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Purpose: To evaluate the predictive value of combination of Bedside Index for Severity in AP (BISAP) score and miR-155 for the 
severity of acute pancreatitis (AP).
Patients and Methods: A total of 1046 AP patients were divided into control group and case group according to the severity of AP 
[mild and moderately severe AP vs severe AP (SAP)]. Demographic data, comorbidities, clinical characteristics and laboratory data 
were collected. Multivariate analysis was conducted for the variables with two-sided P<0.10 in univariate analysis to identify 
independent associated factors for progression to SAP in AP patients. The predictive values were evaluated using receiver operating 
characteristic (ROC) curve, and the area under curve (AUC) was compared using Z test.
Results: A total of 117 (11.2%) patients were evaluated as SAP. Univariate analysis showed that there were significant differences in 
age, hypertension, ICU admission, hospital stay, Leukocytes, CRP, BUN, BISAP score and miR-155 between case group and control 
group (P<0.05), and the P value of Fibrinogen was <0.10. Multivariate analysis showed that the BISAP score, BUN, Leukocytes, age 
and CRP were independent risk factors for progression to SAP among AP patients after adjusting for hypertension, ICU admission, 
hospital stay and Fibrinogen, while miR-155 was a protective factor. The ROC curves demonstrated the AUCs of BISAP score, miR- 
155 and their combination were 0.842 (SE: 0.017, 95% CI: 0.809–0.874), 0.751 (SE: 0.022, 95% CI: 0.708–0.793) and 0.945 (SE: 
0.007, 95% CI: 0.931–0.959), respectively. Z test showed that the AUC of combination prediction was significantly higher than that of 
individual predictions (0.945 vs 0.842, Z=5.602, P<0.001; 0.945 vs 0.751, Z=8.403, P<0.001). The sensitivity, specificity and negative 
predictive value (NPV) of combination prediction were 95.7%, 93.6% and 99.4%, respectively.
Conclusion: The combination of the BISAP score and miR-155 should be utilized to elevate the predictive value for the severity of 
AP in clinic.
Keywords: severe acute pancreatitis, Bedside Index for Severity in AP score, miR-155, prediction

Introduction
Acute pancreatitis (AP) is the acute inflammation of the pancreas, which is associated with sudden activation of 
pancreatic enzymes and resulting self-digestion and self-destruction of the pancreas itself.1,2 Majority of AP patients 
have a self-limited and mild course with no sequelae,3 but around 30% of patients will progress to severe acute 
pancreatitis (SAP) characterized by systemic inflammatory response syndrome (SIRS). The mortality of SAP can 
reach to 30% due to life-threatening necrosis of the pancreas and multi-organ failure.4,5 Therefore, it is urgent to find 
an accurate tool for the early prediction of the development of SAP in AP patients.

A number of scoring systems and biomarkers have been applied in the prediction of the severity of AP. As a simple 
and effective method, the Bedside Index for Severity in AP (BISAP) is proven to have high specificity and negative 
predictive value (NPV), and moreover, incremental rise in the BISAP score from 3 and above has been demonstrated an 
significant association with increased risk of pancreatic necrosis which can result in multi-organ failure.6 MicroRNAs 
(miRNAs) are a class of single-stranded, non-coding, 21–23 nucleotide long, evolutionarily highly conserved small RNA 
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molecule nucleotides. They are involved in plenty of physiological and pathological processes via regulating gene 
expression.7–9 Many miRNAs have been shown to be dysregulated in a variety of cell types associated with AP such as 
lymphocytes, macrophages and acinar cells.10

Among them, miR-155 has a significantly lower expression in severe and critical AP patients compared with mild and 
moderate AP patients, indicating a significant correlation with the progression of AP.11 However, no previous studies 
have evaluated the predictive value of the combination of BISAP score and miR-155 for SAP in AP patients.

Patients and Methods
Patients
This was a prospective observational study, enrolling a consecutive cohort of patients admitted to Jiangjin Central 
Hospital due to the first attack of AP between March 2020 and September 2021. We excluded these patients with 
pregnancy, malignancies, hematological system diseases, immune system diseases, severe organ dysfunction, chronic 
pancreatitis and in-hospital mortality within 48 hours after hospital stay in this study. This study was conducted 
according to the guidelines of the Declaration of Helsinki and received the approval of the Ethical Committee of 
Jiangjin Central Hospital (JJ2020017029). Written informed consents were obtained from all enrolled patients.

Definitions
AP was diagnosed based on the presence of two out of these 3 criteria at admission: ① abdominal pain conforming to 
AP, which had an acute onset and usually radiated to the back; ② at least a threefold increase of serum amylase and/or 
lipase levels compared with the upper normal limit; and ③ imaging evidence suggesting AP on abdomen computed 
tomography (CT) or ultrasound.12,13 The severity of AP was evaluated as described by the 2012 revision of the Atlanta 
classification,14 and the patients were allocated to control group (mild and moderately severe AP) and case group (SAP).

Data Collection
We collected demographic data, comorbidities, clinical characteristics and laboratory data. Laboratory tests were 
performed at admission. The BISAP score was computed at admission.

qRT-PCR Detection of miR-155
Fasting peripheral vein blood was collected and centrifuged at 3000 rpm/min for 10 min after stored for 30 min at 4°C. 
Total RNA was extracted from the obtained supernatant fluid using TRIzol kit (Invitrogen, Waltham, USA). Agarose gel 
electrophoresis and ultraviolet spectrophotometry were employed to detect its concentration, purity and integrality. The 
reverse transcription was performed with TransScript Green miRNA Two-Step qRTPCR SuperMix (AQ202-01, Beijing 
TransGen Biotech Company, China). The qRT-PCR amplified system was 20 μL, including 1 μL of cDNA, 0.8 μL of 
upstream and downstream primers (each 0.4 μL), 10 μL of 2×TransTaq® Tip Green qPCR SuperMix, 0.4 μL of Passive 
Reference Dye (50×) and 7.8 μL of ddH2O. The qRT-PCR amplification procedures were as follows: 30s of initial 
denaturation at 94°C, 5 s of degeneration at 94°C, and 30s of annealing and extending at 60°C, with a total of 40 cycles. 
The expression level of miR-155 was assessed through the 2–ΔΔCt method with U6 as an internal parameter.

Statistical Analysis
The SPSS version 18.0 (SPSS Inc., USA) was employed to conduct statistical analysis, and a two-sided P value of <0.05 
was considered statistically significant. Continuous variables were evaluated for their normality using Kolmogorov– 
Smirnov test. Univariate analysis was conducted using Student’s t-test for the normally distributed variables, and using 
Mann–Whitney U-test for the non-normally distributed variables, and using Chi-square test for categorical variables. 
Multivariate analysis was conducted for the variables with two-sided P<0.10 in univariate analysis through binary 
logistic regression model to identify independent associated factors for progression to SAP among AP patients. The 
predictive values were evaluated using receiver operating characteristic (ROC) curve, and the area under curve (AUC) 
was compared using Z test.
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Results
General Data
During the study period, a consecutive cohort of 1098 pancreatitis patients were enrolled. Among them, 4 patients were 
excluded due to pregnancy, 11 patients were excluded due to malignancies, 6 patients were excluded due to hematological 
system diseases, 8 patients were excluded due to immune system diseases, 5 patients were excluded due to severe organ 
dysfunction, 17 patients were excluded due to chronic pancreatitis, and 1 patient was excluded due to in-hospital mortality 
within 48 hours after hospital stay. Finally, a total of 1046 AP patients were included in this study. They included 621 
(59.4%) males and 425 (40.6%) females with a mean age of (51.67 ± 11.92) years old and body mass index (BMI) of 25.80 ± 
1.36. As for the etiology, biliary AP accounted for 25.0% (261 cases), hyperlipidemic 31.3% (327 cases), alcoholic 9.3% (97 
cases) and undetermined 34.5% (361 cases). They were followed up for 9.9 ± 3.7 days. A total of 117 (11.2%) patients were 
evaluated as SAP, 89 (8.5%) developed organ failure, 140 (13.4%) were admitted to ICU, and 2 (0.2%) died.

Univariate Analysis
As shown in Table 1, there were significant differences in age, hypertension, ICU admission, hospital stay, Leukocytes, 
CRP, BUN, BISAP score and miR-155 between case group and control group (P < 0.05), and there were no significant 
differences in the rest variables (P > 0.05). But the P value of Fibrinogen was <0.10.

Table 1 Results of Univariate Analysis Between Case Group and Control Group

Total (1046) Cases (117) Controls (929) χ2/Z/t P

Age(years, mean±SD) 51.67±11.92 54.14±13.08 51.36±11.77 2.190 0.031

Male(n, %) 621(59.4%) 74(63.2%) 547(58.9%) 0.822 0.365

BMI(Kg/m2, mean±SD) 25.80±1.36 25.98±1.43 25.78±1.35 1.434 0.158
Smoking 533(51.0%) 65(55.6%) 468(50.4%) 1.115 0.291

Alcohol 472(45.1%) 59(50.4%) 413(44.5%) 1.496 0.221

Comorbidities(n, %)
COPD 51(4.9%) 9(7.7%) 42(4.5%) 2.253 0.133

Diabetes mellitus 205(19.6%) 27(23.1%) 178(19.2%) 1.012 0.315

Cardiovascular disease 32(3.1%) 6(5.1%) 26(2.8%) 0.159*
Hypertension 412(39.4%) 58(50.4%) 354(35%) 5.723 0.017

Hyperlipidemia 383(36.6%) 49(41.9%) 334(36.0%) 1.573 0.210

Clinical characteristics
Etiology(n, %)

Biliary 261(25.0%) 33(28.2%) 228(24.5%) 0.744 0.388

Hyperlipidemic 327(31.3%) 41(35.0%) 286(30.8%) 0.876 0.349
Alcoholic 97(9.3%) 15(12.8%) 82(8.8%) 1.970 0.160

Undetermined 361(34.5%) 38(32.5%) 323(34.8%) 0.241 0.623

ICU admission(n, %) 140(13.4%) 84(71.8%) 56(6.0%) 387.696 <0.001
Hospital stay(d, mean±SD) 9.9±3.7 16.8±4.9 9.0±3.5 16.690 <0.001

Laboratory data

Hematocrit (%, mean±SD) 42.65±5.92 43.14±7.42 42.59±5.73 0.773 0.441
Leukocytes(109/L, mean±SD) 13,533±3340 14,136±3265 13,458±3349 2.111 0.038

ALT (IU/L, mean±SD) 156±47 152±43 156±47 −0.938 0.356

AST (IU/L, mean±SD) 179±52 174±50 180±52 −1.218 0.229
Triglycerides(mg/dL, mean±SD) 109±24 112±28 109±23 1.113 0.277

CRP (mg/L, mean±SD) 55.03±17.25 60.15±19.87 54.38±16.92 3.007 0.002

Creatinine (mg/dL, mean±SD) 1.54±0.55 1.61±0.65 1.53±0.54 1.277 0.202
Lactate (mEq/L, mean±SD) 2.53±0.90 2.64±1.02 2.52±0.89 1.216 0.230

(Continued)
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Multivariate Analysis
Age, hypertension, ICU admission, hospital stay, Leukocytes, CRP, BUN, BISAP score, miR-155 and Fibrinogen were 
included in the binary logistic regression model to identify independent associated factors for progression to SAP in AP 
patients. As shown in Table 2, the BISAP score, BUN, Leukocytes, age and CRP were independent risk factors for 
progression to SAP in AP patients after adjusting for hypertension, ICU admission, hospital stay and Fibrinogen, while 
miR-155 was a protective factor.

Predictive Value
The ROC curves demonstrated that the predictive value of BISAP score for SAP in AP patients was high with the AUC 
of 0.842 (SE: 0.017, 95% CI: 0.809–0.874, Figure 1) and miR-155 was moderate with the AUC of 0.751 (SE: 0.022, 95% 
CI: 0.708–0.793, Figure 2). In order to further enhance the predictive value, the combination of BISAP score and miR- 
155 was employed to predict SAP in AP patients. The ROC curve demonstrated that the value of combination prediction 
was elevated with the AUC of 0.945 (SE: 0.007, 95% CI: 0.931–0.959, Figure 1). Z test showed that the AUC of 
combination prediction was significantly higher than that of individual predictions (0.945 vs 0.842, Z=5.602, P<0.001; 
0.945 vs 0.751, Z=8.403, P<0.001). Table 3 shows the clinical utility indexes of the three methods for the prediction of 
SAP in AP patients.

Discussion
There are multiple scoring systems that are available to predict the severity of AP, including computed tomography 
severity index (CTSI), modified CTSI (mCTSI), Acute Physiology and Chronic Health Evaluation (APACHE) II, Ranson 
criteria, etc.15–18 The pooled AUC for the prediction of mortality in AP was 0.91 (95% CI: 0.88~0.93) for the APACHE 
II score, 0.87 (95% CI: 0.81~0.92) for the Ranson score, 0.79 (95% CI: 0.73~0.86) for CTSI, and 0.80 (95% CI: 

Table 1 (Continued). 

Total (1046) Cases (117) Controls (929) χ2/Z/t P

Fibrinogen (mg/dL, mean±SD) 462±116 482±124 460±115 1.823 0.072

BUN (mg/dL, mean±SD) 27.29±8.03 29.86±11.48 26.97±7.59 2.651 0.008
miR-155(mean±SD) 1.81±0.92 1.49±0.72 1.85±0.94 −4.907 <0.001

BISAP score(mean±SD) 1.37±0.73 2.96±0.93 1.17±0.71 20.095 <0.001

Notes: *Fisher’s Exact Test, χ2: statistic of Chi-square test, Z: statistic of Mann–Whitney U-test, t: statistic of Student’s t-test. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; CRP, C-reactive protein; BUN, blood urea nitrogen, BISAP, Bedside Index for Severity in AP; SD, standard 
deviation.

Table 2 Results of Multivariate Analysis Between Case Group and Control Group

β SE Wald χ2 OR 95% CI P

BISAP score 0.961 0.273 5.672 1.524 1.147–2.135 <0.001

miR-155 −0.638 0.217 2.941 0.695 0.523–0.859 0.003

BUN 0.417 0.162 2.489 1.193 1.081–1.436 0.017
Leukocytes 0.212 0.069 1.997 1.003 1.001–1.005 0.044

Age 0.286 0.095 2.138 1.159 1.070–1.412 0.035

CRP 0.504 0.186 2.679 1.147 1.064–1.393 0.007
Hypertension 0.195 0.058 1.224 1.336 0.692–1.729 0.228

ICU admission 0.413 0.154 1.521 9.858 0.778–16.314 0.139

Hospital stay 0.309 0.137 1.422 1.759 0.715–4.018 0.161
Fibrinogen 0.282 0.118 1.546 1.011 1.004–1.015 0.120

Abbreviations: β, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; 
BUN, blood urea nitrogen; BISAP, Bedside Index for Severity in AP; ICU, intensive care unit.
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0.72~0.89) for mCTSI; and the AUC for the prediction of severity of AP were 0.80 (95% CI: 0.77~0.83) for APACHE II 
score, 0.81 (95% CI: 0.75~0.87) for Ranson score, 0.80 (95% CI: 0.76~0.85) for CTSI, and 0.83 (95% CI: 0.75~0.91) for 
mCTSI.18 Therefore, the APACHE II score is the most accurate prediction tool of mortality, and CTSI is a reliable 
prediction tool of both AP severity and mortality. However, these scoring systems are either complex or need data which 
are not routinely collected in the early stages of AP, which makes the early prediction of SAP difficult.13,19 Additionally, 
Kui et al developed a clinical prediction model of severity in AP in 2022, ie, the EASY prediction score. This score 
consists of indicators easily accessible on admission with an accuracy of 89.1% and a mean AUC score of 0.81 ± 0.033. 
But it still needs a lot of external validation.20

The BISAP scoring system, proposed by Wu et al in 2008,6 is a simple and effective prognostic scoring system for 
assessing the severity of AP in early stages. It improves the difficulties and drawbacks of the aforementioned scoring 
systems. The BISAP scoring system consists of the following variables, including age >60 years, impaired mental status, 
blood urea nitrogen level >25 mg/dl, and presence of pleural effusion and SIRS. The required data of the BISAP scoring 
system are easy to obtain at admission, and this scoring system can predict the in-hospital death in early stages of 
AP.19,21,22 SIRS, GCS and age are employed in both APACHE II and BISAP, but BISAP obtains a high predictive value 
for SAP and mortality with only addition of pleural effusion and BUN, which is equivalent to the complicated APACHE 
II. ROC analysis demonstrates that the BISAP score is correlated with SAP, more organ failure and higher mortality. But 
its cutoff remains controversial. Some researchers used ≥3 as cutoff, while others used ≥2.21–25 Kapadia et al showed that 
the BISAP score was very reliable for identifying AP patients at increased risk of severity with sensitivity of 100% and 
specificity of 94.62%.2 Valverde-López et al demonstrated that the AUC of the BISAP score for predicting SAP at 
admission was up to 0.90 (95% CI: 0.83–0.97).26 In our study, the AUC of the BISAP score for predicting SAP was 

Figure 1 ROC curves of BISAP score and combination of BISAP score and miR-155 for predicting SAP among AP patients. 
Abbreviations: ROC, receiver-operating characteristic; BISAP, Bedside Index for Severity in AP; SAP, severe acute pancreatitis; AP, acute pancreatitis.
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0.842, demonstrating a high predictive value. Its optimal cutoff was 3.02 with sensitivity of 89.7%, specificity of 88.8% 
and negative predictive value (NPV) of 98.6%.

As a multifunctional miRNA, miR-155 is regulated by multiple inflammatory mediators. The expression of miR-155 can 
be induced by TNF-α, IFN-β and bacterial lipopolysaccharide (LPS) in human monocyte cell strain. Notably, the imbalance of 
miR-155 expression is closely correlated with colorectal carcinoma, inflammatory intestinal disease and Helicobacter pylori- 
related gastropathy because of its involvement in the molecular changes of signal pathways and key targets.27–29 Liu et al 
demonstrated that down-regulated expression of miR-155 was significantly correlated with the severity of AP through mouse 
models of moderate/severe acute pancreatitis and mild acute pancreatitis (MAP), and miR-155 mediated the deterioration of 
pancreatic acinar cells via the Rela/Traf3/Ptgs2 signaling pathway through in vitro experiments.30 Hu et al reported that the 
expression of miR-155 in circulating blood was lower in AP patients than in healthy controls with an AUC of 0.775 for the 
prediction of AP.11 In addition, miR-155 has a significantly lower expression in severe and critical AP patients compared with 
mild and moderate AP patients, indicating a significant correlation with the progression of AP. In our study, the AUC of miR- 
155 for predicting SAP was 0.751, demonstrating a moderate predictive value. Its optimal cutoff was 1.58 with sensitivity of 
81.2%, specificity of 79.9% and NPV of 97.1%.

In order to further elevate the predictive value for SAP, the combination of the BISAP score and miR-155 was 
employed to perform the prediction for SAP. The ROC curve showed that their combination had a higher AUC compared 

Figure 2 ROC curve of miR-155 for predicting SAP among AP patients. 
Abbreviations: ROC, receiver operating characteristic; SAP, severe acute pancreatitis; AP, acute pancreatitis.

Table 3 Clinical Utility Indexes of the BISAP Score, miR-155 and Their Combination for the Prediction of SAP in AP Patients

Best Cut-Off Sensitivity Specificity Accuracy FPR FNR PPV NPV Youden Index

miR-155 1.58 81.2% 79.9% 80.0% 66.3% 2.9% 33.7% 97.1% 0.61

BISAP score 3.02 89.7% 88.8% 88.9% 49.8% 1.4% 50.2% 98.6% 0.79
Combination prediction 95.7% 93.6% 93.9% 34.5% 0.6% 65.5% 99.4% 0.89

Abbreviations: BISAP, Bedside Index for Severity in AP; FPR, false positive rate; FNR, false negative rate; PPV, positive predictive value; NPV, negative predictive value.
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with individual predictions. The sensitivity, specificity and NPV were 95.7%, 93.6% and 99.4%, respectively. Thus, the 
combination of the BISAP score and miR-155 should be utilized to elevate the predictive value for the severity of AP in 
clinic.

In this study, the researchers responsible for collecting demographic data, comorbidities and clinical characteristics 
were trained uniformly before data collection to ensure the accuracy, and the laboratory indexes except for miR-155 are 
routine laboratory testing items. This study had some limitations, including a small sample size of the case group and no 
inclusion of all associated variables. Additionally, the miR-155 test is not accessible in smaller hospitals. In the next step, 
we will evaluate the predictive value of the BISAP score combined with routine laboratory test indexes for the severity 
of AP.

Conclusion
The BISAP score, miR-155, BUN, Leukocytes, age and CRP were independent associated factors for progression to 
SAP in AP patients. The combination of the BISAP score and miR-155 had a higher AUC compared with individual 
predictions, and thus their combination should be utilized to elevate the predictive value for the severity of AP in 
clinic.
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