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Abstract
Aim To investigate the association between the glucose to lymphocyte ratio (GLR) and 30-day mortality in acute myocardial
infarction (AMI) patients.

Methods A retrospective cohort analysis. Two thousand nine hundred and eleven AMI patients were enrolled using the Medical
Information Mart for Intensive Care (MIMIC)-IV database. The patients were divided into four groups according to their GLR quantiles.
The primary outcome was 30-day mortality. Multivariate Cox proportional risk regression models were used to examine the association
between GLR and 30-day mortality. The non-linear relationship between GLR and 30-day mortality was con�rmed using a Cox
proportional risk regression model �tted by cubic spline function and smooth curve �tting.

Results Of the 2,911 participants, 426 (14.63%) died. The generalized additive model (GAM) showed that the relationship between
admission GLR levels and 30-day mortality among AMI patients was non-linear (hazard ratio [HR] 1.01, 95% con�dence interval [CI]
1.00–1.02, p = 0.0134). In addition,adjusted multivariable Cox regression analysis con�rmed that the admission GLR levels of 3.60-6.06
was independently associated with decreased mortality compared to GLR levels of 0.60–3.59 (HR 1.49, 95% CI 1.02–2.18, p = 0.0409),
GLR levels of 6.07–11.03 (HR 1.56, 95% CI 1.07–2.26, p = 0.0203), and GLR levels of 11.04-97.55 (HR 1.69, 95% CI 1.17–2.42, p =
0.0047). A two-piecewise regression model was used to obtain a threshold in�ection point value of 4.66. The HR and the 95% CI on the
left in�ection point were 1.33 and 1.07–1.65, respectively, (p = 0.0116); on the right in�ection point, they were 1.01 and 1.01–1.02,
respectively, (p = 0.2630).

Conclusions The relationship between the GLR and 30-day mortality was nonlinear in AMI patients. The GLR was positively related with
30-day mortality when the GLR was less than 4.66.

Introduction
Acute myocardial infarction (AMI) is a leading cause of mortality worldwide, and 30-day mortality for patients with cardiogenic shock
due to myocardial infarction is approximately 40% [1, 2]. AMI is caused by acute obstruction of the coronary arteries, leading to acute,
persistent ischemia and hypoxia and eventually resulting in myocardial necrosis [3, 4]. Therefore, validating biomarkers with the
predictive value of long-term mortality in AMI patients has become increasingly important for identifying high-risk individuals. In a
previous MIMIC-III database study found that higher estimated plasma volume status (EPVS) values is a predictor for predicting in-
hospital mortality of AMI [5].In recent years, a series of studies on the GLR and prognosis of cancer patients have been reported [6–10],
few studies on the GLR and prognosis of acute kidney injury after cardiac surgery and acute respiratory distress syndrome in patients in
the intensive care unit(ICU)have been reported [11–12]. However, there are currently no relevant studies reporting the effect of GLR on the
prognosis of AMI patients and the correlation of adverse events. To the best of our knowledge, this is one of the �rst studies using the
MIMIC-IV database to research the results of AMI. Using the US MIMIC-IV database (version 1.0) [13], we evaluated AMI's severity and
prognosis as a large sample retrospective analysis.

Materials And Methods
2.1. Data Source

The patients were identifed in the MIMIC-IV database from 2008 to 2019. This database was identi�ed according to the Health Insurance
Portability and Accountability Act Safe Harbor provision and has approval from the Massachusetts Institute of Technology and the
Institutional Review Board of Beth Israel Deaconess Medical Center (BIDMC)[14]. The authors, Zuoan Qin, completed the Collaborative
Institutional Training Initiative examination (certi�cation number: 36208651) to access the database for the data extraction.

2.2. Study Population and Variable Extraction

A total of 13,015 patients admitted to the ICU and diagnosed with an AMI were considered for this research. The inclusion criterion was
AMI, de�ned as ICD-9 codes of 410.00–410.92 or ICD-10 codes of I21. Exclusion criteria included: (1) patients with repeated admissions
(n=6475); (2) less than 24 hours of ICU stay (n=883); (3) either glucose or lymphocyte values missing at admission (n=2116);(4) patients
with incomplete data, more than 10% of values missing (n=58). Finally, 2911 patients were included in the study, and these patients were
followed up for at least 30 days after admission.All experiments were performed following The First People's Hospital of Changde City
and national guidelines and regulations, and the experiment was approved by the ethics committee of The First People's Hospital of
Changde City 2022-050-01 .
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2.3. De�nition of GLR and the Outcome Measurement

The GLR is de�ned using the following equation: GLR = Glucose (mmol/L)/Lymphocyte (109/L)[10]. The primary outcome was set to 30-
days mortality patients discharged from the hospital alive before 30 days were considered alive at Day 30. The variables in this study
included patient characteristics, comorbidities, laboratory variables, a severity scoring system, drug use, treatment information, ICU
length of stay (ICU LOS) (days) and time of death. The patient variables were collected as follows:(1) Characteristics: age, gender, heart
rate (beats/minute), mean blood pressure (MBP) (mmHg), respiratory rate (breath/minute), temperature ( C), peripheral oxygen
saturation (SpO2) (%);(2) Comorbidities: hypertension, hyperlipidemia, diabetes, congestive heart failure, atrial �brillation (AF), peripheral
vascular disease, cerebrovascular disease, renal disease, severe liver disease, cancer;(3) The �rst value of vital signs and laboratory data
within 24 h of ICU admission laboratory parameters: white blood cell (WBC), red blood cell, hemoglobin, platelets, lymphocytes,
monocytes, neutrophils, creatinine, blood urea nitrogen (BUN), anion gap, glucose; (4) Severity scoring system: sequential organ failure
assessment (SOFA) score, simpli�ed acute physiology score (SAPS) II, (5)Drug use: aspirin, clopidogrel, ticagrelor,
dobutamine,dopamine,epinephrine,beta-blockers;(6)Treatment information: percutaneous transluminal coronary angioplasty,
percutaneous coronary intervention, coronary artery bypass grafting (CABG);(7) ICU LOS (days) and 30-day mortality.

2.4. Statistical analysis

In the �rst step, we listed the participants' baseline data (Table 1). The continuous variables were expressed as mean ± standard
deviation (SD). The classi�cation variables were expressed as frequency and percentage. In the second step, a one-way analysis of
variance test (normal distribution) or a Kruskal–Wallis H test (skew distribution) was used to detect the difference between the different
GLR (four quantiles). Univariate and multivariate Cox proportional hazard regression models were used to build three different models,
including a crude model (unadjusted for covariates), model 1 (adjusted for age and gender only) and model 2 (adjusted for potential
confounding factors). Weighted univariate and multivariate Cox were applied based on the recommendations of the STROBE statement.
Similarly, the results of unadjusted, minimum adjusted, and fully adjusted analyses were demonstrated. The following principle
determined whether to adjust the covariance or not: when added to the model, the matching odds ratio was changed by at least 10%. In
addition, the GAM was used to identify the non-linear relationships. If a non-linear correlation was observed, a two-piece linear regression
model was performed to calculate the threshold effect of the GLR on 30-day mortality based on the smoothed graph. When the ratio of
the GLR to the 30-day mortality was obvious in the smooth curve, the recursive method automatically calculated the in�ection point, and
the maximum model likelihood was used. Data analysis was performed using the statistical packages R (The R Foundation;
http://www.r-project.org; version 3.4.3) and Empower Stats (www. empowerstats.com; X&Y Solutions, Inc.). 

Results
3.1. Selection of participants

The study assessed 5,968 patients admitted to the ICU due to an AMI, of which 3,057 were excluded. Of the 3,057 patients excluded, 883
had less than 24 hours of ICU stay,  2,116 were without glucose or lymphocyte data and 58 with incomplete data had more than 10% of
values missing. A total of 2,911 participants were selected for the �nal data analysis (see the �owchart in Figure 1).

3.2. Baseline characteristics

The mean age of the participants was 71.26 ± 13.11 years, 1850 (63.55%) were females, and 426 (14.63%) died within 30 days.
According to the GLR values, 727, 728, 728, and 728 patients belonged to the Q1 (≥ 0.60 and < 3.59), Q2 (≥ 3.60 and < 6.06), Q3 (≥ 6.07
and < 11.03), and Q4 (≥ 11.04 and < 97.55) categories, respectively. The different groups were evaluated by the Pearson χ2 test for the
binary variables and the t-test for the continuous variables. The continuous variables were expressed as mean ± SD, and the binary
variables were expressed as counts and proportions. All variables are listed in Table 1.

3.3. Univariate analysis 

Table 2. shows the results of the univariate analysis indicating GLR (p < 0.0001), age (p < 0.0001), heart rate (p = 0.0003) Respiratory
rate (p < 0.0001)  WBC (p = 0.0001), monocytes (p = 0.0498), neutrophils (p < 0.0001) creatinine (p =0.0173) BUN (p < 0.0001), anion
gap (p < 0.0001), glucose (p < 0.0001), atrial �brillation (p =0.0471) severe liver disease (p =0.0006) dobutamine use (p < 0.0001),
dopamine use (p < 0.0001), epinephrine use (p < 0.0001), SOFA (p < 0.0001), SAPSII (p < 0.0001) positively correlated with mortality,
Temperature (p =0.0041), SpO2 (p < 0.0001), bicarbonate (p < 0.0001), hypertension (p =0.0004), hyperlipidemia (p < 0.0001), aspirin use
(p < 0.0001), clopidogrel use (p < 0.0167), beta blockers use (p < 0.0001), CABG (p < 0.0001) negatively correlated with mortality.
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3.4. The Association Between the GLR and 30-day Mortality

We used a univariate and multivariate Cox proportional-hazards regression models were introduced to evaluate the associations
between the GLR and 30-day mortality in  AMI patients. Meanwhile, the non-adjusted and adjusted models are shown in Table 3.  We
found that lower GLR was associated with increased risk of 30-day mortality (non-adjusted model: HR 1.02, 95% CI 1.01-1.02, p <0.0001;
minimally-adjusted model: HR 1.02, 95% CI 1.01-1.02, p <0.0001; fully-adjusted model: HR 1.01, 95% CI 1.00-1.02, p = 0.0134). The GLR
was also treated as a categorical variable (the four quantiles) for sensitivity analysis, and the same trend was observed.

3.5 Analysis of the non-linear relationship between the GLR and 30-day mortality

This study observed that the relationship between the GLR and 30-day mortality in patients with an AMI was non-linear (Figure 2) after
adjusting for gender, age, hypertension, hyperlipidemia, atrial �brillation, peripheral vascular diseases, cerebrovascular disease, renal
disease, cancer, severe liver disease, heart rate, respiratory rate, temperature, SpO2, anion gap, BUN, bicarbonate, creatinine, monocytes,
neutrophils, platelet, WBC, aspirin, clopidogrel, dobutamine, dopamine, epinephrine, beta-blockers. The in�ection point of 4.66 (GLR =
4.66) was obtained using a two-segment linear regression model (Table 4). There was no signi�cant correlation to the right of the
in�ection point (HR 1.01, 95% CI 1.00–1.02, p = 0.2630); however, there was a positive correlation between the GLR value and all-cause
mortality to the left of the threshold in�ection point (HR 1.33, 95% CI 1.07–1.65, p = 0.0116).

Discussion
In this retrospective study of 2,911 patients with AMI in ICU, the potential non-linear trend between the GLR and 30-day mortality in AMI
patients was revealed. This large retrospective cohort study of critically ill patients with an AMI has demonstrated that patients with a
high GLR are more likely to have a higher risk of 30-day mortality even after adjusting for traditional cardiovascular risk factors. 

In the past few decades, mortality from cardiovascular disease has been reduced partly because of the improved management of AMI
[15]. However, AMI is the most serious manifestation of coronary heart disease and the main cause of global cardiovascular diseases
morbidity and mortality [1,2]. Therefore, all patients with AMI should undergo an early assessment of short-term risk; though the Global
Registry of Acute Coronary Events (GRACE) risk score has been developed [16], it is relatively complex. Based on previous studies
investigating the prognostic value of glucose levels and lymphocyte counts in AMI patients, we report for the �rst time that the �rst GLR
level within 24 hours of admission can be used as a preliminary prognostic indicator of short-term mortality. Many studies have shown a
relationship between high blood glucose levels on admission and an increased risk of mortality and poor outcomes after AMI [17-19].
This relationship is accounted for by diabetes being one of the main risk factors for coronary atherosclerosis, which increases the
probability of myocardial infarction. Additionally, patients with AMI often have stress hyperglycemia. The mean blood glucose of the
participants was 9.26 ± 4.69 mmol/L, and univariate analysis found that blood glucose was associated with 30-day mortality (HR 1.04,
95% CI 1.02–1.06, p < 0.0001). Lymphocytes represent a quiescent and control in�ammatory pathway in suppressed immune response
[20]. They play a role in processes involved in plaque growth, lipid core development, myocardial infarction and heart failure [21,22].
Lymphocytopenia has been detected in critical in�ammatory states and is associated with cardiovascular diseases [23]. A low blood
lymphocyte count has been shown to be related to worse cardiovascular consequences in patients with AMI [24–26]. Thus, the
combination of increased glucose and low levels of lymphocytes may provide more information than either glucose level or lymphocyte
count alone. Recent studies have found that GLR is associated with a poor prognosis of cancer, acute respiratory distress syndrome and
acute kidney injury after cardiac surgery [6-12]. We believe that the GLR can be used to predict the prognosis of AMI patients because its
value re�ects the activity of in�ammatory and thrombotic processes.

In this study, the univariate analysis showed that blood lymphocyte count was associated with 30-day mortality (HR 0.93, 95% CI 0.84–
1.02, p= 0.1160). Similarly, the univariate analysis found that GLR was associated with 30-day mortality (HR 1.02, 95% CI 1.01–1.02,
p<0.0001). Our study is consistent with the previous �nding, but we further expounded on the existing knowledge. The relationship
between 30-day mortality in AMI patients and the GLR values was non-linear; low-level GLR values increased the risk of death in AMI
patients.

Our study had several strengths. (1) Our study was the �rst undertaken to research the mortality risk factors of AMI patients. This study
focused on the compound variables of the GLR and was the �rst to investigate the relationship between the GLR and mortality in AMI
patients. (2) The study used real-world data for a large and diverse population study design. (3) We used a two-part Cox proportional risk
regression model to perform a threshold effect analysis on the relationship between the GLR and 30-day mortality. (4) We analyzed the
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exposure variable, GLR, as continuous and categorical variables and calculated the HR using binary logistic regression models. Such a
method can minimize the incidence of a contingency in the statistical analysis and enhance the reliability of the �nal results. 

Our study also had a few limitations. (1) This was a single-center retrospective observational study, so it was di�cult to avoid selection
bias. (2) Although we adjusted for certain factors, other unknown factors may have in�uenced our results. (3) No long-term follow-up
events were provided from the MIMIC-IV database. 

Conclusions
The relationship between the GLR and 30-day mortality was nonlinear in AMI patients. The GLR was positively related with 30-day
mortality when the GLR was less than 4.66.

Abbreviations
GLR glucose to lymphocyte ratio;AMI:acute myocardial infarction;MIMIC:Medical Information Mart for Intensive Care;GAM:generalized
additive model;HR:hazard ratio;CI:con�dence interval;EPVS:estimated plasma volume status;ICU:intensive care unit;BIDMC:Beth Israel
Deaconess Medical Center;BUN: blood urea nitrogen; MBP:Mean Blood Pressure; SpO2: saturation of peripheral oxygen; WBC: white
blood cell RBC: red blood cell SAPSII: simpli�ed acute physiology score II; SOFA: sequential organ failure assessment score; MBP:mean
blood pressure; PTCA:percutaneous transluminal coronary angioplasty;PCI:percutaneous coronary intervention; CABG:coronary artery
bypass grafting; ICU LOS: Intensive care unit length of stay.
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  GLR  
  Q1(0.60-3.59)

(n=727)
Q2(3.60-6.06)

(n=728)
Q3(6.07-11.03)

(n=728)
Q4(11.04-97.55)

(n=728)
P-value

GLR 2.56 ± 0.70 4.74 ± 0.70 8.26 ± 1.43 22.37 ± 13.41 <0.001
Characteristic          
Age,  year 77.86 ± 11.14 78.74 ± 10.89 78.95 ± 10.66 74.53 ± 12.26 <0.001
Gender, n (%)         0.036
Female 493 (67.81%) 451 (61.95%) 444 (60.99%) 462 (63.46%)  
Male 234 (32.19%) 277 (38.05%) 284 (39.01%) 266 (36.54%)  
Heart rate (beats/minute) 83.09 ± 16.15 85.57 ± 17.12 88.25 ± 19.43 90.99 ± 20.26 <0.001
Respiratory rate (breath/minute) 17.58 ± 5.39 18.65 ± 5.92 20.08 ± 6.10 20.99 ± 6.10 <0.001
MBP (mmHg) 81.15 ± 15.82 82.85 ± 17.16 83.81 ± 19.33 83.76 ± 19.26 0.015
Temperature ( ◦ C) 36.50 ± 0.66 36.60 ± 0.68 36.64 ± 0.82 36.64 ± 0.98 0.003
SPO2 (%) 97.95 ± 3.05 97.16 ± 4.69 96.44 ± 4.72 96.15 ± 4.30 <0.001
Comorbidities,n (%)          
Hypertension 335 (46.08%) 352 (48.35%) 289 (39.70%) 252 (34.62%) <0.001
Hyperlipidemia 438 (60.25%) 434 (59.62%) 403 (55.36%) 388 (53.30%) 0.018
Diabetes 188 (25.86%) 195 (26.79%) 221 (30.36%) 274 (37.64%) <0.001
Atrial fibrillation 218 (29.99%) 257 (35.30%) 270 (37.09%) 282 (38.74%) 0.003
Congestive heart failure 268 (36.86%) 353 (48.49%) 434 (59.62%) 465 (63.87%) <0.001
Peripheral vasculard 103 (14.17%) 93 (12.77%) 124 (17.03%) 122 (16.76%) 0.066
Cerebro vascular disea 92 (12.65%) 91 (12.50%) 113 (15.52%) 102 (14.01%) 0.300
Rennal disease 173 (23.80%) 169 (23.21%) 247 (33.93%) 282 (38.74%) <0.001
Severe liver disease 6 (0.83%) 6 (0.82%) 12 (1.65%) 26 (3.57%) <0.001
Malignant cancer 39 (5.36%) 50 (6.87%) 51 (7.01%) 85 (11.68%) <0.001
Laboratory parameters          
WBC (109/L) 14.08 ± 9.75 12.50 ± 5.99 12.93 ± 6.13 13.31 ± 7.36 <0.001
RBC (1012/L) 3.71 ± 0.87 3.75 ± 0.92 3.74 ± 0.86 3.74 ± 0.84 0.834
Hemoglobin (g/L) 11.04 ± 2.60 11.22 ± 2.72 11.20 ± 2.57 11.20 ± 2.45 0.521
Platelet (109/L) 214.43 ± 101.16222.94 ± 103.86226.87 ± 109.16212.43 ± 104.07 0.025
Lymphocytes (109/L) 2.84 ± 1.40 1.71 ± 0.66 1.19 ± 0.50 0.69 ± 0.40 <0.001
Monocytes (109/L) 0.74 ± 0.86 0.66 ± 0.48 0.70 ± 0.48 0.63 ± 0.48 0.002
Neutrophils (109/L) 10.65 ± 5.90 10.10 ± 5.42 11.04 ± 5.62 11.78 ± 6.91 <0.001
Creatinine (mEq/L) 1.38 ± 1.44 1.55 ± 2.06 1.82 ± 1.71 2.10 ± 2.01 <0.001
BUN (mg/dL) 24.65 ± 19.48 27.33 ± 20.56 34.49 ± 27.07 39.61 ± 27.89 <0.001
Anion gap mmol/L 14.47 ± 4.44 15.66 ± 4.70 16.95 ± 4.95 18.39 ± 4.96 <0.001
Bicarbonate (mmol/L) 22.94 ± 3.89 22.67 ± 4.38 21.78 ± 4.76 20.66 ± 4.97 <0.001
Glucose (mmol/L) 6.68 ± 2.17 7.93 ± 2.88 9.64 ± 3.85 12.80 ± 6.25 <0.001
Drugs use,n (%)          
Aspirin 684 (94.09%) 659 (90.52%) 658 (90.38%) 626 (85.99%) <0.001
Clopidogrel 208 (28.61%) 274 (37.64%) 307 (42.17%) 302 (41.48%) <0.001
Ticagrelor 49 (6.74%) 60 (8.24%) 59 (8.10%) 38 (5.22%) 0.085
Dobutamine 11 (1.51%) 33 (4.53%) 44 (6.04%) 52 (7.14%) <0.001
Dopamine 14 (1.93%) 57 (7.83%) 68 (9.34%) 90 (12.36%) <0.001
Epinephrine 121 (16.64%) 84 (11.54%) 68 (9.34%) 61 (8.38%) <0.001
Beta blockers 452 (62.17%) 423 (58.10%) 449 (61.68%) 378 (51.92%) <0.001
Scoring systems          
SAPSII 36.84 ± 13.52 38.27 ± 13.92 40.72 ± 14.05 43.48 ± 13.88 <0.001
SOFA 5.24 ± 3.45 5.49 ± 3.77 6.15 ± 4.08 7.44 ± 4.24 <0.001
Treatment information,n (%)          
PTCA 1 (0.14%) 8 (1.10%) 15 (2.06%) 4 (0.55%) 0.001
PCI 118 (16.23%) 150 (20.60%) 153 (21.02%) 131 (17.99%) 0.064
CABG 276 (37.96%) 153 (21.02%) 75 (10.30%) 16 (2.20%) <0.001
ICU LOS (days) 3.15 ± 3.81 3.86 ± 4.17 4.56 ± 5.30 5.62 ± 6.68 <0.001
Die within 30 days ,n (%) 43 (5.91%) 89 (12.23%) 116 (15.93%) 178 (24.45%) <0.001

Exposure: GLR:Glucose-to-Lymphocyte Ratio;BUN: blood urea nitrogen; MBP:Mean Blood Pressure; SpO2: saturation
of peripheral oxygen; WBC: white blood cell RBC: red blood cell SAPSII: simplified acute physiology score II; SOFA:
sequential organ failure assessment score; MBP:mean blood pressure;  PTCA:percutaneous transluminal coronary
angioplasty;PCI:percutaneous coronary intervention; CABG: coronary artery bypass grafting; ICU LOS: Intensive care
unit length of stay.

 
Table 2.Factors correlated to 30-day mortality in GLR by Univariate Analysis.  
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Death  Statistics HR(95%CI), P- value

GLR 9.49 ± 10.26 1.02 (1.01, 1.02) <0.0001 

Age,  year 71.26 ± 13.11 1.02 (1.01, 1.03) <0.0001 

Gender, n (%)    

Female 1850 (63.55%) 1.0 

Male 1061 (36.45%) 1.24 (1.02, 1.50) 0.0312 

Heart rate (beats/minute) 86.97 ± 18.54 1.01 (1.00, 1.01) 0.0003 

Respiratory rate (breath/minute) 19.32 ± 6.03 1.06 (1.05, 1.07) <0.0001 

MBP (mmHg) 82.89 ± 17.98 1.00 (0.99, 1.00) 0.4377 

Temperature ( ◦ C)  36.59 ± 0.80 0.86 (0.78, 0.95) 0.0041 

SPO2 (%) 96.93 ± 4.30 0.97 (0.96, 0.98) <0.0001 

WBC (109/L) 13.20 ± 7.48 1.01 (1.01, 1.02) 0.0001 

RBC (1012/L) 3.73 ± 0.87 1.04 (0.93, 1.16) 0.5010 

Hemoglobin (g/L) 11.17 ± 2.59 1.00 (0.96, 1.04) 0.9554 

Platelet (109/L) 219.17 ± 104.721.00 (1.00, 1.00) 0.9526 

Lymphocytes (109/L) 1.61 ± 1.16 0.93 (0.84, 1.02) 0.1160 

Monocytes (109/L) 0.68 ± 0.60 1.09 (1.00, 1.18) 0.0498 

Neutrophils (109/L) 10.89 ± 6.02 1.03 (1.02, 1.05) <0.0001 

Creatinine (mEq/L)  1.71 ± 1.84 1.04 (1.01, 1.07) 0.0173 

BUN (mg/dL)  31.52 ± 24.75 1.01 (1.01, 1.01) <0.0001 

Anion gap mmol/L   16.37 ± 4.99 1.09 (1.07, 1.10) <0.0001 

Bicarbonate (mmol/L) 22.01 ± 4.61 0.94 (0.92, 0.95) <0.0001 

Glucose (mmol/L) 9.26 ± 4.69 1.04 (1.02, 1.06) <0.0001 

Hypertension    

  no 1683 (57.82%) 1.0 

  yes 1228 (42.18%) 0.69 (0.56, 0.85) 0.0004 

Hyperlipidemia    

  no 1248 (42.87%) 1.0 

  yes 1663 (57.13%) 0.62 (0.52, 0.76) <0.0001 

Diabetes    

  no 2033 (69.84%) 1.0 

  yes 878 (30.16%) 1.12 (0.92, 1.37) 0.2680 

Atrial fibrillation    

  no 1884 (64.72%) 1.0 

  yes 1027 (35.28%) 1.21 (1.00, 1.47) 0.0471 

Congestive heart failure    

  no 1391 (47.78%) 1.0 

  yes 1520 (52.22%) 1.07 (0.88, 1.30) 0.4917 

Peripheral vasculard    
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  no 2469 (84.82%) 1.0 

  yes 442 (15.18%) 1.01 (0.78, 1.30) 0.9619 

Cerebro vascular disea    

  no 2513 (86.33%) 1.0 

  yes 398 (13.67%) 1.11 (0.86, 1.41) 0.4252 

Rennal disease    

  no 2040 (70.08%) 1.0 

  yes 871 (29.92%) 1.16 (0.95, 1.41) 0.1336 

Severe liver disease    

  no 2861 (98.28%) 1.0 

  yes 50 (1.72%) 2.19 (1.40, 3.43) 0.0006 

Malignant cancer    

  no 2686 (92.27%) 1.0 

  yes 225 (7.73%) 1.31 (0.98, 1.75) 0.0638 

Aspirin     

  no 284 (9.76%) 1.0 

  yes 2627 (90.24%) 0.39 (0.31, 0.49) <0.0001 

Clopidogrel    

  no 1820 (62.52%) 1.0 

  yes 1091 (37.48%) 0.78 (0.63, 0.96) 0.0167 

Ticagrelor    

  no 2705 (92.92%) 1.0 

  yes 206 (7.08%) 0.98 (0.64, 1.51) 0.9384 

Dobutamine    

  no 2771 (95.19%) 1.0 

  yes 140 (4.81%) 2.77 (2.12, 3.62) <0.0001 

Dopamine    

  no 2682 (92.13%) 1.0 

  yes 229 (7.87%) 2.38 (1.86, 3.05) <0.0001 

Epinephrine    

  no 2577 (88.53%) 1.0 

  yes 334 (11.47%) 1.68 (1.32, 2.13) <0.0001 

Beta blockers    

  no 1209 (41.53%) 1.0 

  yes 1702 (58.47%) 0.51 (0.42, 0.62) <0.0001 

PTCA    

  no 2883 (99.04%) 1.0 

  yes 28 (0.96%) 1.55 (0.64, 3.74) 0.3337 

PCI    

  no 2359 (81.04%) 1.0 
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  yes 552 (18.96%) 0.78 (0.58, 1.05) 0.0988 

CABG    

  no 2391 (82.14%) 1.0 

  yes 520 (17.86%) 0.11 (0.05, 0.22) <0.0001 

SAPSII 39.83 ± 14.06 1.05 (1.04, 1.05) <0.0001 

SOFA 6.08 ± 3.99 1.18 (1.15, 1.20) <0.0001 

ICU LOS (days) 4.30 ± 5.19 0.99 (0.98, 1.01) 0.3994 

Exposure: GLR:Glucose-to-Lymphocyte Ratio;BUN: blood urea nitrogen; MBP:Mean Blood Pressure; SpO2: saturation
of peripheral oxygen; WBC: white blood cell RBC: red blood cell SAPSII: simplified acute physiology score II; SOFA:
sequential organ failure assessment score; MBP:mean blood pressure;  PTCA:percutaneous transluminal coronary
angioplasty;PCI:percutaneous coronary intervention; CABG: coronary artery bypass grafting; ICU LOS: Intensive care
unit length of stay.
 

 
Table 3. Univariate and Multivariate Results by Cox Regression
Variable Non-adjusted

(HR,95% CI, P-value)
Adjusted I
(HR,95%CI,P-value)

Adjusted II
(HR,95%CI, P-value)

30-day mortality
GLR

1.02 (1.01, 1.02) <0.00011.02 (1.01, 1.02) <0.00011.01 (1.00, 1.02) 0.0134 

GLR (quartile)      

Q1(0.60-3.59) 1.0 1.0 1.0 

Q2(3.60-6.06) 1.87 (1.30, 2.69) 0.0008 1.76 (1.22, 2.54) 0.0023 1.49 (1.02, 2.18) 0.0409 

Q3(6.07-11.03) 2.20 (1.55, 3.12) <0.00012.07 (1.46, 2.95) <0.00011.56 (1.07, 2.26) 0.0203 

Q4(11.04-97.55) 2.87 (2.05, 4.01) <0.00012.70 (1.93, 3.78) <0.00011.69 (1.17, 2.42) 0.0047 

P for trend 1.35 (1.23, 1.48) <0.00011.33 (1.21, 1.46) <0.00011.14 (1.03, 1.26) 0.0107 

Non-adjusted model.
Adjusted model I: adjusted for gender and age 
Adjusted model II: adjusted for gender,age,hypertension,hyperlipidemia,atrial fibrillation,peripheral vasculard,cerebro
vascular disea,rennal disease,malignant cancer,severe liver disease,heart rate,respiratory rate,temperature;
SPO2,anion gap,BUN,bicarbonate,creatinine,monocytes,neutrophils,platelet,WBC,aspirin,
clopidogrel,dobutamine,dopamine,epinephrine,beta blockers.
 
 
Table 4 .Analysis of nonlinear relationship the GLR and 30-day Mortality 

Inflection point of  GLR Hazard ratio (HR) 95% CI P-value
≤4.66 1.33 1.07-1.65 0.0116
>4.66 1.01 1.00-1.02 0.2630

Adjusted variables: gender,age,hypertension,hyperlipidemia,atrial fibrillation,
peripheral vasculard,cerebro vascular disea,rennal disease,malignant cancer,severe liver disease,heart
rate,respiratory rate,temperature; SPO2,anion gap,BUN,
bicarbonate,creatinine,monocytes,neutrophils,platelet,WBC,aspirin,clopidogrel,dobutamine,dopamine,epinephrine,beta
blockers.
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Figure 1

Flowchart of subject screening.
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Figure 2

The nonlinear relationship between the GLR and 30-day Mortality 


