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Introduction

Coronary artery disease (CAD) is recognized to 

be a worldwide health threat; therefore, understanding 
its predictors would greatly aid in disease control and 
treatment. Importantly, the relationships between var-
ious inflammatory markers and CAD have been defin-
itively established1-3). Among these markers, the levels 
of white blood cell (WBC) subtypes, confirmed 
inflammatory markers that play a crucial role in the 
pathogenesis of atherogenesis and atherothrombosis4), 
have received significant attention. It has been 
reported that the WBC count and levels of WBC sub-
types not only play an important role in the develop-
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Hypertension was diagnosed based on repeated 
blood pressure measurements of ≥140/90 mmHg (at 
least two times in different environments) or the use 
of antihypertensive drugs. DM was diagnosed based 
on a fasting serum glucose level of ≥6.99 mmol/L on 
multiple occasions and/or the use of insulin or oral 
hypoglycemic agents. Dyslipidemia was diagnosed 
according to a fasting total cholesterol level of (TC) 
≥200 mg/dL or triglyceride (TG) level of ≥150 mg/dL.

Laboratory Tests
All baseline laboratory data were acquired from 

venous blood samples obtained after a 12-hour over-
night fast prior to coronary angiography. The levels of 
WBC, neutrophils, lymphocytes and monocytes were 
determined using an automated blood cell counter, 
the Coulter LH780 Hematology Analyzer (Beckman 
Coulter Ireland Inc. Mervue, Galway, Ireland), and 
the levels of high-sensitivity C-reactive protein (hs-
CRP) were assessed using immunoturbidimetry 
(Beckmann Assay 360, Bera, California, USA), as pre-
viously reported16, 17). The NLR was calculated as the 
ratio of neutrophils to lymphocytes, the levels of 
which were obtained from the same blood samples. 
The normal range of hs-CRP in our hospital labora-
tory is 0-3 mg/L.

Angiographic Examinations
Selective coronary angiography was performed in 

all enrolled subjects using the standard Judkin’s tech-
nique, and the results were analyzed by at least two 
interventional physicians who performed a quantita-
tive coronary angiography (QCA) analysis. CAD was 
defined as the presence of obstructive stenosis of more 
than 50% of the vessel lumen diameter in any of the 
main coronary arteries, including the left main coro-
nary artery (LM), left anterior descending artery 
(LAD), left circumflex coronary artery (LCX) and 
right coronary artery (RCA), or main branches of the 
vascular system.

The severity of CAD was assessed based on the 
Gensini score (GS), which was determined according 
to the severity of stenosis as follows: 1 point for ＜25% 
stenosis, 2 points for 26% to 50% stenosis, 4 points 
for 51% to 75% stenosis, 8 points for 76% to 90% 
stenosis and 32 points for total occlusion. The score 
was then multiplied by a factor representing the 
importance of the lesion’s position in the coronary 
artery system. For example, 5 for the left main coro-
nary artery, 2.5 for the proximal left anterior descend-
ing or proximal left circumflex artery, 1.5 for the mid-
region, and 1 for the distal left anterior descending or 
mid-distal region of the left circumflex artery18, 19).

ment of CAD, but can also be used to predict the 
clinical outcomes of patients with CAD5-7). Interest-
ingly, the ratio of the absolute number of neutrophils 
to that of lymphocytes (neutrophil-to-lymphocyte 
ratio: NLR), a particular WBC parameter, has newly 
emerged as an inflammatory marker for identifying 
individuals at risk of CAD8-13). However, only recently 
have studies of the relationship between the NLR and 
the severity of CAD begun to be conducted.

In addition, previous studies on the relationships 
between stable CAD and the NLR, WBC count and 
levels of WBC subtypes are insufficient and limited by 
a small sample size. Furthermore, the severity of CAD 
was assessed according to the number of diseased ves-
sels in these studies14, 15), and receiver operating char-
acteristic (ROC) curves analyses of the NLR and 
WBC count for predicting CAD severity are few. 
Moreover, no data are currently available regarding 
these associations in large Chinese populations. There-
fore, our study investigated the value of the NLR, 
WBC count and levels of WBC subtypes in predicting 
the risk and severity of CAD in a large Chinese cohort 
from a single center.

Methods

Study Population
The study protocol complied with the Declara-

tion of Helsinki and was approved by the hospital eth-
ics review board (Fu Wai Hospital & National Center 
for Cardiovascular Diseases, Beijing, China). Written 
informed consent was obtained from all participants.

A total of 3,974 consecutive patients undergoing 
coronary angiography at the Division of Dyslipidemia 
at Fu Wai Hospital between April 2011 and Decem-
ber 2013 were included in the analysis. Among these 
patients, 312 had undergone percutaneous coronary 
intervention (Pre-PCI), 15 had undergone coronary 
artery bypass grafting (pre-CABG), 44 had a history 
of myocardial infarction (MI) without treatment with 
revascularization, 42 had an abnormal baseline cardiac 
troponin I (cTnI) level, three had clinical evidence of 
cancer and 11 had chronic inflammatory or active 
infectious diseases; all of these individuals were 
excluded. Finally, a total of 3,547 subjects were 
enrolled in this study, including 2,976 patients with 
angiographically proven CAD (CAD group) and 571 
patients with normal coronary angiography findings 
(Control group). The subjects’ demographic data (age, 
gender and BMI) and risk factors for CAD, such as 
smoking habits, diabetes mellitus (DM), hyperten-
sion, dyslipidemia and a family history of CAD, were 
also collected.
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mined to assess the predictive value of the NLR, WBC 
count and levels of WBC subtypes for a high GS. A 
p-value of less than 0.05 was considered to be statisti-
cally significant.

Results

Baseline Characteristics
The baseline clinical characteristics and labora-

tory data of the CAD and control groups are summa-
rized in Table 1. As shown in Table 1, age and BMI 
were significantly higher in the CAD group than in 
the control group. In addition, the percentage of men, 
smokers and a history of CAD, DM, hypertension or 
dyslipidemia were significantly higher in the CAD 
group than in the control group.

Moreover, the NLR, hs-CRP level and neutro-
phil and lymphocyte counts were significantly differ-
ent between the patients with CAD and those in the 
control group (p=0.002, 0.001, 0.046 and 0.019, 
respectively). In addition, the NLR values were signifi-
cantly higher in the CAD patients than in the control 
subjects [1.99 (1.55-2.59) vs. 1.83 (1.39-2.44)], as were 
the plasma CRP levels [1.54 (0.81-3.34) vs. 1.52 (0.78-
3.01), p=0.046].

The cohort in the current study consisted of 2,976 
CAD patients, with a mean GS of 37.71±33.45 [28 
(12-52), range: 2 to 232 points]. The baseline demo-

The enrolled patients were classified into the 
three groups based on the tertile of the GS (low GS
＜18 points, n=989; intermediate GS 18-41 points, 
n=995; high GS＞41 points, n=992).

Statistical Analysis
All analyses were performed using the SPSS ver-

sion 19.0 software package (Chicago, Illinois, USA). 
The Kolmogorov-Smirnov test was used to determine 
the distribution pattern. Continuous variables are pre-
sented as the mean±SD or median with the 25th and 
75th percentiles, as appropriate, and were compared 
using the t -test [with the results presented as the mean 
and standard deviation (SD)] or Mann Whitney test 
[median with the interquartile range (IQR)]. Categor-
ical variables are summarized as frequencies with per-
centages and were compared using the chi-square test. 
Variables with a p-value of ＜0.05 in the univariate 
logistic regression analyses were included in the multi-
variate logistic regression analysis. The predictive value 
of the differential counts of WBCs and their subtypes 
for a high GS was evaluated according to binary logis-
tic regression models using the forward stepwise selec-
tion process. The correlations between variables were 
examined using Spearman and Pearson correlation 
coefficients, when appropriate. Receiver operating 
characteristics (ROC) curves were constructed, and 
the most discriminating cut-off values were deter-

Table 1. Baseline characteristics of the study population

Variables
CAD group
(n=2976)

Control group
(n=571)

p-value

Clinical characteristics
Age, (years)
Male, n (%)
Smoking, n (%)
Family history of CAD, n (%)
BMI, (kg/m2)
DM, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)

Laboratory data
WBC, (109/L)
Neutrophil, (109/L)
Lymphocyte, (109/L)
Monocyte, (109/L)
NLR
hs-CRP, (mg/L)

58.35±9.90
2170 (72.9)
1621 (54.5)

489 (16.4)
25.78±3.18

819 (27.5)
1869 (62.8)
2261 (76.0)

6.33±1.65
3.82±1.28
1.87±0.60
0.44±0.16

1.99 (1.55-2.59)
1.54 (0.81-3.34)

54.90±1.22
234 (56.7)
174 (42.1)

51 (12.3)
25.27±3.40

65 (15.7)
207 (50.1)
251 (60.8)

6.20±1.68
3.64±1.30
1.94±0.62
0.44±0.16

1.83 (1.39-2.44)
1.52 (0.78-3.01)

0.000
0.000
0.000
0.040
0.003
0.000
0.000
0.000

0.095
0.002
0.019
0.982
0.001
0.046

CAD: coronary artery disease; BMI: body mass index; DM: diabetes mellitus; WBC: white blood cell; NLR: neutrophil-to-
lymphocyte ratio; hs-CRP: high-sensitivity C-reactive protein. The NLR and hs-CRP are presented as the median with 25th 
and 75th percentiles.
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Correlations between the WBC Count and Subtype 
Levels and the GS

We used Spearman and Pearson correlation anal-
yses to examine the correlations between the NLR, 
WBC count and levels of WBC subtypes and the GS 
in the patients with CAD. As shown in Fig.2, there 
were mild positive but significant correlations between 
the WBC count, neutrophil count, monocyte count 
and NLR and the GS, whereas no correlations were 
observed between the lymphocyte count and the GS 
in the present study.

ROC Curve Analysis
Fig.3 shows the findings of the ROC curves 

analysis of the NLR, WBC count and levels of the 
WBC subtypes for predicting a high GS. The NLR 
was found to have the highest AUC at 0.63 (95% CI: 
0.59-0.67, p=0.000) among all of the markers, even 
the hs-CRP level. As shown in Fig.3, the AUC values 
of the other markers were all less than 0.60. In addi-
tion, an NLR of 2.04 was identified to be an effective 
cut-off point for detecting a high GS (＞41 points), 
with a sensitivity of 62.1% and a specificity of 54.8%. 
When we divided all subjects enrolled in this study 
into the two groups based on the NLR cut-off value 
of 2.04 determined in the ROC analysis (Table 5 and 
Fig.4), the serum hs-CRP levels and GS values were 
significantly increased in the high-NLR group com-
pared to that observed in the low-NLR group [1.35 
(0.71-2.51) vs. 1.88 (0.91-4.06), p=0.000 and 26 
(12-48) vs. 30 (14-56), p=0.000, respectively]. More-

graphic, clinical and laboratory data for the enrolled 
subjects classified according to the tertile of the GS 
(low-GS group: 33.2%; intermediate-GS group: 
33.4%; high-GS group: 33.3%) are summarized in 
Table 2 and Fig.1. There were significant differences 
in age, gender and the frequencies of statin treatment, 
DM, hypertension and a family history of CAD 
among the groups (Table 2). More importantly, the 
NLR, WBC count and neutrophil and monocyte lev-
els were significantly different among the groups clas-
sified according to the GS, as demonstrated in a trend 
analysis and on a comparison test (Fig.1).

Univariate and Multivariate Analyses
According to the multivariate logistic regression 

analysis (Table 3), only the NLR and hs-CRP level 
were found to be independent predictive markers for 
CAD (OR=1.18, 95% CI: 1.09-1.27, p=0.009, and 
OR=1.05, 95% CI: 1.02-1.08, p=0.000, respectively). 
More importantly, as shown in Table 4, the results of 
the multivariate logistic regression analysis of variables 
predicting a high GS suggested that only the NLR and 
hs-CRP level were independent predictors of the 
severity of CAD, after adjusting for gender, age, BMI, 
current smoking, hypertension, dyslipidemia and a 
family history of CAD (OR=1.10, 95% CI: 1.01-
1.16, p=0.032, and OR=1.06, 95% CI: 1.03-1.08, 
p=0.000, respectively). Moreover, age, gender and 
DM were identified to be independent predictors of a 
high GS (Table 4).

Table 2. Baseline characteristics based on the tertile of the Gensini score

Variables
Low GS

(＜18, n=989)
Intermediate GS
(18-41, n=995)

High GS
(＞41, n=992)

p-value

Clinical characteristics
Age, (years)
Male, n (%)
Smoking, n (%)
Family history of CAD, n (%)
BMI, (kg/m2)
DM, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)

Prior treatment
Aspirin
Statin
Beta-blocker
ACE-I/ARB

57.82±9.70
689 (69.7)
529 (53.5)
157 (15.9)

25.64±3.15
215 (21.7)
612 (61.9)
765 (77.4)

901 (91.1)
644 (65.1)
528 (53.3)
269 (27.2)

58.10±9.56
729 (73.3)
543 (54.6)
170 (17.1)

25.77±3.23
262 (26.3)
630 (63.3)
762 (76.6)

873 (87.8)
716 (72.0)
542 (54.5)
256 (25.7)

59.16±10.36
785 (79.1)
576 (58.1)
197 (19.9)

25.94±3.16
351 (35.4)
658 (66.3)
773 (77.9)

908 (91.5)
666 (67.1)
535 (53.9)
248 (25.0)

0.006
0.000
0.072
0.015
0.118
0.000
0.048
0.791

0.137
0.016
0.951
0.765

GS: Gensini score; BMI: body mass index; DM: diabetes mellitus; ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor 
blocker; p-value: p-value for trend
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Fig.1. Laboratory parameters (NLR, hs-CRP level and WBC, neutrophil, lymphocyte and monocyte counts) according to the 
Gensini score (A, B).

NLR=neutrophil-to-lymphocyte ratio; WBC=white blood cell; hs-CRP=high-sensitivity C-reactive protein. The NLR and hs-CRP are pre-
sented as the median with 25th and 75th percentiles. p-valuea=p-value for trend; p-valueb=p-value for a high GS (＞41 points) versus a nor-
mal or low GS.

   

   

   

P-value for trend=0.001 

P-value for high GS (＞41) versus Non-high GS=0.012 

P-value for trend=0.002; 

P-value for high GS (＞41) versus Non-high GS=0.001 

P-value for trend=0.000 

P-value for high GS (＞41) versus Non-high GS=0.001 

P-value for trend=0.000;  

P-value for high GS (＞41) versus Non-high GS =0.000 

P-value for trend=0.118 

P-value for high GS (＞41) versus Non-high GS=0.520 

P-value for trend=0.001 

P-value for high GS (＞41) versus Non-high GS=0.001 

B

Variables
Low GS

(＜18, n=989)
Intermediate GS
(18-41, n=995)

High GS
(＞41, n=992)

p-valuea p-valueb

WBC (109/L)
Neutrophil (109/L)
Lymphocyte (109/L)
Monocyte (109/L)
NLR
hs-CRP (mg/L)

6.18±1.55
3.69±1.21
1.85±0.58
0.43±0.15

1.89 (1.48-2.50)
1.37 (0.71-2.67)

6.38±1.68
3.84±1.30
1.91±0.59
0.44±0.16

1.94 (1.54-2.66)
1.52 (0.75-3.07)

6.44±1.71
3.94±1.33
1.86±0.64
0.46±0.17

2.10 (1.60-2.78)
1.83 (0.95-3.67)

0.001
0.000
0.118
0.001
0.002
0.000

0.012
0.001
0.520
0.001
0.001
0.000

A
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and the severity of coronary stenosis.
Multiple studies have demonstrated strong and 

consistent relationships between various inflammatory 
markers and cardiovascular disease, and the inflamma-
tory process plays a key role in both the initiation and 
progression of atherosclerosis20-24). It has also been dem-
onstrated that the WBC count is an independent pre-
dictor of cardiovascular events and all-cause mortality 
and may be used to identify high-risk individuals 
without traditional cardiovascular risk factors14, 15, 25-28). 
Regarding stable CAD, parameters of WBCs and their 
subtypes, including the NLR, have been reported to 
be associated with the severity of CAD, as determined 
based on the number of diseased vessel in the early 
stage. For example, Arbel et al. evaluated 3,005 con-
secutive patients undergoing coronary angiography for 
various indications and found that the NLR was 
related to the severity of CAD14). Unfortunately, in 
that study, the CAD severity was assessed according to 
the number of diseased vessels. In the present study, 
we found that the counts of WBCs and their subtypes 

over, the frequency of CAD was significantly increased 
in the high-NLR group (81.4% vs. 86.3%, p=0.000), 
as were age and the proportions of smokers and men.

Discussion

The main findings of our study are as follows: (1) 
the baseline NLR was found to be an independent 
predictor of both the presence of CAD and a high GS 
(＞41 points), while traditional risk factors, including 
age, gender and DM, were identified to be indepen-
dent predictors of a high GS; (2) the NLR had the 
highest AUC in the ROC curves analysis among all 
markers, even the hs-CRP level, and an NLR of 2.04 
was identified as the optimal cut-off point for predict-
ing a high GS (＞41 points); (3) the hs-CRP level, GS 
and frequency of CAD were significantly higher 
among the patients with an NLR of ＞2.04 than in 
those with an NLR of ≤2.04. These findings have 
important clinical implications for the future applica-
tion of the NLR in predicting the incidence of CAD 

Table 3. Univariate and multivariate logistic regression analyses of traditional risk factors and laboratory parameters to identify 
independent predictors of CAD

Variables
Univariate 

p-value
Multivariate 

p-value
OR 95% CI OR 95% CI

Age, (years)
Male, n (%)
Family history of CAD, n (%)
BMI, (kg/m2)
DM, n (%)
Dyslipidemia, n (%)
NLR
hs-CRP, (mg/L)

1.03
1.91
1.42
0.94
1.47
1.98
1.29
1.02

1.00-1.05
1.59-2.30
1.10-1.82
0.91-0.97
1.19-1.83
1.63-2.39
1.10-1.42
1.00-1.05

0.041
0.000
0.006
0.000
0.000
0.000
0.000
0.048

0.98
1.97
1.48
0.95
1.28
1.80
1.18
1.05

0.97-0.99
1.54-2.52
1.14-1.92
0.92-0.98
1.02-1.61
1.47-2.21
1.09-1.27
1.02-1.08

0.000
0.000
0.004
0.001
0.033
0.000
0.009
0.000

CAD: coronary artery disease; BMI: body mass index; DM: diabetes mellitus; NLR: neutrophil-to-lymphocyte ratio; hs-CRP: high-sensitivity 
C-reactive protein; OR: odds ratio; CI: confidence interval

Table 4. Univariate and multivariate logistic regression analyses to identify independent predictors of a high Gensini score (＞41 
points)

Variables
Univariate 

p-value
Multivariate 

p-value
OR 95% CI OR 95% CI

Age, (years)
Male, n (%)
DM, n (%)
NLR
hs-CRP, (mg/L)

1.01
1.45
1.72
1.11
1.06

1.00-1.02
1.21-1.73
1.46-2.02
1.04-1.18
1.04-1.08

0.009
0.000
0.000
0.001
0.000

1.02
1.56
1.69
1.10
1.06

1.01-1.02
1.24-1.95
1.42-2.01
1.01-1.16
1.03-1.08

0.001
0.000
0.000
0.032
0.000

DM: diabetes mellitus; NLR: neutrophil-to-lymphocyte ratio; hs-CRP: high-sensitivity C-reactive protein; OR: odds ratio; CI: confidence interval
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Fig.2. Correlations between the NLR, hs-CRP level and WBC, neutrophil, lymphocyte and monocyte counts and the Gensini 
score in the CAD patients (A, B).

N=2,976. NLR=neutrophil-to-lymphocyte ratio; WBC=white blood cell; hs-CRP=high-sensitivity C-reactive protein; CAD=coronary 
artery disease

  

   

   

r=0.053 

P=0.004 

r=0.069 

P=0.000 

r=0.065 

P=0.000 

r=0.122 

P=0.000 

r=-0.01 

P=0.575 

r=0.060 

P=0.001 

A

B

Variables
WBC

(109/L)
Neutrophil

(109/L)
Lymphocyte

(109/L)
Monocyte

(109/L)
NLR

hs-CRP
(mg/L)

r
p-value

0.053
0.004

0.069
0.000

−0.01
0.575

0.060
0.001

0.065
0.000

0.122
0.000
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were among the first to observe the significance of 
assessing the NLR in patients with stable CAD. In 
their prospective observational study, a total of 3,227 
patients with angiographically assessed CAD without 
a history of acute MI were followed for more than six 
years4). The authors subsequently found that total 
WBC count was an independent predictor of death/
MI in the patients with or at high risk for CAD, 
although the most effective risk prediction was 
observed for the NLR, with the hazard ratio increas-
ing by 2.2-fold for quartile (Q) 4 versus Q1. Thereaf-
ter, Tsai J.C. and colleagues studied more than 800 
high-risk Korean adult patients (with diabetes mellitus 
and metabolic syndrome) and determined that NLR 
was associated with both metabolic syndrome and the 
risk of ischemic cardiovascular disease33). Another pro-
spective study analyzed the predictive ability for car-
diac events of the differential WBC count versus 

was useful, inexpensive and widely available markers 
of inflammation for predicting the risk and severity of 
CAD, consistent with the results of our previous study 
of diabetic patients with stable CAD17).

In fact, the NLR is a widely available marker of 
inflammation. For example, a high NLR has been 
reported to exhibit a correlation with the severity and 
both short- and long-term mortality of acute coronary 
syndrome (ACS), as well as the progression of heart 
failure, even in patients undergoing successful bare-
metal stent implantation11-13, 22, 28, 29). It has also been 
reported that an increased NLR ratio is associated with 
the incidence of ventricular arrhythmia during PCI30, 31) 
and a worse outcome after CABG11). Moreover, an 
elevated NLR, both independently and in combina-
tion with other disease markers and risk factors, is a 
significant predictor of the development, progression 
and mortality of stable CAD4, 11, 23, 32, 33). Horne et al. 

Fig.3. Receiver operating characteristics (ROC) curve analysis of the predictive 
power of the NLR, WBC count and WBC subtype levels for a high GS.

WBC=white blood cell; NLR=neutrophil-to-lymphocyte ratio; hs-CRP=high-sensitivity 
C-reactive protein

 

 

Variables AUC 95% CI P-value 

WBC  0.53 0.50-0.55 0.021 

Neutrophil  0.54 0.52-0.56 0.000 

Lymphocyte 0.52 0.50-0.54 0.001 

Monocyte  0.53 0.50-0.55 0.002 

NLR 0.63 0.59-0.67 0.000 

hs-CRP 0.57 0.55-0.58 0.000 

Variables AUC 95% CI p-value

WBC
Neutrophil
Lymphocyte
Monocyte
NLR
hs-CRP

0.53
0.54
0.52
0.53
0.63
0.57

0.50-0.55
0.52-0.56
0.50-0.54
0.50-0.55
0.59-0.67
0.55-0.58

0.021
0.000
0.001
0.002
0.000
0.000
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MI in patients with stable CAD during a three-year 
follow-up period. However, in all of these studies, the 
severity of CAD was assessed based on the number of 
diseased vessels. In addition, these studies focused pri-

established risk factors in 422 CAD patients23). In that 
study, a high NLR (5.19±3.81), together with the 
CRP level, was found to be associated with signifi-
cantly increased rates of cardiac death and non-fatal 

Fig.4. Gensini scores, hs-CRP levels and frequency of CAD in each group according to the NLR (A, B).

The GS and hs-CRP are presented as the median with 25th and 75th percentiles. p=0.000 for all. hs-CRP=high-sen-
sitivity C-reactive protein; CAD=coronary artery disease

    

                 

Variables 
NLR≤2.04 

(n=1909) 

NLR＞2.04 

(n=1638) 
P-value

Gensini score 26(12-48) 30(14-56) 0.000 

hs-CRP, 

mg/L) 

1.35(0.71-2.5

1) 

1.88(0.91-4.0

6) 

0.000 

CAD, n (%) 1554(81.4) 1414(86.3) 0.000 

P=0.000 P=0.000 

A

Variables
NLR≤2.04
(n=1909)

NLR＞2.04
(n=1638)

p-value

Gensini score
hs-CRP, (mg/L)
CAD, n (%)

26 (12-48)
1.35 (0.71-2.51)

1554 (81.4)

30 (14-56)
1.88 (0.91-4.06)

1414 (86.3)

0.000
0.000
0.000

B

Table 5. Characteristics of the groups according to the NLR

Variables
NLR≤2.04
(n=1909)

NLR＞2.04
(n=1638)

p-value

Age, (years)
Male, n (%)
Smoking, n (%)
Family history of CAD, n (%)
BMI, (kg/m2)
DM, n(%)
Hypertension, n (%)
Dyslipidemia, n (%)
CAD, n (%)
Gensini score
hs-CRP, (mg/L)

57.56±10.15
1264 (66.2)

966 (50.6)
307 (16.1)

25.74±3.22
499 (26.1)

1177 (61.7)
1440 (75.4)
1554 (81.4)
26 (12-48)

1.35 (0.71-2.51)

58.77±10.28
1275 (77.84)

938 (57.3)
247 (15.1)

25.60±3.21
447 (27.3)

1037 (63.3)
1220 (74.5)
1414 (86.3)
30 (14-56)

1.88 (0.91-4.06)

0.000
0.000
0.000
0.255
0.221
0.492
0.364
0.480
0.000
0.000
0.000

BMI: body mass index; DM: diabetes mellitus; CAD: coronary artery disease; hs-CRP: high-sensitivity C-reactive protein; 
NLR: neutrophil-to-lymphocyte ratio. The NLR and hs-CRP are presented as the median with the 25th and 75th percen-
tiles.
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Conclusion

In conclusion, the present data demonstrate that 
NLR is a valuable independent predictor of the sever-
ity of CAD assessed according to the GS; with an 
NLR of ＞2.04, thus indicates a higher risk for CAD 
and more severe CAD lesions.

Acknowledgments

This work was partly supported by the National 
Natural Scientific Foundation (81070171, 81241121), 
Specialized Research Fund for the Doctoral Program 
of Higher Education of China (20111106110013), 
Capital Special Foundation of Clinical Application 
Research (Z121107001012015), Capital Health 
Development Fund (2011400302) and Beijing Natu-
ral Science Foundation (7131014), awarded to Dr. 
Jian-Jun Li, MD, PhD.

Conflicts of Interest

None.

References

1) Ates AH, Canpolat U, Yorgun H, Kaya EB, Sunman H, 
Demiri E, Taher A, Hazirolan T, Aytemir K, Tokgözoglu 
L, Kabakçi G, Oto A: Total white blood cell count is asso-
ciated with the presence, severity and extent of coronary 
atherosclerosis detected by dual-source multislice com-
puted tomographic coronary angiography. Cardiol J, 
2011; 18: 371-377

2) Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling 
PL, Rautaharju P, Kronmal RA, Tracy RP, Van Wagoner 
DR, Psaty BM, Lauer MS, Chung MK: Inflammation as 
a risk factor for atrial fibrillation. Circulation, 2003; 108: 
3006-3010

3) Buckley DI, Fu R, Freeman M, Rogers K, Helfand M: 
C-reactive protein as a risk factor for coronary heart dis-
ease: a systematic review and meta-analyses for the U.S. 
Preventive Services Task Force. Ann Intern Med, 2009; 
151: 483-495

4) Horne BD, Anderson JL, John JM, Weaver A, Bair TL, 
Jensen KR, Renlund DG, Muhlestein JB; Intermountain 
Heart Collaborative Study Group: Which white blood 
cell subtypes predict increased cardiovascular risk ? J Am 
Coll Cardiol, 2005; 45: 1638-1643

5) Madjid M, Awan I, Willerson JT, Casscells SW: Leuko-
cyte count and coronary heart disease: implications for 
risk assessment. J Am Coll Cardiol, 2004; 44: 1945-1956

6) Haim M, Boyko V, Goldbourt U, Battler A, Behar S: Pre-
dictive value of elevated white blood cell count in patients 
with preexisting coronary heart disease: the Bezafibrate 
Infarction Prevention Study. Arch Intern Med, 2004; 164: 
433-439

7) Mohammad M, Omid F: Components of the complete 

marily on outcomes, and no data regarding the rela-
tionship between the NLR and the severity of CAD 
were provided.

The SYNTAX score and Gensini score are well-
known angiographic tools for grading the complexity 
and/or severity of CAD. However, investigators have 
only begun to study the relationships between the 
NLR and the Gensini or SYNTAX score to assess the 
complexity or severity of CAD within the last several 
years15, 34-37). For example, Tanındı A. et al.34) investi-
gated the relationships between the NLR and the 
severity and complexity of CAD (as assessed according 
to the Gensini and SYNTAX scores) as well as myo-
cardial perfusion (based on the myocardial blush 
grade) in 151 stable angina pectoris (SAP) or ACS 
patients and concluded that the NLR was significantly 
correlated with the Gensini and SYNTAX scores in 
both groups. In addition, Altun B. et al. assessed the 
above relationship in an ACS population using the 
SYNTAX score. In that study of 287 patients, the 
NLR was found to be significantly correlated with the 
SYNTAX score in both the ST elevation myocardial 
infarction (STEMI) and NSTE-ACS groups35). Fur-
thermore, three other studies reported this relation-
ship in SAP populations15, 36, 37). Kaya H. et al.36) used 
the Gensini score, whereas Sönmez O. et al.15) and 
Kaya A. et al.37) used the SYNTAX score, to assess the 
severity and complexity of CAD. Rather consistently, 
the NLR was found to be an independent predictor of 
a high Gensini or SYNTAX score in these studies. 
However, all of the above studies are limited by their 
sample size in elucidating the correlation between the 
NLR and the severity or complexity of CAD roundly 
and completely.

The GS is a relatively simple and widely used 
tool for evaluating the severity of coronary stenosis. 
For this reason, we choose the GS as a parameter of 
the severity of CAD in the present study. In this study, 
the sample size was relatively large and the severity of 
CAD was assessed according to the GS. Accordingly, 
our data may be used to confirm and extend the find-
ings of previous studies with regard to the usefulness 
of the NLR in patients with stable CAD.

Interestingly, in the present study, the ROC 
curve analysis for predicting a high GS in CAD patients 
showed that NLR had the highest AUC among all 
markers, even the hs-CRP level. This finding indicates 
that the NLR may be a superior marker for identify-
ing severe stenosis among patients with CAD. In addi-
tion to traditionally used markers, the NLR is an inex-
pensive and easy to obtain tool for risk stratification in 
patients with CAD.



1281NLR and CAD Severity

19) Gensini GG: A more meaningful scoring system for deter-
mining the severity of coronary heart disease [letter]. Am 
J Cardiol, 1983; 51: 606

20) Kaya MG, Akpek M, Elcik D, Kalay N, Yarlioglues M, 
Koc F, Dogdu O, Sahin O, Ardic I, Oguzhan A, Ergin A: 
Relation of left atrial spontaneous echocardiographic con-
trast in patients with mitral stenosis to inflammatory 
markers. Am J Cardiol, 2012; 109: 851-855

21) Akpek M, Kaya MG, Lam YY, Sahin O, Elcik D, Celik T, 
Ergin A, Gibson CM: Relation of Neutrophil/Lympho-
cyte ratio to coronary flow to in-hospital major adverse 
cardiac events in patients with ST-elevated myocardial 
infarction undergoing primary coronary intervention. Am 
J Cardiol, 2012; 110: 621-627

22) Azab B, Zaher M, Weiserbs KF, Torbey E, Lacossiere K, 
Gaddam S, Gobunsuy R, Jadonath S, Baldari D, McCord 
D, Lafferty J: Usefulness of neutrophil to lymphocyte 
ratio in predicting short- and long-term mortality after 
non-st-elevation myocardial infarction. Am J Cardiol, 
2010; 106: 470-476

23) Papa A, Emdin M, Passino C, Michelassi C, Battaglia D, 
Cocci F: Predictive value of elevated neutrophil-lympho-
cyte ratio on cardiac mortality in patients with stable cor-
onary artery disease. Clin Chim Acta, 2008; 395: 27-31

24) Spark JI, Sarveswaran J, Blest N, Charalabidis P, Asthana 
S: An elevated neutrophil-lymphocyte ratio independently 
predicts mortality in chronic critical limb ischemia. J Vasc 
Surg, 2010; 52: 632-636

25) Mayadas TN, Tsokos GC, Tsuboi N: Mechanisms of 
immune complex-mediated neutrophil recruitment and 
tissue injury. Circulation, 2009; 120: 2012-2024

26) Baetta R, Corsini A: Role of polymorphonuclear neutro-
phils in atherosclerosis: current state and future perspec-
tives. Atherosclerosis, 2010; 210: 1-13

27) Azab B, Zaher M, Weiserbs KF, Torbey E, Lacossiere K, 
Gaddam S, Gobunsuy R, Jadonath S, Baldari D, McCord 
D, Lafferty J: Usefulness of neutrophil to lymphocyte 
ratio in predicting short- and long-term mortality after 
non-ST-elevation myocardial infarction. Am J Cardiol, 
2010; 106: 470-476

28) Muhmmed Suliman MA, Bahnacy Juma AA, Ali Almad-
hani AA, Pathare AV, Alkindi SS, Uwe Werner F: Predic-
tive value of neutrophil to lymphocyte ratio in outcomes 
of patients with acute coronary syndrome. Arch Med Res, 
2010; 41: 618-622

29) Tamhane UU, Aneja S, Montgomery D, Rogers EK, 
Eagle KA, Gurm HS: Association between admission 
neutrophil to lymphocyte ratio and outcomes in patients 
with acute coronary syndrome. Am. J Cardiol, 2008; 102: 
653-657

30) Duffy BK, Gurm HS, Rajagopal V, Gupta R, Ellis SG, 
Bhatt DL: Usefulness of an elevated neutrophil to lym-
phocyte ratio in predicting long-term mortality after 
percutaneous coronary intervention. Am J Cardiol, 2006; 
97: 993-996

31) Poludasu S, Cavusoglu E, Khan W, Marmur JD: Neutro-
phil to lymphocyte ratio as a predictor of long-term mor-
tality in African Americans undergoing percutaneous cor-
onary intervention. Clin Cardiol, 2009; 32: E6-E10

32) Kalay N, Dogdu O, Koc F, Yarlioglues M, Ardic I, Akpek 

blood count as risk predictors for coronary heart disease: 
in-depth review and update. Texas Heart Institute Jour-
nal, 2013; 40: 17-29

8) Cho KH, Jeong MH, Ahmed K, Hachinohe D, Choi HS, 
Chang SY, Kim MC, Hwang SH, Park KH, Lee MG, Ko 
JS, Sim DS, Yoon NS, Yoon HJ, Hong YJ, Kim KH, Kim 
JH, Ahn Y, Cho JG, Park JC, Kang JC: Value of early risk 
stratification using hemoglobin level and neutrophil-to-
lymphocyte ratio in patients with ST elevation myocardial 
infarction undergoing primary percutaneous coronary 
intervention. Am J Cardiol, 2011; 107: 849-856

9) Bhutta H, Agha R, Wong J, Tang TY, Wilson YG, Walsh 
SR: Neutrophil-lymphocyte ratio predicts medium-term 
survival following elective major vascular surgery: a cross-
sectional study. Vasc Endovascular Surg, 2011; 45: 227-
231

10) Uthamalingam S, Patvardhan EA, Subramanian S, Ahmed 
W, Martin W, Daley M, Capodilupo R: Utility of the 
neutrophil to lymphocyte ratio in predicting long-term 
outcomes in acute decompensated heart failure. Am J 
Cardiol, 2011; 107: 433-438

11) Bhat T, Teli S, Rijal J, Bhat H, Raza M, Khoueiry G, 
Meghani M, Akhtar M, Costantino T: Neutrophil to lym-
phocyte ratio and cardiovascular disease: a review. Expert 
Rev Cardiovasc Ther, 2013; 11: 55-59

12) Furman MI, Gore JM, Anderson FA, Budaj A, Goodman 
SG, Avezum A, López-Sendón J, Klein W, Mukherjee D, 
Eagle KA, Dabbous OH, Goldberg RJ; GRACE Investi-
gators: Elevated leukocyte count and adverse hospital 
events in patients with acute coronary syndromes: find-
ings from the global registry of acute coronary events 
(GRACE). Am Heart J, 2004; 147: 42-48

13) Turak O, Ozcan F, Isleyen A, Tok D, Sokmen E, Buyuk-
kaya E, Aydogdu S, Akpek M, Kaya MG: Usefulness of 
the neutrophil-to-Lymphocyte Ratio to Predict Bare-
Metal Stent Restenosis. Am J Cardiol, 2012; 110: 1405-
1410

14) Arbel Y, Finkelstein A, Halkin A, Birati EY, Revivo M, 
Zuzut M, Shevach A, Berliner S, Herz I, Keren G, Banai 
S: Neutrophil/lymphocyte ratio is related to the severity 
of coronary artery disease and clinical outcome in patients 
undergoing angiography. Atherosclerosis, 2012; 225: 456-
460

15) Sönmez O, Ertaş G, Bacaksız A, Tasal A, Erdoğan E, 
Asoğlu E, Uyarel H, Göktekin O: Relation of neutrophil-
to-lymphocyte ratio with the presence and complexity of 
coronary artery disease: an observational study. Anadolu 
Kardiyol Derg, 2013; 13: 662-667

16) Li JJ, Nie SP, Qian XW, Zeng HS, Zhang CY: Chronic 
inflammatory status in patients with coronary artery ecta-
sia. Cytokine, 2009; 46: 61-64

17) Hong LF, Li XL, Luo SH, Guo YL, Liu J, Zhu CG, Qing 
P, Xu RX, Wu NQ, Jiang LX, Li JJ: Relation of Leuko-
cytes and Its Subsets Counts with the Severity of Stable 
Coronary Artery Disease in Patients with Diabetic Melli-
tus. PLOS ONE, 2014; 9: e90663

18) Sullivan DR, Marwick TH, Freedman SB: A new method 
of scoring coronary angiograms to reflect extent of coro-
nary atherosclerosis and improve correlation with major 
risk factors. Am Heart J, 1990; 119: 1262-1267



1282 Chen et al.

A, Gazı E, Barutcu A, Bekler A, Colkesen Y: The relation-
ship between high-sensitive troponin T, neutrophil lym-
phocyte ratio and SYNTAX Score. Scand J Clin Lab 
Invest, 2014; 74: 108-115

36) Kaya H, Ertaş F, İslamoğlu Y, Kaya Z, Atılgan ZA, Çil H, 
Çalışkan A, Aydın M, Oylumlu M, Soydinç MS: Associa-
tion between neutrophil to lymphocyte ratio and severity 
of coronary artery disease.Clin Appl Thromb Hemost, 
2014; 20: 50-54

37) Kaya A, Kurt M, Tanboga IH, Işık T, Günaydın ZY, Kaya 
Y, Topçu S, Sevimli S: Relation of neutrophil to lympho-
cyte ratio with the presence and severity of stable coronary 
artery disease. Clin Appl Thromb Hemost, 2013; 20: 
473-477

M, Cicek D, Oguzhan A, Ergin A, Kaya MG: Hemato-
logic parameters and angiographic progression of coro-
nary atherosclerosis. Angiology, 2012; 63: 213-217

33) Tsai JC, Sheu SH, Chiu HC, Chung FM, Chang DM, 
Chen MP, Shin SJ, Lee YJ: Association of peripheral total 
and differential leukocyte counts with metabolic syn-
drome and risk of ischemic cardiovascular diseases in 
patients with Type 2 diabetes mellitus. Diabetes Metab. 
Res Rev, 2007; 23: 111-118

34) Tanındı A, Erkan AF, Ekici B, Alhan A, Töre HF: Neu-
trophil to lymphocyte ratio is associated with more exten-
sive, severe and complex coronary artery disease and 
impaired myocardial perfusion. Turk Kardiyol Dern Ars, 
2014; 42: 125-130

35) Altun B, Turkon H, Tasolar H, Beggı H, Altun M, Temız 


