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Objective: To explore the value of modified RANSON score in predicting mortality from severe acute pancreatitis (SAP).
Methods: In this retrospective study, 461 SAP patients hospitalized from January 2016 to January 2020 were enrolled. AP (acute
pancreatitis) patients from our hospital were employed as the training set. In addition, AP patients from the affiliated hospital of
Nantong University were set as the validation set. The clinical characteristics of patients were compared between the two sets. The
independent risk factors for SAP were determined through logistic regression. Moreover, the risk factors were derived for various
prediction models by logistic regression. Multiple methods were adopted to assess the predictive ability of various models.
Results: A total of 338 patients were assigned into the training set, while 123 patients were assigned into the validation set. The
patients in the training and validation sets showed the consistent distribution trends (P>0.05). In the training set, significant differences
between patients in the non-survival and survival groups were BMI, PCT, platelets (PLT), direct bilirubin (DBil) and RANSON scores
(P<0.05). In further multivariate analysis, BMI, PCT and RANSON score were found as the independent risk factors for the mortality
of SAP (OR=1.12, 1.25, 1.28, 95% CI:1.06–1.19, 1.08–1.44, 1.12–1.47, P<0.05). In the training set and validation set, ROC curve
analysis showed that AUC of BMI+RANSON score was 0.778 and 0.789, respectively. In the calibration curve, the fitting degree of
RANSON score+BMI and ideal assessment model was 0.975 and 0.854, respectively. The decision curve suggested that the net benefit
per patient increased with the lengthening of the RANSON score+ BMI model curve. As revealed by the results of NRI and IDI
indicators, RANSON score+BMI was optimized based on RANSON score (P<0.05).
Conclusion: BMI+RANSON was confirmed as a modified model effective in predicting the mortality from SAP.
Keywords: SAP, BMI, RANSON score, mortality, model

Introduction
AP is characterized by acute onset and rapid changes. AP patients account for 80%, with the mortality being 1–2%.1

Twenty percent of AP patients can develop into SAP patients, while 10–20% of SAP patients die from septic shock
arising from persistent organ failure and systemic inflammatory response syndrome (SIRS).2,3 The 2012 Atlanta
Conference consensus suggests that the high mortality from SAP can fall into two phases, including the first week and
the first month, in which the causes of death consist of SIRS and persistent organ failure. Accordingly, an early
evaluation of AP can improve patient prognosis and reduce the mortality.4

Common stratification and prognostic models for AP include the Acute Physiology and Chronic Health Evaluation-II
score (APACHE-II), the Computed Tomography Severity Index (CTSI) score, RANSON score and BISAP score,
Glasgow scoring system (GCS). Single indicators include PCT, C-reactive protein (CRP), IL-1, IL-6, BMI, etc.
Numerous single-center studies have found that the prediction probability of single indicators is equal to that of classical
scores, whereas it is difficult to reach a unified prediction value. Moreover, there have been rare good solutions to the
shortcomings of index measurement time point and index instability, and the predictive power of indicators continues to
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be controversial.5,6 Obesity is not a global problem when RANSON was first proposed, and RANSON was not included
in BMI. Over the past few years, some studies have incorporated BMI into APACHE-II, thus increasing the predictive
power of APACHE-II. For this reason, classical scores are not perfect, and there is still room for improvement. Since
obesity-related diseases have become a global problem, incorporating BMI into RANSON may increase the predictive
power of RANSON.7–9 In this study, the ability of single-indicator, multi-indicator, and modified models were explored
to predict the mortality in SAP patients. Furthermore, the possibility of incorporating single indicators into classical
scores was studied.

Materials and Methods
Data Source
In this retrospective study, the training set data were from Changzhou No. 2 People’s Hospital Affiliated with Nanjing
Medical University. In total, 338 patients were enrolled, which consisted of 199 males and 139 females. To be specific,
there were 285 survivors and 53 non-survivors, and they were aged 52-year on average (quartile value was 38–66.75
years), ranging from 18 to 93 years. The group of the validation set was from the affiliated Hospital of Nantong
University, consisting of 123 patients (61 males and 62 females). Besides, there were 103 survivors and 20 non-survivors,
with an average of 52-year-old age (quartile value 38–65.5 years), ranging from 22 to 91 years. The primary outcome
variable was set as 28-day mortality. This study was conducted in accordance with the declaration of Helsinki. All
patients or family members enrolled in this study had signed the informed consent.

Inclusion Criteria and Exclusion Criteria
Inclusion criteria were as follows: Meeting the diagnostic criteria for SAP (defined and criteria from the 2012 Atlanta
Conference), including 1) typical abdominal pain features, 2) serum amylase ≥3 times the upper limit of normal, and 3)
characteristics of AP presented on CT scan of the abdomen. The diagnosis of the severe acute pancreas was based on AP
with a duration of organ failure of over 48 h.10 Exclusion criteria were as follows: 1) age <18; 2) discharge without
treatment; 3) chronic pancreatitis and pancreatic tumors; 4) history of severe cardiopulmonary disease, liver disease,
renal disease, or severe immune system disorders.

Evaluation Criteria
ISH International Guidelines for Hypertension (2020 edition)11 were referenced for the diagnostic criteria for hyperten-
sion, international Guidelines for diabetes Treatment (2020 edition)12 were followed as the diagnostic criteria for
diabetes, and the improved Marshall scoring system was used as the diagnostic criteria for organ failure.13 Drinking
history was defined as 100 grams of alcohol per day for over one year.14 The smoking history was defined as smoking
one cigarette a day and smoking for 1 year.11 For RANSON score, five items collected at admission were involved. age
>55 years, white blood cell count >16×109/L, serum LDH >350 U/L, serum AST >250 U/L, blood glucose >11.1 mmol/L
and reduction in hematocrit >10%, increase in BUN > 5 mg/dl, serum calcium <8 mg/dl, arterial PO2 <60 mm Hg, base
deficit >4 mmol/L, estimated fluid sequestration >6 L at 48 h after admission.15

Statistical Methods
The statistical description and hypothesis tests were performed using the statistical software SPSS25.0 (SPSS, Chicago,
Illinois, USA), MedCalc 20.0 and R3.2.5. The data distribution was determined through the Shapiro–Wilk test, and the
result suggested that they were all non-normal. Continuous and categorical variables are expressed as the median
(interquartile range, IQR) and the frequency (percentage), respectively. The qualitative data were selected as rates or
composition ratios (%) through the chi-square test. Moreover, the factors with single-factor screening P < 0.1 were
included in the multivariate logistic regression model, and the risk factors were covered in the Binary logistic regression
analysis to calculate the model probability. Model 1 (BMI+RANSON), Model 2 (PCT+RANSON), Model 3 (BMI
+PCT), and model 4 (PCT+BMI+RANSON). The receiver operating characteristic (ROC) curve was generated to
analyze and compare single indicators, sensitivity, specificity and area under the curve (AUC) of the optimized model.
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Decision analysis curve (DCA) is a method to assess the utility of a model by calculating net income at different
thresholds. We used DCA to assess the clinical utility of the line graph prediction model. Calibration curves were drawn
to assess the consistency between the optimized model and the ideal model. Net classification index and comprehensive
discriminant improvement index were generated to assess the improvement degree of the optimized model on the original
model. A bilateral P value lower than 0.05 achieved statistical significance.

Results
Comparison of Clinical Data Between the Training Set and the Validation Set
No significant difference was found in the admission characteristics of patients in the training set and validation set
(P>0.05) except blood urea nitrogen (P<0.001), combined diabetes (P=0.046) and albumin (P<0.001). As revealed by the
training and validation sets, the trends in the distribution of clinical characteristics were consistent (Table 1).

Comparison of Clinical Data in the Training Group
As indicated by the univariate analysis, BMI, PCT, platelets, direct bilirubin, hemoglobin and RANSON were the factors
of poor prognosis in SAP (Z=−5.293, −4.743, −2.214, −4.089, −2.323, −3.321, P < 0.05). The clinical factors with P<0.1
were further involved in the multivariate analysis. The results suggested that BMI (OR=1.12, 95% CI: 1.06–1.19,
P=0.01), PCT (OR=1.25, 95% CI: 1.08–1.44, P=0.04) and RANSON (OR=1.28, 95% CI: 1.12–1.47, P=0.02) were found
as the independent risk factors for poor prognosis of SAP (P<0.05) (Table 2).

Establishment of Training Concentration Model
BMI, PCT and RANSON were included in the Binary logistic regression analysis to build the regression models. BMI
+RANSON (χ2=50.691, P<0.001), PCT+RANSON (χ2=29.289, P<0.001), and BMI+PCT (χ2=44.695, P<0.001), BMI
+PCT+RANSON (χ2=60.863, P<0.001) achieved statistical significance in all four models. BMI+RANSON: In (P/1-P)=
0.239×BMI+0.546×RANSON −10.278, PCT+RANSON: In (P/1 - P)=0.082× PCT +0.46×RANSON-4.08, BMI+PCT: In
(P/1-P)= 0.223 ×BMI+0.083× PCT −8.047, BMI+PCT+RANSON: In (P/1 - P)= 0.243×BMI+0.083× PCT
+0.53×RANSON −10.803.

Receiver Operating Characteristic Curve of Training Set
The AUC value of the BMI+PCT+RANSON in SAP (AUC: 0.809, 95% CI: 0.747–0.871, P<0.001, sensitivity: 0.68,
specificity: 0.77) and was higher than BMI+PCT (AUC: 0.777, 95% CI: 0.710–0.843, P<0.001, sensitivity: 0.74,
specificity: 0.75) and PCT+RANSON (AUC: 0.748, 95% CI: 0.684–0.813, P<0.001, Sensitivity: 0.73, specificity:
0.52) (P<0.05). No statistically significant difference was found between BMI+RANSON (AUC: 0.778, 95% CI:
0.710–0.847, P<0.001, sensitivity: 0.70, specificity: 0.75) and BMI; PCT+RANSON score (P>0.05). In comparison
with a single indicator, the predictive power of the BMI+PCT+RANSON and BMI+RANSON increased obviously.
(p<0.05) (Figure 1, Supplementary Table 1).

The Receiver Operating Characteristic Curves of Patients in the Validation Set
For the validation set, the AUC of the BMI+RANSON (AUC: 0.788, 95% CI: 0.671–0.905, P<0.001, sensitivity: 0.80,
specificity: 0.75) was significantly higher than BMI (AUC: 0.68, 95% CI: 0.570–0.789:, P=0.011), PCT (AUC: 0.54,
95% CI: 0.396–0.684, P=0.572) and RANSON (AUC: 0.704, 95% CI: 0.573–0.834, P=0.004). According to the modified
model, no significant difference was found in the prediction ability between BMI+RANSON and BMI and PCT
+RANSON (p<0.05). In comparison with the training set, the difference in AUC was that the predictive power of
PCT+RANSON and BMI+PCT was not stable (Figure 1, Supplementary Table 1).

NRI Index and IDI Index of Training Set and Validation Set Models
NRI and IDI indices showed that, compared with PCT+RANSON score and BMI+PCT, the capability of BMI+RANSON
and BMI and PCT+RANSON had been significantly improved in predicting the death risk of SAP [NRI index difference
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(18.50%, 7.49%, 11.06%, 7.84%, P<0.05), IDI index difference (12.89%, 7.01%, 5.88%, 6.81%, P < 0.05)]. No
statistically significant differences were found in NRI and IDI indices of BMI+RANSON compared with BMI and
PCT+RANSON (P>0.05). The result of the verification set was consistent with that of the training set, BMI and PCT
+RANSON and BMI+RANSON improved predictive ability compared to the reference model (p < 0.05) (Table 3).

Table 1 Clinical Characteristics of Patients in Training Set and Validation Set

Variable Training Cohort Validation Cohort P-value

Sex, n (%) χ2=3.160 0.075
Male 199 (58.88) 61 (49.59)

Female 139 (41.12) 62 (50.41)

BMI (kg/m2), Median (IQR) 25.08 (22.69, 27.43) 25.12 (22.18, 26.92) z=−0.995 0.32
Age (Years), Median (IQR) 52 (38, 66.75) 51 (38, 65.5) z=−0.002 0.999

Etiology, n (%) χ2=4.194 0.241

Gallstone, n (%) 150 (44.37) 57 (46.34)
Lipogenic, n (%) 118 (34.91) 41 (33.33)

Alcoholic, n (%) 34 (10.06) 18 (14.63)
Others, n (%) 36 (10.66) 7 (5.70)

Hypertension, n (%) 42 (12.42) 9 (7.31) χ2=2.392 0.122

Diabetes mellitus, n (%) 74 (21.89) 38 (30.89) χ2=3.972 0.046
Smoking, n (%) 64 (18.93) 25 (20.32) χ2=0.112 0.738

Drinking, n (%) 58 (17.15) 22 (17.88) χ2=0.033 0.855

Disease recurrence, n (%) 71 (21.01) 27 (21.95) χ2=0.048 0.826
Cr (μmol/L), Median (IQR) 91.00 (40, 232) 77.45 (56.7, 122) z=−0.471 0.638

TC (mmol/L), Median (IQR) 4.60 (3.11, 8.92) 4.62 (3.14, 8.95) z=−0.169 0.866

Amylase (U/L), Median (IQR) 646.00 (371.85, 1321.50) 612.75 (377.74, 1258.50) z=−0.357 0.721
ALT (U/L), Median (IQR) 40.50 (20.00, 93.75) 39.00 (19.00, 93.50) z=−0.233 0.816

AST (U/L), Median (IQR) 26.00 (24.00, 39.00) 25.00 (22.00, 35.00) z=−1.166 0.244

LDH (mmol/L), Median (IQR) 516.00 (6.10, 736.00) 443.00 (5.61, 672.00) z=−1.178 0.239
WBC (×109/L), Median (IQR) 12.00 (8.9, 14.41) 11.00 (6.77, 13.95) z=−1.927 0.054

PCT (μg/L), Median (IQR) 2.78 (0.74, 4.61) 2.40 (0.84, 5.7) z=−0.344 0.731

CRP (μg/L), Median (IQR) 79.90 (16.45, 192.17) 101.00 (20.83, 208.33) z=−1.288 0.198
BUN (mmol/L), Median (IQR) 7.20 (5.00, 17.10) 5.80 (4.50, 8.55) z=−3.89 < 0.001

PLT (×109/L), Median (IQR) 188.00 (144.00, 238.00) 179.00 (120.50, 233.00) z=−1.466 0.143

Albumin (g/L), Median (IQR) 34.60 (29.94, 39.90) 31.30 (27.15, 37.20) z=−3.818 < 0.001
TG (mmol/L), Median (IQR) 3.47 (1.1, 14.2) 3.97 (1.17, 14.17) z=−0.05 0.96

TBil (μmol/L), Median (IQR) 19.20 (13.45, 40.4) 19.00 (13.35, 36.9) z=−0.196 0.845

DBil (μmol/L), Median (IQR) 8.41 (4.2, 23.12) 8.69 (4.3, 18.32) z=−0.132 0.895
RANSON score, Median (IQR) 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) z=−1.592 0.993

Transferred to the ICU, n (%) 153 (45.26) 61 (49.59) χ2=0.679 0.41

Surgery, n (%) χ2=5.191 0.075
ERCP 24 (7.10) 9 (7.31)

Other 33 (9.76) 4 (3.25)

Mortality, n (%)
Survival 285 (84.32) 103 (83.73) χ2=0.023 0.880

Death 53 (15.68) 20 (16.26)

Pancreatic cyst necrosis, n (%) χ2=0.099 0.753
Yes 263 (77.81) 94 (35.77)

No 75 (22.19) 29 (64.23)

Hospitalization (days), medium
(IQR)

16 (10.21) 16 (10.22) z=−0.098 0.922

Abbreviations: BMI, body mass index; Cr, serum creatinine; TC, total cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate
dehydrogenase; WBC, white blood cell; PCT, procalcitonin; CRP, C-reactive protein; BUN, blood urea nitrogen, PLT, platelet; TG, triglycerides; TBil, total bilirubin;
D Bil, direct bilirubin; IQR, inter-quartile range.
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Table 2 Univariate and Multivariate Analyses of Risk of Death from Severe Acute Pancreatitis

Variable Survival Non-Survival P-value OR (95% CI) P-value

Sex, n (%) χ2=1.633 0.201
Male 172 (60.35) 27 (50.94)

Female 113 (39.65) 26 (40.05)

BMI (kg/m2), median (IQR) 24.61 (22.22, 26.99) 27.68 (24.77, 30.12) z=−5.293 <0.001 0.798 (0.724–0.88) <0.001
Age (years), median (IQR) 52.00 (38.00, 67.00) 54.00 (43.00, 64.00) z=−0.291 0.771

Etiology, n (%) χ2=2.453 0.484

Gallstone 122 (42.81) 28 (52.83)
Lipogenic 101 (35.45) 17 (32.07)

Alcoholic 31 (10.87) 3 (5.66)

Others 31 (10.87) 5 (9.44)
Hypertension, n (%) 36 (12.63) 6 (11.32) χ2=0.791 0.791

Diabetes mellitus, n (%) 60 (21.05) 14 (26.42) χ2=0.752 0.386

Smoking, n (%) 56 (19.64) 8 (15.09) χ2=0.604 0.437
Drinking, n (%) 50 (17.54) 8 (15.09) χ2=0.189 0.664

Disease recurrence, n (%) 57 (20.0) 14 (26.42) χ2=1.108 0.292

WBC (×109/L), median (IQR) 12.00 [9.00, 14.40] 12.20 [8.49, 16.09] z=0.508 0.508
PCT (μg/L), median (IQR) 2.60 [0.70, 4.30] 4.15 [2.78, 11.70] z=−4.743 <0.001 0.914 (0.87–0.961) <0.001

CRP ((μg/L), median (IQR)) 78.70 [15.96, 178.28] 111.40 [19.04, 269.98] z=−1.439 0.15

AST (U/L), median (IQR) 26.00 [23.60, 38.90] 26.50 [24.75, 40.50] z=−0.303 0.762
LDH (U/L), median (IQR) 498.00 [5.87, 748.00] 556.50 [6.20, 692.35] z=−0.190 0.849

BUN (mmol/L), median (IQR) 7.10 [4.90, 17.10] 8.70 [5.20, 19.05] z=−1.23 0.219

PCT (×109/L), median (IQR) 181.20 [140.00, 233.00] 219.00 [167.50, 246.00] z=−2.214 0.027 0.997 (0.992–1.001) 0.137
Albumin (g/L), (median (IQR) 34.33 [29.80, 39.40] 37.41 [31.60, 41.45] z=−1.954 0.051 0.966 (0.97–1.022) 0.757

RANSON score, median (IQR) 4.00 [3.00, 5.00] 4.00 [4.00, 6.00] z=−4.089 <0.001 0.617 (0.468–0.813) 0.001

TG (mmol/L), median (IQR) 3.47 [1.10, 13.77] 3.18 [1.17, 16.02] z=0.555 0.579
TBil (μmol/L), median (IQR) 19.40 [14.10, 41.00] 16.20 [11.40, 28.90] z=−1.845 0.065 1.003 (0.961–1.047) 0.765

DBil (μmol/L), median (IQR) 8.80 [4.30, 23.50] 5.20 [3.80, 13.70] z=−2.323 0.02 1.009 (0.952–1.069) 0.765

CK (μg/L), median (IQR) 96.00 [42.00, 251.00] 75.00 [34.00, 187.00] z=−0.924 0.356
TC (mmol/L) (median [IQR]) 4.60 [3.05, 8.75] 5.05 [3.18, 9.31] z=−0.840 0.401

(Continued)
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Table 2 (Continued).

Variable Survival Non-Survival P-value OR (95% CI) P-value

Amylase (U/L) (median [IQR]) 622.50 [369.34, 1200.00] 850.30 [556.20, 1657.00] z=−1.658 0.097 1.00 (1.00–1.00) 0.771
ALT (U/L), median (IQR) 42.00 [22.00, 93.00] 34.00 [18.00, 99.00] z=−0.709 0.478

Transferred to the ICU, n (%) 130 (45.61) 23 (43.39) z=−0.089 0.766

Surgery, n (%) z=−4.096 0.129
ERCP 18 (6.31) 6 (11.32)

Others 26 (9.12) 7 (13.21)

Pancreatic cyst necrosis, n (%)
Yes 222 (77.89) 41 (77.36) χ2=0.007 0.931

No 63 (22.11) 12 (22.64)
Hospitalization (days), medium

(IQR)

15.00 (9.00, 21.00) 17.00 (12.00, 21.50) z=−1.234 0.127

Abbreviations: BMI, body mass index; Cr, serum creatinine; TC, total cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; WBC, white blood cell; PCT, procalcitonin; CRP,
c-reactive protein; BUN, blood urea nitrogen; PLT, platelet; TG, triglycerides; TBil, total bilirubin; D Bil, direct bilirubin; IQR, inter-quartile range; OR, odds ratio.
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Calibration Curve and Decision Curve
In the training set and validation set, decision curve analysis suggested that BMI+RANSON had a significant positive net
benefit within the range of death risk, thus revealing that the model had good clinical value in predicting 28-day
mortality. Moreover, the model calibration and prediction curves for patients’ 28-day survival showed a perfect correla-
tion in the training group. In the validation set, the results revealed that the model had the same reliability (Figures 2
and 3).

Discussion
This study suggested that RANSON score+BMI was not only superior to RANSON score but also superior to single
indicators such as BMI and PCT. RANSON score+BMI was better at predicting the mortality from SAP than RANSON
score+PCT or BMI + PCT. Therefore, RANSON score+BMI can be used as improved RANSON score in clinical
promotion and application.

RANSON scores consist of inflammation indicators, body fluid loss, liver and kidney function indicators, etc. Shelat
et al proposed that fluid loss indicators of RANSON scores can be adopted to guide fluid therapy, as compared with other
scores. Moreover, the 48-h time-point assessment is a cumulative assessment to predict severity and mortality to guide

Figure 1 Receiver operating characteristic curve of the model (A and B) training cohort and (C and D) validation cohort. Model 1: BMI+RANSON; Model 2: PCT+
RANSON; Model 3: BMI+PCT; Model 4: PCT+BMI+RANSON.
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subsequent management of patients. Shelat et al considered the 48-h RANSON score a potential advantage, instead of an
inherent disadvantage. Ong et al considered the RANSON score as the oldest scoring system, which has maintained its
clinical effectiveness for years and has been confirmed to exhibit consistent and high prognostic accuracy.10 BMI is
capable of indicating patients’ nutritional status, and RANSON score+BMI can be employed to guide patients’
nutritional support at later stages. Miko et al reported that the ability of RANSON score to predict the mortality was
the same as that of APACHE II score (AUC: 0.87 vs 0.91), thus outperforming BISAP score and CTSI score.16 In
contrast to APACHE II and BISAP score, RANSON score achieves the highest AUC value (0.92) and the highest
sensitivity (0.93) and DOR (23.44) in predicting death risk.17 Consistent with previous research conclusions, RANSON
score in this study was found with high prediction efficiency in the validation set and training set; on that basis, the
prediction ability of improved RANSON score was also improved.

Figure 2 Decision curve analysis (DCA) of BMI+RANSON score. (A) In the training set, the diagnostic threshold of BMI+RANSON score was 0.72. (B) In the validation
set, the diagnostic threshold of BMI+RANSON score was 0.80. The X-axis and Y-axis represent threshold probability and net return, respectively. For clinical use of BMI
combined with the RANSON score as a model for the risk of death from SAP, a net gain curve was shown in DCA. When the threshold value of diagnostic model is between
0.50 and 0.99, patients will get corresponding net benefit as long as they take treatment measures.
Abbreviation: DCA, decision curve analysis.

Table 3 Comparison of Prediction Ability Between Models in Training Set and Validation Set

AUC差值 z P-value NRI% P-value IDI% P-value

Training set

Model 1-Model 2 0.030 0.791 0.429 18.50 0.002 12.89 <0.001
Model 1-Model 3 0.001 0.042 0.966 7.49 0.049 7.01 <0.001

Model 1-Model 4 0.031 1.795 0.072 3.50 0.316 1.90 0.184

Model 2-Model 3 0.029 0.701 0.483 18.90 <0.001 12.70 <0.001
Model 2-Model 4 0.061 2.102 0.035 11.06 0.016 5.88 0.02

Model 3-Model 4 0.032 1.403 0.161 7.84 0.038 6.81 <0.001

Validation set
Model 1-Model 2 0.107 2.17 0.043 14.03 0.001 9.46 <0.001

Model 1-Model 3 0.121 1.903 0.049 9.03 0.180 10.32 <0.001

Model 1-Model 4 0.020 0.845 0.397 3.61 0.110 0.50 0.029
Model 2-Model 3 0.015 0.185 0.853 14.03 0.081 8.96 0.003

Model 2-Model 4 0.086 1.969 0.049 5.00 0.304 0.86 0.806

Model 3-Model 4 0.101 1.964 0.049 9.03 0.182 9.82 <0.001

Notes: Model 1, BMI+RANSON score; Model 2, PCT+RANSON score; Model 3, BMI+PCT; Model 4: BMI+PCT+ RANSON score.
Abbreviations: AUC, area under the curve; NRI, net weight classification improved; IDI, comprehensive differential improvement.
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High BMI in patients refers to a well-known risk factor for AP, and patients with high BMI achieve higher morbidity
and mortality. Ragesh Babu Thandassery et al found BMI ≥23 kg/m2 as an important predictor of severe course of
disease and fatal outcome in AP patients.18 In accordance with the study of Pancreatic Disease Association of Japan, high
BMI has been confirmed as an independent risk factor for the death risk of SAP, and THE cut-off value of BMI in
predicting the death risk of SAP is 26.15 kg/m2.19 In another meta-analysis of eight studies recruiting 939 patients, Wang
et al20 found an increased incidence of SAP, local complications, and mortality in overweight (BMI 25–30 kg/m2) AP
patients. In this study, BMI in the SAP death group was significantly higher than that in the survival group, and the
optimal cut-off value of BMI in predicting the mortality from SAP was 27.12 kg/m2. However, BMI or abdominal
circumference generally employed for clinical prediction of AP stratification and mortality has not reached a unified
cutoff value, thus resulting in their low clinical use value.

Existing studies have reported that PCT produced by the liver is capable of predicting the severity of the disease.20,21

The optimal cut-off value of PCT in predicting pancreatic tissue necrosis and organ failure secondary to systemic
inflammatory infection is 1.8 mg/L, which is still controversial in predicting the risk of death and stratification of acute
severe pancreatitis. First, PCT peaks at 24–72 h, so its measurement time is also controversial,5,22–24 and its clinical value
in the early stage of acute pancreatitis is limited. In this study, PCT and RANSON score were combined into a novel
score, and even BMI and PCT were included in RANSON score. Interestingly, the prediction ability of RANSON score
with the two variables included was not better than that of RANSON score with the single variable included. This is
probably because each prediction model exhibits the maximum prediction ability, and the prediction ability of the
respective single indicator will also affect the overall prediction ability. The same type of indicators may show
collinearity, so different directions should be selected during the exploration of the scoring of multi-indicator
construction.

In this study, BMI+RANSON score was considered with promising applications. We consider that the improved score
has the following advantages: 1) BMI is relatively stable compared with inflammation indicators, and RANSON score
consists of liver and kidney function, inflammation indicators, etc. Compared with inflammation indicators (eg, PCT),
BMI can serve as a supplement to RANSON score in different aspects. 2) Existing studies have classified BMI into
normal overweight and obesity and have assigned one point to each of the three intervals, whereas the differences in
patients within the intervals were not revealed. In this study, BMI values were incorporated into RANSON score by the
regression equation, thus decreasing the number of patients assigned by BMI. Differences in patients of the same interval

Figure 3 Calibration plots for predicting 28-day mortality of acute severe pancreatitis (A) training cohort and (B) validation cohort. This figure shows the relationship
between the bias correction curve and the ideal curve. The gray dotted line on the diagonal is the ideal model (prediction probability = actual probability), and the solid line
represents the calibration curve of the prediction model. The solid line is close to the dotted line in the figure, indicating that the model has good performance. The
calibration curve shows that the actual probability is closely related to the predicted results of the model.
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could not be significantly identified, and the method was found to be more scientific. 3) Mass fluid therapy is the
treatment of AP, and the accuracy of fluid loss in RANSON score is reduced. BMI is stable during a hospital stay, thus
enhancing the stability of RANSON score. 4) The patient data of the training set and validation set were from different
medical centers, which could be more reliable than the data of a single center.

Furthermore, this study still had a large number of limitations. We only studied the optimized model to predict the
mortality from SAP and did not explore the stratification of AP pancreatitis severity in depth. In further research, the
ability of the optimized model to predict stratification in AP will be further explored. At the same time, in this study, the
main outcome variable was acute severe pancreatitis as the main cause of death, and patients with major cardiovascular
diseases (myocardial infarction and acute coronary syndrome) and immune diseases were further excluded. To avoid
the effect arising from data selection deviation on the study, confounding factors were excluded through multiple
logistic regression and other methods in this study to make the risk factors of acute severe pancreatitis more credible.
For this study, it is still necessary to expand the sample size, select more single indicators, compare the prediction
ability of the classical model with that of the optimized model, and conduct a multi-center study to verify its prediction
value.

Conclusions
BMI, PCT and RANSON score were found as the independent risk factors for death in patients with SAP. RANSON
score+BMI was found to be better than RANSON score in predicting death risk in patients with SAP. RANSON score
+PCT, BMI+PCT, and PCT+RANSON score for BMI.
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