coronary artery disease group were 
significantly higher than those in the moderate to severe 
disease group and mild disease group, while those in 
the moderate to severe disease group were significantly 

higher than those in the mild disease group and the 
control group (p<0.05) (Table 4).

Correlation analysis between serum levels of LP-PLA2, 
NGAL, Hs-CRP and Gensini score in patients with 
coronary heart disease. There was a positive correlation 
between serum LP-PLA2, NGAL, Hs-CR and Gensini 
score in CHD group (regression coefficient r=0.639, 
0.538, 0.559, p<0.01, p<0.01) (Table 5, fig. 1, fig. 2 & 
fig. 3).

Groups Control group 
(n=47) Mild (n=39) Moderate 

(n=38)
Heavy weight 

(n=43)
Extremely 

heavy (n=33) p

Age (y) 59.3±9.7 58.6±8.6 60.1±10.7 58.2±10.2 59.1±9.5 NS

Male (%) 76.2 78.1 77.9 76.9 79.1 NS

Smokers (%) 58.7 59.3 58.1 60.1 58.4 NS

Patients with hypertension (%) 47.4 52.1* 51.6* 53.2* 57.7* 0.008

Abnormal blood glucose (%) 42.5 47.5* 53.1* 54.7* 55.2* 0.021

Family history of coronary 
heart disease (%) 12.1 12.9 13.6 14.1 13.7 NS

TG (mmol/1) 1.52±0.65 1.73±1.02 1.69±0.87 1.79±0.93 1.78±0.89 NS

TC (mmol/l) 4.39±0.72 4.62±1.11 4.76±1.21 4.71±1.29 4.77±1.41 NS

HDL-C (mmol/1) 1.19±0.04 1.22±0.06 1.27±0.07 1.29±0.06 1.28±0.05 NS

LDL-C (mmol/I) 2.73±0.62 2.75±0.78 2.89±0.96 3.05±2.26 3.13±2.71 NS

B-receptor blocker (%) 81.7 83.6 84.9 90.4 90.4 NS

Calcium antagonist (%) 26.8 28.5 24.2 20.7 20.7 NS

Clopidogrel (%) 100 100 100 100 100 NS

Nitrate esters (%) 100 100 100 100 100 NS

TABLE 2: COMPARISON OF CLINICAL DATA OF SUBJECTS IN EACH GROUP

Note: TG: triglyceride, TC: total cholesterol, HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol.

Project Coronary heart disease 
group(n=153) Control group(n=47) T value

LP-PLA2(ng/L) 263.19±20.25 16.89±2.81 14.245

Hs-CRP(mg/L) 8.95±3.31 1.32±1.02 15.585

NGAL(pg/ml) 128.49±9.93 43.68±7.32 12.362

Gensin integral (points) 69.69±25.23 5.76±3.02 13.481

Compared with the control group, p<0.01

TABLE 3: COMPARISON OF SERUM LP-PLA2, NGAL, HS-CRP LEVELS AND GENSINI SCORES BETWEEN 
THE TWO GROUPS

TABLE 4: COMPARISON OF SERUM LEVELS OF LP-PLA2, NGAL AND HS-CRP IN PATIENTS WITH 
CORONARY HEART DISEASE UNDER DIFFERENT CONDITIONS OF CORONARY ARTERY STENOSIS

Coronary heart disease group (n=153)

Project Mild (n=39) Moderate
(n=38)

Heavy weight 
(n=43)

Extremely heavy 
(n=33)

Control group
(n=47) F value

LP-PLA2(ng/L) 197.65±30.52* 236.67±36.79*# 269.62±40.04*#Δ 297.52±48.54*#Δ□ 97.89±12.81 163.574

Hs-CRP(mg/L) 5.69±1.53* 9.71±3.42*# 10.28±4.07*#Δ 13.28±5.75*#Δ□ 2.45±1.04 131.260

NGAL(pg/ml) 64.09±11.19* 99.51±22.87*# 131.86±29.08*#Δ 156.96±34.86*#Δ□ 32.78±9.74 158.440

Note: Compared with the control group *p<0.01; with the mild disease group: #p<0.01; with the moderate disease group: p<0.01; with 
the severe disease group: p<0.01 
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Fig. 1: There is a positive correlation between NGAL level and Gensini integral. 

Fig. 2: Positive correlation between LP-PLA2 level and Gensini integral

Fig. 3: Positive correlation between Hs-CRP level and Gensini integral

Project
Gensini score

R value p value

LP-PLA2(ng/L) 0.639 <0.01

Hs-CRP(mg/L) 0.538 <0.01

NGAL(pg/ml) 0.559 <0.01

TABLE 5: ANALYSIS OF THE CORRELATION BETWEEN BLOOD LP-PLA2, NGAL, HS-CRP LEVELS AND 
GENSINI SCORE IN PATIENTS WITH CORONARY HEART DISEASE

Note: p<0.01.There is a correlation between the index and Gensini
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The diagnostic value of each variable in coronary 
heart disease was calculated by Logistic regression 
analysis. Univariate binary Logistic regression analysis 
showed that LP-PLA2, NGAL and Hs-CRP had certain 
significance in predicting coronary heart disease 
(see Table 6). All the test indexes were conditionally 
substituted into the equation for multivariate Logistic 
regression analysis, which only showed that IL-6 and 

NGAL had predictive value for coronary heart disease. 
If three indexes were introduced, the prediction accuracy 
would change, so we used the statistical method of 
binary logic regression to establish the model. Through 
the area under the curve (AUC) to predict the accuracy 
of coronary heart disease, the combined prediction 
accuracy of the three indicators is the highest, with an 
AUC of 0.859 (fig. 4, Table 7).

Variable OR OR 95 % CI p
LP-PLA2(ng/L) 1.513 1.127-1.893 0.005
Hs-CRP(mg/L) 1.003 1.001-1.006 0.027
NGAL(pg/ml) 1.313 1.021-1. 696 0.023

TABLE 6: THE DIAGNOSTIC VALUE OF EACH VARIABLE CALCULATED BY LOGISTIC REGRESSION 
ANALYSIS FOR CORONARY HEART DISEASE

Project Sensitivity % Specificity % Positive predictive 
value %

Negative 
predictive value % AUC

LP-PLA2(ng/L) 83.60 85.70 86.50 81.39 0.77
Hs-CRP(mg/L) 81.36 81.75 84.41 79.85 0.63
NGAL(pg/ml) 78.29 84.68 85.93 80.64 0.73
LP-PLA2+Hs-
CRP+NGAL 85.72 87.68 87.15 83.86 0.859

TABLE 7: LP-PLA2, NGAL, HS-CRP LEVELS AND COMBINED DETECTION IN THE DIAGNOSIS OF 
CORONARY HEART DISEASE

AUC: Area under curve

Fig. 4: ROC curve of LP-PLA2, NGAL, Hs-CRP levels and their combined detection in the diagnosis of coronary heart disease.

Coronary atherosclerotic heart disease is a kind of 
myocardial dysfunction and/or organic lesion caused 
by coronary artery stenosis, obstruction, spasm and so 
on. In recent years, more and more studies have shown 
that the occurrence of many acute coronary syndrome 
is not only related to the degree of mechanical coronary 
artery stenosis. Inflammation occurs in every stage of 

atherosclerosis and has been unanimously recognized 
by the academic community[6]. At present, inflammation 
is considered to be involved in the pathogenesis 
of many cardiovascular diseases and is one of the 
important pathogenesis, especially in atherosclerotic 
diseases and the resulting cardiovascular events[9]. 
Inflammatory response is mainly through a series 



www.ijpsonline.com

Special Issue 1, 2021Indian Journal of Pharmaceutical Sciences160

of inflammatory cells and inflammatory cytokines, 
especially monocyte macrophage chemokine (MCP), 
which promotes mononuclear macrophages from the 
blood into the arterial wall. When lipids are deposited 
in the intima of the artery, mononuclear macrophages 
enter the intima of the artery and phagocytize lipids 
to form foam cells through the action of their surface 
receptors, while the extracellular matrix proliferates to 
form a fibrous cap[10]. Under the action of inflammation, 
it causes a large number of platelet aggregation and 
acute thrombosis, which leads to the occurrence of 
acute coronary syndrome[11]. This study confirmed 
the relationship between inflammatory factors and 
coronary artery stenosis.

LP-PLA2 is a vascular specific marker synthesized 
and secreted by lymphocytes and mature macrophages. 
It can hydrolyze and oxidize lecithin under arterial 
intima by binding to low density lipoprotein, thus 
producing active pro-inflammatory factors, hemolytic 
lecithin and oxidizing fatty acids. Further enhance 
the phagocytosis of macrophages to form foam cells, 
while activated macrophages will produce more LP-
PLA2 and eventually form a vicious circle[12]. It can 
cause a large number of hydrolysates in the area where 
atherosclerosis occurs in blood vessels and then cause 
monocyte chemotaxis and damage endothelial function. 
It is a newly discovered inflammatory factor in recent 
years. It plays an important role in the development 
of atherosclerosis[13]. The prospective analysis of LP-
PLA2 by foreign Thompson[14] et al. showed that there 
was a positive correlation between the concentration of 
LP-PLA2 in vivo and the risk of coronary heart disease. 
With the continuous increase of serum LP-PLA2 level, 
the thickness of fibro lipid plaque fiber cap in patients 
with coronary heart disease decreased gradually[15]. 
This study confirmed that the correlation coefficient 
between LP-PLA2 and coronary artery stenosis was the 
highest under single factor.

Under normal circumstances, Hs-CRP exists in trace 
form in the serum of healthy people and the normal 
range of CRP in healthy adults without infection is 
generally below 2 mg/L. Therefore, the CRP detected 
by a highly sensitive method (which can detect the 
level of <0.3mg/L) is also called hs-CRP. Hs-CRP 
increased rapidly within 6 to 8 h of inflammatory 
injury, reached the peak at 48 to 72 h and the plasma 
half-life was about 19 h. Under the condition of health 
and stable disease, the plasma level remained basically 
unchanged. Because hs-CRP has the characteristics 
of repeatability, relatively stable blood concentration, 

sensitivity and easy detection, it has become the best 
index to reflect the inflammatory state in clinic[16-18]. 
The latest study shows that the expression of hs-CRP in 
serum of patients with CHD is significantly increased, 
and the expression of hs-CRP can significantly affect 
the progression of CHD. The up-regulation of hs-CRP 
mainly affects the spasm of coronary artery vessels 
and the deposition of subendothelial adipose tissue. In 
turn, it affects the stenosis of vascular lumen, leading to 
cardiomyocyte ischemia and the occurrence of CHD[19-

22]. In the process of increasing the number of coronary 
artery lesions, the expression of hs-CRP also increased 
significantly, suggesting that there may be a potential 
relationship between the expression of hs-CRP and 
the number of coronary artery lesions, mainly because 
the change of the expression concentration of hs-CRP 
can increase the risk of low density lipoprotein and 
triglyceride deposition, resulting in an increase in the 
risk of coronary artery branch occlusion in patients[23-25].

As a small molecular substance secreted after renal 
tubular injury, NGAL has become an important 
biological marker for prognosis and risk assessment 
of patients with acute renal injury and chronic 
nephropathy[26,27]. The widespread expression of NGAL 
and carotid unstable plaque are strong predictors of 
death and adverse cardiovascular events in patients with 
acute myocardial infarction[28]. Current studies have 
shown that patients with chronic nephropathy are often 
complicated with vascular calcification due to abnormal 
calcium and phosphorus metabolism, aggravating 
myocardial ischemia and promoting the progression 
of coronary artery disease. And patients with chronic 
vascular occlusion are often complicated with diabetes 
and chronic kidney disease. At present, it has been 
found that there are significant differences in the level 
of NGAL in patients with different number of diseased 
coronary arteries. Some studies have found that serum 
NGAL in patients with CHD is related to the severity 
of coronary artery disease and is an independent risk 
factor for complex coronary artery disease[29,30]. This 
study confirmed that NGAL is associated with coronary 
artery stenosis.

This study confirmed that the serum levels of LP-
PLA2, NGAL and Hs-CRP were significantly increased 
in patients with coronary heart disease and were closely 
related to the severity of coronary artery disease, which 
could be used to evaluate the severity of coronary artery 
disease. The diagnostic rate of combined detection of 
serum LP-PLA2, NGAL and Hs-CRP for coronary heart 
disease can reach 0.859, which can provide important 
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clinical guidance value.
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