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Objective: Systemic immune-inflammation index (SII) is a new systemic inflammatory 
prognostic indicator associated with outcomes in patients with different tumors. Studies have 
shown an association between SII and many chronic/acute inflammatory diseases. This study 
aimed at exploring whether SII can be used as an effective parameter for predicting the 
severity of acute pancreatitis (AP).
Methods: A total of 101 acute pancreatitis patients were enrolled in this study (mild acute 
pancreatitis (MAP): n = 73 and severe acute pancreatitis (SAP): n = 28). Patient demo-
graphics and SII were analyzed using the chi-square test, Student’s t-test, and Mann–Whitney 
U-test. A receiver operating characteristic curve was generated to test the potential of using 
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and SII to predict 
AP’s severity. Logistic regression analysis was performed to determine major risk factors.
Results: Patients with SII value ≥2207.53 had a higher probability of having SAP (sensi-
tivity = 92.9%, specificity = 87.7%, and AUC = 0.920), and SII was a significantly better 
predictive value than PLR and NLR. Logistic regression analysis results showed SII could 
differentiate MAP from SAP as a major risk factor.
Conclusion: This study has shown that SII is a potential indicator for predicting the severity 
of acute pancreatitis. The findings suggested that SII is more sensitive and specific than NLR 
and PLR in predicting the severity of acute pancreatitis.
Keywords: acute pancreatitis, severity, systemic immune inflammation index

Key Messages
Systemic immune-inflammation index (SII) is a new systemic inflammatory prog-
nostic indicator. SII has been used as an indicator for predicting and assessing 
neurological disease, inflammatory disease, and carcinomas. In this research, SII 
was proved to be an index for evaluating the severity of acute pancreatitis, and its 
sensitivity, specificity, and predictive values were better than those of PLR 
and NLR.

Introduction
Acute pancreatitis (AP) is an inflammatory disease that activates a cascade-like 
response of inflammatory factors, thereby inducing Systemic inflammatory 
response syndrome (SIRS).1,2 Evidence suggests that severe acute pancreatitis 
(SAP), characterized by multiple organ failure, has a high mortality rate com-
pared to mild acute pancreatitis (MAP).3,4 Therefore, increased attention has 
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been subjected to SAP research, with molecular studies 
focusing on the activation of cytokine, macrophage- 
mediated inflammatory response, and neutrophil 
infiltration.5–7 Clinical indicators such as Ranson criteria, 
Glasgow Coma Scale (GCS), bedside index for severity 
in acute pancreatitis (BISAP) score, computed tomogra-
phy severity index (CTSI) score, and Balthazar score 
also play an essential role in the diagnosis, treatment, 
and prognosis of AP.8–10 However, there is a need to 
identify early and easy diagnosis indicators for distin-
guishing SAP from MAP with the overarching goal of 
reducing mortality.

According to the Atlanta classification system, acute 
pancreatitis is divided into mild, moderate, and severe 
based on the severity.11 SAP has more systemic complica-
tions than MAP, such as persistent multiple organ failure 
(respiratory, renal, and liver) and local complications, which 
are observed through imageological examination.12,13 The 
use of traditional pancreatitis severity scores, including 
Acute Physiology and Chronic Health Evaluation 
(APACHE), Sepsis-related Organ Failure Assessment 
(SOFA), Ranson criteria, GCS, BISAP, and CTSI (which 
mainly evaluate the systemic condition and local pancreatic 
condition), is limited by time costs and manipulation 
complexity.14 Therefore, this calls for identifications of 
fast, effective, and sensitive biomarkers for predicting AP 
severity.

Several previous studies have revealed that peripheral 
blood cells (neutrophils, lymphocytes, and platelets) are 
associated with malignant tumors and inflammatory 
disease.15–17 For example, Fox18 showed a relationship 
between increased neutrophil levels and platelet counts 
with a poor prognosis of advanced renal cell carcinoma 
patients. Moreover, the systemic inflammation scores, cal-
culated by a formula using the counts of inflammatory 
cells, such as neutrophil/lymphocyte ratio (NLR) and pla-
telet/lymphocyte ratio (PLR), were associated with out-
comes in many inflammatory diseases.19 However, 
although these scores are very convenient, quick, and 
effective, more relevant studies should be conducted to 
confirm this conclusion.

Red blood cell distribution width (RDW), which repre-
sents the variability in the size of circulating erythrocytes, 
has been widely used in the clinical field.20,21 Previous 
studies have shown that RWD is a parameter associated 
with the activity, predictive, and risk factor of many dis-
eases, including acute kidney injury,22 coronary heart 
disease,21 and acute respiratory failure.23

There is an urgent need to identify easy-to-assess bio-
markers to differentiate the severity of acute pancreatitis. 
Systemic immune-inflammation index (SII), combined 
with neutrophils, lymphocytes, and platelets, was first 
used in 2014 by Hu24 to evaluate the prognosis of hepa-
tocellular carcinoma (HCC). In recent years, SII has been 
used as an indicator for predicting and assessing neurology 
disease, inflammatory disease, and carcinomas.25–27 This 
study aimed at exploring whether SII is an effective bio-
marker for predicting the severity of acute pancreatitis.

Methods
We retrospectively analyzed 101 out of the 106 adult acute 
pancreatitis patients hospitalized at the Second Affiliated 
Hospital of Dalian Medical University. The patients were 
continuously followed up from January 2020 to 
August 2021 at the acute abdomen, intensive care, and 
gastrointestinal surgery department. Patients who had 
chronic renal function failure (2 cases), malignant tumors 
(2 cases), and acute pancreatitis in pregnancy (1 case) 
were excluded from the study. Patients were then divided 
into two groups: MAP (n = 73, 65.7%) and SAP (including 
moderate-severe pancreatitis and severe acute pancreatitis) 
(n = 28) according to the Atlanta classification of acute 
pancreatitis. Demographic and clinical characteristics were 
retrieved from patient files.

Acute pancreatitis was diagnosed using the clinical, 
laboratory, and radiological examination results, includ-
ing epigastric pain, high amylase-lipase levels (at least 
three times greater than the upper limit of normal), and 
pancreatic inflammation checked from the computer- 
tomography scan. The BISAP 0 h score was calculated 
by fitting the patient files. CTSI for pancreatitis was 
evaluated from a CT scan taken on admission or in the 
emergency room. With regard to laboratory measure-
ments, blood was collected and used for routine blood 
tests and biochemical tests within 72 hours post the 
clinical onset of AP.

Statistical Analysis
The statistical analyses were performed using IBM SPSS 
version 25.0 (released by IBM Corp. in 2017). Normally 
distributed values were expressed as mean ± SD, whereas 
categorical variables were expressed as percentages. On the 
other hand, non-normally distributed (conclude between- 
group variance) data were expressed as median (interquartile 
range (IQR)). Independent sample t-test analysis was per-
formed in instances where two groups had normal distribution, 
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whereas the Mann–Whitney U-test was used to compare two 
groups with non-normal distribution or uneven variance data. 
In addition, Pearson chi-square and Fisher’s exact test were 
used for categorical cross-tab analysis. Receiver operating 
characteristic (ROC) analysis was performed to determine 
the appropriate cut-off point for independent indicators and 
calculate sensitivity and specificity values. Notably, the cut-off 
point was calculated based on Youden Index. Logistic regres-
sion was used to calculate the main factors of the independent 
variables at 95% confidence intervals (CI). Positive LR was 
calculated as sensitivity/(1 − specificity), whereas negative LR 
was calculated as (1 − sensitivity)/specificity. P-value < 0.05 
was considered statistically significant.

Results
A total of 101 patients were enrolled in this study. Table 1 
shows the baseline demographic results and clinical char-
acteristics of patients in the study group. The data showed 
that 63% of patients in the MAP group were male (52/73), 
with a median age of 52 (38~66.5) years old. In the SAP 
group, only 39.3% of the patients were male (11/28), and 
the median age was 55.5 (39.25~66) years old.

Inpatient days and the possibility of ICU admission were 
significantly higher in the SAP group compared to the MAP 
group (P < 0.001). For laboratory markers, WBC, neutrophil, 
lymphocyte, PLR, NLR, SII, BISAP 0 h score, and CTSI 
score increased significantly (P < 0.001) in the SAP group 

Table 1 Demographical Characteristics and Clinical Data of the Patients

Variables MAP (n = 73) SAP (MSAP and SAP) (n = 28) P-value

Demographics
Age (y) 52 (38~66.5) 55.5 (39.25~66) 0.832

Gender (male%) 46 (63%) 11 (39.3%) 0.031*

Etiology of AP (n%)
Billary 36 (49.3%) 16 (57.1%) 0.481

Alcoholic 5 (6.8%) 2 (7.1%) 0.959

Hypertriglyceridemic 22 (30.1%) 7 (25%) 0.609
Others 10 (13.7%) 3 (10.7%) 0.688

ICU admission (admission%) 0 (0%) 11 (39.3%) <0.001*

Inpatient days 7 (6~8) 12.5 (8~18.75) <0.001*
Laboratory test
Urea 5.2 (4.4~6.05) 5.75 (4.35~7.2) 0.125

Creatinine 64 (50.97~79.45) 59.05 (51.18~80.3) 0.485
AST 29.1 (21.45~41.95) 45.25 (26.15~107.22) 0.020*

ALT 29.3 (21.8~53.5) 33.7 (19.28~102.65) 0.471

TB 14.9 (10.55~21.35) 16.5 (11.9~33.77) 0.265
GGT 49.3 (26.73~112.05) 67.4 (33.35~197.37) 0.173

ALP 83.3 (65.9~99.45) 101.9 (69.15~121.2) 0.041*

Amylase 274.7 (160.95~683.65) 441.15 (191.67~1163.3) 0.223
Lipase 1830.1 (745.15~7752.6) 4720.5 (925.85~9347.27) 0.173

WBC 10.92±403 14.35±4.35 <0.001*
Platelet 216 (165.5~254) 251.5 (198.25~315.5) 0.023*

Neutrophil 8.41±3.77 12.46±4.06 <0.001*

Monocyte 0.49 (0.37~0.62) 0.51 (0.35~1.17) 0.275
Lymphocyte 1.44 (1.10~2.37) 0.78 (0.41~0.97) <0.001*

PLR 144.02 (98.19~175.18) 291.45 (205.07~603.90) <0.001*

NLR 5.03 (2.96~8.68) 16.16 (10.45~23.49) <0.001*
SII 1144.04 (506.36~1856.28) 3434.20 (2559.82~5903.08) <0.001*

RDW-SD 42.60 (40.95~45.55) 43.05 (42.35~45.55) 0.349

LMR 3.20 (2.05~5.24) 1.59 (0.62~3.30) <0.001*
Bısap 0h score 0 (0~1) 1 (1~2.75) <0.001*

CTSI 1 (1~2) 4 (4~5.5) <0.001*

Note: *P < 0.05 is accepted as a statistical significance level. 
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; TB, total bilirubin; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; WBC, 
white blood cell; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflammation index; RDW-SD, standard deviation of blood cell 
distribution width; LMR, lymphocyte to monocyte; Bisap, bedside index for severity in acute pancreatitis; CTSI, computed tomography severity index.
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compared to the MAP group, whereas LMR decreased sig-
nificantly (P < 0.001). Moreover, higher AST (P = 0.02), 
ALP (P = 0.041), and platelet count (P = 0.023) were 
observed in the SAP group. With regard to other results, 
including etiology of AP, urea, creatinine, ALT, TB, GGT, 
amylase, lipase, monocyte, and RDWSD, there was no sig-
nificant difference between the two groups (P > 0.05).

ROC curves were generated to compare the predic-
tive values of SII, NLR, PLR, and LMR for the severity 
of acute pancreatitis. Table 2 shows the sensitivity, 
specificity, AUC, and the best cut-off points. Results 
showed that the best cut-off points of NLR were 9.68 
(sensitivity = 82.1% and specificity = 82.2%), and PLR 
was 195.08 (sensitivity = 82.1% and specificity = 
84.9%). Patients with SII value ≥ 2207.53 had 
a higher probability of having SAP with a sensitivity 
of 92.9%. Although these three values were good in 
predicting the severity of AP, results indicated that the 
predictive value of SII was better than that of NLR and 
PLR (AUC = 0.920 vs 0.811 and 0.877) (Figure 1).

Furthermore, multivariate logistic regression analysis 
showed that RDW-SD, Age, WBC, Platelet, Neutrophil, 
Monocyte, and Gender (male) had no ability to distinguish 

MAP and SAP. SII and Bisap 0h score were identified as 
the risk factors to differentiate MAP from SAP (SII: OR = 
1.001, 95% CI 1.000–1.002, p = 0.037; Bisap 0h score: 
OR = 2.774, 95% CI 1.003–7.448, p = 0.043) (Table 3).

Discussion
This study evaluated the predictive value of SII and other 
indicators for the severity of acute pancreatitis. SII is 
a newly defined, simple, inexpensive index that reflects 
the balance between the inflammatory and immune 
responses. The expression of SII consists of neutrophils, 
lymphocytes, and platelets, which play a role in the patho-
genesis of acute pancreatitis. Our results showed that SII 
could be used as an index to assess the severity of pan-
creatitis. Its sensitivity, specificity, and predictive values 
were better than those of PLR and NLR. To the best of our 
knowledge, this is the first study that has shown the pre-
dictive value of SII for diagnosing the severity of 
pancreatitis.

Nearly one hundred years ago, Moynihan28 revealed 
that acute pancreatitis is the most devastating disease 
among all the conditions associated with abdominal 

Table 2 Diagnostic Performances of SII, PLR, and NLR for Distinguishing Between MAP & SAP

Maker Value Sensitivity 
(%)

Specificity 
(%)

PLR* NLR* AUC Value Youden 
Index

SII 2207.53 92.9 87.7 7.55 0.08 0.920 0.806

PLR 195.08 82.1 84.9 5.43 0.21 0.877 0.670

NLR 9.68 82.1 82.2 4.61 0.21 0.811 0.643

Abbreviations: PLR*, positive likelihood ratio; NLR*, negative likelihood ratio; AUC, area under the curve.

Figure 1 Receiver operating characteristic (ROC) curve analysis for assessing the 
performance of the SII, PLR, and NLR in determining the severity of acute 
pancreatitis.

Table 3 Multivariate Logistic Regression for Severe Acute 
Pancreatitis

Variables Odds Ratio 95% Confidence 
Interval

P-value

SII 1.001 1.000 1.002 0.037*
Bısap 0h score 2.774 1.003 7.448 0.043*

RDW-SD 1.019 0.831 1.250 0.853

Age 0.978 0.937 1.021 0.313
WBC 0.957 0.289 3.173 0.942

Platelet 1.003 0.991 1.014 0.672

Neutrophile 1.101 0.309 3.923 0.882
Monocyte 0.958 0.155 5.920 0.963

Gender (male) 0.250 0.050 1.245 0.250

Note: * P < 0.05 is accepted as statistical significance level. 
Abbreviations: SII, systemic immune-inflammation index; Bisap, bedside index for 
severity in acute pancreatitis; RDW-SD, standard deviation of blood cell distribution 
width; WBC, white blood cell.
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organs and is characterized by a sudden onset, followed 
by endless pain and ultimately death. Over the years, 
acute pancreatitis, especially severe acute pancreatitis, is 
still a significant challenge for clinicians worldwide. To 
date, the incidence of severe pancreatitis continues to 
increase, and the mortality rate has not yet been signifi-
cantly reduced (15%~20%) despite the continuous 
advancement of clinical pharmacy and critical care 
medicine.29,30 It is worth noting that pancreatitis is 
initially an aseptic inflammation, but as the disease 
progresses, bacterial infections, peritonitis, and shock 
can occur in advanced stages. To determine the prog-
nosis and severity of pancreatitis, clinicians combine 
clinical and laboratory indicators such as the BISAP 
score, APACHE score, and Ranson score. In addition, 
independent CT imaging is used to analyze the severity 
of pancreatitis, among which CTSI is the most com-
monly used.31,32 These scores are the most widely 
used for AP severity assessment, and many clinical 
data are needed to be calculated for evaluating these 
indicators. However, in some cases where medical con-
ditions are scarce, some fast and straightforward evalua-
tion indexes may be required at the first mention of 
a pancreatitis diagnosis.29,33 In recent years, studies 
have explored the use of new types of severity and 
predictive scores such as NLR and PLR for predicting 
the severity of pancreatitis.34,35

It is well known that inflammation is involved in the 
occurrence and development of pancreatitis. In the early period 
of severe acute pancreatitis, immunosuppression could be 
involved in the complex inflammation and infection caused 
by gut mucosal barrier dysfunction.36 One study proposed that 
the crosstalk among damaged cells, neutrophils, and reactive 
oxygen species (ROS) appears to promote the process of 
pancreatitis synergistically.37 Platelets are directly involved in 
the systemic inflammatory process of acute pancreatitis, 
thereby leading to consumption, which is compensated by an 
immediate bone marrow response.38 For many decades, the 
contributions of neutrophils to the pathology of SAP were 
traditionally thought to involve the chemokine and cytokine 
cascades that accompany inflammation.39 Thus, the scores and 
indicators based on these inflammatory cells, including neu-
trophils, macrophages, lymphocytes, and plasma cells, were 
used to reflect the immunologic balance in acute pancreatitis.

NLR and PLR scores have been used as diagnostic indica-
tors in many inflammatory and neoplastic diseases.40–42 In 
a previous study on the relationship between hepatocellular 
carcinoma and NLR, the NLR cut-off value was about 3.43 

Zhang44 reported that an increased NLR is an independent risk 
factor for persistent organ failure (POF), prolonged ICU stays, 
and higher in-hospital mortality in AP. In our research, the cut- 
off value of NLR was 9.68, similar to the previous values for 
severe pancreatitis.33,34 Elevated neutrophils and depleted 
lymphocytes make “High NLR”, which may be caused by 
sepsis. Kaplan45 showed that NLR and PLR values were sig-
nificant in severe acute pancreatitis. Therefore, combining the 
two scores would result in a better predictive value for deter-
mining the severity of AP compared to other scoring systems. 
In this study, PLR and NLR scores were significantly higher in 
the SAP group than in the MAP group (both P < 0.001). RDW- 
CV (coefficient of variation of RDW) and RDW-SD (standard 
deviation of RDW), respectively, both of which can imply 
RDW (blood cell distribution width) indicators of inhomo-
geneity of red blood cells. RDW-CV and RDW-SD were 
demonstrated to be independent risk factors predictive of mor-
tality in SAP patients.46 A previous study showed that RDW is 
positively associated with AP severity and may be a helpful 
indicator for predicting AP severity. However, the results 
obtained herein showed that there was no significant difference 
in RDW values between the two groups (P = 0.349), same with 
the previous article.34

This study has shown that AP patients with SII value ≥ 
2207.53 have a higher probability of having SAP (sensitivity 
= 92.9%, specificity = 87.7%, and AUC = 0.920). The 
predictive capability of SII for the severity of acute pancrea-
titis is more specific than PLR (sensitivity = 82.1%, specifi-
city = 84.9%, and AUC = 0.877) and NLR (sensitivity = 
82.1%, specificity = 82.2%, and AUC = 0.811).

However, this study had some limitations. First, the data 
used was obtained from a single center. Second, SII was only 
calculated at a one-time point. Therefore, the changes in SII 
over time and during the onset need to be studied further. 
Third, the number of samples was small. Future studies 
should increase the number of samples to verify our results.

Conclusion
The findings of this study suggest that SII is more specific and 
sensitive than NLR and PLR in distinguishing between MAP 
and SAP. Thus, it can be used as an early indicator to determine 
the severity of acute pancreatitis. However, large-scale, pro-
spective, and well-designed studies should be conducted to 
validate the results.
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