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Background: Glucose metabolism and systemic inflammation have been associated with
prognosis in acute pancreatitis (AP) patients. However, the possible value as a prognostic
marker of the glucose-to-lymphocyte ratio (GLR) has not been evaluated in critically ill
patients with AP.

Methods: This study included 1,133 critically ill patients with AP from the Medical
Information Mart for Intensive Care-IV (MIMIC-1V) database, who were randomly divided
into the training cohort (n=806) and the validation cohort (n=327) at a ratio of 7:3. X-tile
software was used to determine the optimal cut-off values for GLR. Area under the curve
(AUC) analysis was performed to compare the performance between GLR and other blood-
based inflammatory biomarkers. Univariate and multivariate Cox regression analyses were
applied to select prognostic factors associated with in-hospital mortality. A nomogram model
was developed based on the identified prognostic factors and the validation cohort was used
to further validate the nomogram.

Results: The optimal cut-off value for GLR was 0.9. The ROC analyses showed that the
discrimination abilities of GLR were better than other blood-based inflammatory biomarkers.
Multivariate Cox regression analysis demonstrated that age, platelet, albumin, bilirubin,
Sequential Organ Failure Assessment (SOFA) score, and GLR are independent predictors
of poor overall survival in the training cohort and were incorporated into the nomogram for
in-hospital mortality as independent factors. The nomogram exhibited better discrimination
with C-indexes in the training cohort and the validation cohort of 0.886 (95% CI=0.849—
0.922) and 0.841 (95% CI=0.767-0.915), respectively. The calibration plot revealed an
adequate fit of the nomogram for predicting the risk of in-hospital mortality in both sets.
Conclusion: As an easily available biomarker, GLR can independently predict the in-
hospital mortality of critically ill patients with AP. The nomogram combining GLR with
other significant features exerted favorable predictive performance for in-hospital mortality.
Keywords: glucose-to-lymphocyte ratio, acute pancreatitis, predict, critically ill

Introduction
Acute pancreatitis (AP) is a common gastrointestinal condition, and the hallmark
More than 25% of AP

patients can proceed to severe conditions despite developments having been made

characteristic of AP is systemic inflammatory response.’

in the diagnostics and treatment, which leads to intensive care unit (ICU) care.’
These critically ill patients with AP have high mortality rates in the range of 30—
50% and a hospital length of stay of more than 1 month.>* As such, it is clinically
significant to identify a novel biomarker for risk stratification in critically ill
patients with AP with high accuracy.
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Currently, there are a series of frequently used AP
scoring systems which have been reported to evaluate
and stratify the risk of AP.>® However, these scoring
systems have many limitations due to the low sensitivity
and the complex for quick evaluation. Moreover, a few
indicators included in these scoring systems cannot be
collected easily in the early stage of AP, which
makes risk stratification difficult. Therefore, novel and
uncomplicated predictor and comprehensive assessment
systems are needed. Recently, many researchers have
focused on the development of rapid systemic inflamma-
tory biomarkers based on accessible laboratory tests for
reliable prognosis prediction of AP patients,”® including
the red cell distribution width (RDW),” neutrophil-lym-
phocyte ratio (NLR),’ platelet-lymphocyte ratio (PLR),°
and lymphocyte-monocyte ratio (LMR).!" These systemic
inflammatory biomarkers were reported to be linked with
AP severity and poor prognosis.

As one of the components of the systemic inflamma-
tory response, lymphocytes are one of the main effector
cells in the inflammatory response of AP. Their pro-
found rolea in the concept of immunosurveillance to
protect the host from AP development and impaired
immune system were reported to be associated with
poor prognosis in AP patients.'>'® Shi et al'* reported
that lower CD4+ T lymphocytes and elevated CD19+
B lymphocytes was shown in AP patients with organ
failure than those AP patients without organ failure,
which indicated that AP patients with organ failure are
prone to immune system impairment. Thus, the status of
the patient’s immune system appeared to be one of the
significant factors
patients with AP.

In addition, elevated fasting blood glucose levels and

predicting the outcome among

abnormal glucose metabolism were reported to be asso-
ciated with the severity and prognosis of patients with AP.
Abnormal glucose metabolism is present in almost 40% of
AP patients.">™'7 However, biomarker combined fasting
blood glucose and lymphocytes counts to predict prog-
nosis in critically ill patients with AP remain unclear.
The present study tried to assess the ratio of glucose-to-
lymphocytes (GLR), an indicator which included both
glucose metabolism and systemic inflammation in criti-
cally ill patients with AP. Besides, we also attempted to
develop a nomogram model which can predict in-hospital
mortality accurately in the setting of critically ill patients
with AP.

Methods

Data Source

All data were extracted from the Medical Information
Mart for Intensive Care-IV (MIMIC-1V version 1.0) data-
base, which is an updated version of MIMIC-III with pre-
existing institutional review board approval.'® Currently,
the MIMIC-IV includes comprehensive and high-quality
data of patients admitted to intensive care units (ICUs) at
the Beth Israel Deaconess Medical Center (BIDMC)
between 2008 and 2019, developed by the computational
physiology laboratory of Massachusetts Institute of
Technology (MIT) and approved by the institutional
review boards of MIT and Beth Israel Deaconess
Medical Center (BIDMC). The MIMIC-IV database
includes desensitization data for over 50,000 critically ill
patients at BIDMC between 2008 and 2019, and contains
demographics, vital signs, laboratory indicators, and med-
ications. After passing the “Protecting Human Research
Participants” exam on the website of the National
Institutes of Health (NIH), one author was approved to
extract data from this database.

Cohort Selection

Patients diagnosed as AP and over 18 years old at their
first ICU admission were included in the present study. AP
was diagnosed on the grounds of the International
Classification of Diseases (ICD) 5770 code, and diagnosed
based on the 2012 revision of the Atlanta classification and
definitions by the international consensus.'® The exclusion
criteria were as follows: 1) less than 18-year-old; 2) fasting
blood glucose and lymphocyte counts data at the first day
of admission to the ICU were missing; and 3) patients with
repeated ICU admissions.

Date Collection and Outcomes

In the present study, we collected patient’s baseline para-
meters as soon as they were admitted to the ICU, includ-
ing age, gender, vital signs, total bilirubin, albumin,
alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), amylase, lipase, serum calcium, blood urea
nitrogen (BUN), serum creatinine (SCr), hemoglobin,
white blood cell (WBC) count, red cell distribution
width (RDW), lymphocyte counts, monocyte counts, pla-
telet counts, hypertension, diabetes, coronary artery dis-
ease (CAD), chronic kidney disease (CKD), Sequential
Organ Failure Assessment score (SOFA), Simplified
Acute Physiology Score II (SAPSII), Oxford acute
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severity of illness score (OASIS), Systemic inflammatory
response syndrome score (SIRS), and Bedside index of
severity in acute pancreatitis (BISAP). The use of
a vasopressor, mechanical ventilation, and renal replace-
ment therapy were also extracted. The GLR was defined
as fasting blood glucose/lymphocyte counts. NLR was
calculated by neutrophil counts/lymphocyte count. PLR
was calculated by platelet counts/lymphocyte counts.
LMR was defined as lymphocyte counts/monocyte
counts.

In-hospital mortality was defined as the primary
outcome.

Statistical Analysis

Baseline characteristics are expressed as meantstandard
deviation (SD) and categorical variables are expressed as
number (percentage). The baseline characteristics between
different groups were analyzed using Student’s #-test or
chi-square test. The X-tile software was conducted to
evaluate the optimal cut-off GLR.

Univariate and multivariate Cox regression were con-
ducted to determine the significant variables predictive of
in-hospital mortality. The Kaplan-Meier analysis was used
to estimate overall survival, and the differences between
the curves were compared using the Log rank test.
Subgroup analysis was exhibited by the Forest plot. We
compared the predictive abilities between GLR and other
systemic inflammatory biomarkers by conducting the
receiver operating characteristic (ROC) curve analysis.
We then used the C-index to assess the nomogram perfor-
mance for predicting in-hospital mortality in critically ill
patients with AP. All analyses were conducted using
R software (version 4.1.0) and SPSS Statistics (version
22.0). P<0.05 was considered statistically significant.

Results
Patient Characteristics and Clinical

Features

This study included 1,133 critically ill patients with AP
from the MIMIC-IV database who were randomly divided
into the training cohort (n=806) and the validation cohort
(n=327) in a ratio of 7:3. The detailed process of selection
is shown in Figure 1. Table 1 shows the baseline para-
meters in the training and validation groups. All para-
meters in Table 1 showno significant differences between
the two groups.

Comparison between GLR and Other

Systemic Inflammatory Biomarkers
Previous studies focused on the development of rapid
systemic inflammatory biomarkers based on accessible
laboratory tests for reliable prognosis prediction of AP
patients, including RDW,” NLR,” PLR,' and LMR."
These systemic inflammatory biomarkers were all reported
to be linked with AP severity and poor prognosis. As
a novel systemic inflammatory biomarker of GLR, we
tried to compare the predictive abilities between NLR,
PLR, LMR, and GLR by conducting the ROC curve ana-
lysis. When predicting the in-hospital mortality for criti-
cally ill patients with AP, the AUC of GLR, NLR, PLR,
and LMR were 0.779 (0.749-0.807), 0.654 (0.623—0.683),
0.636 (0.602—0.670), and 0.569 (0.602-0.670), respec-
tively, the AUC of GLR was larger when compared with
the AUC of NLR, PLR and LMR (P<0.001, respectively,
Table 2). The sensitivity of GLR, NLR, PLR, and LMR
were 0.89, 0.72, 0.69, and 0.45, respectively, while the
specificity of GLR, NLR, PLR, and LMR were 0.63, 0.61,
0.56, and 0.72, respectively. Consequently, these data
showthat the novel systemic inflammatory response bio-
marker of GLR was superior to other systemic inflamma-
tory response biomarkers (NLR, PLR, and LMR) when
predicting the in-hospital mortality for critically ill patients
with AP. Moreover, we then compared the predictive role
of GLR with glucose or lymphocyte by performing ROC
analysis. As shown in Table 3, GLR exhibited a better
predictive role when compared to glucose or lymphocyte
both in the training cohort and the validation cohort in
predicting in-hospital mortality for critically ill patients
with AP.

GLR was an Independent Prognostic

Factor

Univariate analysis indicated that age, SOFA score,
SAPSII score, platelets, LMR, AST, albumin, total bilir-
ubin, blood urea nitrogen, creatinine, and GLR>0.9 were
predictors for in-hospital mortality in the training cohort
(P<0.05, Table 4). Multivariate analyses demonstrated that
age, SOFA score, platelets, albumin, total bilirubin, and
GLR>0.9 were independent predictors for in-hospital mor-
tality in critically ill patients with AP (P<0.05, Table 4).
Kaplan-Meier analysis demonstrated that patients in the
lower GLR (<0.9) group showed a better overall survival
than patients in the higher GLR (=0.9) group, both in the
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Figure | The flow chart of the included population.

training cohort (P<0.001, Figure 2A) and the validation
cohort (P<0.001, Figure 2B).

Prognostic Value of GLR as a Predicted
Biomarker in Nomogram for In-Hospital
Mortality

A nomogram was created according to the independent
predictors based on the multivariate Cox regression analysis
to predict the in-hospital mortality of the critically ill patients
with AP. A higher score in the nomogram means a shorter
in-hospital mortality. As shown in Figure 3, GLR contribu-
ted the most to the predictive effect to prognosis in the
nomogram, followed by platelet, albumin, etc. (Figure 3).
The nomogram exhibited a relatively good model discrimi-
native capacity for in-hospital mortality in critically ill
patients with AP, indicated by the C-index. The C-index

were 0.886 (95% CI=0.849-0.922) in the training sets and
0.841 (95% CI=0.767-0.915) in the validation cohort. The
calibration curve for the predictive nomogram depicted
a high agreement between the actual probability and pre-
dicted probability in the training set and the validation set
(Figure 4A and B). Finally, decision curve analysis (DCA)
was performed to determine the clinical utilities of the pre-
dictive nomogram. The DCA curve also demonstrated that
the survival nomogram derived from the training set was
clinically useful in the training set as well as in the validation
set (Figure 4C and D).

Subgroup Analysis
Exploratory subgroup analyses was conducted to further
evaluate whether GLR was still a good predictor for in-
hospital mortality in different

subgroups. Subgroup
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Table | Baseline Characteristics
Characteristics Training Cohort (n=806) Validation Cohort (n=327) P-value
Age, years 58.9+17.3 583£17.5 0.547
Gender, male, n (%) 464 (57.6) 201 (61.5) 0.227
Comorbidities, n (%)
Hypertension 310 (38.5) 131 (40.1) 0.617
Diabetes 307 (38.1) 106 (32.4) 0.072
Coronary artery disease 119 (14.8) 44 (13.5) 0.570
Chronic kidney disease 155 (19.2) 50 (15.3) 0.059
Charlson index, points 49+2.8 47+2.7 0.340
BISAP, points 2.5%1.0 2.5%1.1 0.949
Interventions first day
RRT usage, n (%) 81 (10.0) 25 (7.6) 0.208
MV usage, n (%) 365 (45.3) 133 (40.7) 0.157
Vasopressor usage, n (%) 277 (34.4) 102 (31.2) 0.287
Severity of illness, points
SOFA score 6.2+2.7 5.9£2.3 0.366
SAPSII score 35.6+16.4 35.1£15.6 0.621
SIRS score 2.8+0.9 2.9+0.9 0.296
Laboratory results
White blood cell, x107/L 19.9+6.3 21.4+6.5 0.152
Hemoglobin, g/dL 8.7+2.1 8.6x1.9 0.372
Platelets, x 10%/L 387.5+130.1 410.4+149.3 0.359
Neutrophil-to-lymphocyte ratio 5.9+2.0 7.3+34 0.425
Platelet-to-ymphocyte ratio 124.6x61.6 153.8+63.5 0.341
Lymphocyte-to-monocyte ratio 18.7£9.5 22.4+8.5 0.479
Glucose-to-lymphocyte ratio 34+14 3.9+1.5 0.567
Red cell distribution width, % 15.9+2.6 15.9+2.3 0.559
AST, U/L 415.3£179.7 492.8+226.7 0.489
ALT, U/L 240.5+143.6 232.8+144.0 0.884
Albumin, g/dL 3.0+0.6 3.0£0.6 0.430
Total bilirubin, mmol/L 2.9+1.3 2.6+1.2 0.399
Amylase, IU/L 339.0 (98.0-448.0) 279.0 (95.8-386.0) 0.610
Lipase, IU/L 267.0 (82.0-63.0) 229.5 (65.0-596.8) 0.629
Blood urea nitrogen, mg/dL 31.0£7.7 28.4+8.0 0.131
Creatinine, mg/dL 1.91.1 1.8£1.0 0416
Calcium, mg/dL 7.7x1.0 7.6x1.1 0.395
Length of hospital, days 114 (5.8-21.7) 10.1 (5.8-19.8) 0.158
Hospital mortality, n (%) 101 (12.5) 40 (12.2) 0.890
Length of ICU, days 2.8 (1.4-5.9) 2.4 (1.2-6.0) 0.425

Abbreviations: BISAP, bedside index of severity in acute pancreatitis; RRT, renal replacement therapy; MV, mechanical ventilation; SOFA, sequential organ failure
assessment; SAPSII, simplified acute physiology score II; SIRS, Systemic inflammatory response syndrome; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

ICU, intensive care unit.

analysis indicated that GLR was a independent predictor
for in-hospital mortality in the training cohort (HR=9.15,
95% CI=5.20-16.11; P<0.001, Figure 5). GLR can predict
patient survival in almost all subgroups except for patients

with albumin lower than 2.2 g/dL (all P<0.01, Figure 5).
GLR showed a poor predictive role in patients with albu-
min lower than 2.2 g/dL. (HR=3.28, 95% CI=0.95-11.34;
P=0.061, Figure 5).
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Table 2 Receiver Operating Curve Anaysis

Variable Cut-Off Point Sensitivity Specificity AUC (95% CI) P-value*
NLR 1.5 0.72 0.61 0.654 (0.623-0.683) <0.001
PLR 27.2 0.69 0.56 0.636 (0.602-0.670) <0.001
LMR 0.4 0.45 0.72 0.569 (0.534-0.604) <0.001
GLR 0.9 0.89 0.63 0.779 (0.749-0.807)

Note: *Compared with GLR.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; GLR, glucose-to-lymphocyte ratio; AUC,

area under the receiver operating curve; 95% Cl, 95% confidence index.

Table 3 The Predictive Role of GLR with Glucose or Lymphocyte in Predicting In-Hospital Mortality

Sensibility Specificity AUC (95% CI) P-value*

Training set

GLR 0.89 0.63 0.779 (0.749-0.807)

Glucose 0.87 0.48 0.695 (0.662-0.727) 0.0011

Lymphocyte 0.75 0.70 0.748 (0.716-0.778) 0.0002
Validation set

GLR 0.87 0.65 0.761 (0.714-0.802)

Glucose 0.65 0.71 0.662 (0.609—0.700) 0.0205

Lymphocyte 0.77 0.68 0.710 (0.660-0.755) 0.0014

Note: *Compared with GLR.

Abbreviations: GLR, glucose-to-lymphocyte ratio; AUC, area under the receiver operating curve; 95% Cl, 95% confidence index.

Discussion

In this study, we evaluated the predictive role of GLR,
which combined blood glucose with lymphocyte ratio, in
critically ill patients with AP. We found that elevated GLR
was significantly associated with a lower survival.
Moreover, GLR was a superior predictor for in-hospital
mortality compared to NLR, PLR, and LMR. A predictive
nomogram model incorporating GLR and other prognostic
factors was based on the significant predictors in the multi-
variate Cox regression analysis which depicted excellent
discrimination and calibration abilities in predicting in-
hospital mortality. In additional, subgroup analysis demon-
strated that GLR was an independent predictor in almost
all subgroups of critically ill patients with AP except for
patients with albumin lower than 2.2 g/dL.

As the most common pancreatic disease in the world,
AP varies considerable in disease severity, progressive
course, and eventual prognosis, and severe AP has very
high mortality and a prolonged stay in the intensive care
unit (ICU). According to the ICNARC study, among 2,677
patients with severe AP admitted to the ICU, the ICU
mortality and hospital mortality were 31% and 42%,
respectively.® Another study demonstrated that the ICU
mortality and hospital mortality were 16% and 20% in

those AP patients admitted to the ICU.*" Hence, an early
risk assessment is important to be able to allocate patients
with severe AP to surveillance in an ICU. There are few
different scoring systems based on different indicators
aimed at identifying patients with a high risk. The
Ranson and Glasgow (Imrie) criteria are the most com-
monly used. The Computed Tomography Severity Index
(CTS]I) is another score that has been shown to have good
predictive value. The Acute Physiology and Chronic
Health Evaluation (APACHE)-II and the Sequential
Organ Failure Assessment (SOFA) scores are general
severity of illness scoring systems that were reported to
have good prognostic value in identifying severe AP.*'
These scoring systems consistently exhibit comparable
prognostic accuracy to other newer scoring systems.>
However, these scoring systems also have its limitations.
For example, the data used in the Ranson criteria, Glasgow
score were has been argued for its 48-hour requirement for
computation of the final score and the APACHE-II has
more than 10 parameters to assess, all these scoring system
need much time to fill which will lead to delayed inter-
ventions for AP patients.”> These scoring systems have
been verified useful but need many blood parameters,
which will add economic burden to these patients.
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Table 4 Univariate and Multivariate Cox Regression Analyses of Factors Associated with In-Hospital Mortality in Training Cohort

Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value
Age 1.04 (1.02—1.05) <0.001 1.03 (1.01-1.05) 0.004
Gender, male 1.13 (0.76—1.68) 0.540
Hypertension 0.95 (0.63—-1.42) 0.785
Diabetes 1.05 (0.74-1.63) 0.603
Coronary artery disease 0.64 (0.35-1.18) 0.153
Chronic kidney disease 0.89 (0.54-1.47) 0.640
Charlson index, points
BISAP, points 1.00 (0.82-1.21) 0.958
RRT usage 1.45 (0.86-2.45) 0.166
MV usage 1.01 (0.68-1.49) 0.982
Vasopressor usage 1.09 (0.73-1.63) 0.675
SOFA score 1.10 (1.06—1.14) <0.001 1.03 (1.01-1.05) 0.020
SAPSII score 1.04 (1.03-1.05) <0.001 1.02 (0.99-1.04) 0.243
SIRS score 1.09 (0.85-1.38) 0.508
White blood cell 1.01 (1.00-1.02) 0.095
Hemoglobin 1.01 (0.90-1.14) 0.846
Platelets 0.06 (0.03-0.10) <0.001 0.07 (0.03-0.15) <0.001
NLR 1.00 (0.99-1.01) 0.338
PLR 1.00 (0.99-1.00) 0.589
LMR 0.98 (0.96-0.99) 0.001 0.98 (0.96—1.06) 0.058
GLR=0.9 9.15 (5.20-16.11) <0.001 5.85 (3.25-10.51) <0.001
RDW 1.01 (0.94-1.09) 0.802
AST 1.03 (1.01-1.06) 0.006 1.00 (0.96-1.04) 0.188
ALT 1.00 (0.99-1.01) 0.282
Albumin 0.61 (0.43-0.86) 0.005 0.57 (0.40-0.80) 0.001
Total bilirubin 1.05 (1.03-1.07) <0.001 1.03 (1.01-1.05) 0.020
Amylase 1.00 (1.00-1.02) 0.051
Lipase 1.01 (0.99-1.03) 0.071
Blood urea nitrogen 1.02 (1.01-1.03) <0.001 1.00 (0.99-1.01) 0.682
Creatinine 1.12 (1.05-1.19) 0.001 1.00 (0.89-1.12) 0.992
Calcium 0.90 (0.76—1.06) 0.210

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence index; BISAP, bedside index of severity in acute pancreatitis; RRT, renal replacement therapy; MV, mechanical
ventilation; SOFA, sequential organ failure assessment; SAPSII, simplified acute physiology score Il; SIRS, Systemic inflammatory response syndrome; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; GLR, glucose-to-lymphocyte ratio; RDW, red cell distribution width; AST,
aspartate aminotransferase; ALT, alanine aminotransferase.

Hence, more readily available and inexpensive prognostic
markers need to be explored for risk classification of
critically ill patients with AP.

Accumulating researchers have demonstrated that
inflammatory biomarkers like NLR,” LMR,'® and PLR"
playimportant roles in predicting the outcome of AP
patients. However, the present study found that these
inflammatory biomarkers were not independent prognosis
factors to predict in-hospital mortality in critically ill
patients with AP when evaluated by Cox regression ana-
lysis. The differences deserve further research.

Recently, some investigators have focused on the inte-
grated biomarker which combined the inflammatory indi-
cator lymphocyte and blood glucose level to predict
prognosis in some diseases. Zhang et al** demonstrated
that GLR is an independent prognostic factor for patients
with pancreatic ductal adenocarcinoma patients who
underwent curative resection. Another study indicated
that GLR is associated with prognosis in pancreatic cancer
patients.>> Moreover, Navarro et al*® revealed that GLR
is a prognostic marker in patients with resected pT2 gall-
bladder cancer. As far as we know, the present study
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Figure 2 Kaplan-Meier curves of critically ill patients with AP stratified by the optimal cut-off value of GLR in the (A) training cohort and (B) validation cohort.

verified that GLR is an independent prognostic marker to
predict outcome in critically ill patients with AP according
to the results of multivariate Cox regression analysis. We
then compared the predictive abilities of GLR with other
inflammatory biomarkers including NLR, LMR, and PLR
by using the AUC value based on the ROC analysis. The
results indicated that the AUC of GLR was higher than
other inflammatory markers including NLR, LMR, and
PLR. Moreover, the survival nomogram including GLR
depicted good performance for predicting in-hospital mor-
tality. Hence, the present study verified a potential good
prognosis factor of GLR in predicting in-hospital mortality
in critically ill patients with AP.

The exact mechanism to explain the link between
increased GLR and poor prognosis in critically ill patients
with AP is largely unknown. It was reported that abnormal

glucose metabolism was positively correlated with the
severity and prognosis of patients with AP. Abnormal glu-
cose metabolism is present in almost 40% of AP patients.'*~
' High blood glucose level is an independent risk factor in
predicting the prognosis in AP patients.?”*® A retrospective
study analyzed the relationship between serum glucose with
AP and concluded that abnormal glucose testing was asso-
ciated with recurrent and chronic pancreatitis.'® Evidence
has shown that patients with type 2 DM were positively
correlated with risk of AP.**** Moreover, an animal experi-
ment indicated that hyperglycemia exacerbates AP by
improving inflammation and apoptosis.®' In addition, accu-
mulating evidence has reported that hyperglycemia on
admission was positively correlated with poor prognosis in
critically ill patients during hospitalization.*** On the other
hand,

lymphocytes are indicators of immunity and
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Figure 3 The survival nomogram for predicting in-hospital mortality of critically ill patients with AP. When using it, drawing a vertical line from each variables upward to the
points and then recording the corresponding points (ie, “age = 60 years old” = 3 points). The point of each variable was then summed up to obtain a total score that
corresponds to a predicted probability of in-hospital mortality at the bottom of the nomogram.
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in the validation cohort.

decreased lymphocytes counts demonstrate immunity
injury.** It has been reported that the systemic complica-
tions associated with AP result from deregulated activation
of the immune system.>> Several studies have shown
a reduced number of circulating peripheral CD4+ T-cells,
and these subsets subsequently increase within 5 days.
Moreover, a decrease in CD4+ T-cells indicates a serious
illness and poor prognosis in vivo.>**” Accumulating evi-
dence reported that lymphocyte counts including T-cells,
B-cells, and natural killer cells are more significantly
decreased in AP patients, particularly in severe AP, than in
the healthy population.’*~° One reason for depletion of
lymphocytes in AP was apoptosis by cell cycle analysis.
One study found the proportion of apoptotic cells was about
one quarter of total lymphocytes after incubation for 24
hours.'? Additionally, depletion of circulating lymphocytes
is due to migration of activated lymphocytes to the inflam-
matory site in vivo, such as the pancreas and lungs.*’
Consequently, humoral and cellular immune responses are
both inhibited to different degrees in patients with AP.
Therefore, it is of value to take into account that GLR
may reflect the synergistic effect of hyperglycemia and
depressed immunity in patients with critically ill patients
with AP.

Moreover, in the present study, GLR showed a poor
predictive role in patients with albumin lower than 2.2 g/
dL (HR=3.28, 95% CI=0.95-11.34; P=0.061). The precise
mechanisms are unclear. Serum albumin (Alb) values were
used for nutritional assessment. Previous reported
increased malnutrition risk almost doubled the risk for
hypoglycemia.*' Moreover, hypoglycemia was associated
with a higher chance of mortality during hospitalization in
children with malnutrition.** In addition, hypoalbumine-
mia is a negative acute phase reactant which has been
associated with inflammatory response and poor outcome
in infectious diseases. Serum albumin has been shown to
decrease in many acute and chronic diseases related to the
magnitude of the inflammatory response they generate.*?
Elevated GLR represents increased serum glucose and
lower lymphocytes counts but cannot reflect lower serum
ALB levels, as lower serum ALB levels may reflect hypo-
glycemia and increased inflammatory response.

There were several limitations to our study. First, this
was a retrospective study based on the MIMIC-IV data-
base, the results of this study need further validation by
prospective studies in the future. Moreover, we evaluated
the performance of the predictive effect of GLR in cer-

tain critically ill patients with AP, rather than in the
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Figure 5 Hazard ratios (HRs) of prognostic marker GLR for overall survival in different patient subgroups in the training cohort.

general population, which may cause overestimation to
the predictive value of GLR. In addition, the GLR used
in the present study was calculated based on the data of
the first day admission to the ICU ward but not the onset
of pancreatitis, or day of admission to hospital. However,
the GLR value changes dynamically during hospitaliza-
tion and this will cause bias to results. Finally, some
patients were excluded from the present study due to
missing data, which may result in bias to the results in
this study. Future larger multicenter prospective studies
are warranted to validate these findings.

Conclusions

The present study manifested that higher GLR signifi-
cantly increased the risk of in-hospital mortality in criti-
cally ill patients with AP. The nomogram combined GLR

exhibited potential discrimination and calibration abilities
for predicting in-hospital mortality. The GLR is very easy
to calculate, readily available, and an inexpensive prog-
nostic marker for risk classification. It may possibly pro-
vide clinicians with useful clues to make accurate
decisions in critically ill patients with AP.
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