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Abstract: Objective: To explore the validity of the neutrophil-to-lymphocyte ratio (NLR) combined with the platelet-
to-lymphocyte ratio (PLR) in predicting the short-term prognosis of acute myocardial infarction (AMI). Methods: We 
collected the data from a total of 3,246 clinical AMI patients hospitalized in the Second Affiliated Hospital of Dalian 
Medical University from December 2015 to December 2021. All patients underwent routine blood examination 
within 2 hours of admission. Outcome was defined as all-cause mortality during hospitalization. A total of 94 pairs 
of patients were generated by propensity score matching (PSM), and a combined NLR-based and PLR-based indica-
tors was constructed according to receiver operating characteristic (ROC) curves and multivariate logistic regression 
analysis. Results: We finally generated 94 pairs of patients by PSM, and analyzed NLR and PLR in those patients 
using ROC curves, and converted NLR (optimal cut-off = 5.094) and PLR (optimal cut-off = 165.413) into binary 
variables according to optimal cut-offs, defined as NLR grouping (5.094 vs. > 5.094, ≤ 5.094 = 0, > 5.094 = 1) 
and PLR grouping (165.413 vs. > 165.413, ≤ 165.413 = 0, > 165.413 = 1). We constructed a combined indicator 
(NLR grouping + PLR grouping) based on the results of multivariate logistic regression. Combined indicator has four 
conditions [Y1 = 0.887 (NLR grouping = 0; PLR grouping = 0); Y2 = 0.949 (NLR grouping = 0; PLR grouping = 1); Y3 
= 0.972 (NLR grouping = 1; PLR grouping = 0); and Y4 = 0.988 (NLR grouping = 1; PLR grouping = 1)]. Univariate 
logistic regression showed that the risk of in-hospital death was significantly increased when the combined indicator 
of patients was in Y3 (OR = 4.968, 95% CI 2.215-11.141, P < 0.0001) and Y4 (OR = 10.473, 95% CI 4.610-23.793, 
P < 0.0001). Combined indicator constructed by NLR grouping and PLR grouping can better predict the risk of in-
hospital mortality in AMI patients and help clinical cardiologists to more finely care for and treat these high-risk 
groups to improve their short-term prognostic outcomes. 

Keywords: Combined predictive value, acute myocardial infarction, propensity score-matched, neutrophil to lym-
phocyte, platelet-to-lymphocyte ratio

Introduction

AMI is considered a common and critical emer-
gency event in cardiology departments. With 
improvements in living standards and modern 
lifestyles, its incidence continues to increase 
each year. In previous studies, AMI has ge- 
nerally been characterized by the presence  
of plaque instability and vulnerability. Acute 
events caused by unstable plaque rupture are 
considered to be the main cause of death in 
patients with coronary artery disease when 
stimulated by certain factors [1]. Vulnerable 
plaques are characterized in pathology by the 

presence of thin-cap fibroatheroma (TCFA ≤ 65 
um), large lipid pools, vascular inflammation 
(macrophage/monocyte infiltration), intimal er- 
osion with plaque rupture and bleeding, and 
platelet aggregation [2, 3].

Studies have shown that inflammation is an 
important mechanism underlying vulnerable 
plaque rupture, and most patients with AMI 
have accompanying hypertension, hypercholes-
terolemia, and other underlying diseases, lead-
ing to an overall inflammatory state of the 
human body [4-10] and in turn aggravating  
the continuous deterioration of AMI. Therefore, 
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there is an urgent need to identify new inflam-
matory markers that can accurately reflect the 
current inflammatory status of AMI patients to 
better assess their prognosis. In previous stud-
ies, the neutrophil-lymphocyte ratio and plate-
let-lymphocyte ratio have each attracted much 
attention because they are convenient to ob- 
tain and can reflect the systemic inflammatory 
state. Platelets, neutrophils and lymphocytes 
are affected by a variety of physiological condi-
tions; in contrast, PLR and NLR are more stable 
[11, 12]. NLR and PLR have each been shown 
to be associated with risk stratification and 
poor prognosis in patients with ACS in several 
studies [13-15]. However, few studies have 
investigated the short-term prognostic effect of 
NLR combined with PLR as a combined predic-
tor in patients with AMI. 

The aim of this study was to construct a new 
indicator by combining NLR with PLR through a 
logistic regression model to better help clinical 
cardiologists identify the probability of their in-
hospital mortality risk in AMI patients early on 
admission. 

Methods

General data

This was a single-center, observational, retro-
spective study of 3,246 patients with AMI 
admitted to the Department of Cardiology of 
the Second Hospital of Dalian Medical Uni- 
versity from December 2015 to December 
2021, their demographic information, clinical 
characteristics, medical history, laboratory 
tests, treatment, and outcome at their admis-
sion and during hospitalization were extracted 
from the electronic medical record system. 
Among the patients, a total of 115 AMI patients 
who died during hospitalization were finally 
identified and enrolled as the study subjects in 
the in-hospital death group (n = 94) and the 
non-death group (n = 94) by PSM. The baseline 
clinical data of patients before and after mat- 
ching are detailed in Table 1. This study is an 
observational study, in which patients informed 
consent can be exempted and ethical require-
ments in the Declaration of Helsinki have been 
met, and the study was approved by the Ethics 
Committee of the Second Hospital of Dalian 
Medical University (No: 2023046). 

The inclusion criteria were: (1) Age ≥ 18 years. 
(2) ST-segment elevation myocardial infarction 

(STEMI): patients with dynamic changes in myo-
cardial injury markers (troponin) levels exceed-
ing the upper limit of normal levels by 99%, and 
patients with myocardial ischemia. Patients 
with left sternal pain lasting for more than 30 
min that was not relieved by nitric acid and 
other drugs, patients with arcuate ST segment 
elevation in ECG (newly arcuate ST segment 
elevation in leads V1-V3, amplitude ≥ 0.2 mV, or 
ST segment elevation in other leads and ampli-
tude ≥ 0.1 mV), or new changes in left bundle 
branch block, pathological Q waves in corre-
sponding leads of ECG (showing Q waves ≥ 30 
ms in more than two adjacent leads, depth at 
least 1 mm), and patients with new loss of via-
ble myocardium or abnormal regional ventricu-
lar wall motion diagnosed by imaging. (3) Non-
ST segment elevation myocardial infarction: 
patients with angina pectoris lasting for more 
than 20 min and pain above grade 3, and 
patients with positive myocardial injury 
markers14. 

Exclusion criteria: (1) Incomplete medical his-
tory data in the electronic medical record sys-
tem. (2) Patients with severe diseases (such as 
advanced malignant tumors) that had a life 
expectancy of less than half a year. (3) Patients 
with hematological diseases. (4) Patients who 
had recently received chemotherapy and/or 
radiotherapy. (5) Patients with a history of trau-
ma surgery or blood transfusion within the past 
30 days. 

Data collection and processing

The demographic information, clinical charac-
teristics, medical history, laboratory tests, 
treatments, and results of patients were ex- 
tracted from the electronic medical record sys-
tem at admission and during hospitalization. 
The initial laboratory test results following 
admission were extracted, including routine 
blood tests, biochemical tests of liver and kid-
ney function, and coagulation tests. Drug thera-
py during hospitalization was recorded, includ-
ing commonly used lipid-lowering therapy and 
antithrombotic therapy. The outcome was de- 
fined as all-cause mortality during hospitaliza-
tion. The data were collated by experienced 
physicians and statisticians.

Propensity score matching

Before performing PSM, we first identified 
seven risk factors associated with in-hospital 
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Table 1. Baseline characteristics of subjects before and after matching

Variables
Before Matching After Matching

With Death (n = 115) Without Death (n = 3,131) P-value With Death (n = 94) Without Death (n = 94) P-value
Male, n (%) 64 (55.65%) 2116 (67.60%) 0.009 53 (56.38%) 48 (51.06) 0.465
Age (years) 77.46 ± 11.48 66.14 ± 12.39 < 0.001 76.61 ± 11.98 76.88 ± 9.04 0.029
BMI (kg/m2) 23.95 ± 3.10 25.51 ± 3.55 < 0.001 23.93 ± 3.25 24.73 ± 3.91 0.018
SBP (mmHg) 131.75 ± 31.75 139.61 ± 24.91 0.006 134.17 ± 30.24 141.96 ± 26.85 0.213
Previous stroke, n (%) 13 (11.30) 131 (4.18%) < 0.001 11 (11.70%) 15 (15.95) 0.398
Blood Pressure class, n (%) 0.544 0.628
    Normal 37 (32.20%) 923 (29.50%) 31 (32.97%) 34 (36.17%)
    I 17 (14.80%) 578 (18.50%) 21 (22.34%) 15 (15.95%)
    II 10 (8.70%) 355 (11.30%) 9 (9.57%) 7 (7.44%)
    III 51 (44.30%) 1275 (40.70%) 33 (35.10%) 38 (40.42%)
HF, n (%) 107 (93.00%) 1725 (55.10%) < 0.001 86 (91.48%) 86 (91.48%) /
Diabetes, n (%) 59 (51.30%) 1309 (41.80%) 0.044 49 (52.12%) 38 (40.42%) 0.108
HbA1c (%) 6.79 ± 1.55 6.88 ± 1.64 0.58 6.83 ± 1.59 6.71 ± 1.60 0.724
Acute coronary syndrome, n (%) 0.051 0.463
    NSTEMI 74 (64.30%) 2274 (72.60%) 66 61
    STEMI 41 (35.70%) 857 (27.40) 28 33
Blood routine examination
    Na (mmol/L) 138.26 ± 5.78 139.86 ± 3.14 < 0.005 138.46 ± 6.07 138.62 ± 3.55 < 0.001
    K (mmol/L) 4.15 ± 0.67 3.92 ± 0.46 < 0.001 4.13 ± 0.69 3.99 ± 0.54 0.019
PLT (109/L) 215.15 ± 85.03 214.13 ± 60.52 0.89 212.48 ± 68.35 203.52 ± 60.22 0.169
Neutrophils (109/L) 9.10 ± 4.01 5.63 ± 2.54 < 0.001 8.76 ± 3.81 5.98 ± 2.75 0.001
Lymphocytes (109/L) 1.23 ± 0.58 1.64 ± 0.61 < 0.001 1.21 ± 0.62 1.45 ± 0.54 0.167
eGFR (mL/min/1.73 m2) < 0.001 0.487
    > 60/n (%) 40 (34.80%) 2291 (73.20%) 35 (37.23%) 43 (45.74%)
    30-60/n (%) 39 (33.90%) 316 (10.10%) 29 (30.85%) 26 (27.65%)
    < 30/n (%) 36 (31.30%) 524 (16.70%) 30 (31.91%) 25 (26.59%)
Blood biochemistry
    TG (mmol/L) 1.17 [0.92-1.69] 1.43 [1.04-2.05] < 0.001 1.17 [0.90-1.76] 1.16 [0.95-1.77] 0.847
    LDLC (mmol/L) 2.27 [1.79-3.09] 2.45 [1.87-3.04] 0.323 2.23 [1.74-3.02] 2.38 [1.84-3.14] 0.402
Apolipoprotein ratio 1.37 [1.04-1.67] 1.37 [1.13-1.71] 0.177 1.36 [1.02-1.68] 1.39 [1.16-1.77] 0.178
    ALT (U/L) 32.00 [16.10-81.28] 24.13 [6.23-38.10] < 0.001 29.72 [14.86-73.94] 26.92 [17.04-47.25] 0.441
    AST (U/L) 81.91 [27.32-234.86] 28.10 [19.45-62.56] < 0.001 68.17 [23.99-198.17] 43.12 [21.21-142.08] 0.155
    CTNI (ug/L) 5.52 [0.77-16.72] 1.76 [0.82-3.23] < 0.001 2.99 [0.62-8.53] 3.23 [0.85-7.60] 0.940
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In-Hospital treatment
    Aspirin, n (%) 98 (85.20%) 2971 (94.90%) < 0.001 79 (84.04%) 82 (87.23%) 0.533
    Statins, n (%) 105 (91.30%) 3084 (98.50%) < 0.001 86 (89.36%) 92 (97.87%) 0.051
    ACEI, n (%) 28 (24.30%) 1556 (49.70%) < 0.001 23 (24.46%) 44 (46.80%) 0.001
Lymphocyte-based inflammatory indices
    NLR 7.36 [4.71-12.18] 3.19 [2.29-4.78] < 0.001 7.47 [4.79-11.76] 3.62 [2.64-5.60] < 0.001
    PLR 170.83 [122.32-258.82] 132.06 [103.39-170.72] < 0.001 190.35 [121.98-268.53] 142.47 [110.48-167.35] < 0.001
Note: If the continuous data fitted a normal distribution, it was described by X ± SD; otherwise, it was described by the median and quartiles (25%, 75%). BMI, Body mass index; HF, heart failure; HbA1c, 
glycated hemoglobin; TG, triglyceride; LDLC, low-density lipoprotein cholesterol; Apolipoprotein ratio, apolipoprotein A-to-B ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTNI, cardiac 
troponin I; ACEI, angiotensin-converting enzyme inhibitors; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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mortality in AMI patients by multivariate logistic 
regression analysis, including age, liver func-
tion (alanine aminotransferase), renal function 
(eGFR class), presence of heart failure, history 
of stroke, and cardiac troponin I levels (CTNI). 
We calculated propensity scores for all patients 
based on these seven variables and then per-
formed 1- to -1 matching, for a total of 94 pairs 
of patients successfully matched.

Statistical analysis 

Data were processed by SPSS 23.0, MedCalc 
15.0, and R 4.2.1. For categorical variables, the 
data were described as the frequency or per-
centage. For continuous variables, if they con-
formed to the normal distribution, the data 
were presented as the mean ± standard devia-
tion; otherwise, data were presented as quar-
tiles [median (quartile 25%, 75%)]. If continu-
ous data satisfied normality, comparisons 
between two groups or among multiple groups 
were analyzed by the t-test or ANOVA analysis; 
otherwise, the non-parametric test was used. 
Fisher’s exact test or the Chi-square test was 
used for the comparison of categorical varia- 
bles. 

ROC curves were used to analyze the optimal 
cut-off values, and the areas under the ROC 
curves constructed by different indicators were 
compared using the DELONG method. 

NLR grouping, PLR grouping, and other risk fac-
tors that may still contribute to in-hospital mor-
tality in AMI patients were included in multivari-
ate logistic regression. Combined indicators 
were constructed according to the coefficients 
of NLR grouping and PLR grouping in multivari-
ate logistic regression models, and predicted 
values were calculated according to logistic 
equation: ŷ = 1/[1 + exp.(-xβ)] [16]. All confi-
dence intervals, significance tests, and result-
ing P-values were two-sided at an alpha level of 
0.05 [17-19].

Results

Comparison of baseline data before and after 
matching 

Before matching, we first identified the risk fac-
tors leading to in-hospital death in AMI patients 
by multivariate logistic regression analysis, 
including age, liver function (alanine amino-

transferase), renal function (eGFR class), pres-
ence of heart failure, history of stroke, and car-
diac troponin I levels (CTNI), and the results of 
multivariate regression analysis are detailed in 
Supplementary Table 1. Even if some of these 
variables were not statistically significant (P > 
0.05), they served as one of the matching vari-
ables if they were already recognized as the 
main cause of in-hospital death in AMI pa- 
tients. We calculated the propensity score of 
patients according to these seven variables, 
then matched them according to a ratio of 1-  
to -1, and finally a total of 94 pairs of patients 
were successfully matched, and the baseline 
data of patients before and after matching  
are detailed in Table 1. The matched results 
showed that there was no significant difference 
between the two groups in the above 7 vari-
ables (P > 0.05). From the results of routine 
blood examination, the mean neutrophil level in 
the death group (8.76 ± 3.81) was higher than 
that in the non-death group (5.98 ± 2.75), and 
the difference was statistically significant (P = 
0.001), although the mean platelet level in the 
death group (212.48 ± 68.35) was also higher 
than that in the non-death group (203.52 ± 
60.22), the difference was not statistically sig-
nificant (P = 0.169). However, patients in the 
death group had lower lymphocyte counts than 
patients in the non-death group, but the dif- 
ference was not statistically significant (P = 
0.167). In addition, NLR and PLR were higher in 
patients who died than in patients who did not 
die [7.47 (4.79-11.76) vs. 3.62 (2.64-5.60), P < 
0.001]; [190.35 (121.98-268.53) vs. 142.47 
(110.48-167.35), P < 0.001]. 

The optimal cutoff value of NLR and PLR 

We calculated the optimal cutoff values of NLR 
and PLR by receiver operating characteristic 
curve (ROC) and converted them into cate- 
gorical variables (NLR grouping, PLR grouping) 
according to their respective optimal cutoff val-
ues, which were done to avoid the influence  
of interactive effects when constructing com-
bined indicators (NLR + PLR). The results 
showed that the optimal cutoff values for NLR 
and PLR were 5.094 and 165.413, respective-
ly. If NLR > 5.094, this defined the high NLR 
grouping, otherwise it was categorized as low 
NLR grouping. Similarly, high PLR was defined if 
PLR > 165.413, and vice versa low PLR. The 
ROC analysis results showed that the AUC of 
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Figure 1. Receiver operating characteristic (ROC) curve analysis of Neutrophil-to-Lymphocyte Ratio (NLR) grouping 
and Platelet-to-Lymphocyte Ratio (PLR) grouping. A. ROC curve analysis of NLR grouping; B. ROC curve analysis of 
PLR grouping.

NLR grouping was 0.718, while the AUC of PLR 
grouping was 0.665, as shown in Figure 1. In 
addition, we also compared the ability of NLR 
grouping and PLR grouping to predict the risk  
of death in patients with NSTEMI and STEMI, 
respectively, and the results showed that there 
was no significant difference in the AUC bet- 
ween NLR grouping and PLR grouping between 
NSTEMI and STEMI, as shown in Figure 2.

Multivariate logistic regression analysis of risk 
of in-hospital mortality in patients with AMI 

We have performed a multivariate logistic re- 
gression analysis to correct for confounding 
before performing PSM. Among matched 
patients, we included NLR grouping (NLR ≤ 
5.094 vs. NLR > 5.094) and PLR grouping (PLR 
≤ 165.413 vs. PLR > 165.413) as risk factors in 
regression analysis to identify their association 
with the risk of in-hospital death in AMI pa- 
tients. In addition, we included factors such as 
body mass index, systolic blood pressure, ala-
nine aminotransferase, low-density lipoprotein 
cholesterol, and in-hospital medication (Aspirin 
use, Statins use) in order to correct for residual 
confounding. The results of multivariate logistic 
regression analysis showed that patients with 

NLR > 5.094 had a 4.469-fold higher risk of in-
hospital death than patients with NLR ≤ 5.094 
(95% CI 2.069-9.653, P < 0.001); patients with 
PLR > 165.413 had a 2.41-fold higher risk of 
in-hospital death than patients with PLR ≤ 
165.413 (95% CI 1.155-5.029, P = 0.019), as 
shown in Table 2. 

Combined indicator (NLR + PLR) based on 
multivariate logistic regression model 

We combined NLR grouping and PLR grouping 
to construct a new combined indicator to  
evaluate the risk of in-hospital mortality in  
AMI patients based on the results of multivari-
ate logistic regression. Individual patient risk 
scores were calculated using the following for-
mula: xβ = 2.062 + (1.497 × NLR grouping 
(5.094 vs. > 5.094, ≤ 5.094 = 0, > 5.094 = 1)) 
+ (0.879 × PLR grouping (165.413 vs. > 
165.413, ≤ 165.413 = 0, > 165.413 = 1)). The 
probability of in-hospital death in AMI patients 
was calculated using the following formula: (Y = 
1/[1 + exp.(-xβ)]): = 1/[1 + exp.(-(2.062 + 
1.497* NLR grouping (5.094 vs. > 5.094, ≤ 
5.094 = 0, > 5.094 = 1) + 0.879* PLR grouping 
(165.413 vs. > 165.413, ≤ 165.413 = 0, > 
165.413 = 1)))]. 
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Figure 2. Receiver operating characteristic (ROC) Curve Comparison of 
Neutrophil-to-Lymphocyte Ratio (NLR) grouping and Platelet-to-Lymphocyte 
Ratio (PLR) grouping in NSTEMI and STEMI patients. A. ROC curve analy-
sis and comparison of NLR grouping in NSTEMI and STEMI; B. ROC curve 
analysis and comparison of PLR grouping in NSTEMI and STEMI. NSTEMI, 
non-ST segment elevation myocardial infarction; STEMI, ST segment eleva-
tion myocardial infarction.

Association between combined indicator and 
risk of in-hospital mortality in patients with 
AMI and ROC analysis 

According to the formula, there were four condi-
tions in calculating the risk of in-hospital death, 
and we divided them into four groups: Y1 = 

0.887 (NLR grouping = 0; PLR 
grouping = 0); Y2 = 0.949 (NLR 
grouping = 0; PLR grouping = 
1); Y3 = 0.972 (NLR grouping = 
1; PLR grouping = 0); and Y4 = 
0.988 (NLR grouping = 1; PLR 
grouping = 1). Univariate logis-
tic regression analysis showed 
that when AMI patients were in 
Y3 grouping, the risk of death 
was 4.968 times higher than 
that in Y1 group (95% CI 2.215-
11.141, P < 0.0001); when 
AMI patients were in Y4 group-
ing, the risk of death was 
10.473 times higher than that 
in Y1 grouping (95% CI 4.610-
23.793, P < 0.0001), as de- 
tailed in Table 3. ROC was 
used to analyze the combin- 
ed indicator, and the results 
showed that the AUC of the 
combined indicator was 0.740 
(95% CI 0.671-0.801, Sensi- 
tivity = 80.85%, Specificity = 
59.57%, P < 0.0001), as 
shown in Figure 3. Similarly, 
analysis of the predictive ef- 
fect of the combined indicator 
in patients with NSTEMI and 
STEMI showed that there was 
no significant difference in the 
AUC of the combined indicator 
in patients with NSTEMI or 
STEMI (P > 0.05), as detailed 
in Figure 4. We used the 
DELONG method to compare 
the AUC of NLR grouping, PLR 
grouping and combined indica-
tor, and the results showed 
that the AUC of combined indi-
cator was significantly higher 
than that of NLR grouping and 
PLR grouping, and the differ-
ence was statistically signifi-
cant (P < 0.05), as shown in 
Table 4. 

Clinical application of combined indicators in 
predicting the risk of in-hospital mortality in 
patients with AMI

We defined the Y1 and Y2 groups in the com-
bined measure as the low mortality risk group, 
while the Y3 and Y4 groups were defined as the 



NLR combined with PLR is a risk factor for AMI patients

4125 Am J Transl Res 2023;15(6):4118-4128

Table 2. Multivariate logistic regression analysis 
of risk of in-hospital mortality in patients with 
AMI after propensity score matching

β OR 95% CI P-value
NLR grouping 1.497 4.469 2.069-9.653 < 0.001
PLR grouping 0.879 2.410 1.155-5.029 0.019
BMI -0.063 0.939 0.855-1.032 0.189
SBP -0.004 0.996 0.984-1.009 0.582
AST 0.002 1.002 0.999-1.005 0.150
CKMB -0.004 0.996 0.991-1.000 0.049
LDL-C -0.083 0.920 0.643-1.317 0.649
Aspirin use 0.149 1.160 0.397-3.393 0.786
Statins use -1.251 0.286 0.038-2.177 0.227
Note: NLR grouping (NLR ≤ 5.094 = 0; NLR > 165.413 = 1, 
NLR ≤ 5.094 as reference); PLR grouping (PLR ≤ 165.413 = 
0; PLR > 165.413 = 1, PLR ≤ 165.413 as reference). NLR, 
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; 
BMI, body mass index; SBP, systolic blood press; AST, aspar-
tate aminotransferase; CK-MB, creatine kinase-MB; LDL-C, 
low-density lipoprotein cholesterol.

Table 3. Univariate logistic regression analysis 
of combined indicator and risk of in-hospital 
mortality in patients with AMI
Variables β OR 95% CI P-value
Y1 (REF) / / / /
Y2 1.070 2.914 0.689-12.321 0.146
Y3 1.603 4.968 2.215-11.141 < 0.0001
Y4 2.349 10.473 4.610-23.793 < 0.0001
Note: Y1 = 0.887 (NLR grouping = 0; PLR grouping = 0); Y2 
= 0.949 (NLR grouping = 0; PLR grouping = 1); Y3 = 0.972 
(NLR grouping = 1; PLR grouping = 0); Y4 = 0.988 (NLR 
grouping = 1; PLR grouping = 1). NLR grouping (NLR ≤ 
5.094 = 0; NLR > 5.094 = 1, NLR ≤ 5.094 as reference); 
PLR grouping (PLR ≤ 165.413 = 0; PLR > 165.413 = 1, PLR 
≤ 165.413 as reference). NLR, neutrophil-lymphocyte ratio; 
PLR, platelet-lymphocyte ratio.

Figure 3. Receiver operating characteristic (ROC) 
curve analysis of Combined indicators. NLR, neu-
trophil-to-lymphocyte ratio; PLR, platelet-lymphocyte 
ratio; NLR + PLR, NLR combined with PLR.

Figure 4. Receiver operating characteristic (ROC) 
Curve Comparison of Combined indicators in NSTEMI 
and STEMI patients. NSTEMI, non-ST segment eleva-
tion myocardial infarction; STEMI, ST segment eleva-
tion myocardial infarction.

high mortality risk group. The results showed 
that 56 (75.68%) of 74 patients in Y1 and Y2 
groups were correctly identified, and no in-hos-
pital deaths occurred; a total of 114 people in 
Y3 and Y4 groups, 76 (66.67%) of whom were 
correctly identified, died during hospitalization.

Discussion

In this retrospective study of 3,246 patients 
with acute myocardial infarction, we evaluated 
the predictive value of NLR combined with PLR 
for the risk of in-hospital death in patients with 
AMI based on propensity score matching. By 
developing and deriving the logistic regression 

model, we constructed a new joint indicator 
(NLR grouping + PLR grouping). Our results 
showed that the AUC of the combined index 
was significantly higher than the AUC of NLR 
and PLR, and this difference was statistically 
significant (P < 0.05). According to the different 
results of NLR grouping and PLR grouping, we 
divided the combined predictors into four 
groups, namely Y1 (NLR grouping = 0, PLR 
grouping = 0), Y2 (NLR grouping = 0, PLR group-
ing = 1), Y3 (NLR grouping = 1, PLR grouping = 
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Table 4. AUC of combined indicator compared to NLR grouping and PLR grouping
Variables Difference between areas Standard Error 95% CI P-value
NLR grouping vs. PLR grouping 0.047 0.038 -0.026-0.123 0.208
Combined indicator vs. PLR grouping 0.085 0.025 0.035-0.135 < 0.001
Combined indicator vs. NLR grouping 0.037 0.017 0.003-0.071 0.030
Note: NLR grouping (NLR ≤ 5.094 = 0; NLR > 5.094 = 1, NLR ≤ 5.094 as reference); PLR grouping (PLR ≤ 165.413 = 0; PLR 
> 165.413 = 1, PLR ≤ 165.413 as reference); Combined index: NLR + PLR. NLR, neutrophil-lymphocyte ratio; PLR, platelet-
lymphocyte ratio.

0) and Y4 (NLR grouping = 1, PLR grouping = 1). 
We found that if AMI patients were in the Y3 and 
Y4 groups, their risk of in-hospital mortality 
would be greatly increased.

The inflammatory response plays an important 
role in the development of coronary heart dis-
ease. Inflammation causes vascular injury th- 
rough immune cells [17], the most important 
damage cells are neutrophils, when the human 
body becomes inflamed, neutrophils can be 
activated and then release a large number of 
reactive oxygen species, while producing extra-
cellular traps (NETs) [17], although these prod-
ucts can kill pathogens to some extent, they 
also exacerbate damage to the vessel wall and 
promote thrombosis [18]. Platelets are an 
important component of coronary plaque for-
mation, and regardless of their role in the  
general inflammatory response, platelets are 
always closely associated with endothelial acti-
vation and coordination [19]. Increased platelet 
activation can lead to destructive inflammatory 
reactions and prothrombotic states [20]. Unlike 
neutrophils and platelets, lymphocytes are in 
most cases thought to be associated with  
anti-vascular arteriosclerosis [21]. Lower lym-
phocyte counts are associated with worse car-
diovascular outcomes. Decreased lymphocyte 
counts in humans during some cardiovascular 
critical events, such as AMI, may be associat- 
ed with stress response inhibiting lymphocyte 
proliferation and differentiation, as well as lym-
phocyte redistribution [22, 23]. In our study, 
patients in the death group had higher mean 
neutrophil and platelet counts, while lympho-
cyte counts were lower than in the non-death 
group.

NLR can systematically reflect and accurately 
reflect the degree of body inflammation and 
stress [13], and PLR also reflects platelet acti-
vation and prothrombotic state [20]. NLR and 
PLR are more accurate and objective lympho-
cytes than neutrophils, platelets, and lympho-

cytes alone in predicting outcomes in patients 
with AMI because they always combine two 
indicators that reflect the body’s inflammatory 
status. Studies have shown that NLR is of great 
value in predicting adverse outcome events in 
cardiovascular patients, for example, NLR > 
2.83 can predict the risk of major adverse car-
diovascular events (MACEs) [14], and NLR > 
5.509 can predict a positive correlation with 
the risk of in-hospital death in AMI patients 
[13]. Li et al. showed that high PLR was associ-
ated with in-hospital mortality risk in elderly 
patients with AMI [20], but some studies sug-
gested that PLR was weaker than NLR in pre-
dicting adverse cardiovascular outcomes, and 
PLR alone was not recommended to predict 
cardiovascular outcomes, and it was recom-
mended to be combined with other indicators 
[14]. At present, only one study investigated the 
correlation between NLR combined with PLR 
and the prognosis of AMI patients, and its 
results showed that the higher NLR-PLR, the 
greater the risk of major adverse cardiovascu-
lar and cerebrovascular events (MACCEs) in 
patients [24]. However, no study has investi- 
gated the effect of NLR combined with PLR on 
the short-term prognosis of AMI patients. Un- 
like previous studies, what we call the combina-
tion of NLR and PLR is not a simple numerical 
combination, but a new formula is construct- 
ed to calculate the combined index of NLR and 
PLR through a multivariate logistic regression 
model after fine matching and correction for 
multiple confounders. The results showed that 
this new combined index could better identify 
the risk of death of AMI during hospitalization 
(the recognition rate of dead patients was 
66.67%, and the recognition rate of non-dead 
patients was 75.68%), and it could also be 
directly applied in the clinical diagnosis and 
treatment process, and the risk stratification 
could be performed by only a simple routine 
blood examination of patients. It is worth noting 
that, unlike traditional interventional means, 
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this measure provides a reference for clinicians 
to hospitalized AMI patients at high risk of 
death, allowing clinicians to pay more attention 
to such patients without additional burden and 
harm to the patients themselves even if they do 
not experience death events.

Limitations

Our study had the following limitations: this is a 
retrospective study conducted in a single cen-
ter, and it is necessary to conduct a prospec-
tive study in a multi-center to evaluate the 
effectiveness of the combined indicators. Se- 
cond, we failed to follow the long-term progno-
sis of these patients, which limits the predictive 
value of NLR combined with PLR for long-term 
mortality risk in elderly AMI patients. Finally, 
retrospective studies were unable to identify a 
causal relationship between NLR, PLR, and risk 
of in-hospital mortality in patients with AMI. 

Conclusions 

We constructed a new combined indicator to 
evaluate the risk of in-hospital death in AMI 
patients by combining NLR grouping and PLR 
grouping. We found that when calculated by 
combined indicators, if AMI patients were in Y3 
(NLR grouping = 1, PLR grouping = 0) and Y4 
(NLR grouping = 1, PLR grouping = 1) groups, 
then they had a higher risk of in-hospital death. 
This noninvasive and easily available new com-
bined indicator provided a reference for cardiol-
ogy clinicians to give a short-term prognosis  
for AMI patients, and could carry out more 
refined care and risk stratification for patients 
accordingly.
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Supplementary Table 1. Multivariate logistic regression analysis of risk of in-hospital mortality in 
patients with AMI before propensity score matching

Β OR 95% CI P-value
Age 0.072 1.074 1.051-1.098 < 0.0001
ALT 0.000 1.000 1.000-1.001 0.097
CTNI 0.012 1.108 1.081-1.135 < 0.0001
Heart failure 1.582 4.867 2.286-10.363 < 0.0001
Type of AMI 0.011 1.011 0.580-1.764 0.969
Previous stroke 1.311 3.710 1.855-7.421 < 0.0001
eFGR class
    > 60 (REF) / / / /
    30-60 1.365 3.914 2.293-6.679 < 0.0001
    < 30 1.647 5.189 2.993-8.995 < 0.0001
Note: Type of AMI includes NSTEMI and STEMI, with NSTEMI as a reference; eGFR class included < 30 ml/min/1.73 m2, 30-60 
ml/min/1.73 m2, and > 60 ml/min/1.73 m2, and eGFR > 60 ml/min/1.73 m2 was used as a reference. AMI, acute myocardial 
infarction; ALT, alanine aminotransferase; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment eleva-
tion myocardial infarction; eGFR, estimated glomerular filtration rate; CTNI, cardiac troponin I.


