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Abstract 

Background:  Inflammation plays a critical role in acute myocardial infarction (AMI). Recent studies have shown the 
value of hematologic indicators in MI risk stratification and prognostic assessment. However, the association between 
lymphocyte-to-monocyte ratio (LMR) and the long-term mortality of critically ill MI patients remains unclear.

Methods:  Clinical data were extracted from the Medical Information Mart for Intensive Care III database. Patients 
diagnosed with AMI on admission in the intensive care units were include. The optimal cutoff value of LMR was 
determined by X-tile software. The Cox proportional hazard model was applied for the identification of independent 
prognostic factors of 1-year mortality and survival curves were estimated using the Kaplan–Meier method. In order to 
reduce selection bias, a 1:1 propensity score matching (PSM) method was performed.

Results:  A total of 1517 AMI patients were included in this study. The cutoff value for 1-year mortality of LMR deter-
mined by X-Tile software was 3.00. A total of 534 pairs of patients were matched after PSM. Multivariate analysis 
(HR = 1.369, 95%CI 1.110–1.687, P = 0.003) and PSM subgroups (HR = 1.299, 95%CI 1.032–1.634, P = 0.026) showed 
that 1-year mortality was significantly higher in patients with LMR < 3.00 than patients with LMR ≥ 3.00 in Cox pro-
portional hazard models. The survival curves showed that patients with LMR < 3.00 had a significantly lower 1-year 
survival rate before (63.83 vs. 81.03%, Log rank P < 0.001) and after PSM (68.13 vs. 74.22%, Log rank P = 0.041).

Conclusion:  In this retrospective cohort analysis, we demonstrated that a low admission LMR (< 3.00) was associated 
with a higher risk of 1-year mortality in critically ill patients with AMI.

Keywords:  Lymphocyte-to-monocyte ratio (LMR), Acute myocardial infarction (AMI), Propensity score matching, 
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Introduction
Cardiovascular diseases (CVDs) are the leading cause 
of global mortality and disability, bringing a great bur-
den of disease to health expenditure [1]. The prevalence 

and death rate of ischemic heart disease (IHD) remain 
increasing during last decades [2]. There is an urgent 
need for health system to improve pre- and in-hospital 
care for acute coronary syndrome, so it appears to be 
particularly significant to identify patients at high risk for 
adverse outcomes of IHD.

The inflammation following acute myocardial infarc-
tion (AMI) plays a critical role in determining MI size and 
subsequent left ventricular remodeling [3, 4]. Immune 
cells such as neutrophils, monocytes/macrophages and 
lymphocytes are activated or recruited to the infarct area 

Open Access

†Yuanyuan Zhao and Chunshu Hao contributed equally to this work and 
share first authorship

*Correspondence:  chenlijuan@seu.edu.cn

1 Department of Cardiology, Zhongda Hospital, Southeast University, Nanjing, 
China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-022-02745-z&domain=pdf


Page 2 of 10Zhao et al. BMC Cardiovascular Disorders          (2022) 22:308 

contributing to necrotic substance removal and tissue 
repair [5–7], which are considered new targets for myo-
cardial protection [8] and prognostic prediction [9–11].

Hematological indices such as hemoglobin levels, 
serum albumin, white blood cells (WBC), platelet to lym-
phocyte ratio (PLR) and neutrophil to lymphocyte ratio 
(NLR) have gained attention because of their low cost 
and clinical accessibility, which has also been proved val-
uable for risk stratification and prognosis in IHD patients 
[12–18]. Lymphocyte to monocyte ratio (LMR), a novel 
predictor of inflammation, are concerned to be associ-
ated with the severity and outcomes of cardiovascular 
diseases [19–21]. Whereas, no researches demonstrate 
the relevance between LMR and long-term mortality of 
critically ill patients with AMI.

In this study, we aimed to determine the association 
between admission LMR and risk of long-term mortal-
ity in critically ill patients with AMI based on the Medi-
cal Information Mart for Intensive Care-III (MIMIC-III) 
database.

Methods
Data source
All the relevant data were obtained from the Medical 
Information Mart for Intensive Care-III (MIMIC-III) 
database (version 1.4). MIMIC-III is a freely available 
database containing the records of 46,520 critically ill 
patients admitted to intensive care units (ICUs) of the 
Beth Israel Deaconess Medical Center (Boston, Mas-
sachusetts) from 2001 to 2012 [22, 23], which contains 
dates of death up to 4  years. The establishment of the 
MIMIC-III database was approved by the Institutional 
Review Boards (IRB) of the Massachusetts Institute of 
Technology (MIT, Cambridge, MA, USA) and Beth Israel 
Deaconess Medical Center. The database documents 
included charted events such as demographics data, 
laboratory tests, vital signs, survival data and diagnos-
tic information such as the International Classification 
of Diseases, Ninth Revision (ICD-9). We completed the 
National Institutes of Health online course and passed 
the exam named “Protecting Human Research Partici-
pants” (Record ID 36,331,340). The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

Population selection
We included all critically ill patients diagnosed with 
AMI using ICD-9 diagnosis codes at first ICU admis-
sion in MIMIC-III database. The exclusion criteria were 
as follows: (1) age less than 18  years old; (2) missing 

lymphocyte and monocyte counts values at first 24 h of 
admission.

Data extraction
All data were extracted from MIMIC-III database using 
structure query language (SQL) with PostgreSQL (version 
9.6). The code that supports the MIMIC-III documenta-
tion and website is publicly available, and contributions 
from the community of users are encouraged (https://​
github.​com/​MIT-​LCP/​mimic-​websi​te). The extracted 
data included: (1) demographics: age, gender, ethnic-
ity and body mass index (BMI); (2) vital signs: heart rate 
(HR), systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), respiratory rate (RR), temperature and per-
cutaneous oxygen saturation (SpO2); (3) comorbidities: 
congestive heart failure (CHF), cardiac arrhythmias, 
hypertension, diabetes, chronic pulmonary disease, renal 
failure, liver disease, coagulopathy and elixhauser comor-
bidity index (ECI); (4) laboratory parameters: peripheral 
white blood cell count (WBC), neutrophil count, mono-
cyte count, lymphocyte count, platelet count (PLT), 
hemoglobin (Hb), hematocrit (HCT), glucose (Glu), blood 
urea nitrogen (BUN), serum creatinine (Scr) and LMR; 
(5) scoring system: systemic inflammatory response syn-
drome (SIRS), simplified acute physiology score (SAPS) 
and sequential organ failure assessment (SOFA); (6) treat-
ment information: percutaneous coronary intervention 
(PCI) and coronary bypass artery grafting (CABG); (7) 
outcomes: ICU length of stay, hospital length of stay, in-
hospital mortality, 30-day mortality and 1-year mortality. 
Variables with less than 30% missing values were imputed 
using the multiple imputation method.

Statistical analysis
Continuous variables were presented as the mean ± SD 
or median (interquartile range) and compared by t-test or 
Mann–Whitney U test. Categorical data were presented 
as frequencies with percentages and analyzed by χ2 test. 
Skewness/Kurtosis test and histogram were adopted to 
assess the normality of variables. After propensity score 
matching analysis, the paired  t-test and Wilcoxon rank 
sum test for continuous data and the McNemar test for 
categorical data was used for assessing the comparabil-
ity of baseline characteristics in the matched groups. The 
optimal cutoff value of the LMR for 1-year mortality was 
determined by X-tile (Version 3.6.1, Yale University School 
of medicine) software [24]. The principle of the software 
is to enumerate continuous variables as cutoff values and 
log-rank tests were performed for all cases based on sur-
vival data separately, with the variable value corresponding 
to the smallest P-value being determined as the optimal 
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cutoff value. Survival curves were estimated using the 
Kaplan–Meier method and compared by the log-rank test.

To reduce the selection bias between different LMR 
groups, propensity score matching analysis (PSM) was 
performed. The propensity score was calculated accord-
ing to the following baseline characteristics: age, gender, 
congestive heart failure, hypertension, chronic pulmo-
nary disease, renal failure, SpO2, WBC, Glu, Scr, BUN, 
SAPSII and SOFA scores. The psmatch2 package in 
STATA software was used to create matched sample. 
Propensity scores were estimated using logistic regres-
sion models. Patients were derived using 1:1 matching 
with a caliper of 0.02 and without replacement. A total of 
1086 patients were propensity score-matched eventually.

The Cox proportional hazard model was applied for the 
univariate and multivariate analyses to identify independ-
ent prognostic factors of 1-year mortality. To evaluate 
the association between the LMR and mortality, model I 
was adjusted for age, gender and ethnicity; model II was 
adjusted for variables with P values less than 0.05 in the 
univariate regression analysis. The results are presented 
as hazard ratios (HR) and 95% confidence intervals (CI). 
Subgroup analysis were performed with Cox regression 
model according to age, gender, ethnicity, hypertension, 
CHF, cardiac arrhythmias, chronic pulmonary disease, 
renal failure, coagulopathy, PCI, CABG, SIRS, SAPS II, 
SOFA, HR, DBP, RR, SpO2, WBC, Hb, PLT, Glu, Scr and 
BUN. All tests were two-sided, and P values < 0.05 were 
considered significant. All statistical analyses in our study 
were performed using STATA V.16.0 and R version 4.1.0.

Results
Patient characteristics
A total of 1517 acute myocardial infarction patients were 
included in our study (Additional file 1: Fig. S1). The opti-
mal cutoff value of admission LMR for 1-year mortality 
was 3.00 (with a sensitivity of 60.45% and a specificity of 
62.06%) calculated by the X-tile software. Patients were 
divided into two groups according to the LMR: the low 
LMR group (LMR < 3.00, n = 647) and high LMR group 
(LMR ≥ 3.00, n = 870). The comparison of baseline char-
acteristics between two LMR groups was summarized 
in Table 1. Before propensity score matching, there were 
significant differences in baseline data between the two 
groups. The low LMR group patients tended to be older 
with a lower DBP, SpO2 and higher HR, RR, WBC, PLT 
Glu, Scr, BUN, ECI, SIRS score, SOFA score and SAPSII 
score. Furthermore, patients with lower LMR had higher 
incidence of CHF, chronic pulmonary disease and renal 
failure while had a lower prevalence of hypertension and 
lower PCI or CABG treatment rate. With the use of pro-
pensity score matching (1:1 ratio), 543 pairs of patients 
were generated. The imbalance between patients with an 

LMR < 3.00 and an LMR ≥ 3.00 was significantly reduced 
(Additional file 1: Fig. S2), and almost all baseline char-
acteristics were comparable between the two groups 
(Table 1).

Outcomes
Patients in low LMR group had longer ICU length of 
stay (3.12 vs. 2.08  days, P < 0.001) and hospital length 
of stay (7.42 vs. 5.17  days P < 0.001) compared to high 
LMR group before PSM. Notably, the low LMR group 
had a high risk of hospital mortality (19.78 vs. 10.34%, 
P < 0.001), 30-day mortality (22.10 vs. 11.84%, P < 0.001) 
and 1-year mortality (36.32 vs. 19.20%, P < 0.001). 
After matching, ICU length of stay (3.01 vs. 2.38  days, 
P < 0.001), hospital length of stay (7.09 vs. 5.44  days 
P < 0.001) and 1-year mortality (32.04 vs. 26.15%, 
P < 0.001) remained significantly different between the 
two groups, while no differences were observed in hos-
pital mortality (16.21 vs. 14.18%, P = 0.352) and 30-day 
mortality (18.60 vs. 16.02%, P = 0.261) (Table 2).

Survival analysis
The survival curves for patients of different LMR groups 
were shown in a Kaplan–Meier plot in Fig.  1. Patients 
with low LMR had a significant lower 1-year survival 
rate compared to high LMR group whether before (63.83 
vs.81.03%, Log rank P < 0.001) or after (68.13 vs.74.22%, 
Log rank P = 0.041) PSM.

A Cox regression model was performed to determine 
the association between LMR and 1-year mortality of 
AMI patients. Variables with P values less than 0.05 in 
the univariate Cox regression analysis were included to 
be adjusted in model II for multivariate analysis, while 
model I was only adjusted by age, gender and ethnicity. 
The multivariate analysis showed that low LMR was asso-
ciated with increased risk of 1-year mortality compared 
to high LMR (Model I: HR = 2.060, 95%CI 1.688–2.515, 
P < 0.001; Model II: HR = 1.369, 95%CI 1.110–1.687, 
P = 0.003) (Table  3). After matching, the higher risk of 
1-year mortality remained significant in low LMR group 
(Model I: HR = 1.279, 95%CI 1.024–1.598, P = 0.030; 
Model II: HR = 1.299, 95%CI 1.032–1.634, P = 0.026) 
(Table 4).

Subgroup analysis
Subgroup analysis of variables with significant differences 
in baseline characteristics was performed to verify the 
stability of the Cox regression results. As shown in the 
Fig. 2, AMI patients with an LMR < 3.00 had higher risk 
of 1-year mortality than those with an LMR ≥ 3.00 in sub-
groups except for the patients with congestive heart fail-
ure (HR = 1.498, 95%CI 0.903–2.487, P = 0.118), cardiac 
arrhythmias (HR = 1.496, 95%CI 0.822–2.722, P = 0.188), 
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chronic pulmonary disease (HR = 1.447, 95%CI 0.901–
2.323, P = 0.126), renal failure (HR = 1.416, 95%CI: 1.416, 
95%CI 0.906–2.215, P = 0.127) and CABG treatment 
(HR = 1.242, 95%CI 0.622–2.481, P = 0.539).

Discussion
Circulating leukocyte subtype counts is considered to be 
of great value for disease evaluation and prognosis pre-
diction of inflammatory injury patients. In the present 

Table 1  Baseline characteristics before and after PSM matched

Data are presented as mean ± SD, median (interquartile range), or number of patients (%)

PSM propensity score matching, BMI body mass index, ECI elixhauser comorbidity index, HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, 
MBP mean blood pressure, RR respiratory rate, SpO2, percutaneous oxygen saturation; WBC white blood cell, PLT platelet, LMR lymphocyte-to-monocyte ratio, Hb 
hemoglobin;, HCT hematocrit, Glu glucose, Scr serum creatinine, BUN blood urea nitrogen, SIRS systemic inflammatory response syndrome, SAPS simplified acute 
physiology score, SOFA sequential organ failure assessment, PCI percutaneous transluminal coronary intervention, CABG coronary artery bypass grafting

Characteristics Before PSM After PSM

LMR < 3.00 (n = 647) LMR ≥ 3.00 (n = 870) P value LMR < 3.00 (n = 543) LMR ≥ 3.00 (n = 543) P value

Demographics

Age, years 71.14 (61.20–80.86) 66.54 (56.60–78.66) < 0.001 70.48 (59.99–80.26) 72.08 (60.13–81.79) 0.269

Gender, male 415 (64.14%) 542 (62.30%) 0.462 348 (64.09%) 346 (63.72%) 0.899

Ethnicity, white 423 (65.38%) 584 (67.13%) 0.476 354 (65.19%) 381 (70.17%) 0.080

BMI, Kg/m2 27.16 ± 6.19 27.55 ± 5.77 0.205 26.94 ± 5.96 27.30 ± 5.85 0.297

Comorbidities

Hypertension 274 (42.35%) 434 (49.89%) 0.004 246 (45.30%) 264 (48.62%) 0.274

Diabetes 173 (26.74%) 246 (28.28%) 0.508 134 (24.68%) 176 (32.41%) 0.005

Congestive heart failure 95 (14.68%) 59 (6.78%) < 0.001 58 (10.68%) 56 (10.31%) 0.843

Cardiac arrhythmias 59 (9.12%) 44 (5.06%) 0.054 44 (8.10%) 39 (7.18%) 0.568

Chronic pulmonary disease 111 (17.16%) 104 (11.95%) 0.004 84 (15.47%) 88 (16.21%) 0.740

Liver disease 13 (2.01%) 19 (2.18%) 0.815 11 (2.03%) 11 (2.03%)  > 0.999

Renal failure 101 (15.61%) 92 (9.12%) 0.004 70 (12.89%) 75 (13.81%) 0.656

Coagulopathy 65 (10.05%) 63 (7.24%) 0.052 50 (9.21%) 43 (7.92%) 0.448

ECI 0.00 (0.00–15.00) 0.00 (0.00–11.00) < 0.001 4.00 (0.00–12.00) 3.00 (0.00–12.00) 0.147

Vital signs

HR, beats/min 84.03 ± 15.31 81.06 ± 15.00 < 0.001 83.91 ± 14.83 81.81 ± 15.66 0.029

SBP, mmHg 113.16 ± 16.46 113.41 ± 15.03 0.758 113.96 ± 16.53 113.15 ± 15.61 0.400

DBP, mmHg 59.41 ± 10.36 60.97 ± 9.68 0.001 59.83 ± 10.18 59.93 ± 9.73 0.855

MBP, mmHg 77.24 ± 10.54 78.07 ± 9.58 0.111 77.97 ± 10.45 77.41 ± 9.62 0.338

RR, times/min 19.27 ± 3.86 18.33 ± 3.28 < 0.001 19.22 ± 3.82 18.64 ± 3.46 0.009

Temperature, ℃ 36.85 ± 0.71 36.80 ± 0.62 0.127 36.87 ± 0.68 36.78 ± 0.69 0.030

SpO2, % 97.04 ± 2.44 97.32 ± 2.72 0.039 97.19 ± 2.18 97.09 ± 3.24 0.541

Laboratory parameters

WBC, 109/L 13.97 ± 6.37 12.11 ± 5.33 < 0.001 13.11 ± 5.08 13.30 ± 6.00 0.520

PLT, 109/L 240.35 ± 103.55 226.43 ± 95.44 0.007 238.25 ± 103.67 230.50 ± 89.77 0.177

LMR 1.88 (1.29–2.40) 4.84 (3.81–6.50) < 0.001 1.93 (1.36–2.44) 4.75 (3.68–6.36) < 0.001

Hb, g/dL 11.47 ± 2.18 11.68 ± 2.11 0.059 11.58 ± 2.18 11.63 ± 2.16 0.692

HCT, % 33.85 ± 6.34 34.18 ± 6.02 0.304 34.07 ± 6.33 34.16 ± 6.19 0.816

Glu, mg/dL 174.64 ± 91.80 164.88 ± 87.53 0.036 172.76 ± 91.90 176.47 ± 99.44 0.533

Scr, mg/dL 1.10 (0.90–1.70) 0.90 (0.80–1.30) < 0.001 1.00 (0.80–1.40) 1.00 (0.80–1.40) 0.977

BUN, mg/dL 24.00 (17.00–35.00) 17.00 (13.00–25.00) < 0.001 22.00 (16.00–30.00) 21.00 (15.00–29.00) 0.421

Scoring system

SIRS 3.00 (2.00–4.00) 3.00 (2.00–3.00) < 0.001 3.00 (2.00–4.00) 3.00 (2.00–4.00) 0.035

SAPSII 37.00 (28.00–48.00) 30.00 (23.00–41.00) < 0.001 35.00 (27.00–44.00) 35.00 (26.00–47.00) 0.465

SOFA 4.00 (2.00–7.00) 2.00 (1.00–5.00) < 0.001 3.00 (2.00–6.00) 3.00 (1.00–6.00) 0.628

Treatment information

PCI 296 (45.75%) 491 (56.44%) < 0.001 267 (49.17%) 287 (52.85%) 0.225

CABG 86 (13.29%) 173 (19.89%) 0.001 81 (14.92%) 101 (18.60%) 0.104
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study, we demonstrated an independent relationship 
between admission LMR and 1-year mortality in AMI 
patients. To our knowledge, this is the first study focus-
ing on the association between the measurement of LMR 
and long-term prognosis of critically ill AMI patients.

Acute myocardial infarction, usually caused by plaque 
rupture and interruption of coronary blood flow, triggers 
an intense inflammatory response which is essential for 
myocardium repair. Alternatively, hyperactivity and pro-
longed inflammation after infarction may lead to myo-
cardial dysfunction [25]. The critical role of immune cells 
in the pathophysiological process after myocardial infarc-
tion is now being deeply revealed [4]. Each component of 
immune cells plays a dynamic role in pro-inflammation 
response and anti-inflammation repair stage after AMI 
[3, 26].

As indicators of systemic inflammatory status, the role 
of WBC and its subtypes in the diagnosis, risk stratifi-
cation and prognostic prediction of AMI has also been 
demonstrated in various clinical trials and practices 
[9–11, 27]. In previous studies, both a low lymphocyte 
counts and high monocyte counts were associated with 
an increased risk for major adverse cardiovascular events 
[28, 29]. Although the role of macrophages in inflamma-
tory response after IHD has been widely recognized [6], 
the potential mechanisms of low lymphocyte level and its 
predictive value are not fully understood. Acute lympho-
cytopenia is generally considered to be part of the stress 
response and is associated with increased cortisol and 
sympathetic activation [30]. The increased lymphocytes 
apoptosis could also explain the association with adverse 
outcomes [31].

Unlike simple cell counts, ratios between different 
WBC subtypes, such as NLR, can fully combine the 
prognostic information of different components to pro-
vide greater predictive abilities [9]. LMR, as a novel 
hematologic indicator which is calculated by dividing 
lymphocyte count by monocyte count, has shown great 
prognostic value in cardiovascular diseases such as heart 

Table 2  Outcomes of patients before and after PSM matched

LMR lymphocyte-to-monocyte ratio, PSM propensity score matching

LMR < 3.00 LMR ≥ 3.00 P value
Before PSM N = 647 N = 870

ICU length of stay, days 3.12 (1.62–7.06) 2.08 (1.24–3.90) < 0.001

Hospital length of stay, days 7.42 (4.05–13.89) 5.17 (3.21–9.23) < 0.001

Hospital mortality, n (%) 128 (19.78%) 90 (10.34%) < 0.001

30-day mortality, n (%) 143 (22.10%) 103 (11.84%) < 0.001

1-year mortality, n (%) 235 (36.32%) 167 (19.20%) < 0.001

After PSM N = 543 N = 543

ICU length of stay, days 3.01 (1.55–6.85) 2.38 (1.32–4.78) < 0.001

Hospital length of stay, days 7.09 (4.03–13.68) 5.44 (3.24–10.08) < 0.001

Hospital mortality, n (%) 88 (16.21%) 77 (14.18%) 0.352

30-day mortality, n (%) 101 (18.60%) 87 (16.02%) 0.261

1-year mortality, n (%) 174 (32.04%) 142 (26.15%) 0.033

Fig. 1  Kaplan–Meier survival analysis plot for 1-year survival in the 
high LMR group vs. low LMR group before a and after b propensity 
score matching. LMR lymphocyte-to-monocyte ratio
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failure [19] and acute coronary syndrome [20, 21, 32–34]. 
To further investigate the relationship between LMR and 
long-term prognosis in critically ill AMI patients, we con-
structed a retrospective cohort in MIMIC-III database 
using cut-off values generated by X-tile software, and 
showed that low admission LMR levels were indepen-
dently associated with higher risk for 1-year mortality.

In this study we performed PSM analysis, which helps 
to balance confounding factors in baseline characteristics. 
Although there were no significant differences in hospital 
mortality and 30-day mortality between the LMR groups 
after PSM, the main outcomes we focused on remained 
consistent before (36.32% vs. 19.20%, P < 0.001) and after 
matching (32.04% vs. 26.15%, P = 0.033). The HRs of 
1-year mortality with an LMR < 3.00 were changed before 
and after PSM (Model I:2.060 vs. 1.279; Model II:1.369 
vs. 1.299), which may be the result of the equilibrium 
of baseline characteristics, or related to the change of 

optimal cutoff values after PSM. Furthermore, procedure 
events during hospitalization were also included in the 
Cox regression model. The results showed that PCI and 
CABG were both protective factors for 1-year mortality 
before and after matching, suggesting that MI patients 
may benefit from aggressive coronary revasculariza-
tion, which is consistent with the recommendations of 
guideline [35]. Due to the relatively small sample size and 
single-center-based cohort of the current study, further 
studies based on larger populations with external valida-
tion are warranted.

To validate the robustness of the regression results, 
subgroup analysis which containing variable with signifi-
cant differences in baseline characteristics was performed 
to examine the statistical potency of LMR under different 
conditions. LMR maintained its predictive ability in most 
subgroups except in patients with CHF, cardiac arrhyth-
mias, chronic pulmonary disease, renal failure, or CABG 

Table 3  Univariate and multivariate Cox regression analysis for 1-year mortality before PSM

PSM propensity score matching, LMR lymphocyte-to-monocyte ratio, HR heart rate, DBP diastolic blood pressure, RR respiratory rate, SpO2, percutaneous oxygen 
saturation; WBC white blood cell, PLT platelet, Hb hemoglobin, Glu glucose, Scr serum creatinine, BUN blood urea nitrogen, SIRS systemic inflammatory response 
syndrome, SAPS simplified acute physiology score, SOFA Sequential organ failure assessment, PCI percutaneous transluminal coronary intervention, CABG coronary 
artery bypass grafting

Univariate analysis Multivariate analysis

Model I Model II

HR 95%CI P HR 95%CI P HR 95%CI P

LMR < 3.00 2.094 1.717–2.554 0.000 2.060 1.688–2.515 0.000 1.369 1.110–1.687 0.003

Age, years 1.004 1.002–1.005 0.000 1.003 1.002–1.004 0.000 1.002 1.001–1.003 0.004

Gender, Male 0.673 0.553–0.819 0.000 0.727 0.592–0.892 0.002 0.945 0.758–1.178 0.614

Ethnicity, White 0.739 0.605–0.902 0.003 0.733 0.600–0.896 0.002 0.760 0.618–0.935 0.010

Hypertension 0.680 0.556–0.831 0.000 1.077 0.859–1.351 0.519

Congestive heart failure 1.978 1.526–2.563 0.000 0.760 0.568–1.018 0.066

Cardiac arrhythmias 1.970 1.449–2.679 0.000 1.315 0.938–1.843 0.113

Chronic pulmonary disease 1.339 1.036–1.731 0.026 1.027 0.787–1.341 0.844

Renal failure 1.800 1.407–2.302 0.000 1.159 0.859–1.562 0.334

Coagulopathy 2.012 1.523–2.658 0.000 1.104 0.816–1.494 0.521

HR, beats/min 1.022 1.016–1.028 0.000 1.006 0.999–1.014 0.091

DBP, mmHg 0.964 0.955–0.975 0.000 0.991 0.979–1.002 0.124

RR, times/min 1.100 1.073–1.128 0.000 1.041 1.014–1.070 0.003

SpO2, % 0.915 0.895–0.935 0.000 0.948 0.927–0.969 0.000

WBC, 109/L 1.046 1.033–1.059 0.000 1.000 0.985–1.015 0.992

PLT, 109/L 1.000 0.999–1.001 0.833 – – –

Hb, g/dL 0.867 0.829–0.907 0.000 0.957 0.905–1.012 0.126

Glu, mg/dL 1.003 1.002–1.003 0.000 1.001 1.000–1.002 0.013

Scr, mg/dL 1.193 1.143–1.245 0.000 1.060 0.968–1.159 0.208

BUN, mg/dL 1.019 1.016–1.022 0.000 0.999 0.992–1.005 0.643

SIRS 1.506 1.360–1.669 0.000 1.069 0.940–1.216 0.307

SAPSII 1.058 1.052–1.064 0.000 1.045 1.034–1.056 0.000

SOFA 1.228 1.199–1.259 0.000 0.997 0.952–1.045 0.914

PCI 0.526 0.430–0.643 0.000 0.695 0.551–0.878 0.002

CABG 0.405 0.285–0.575 0.000 0.394 0.266–0.582 0.000
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treatment. On the one hand, underlying disease such as 
heart failure usually suggest worse pathophysiological 
conditions and thus interfere with the long-term progno-
sis of LMR. On the other hand, CABG treatment which 
is a powerful protection factors shown in Cox regression 
(HR = 0.394, 95%CI 0.266–0.582, P < 0.001) could bal-
ance the mortality between two groups. Generally, LMR 
demonstrated its excellent predictive value and stability 
in our research.

Several limitations of our study should be noted. Firstly, 
patients with myocardial infarction were identified using 

ICD-9 codes rather than clinical diagnostic criteria, and 
few patients were inevitably ignored. Secondly, the infor-
mation of admission WBC subtype was missing in some 
patients. Therefore, they were excluded from our case 
cohort, which may lead to selection bias. Thirdly, since 
our sample size is relatively small and the cohort is sin-
gle-center, the possibility that the optimal cut-off value 
may vary with different study populations. Fourthly, fac-
tors such as hematological, inflammatory and infectious 
diseases that may affect the counts of circulating immune 
cells were not excluded as exclusion criteria because of 

Table 4  Univariate and multivariate Cox regression analysis for 1-year mortality after PSM

PSM propensity score matching, LMR lymphocyte-to-monocyte ratio, HR heart rate, DBP diastolic blood pressure, RR respiratory rate, SpO2, percutaneous oxygen 
saturation; WBC white blood cell, PLT platelet, Hb hemoglobin, Glu glucose, Scr serum creatinine, BUN blood urea nitrogen, SIRS systemic inflammatory response 
syndrome, SAPS simplified acute physiology score, SOFA sequential organ failure assessment, PCI percutaneous transluminal coronary intervention, CABG coronary 
artery bypass grafting

Univariate analysis Multivariate analysis

Model I Model II

HR 95%CI P HR 95%CI P HR 95%CI P

LMR < 3.00 1.260 1.009–1.572 0.041 1.279 1.024–1.598 0.030 1.299 1.032–1.634 0.026

Age, years 1.033 1.024–1.042 0.000 1.033 1.023–1.043 0.000 1.025 1.014–1.036 0.000

Gender, Male 0.719 0.575–0.898 0.004 0.933 0.738–1.180 0.564 1.096 0.855–1.405 0.470

Ethnicity, White 0.648 0.517–0.811 0.000 0.642 0.513–0.805 0.000 0.651 0.515–0.823 0.000

Hypertension 0.629 0.501–0.791 0.000 0.888 0.688–1.146 0.360

Congestive heart failure 1.612 1.188–2.186 0.002 0.876 0.620–1.236 0.451

Cardiac arrhythmias 1.567 1.097–2.236 0.013 0.926 0.624–1.374 0.702

Chronic pulmonary disease 1.167 0.874–1.557 0.295 – – –

Renal failure 1.580 1.192–2.093 0.001 0.908 0.638–1.292 0.591

Coagulopathy 2.088 1.532–2.848 0.000 1.325 0.944–1.861 0.104

HR, beats/min 1.020 1.013–1.027 0.000 1.009 1.001–1.018 0.034

DBP, mmHg 0.970 0.959–0.982 0.000 0.998 0.984–1.011 0.726

RR, times/min 1.087 1.057–1.118 0.000 1.053 1.022–1.085 0.001

SpO2, % 0.928 0.902–0.954 0.000 0.953 0.930–0.977 0.000

WBC, 109/L 1.024 1.005–1.043 0.012 1.003 0.982–1.024 0.805

PLT, 109/L 0.999 0.998–1.001 0.299 – – –

Hb, g/dL 0.870 0.827–0.915 0.000 0.962 0.903–1.024 0.223

Glu, mg/dL 1.002 1.002–1.003 0.000 1.001 1.000–1.002 0.060

Scr, mg/dL 1.173 1.116–1.233 0.000 1.090 0.989–1.201 0.082

BUN, mg/dL 1.021 1.017–1.026 0.000 0.997 0.989–1.004 0.389

SIRS 1.372 1.220–1.542 0.000 0.937 0.804–1.092 0.405

SAPSII 1.056 1.049–1.063 0.000 1.034 1.021–1.047 0.000

SOFA 1.222 1.187–1.257 0.000 1.067 1.010–1.126 0.020

PCI 0.637 0.509–0.796 0.000 0.721 0.559–0.930 0.012

CABG 0.433 0.294–0.639 0.000 0.414 0.270–0.633 0.000

(See figure on next page.)
Fig. 2  Association between LMR group and 1-year mortality of AMI patients in different subgroups. LMR lymphocyte-to-monocyte ratio, PCI 
percutaneous transluminal coronary intervention, CABG coronary artery bypass grafting, SIRS systemic inflammatory response syndrome, SAPS 
simplified acute physiology score, SOFA sequential organ failure assessment, HR heart rate, DBP diastolic blood pressure, RR respiratory rate, SpO2, 
percutaneous oxygen saturation; WBC white blood cell, PLT platelet, Hb hemoglobin, Glu glucose, Scr serum creatinine, BUN blood urea nitrogen
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the difficulty in obtaining accurate and detailed infor-
mation from the database. Further studies and external 
validation based on large multicenter prospective cohorts 
are needed to determine the most appropriate LMR cut-
off value for different populations.

Conclusions
In this retrospective cohort analysis, we demonstrated 
that a low admission LMR (< 3.00) was associated with a 
higher risk of 1-year mortality in critical ill AMI patients. 
Our findings provide an affordable, convenient, and reli-
able tool for clinical prediction of long-term adverse out-
comes in MI patients.
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