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Background: Acute pancreatitis (AP) is associated with significant morbidity and mortality when progressing to severe acute 
pancreatitis (SAP). Timely and accurate prediction of SAP remains challenging due to the limitations of existing clinical scoring 
systems in terms of sensitivity, specificity, and operational practicality. Inflammatory indices derived from routine blood tests have 
emerged as promising alternatives, though dynamic monitoring beyond admission remains underexplored.
Purpose: This study aimed to evaluate dynamic changes in inflammatory indices at admission and 48 hours post-admission in AP 
patients, investigate their predictive capacity for SAP development, and establish a novel predictive model.
Patients and Methods: A retrospective analysis was conducted on 343 AP patients, including 76 SAP and 267 non-SAP cases. 
Blood routine parameters were collected at admission and 48 hours thereafter. The roles of the neutrophil-to-lymphocyte ratio (NLR), 
neutrophil-to-platelet ratio (NPR), systemic inflammation response index (SIRI), and other inflammatory indices in AP were analyzed 
and compared with six traditional clinical scores. Feature selection was performed using LASSO regression, followed by the 
construction of a multivariate logistic regression model. The model was evaluated via receiver operating characteristic curves, 
calibration curves, and decision curve analysis.
Results: The SAP group showed significant elevations in NLR0, NLR48, NPR0, NPR48, NPR48/NPR0, SIRI48, and SIRI48/SIRI0. 
Among these, NPR48 exhibited the highest predictive performance for SAP, comparable to the Ranson score. The NPR48-based 
nomogram achieved an AUC of 0.905, with 86.8% sensitivity and 82.4% specificity, significantly outperforming all clinical scores.
Conclusion: Dynamic monitoring of NPR, particularly its value at 48 hours post-admission (NPR48), significantly improves early 
SAP detection. Through LASSO regression for feature selection, we developed and validated a novel NPR48-based nomogram that 
combines NPR48 with other relevant clinical variables. This tool is efficient, cost-effective, and readily applicable in clinical settings 
for warning of SAP.
Keywords: acute pancreatitis, severe acute pancreatitis, inflammatory indices, prediction model, NPR48

Introduction
Acute pancreatitis (AP) is a clinical syndrome characterized by acute inflammation of the pancreas and associated 
systemic pathological responses, with an estimated annual global incidence of approximately 34 cases per 100,000 
individuals.1 The predominant etiological factors contributing to AP include gallstones, chronic alcohol abuse, and 
hyperlipidemia.2 Based on the revised Atlanta classification system, AP can be categorized into mild acute pancreatitis 
(MAP), moderately severe acute pancreatitis, and severe acute pancreatitis (SAP), each exhibiting distinct prognostic 
profiles. Notably, approximately 70%–80% of patients present with MAP, which typically follows a self-limiting course 
and is associated with a mortality rate of less than 1%. Conversely, 15%–20% of patients progress to SAP, often 
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accompanied by persistent organ dysfunction or infectious complications, resulting in mortality rates ranging from 20% 
to 40%.3,4 Consequently, the timely identification of high-risk patients for SAP is critical for predicting disease 
development trends and adjusting therapeutic strategies.5

Currently, the severity assessment of AP primarily relies on clinical scoring systems, including the Ranson, Systemic 
Inflammatory Response Syndrome (SIRS), Bedside Index for Severity in Acute Pancreatitis (BISAP), Modified Marshall 
Score, Acute Physiology And Chronic Health Evaluation II (APACHE II), and Sequential Organ Failure Assessment 
(SOFA).6,7 Nevertheless, these systems exhibit notable limitations in clinical application. The Ranson score requires data 
collected at admission and 48 hours later. Its complex process and low early sensitivity limit its usefulness for early 
detection. The SIRS score is quick to apply but lacks specificity, often leading to overestimation of severity. BISAP is 
simple and uses data from the first 24 hours, but it is not sensitive enough for identifying SAP. The Modified Marshall 
Score assesses organ dysfunction and helps monitor disease progression. However, it requires multiple complex 
measurements, making it difficult to apply consistently. APACHE II provides comprehensive evaluation for critically 
ill patients but is impractical due to its complexity and data demands. SOFA tracks organ function changes during 
hospitalization and was designed for sepsis; it is less effective in early AP prediction. In summary, these scoring systems 
have shortcomings in early sensitivity, specificity, or ease of use. This highlights the need to investigate more efficient 
predictive indicators.8

In recent years, numerous studies have suggested the application of laboratory-based markers to assess the severity of 
AP.9–11 Notably, inflammatory indices derived from routine blood tests, characterized by their rapidity and cost- 
effectiveness, have emerged as a research focus.12,13 The progression of SAP involves the release of numerous 
inflammatory mediators, which trigger a cascade of inflammatory responses, resulting in bacterial translocation and 
secondary damage to distant organs. Consequently, utilizing inflammation-related indicators to predict the likelihood of 
SAP development appears justified.

The neutrophil-to-lymphocyte ratio (NLR) has been consistently recognized as a reliable marker for predicting both 
inflammatory progression and pancreatitis severity, and it is recommended as an early predictor of AP.14–16 Beyond NLR, 
other inflammatory indices include the systemic immune-inflammation index (SII), platelet-to-lymphocyte ratio (PLR), 
lymphocyte-to-monocyte ratio (LMR), neutrophil-to-platelet ratio (NPR), and systemic inflammation response index 
(SIRI).

The majority of existing studies concentrate on the blood profile at admission, whereas there is a paucity of research 
focusing on dynamic monitoring of the blood profile post-admission.13 Nevertheless, inflammatory indices at admission 
may still be in their early ascending phase, and a single measurement might underestimate the actual risk while 
overlooking critical trends.17 A dynamic evaluation conducted at two distinct time points can more precisely reflect 
the characteristics of inflammatory kinetics, thereby providing a robust basis for risk stratification. Furthermore, 
calculating the ratio between the blood profiles at admission and post-admission could theoretically mitigate the impact 
of individual variability.

The severity of AP generally does not become fully apparent at the time of admission. Instead, it is a dynamically 
evolving process. During the early phase of the disease (0–24 hours), it is primarily characterized by the initiation of 
local inflammatory responses, and systemic symptoms remain inconspicuous. Subsequently, a significant quantity of 
inflammatory mediators is released into the bloodstream, which triggers the SIRS and organ dysfunction. The peak of this 
pathological process typically occurs between 24 and 72 hours. Consequently, the 48-hour time point serves as a crucial 
transition window from local inflammation to systemic damage. Clinical parameters obtained at this time point can more 
precisely reflect the severity of the disease and the prognosis trends compared to evaluations conducted at earlier stages 
(such as within 12–24 hours). Moreover, the 48-hour time point coincides with the critical decision-making time 
recommended in current major clinical guidelines for re-evaluating the severity of AP and adjusting treatment 
strategies.18,19

This study aims to systematically assess the dynamic changes in inflammatory factors at two specific time points (at 
admission and 48 hours thereafter) among patients with acute pancreatitis, as well as to elucidate their association with 
the progression of SAP. Additionally, this study investigates whether integrating inflammatory indices into predictive 
models enhances the specificity of SAP identification. The results of this study are anticipated to offer clinicians an 

https://doi.org/10.2147/JIR.S544209                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 14308

Gu and Ye                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



objective decision-making foundation based on dynamic blood testing, enabling timely recognition of inflammation 
signals and adjusting treatment strategies, ultimately improving patient outcomes.

Materials and Methods
Study Population
The study retrospectively reviewed the electronic medical records of patients from the Department of Gastroenterology at 
the First Affiliated Hospital of Wenzhou Medical University.

Inclusion Criteria: Patients diagnosed with AP between January 2016 and December 2023 were included in the study. 
Exclusion Criteria: 1. Ages below 18 years or above 80 years; 2. Time from symptom onset to hospital admission exceeding 
72 hours; 3. Other possible causes of pancreatic disease (eg, chronic pancreatitis, trauma, pregnancy-related pancreatitis, or 
pancreatic cancer); a history of previous pancreatic surgery; 4. A history of severe cardiovascular, pulmonary, hepatic, or 
renal diseases; 5. A history of immune or hematological disorders; 6. A history of malignancies, chemotherapy, or radiation 
therapy; 7. Hospital stays shorter than 48 hours; 8. Insufficient clinical documentation or incomplete medical records. 
Ultimately, a total of 343 AP patients met the inclusion criteria and were included in the study (Figure 1).

Figure 1 Flow chart of study inclusions and exclusions. 
Abbreviations: AP, acute pancreatitis; SAP, severe acute pancreatitis.
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Data Collection
The electronic medical records of patients from the First Affiliated Hospital of Wenzhou Medical University were 
retrospectively reviewed. Based on existing literature and prior clinical experience, we collected patient data at 
admission, including demographic information (age, gender, BMI, medical history), laboratory test results upon admis
sion, and blood counts within 48 hours post-admission.

The SII, NLR, PLR, LMR, NPR, and SIRI were calculated based on the medical records.12 SII was calculated as the 
neutrophil counts multiplied by the platelet counts and divided by the lymphocyte counts. NLR was calculated as the 
neutrophil counts divided by the lymphocyte counts. PLR was calculated as the platelet counts divided by the 
lymphocyte counts. LMR was calculated as the lymphocyte counts divided by the monocyte counts. NPR was calculated 
as the neutrophil counts multiplied by 1000 and divided by the platelet counts. SIRI was calculated as the neutrophil 
counts multiplied by the monocyte counts and divided by the lymphocyte counts. All cell counts are expressed in 109/L.

Commonly used clinical scores for predicting the severity of AP were also calculated using the medical records, 
including the Ranson, SIRS, BISAP, Modified Marshall Score, APACHE II, and SOFA.

The primary outcome measure was the incidence of SAP. The secondary outcome measure was the length of hospital 
stay.

Definition and Diagnostic Criteria
Two or more of the following three requirements must be met in order to diagnose AP, under the 2012 revisions to the 
Atlanta criteria:20 (a) Persistent upper abdominal pain; (b) Characteristic imaging findings of AP; (c) Serum amylase and/ 
or lipase levels were elevated to at least three times the upper limit of normal.

The severity of AP is classified as follows: (a) Mild acute pancreatitis, which is characterized by the absence of both 
local complications and organ failure; (b) Moderate-severity acute pancreatitis, defined by the presence of transient organ 
failure (<48 hours) and/or local complications; (c) Severe acute pancreatitis, characterized by persistent organ failure 
(≥48 hours), with or without associated local complications.

Organ failure was determined using the Modified Marshall Score System, which evaluates the respiratory, renal, and 
cardiovascular functions. Organ failure is identified when the Modified Marshall Score reaches or exceeds two for any of 
these three systems. Local complications encompass acute peripancreatic fluid accumulation, acute necrotic collections, 
pancreatic pseudocysts, encapsulated necrosis, and infected pancreatic necrosis.

Etiological Classification
The etiological diagnostic criteria for AP are as follows: 1. Biliary acute pancreatitis (BAP) can be diagnosed if any of the 
following criteria are met:21 (a) Imaging examinations (eg, abdominal ultrasonography, computed tomography, magnetic 
resonance imaging, or magnetic resonance cholangiopancreatography) detect cholelithiasis, common bile duct stones, or 
cholestasis. (b) Alanine aminotransferase > 100 U/L and total bilirubin > 2.3 mg/dL in the absence of any other definitive 
explanation. 2. Hyperlipidemic acute pancreatitis (HLAP) can be diagnosed when either of the following conditions is met, 
and other definite etiologies are excluded:22 (a) Serum triglyceride levels are ≥11.3 mmol/L. (b) Serum triglyceride levels are 
5.65–11.3 mmol/L and the serum appears chylous. 3. Alcoholic acute pancreatitis (AAP) can be diagnosed if there is 
a history of long-term and heavy alcohol consumption prior to the onset of the disease (for men >40–80 g/d; for women >40– 
60 g/d, either for over 5 years or with substantial intake over a shorter period), and other definite etiologies are ruled out.23 4. 
Other etiologies AP can be diagnosed in cases that do not fall into the above classifications. Through detailed history-taking, 
other definite causes are identified (eg, chronic pancreatitis, trauma, pregnancy-related pancreatitis, pancreatic cancer). 5. 
Idiopathic AP can be diagnosed if no definitive etiology can be identified from the aforementioned categories following 
a comprehensive initial assessment, which includes evaluation of medical history, laboratory tests, and imaging studies.

Exclusion of Other Etiologies AP
To minimize the interference of potential confounding factors to the greatest extent, other etiologies AP cases were 
excluded. The specific diagnostic process is as follows: For patients with a long-term history of abdominal pain, chronic 
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pancreatitis can be diagnosed by integrating characteristic imaging findings (eg, pancreatic calcification and irregular 
dilation of the pancreatic duct). For patients with a clear history of abdominal trauma, traumatic pancreatic injury can be 
diagnosed by combining the imaging signs of pancreatic contusion or laceration. For all female AP patients of child
bearing age, sexual history was routinely inquired about, and serum β-hCG detection was performed to diagnose whether 
pregnancy was complicated. For patients with pancreatic space-occupying lesions, initial evaluation was first carried out 
through computed tomography or magnetic resonance imaging. For highly suspicious cases, further endoscopic ultra
sound-guided biopsy was performed to clarify the pathology, enabling the diagnosis of pancreatic cancer.

In conclusion, this study identified and excluded other conditions through a detailed systematic review and thorough 
examination of medical histories.

Treatment Protocol
All AP patients were managed according to the latest Chinese guidelines for AP.24,25 Core treatments included early fluid 
resuscitation, pain management, nutritional support, and treatment of complications. Intensive care unit (ICU) admission 
criteria were based on guideline recommendations and included persistent organ failure (respiratory, circulatory, or 
renal), the need for organ support (eg, invasive mechanical ventilation or blood purification), sepsis or septic shock, and 
other severe complications (eg, abdominal compartment syndrome).

Study Groups
In this study, all AP patients (N = 343) were categorized into two groups according to the occurrence of SAP: the Non- 
SAP group (N = 267) and the SAP group (N = 76). They were also categorized into three groups according to etiology: 
BAP group (N = 163), HLAP group (N = 102), and the combined group of AAP and idiopathic AP (N = 78).

Data Processing
The sample size of this study was estimated based on the incidence of SAP (15–20%) reported in previous literature.3 

Setting α = 0.05 and β = 0.20 (statistical power of 80%), the minimum sample size required was calculated to be 300 
cases. In this study, 343 patients were enrolled ultimately. This sample size meets the requirements of statistical test 
power, ensuring the robustness of the model and the reliability of the research findings.

Variables with a missing rate exceeding 25% were excluded from the analysis. For variables with a missing rate 
between 5% and 25%, multiple imputation was employed to replace missing values. For variables with a missing rate 
below 5%, single imputation (mode or median) was utilized to address missing data (Table S1). To assess the influence of 
imputation on the NPR48-based model, the model was retrained using a complete-case dataset, which was generated by 
excluding all instances with missing values. The results showed an area under the curve (AUC) of 0.903, differing by less 
than 0.03 from the original result, with the significance direction and effect size of all key variables remaining unchanged 
(Table S2). This indicates that the imputation process did not alter the underlying data relationships, confirming the 
robustness of the primary findings.

Construction and Evaluation of the Model
This study evaluated a total of 34 clinical and inflammatory indices, including NPR48, as potential predictive variables. 
Given the high dimensionality of the dataset, Least Absolute Shrinkage and Selection Operator (LASSO) regression was 
employed to perform variable selection. This approach applies an L1 penalty to the regression coefficients, thereby 
enabling model regularization and the identification of key predictors. Compared to conventional stepwise regression 
methods, LASSO demonstrates improved stability in handling high-dimensional data and helps prevent overfitting while 
enhancing model generalizability. The variables selected by LASSO were incorporated into a multivariate logistic 
regression model to construct the predictive model.

The discriminatory ability of different inflammatory indices, clinical scores, and the predictive model was evaluated 
using the receiver operating characteristic (ROC) curve, AUC, and confusion matrices. The optimal cutoff value for the 
predictive model was determined using the Youden index. Model calibration was evaluated via calibration curves and the 
Hosmer–Lemeshow test, while clinical utility was assessed using decision curve analysis (DCA).
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Statistical Analysis
The normality of continuous variables was assessed using the Kolmogorov–Smirnov test. For normally distributed 
variables, differences between groups were evaluated using the independent samples T-test; for non-normally distributed 
variables, the Mann–Whitney U-test was applied. Normally distributed variables were presented as mean ± standard 
deviation, while non-normally distributed variables were expressed as median (interquartile range). Categorical variables 
were analyzed using the chi-square test or Fisher’s exact test, as appropriate, and reported as frequency (percentage).

All statistical analyses and data visualizations were performed using R (version 4.4.2). A P-value less than 0.05 was 
regarded as statistically substantive.

Results
Baseline Characteristics of Patients
Based on the inclusion and exclusion criteria, a total of 343 patients were included in this study, with 76 (22.2%) 
classified into the SAP group and 267 (77.8%) into the Non-SAP group. The baseline characteristics of the patients are 
presented in Table 1. In the overall cohort, the mean age was 47 years, with males comprising 69.7% of the population, 
and the average BMI was 25.34 kg/m2.

Intergroup comparisons between the SAP and Non-SAP groups revealed that the SAP group had significantly higher 
proportions of alcohol consumption (44.7% vs 30.3%, P = 0.027), smoking (38.2% vs 24.0%, P = 0.021), and fatty liver 
disease (69.7% vs 52.8%, P = 0.013). Laboratory findings indicated that the SAP group exhibited more pronounced 
inflammatory responses (white blood cell, P < 0.05), blood concentration (increased red blood cell, hemoglobin, and 
hematocrit, all P < 0.01), metabolic disturbances (elevated glucose, blood urea nitrogen, and TG, and reduced high- 
density lipoprotein cholesterol, all P < 0.01), and organ dysfunction (increased aspartate transaminase and serum 
creatinine, and decreased serum albumin, all P < 0.001). Coagulation parameters (prothrombin time, international 
normalized ratio) and electrolyte levels (serum potassium, serum sodium, serum calcium) were also significantly altered 
in the SAP group (all P < 0.01). Furthermore, the hospital stay for the SAP group was nearly twice as long compared to 
the Non-SAP group (16.8 days vs 7.8 days, P < 0.001). These findings indicate that SAP patients experience more severe 
systemic inflammation, metabolic abnormalities, and multi-organ dysfunction.

Comparison of Inflammatory Indices and Clinical Scores Between Groups
This study systematically analyzed and compared the differences in inflammatory indices and clinical scores between the 
Non-SAP group and the SAP group (Table 1). The findings demonstrated that the severity of AP was significantly 
associated with most inflammatory indices and all clinical scores.

Regarding inflammatory indices, the NLR0 and NLR48 values in the SAP group were higher than those in the Non- 
SAP group (P < 0.05). Furthermore, the NPR0 and NPR48 levels in the SAP group were markedly elevated compared to 
the Non-SAP group (P < 0.001). The SIRI48 value in the SAP group was significantly increased (P < 0.001), whereas 
PLR48 and LMR48 were notably reduced (P < 0.01). Dynamic analysis indicated that the ratios of NPR48/NPR0 and 
SIRI48/SIRI0 in the SAP group were significantly higher than those in the Non-SAP group (P < 0.005), suggesting 
a more persistent inflammatory response in SAP patients. Notably, NPR was the sole marker that exhibited significant 
increases both at admission and 48 hours post-admission in the SAP group, with a pronounced difference in its dynamic 
ratio.

In terms of clinical scoring, all clinical scores revealed that the SAP group had significantly higher scores than the 
Non-SAP group (P < 0.005). Among these, the Ranson and APACHE II showed particularly significant differences (all 
P < 0.001), indicating more severe systemic inflammation and organ dysfunction in SAP patients.

In conclusion, SAP patients displayed a stronger systemic inflammatory response (eg, elevated NLR, NPR, and SIRI) 
and an imbalance in immune regulation (eg, decreased PLR48 and LMR48). These results suggest that inflammatory 
indices may serve as potential predictors of AP severity. Moreover, traditional clinical scores (eg, Ranson and APACHE 
II) effectively differentiate disease severity. Combining dynamic monitoring of inflammatory indices with classical 
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Table 1 Characteristics of Patients Between Non-SAP Group and SAP Group

Variables Total (N=343) Non-SAP Group (N=267) SAP Group (N=76) P-value

Baseline
Age, years (IQR) 47 (37, 60) 47 (37, 61) 45 (37, 58) 0.749

Gender, male, N (%) 239 (69.7) 181 (67.8) 58 (76.3) 0.199

BMI, kg/m2 (IQR) 25.34 (3.85) 25.21 (3.87) 26.07 (3.71) 0.189
Comorbidities
Hypertension, N (%) 81 (23.6) 58 (21.7) 23 (30.3) 0.163

Diabetes, N (%) 100 (29.2) 72 (27.0) 28 (36.8) 0.126
Fatty liver, N (%) 194 (56.6) 141 (52.8) 53 (69.7) 0.013

Hyperlipidemia, N (%) 119 (34.7) 88 (33.0) 31 (40.8) 0.259
Alcohol, N (%) 115 (33.5) 81 (30.3) 34 (44.7) 0.027

Smoking, N (%) 93 (27.1) 64 (24.0) 29 (38.2) 0.021

Laboratory parameters
WBC, 109/L (IQR) 11.40 (8.10, 15.02) 11.13 (8.04, 14.10) 12.73 (8.31, 18.77) 0.014

RBC, 1012/L (IQR) 4.55 (4.18, 4.99) 4.48 (4.16, 4.86) 4.94 (4.26, 5.39) <0.001

Hb, g/L (SD) 141.4 (23.3) 138.5 (20.2) 151.6 (29.8) <0.001
HCT, % (SD) 41.51 (6.17) 40.79 (5.33) 44.04 (8.03) 0.001

Neut0, 109/L (IQR) 9.22 (6.20, 13.07) 9.06 (6.08, 12.10) 11.11 (6.70, 16.80) 0.006

Neut48, 109/L (IQR) 6.30 (4.00, 8.99) 5.85 (3.80, 8.44) 7.90 (5.94, 10.81) <0.001
Ly0, 109/L (IQR) 1.20 (0.90, 1.60) 1.20 (0.90, 1.60) 1.19 (0.87, 1.56) 0.555

Ly48, 109/L (IQR) 1.30 (0.90, 1.80) 1.31 (0.95, 1.84) 1.14 (0.80, 1.68) 0.093

Mon0, 109/L (IQR) 0.59 (0.40, 0.85) 0.58 (0.41, 0.83) 0.66 (0.38, 0.91) 0.615
Mon48, 109/L (IQR) 0.50 (0.36, 0.78) 0.49 (0.34, 0.72) 0.65 (0.40, 0.85) 0.004

PLT0, 109/L (IQR) 199 (162, 244) 200 (163, 246) 187 (137, 240) 0.057

PLT48, 109/L (IQR) 208 (161, 251) 219 (174, 263) 158 (114, 206) <0.001
SII0 (IQR) 1526.02 (864.29, 2598.44) 1423.08 (867.99, 2347.24) 1963.96 (829.69, 3054.11) 0.137

SII48 (IQR) 914.98 (525.48, 1735.67) 914.98 (520.88, 1704.96) 906.60 (549.15, 1801.28) 0.655

SII48/SII0 (IQR) 0.61 (0.39, 1.15) 0.65 (0.40, 1.17) 0.52 (0.38, 0.99) 0.406
NLR0 (IQR) 7.58 (4.73, 11.98) 7.32 (4.71, 11.00) 9.97 (5.07, 16.01) 0.014

NLR48 (IQR) 4.73 (2.85, 7.93) 4.28 (2.60, 7.54) 6.08 (4.16, 9.98) <0.001

NLR48/NLR0 (IQR) 0.65 (0.39, 1.03) 0.65 (0.37, 1.02) 0.66 (0.51, 1.26) 0.097
PLR0 (IQR) 162.94 (110.89, 238.12) 162.93 (112.10, 235.30) 166.98 (101.27, 246.01) 0.828

PLR48 (IQR) 156.77 (99.27, 240.87) 163.64 (107.57, 241.34) 123.46 (66.44, 221.25) 0.006

PLR48/PLR0 (IQR) 0.94 (0.58, 1.66) 0.96 (0.62, 1.69) 0.79 (0.48, 1.49) 0.032
LMR0 (IQR) 2.00 (1.34, 3.43) 2.00 (1.38, 3.45) 1.99 (1.17, 3.34) 0.498

LMR48 (IQR) 2.50 (1.43, 4.49) 2.78 (1.53, 4.88) 2.07 (1.20, 3.32) 0.004

LMR48/LMR0 (IQR) 1.22 (0.70, 2.10) 1.31 (0.73, 2.25) 0.97 (0.58, 1.78) 0.020
NPR0 (IQR) 47.36 (31.14, 70.56) 45.52 (29.55, 65.14) 63.81 (38.01, 90.38) <0.001

NPR48 (IQR) 30.42 (18.88, 47.89) 26.96 (17.65, 40.97) 51.06 (36.62, 78.43) <0.001

NPR48/NPR0 (IQR) 0.67 (0.49, 0.90) 0.63 (0.46, 0.87) 0.88 (0.65, 1.17) <0.001
SIRI0 (IQR) 4.52 (2.23, 8.78) 4.28 (2.23, 7.78) 6.24 (2.30, 12.92) 0.069

SIRI48 (IQR) 2.40 (1.09, 6.01) 2.11 (0.88, 4.86) 3.40 (1.99, 7.45) <0.001

SIRI48/SIRI0 (IQR) 0.56 (0.29, 1.13) 0.52 (0.27, 1.02) 0.82 (0.37, 1.55) 0.002
TBil, mg/dL (IQR) 20 (15, 30) 20 (15, 29) 21 (14, 32) 0.684

ALB, g/L (SD) 36.5 (5.3) 37.4 (4.9) 33.1 (5.5) <0.001

ALT, U/L (IQR) 31 (18, 91) 31 (17, 101) 35 (21, 70) 0.915
AST, U/L (IQR) 33 (20, 68) 27 (18, 63) 51 (27, 90) <0.001

ALP, U/L (IQR) 83 (64, 110) 85 (65, 111) 74 (59, 100) 0.029

Glu, mmol/L (IQR) 8.5 (6.4, 12.6) 7.9 (6.0, 11.2) 11.4 (8.3, 15.2) <0.001
BUN, mmol/L (IQR) 4.7 (3.5, 6.3) 4.4 (3.3, 5.9) 6.2 (4.4, 9.1) <0.001

SCr, μmol/L (IQR) 65 (54, 81) 63 (54, 77) 79 (57, 98) <0.001

K+, mmol/L (IQR) 3.96 (3.71, 4.18) 3.92 (3.70, 4.14) 4.06 (3.79, 4.39) 0.004

(Continued)
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clinical scores could provide a foundation for the timely identification of severe pancreatitis and optimization of 
intervention strategies.

Performance Evaluation of Inflammatory Indices in Predicting the Severity of AP
To evaluate the effectiveness of inflammatory indices in predicting the severity of AP, this study calculated the AUC 
values for various inflammatory indices and clinical scores (Table 2) and generated the ROC curve (Figure 2). Through 
comprehensive analysis of multiple indicators, superior parameters were identified from among the inflammatory indices 
and clinical scores.

Among the inflammatory indices, NPR48 demonstrated the highest AUC value [0.775; 95% confidence Interval (CI): 
0.716–0.834] compared to all other indicators. Its sensitivity (73.7%) and specificity (72.3%) were well-balanced, with 
a balanced accuracy of 0.730 and a neg pred value (NPV) of 0.906, indicating its potential for continuous monitoring, 
particularly for early-stage risk stratification. However, its pos pred value (PPV) (0.431) and F1 score (0.544) suggest 
that positive results should be interpreted in conjunction with clinical context. The AUC of NPR48/NPR0 was 0.716 
(95% CI: 0.652–0.780), also showing excellent predictive performance. Its sensitivity (1.00), specificity (0.933), F1 score 
(0.894), and balanced accuracy (0.966) were all at high levels, highlighting its ability to identify SAP patients with both 
high sensitivity and specificity. Despite its high specificity, which makes it suitable for scenarios requiring strict exclusion 
of non-SAP patients, its clinical utility may be limited in practice if false negatives are masked by high sensitivity, 
potentially leading to missed diagnoses of severe cases. Notably, the detection rate was only 0.222, which may restrict its 

Table 1 (Continued). 

Variables Total (N=343) Non-SAP Group (N=267) SAP Group (N=76) P-value

Na+, mmol/L (IQR) 137 (134, 139) 137 (135, 139) 135 (132, 138) 0.001

Cl−, mmol/L (IQR) 103 (100, 105) 103 (100, 105) 103 (99, 106) 0.572
Ca2+, mmol/L (IQR) 2.11 (1.94, 2.21) 2.15 (2.05, 2.23) 1.82 (1.60, 2.02) <0.001

TC, mmol/L (IQR) 5.17 (3.94, 7.31) 5.20 (4.06, 7.10) 4.83 (3.35, 8.05) 0.140

TG, mmol/L (IQR) 1.85 (0.88, 7.82) 1.51 (0.81, 6.56) 3.58 (1.25, 15.69) 0.002
HDL, mmol/L (IQR) 1.02 (0.72, 1.23) 1.06 (0.82, 1.26) 0.74 (0.49, 1.06) <0.001

LDL, mmol/L (IQR) 2.72 (1.93, 3.50) 2.79 (2.09, 3.56) 2.13 (1.72, 3.10) 0.003

PT, seconds (IQR) 14.0 (13.5, 14.8) 13.9 (13.4, 14.5) 14.9 (13.9, 15.6) <0.001
APTT, seconds (IQR) 37.0 (34.4, 40.5) 37.0 (34.5, 40.3) 37.2 (33.9, 41.2) 0.629

INR (IQR) 1.09 (1.03, 1.16) 1.08 (1.02, 1.14) 1.16 (1.06, 1.24) <0.001

Clinical scores
Ranson (IQR) 1 (1, 3) 1 (0, 2) 3 (2, 4) <0.001

SIRS (IQR) 1 (0, 2) 1 (0, 2) 2 (1, 3) <0.001

BISAP (IQR) 1 (0, 1) 1 (0, 1) 1 (1, 2) <0.001
Modified Marshall Score (IQR) 0 (0, 0) 0 (0, 0) 0 (0, 0) <0.001

APACHE II (IQR) 5 (3, 7) 4 (2, 6) 7 (5, 10) <0.001

SOFA (IQR) 1 (0, 2) 1 (0, 2) 1 (0, 3) 0.004
Outcome
Length of hospital, days (IQR) 8.8 (5.8, 13.7) 7.8 (5.7, 10.8) 16.8 (9.2, 22.4) <0.001

Abbreviations: N, number; IQR, interquartile range; SD, standard deviation; SAP, severe acute pancreatitis; BMI, body mass index; WBC, white blood cell; 
RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; Neut, neutrophil count; Neut0, Neut at admission; Neut48, Neut at 48 h; Ly, lymphocyte count; Ly0, 
Lyat admission; Ly48, Ly at 48 h; Mon, monocyte count; Mon0, Mon at admission; Mon48, Mon at 48 h; PLT, platelet count; PLT0, PLT at admission; PLT48, PLT 
at 48 h; SII, systemic immune-inflammation index; SII0, SII at admission; SII48, SII at 48 h; SII48/SII0, SII48 to SII0 ratio; NLR, neutrophil to lymphocyte ratio; 
NLR0, NLR at admission; NLR48, NLR at 48 h; NLR48/NLR0, NLR48 to NLR0 ratio; PLR, platelet to lymphocyte ratio; PLR0, PLR at admission; PLR48, PLR at 
48 h; PLR48/PLR0, PLR48 to PLR0 ratio; LMR, lymphocyte to monocyte ratio; LMR0, LMR at admission; LMR48, LMR at 48 h; LMR48/LMR0, LMR48 to LMR0 
ratio; NPR, neutrophil to platelet ratio; NPR0, NPR at admission; NPR48, NPR at 48 h; NPR48/NPR0, NPR48 to NPR0 ratio; SIRI, systemic inflammatory 
response index; SIRI0, SIRI at admission; SIRI48, SIRI at 48 h; SIRI48/SIRI0, SIRI48 to SIRI0 ratio; TBil, total bilirubin; ALB, serum albumin; ALT, alanine 
aminotransferase; AST, aspartate transaminase; ALP, alkaline phosphatase; Glu, glucose; BUN, blood urea nitrogen; SCr, serum creatinine; K+, serum 
potassium; Na+, serum sodium; Cl−, serum chlorine; Ca2+, serum calcium; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; 
LDL, low-density lipoprotein cholesterol; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalized ratio; SIRS, 
Systemic Inflammatory Response Syndrome; BISAP, Bedside Index for Severity in Acute Pancreatitis; APACHE II, Acute Physiology And Chronic Health 
Evaluation II; SOFA, Sequential Organ Failure Assessment.
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applicability in early screening. Additionally, the detection prevalence of 0.274 suggests that its high sensitivity might 
result from sample bias or overfitting. Furthermore, as NPR48/NPR0 requires two measurements, it may delay decision- 
making in emergency settings and increase medical costs. Therefore, although NPR48/NPR0 performs well in terms of 
sensitivity and specificity, its limitations in AUC, reliance on baseline values, and operational complexity reduce its 
suitability as a core indicator. In contrast, NPR48’s high AUC, single-test convenience, and balanced sensitivity and 
specificity make it more appropriate for emergency settings, initial screening, and resource-limited environments. The 
AUC of SIRI48 was relatively low (0.652; 95% CI: 0.587–0.717), but its specificity (0.933), F1 score (0.888), PPV 
(0.806), and NPV (0.996) were all at high levels. This apparent contradiction may stem from data distribution bias or 
model overfitting to specific features, warranting further validation in multi-center studies. Similar observations were 
made for SIRI48/SIRI0. The AUC of NLR48 (0.652; 95% CI: 0.586–0.719) was relatively low, with a specificity of only 
36.3% and a high false-positive rate (63.7%), severely limiting its independent application value. Similarly, the AUC 
values of NLR0 and NLR48/NLR0 were also low, indicating limited overall discrimination ability.

Among traditional clinical scores, the Ranson exhibited the highest AUC (0.784; 95% CI: 0.727–0.841). It excelled in 
sensitivity (0.842), effectively identifying high-risk patients with severe pancreatitis. However, its relatively low 
specificity (0.622) may lead to an elevated false-positive rate. Despite limitations in its F1 score (0.531) and PPV 
(0.388), it maintained stable balanced accuracy (0.732). Given its extensive clinical validation and ease of use, the 
Ranson remains a valuable reference for basic screening. The SIRS (AUC 0.745) offered the advantage of operational 

Table 2 Comparison of Diagnostic Performance for Predicting Different Severities of AP Between Inflammatory Indices and Scoring 
Systems

Variables AUC (95% CI) Sensitivity Specificity Pos Pred Value Neg Pred Value F1 Score Detection Rate Detection 
Prevalence

Balanced 
Accuracy

Inflammatory indices

SII0 0.556 (0.474–0.638) 0.434 0.760 0.340 0.825 0.382 0.096 0.283 0.597

SII48 0.483 (0.407–0.559) 1.000 0.948 0.844 1.000 0.916 0.222 0.262 0.974

SII48/SII0 0.531 (0.456–0.607) 0.605 0.536 0.271 0.827 0.374 0.134 0.496 0.570

NLR0 0.592 (0.513–0.672) 0.987 0.948 0.843 0.996 0.909 0.219 0.259 0.967

NLR48 0.652 (0.586–0.719) 0.882 0.363 0.283 0.915 0.428 0.195 0.691 0.622

NLR48/NLR0 0.562 (0.491–0.634) 1.000 0.951 0.854 1.000 0.921 0.222 0.259 0.976

PLR0 0.492 (0.414–0.570) 0.118 0.948 0.391 0.791 0.182 0.026 0.067 0.533

PLR48 0.603 (0.523–0.682) 0.974 0.933 0.804 0.992 0.881 0.216 0.268 0.953

PLR48/PLR0 0.581 (0.503–0.658) 0.421 0.738 0.314 0.817 0.360 0.093 0.297 0.579

LMR0 0.525 (0.446–0.605) 0.974 0.933 0.804 0.992 0.881 0.216 0.268 0.953

LMR48 0.607 (0.538–0.677) 0.934 0.255 0.263 0.932 0.410 0.207 0.787 0.594

LMR48/LMR0 0.588 (0.514–0.661) 1.000 0.978 0.927 1.000 0.962 0.222 0.239 0.989

NPR0 0.633 (0.557–0.708) 0.513 0.730 0.351 0.841 0.417 0.114 0.324 0.622

NPR48 0.775 (0.716–0.834) 0.737 0.723 0.431 0.906 0.544 0.163 0.379 0.730

NPR48/NPR0 0.716 (0.652–0.780) 1.000 0.933 0.809 1.000 0.894 0.222 0.274 0.966

SIRI0 0.568 (0.488–0.649) 0.461 0.719 0.318 0.824 0.376 0.102 0.321 0.590

SIRI48 0.652 (0.587–0.717) 0.987 0.933 0.806 0.996 0.888 0.219 0.271 0.960

SIRI48/SIRI0 0.617 (0.546–0.688) 1.000 0.936 0.817 1.000 0.899 0.222 0.271 0.968

Clinical scores

Ranson 0.784 (0.727–0.841) 0.842 0.622 0.388 0.933 0.531 0.187 0.481 0.732

SIRS 0.745 (0.687–0.804) 0.737 0.655 0.378 0.897 0.500 0.163 0.431 0.696

BISAP 0.710 (0.649–0.771) 0.461 0.835 0.443 0.845 0.452 0.102 0.230 0.648

Modified Marshall Score 0.608 (0.558–0.657) 0.237 0.974 0.720 0.818 0.356 0.052 0.073 0.605

APACHE II 0.723 (0.654–0.792) 0.605 0.749 0.407 0.870 0.487 0.134 0.329 0.677

SOFA 0.609 (0.532–0.687) 0.329 0.906 0.500 0.826 0.397 0.073 0.146 0.618

NPR48-Based Model 0.905 (0.870−0.940) 0.868 0.824 0.584 0.957 0.698 0.192 0.329 0.846

Abbreviations: AP, acute pancreatitis; AUC, area under the curve; CI, confidence interval; PPV, pos pred value; NPV, neg pred value; SII, systemic immune-inflammation index; 
SII0, SII at admission; SII48, SII at 48 h; SII48/SII0, SII48 to SII0 ratio; NLR, neutrophil to lymphocyte ratio; NLR0, NLR at admission; NLR48, NLR at 48 h; NLR48/NLR0, NLR48 to 
NLR0 ratio; PLR, platelet to lymphocyte ratio; PLR0, PLR at admission; PLR48, PLR at 48 h; PLR48/PLR0, PLR48 to PLR0 ratio; LMR, lymphocyte to monocyte ratio; LMR0, LMR 
at admission; LMR48, LMR at 48 h; LMR48/LMR0, LMR48 to LMR0 ratio; NPR, neutrophil to platelet ratio; NPR0, NPR at admission; NPR48, NPR at 48 h; NPR48/NPR0, NPR48 
to NPR0 ratio; SIRI, systemic inflammatory response index; SIRI0, SIRI at admission; SIRI48, SIRI at 48 h; SIRI48/SIRI0, SIRI48 to SIRI0 ratio; SIRS, Systemic Inflammatory 
Response Syndrome; BISAP, Bedside Index for Severity in Acute Pancreatitis; APACHE II, Acute Physiology And Chronic Health Evaluation II; SOFA, Sequential Organ Failure 
Assessment.
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simplicity but suffered from insufficient specificity (0.655), making it less suitable as a primary tool. The APACHE II 
(AUC 0.723), with a sensitivity of 0.605 and specificity of 0.749, performed well in comprehensive assessments but was 
less practical due to its complexity.

In summary, among multiple inflammatory indices, NPR48 demonstrated the best predictive performance, compar
able to the Ranson and superior to several other clinical scores. Moreover, NPR48 offers unparalleled advantages in 
terms of operational convenience, making it suitable as an initial screening indicator for SAP prediction.

Inflammatory Indices Predict the Severity of AP Across Different Etiologies
Further evaluation demonstrated that NPR48 exhibited superior performance compared to other inflammatory indices in 
predicting the risk of SAP among AP patients of varying etiologies (Table 3).

Specifically, in the BAP group and the HLAP group, the AUC values of NPR48 were 0.771 and 0.733, respectively, 
indicating its excellent discriminatory ability. In the combined group of AAP and idiopathic AP, the AUC of NPR48 
reached 0.872, showcasing particularly outstanding predictive performance. Notably, across all etiology groups, the AUC 
of NPR48 was consistently higher than its baseline value (NPR0) and dynamic change ratio (NPR48/NPR0), suggesting 
that the standalone assessment of NPR at 48 hours holds greater clinical significance. Furthermore, compared to other 
indicators, NPR48 exhibited a narrower CI range, providing additional support for the stability and reliability of its 
predictive results.

In conclusion, the AUC of NPR48 across all etiology groups was significantly higher than that of other indicators, 
such as SII48 and NLR48. These findings indicate that NPR48 demonstrates exceptional accuracy in stratifying SAP risk 
among AP patients with different etiologies and may serve as an important auxiliary predictive tool in clinical practice.

Construction of the NPR48-Based Model
Given the correlations among inflammatory indices, only NPR48 was selected for further investigation in conjunction 
with other common clinical indicators. The LASSO regression method was employed to include thirty-four clinical 
parameters for variable selection. The coefficients and corresponding log(λ) values are presented in Figure 3. When λ was 
set to 0.01225379, the minimum cross-validation error was identified, resulting in sixteen parameters with non-zero 
coefficients (age, body mass index, alcohol consumption, smoking history, fatty liver, red blood cell, platelet counts, 

Figure 2 Comparison of ROC curve analyses for NPRs and clinical scores. (A) ROC curves for NPRs. (B) ROC curves for clinical scores. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; NPR, neutrophil to platelet ratio; NPR0, NPR at admission; NPR48, NPR at 48 h; 
NPR48/NPR0, NPR48 to NPR0 ratio; SIRS, Systemic Inflammatory Response Syndrome; BISAP, Bedside Index for Severity in Acute Pancreatitis; APACHE II, Acute 
Physiology And Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment.
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serum albumin, aspartate transaminase, blood urea nitrogen, serum calcium, triglyceride, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, prothrombin time, NPR48). When λ was set to 0.04946878, the 
minimum cross-validation error within one standard error was identified, yielding five parameters with non-zero 
coefficients (hemoglobin, blood urea nitrogen, serum calcium, prothrombin time, NPR48).

Using these five parameters with non-zero coefficients, a multi-factor logistic regression algorithm was applied to 
construct an NPR48-based model for predicting the severity of AP (Table 4).

Figure 4 presents the static and dynamic nomograms of the NPR48-based model (https://npr48.shinyapps.io/ 
DynNomapp/), respectively. The total score is calculated by summing up the scores of each variable in the nomogram. 
The total score is computed by summing up the scores of each variable within the nomogram. The probability 
corresponding to this total score represents the probability of patients with AP will progress to SAP.

Evaluation of the NPR48-Based Model’s Performance
As presented in Figure 5, the predictive performance of the NPR48-based model was appraised from three dimensions: 
discriminative ability, calibration, and clinical utility.

The AUC of the model was 0.905 (95% CI: 0.870–0.940), the sensitivity was 0.868, and the specificity was 0.824. 
Across multiple evaluation metrics, the model significantly outperformed single inflammatory indices or traditional 
clinical scores (Table 2), demonstrating exceptional discriminatory ability.

The calibration performance was satisfactory (Hosmer–Lemeshow test: χ² = 5.18, df = 8, p = 0.74), indicating good 
agreement between predicted and observed outcomes. The calibration curve confirmed this alignment visually.

DCA indicated that the predictive model could yield a relatively high net benefit rate across a broad range of 
threshold probabilities, highlighting its notable clinical utility.

Collectively, the NPR48-based model exhibited robust discriminative ability, substantial calibration performance, and 
favorable clinical utility.

Table 3 Predictive Performance of Inflammatory Indices for SAP Risk Across Different Etiologies of AP

Inflammatory Indices Biliary Acute Pancreatitis (N=163) Hypertriglyceridemic 
Acute Pancreatitis (N=102)

Alcoholic Acute Pancreatitis and Idiopathic 
Acute Pancreatitis (N=78)

SII0 0.637 (0.518−0.755) 0.524 (0.390−0.658) 0.583 (0.393−0.773)

SII48 0.569 (0.452−0.687) 0.521 (0.402−0.640) 0.556 (0.368−0.743)

SII48/SII0 0.559 (0.432−0.686) 0.453 (0.332−0.574) 0.606 (0.452−0.760)

NLR0 0.671 (0.547−0.795) 0.514 (0.387−0.642) 0.686 (0.534−0.837)

NLR48 0.711 (0.611−0.811) 0.611 (0.496−0.726) 0.650 (0.512−0.788)

NLR48/NLR0 0.457 (0.333−0.581) 0.604 (0.487−0.720) 0.525 (0.379−0.671)

PLR0 0.497 (0.378−0.615) 0.499 (0.369−0.630) 0.502 (0.310−0.693)

PLR48 0.578 (0.448−0.708) 0.555 (0.428−0.683) 0.697 (0.513−0.882)

PLR48/PLR0 0.568 (0.438−0.697) 0.542 (0.413−0.672) 0.688 (0.544−0.832)

LMR0 0.569 (0.443−0.696) 0.520 (0.394−0.645) 0.601 (0.422−0.780)

LMR48 0.635 (0.527−0.742) 0.609 (0.494−0.723) 0.592 (0.430−0.753)

LMR48/LMR0 0.599 (0.477−0.721) 0.609 (0.489−0.729) 0.526 (0.375−0.676)

NPR0 0.688 (0.569−0.808) 0.486 (0.355−0.617) 0.761 (0.620−0.901)

NPR48 0.771 (0.660−0.882) 0.733 (0.632−0.835) 0.872 (0.777−0.966)

NPR48/NPR0 0.682 (0.569−0.796) 0.711 (0.607−0.816) 0.756 (0.625−0.886)

SIRI0 0.640 (0.515−0.765) 0.530 (0.403−0.658) 0.667 (0.492−0.841)

SIRI48 0.700 (0.602−0.799) 0.615 (0.504−0.726) 0.668 (0.530−0.805)

SIRI48/SIRI0 0.588 (0.472−0.705) 0.658 (0.544−0.772) 0.570 (0.412−0.729)

Abbreviations: AUC, area under the curve; CI, confidence interval; AP, acute pancreatitis; SII, systemic immune-inflammation index; SII0, SII at admission; SII48, SII at 48 h; 
SII48/SII0, SII48 to SII0 ratio; NLR, neutrophil to lymphocyte ratio; NLR0, NLR at admission; NLR48, NLR at 48 h; NLR48/NLR0, NLR48 to NLR0 ratio; PLR, platelet to 
lymphocyte ratio; PLR0, PLR at admission; PLR48, PLR at 48 h; PLR48/PLR0, PLR48 to PLR0 ratio; LMR, lymphocyte to monocyte ratio; LMR0, LMR at admission; LMR48, 
LMR at 48 h; LMR48/LMR0, LMR48 to LMR0 ratio; NPR, neutrophil to platelet ratio; NPR0, NPR at admission; NPR48, NPR at 48 h; NPR48/NPR0, NPR48 to NPR0 ratio; 
SIRI, systemic inflammatory response index; SIRI0, SIRI at admission; SIRI48, SIRI at 48 h; SIRI48/SIRI0, SIRI48 to SIRI0 ratio.
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The NPR48-based model demonstrates significantly superior performance compared to traditional clinical scores 
across multiple metrics for predicting AP severity, particularly in overall discrimination ability and the exclusion of non- 
severe cases.

In the ROC curve analysis of the NPR48-based model, 0.191 was identified as the optimal cut-off value. The 
corresponding sensitivity and specificity were 0.868 and 0.824, respectively. Based on the nomogram established with 
this model, the score corresponding to this cut-off value was 63. Accordingly, in this study, patients with a score of less 
than 63 were categorized into the low-risk group, while those with a score of 63 or above were grouped into the high-risk 

Figure 3 Variable selection using the LASSO regression approach. (A) Coefficient values of 34 variables plotted against log(λ). (B) The left vertical dashed line indicates the 
point with the lowest cross-validation error, while the right vertical dashed line represents the position corresponding to the minimum error plus one standard deviation. 
Abbreviation: LASSO, Least Absolute Shrinkage and Selection Operator.
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group. Figure S1 presents the probabilities of the incidence of SAP in patients from different risk groups, further 
validating the superiority of the NPR48-based model in predicting the severity of AP.

Discussion
Currently, the clinical scores used in clinical practice for predicting the risk of SAP each have certain limitations. The 
Ranson requires two evaluations—at admission and 48 hours later—and involves 11 parameters, which limits its 
practicality.26 The SIRS does not directly assess organ failure but only reflects systemic inflammatory status, resulting 
in low specificity and a high false-positive rate for SAP. The BISAP can be completed within 24 hours and requires only 
five parameters, offering high specificity but limited sensitivity.27

The Modified Marshall Score and SOFA include complex parameters such as blood gas analysis, requiring repeated 
testing and increasing clinical application costs and time consumption. The APACHE II is comprehensive but involves 
more than ten parameters and is computationally intensive.28 Therefore, identifying more efficient and convenient 
predictive indicators remains an urgent priority.

This study reveals that the predictive efficiency of NPR for SAP is significantly better than that of clinical scores and 
other inflammatory indices. The mechanism can be elucidated from the dynamic interaction between neutrophils and 
platelets in inflammation.

Neutrophils are the earliest immune cells to respond to inflammation and are typically considered as a signal of 
systemic inflammation.29 As the core effector cells of innate immunity, they directly engage in pathogen elimination 
through phagocytosis, the release of Neutrophil Extracellular Traps, and the secretion of inflammatory mediators. During 
the course of AP, neutrophils are excessively activated, releasing copious pro-inflammatory factors and proteolytic 
enzymes, which aggravate the self-digestion of the gland and the systemic inflammatory response.30

Platelets play a crucial role in the pathogenesis of inflammation-induced coagulation activation.31 Inflammation can 
directly activate platelets, resulting in platelet aggregation, adhesion to endothelial cells, and the release of inflammatory 
mediators, as well as facilitating further coagulation activation. Apart from regulating hemostasis, activated platelets are 
involved in microthrombosis formation and inflammation amplification by secreting mediators such as PF4 and 
P-selectin.32 Furthermore, activated platelets also participate in neutrophil accumulation and the increase of vascular 
permeability. Hence, systemic inflammation is often accompanied by a reduction in platelet quantity.33 In the course of 
AP, especially when it progresses to the SAP stage, platelets undergo progressive reduction due to excessive consumption 
and bone marrow suppression, and the contents released after their apoptosis further exacerbate tissue damage.

As a novel inflammatory index, NPR is capable of concurrently reflecting the subtle equilibrium between acute 
inflammatory responses and chronic inflammatory conditions. An elevation in neutrophils indicates the severity of acute 
inflammation, while a reduction in platelets might suggest previous chronic inflammation consumption or microcircula
tion issues in the body. When neutrophils are overly active, they stimulate platelet activation, form microthrombi and 
release more inflammatory substances, further aggravating the condition; conversely, a decrease in platelets would 

Table 4 Multivariate Logistic Regression Analysis of the Predictors of 
SAP

Variables β SE Z value Prediction Model

P-value OR 95% CI

Hb 0.022 0.008 2.64 0.008 1.022 1.006–1.039
BUN 0.261 0.072 3.60 <0.001 1.298 1.126–1.495

Ca2+ −4.781 0.755 −6.33 <0.001 0.008 0.002–0.037

PT 0.557 0.174 3.20 0.001 1.746 1.242–2.455
NPR48 0.014 0.007 2.15 0.032 1.014 1.001–1.028

Abbreviations: SAP, severe acute pancreatitis; β, regression coefficient; SE, standard error; 
OR, odds ratio; CI, confidence interval; Hb, hemoglobin; BUN, blood urea nitrogen; Ca2+, 
serum calcium; PT, prothrombin time; NPR, neutrophil to platelet ratio; NPR48, NPR at 
48 h.
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weaken the body’s capacity to control inflammation, creating a vicious cycle.34,35 Hence, NPR, as a marker of the 
dynamic interaction between neutrophils and platelets, integrates the “wax and wane” changes of both, not only avoiding 
the one-sidedness of a single indicator but also providing an earlier indication of the risk of disease deterioration. Some 
studies have pointed out that NPR is an effective index for assessing systemic inflammation in infective endocarditis.36 

Moreover, NPR demonstrates excellent performance in detecting the disease activity of ulcerative colitis.37

Nevertheless, at present, there are scarce studies on whether NPR can predict the severity of AP. Li et al noted that 
SAP is correlated with higher levels of NPR.12 Based on the findings of our study, dynamic monitoring of NPR values up 
to 48 hours (NPR48) demonstrates significant advantages in predicting the severity of AP (AUC 0.775, 95% CI: 

Figure 4 Nomograms for predicting the incidence of severe acute pancreatitis rate in acute pancreatitis patients. (A) A static nomogram. (B) A dynamic online nomogram. 
Abbreviations: Hb, hemoglobin; BUN, blood urea nitrogen; Ca2+, serum calcium; PT, prothrombin time; NPR, neutrophil to platelet ratio; NPR48, NPR at 48 h.
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0.716–0.834), with balanced sensitivity (73.7%) and specificity (72.3%), outperforming NLR48 (AUC 0.652, 95% CI: 
0.586–0.719). Compared to traditional clinical scores, NPR48 also shows significant superiority. Its accuracy in 
predicting the severity of AP surpasses both the SIRS (AUC 0.745, 95% CI: 0.687–0.804) and the BISAP (AUC 
0.710, 95% CI: 0.649–0.771), while being comparable to the Ranson (AUC 0.784, 95% CI: 0.727–0.841).

This study, through etiological stratification analysis, found that NPR48 demonstrated excellent accuracy in predicting 
the severity of AP risk across different etiologies of AP. NPR48 exhibited the highest predictive value in the combined 
group of AAP and idiopathic AP, whose performance was superior to that in the BAP and HLAP groups. This 
phenomenon may be related to the distinct inflammatory driving mechanisms of AP with different etiologies. In AAP, 
ethanol metabolites (eg, acetaldehyde) directly activate neutrophils and induce oxidative stress, intensifying neutrophil 
activation and platelet consumption simultaneously. BAP is primarily characterized by secondary bacterial translocation 
due to bile duct obstruction, with higher neutrophil infiltration but relatively delayed thrombocytopenia due to slower 
local microthrombosis formation.38 In HLAP, the systemic inflammatory response is mainly mediated by lipotoxicity, 
where thrombocytopenia may result more from fat embolism than immune consumption. Additionally, HLAP patients 
often exhibit metabolic syndrome (eg, insulin resistance), which may interfere with NPR48 interpretation by affecting 
thrombopoietin levels.39 Notably, due to the small number of AAP cases in this study, these were combined with 
idiopathic AP, totaling 78 cases. The small sample size likely significantly impacts model predictive ability. Future 
studies should increase the sample size of AAP and explore multi-parameter models incorporating triglyceride levels (eg, 
dynamic monitoring of triglyceride values at 48 hours) or lipoprotein phenotypes to enhance predictive accuracy for this 
subgroup.

The core value of the NPR48-based model established in this study lies in its accurate prediction of the disease 
severity at the 48-hour mark after admission, a critical time window during which AP progresses from local inflammation 
to systemic injury. This model captures dynamic inflammatory changes and aligns with the recommended timing in 
clinical guidelines for re-evaluating patients and adjusting treatment strategies. Although the NPR48-based model does 
not predict SAP at initial admission, it provides timely and precise prognostic information 48 hours post-admission, 
facilitating clinical intervention. Compared with traditional clinical scores, the NPR48-based model not only delivers 
comparable predictive performance but also offers greater operational convenience by eliminating complex calculations. 
Relying solely on routine blood test parameters, it is feasible for implementation across various healthcare settings, 
including resource-limited regions. Its practicality and ease of use make it particularly suitable for emergency depart
ments and primary care hospitals, where it can serve as an efficient complement to existing scoring systems.

This study has several limitations. Firstly, as a single-center retrospective study, it is subject to selection bias; strict 
inclusion and exclusion criteria led to a limited sample size, and the final cohort may not represent the entire population 
of AP patients, which also restricts the application of other machine learning algorithms. Secondly, the retrospective data 
did not distinguish between mild and moderate among non-SAP patients, nor did it establish a separate moderate group, 

Figure 5 Assessment of prediction accuracy and clinical applicability of the NPR48-based model. (A) ROC curve. (B) Calibration plot. (C) DCA curve. 
Abbreviations: NPR, neutrophil to platelet ratio; NPR48, NPR at 48 h; ROC, receiver operating characteristic; DCA, decision curve analysis; AUC, area under the curve.
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limiting the grouping methodology. Thirdly, due to data acquisition constraints, this study did not include other key 
dynamic indicators (eg, C-reactive protein, procalcitonin), thus failing to construct a multi-dimensional early warning 
system. Additionally, to avoid interfering with the analysis results, patients discharged within 48 hours were excluded, 
which might introduce survivor bias. Moreover, due to restrictions in accessing mortality data and a relatively small 
number of ICU referral cases, the correlation between the model and mortality or ICU transfer rate could not be deeply 
analyzed. Finally, the model has a certain risk of overfitting, with a low positive predictive value in the high-risk group, 
and the calibration and discrimination performance still need to be optimized. The universality and the extrapolation of 
the conclusions need to be verified through larger-scale, multi-center prospective studies.

Although the NPR48-based model constructed in this study demonstrated good predictive performance, its applic
ability in clinical practice still needs further validation and optimization. In future research, we will enhance the 
robustness and generalization ability of the model from the following aspects: Firstly, we will collaborate with multiple 
medical institutions to conduct external validation in new and heterogeneous patient groups. Secondly, we will introduce 
a stricter k-fold cross-validation method to more accurately assess the model’s performance and reduce the risk of 
overfitting. Additionally, we will try various machine learning algorithms and compare them with the logistic regression 
model used in this study to select the model with better predictive performance. Finally, we will further optimize the 
selection of feature variables in combination with clinical significance to avoid introducing unnecessary noise from 
redundant variables.

Conclusion
Among various inflammatory indices, SAP was significantly associated with elevated NPR. Among the dynamic NPR 
indicators measured after admission, NPR48 (measured 48 hours post-admission) exhibited the best performance in 
predicting the severity of AP, surpassing both the SIRS and BISAP, and demonstrating a diagnostic accuracy 
comparable to the Ranson. In this study, an NPR48-based model was developed for the timely identification of 
SAP, incorporating five parameters: hemoglobin, blood urea nitrogen, serum calcium, prothrombin time, and NPR48. 
The model demonstrated excellent diagnostic capability. Future multicenter studies are warranted to further validate 
these findings.

Abbreviations
AP, acute pancreatitis; MAP, mild acute pancreatitis; SAP, severe acute pancreatitis; SIRS, Systemic Inflammatory 
Response Syndrome; BISAP, Bedside Index for Severity in Acute Pancreatitis; APACHE II, Acute Physiology And 
Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; NLR, neutrophil-to-lymphocyte ratio; SII, 
systemic immune-inflammation index; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NPR, 
neutrophil-to-platelet ratio; SIRI, systemic inflammation response index; BAP, biliary acute pancreatitis; HLAP, hyperli
pidemic acute pancreatitis; AAP, alcoholic acute pancreatitis; ICU, intensive care unit; AUC, area under the curve; 
LASSO, Least Absolute Shrinkage and Selection Operator; ROC, receiver operating characteristic; DCA, decision curve 
analysis; CI, confidence Interval; NPV, neg pred value; PPV, pos pred value.
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