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Abstract. Coronary atherosclerosis is a chronic systemic 
inflammatory disease. Laboratory parameters such as the 
neutrophil‑to‑lymphocyte ratio (NLR), platelet‑to‑lymphocyte 
ratio (PLR) and systemic immune inflammation index (SII) 
have been used to assess inflammation degree and coronary 
artery disease (CAD) severity. The lymphocyte‑to‑C‑reactive 
protein ratio (LCR) is a new SII. However, its relationship 
with CAD development and severity is unclear. A total of 
1,107 patients (479 in control group, 628 in CAD group) under‑
went coronary angiography. The routine and biochemical 
indices of the venous blood of patients were assessed before 
coronary angiography. LCR, SII, NLR and PLR were calcu‑
lated and statistical analyses were performed. Propensity score 
matching (PSM) and a logistic regression model were used to 
analyze the relationship between LCR and CAD. After the 
PSM, 384 pairs of patients with or without CAD were success‑
fully matched. After the median binary classification of all 
indicators, uni‑ and multivariate logistic regression analyses 
showed that platelet count was an independent risk factor and 
LCR was an independent protective factor. Using the same 
method, in the coronary heart disease severity group, 212 pairs 
were successfully matched and NLR and PLR were indepen‑
dent risk factors, while LCR was an independent protective 

factor. In conclusion, LCR is an independent protective factor 
against CAD development and severity.

Introduction

A total of 18,000,000 individuals die from cardiovascular 
diseases worldwide annually, accounting for 31% of all 
mortalities for any reason (1). Coronary artery disease (CAD) 
is caused by a narrowing of the coronary artery lumen due to 
atherosclerosis of the vessel wall. CAD is the main cause of 
death from cardiovascular disease, accounting for 45% of total 
mortality cases (2). Risk factors for CAD include hyperten‑
sion, diabetes, smoking and hypercholesterolemia (3).

Studies have suggested that vascular inflammation plays 
an important role in the initiation, progression, plaque insta‑
bility and eventual rupture of atherosclerosis (4,5). Therefore, 
various inflammatory biomarkers have attracted attention, 
including the systemic immune inflammation index (SII; 
calculated as neutrophils x platelets/lymphocytes), neutro‑
phil‑to‑lymphocyte ratio (NLR) and platelet‑to‑lymphocyte 
ratio (PLR). Other studies have suggested that these inflamma‑
tory parameters can indicate CAD occurrence, development 
and severity (6‑8). They can also be used as independent 
predictors of cardiovascular risk, all‑cause mortality and 
CAD (9,10). Lymphocyte‑to‑C‑reactive protein (CRP) ratio 
(LCR) is a novel immune system inflammatory indicator. 
Okugawa et al (11) found that LCR can predict the clinical 
prognosis of colorectal cancer. Zhang et al (12) found that 
LCR is associated with disease severity in patients with coro‑
navirus disease 2019. Liu et al (13) found that LCR can predict 
the clinical prognosis of ST‑segment elevation myocardial 
infarction. However, the association between LCR and CAD 
occurrence and progression remains unclear. Thus, the present 
study aimed to investigate the relationship between LCR and 
CAD.

Materials and methods

Participants. Patients who underwent concurrent coronary 
angiography at the Department of Cardiology, The 904th 
Hospital of Joint Logistics Support Force of People's Liberation 
Army (Wuxi, China) between January 2019 and December 
2021 were included in the present study. Inclusion criteria of 
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this study were as follows: Patients who were hospitalized 
due to typical symptoms of chest tightness and chest pain, 
had suspected CAD and underwent improved percutaneous 
coronary angiography during hospitalization. The study 
exclusion criteria were as follows: i) Previous myocardial 
infarction, coronary intervention therapy or coronary artery 
bypass grafting; ii) acute cerebral infarction occurring within 
6 months; iii) other heart diseases, such as congenital heart 
disease, valvular heart disease or great vascular disease; 
iv) presence of a malignant tumor, hematological disease 
or autoimmune disease; and v) complications of acute and 
chronic infectious diseases. CAD was diagnosed according 
to the American College of Cardiology/American Heart 
Association clinical guidelines for CAD: <50% stenosis of 
any of the following major coronary arteries, including the left 
main trunk, left anterior descending branch, left circumflex 
branch, right coronary artery or its major branches with a 
vessel diameter >1.5 mm (for example, diagonal branch, obtuse 
margin branch, posterior left ventricular branch and posterior 
descending branch) (14).

After admission, all patients were treated with 300 mg 
chewable aspirin and a 180‑mg loading dose of ticagrelor. The 
demographic characteristics of all patients were collected, 
including hypertension, diabetes, smoking status, height and 
weight. The cohort consisted of 736 males and 371 females, 
and the median age was 64 years (range, 26‑90 years). Body 
mass index [BMI; weight (kg)/height (m2)] was also calculated. 
The present study was approved by the Ethics Committee of 
the 904th Hospital of Joint Logistic Support Force of People's 
Liberation Army, and all patients provided written informed 
consent (approval no. 2022‑05‑24).

Laboratory parameters. After admission, each patient fasted 
for 10‑12 h. Venous blood was collected the next morning 
and subjected to routine blood marker and biochemical tests, 
including white blood cell (WBC) count and triglyceride, 
total cholesterol (TC), high‑density lipoprotein (HDL‑C), 
low‑density lipoprotein (LDL‑C), creatinine and CRP levels. 
LCR was calculated as lymphocyte count (103/µl)/CRP (mg/l). 
SII (neutrophils x platelets / lymphocytes), NLR and PLR were 
also calculated.

Angiography. Judkins‑style coronary angiography was 
performed of each patient, and the degree of coronary stenosis 
was determined by at least two interventional cardiologists 
based on the angiography results (14). The Gensini score was 
used to determine coronary stenosis severity (15,16). The 
Gensini score evaluation criteria included coronary stenosis 
degree and lesion site scores. i) Coronary stenosis degree 
score: 1‑25%, 1 point; 26‑50%, 2 points; 51‑75%, 4 points; 
76‑90%, 8 points; 91‑99%, 16 points; and 100%, 32 points. 
ii) Lesion site score: Left trunk, 5 points; proximal left 
anterior descending branch, 2.5 points; middle left anterior 
descending branch, 1.5 points; aorta and first diagonal branch, 
1 point; second diagonal branch, 0.5 point; distal left anterior 
descending branch, 1 point; proximal left circumflex branch, 
2.5 points; middle left circumflex branch, 2.5 points; distal 
left circumflex branch, 1 point; blunt edge branch, 0.5 point; 
proximal segment of the right coronary artery, 1 point; middle 
segment of the right coronary artery, 1 point; distal segment 

of the right coronary artery, 1 point; distal segment of right 
coronary artery, 1 point; posterior descending branch, 1 point; 
and posterior branch of left ventricle, 0.5 point. The Gensini 
score is the sum of the coronary stenosis degree and lesion site 
scores as follows: 0 points, normal; 1‑30 points, mild CAD; 
and ≥30 points, severe CAD.

Statistical analyses. Three ofmore experimental repeats 
were performed. The counting data are expressed as number 
of cases and percentage, while the non‑normally distributed 
measurement data are expressed as median (interquartile 
range). The χ2 test was used to examine counting data, while 
the non‑parametric test (Mann‑Whitney U test) was used to 
examine non‑normally distributed measurement data. The 
Kolmogorov‑Smirnov test was used to detect whether the data 
were normally distributed.

The propensity score matching (PSM) method was used 
to balance the clinical baseline data of the two groups, and 
the patients were included in the regression model variables 
by the logistic regression method, including sex, age, hyper‑
tension, diabetes, age, BMI and LDL‑C and the 1:1 nearest 
neighbor matching method (caliper value=0.02) was adopted 
to facilitate matching accuracy. If the control group contained 
multiple observation objects that met the matching criteria, 
one participant was randomly selected. Pearson and Spearman 
correlation coefficients were used for the correlation analysis. 
The data were dichotomized according to the median and 
included in the univariate logistic regression analysis. The 
relevant influencing factors were screened according to the 
standard of P<0.1 and included in the multivariate logistic 
regression analysis to determine the independent risk factors 
for CAD and severe coronary artery stenosis. SPSS version 
26.0 (IMB Corp.) was used to analyze the data. All compari‑
sons were two‑tailed and values of P<0.05 were considered to 
indicate a statistically significant difference.

Results

Baseline characteristics of the unmatched group. A total of 
1,107 patients [736 men, 371 women; median age, 64 years 
(55‑70 years)] were included in the present study. According 
to the results of the coronary angiography, the patients were 
divided into normal control and CAD groups. The variables of 
sex, smoking history, hypertension, diabetes and age differed 
significantly between the two groups (P<0.05; Table I). After 
PSM, there were 384 cases in both groups with no statistically 
significant differences in characteristics such as sex, smoking 
history, hypertension, diabetes, or age (P>0.05; Table I). The 
absolute value of the standardized deviation after PSM was 
<0.1, indicating good matching (Fig. 1A). The CAD group was 
further divided into mild and severe CAD groups according to 
Gensini score (Table II; Fig. 1B).

Matched groups. After matching, the neutrophil, WBC and 
platelet counts as well as the SII, NLR and PLR were higher 
in the CAD vs. control group, whereas the HDL‑C level and 
LCR were significantly lower in the CAD vs. control group 
(P<0.05; Table I). The neutrophil and platelet counts as well as 
the CRP level, SII, NLR and PLR were significantly higher in 
the severe CAD vs. mild CAD group after matching, whereas 
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the lymphocyte count and LCR were significantly lower in the 
severe CAD vs. mild CAD group (P<0.05; Table II).

After the PSM analysis, the risk factors for CAD were 
explored. As shown in Table III, the results of the univariate 
logistic regression analysis suggested that HDL‑C level, CRP 
level, neutrophil count, platelet count, LCR, SII, NLR and PLR 
were possible risk factors for CAD (P<0.1). However, LCR was 
strongly correlated with CRP level (r=‑0.831, P<0.001) (data not 
shown), and single risk factors were not as stable as combined 
risk factors; therefore, CRP level was excluded from further 
analysis. HDL‑C level, neutrophil and platelet counts, LCR, SII, 
NLR and PLR were included in the multivariate logistic analysis. 
Platelet count [odds ratio (OR), 1.429; 95% confidence interval 
(CI), 1.074‑1.902; P=0.014] was an independent risk factor for 
CAD, while LCR (OR, 0.635; 95% CI, 0.477‑0.845; P=0.002) 
was an independent protective factor for CAD (Table III; 
Fig. 2A). The univariate logistic regression analysis showed 
that HDL‑C, CRP, lymphocytes, platelets, LCR, SII, PLR and 
PLR were correlated with CAD severity. Similarly, LCR was 
strongly correlated with CRP level (r=‑0.739, P<0.001), which 
was then excluded from the further analysis.

The remaining factors were included in the multivariate 
logistic analysis, and the results suggested that NLR (OR, 
1.862; 95% CI, 1.189‑2.914; P=0.007) and PLR (OR, 2.295; 
95% CI, 1.478‑3.564; P<0.001) were independent risk factors 
for CAD severity. LCR (OR, 0.541; 95% CI, 0.354‑0.825; 
P=0.004) was an independent protective factor against severe 
CAD (Table IV; Fig. 2B).

Discussion

CAD is the leading cause of morbidity and mortality world‑
wide (17). CAD is a multifactorial disease for which dyslipidemia, 
abnormal blood glucose levels, smoking and genetic suscepti‑
bility are all risk factors. Atherosclerosis is the leading cause of 
CAD (5). In recent years, atherosclerosis has been increasingly 
recognized as a chronic inflammatory disease of the arterial 
wall (18) and an active inflammatory process instead of a simple 
passive injury caused by lipid infiltration (19). Vascular inflam‑
mation plays an important role in plaque formation, progression 
and even rupture and can have serious consequences such as 
local thrombosis and hypoxia‑related myocardial injury (20).

Figure 1. Standardized differences before vs. after propensity score matching (A) with or without coronary heart disease and (B) by coronary heart disease 
severity. BMI, body mass index; LDL‑C, low‑density lipoprotein cholesterol.

Figure 2. Multivariate logistic regression analysis after propensity score matching of patients (A) with or without coronary heart disease and (B) by coronary 
heart disease severity. LCR, lymphocyte‑to‑C‑reactive protein ratio; NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio; SII, systemic 
immune inflammation index.
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The immune system is divided into innate and adap‑
tive systems. Neutrophil and platelet counts are important 
indicators of innate immunity (21,22), whereas lymphocytes 
primarily mediate adaptive immunity (23). NLR, PLR and 
SII reflect the balance between innate and adaptive immunity 
well (24‑26). The NLR, PLR and SII are correlated with CAD 
severity and prognosis (6). In patients with cancer, LCR is a 
novel systemic inflammation indicator with a stronger predic‑
tive effect compared with other indicators, such as NLR and 
PLR (11). After PSM, the present study balanced the traditional 
risk factors for cardiovascular disease, including sex, smoking 
history, hypertension, diabetes, age, BMI and LDL‑C. Platelet 
count and a lower LCR were risk factors for CAD, whereas 
PLR, NLR and a lower LCR were risk factors for severe CAD.

LCR is the ratio of lymphocytes to CRP level, and a 
decreased lymphocyte count and increased CRP level can 
downregulate LCR (13). Atherosclerotic plaques are char‑
acterized by the infiltration of monocytes/macrophages and 
lymphocyte cells that migrate from the blood to the lower 

arterial endothelium, thereby reducing the number of lympho‑
cytes in the circulating blood when plaques form (27). This has 
been confirmed in lymphocyte‑deficient mice, in which the 
atherosclerotic burden induced by a high‑cholesterol diet can 
be reduced by 80% (28). In clinical studies, Horne et al (19) 
found that WBC count is an independent predictor of prog‑
nosis of patients with CAD. However, a high neutrophil or low 
lymphocyte count has a stronger predictive power, and a low 
lymphocyte count increases the risk of cardiovascular disease. 
Similarly, Adamstein et al (10) reported the protective effect of 
a high lymphocyte count on atherosclerosis.

Although mechanistic studies suggest that lymphocytes 
can be both atheroprotective and atherogenic, the lympho‑
penia‑induced effect of atherosclerosis may reflect a more 
general process such as frailty (29,30). CRP, a part of the innate 
immunity that aggregates or binds to ligands to activate the 
classical complement pathway, also binds to the phospholipids 
of damaged cells and subsequently activates the complement 
system in a limited manner, enhancing the uptake of these 

Table IV. Multivariate logistic regression analysis of coronary heart disease severity group after propensity score matching.

 Univariate analysis Multivariable analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable P‑value OR 95%CI  P‑value OR 95%CI 

HDL‑C (median) 0.012 0.611 0.416 0.896    
CRP (median) 0.001 1.910 1.299 2.810    
Lymphocyte (median) <0.001 0.422 0.286 0.623    
Platelet (median) 0.020 1.576 1.074 2.312    
LCR (median) <0.001 0.382 0.258 0.566 0.004 0.541 0.354 0.825
SII (median) <0.001 2.616 1.768 3.870    
NLR (median) <0.001 3.074 2.069 4.567 0.007 1.862 1.189 2.914
PLR (median) <0.001 3.337 2.241 4.969 <0.001 2.295 1.478 3.564

CI, confidence interval; OR, odds ratio; HDL‑C, high‑density lipoprotein cholesterol; CRP, C‑reactive protein; LCR, lymphocyte/C‑reactive 
protein; SII, systemic immune‑inflammation index; NLR, neutrophil/lymphocyte; PLR, platelet/lymphocyte.

Table III. Multivariate logistic regression analysis of patients with or without coronary heart disease after propensity score 
matching.

 Univariate analysis Multivariable analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable P‑value OR 95% CI  P‑value OR 95% CI 

HDL‑C (median) 0.061 0.762 0.574 1.012    
CRP (median) <0.001 1.858 1.396 2.474    
Neutrophil (median) 0.037 1.353 1.019 1.797    
Platelet (median) 0.012 1.441 1.085 1.915 0.014 1.429 1.074 1.902
LCR (median) 0.002 0.631 0.475 0.839 0.002 0.635 0.477 0.845
SII (median) 0.009 1.457 1.096 1.935    
NLR (median) 0.083 1.284 0.967 1.705    
PLR (median) 0.017 1.411 1.063 1.875    

CI, confidence interval; OR, odds ratio; HDL‑C, high‑density lipoprotein cholesterol; CRP, C‑reactive protein; LCR, lymphocyte/C‑reactive 
protein; SII, systemic immune‑inflammation index; NLR, neutrophil/lymphocyte; PLR, platelet/lymphocyte.
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cells by macrophages, which have atherogenic properties (31). 
A previous study suggests that plasma CRP levels can predict 
the risk of vascular disease with a predictive ability as high as 
that of TC or HDL‑C (20). In the CANTOS trial, decreased 
CRP levels were closely associated with reduced rates of 
cardiovascular events and all‑cause mortality (31). Platelets are 
involved in various vascular inflammation‑related diseases, 
including atherosclerosis, myocardial infarction and autoim‑
mune diseases (32). NLR and PLR can be used to assess CAD 
development and severity before coronary angiography (33). In 
the present study, LCR was closely related to CAD occurrence 
and severity.

The present study had several limitations. First, only patients 
initially diagnosed with CAD were included, while those 
previously diagnosed with CAD were excluded. Therefore, the 
results can be applied to only a narrow population. Second, only 
a single blood sample was collected from patients after admis‑
sion, and the LCR was not regularly assessed. Therefore, the 
long‑term predictive effect of LCR remains unclear. Thirdly, 
the present study did not further explore the predictive efficacy 
of LCR compared with traditional inflammatory biomarkers 
NLR and PLR in predicting CAD and severe coronary artery 
stenosis. Therefore, the aforementioned issues will be further 
improved in future research. Finally, this was a single‑center 
study with a small sample size. Subsequent multicenter studies 
will aim to include more patients to provide high‑quality 
clinical evidence.

In conclusion, LCR, a simple and easy‑to‑acquire indicator 
in clinical studies, is an independent protective factor against 
CAD occurrence. It is also related to CAD severity and an 
independent protective factor against severe CAD. LCR deter‑
minations may guide the early screening and assessment of 
CAD severity.
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