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Introduction

Previous studies have shown that inflammatory response 
plays an important role in the progression and destabilization of 

atherosclerosis and cardiovascular disease (CVD).1)2) Among the various 
inflammatory markers related to CVD neutrophil to lymphocyte ratio 
(NLR) and C-reactive protein (CRP) have recently been investigated 
as new predictors of worse cardiovascular outcomes.3)4) NLR is an 
inexpensive, easily obtainable, and widely available inflammatory 
biomarker associated with CVD. High NLR is an important predictor 
of mortality in patients with acute coronary syndrome, and it also has 
been reported as a prognostic marker for poor outcomes of coronary 
artery bypass graft surgery and postoperative atrial fibrillation.5)6) CRP is 
an inflammatory biomarker and is known as an independent predictor of 
adverse cardiovascular events in coronary artery disease (CAD) patients.3) 
Although both NLR and CRP could be used as potential predictors of 
poor prognosis in acute myocardial infarction (AMI) patients, the 
combined usefulness of NLR and CRP in the prediction of adverse 
outcomes has not been investigated. Moreover, the combination of 
2 biomarkers may increase the predictive ability of individual markers 
in AMI patients with multiple comorbidities. In previous studies, 
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performed in other disease entities such as cancers, the combined use 
of NLR and CRP level was found to be helpful for predicting survival.7) 

It was found that patients with both an elevated CRP level and high 
NLR had a poorer survival rate than those with either an elevated CRP 
level or high NLR.

We therefore examined whether the combined parameter of NLR 
and CRP is associated with clinical outcomes and could be used 
as a useful predictor of long-term adverse events in AMI patients 
undergoing percutaneous coronary intervention (PCI).

Subjects and Methods

Study subjects
All consecutive eligible AMI patients between January 2012 and 

January 2014 who underwent successful PCI were retrospectively 
enrolled in this study. Exclusion criteria were; 1) patients older than 80 
years, 2) patients with systemic disease, malignancy, inflammatory disease, 
acute infectious disease, severe renal disease (serum creatinine ≥10 mg/dL) 
or liver disease, and 3) patients taking medications that have an effect on 
white blood cell (WBC) count. ST-elevation myocardial infarction (STEMI) 
was defined as the characteristic symptom of myocardial ischemia in 
association with persistent ST-elevation on electrocardiography and 
subsequent release of biomarkers of myocardial necrosis.8) Non-ST-
elevation myocardial infarction (NSTEMI) was defined by positive 
biomarkers of necrosis in the absence of ST-segment elevation in an 
appropriate clinical setting (chest discomfort or angina equivalent).9) 
This study was approved by the Institutional Review Board of Inje 
University Busan Paik Hospital and was conducted in accordance with 
the Declaration of Helsinki.

Study endpoints and definitions
The endpoints of this study were all-cause death, cardiovascular 

death, recurrent myocardial infarction (MI), repeat revascularization, 
stent thrombosis, stroke, and major adverse cardiac and cerebrovascular 
events (MACCE) within 24 months from the index PCI. All-cause death 
was defined as mortality from any cause. Cardiovascular death was 
defined as death from any cardiac cause or sudden unexpected death. 
Stroke was defined according to the Academic Research Consortium.10) 
Repeat revascularization included any coronary procedures including 
target vessel revascularization and target lesion revascularization.

Laboratory examinations and medications
Hemoglobin, liver enzymes (aspartate aminotransferase, alanine 

transaminase), lipid profiles (total cholesterol, high-density lipoprotein-
cholesterol, low-density lipoprotein [LDL]-cholesterol, triglycerides), 
serum glucose, hemoglobin A1c, and serum creatinine levels were 

measured at admission. Complete blood count (CBC), which includes 
total WBC count with profile, and platelet count and CRP value were 
assessed shortly before the index PCI. CBC was performed with an 
automated blood cell counter (XE-200, Sysmex, Kobe, Japan), and CRP 
was measured by immunoturbidimetric method (Toshiba 200FR Neo, 
Toshiba Medical Systems Co., Tochigi-ken, Japan). NLR was calculated 
as the ratio of neutrophils to lymphocytes. We collected data on height, 
body weight, body mass index, systolic blood pressure, pulse rate, Killip 
class, and left ventricular ejection fraction (LVEF) at admission. Type 
of anti-platelet therapy administered during index admission, use of 
beta blocker, angiotensin converting enzyme inhibitor, angiotensin 
receptor blocker, statin, and calcium channel blocker at discharge 
were also included in our data. 

Statistical analysis 
Continuous data are shown as mean±standard deviation, and 

categorical data are shown as number and frequency. Comparison 
between categorical variables was performed by Chi-square test. 
Differences between continuous variables were analyzed by analysis 
of variance and Tukey’s method for hypothesis testing. Receiver 
operating characteristic (ROC) curves were used to set cut-off values 
of NLR and CRP, and patients were divided into 4 groups based on these 
values. Survival curves of the 4 groups at 24 months were constructed 
by Kaplan-Meier analysis and compared using the log-rank test. 
The independent predictors of adverse events were evaluated using 
the Cox proportional hazards model including the clinical variables 
associated with clinical outcomes at the level of p<0.10 in univariate 
analysis. Likelihood ratio test was used to determine whether logistic 
regression models that included high NLR and high CRP provided a 
significantly better fit than did logistic regression models limited to 
high NLR or high CRP alone. Statistical significance was defined as 
p<0.05. All statistical analysis was performed using IBM SPSS 22.0 
(SPSS Inc., Chicago, IL, USA).

Results

A total of 467 patients were included in the study, and the median 
follow-up period was 27.54±14.53 months. Patients lost to follow-up 
before 2 years were excluded from the analysis. Among the 467 patients, 
a total of 381 patients (76.1% male, mean age 61.64±11.0 years) with AMI 
who underwent PCI and completed 2 years of follow-up were included in 
the final cohort. On ROC analysis, the optimal cut-off values of NLR and 
CRP were the largest area under the curves predicting 24-month all cause 
death. The cut-off values of NLR and CRP were 6.30 (area under the ROC 
curve [AUC]=0.636, sensitivity=34.2%, specificity=90.0%, p=0.007) and 
0.76 (AUC=0.609, sensitivity=53.7%, specificity=74.4%, p=0.044), 
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respectively (Fig. 1). Positive correlation was found between NLR and 
CRP (r=0.245; p<0.001). Patients were classified into 4 groups based 
on the optimal cut-off values of the NLR and CRP: a low NLR and 
a low CRP (Group 1, NLR≤6.30, CRP≤0.76, n=249), a low NLR and 
a high CRP (Group 2, NLR≤6.30, CRP>0.76, n=84), a high NLR and 
a low CRP (Group 3, NLR >6.30 and CRP≤0.766, n=23), a high NLR 
and a high CRP (Group 4, NLR >6.30 and CRP>0.76, n=25). Table 1 
shows baseline clinical and procedural characteristics of the study 
population, and Table 2 shows the laboratory findings for each group. 
Patients in Group 4 were significantly older; had a higher Killip class, 
WBC, platelet-to-lymphocyte ratio (PLR), and serum creatinine; and 
lower LVEF, hemoglobin, and LDL-cholesterol levels compared to 
patients in Group 1. The proportion of patients who had diabetes 
mellitus (DM), chronic renal failure, and previous chronic heart failure 
(CHF) was higher in Group 4 compared to the other groups. 

Clinical outcomes at 24-months are summarized in Table 3. Patients in 
Group 4 had a significantly higher rate of all-cause mortality compared 
with the other groups (44.0% in Group 4 vs. 6.4% in Group 1 vs. 13.1% 
in Group 2 vs. 13% in Group 3, p<0.001). Cardiovascular mortality 
(24.0% vs. 5.2%, p=0.007) and MACCE (44.0% vs. 17.3%, p=0.007) were 
significantly higher in Group 4 compared with group 1 (Fig. 2). Kaplan-
Meier analysis revealed significantly lower 24-month death-free survival 
in Group 4 patients (log-rank test p<0.001; Fig. 3).

On Cox-regression univariate analysis, age, female gender, DM, 

smoking, hypertension, LVEF, serum creatinine, previous CHF, NLR, 
CRP, and combined NLR-CRP were significant predictors of 24-month 
all-cause death. On multivariate analysis, a high NLR >6.30 (hazard 
ratio [HR] 2.706, 95% CI 1.055 to 6.936, p=0.038) and a high CRP 
>0.76 (HR 4.235, 95% CI 1.190 to 15.070, p=0.026) were found to 
be independent predictors of 24-month all-cause death, and the 
combination of a high NLR and a high CRP was the strongest predictor 
(HR 23.172, 95% CI 6.575 to 81.671, p<0.001). Additional significant 
independent predictors were lower LVEF (HR 0.924, 95% CI 0.895 to 

Fig. 3. Kaplan-Meier survival curve of 24 month all-cause death. Patients 
in the high NLR-high CRP group showed the lowest 24-month death-free 
survival of all groups. CRP: C-reactive protein, NLR: neutrophil-to-
lymphocyte ratio. 
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Table 1. Baseline clinical and procedural characteristics of the study population

Clinical characteristics
Low CRP-low NLR High CRP-low NLR Low CRP-high NLR High CRP-high NLR 

p
(Group 1, n=249) (Group 2, n=84) (Group 3, n=23) (Group 4, n=25)

Male 196 (78.7) 64 (76.2) 16 (69.6) 71 (56.0) 0.071
Age (years) 60.2±10.9 63.6±11.4 60.5±8.4 65.8±10.9* 0.015
Height (cm) 166.2±7.9 164.7±8.4 164.5±5.6 162.7±10.1 0.074
Body weight (kg) 65.9±11.3 63.8±11.5 62.3±7.7 65.9±16.5 0.248
BMI (kg/m2) 23.7±2.9 23.4±3.6 22.9±2.5 24.9±5.1 0.134
LVEF (%) 51.0±9.0 47.8±10.7 46.0±10.9 46.3±11.6* 0.005
Systolic BP (mmHg) 125.4±22.1 127.5±23.9 117.2±22.6 135.9±28.2 0.162
Pulse rate (beat/min) 75.0±15.9 78.9±14.3 77.6±22.9 80.8±18.8 0.260
Killip class <0.001
Class 1 198 (79.5) 57 (67.9) 12 (52.2) 11 (44.0) 
Class 2 16 (6.4) 6 (7.1) 4 (17.4) 0 (0)
Class 3 17 (6.8) 15 (17.9) 6 (26.1) 11 (44.0)
Class 4 18 (7.2) 6 (7.1) 1 (4.3) 3 (12.0)

Diagnosis 0.069
STEMI 127 (51.0) 31 (36.9) 13 (56.5) 9 (36.0)
NSTEMI 122 (49.0) 53 (63.1) 10 (43.5) 16 (64.0)

Primary PCI 155 (62.2) 33 (39.3)* 16 (69.6)† 16 (36.0) <0.001
LBBB 11 (4.4) 2 (2.4) 3 (13.0) 3 (12.0) 0.068
ST-segment depression 30 (12.0) 18 (21.4) 1 (4.3) 6 (24.0) 0.042
Atrial fibrillation 25 (10.0) 4 (4.8) 3 (13.0) 3 (12.0) 0.418
Hypertension 125 (50.2) 49 (58.3) 9 (39.1) 18 (7.0) 0.068
DM 58 (23.3) 33 (39.3)* 10 (43.5) 13 (52.0)* <0.001
Insulin 16 (6.4) 14 (16.7)* 6 (26.1)* 2 (8.0) 0.002
Oral hypoglycemic agent 51 (20.5) 30 (35.7)* 10 (43.5) 10 (40.0) 0.003
Smoking 118 (47.4) 33 (39.3) 8 (34.8) 4 (16.0)* 0.015
PVD 4 (1.6) 1 (1.2) 0 (0) 0 (0) 0.846
Dyslipidemia 27 (10.8) 9 (10.7) 4 (17.4) 2 (8.0) 0.753
CRF 3 (1.2) 10 (11.9)* 2 (8.7) 5 (20.0)* <0.001
CLD 14 (5.6) 8 (9.5) 1 (4.3) 2 (8.0) 0.609
Pre CHF 14 (5.6) 4 (4.8) 2 (8.7) 5 (20.0)*† 0.040
Pre MI 26 (10.4) 8 (9.5) 3 (13.0) 2 (8.0) 0.942
Pre PCI 40 (16.1) 12 (14.3) 5 (21.7) 6 (24.0) 0.613
Pre CABG 3 (1.2) 4 (4.8) 1 (4.3) 0 (0) 0.174
Family history of CAD 24 (9.6) 7 (8.3) 4 (17.4) 3 (12.0) 0.614
IABP use 17 (6.8) 6 (7.1) 6 (26.1)*† 3 (12.0) 0.013
Gp IIbIIIa inhibitor use 17 (6.8) 5 (6.0) 5 (21.7)† 1 (4.0) 0.052
Procedural success 246 (98.8) 81 (96.4) 22 (95.7) 20 (80.0)*†‡ <0.001
Multi-vessel PCI 57 (22.9) 24 (28.6) 9 (39.1) 3 (12.0) 0.117
Infarct-related artery 0.071
LAD 107 (43.0) 42 (50.0) 12 (52.2) 14 (56.0)
LCX 56 (22.5) 24 (28.6) 2 (8.7) 4 (16.0)
RCA 85 (34.1) 18 (21.4) 8 (34.8) 7 (28.0)
Left main 1 (0.4) 0 (0.0) 1 (4.3) 0 (0.0)

Medications
Antiplatelet therapy 0.052
Aspirin+clopidogrel 187 (75.1) 75 (89.3) 19 (82.6) 23 (92.0)
Aspirin+prasugrel 22 (8.8) 3 (3.6) 0 (0.0) 1 (4.0)
Aspirin+ticagrelor 40 (16.1) 6 (7.1) 4 (17.4) 1 (4.0)

Beta-blocker 219 (88.0) 73 (86.9) 20 (87.0) 19 (76.0) 0.416
ACEI 187 (75.1) 55 (65.5) 15 (65.2) 15 (60.0) 0.162
ARB 43 (17.3) 14 (16.7) 2 (8.7) 8 (32.0) 0.179
Statin 230 (92.4) 75 (89.3) 22 (95.7) 21 (84.0) 0.388
CCB 19 (7.6) 3 (3.6) 2 (8.7) 1 (4.0) 0.546

Values are presented as number (%).*p<0.05 compared with low CRP, low NLR. †p<0.05 compared with high CRP, low NLR. ‡p<0.05 compared with low CRP, 
high NLR. ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker, BP: blood pressure, BMI: body mass index, CABG: coronary artery 
bypass surgery, CAD: coronary artery disease, CAG: coronary angiography, CCB: calcium channel blocker, CHF: chronic heart failure, CLD: chronic lung disease, 
CRF: chronic renal failure, CRP: C-reactive protein, DM: diabetes mellitus, IABP: intra-aortic balloon pump, LAD: left anterior descending artery, LCX: left 
circumflex artery, LVEF: left ventricle ejection fraction, NLR: neutrophil to lymphocyte ratio, PCI: percutaneous coronary intervention, RCA: right coronary artery
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0.954, p<0.001), DM (HR 3.791, 95% CI 1.831 to 7.846, p<0.001), and 
smoking (HR 0.302, 95% CI 0.114 to 0.802, p=0.016) (Table 4). The 
combination of a high NLR and a high CRP did not predict 24-month 
MACCE (Table 5). 

In the likelihood ratio test comparing the fit of prediction models 

using high NLR and high CRP to the fit of models using high NLR or high 
CRP alone, the assessment of both parameters provided a significantly 
improved ability to predict risk. Models including both high NLR and 
high CRP provided a significant improvement in prediction (p<0.001) 
compared with models including only high NLR or high CRP.

Table 2. Baseline laboratory characteristics of the study population according to NLR and CRP

Clinical characteristics
Low CRP-low NLR High CRP-low NLR Low CRP-high NLR High CRP-high NLR 

p
(Group 1, n=249) (Group 2, n=84) (Group 3, n=23) (Group 4, n=25)

CRP (mg/L) 0.19±0.18 3.97±3.82* 0.17±0.20† 4.39±4.03*‡ <0.001

WBC count (x10^9/L) 10.14±3.22 10.27±3.59 12.12±3.24* 12.55±4.11*† 0.001

Neutrophil (%) 58.98±14.40 65.65±9.78* 83.98±3.25*† 85.26±4.49*† <0.001

Lymphocyte (%) 31.75±13.40 24.17±9.64* 10.07±1.55*† 8.50±2.83*† <0.001

NLR 2.40±1.46 3.19±1.40* 8.59±1.76*† 11.81±5.99*†‡ <0.001

Platelet (x10^9/L) 224.2±58.1 231.7±76.2 217.3±52.3 242.1±119.5 0.470

PLR 8.39±4.25 10.79±4.86* 22.21±7.46*† 32.54±22.49*†‡ <0.001

Hemoglobin (mg/dL) 13.92±1.99† 12.847±2.48* 13.98±1.75† 11.50±2.06*‡ <0.001

AST (U/L) 59.69±124.8 85.04±100.3 98.52±198.2 87.40±118.9 0.208

ALT (U/L) 40.66±104.9 45.05±69.57 37.39±34.5 50.60±57.26 0.937

CK-MB peak (ng/dL) 120.8±111.1 82.79±100.1* 150.5±122.1† 100.4±111.8 0.015

TnI peak (ng/dL) 35.49±36.67 28.89±35.06 50.31±39.56 32.42±35.55 0.097

SCr (mg/dL) 0.99±0.58 1.57±1.49* 1.19±1.59 2.92±2.94*†‡ <0.001

Total cholesterol (mg/dL) 175.2±44.4 176.4±58.3 165.4±50.8 150.5±44.6 0.104

HDL cholesterol (mg/dL) 43.23±10.75 38.95±11.04* 44.76±10.30 41.38±16.07 0.019

Triglyceride (mg/dL) 117.4±81.9 110.4±64.5 101.3±72.3 128.8±81.2 0.619

LDL cholesterol (mg/dL) 111.2±41.2 108.6±38.6 99.3±44.9 83.4±44.7* 0.021

Glucose (mg/dL) 171.8±81.8 173.9±73.7 201.1±87.4 214.2±114.7 0.046

HbAIc 6.29±1.10 6.55±1.52 6.92±2.03 6.86±1.47 0.031

*p<0.05 compared with low CRP, low NLR. †p<0.05 compared with high CRP, low NLR.‡p<0.05 compared with low CRP, High NLR. ALT: alanine 
transaminase, AST: aspartate transaminase, CK-MB: creatinine kinase-myocardial band isoenzyme, CRP: C-reactive protein, HDL: high-density lipoprotein, 
LDL: low-density lipoprotein, NLR: neutrophil to lymphocyte ratio, SCr: serum creatinine, TnI: troponin I

Table 3. Clinical outcomes of the study population at 24 months according to NLR and CRP

Clinical outcomes
Low CRP-low NLR High CRP-low NLR Low CRP-high NLR High CRP-high NLR 

p
(Group 1, n=249) (Group 2, n=84) (Group 3, n=23) (Group 4, n=25)

Death 16 (6.4) 11 (13.1) 3 (13.0) 11 (44.0)*†‡ <0.001

Cardiovascular death 13 (5.2) 8 (9.5) 2 (8.7) 6 (24.0)* 0.007

Recurrence of AMI 5 (2.0) 3 (3.6) 2 (8.7) 0 (0.0) 0.199

Cerebrovascular accident 3 (1.2) 4 (4.8) 0 (0.0) 0 (0.0) 0.143

Stent thrombosis 4 (1.6) 1 (1.2) 2 (8.7) 0 (0.0) 0.081

Revascularization 25 (10.0) 6 (7.1) 5 (17.4) 0 (0.0) 0.170

TLR 6 (2.4) 2 (2.4) 2 (8.7) 0 (0.0) 0.256

TVR 13 (5.2) 3 (3.6) 3 (13.0) 0 (0.0) 0.183

MACCE 43 (17.3) 22 (26.2) 7 (30.4) 11 (44.0)* 0.007

Values are presented as number (%). *p<0.05 compared with low CRP, low NLR. †p<0.05 compared with high CRP, low NLR. ‡p<0.05 compared with low 
CRP, high NLR. CRP: C-reactive protein, NLR: neutrophil to lymphocyte ratio, AMI: acute myocardial infarction, TLR: target lesion revascularization, TVR: 
target vessel revascularization, MACCE: major adverse cardiac and cerebrovascular events
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Discussion

In the present analysis of 381 AMI patients who underwent PCI, we 
found that increased levels of the combined parameters of NLR and 
CRP on admission were associated with increased risk of long-term 
mortality and MACCE compared with lower NLR and CRP. We also 
found that the elevation of both NLR and CRP on admission was the 
strongest independent predictor of all cause death during 24 months 
of follow-up. To our knowledge, this is the first analysis investigating 
the value of combined NLR and CRP to predict long-term prognosis 
in AMI patients undergoing PCI. 

Due to the growing attention in recent years on the effects of 
inflammatory status on initiation and progression of infarction in the 
myocardium, many studies have focused on the relations between 
inflammatory biomarkers and adverse clinical outcomes in patients 
with AMI. The results of this study are in agreement with recently 
published data that showed an association between higher NLR or 
CRP and poor clinical outcomes in patients with AMI.4)11)12) Several 
researchers have found that it is possible to predict the progression 
and prognosis of AMI with NLR or CRP, but integrated use of NLR 
and CRP as a predictor of AMI has not been investigated in previous 
studies. 

Table 5. Predictors of 24-month MACCE by multivariate Cox regression analysis

Variables
Hazard ratio (95% confidence interval)

No adjustment p Adjustment p

Age 1.032 (1.010-1.054) 0.004 1.003 (0.978-1.029) 0.794

Female 2.029 (1.296-3.176) 0.002 1.295 (0.771-2.175) 0.328

Diabetes mellitus 2.908 (1.889-4.476) <0.001 2.642 (1.670-4.181) <0.001

Smoking 0.547 (0.344-0.870) 0.112 0.643 (0.399-1.035) 0.069

Serum creatinine 1.185 (1.051-1.336) 0.006 1.048 (0.904-1.215) 0.536

Hypertension 1.429 (0.921-2.218) 0.112 1.024 (0.629-1.669) 0.923

LVEF 0.944 (0.922-0.966) <0.001 0.950 (0.929-0.973) <0.001

Previous CHF 1.441 (0.664-3.126) 0.355 0.685 (0.288-1.629) 0.392

CRP >0.76 1.886 (1.214-2.929) 0.005 1.461 (0.903-2.362) 0.123

NLR >6.3 1.461 (1.125-1.897) 0.004 1.189 (0.894-1.580) 0.234

NLR >6.3 & CRP >0.76  2.331 (1.236-4.398) 0.009 1.081 (0.335-3.487) 0.896

Adjusted for age, gender, diabetes mellitus, smoking, serum creatinine, hypertension, LVEF, previous CHF, NLR, and CRP. LVEF: left ventricle ejection fraction, 
CHF: chronic heart failure, CRP: C-reactive protein, NLR: neutrophil to lymphocyte ratio

Table 4. Predictors of 24 month all-cause death by multivariate Cox regression analysis

Variables
Hazard ratio (95% confidence interval)

No adjustment p Adjustment p

Age 1.063 (1.028-1.099) <0.001 1.018 (0.977-1.061) 0.396

Female 3.296 (1.786-6.081) <0.001 1.593 (0.720-3.525) 0.250

Diabetes mellitus 4.544 (2.405-8.587) <0.001 3.791 (1.831-7.846) <0.001

Smoking 0.172 (0.067-0.437) <0.001 0.302 (0.114-0.802) 0.016

Serum creatinine 1.314 (1.162-1.485) <0.001 1.126 (0.971-1.306) 0.115

Hypertension 2.245 (1.146-4.399) 0.018 1.563 (0.686-3.563) 0.288

LVEF 0.914 (0.886-0.944) <0.001 0.924 (0.895-0.954) <0.001

Previous CHF 2.583 (1.086-6.143) 0.032 0.752 (0.261-2.168) 0.598

CRP >0.76 3.101 (1.678-5.733) <0.001 2.706 (1.055-6.936) 0.038

NLR >6.3 1.965 (1.423-2.714) <0.001 4.235 (1.190-15.070) 0.026

NLR >6.3 & CRP >0.76 5.566 (2.789-11.111) <0.001 23.172 (6.575-81.671) <0.001

Adjusted for age, gender, diabetes mellitus, smoking, serum creatinine, hypertension, LVEF, previous CHF, NLR, and CRP. LVEF: left ventricular ejection frac-
tion, CHF: chronic heart failure, CRP: C-reactive protein, NLR: neutrophil to lymphocyte ratio
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A recent study revealed that high NLR is closely related with the 
increased risk of adverse cardiac events,13) and it aroused major 
interest in the association between elevated NLR and poor prognosis 
in AMI patients. One of the possible hypotheses of this association 
is the role of neutrophils as a mediator of inflammatory response 
to acute damage of myocardium14) because they release several 
biochemical materials such as reactive oxygen species and proteolytic 
enzymes.15) On the other hand, lymphocytes are decreased as a 
result of apoptosis caused by inflammation.16) Consequently, high 
NLR suggests further risk of infarction of the myocardium. CRP is 
also a biomarker that indicates an inflammatory status in vivo. 
Previous studies have found that CRP can be utilized as a meaningful 
prognostic marker in patients with AMI.17) A possible hypothesis that 
CRP can help assess the prognosis of MI patients can be explained 
by the relationship between elevated CRP and active inflammatory 
reaction that results in plaque instability.18)19)

A recent study has suggested that reduced inflammation as 
evidenced by neutrophil count and CRP was quite strongly associated 
with reduced infarct size in patients with STEMI undergoing primary 
PCI and who were treated with the anti-inflammatory drug colchine.20) 
The researchers obtained blood samples at baseline (on admission), 
every 4 hours for the first 72 hours post-presentation, and every 12 
hours thereafter and compared the peak values of neutrophil count 
and CRP. Both infarct size and plaque vulnerability were shown to 
be important and independent predictors for clinical outcomes. The 
pathophysiology of the values of NLR and CRP according to obtained 
time after an ACS event, especially in STEMI, may be quite different. 
We performed one blood sampling shortly before the index procedure 
in our subjects regardless of their presentation. Therefore, the values 
of NLR and CRP in the present study may be heterogeneous from 
a pathophysiologic point of view, especially in STEMI patients. 
Moreover, some anti-inflammatory drugs might have affected the 
results of our study. 

CBC is routinely performed in almost all patients on admission. It is 
inexpensive, and the results can be obtained within about 30 minutes. 
Because NLR and CRP can be easily obtained from routine laboratory 
examination in patients visiting the hospital due to acute chest pain, 
prediction of the prognosis in AMI patients with these biomarkers 
might be much easier and more comfortable than other biomarkers. 
PLR is also known as a good prognostic marker for cardiovascular 
events.21)22) In a previous study, combined NLR and PLR levels also 
predicted severity of CAD23) and adverse clinical outcomes.24) In our 
study, PLR was also a good predictor for all-cause death during 
24 months of follow-up, and the AUC of PLR was similar to that 
of combined NLR and CRP. We also found a significant positive 
correlation between PLR and combined NLR and CRP. Although we 
investigated whether combined use of NLR and CRP better predict 

clinical outcomes than NLR or CRP only, these two parameters 
had already been described as predictors of worse cardiovascular 
outcomes in CVD patients in several studies; therefore, one can argue 
that the combination of these two biomarkers is not new. However, 
we thought that the combined use of the two parameters could guide 
physicians to make a better clinical decision if better predictability 
was demonstrated for the combined parameters than the individual 
parameters in AMI patients undergoing PCI. If these values are used 
in addition to the existing models to monitor the prognosis in AMI 
patients, the efficiency and accuracy of those models will increase. 
Moreover, a better preemptive plan and treatment course with more 
definite directions will contribute to a superior treatment effect, and 
patient compliance may improve.

Although all-cause death is a major clinical outcome of the study, 
it has been generally accepted that the 2-year MACCE is also an 
important clinical outcome. Our results show that the combined use 
of a high NLR and a high CRP did not predict 24-month MACCE. 
This finding can be explained as follows. First, larger populations 
and further follow-up are required to evaluate the usefulness of 
combined NLR and CRP. The number of patients in Group 4 was too 
small to evaluate and compare MACCE and each event during the 2 
years among the groups. Second, we determined the optimal cut-
off values of NLR and CPR for predicting 2-year all-cause mortality, 
not for predicting 2-year MACCE. To find the optimal cut-off values 
of these parameters for good prediction, the ROC curves of 2-year 
all-cause mortality and MACCE were compared. The AUC of the ROC 
curve of NLR and CRP with 2-year MACCE was smaller than that 
with 2-year all-cause mortality and was not statistically significant 
(Supplementary Fig. 1 in the online-only Data Supplement). Therefore, 
we thought it would be better to set the cut-off value according to 
the all-cause mortality in order to predict cardiovascular outcomes.

One interesting finding in our study is that patients with low NLR-
low CRP were more likely to smoke than those in the other groups. We 
considered this to be an instance of the ‘smoking paradox’. More than 
25 years ago, the ‘smoking paradox’ was introduced into the scientific 
literature according to the observations that smokers with AMI had 
lower mortality than non-smokers.25-28) However, this conclusion 
remains controversial because some other findings after the advent 
of the “smoking paradox” did not support this hypothesis.29) 

There is need for additional research before these markers can be 
used as an indicator of poor outcomes of AMI in clinical situations. 
First, the normal range of NLR in different races has not been explored, 
and the normal ranges of absolute neutrophil and lymphocyte counts 
have not been investigated. A recent study revealed that there 
is a racial difference in NLR in patients with NSTEMI.30) Also, the 
pathophysiologic role of NLR on AMI has yet to be revealed. Whether 
the NLR is merely the outcome of poor prognosis of AMI patients or 
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if it truly plays an important pathognomonic role for development 
of MI has not been established, and further studies are needed to 
supplement these unidentified aspects.

Study limitations
Our study has several limitations that should be considered. First, 

although we analyzed a consecutive series of a large number of AMI 
patients in this study, the observation was performed in a single 
tertiary center in one locality. Therefore, selection bias could exist 
in this study. Moreover, there were marked differences in baseline 
demographic and clinical characteristics according to biomarker 
status. Some of the baseline parameters were not balanced between 
the groups, which could have weakened the results of our study. 
Although we attempted to adjust for several clinical factors, the 
possibility of residual unmeasured confounding effects remains. 
Further studies with a larger sample size are needed. Second, more 
than 10% (n=86) of the initially enrolled patients were lost to 
follow-up. Third, because we used NLR and CRP values measured at 
admission before PCI to assess their combined potency in predicting 
prognosis, this study cannot suggest the aspect of transition of NLR 
and CRP . It might be very useful to analyze the trends of NLR and 
CRP over time and determine if they remain as predictors of CAD 
severity. However, a previous study showed that there is a significant 
correlation between long-term mortality and any NLR (measured at 
initial presentation, last in the index admission , maximum, or average 
NLR).11) Fourth, we did not compare the prognostic values of NPR and 
CRP with other markers such as N-terminal pro-B-type natriuretic 
peptide, fibrinogen, or myeloperoxidase. Finally, the sample sizes of 
the low CRP-high NLR group (n=23) and high NLR-CRP group (n=25) 
were too small for statistical comparison to the other groups. Given 
our modest total sample size, our data should not lead to a definitive 
conclusion and need to be confirmed in future studies. 

In conclusion, the combined values of NLR and CRP are a valuable 
and meaningful tool to predict long-term mortality in AMI patients 
who have undergone PCI. Further studies are needed to supplement 
the results of our study. Nevertheless, the results of our study 
add to the growing body of literature evidence that the combined 
parameters of NLR and CRP measured before PCI might be used as a 
useful indicator of adverse outcomes in AMI patients.
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