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Objective: Acute pancreatitis (AP) is a very common infectious diseases, with delirium as a conventional complication. Nucleotide- 
binding oligomeric structural domain-like receptor protein 3 (NLRP3) is involved in inflammatory response after AP. We set out to 
determine whether serum NLRP3 levels are related to severity and delirium in patients with AP.
Methods: In this two-center prospective cohort study, a total of 311 patients with AP were divided to study group and validation 
group according to the ratio of 2:1, and serum NLRP3 levels were measured in all patients and healthy controls. To assess disease 
severity, Acute Physiology and Chronic Health Evaluation II (APACHE II), Ranson and Sequential Organ Failure Assessment (SOFA) 
scores were recorded. Delirium was observed as an outcome variable. Multifactorial analysis was performed to discern severity 
correlations and outcome correlations. Prediction model containing independent predictors of delirium was constructed in study group 
and validated in validation group.
Results: Serum NLRP3 levels were significantly higher in patients with AP than in controls, and were independently associated with 
three traditional indicators of AP severity, that is APACHE II scores, Ranson scores, and SOFA scores. When compared with the 
preceding traditional predictors, serum NLRP3 levels had comparable predictive ability for post-AP delirium. The four predictors were 
incorporated to create the predictive model of nomogram presentation. The model displayed significantly higher predictive capability 
than their use alone. In addition, the model was similarly effective for delirium prediction in validation group.
Conclusion: Elevated serum NLRP3 levels after AP, in firm correlation with AP severity, independently predict in-hospital delirium, 
solidifying serum NLRP3 as a candidate for severity assessment and delirium anticipation after AP.
Keywords: acute pancreatitis, NLRP3, severity, delirium, serum

Introduction
Acute pancreatitis (AP), one of the most common acute inflammatory digestive diseases, apparently, is an unpredictable and 
potentially fatal disease characterized by sudden onset, rapid progression, variable clinical course, and variable severity.1 

The pathophysiological processes of this entity mainly involve local and systemic inflammatory reactions, with multiple 
etiological factors leading to auto-digestion of pancreatic tissues, and consequent pancreatic oedema, hemorrhage, and 
necrotic injuries.2,3 Acute physiology and chronic health evaluation II (APACHE II), Ranson and sequential organ failure 
assessment (SOFA) are preferably applied for appraisal of AP severity.4,5 Delirium is an acute cerebral dysfunction that is 
mainly triggered by central nervous system disorders, drug overdose or withdrawal reactions, poisoning, metabolic 
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disorders, and infections.6,7 It has been found that the systemic inflammatory response after AP can cause delirium, and 
early recognition of delirium can help in the clinical management of AP patients.8,9 In recent decades, the role of 
biomarkers in the assessment of disease severity and prediction of complications has been gradually emphasized.

Hyperactivation of inflammasome, a multiprotein complex assembled with the participation of intracytoplasmic 
pattern recognition receptors as the core of the inflammatory response, is involved in the development of several 
diseases.10–12 Nucleotide-binding oligomeric structural domain-like receptor protein 3 (NLRP3) is one of the important 
members of the inflammatory vesicle family, which can mediate the production of a variety of inflammatory factors, such 
as interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α, and plays an important role in the process of 
inflammatory response.13–16 Expression of NLRP3 was significantly elevated in pancreatic tissues of AP rats, while 
NLRP3 -/- mice showed reduced pancreatic edema, decreased inflammatory cell infiltration, and reduced tissue necrosis 
and hemorrhage.17 In addition, high expression of NLRP3 in brain tissue of ischemia/reperfusion mice further aggravated 
brain tissue injury.18 Inhibition of NLRP3 expression significantly reduced neuroinflammation, neuronal apoptosis and 
thus attenuated early brain injury in subarachnoid hemorrhage rats.19 Also, serum NLRP3 levels were significantly 
elevated in patients with cerebral infarction and aneurysmal subarachnoid hemorrhage and were strongly associated with 
disease severity and poor prognosis of the patients.20,21 Therefore, NLRP3, as a deleterious factor, may be a biomarker of 
brain injury. The aim of this study was to assess serum NLRP3 in relation to AP severity, as well as to further explore the 
ability of serum NLRP3 to predict delirium after AP.

Materials and Methods
Study Design and Participant Selection
In this two-center prospective cohort study, we included consecutively enrolled patients with first-in-life AP, who were 
admitted to Lishui Traditional Chinese Medicine Hospital and Lishui People’s Hospital between March 2020 and 
July 2024, and all patients were classified into study and validation subgroups based on the ratio of 2:1 according to 
a randomized numerical table method. The exclusion criteria were as follows: (1) age <18 years; (2) preexisting severe 
systemic diseases or other specific conditions, such as uremia, cardiac failure, cirrhosis, myocardial infarction, pregnancy, 
last month’s infections, and recent surgeries; (3) history of neuropsychiatric disorders, such as stroke (eg, cerebral 
infarction, aneurysmal subarachnoid hemorrhage, and cerebral hemorrhage, etc)., moderate to severe traumatic brain 
injury, and depression, Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, and cranial tumors. In addition, 
a control group consisting of people without other diseases was recruited for this study through a health screening 
program at the Physical Examination Center of Lishui Chinese Medicine Hospital.

The study was conducted in accordance with the principles set forth in the Declaration of Helsinki, and the study 
protocol was approved by the Ethics Committees of Lishui City Hospital of Traditional Chinese Medicine and Lishui City 
People’s Hospital (Opinion No.: LLW-FO-403, LW-2024081). We informed the AP patients themselves or their legal 
representatives about study details and later they was authorized to sign written informed consent forms. And the controls 
by themselves provided written informed consent forms for indicating their willingness to participate in the study.

Data Acquisitions
Patients or their legal representatives as well as healthy controls themselves were asked to complete a comprehensive and 
detailed inquiries including age, gender, height, body weight, etc. Body mass index (BMI) was computed using the 
following equation: body weight (kg) divided by height squared (m2). AP etiologies were of four types, that is bilious, 
alcoholic, hypertriglyceridemic and others. Severity of AP was classified using Revised Atlanta classification standard, 
that is severe AP (SAP), moderately severe AP (MSAP) and mild AP (MAP). In addition, the interval from pain onset to 
admission and the duration from pain onset to blood collection were recorded as two temporal parameters. Systemic 
severity of disease was assessed using APACHE II, Ranson and SOFA. Some pathophysiological complications, such as 
multiple organ dysfunction syndrome (MODS), peripancreatic effusion, pancreatic necrosis, sepsis, acute respiratory 
failure and acute renal injury, were documented. Using the confusion assessment method, patients were assessed by 
trained nurses twice a day until discharge to identify delirium via observing certain characteristic symptoms during the 
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patient’s hospitalization, such as the acute onset and fluctuating process of symptoms, inattention, impaired conscious
ness level and cognitive deficits, as well as other features that support the diagnosis of delirium, including changes in the 
sleep-wake cycle, perceptual deficits, delusions, and inappropriate or unsafe behaviors.22,23 Clinical assessors were 
unaware of serum NLRP3 levels in patients.

Immune Analysis
Peripheral venous blood samples were collected from AP patients at the time of admission to the hospital and from healthy 
controls at the time of routine physical examination. Routine laboratory markers, eg, blood leukocyte count, blood 
C-reactive protein (CRP) level, blood glucose level, and blood potassium level were measured using the conventional 
methods. The blood samples were naturally coagulated at room temperature for 10–20 minutes, followed by centrifugation 
at 3000 × g for 20 minutes at 4°C. Supernatant was cautiously extracted and then transferred to Eppendorf tubes for storage 
in a −80°C refrigerator awaiting testing. Serum NLRP3 levels were measured using the enzyme-linked immunosorbent 
assay (ELISA) kit (Catalog No. CSB-E15885H; yi-pu Biotech Co., Ltd). with a detection range of 0.156–10.0 ng/mL and 
a sensitivity of 0.039 ng/mL. Both intra-batch coefficient of variance and inter-batch coefficient of variance were lower than 
10%. To ensure accuracy and reliability, the procedure was repeated twice for all samples. The technicians performing the 
tests were unclear about the clinical information to assure the impartiality of the tests and analyses.

Statistical Analysis
Graphical plots and statistical analyses were performed using SPSS 25.0 (IBM Corp., Armonk, NY, USA), GraphPad 
Prism 9.0 (GraphPad Software Inc., La Jolla, CA, USA), R 3.5.1 (https://www.r-project.org) and MedCalc 17.4 
(MedCalc Software, Mariakerke, Belgium). G-Power 3.1.9.4 (Heinrich-Heine-Universität Düsseldorf, 
Universitätsstraße 1, Düsseldorf, Germany) was applied to estimate the required sample size. Normality of the quanti
tative data was assessed using the Kolmogorov–Smirnov test. Normally distributed data were expressed as mean ± 
standard deviation, whereas non-normally distributed data, as median (upper and lower quartiles). Qualitative data were 
presented as counts (proportions). For comparisons between two groups, the χ2 test or Fisher’s exact test was used for 
qualitative data, and the Mann–Whitney U-test or t test, for quantitative data. Correlations of continuous variables were 
analyzed using the Spearman correlation test, and correlations of categorical variables with continuous variables were 
analyzed using the Pearson correlation test. Multiple linear regression model was developed to identify variables 
independently associated with serum NLRP3 levels. To compare the differences between delirious and non-delirious 
patients, one-way logistic regression model was developed to analyze the relationship of each variable with delirium in 
patients with AP. The binary logistic regression model was configured to unveil variables, which were independently 
associated with delirium following AP. Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were 
calculated to show associations. Subsequently, subject work characteristic (ROC) curves were constructed to explore the 
predictive value of serum NLRP3 levels for the development of delirium in patients with AP. The area under the curve 
(AUC) was estimated and the AUC was compared using a z-test. In addition, a restricted cubic spline method was taken 
to make sure that there was the linear correlation between serum NLRP3 levels and risk of delirium. A column-line 
graphical model, also termed as nomogram, was graphed to predetermine the risk of delirium. Calibration curve was 
plotted to verify model stability. Decision curve was drawn as a confirmation of clinical benefit of the model. A two- 
sided P value of <0.05 was considered statistically significant.

Results
Characteristics of the Study Population
An initial appraisal was done in a cumulative of 382 patients with AP, and following removal of 71 patients owing to the 
exclusion criteria, a collective of 311 patients awaited clinical analysis; in total, 211 and 100 patients were respectively 
allocated to the study group and validation group (Figure 1). In addition, 100 healthy volunteers were recruited as 
controls. Table 1 shows age, gender and BMI of all patients and all controls, with nonsignificant distinctions in these 
parameters between the two groups. The baseline characteristics of all patients, study group and validation group are 
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outlined in Table 2, and a revelation was not existent about significant differences in these baseline characteristics 
between study group and validation group (all P > 0.05; Table 2).

Correlation Analysis Between Serum NLRP3 Levels and Disease Severity
As shown in Figure 2, serum NLRP3 levels were significantly higher in AP patients, and patients in study group and in 
validation group, as compared with healthy controls (all P < 0.001); and there were no statistically significant differences 
in serum NLRP3 levels between the total patients, the study group, and the validation group (all P > 0.05). In the study 
group, serum NLRP3 levels were substantially highest in patients with SAP, followed by MSAP, and were significantly 
lowest in those suffering from MAP (all P< 0.05, Figure 3). Serum NLRP3 levels showed a strongly positive correlation 
with APACHE II scores (P< 0.001; Figure 4A), Ranson scores (P< 0.001; Figure 4B), and SOFA scores (P< 0.001; 
Figure 4C). In addition, serum NLRP3 levels were significantly correlated with other variables, such as blood leukocyte 
counts, blood C-reactive (CRP) protein levels, blood procalcitonin levels, blood calcium levels, blood glucose levels, 
blood creatinine levels and others (all P< 0.05; Table 3 and Table 4). Those significantly correlated variables were 
integrated into the multivariable model, leading to a finding that APACHE II scores, Ranson scores, and SOFA scores 
were independently correlated with serum NLRP3 levels (all P<0.05; Table 5).

Figure 1 Flowing-chart for selecting eligible patients with acute pancreatitis. Initially, a total of 382 patients were assessed and ultimately, 311 patients were analyzed after 
excluding 71 patients in compliance with the exclusion criteria, of whom 211 constituted the study group and 100 were assigned to the validation group. 
Abbreviation: AP, acute pancreatitis.

Table 1 Comparisons of Demographic Data Between Controls and Patients with Acute 
Pancreatitis

All Patients (n=311) Controls (n=100) Z/χ2 P value

Age (years) 48 (39–58) 45 (38–56) −1.707 0.088

Gender (male/female) 186/125 57/43 0.247 0.619

Body mass index (kg/m2) 25.6 (22.5–27.6) 25.5 (23.9–27.0) −0.521 0.603

Notes: Quantitative data were reported as medians with upper and lower quartiles. Qualitative data were 
presented as counts (proportions). Intergroup comparisons of various variables were performed using the chi- 
square test for qualitative data, and Mann–Whitney U-test for quantitative data.
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Relationship Between Serum NLRP3 Levels and Delirium After AP
A total of 50 patients (23.7%) had the development of in-hospital delirium. In Figure 5, serum NLRP3 levels were 
significantly higher in patients with delirium than in those without delirium (P<0.001). Under the restricted triple spline, 
serum NLRP3 levels were linearly correlated with the likelihood of delirium during AP hospitalization (P nonlinearly 
>0.05; Figure 6). Table 6 shows that APACHE II scores, Ranson scores, SOFA scores, blood leukocyte count, blood CRP 
levels, blood procalcitonin levels, blood calcium levels, blood glucose levels, blood creatinine levels, revised Atlanta 
classification, pancreatic necrosis, sepsis, multiple organ dysfunction syndrome, acute respiratory failure, and acute 
kidney injury were presented as significantly distinct variables between patients with delirium and those without (all 
P<0.05). By subsequent univariate and multifactorial logistic regression analyses, APACHE II scores, Ranson scores, 
SOFA scores and serum NLRP3 levels appeared as independent predictors of delirium post-AP (all P<0.05; Table 7). 

Table 2 Baseline Characteristics of All Patients and Basic Features Between Study Group and Validation 
Group in Patients with Acute Pancreatitis

All Patients Two-Group Comparison

Study Group Validation Group P value

Number 311 211 100
Age (years) 48 (39–58) 49 (39–58) 48 (39–61) 0.822

Gender (male/female) 186/125 123/88 63/37 0.625

Body mass index (kg/m2) 25.6 (22.5–27.6) 25.6 (22.7–28.0) 25.2 (22.0–27.0) 0.073
Time between pain and admission (h) 14.0 (9.0–19.0) 14.0 (10.0–19.0) 14.5 (8.0–18.8) 0.774

Sample-collecting time after pain (h) 17.2 (12.4–20.9) 17.3 (12.6–20.8) 16.5 (10.7–21.1) 0.277

Revised Atlanta classification 0.664
MAP 169 118 51

MSAP 90 60 30

SAP 52 33 19
MODS 61 (19.6%) 40 (19.0%) 21 (21.0%) 0.672

Peripancreatic effusion 182 (58.5%) 128 (60.7%) 56 (56.0%) 0.435

Pancreatic necrosis 62 (19.9%) 41 (19.4%) 21 (21.0%) 0.746
Sepsis 63 (20.3%) 40 (19.0%) 23 (23.0%) 0.407

Acute respiratory failure 60 (19.3%) 39 (18.5%) 21 (21.0%) 0.599

Acute renal injury 27 (9.7%) 19 (9.0%) 8 (8.0%) 0.769
APACHE II scores 11 (4–15) 11 (5–15) 10 (4–15) 0.502

Ranson scores 4 (2–5) 4 (3–5) 3 (2–5) 0.221

SOFA scores 5 (3–8) 6 (3–8) 5 (3–8) 0.349
Etiologies 0.749

Biliary 97 69 28

Alcoholic 115 75 40
Hypertriglyceremic 69 48 21

Others 30 19 11
Blood CRP levels (mg/L) 31.2 (21.3–54.9) 32.9 (22.0–55.0) 30.1 (20.1–48.3) 0.327

Blood leucocyte count (×109/L) 12.7 (9.4–16.2) 12.8 (9.7–16.2) 12.1 (8.7–15.4) 0.224

Blood PCT levels (ng/mL) 2.31 (1.48–3.42) 2.33 (1.52–3.52) 2.14 (1.29–3.32) 0.151
Blood calcium levels (mmol/L) 2.0 (1.9–2.2) 2.0 (1.9–2.2) 2.0 (1.9–2.1) 0.575

Blood glucose levels (mmol/L) 9.5 (7.4–14.4) 9.8 (7.5–14.7) 8.9 (7.1–13.1) 0.067

Blood creatinine levels (μmol/L) 110.4 (89.9–137.8) 113.1 (88.4–136.1) 109.5 (90.3–139.8) 0.425
Blood urea nitrogen levels (mg/dL) 12.3 (9.4–15.0) 12.3 (9.4–15.1) 12.5 (9.4–14.8) 0.981

Serum NLRP3 levels (ng/mL) 2.00 (1.71–2.66) 2.02 (1.69–2.66) 1.92 (1.76–2.67) 0.546

Notes: Qualitative variables were presented as counts (percentages) or medians (25th-75th) as applicable. The statistical methods 
included the chi-square test, Fisher exact test and Mann–Whitney U-test. 
Abbreviations: APPACH II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment; CRP, C-reactive 
protein; PCT, procalcitonin; RIP3, receptor-interacting protein kinase 3; MP, mild pancreatitis; MSP, moderately severe pancreatitis; SP, 
severe pancreatitis; MODS, multiple organ dysfunction syndrome.
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Figure 2 Boxplot illustrating serum nucleotide-bound oligomeric domain-like receptor protein 3 levels between patients with acute pancreatitis and controls. No significant 
distinctions were found in terms of serum nucleotide-bound oligomeric domain-like receptor protein 3 levels among the three groups, namely, the whole group, study group, 
validation group (all P>005). The levels were substantially lower in the controls than in any of the three groups (all P<0.001). ***P<0.001. 
Abbreviations: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3; NS, non-significant.

Figure 3 Boxplot illustrating serum nucleotide-bound oligomeric domain-like receptor protein 3 levels in patients with acute pancreatitis of different severity. Serum 
nucleotide-bound oligomeric domain-like receptor protein 3 levels were significantly higher in patients with severe acute pancreatitis than in patients with moderately severe 
acute pancreatitis and in those with mild acute pancreatitis (P<0.001). 
Abbreviations: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3; SAP, severe acute pancreatitis; MSAP, moderately severe acute pancreatitis; MAP, mild 
acute pancreatitis.
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Based on the background of ROC curve analysis, serum NLRP3 level were significantly predictive of delirium via AUC 
above 0.750 and maximum Jordon J index was set at 0.543 by using the cutoff value of 2.32 ng/mL (Figure 7A). In 
Figure 7B, its predictive power was comparable to APACHE II scores (AUC=0.825; 95% CI, 0.766–0.873; P=0.319), 
Ranson scores (AUC=0.831; 95% CI, 0.774–0.879; P=0.274), and SOFA scores (AUC=0.821; 95% CI, 0.763–0.870; 
P=0.405). Subsequently, A prediction model was created of integrating APACHE II scores, Ranson scores, SOFA scores, 
and serum NLRP3 levels. As plotted in Figure 7B, the predictive ability of the model (AUC, 0.868; 95% CI, 
0.814–0.910) was significantly higher than those of APACHE II scores (P=0.032), Ranson scores (P=0.048), SOFA 
scores (P=0.044) and serum NLRP3 levels (P=0.005). In addition, the predictive ability of serum NLRP3 levels were not 
significantly different between the study group and validation group (ACU=0.793; 95% CI, 0.700–0.867; P=0.907; 
Figure 7C). The model was pictorially delineated via the nomogram for predicting associated risk of delirium occurrence 
(Figure 8). The points corresponding to the three variables were summed to calculate a total score; the higher the total 

Figure 4 Correlogram delineating the relationship between serum nucleotide-bound oligomeric domain-like receptor protein 3 levels and conventional severity scores after 
acute pancreatitis. Serum nucleotide-bound oligomeric domain-like receptor protein 3 levels were positively correlated with acute physiology and chronic health evaluation II 
scores (P<0.001; (A), Ranson scores (P<0.001); (B) and Sequential Organ Failure Assessment scores (P<0.001); (C) after acute pancreatitis. 
Abbreviations: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3; APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential organ 
failure assessment.
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score, the greater the risk of delirium. In addition, the calibration curve of the model confirmed that it had a medium-high 
stability (Figure 9). Decision curve analysis showed that the model had a significant clinical value (Figure 10).

Discussion
AP is a severe but reversible inflammation of pancreatic tissue that can progress to a systemic inflammatory response 
syndrome with high morbidity and mortality.24 APACHE II scores, Ranson scores and SOFA scores are well-known as 
the three common indices, with frequent utilization for assessing disease severity and predicting AP patients’ 
prognosis.25–27 Moreover, the three metrics have been demonstrated to play an important role in predicting delirium 
episodes in AP patients.9 During recent decades, biomarkers have been widely studied for their unique prognostic 
predictive value. However, no studies have reported changes in serum NLRP3 levels in patients with AP and their 
correlation with the acute severity of the patients. Early studies may have focused mainly on well-known inflammatory 
markers or general cytokines such as procalcitonin, CRP, and interleukin-6 and more.28,29 These familiar biomarkers may 

Table 3 Factors Correlated with Serum Nucleotide-Binding Oligomeric Structural Domain-Like 
Receptor Protein 3 Levels After Acute Pancreatitis Using Spearman Test

Spearman Test Univariate Linear Regression Analysis

ρ P value β (95% CI) P value

Age (years) 0.099 0.152 4.979 (−0.480–10.437) 0.074
Body mass index (kg/m2) 0.032 0.646 1.453 (−20.649–23.544) 0.897

Time between pain and admission (h) 0.113 0.101 11.153 (−0.911–23.217) 0.070

Sample-collecting time (h) 0.104 0.211 11.748 (−0.491–23.988) 0.060
APACHE II scores 0.591 <0.001 38.939 (31.082–46.796) <0.001

Ranson scores 0.575 <0.001 138.486 (109.734–167.239) <0.001

SOFA scores 0.592 <0.001 79.525 (63.598–95.453) <0.001
Blood CRP levels (mg/L) 0.361 <0.001 3.813 (1.837–5.790) <0.001

Blood leucocyte count (×109/L) 0.363 <0.001 35.254 (21.219–49.289) <0.001

Blood PCT levels (ng/mL) 0.243 <0.001 67.943 (26.30–109.156) 0.001
Blood calcium levels (mmol/L) −0.151 0.028 −313.609 (−576.375–50.842) 0.020

Blood glucose levels (mmol/L) 0.142 0.039 18.248 (4.876–31.621) 0.008

Blood creatinine levels (μmol/L) 0.292 <0.001 3.147 (1.402–4.892) <0.001
Blood urea nitrogen levels (mg/dL) −0.048 0.488 −8.737 (−25.825–8.352) 0.315

Abbreviations: APPACH II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment; 
MODS, multiple organ dysfunction syndrome; CRP, C-reactive protein; PCT, procalcitonin; β, beta; 95% CI, 95% confidence 
interval.

Table 4 Factors Correlated with Serum Nucleotide-Binding Oligomeric Structural Domain-Like Receptor 
Protein 3 Levels After Acute Pancreatitis Using Pearson Test

Pearson Test Univariate Linear Regression Analysis

r P value β (95% CI) P value

Gender (male/female) −0.067 0.332 −66.352 (−200.860–68.155) 0.332

Revised Atlanta classification 0.289 <0.001 187.514 (102.758–272.270) <0.001
MODS 0.193 0.005 237.387 (72.522–402.252) 0.005

Peripancreatic effusion 0.049 0.475 48.619 (−85.237–182.474) 0.475

Pancreatic necrosis 0.286 <0.001 349.325 (189.848–508.802) <0.001
Sepsis 0.180 0.009 221.722 (56.541–386.992) 0.009

Acute respiratory failure 0.173 0.012 215.080 (47.976–382.184) 0.012

Acute renal injury 0.209 0.002 352.979 (128.009–577.949) 0.002
Etiologies (biliary/alcoholic/hypertriglyceremic/others) 0.035 0.616 17.584 (−51.478–86.646) 0.616

Abbreviation: MODS, multiple organ dysfunction syndrome.
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have diverted attention from the study of more specific upstream inflammatory modulators such as NLRP3, resulting in 
scholars inadvertently overlooking NLRP3’s central role. In this prospective cohort study of 311 patients with AP, we 
found that (1) serum NLRP3 levels were significantly higher in patients with AP compared with healthy controls and 
showed a significant positive correlation with disease severity; (2) serum NLRP3 levels were independently correlated 
with common indicators of severity such as the APACHE II scores, Ranson scores and SOFA scores; (3) serum NLRP3 
levels were effective in predicting the onset of delirium with similar predictive ability as APACHE II scores, Ranson 
scores and SOFA scores; (4) the model combining serum NLRP3 levels, APACHE II scores, Ranson scores and SOFA 
scores performed satisfactorily. In conclusion, serum NLRP3 levels may be a potential biomarker of delirium onset in AP 
patients.

Table 5 Correlative Analysis of Serum Nucleotide-Binding Oligomeric 
Structural Domain-Like Receptor Protein 3 Levels Using Multivariate 
Linear Regression Analysis in Acute Pancreatitis

β 95% CI VIF P value

Revised Atlanta classification −0.133 −0.283–0.016 2.369 0.081

MODS −0.160 −0.403–0.083 1.733 0.196
Pancreatic necrosis 0.077 −0.166–0.319 1.762 0.534

Sepsis −0.127 −0.362–0.108 1.620 0.288

Acute respiratory failure 0.044 −0.186–0.275 1.525 0.705
Acute renal injury −0.016 −0.314–0.281 1.380 0.913

APACHE II scores 0.027 0.003–0.050 5.1227 0.026
Ranson scores 0.075 0.004–0.147 3.577 0.039

SOFA scores 0.043 0.002–0.083 3.617 0.038

Blood CRP levels (mg/L) 0.001 −0.002–0.003 1.364 0.531
Blood leucocyte count (×109/L) 0.006 −0.015–0.026 1.571 0.593

Blood PCT levels (ng/mL) 0.010 −0.042–0.061 1.224 0.706

Blood calcium levels (mmol/L) −0.277 −0.580–0.027 1.078 0.074
Blood glucose levels (mmol/L) 0.015 −0.001–0.030 1.082 0.062

Blood creatinine levels (μmol/L) 0.002 0.000–0.004 1.216 0.062

Abbreviations: APPACH II, acute physiology and chronic health evaluation II; SOFA, sequential 
organ failure assessment; CRP, C-reactive protein; PCT, procalcitonin; β, beta; 95% CI, 95% 
confidence interval; VIF, variance inflation factor; MODS, multiple organ dysfunction syndrome.

Figure 5 Boxplot portraying serum receptor-interacting protein kinase 3 levels across in-hospital delirium after acute pancreatitis. Serum nucleotide-bound oligomeric 
domain-like receptor protein 3 levels were notably higher in patients with in-hospital delirium after acute pancreatitis than in those without delirium (P<0.001). 
Abbreviation: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3.
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To the best of our knowledge, the pathogenesis of AP is closely related to inflammatory responses as well as oxidative 
stress.30 Therefore, targeted exploration of markers in relevance to inflammatory markers and oxidative stress in serum of 
AP patients may be useful for early prediction of delirium episodes in AP patients. Inflammatory vesicles are assembled 
multi-protein complexes with the participation of intracytoplasmic pattern recognition receptors, which are generally 
composed of nucleotide-binding oligomerization domain-like receptor (NLR), apoptosis-associated speck-like protein 
containing a CARD, and a CARD -like protein containing a CARD (ASC) and caspase.31 Inflammasome, as an important 
participant in the inflammatory response, not only is expressed and functional in immune cells, such as neutrophils, but also 
is found to be distributed and regulated in pancreatic islet cells and podocytes, and its over-activation may participate in the 
development of varieties of inflammatory-responsive and autoimmune diseases.32–34 When injury occurs, the conformation 
of inflammasome NLRP3 changes, and NLRP3 interacts with the N-terminal pyrimidine structural domain of ASC, recruits 
ASC and precursor caspase-1, assembles to form the NLRP3 inflammasome, and regulates the activation of caspase-1 to 
promote the maturation of precursors interleukin-1β and precursor interleukin-18 maturation, secretion and release, thereby 
mediating the inflammatory response.35 Therefore, as the core part of the inflammatory response, NLRP3 inflammasome 
may provide a new target for the treatment of various inflammatory diseases.

Reportedly, NLRP3 expression is significantly elevated in pancreatic tissues of AP mice.36 Increasing evidence 
suggests that NLRP3 may be deleterious, given that it could promote the progression of the inflammatory response, 
thereby exacerbating tissue and cellular damage. Specifically, upregulation of NLRP3 expression in mice notably 
exacerbated pancreatic and vesicular cell apoptosis after AP.37 Concurrently, NLRP3 plays an important role in 
angiotensin II–induced pancreatic β-cell apoptosis.38 Interestingly, inhibition of NLRP3 inflammatory vesicles resulted 
in a significant reduction in pyroptotic vesicular cell death, pancreatic necrosis, and systemic inflammation in AP mice, 
which may be mediated by inhibition of classical NLRP3 inflammatory vesicle-induced activation of gasdermin 
D (GSDMD), which attenuates pancreatic injury.39,40 Furthermore, NLRP3 inflammatory vesicles play an important 

Figure 6 Restricted cubic spline depicting linear correlation of serum nucleotide-binding oligomeric structural domain-like receptor protein 3 levels with likelihood of 
development of in-hospital delirium after acute pancreatitis. There was a linear correlation between serum nucleotide-binding oligomeric structural domain-like receptor 
protein 3 levels and the probability of in-hospital delirium following acute pancreatitis (P>0.05). 
Abbreviations: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3.
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role in IL-1β maturation and inflammatory cascade response after SAP.17 NLRP3 deficiency in mice attenuated 
pathological pancreatic injury and reduced amylase activation, as well as lessened interactions between pro- 
inflammatory cytokines, between anti-inflammatory cytokines, and between pro-inflammatory and anti-inflammatory 
cytokines, and consequently promoted recovery from AP.17 In the present study, serum NLRP3 levels were significantly 
elevated after AP, and it was inferred that NLRP3 in the peripheral blood might partially originate from the injured 
pancreatic tissue. In the present study, we found that elevated serum NLRP3 levels had a significant positive correlation 
with traditional severity indicators of AP, such as APACHE II scores, Ranson scores, and SOFA scores. In conclusion, 
serum NLRP3 levels may reflect the severity of AP.

Brain injury is one of the major causes of delirium after severe illness. It has been found that microglia 
activation in the hippocampus of SAP rats was significantly enhanced and the expression of inflammatory factors 
such as interleukin-1β and tumor necrosis factor-α is significantly elevated in brain tissues, which aggravated brain 
tissue damage, thereby leading to cognitive impairment.41,42 Previous studies have confirmed that biomarkers, such 

Table 6 Factors Associated with in-Hospital Delirium After Acute Pancreatitis

Presence (n=50) Absence (n=161) Z/χ2 P value

Age (years) 51 (45–59) 48 (38–58) −1.105 0.269
Gender (male/female) 24/26 99/62 2.856 0.091

Body mass index (kg/m2) 26.4 (24.6–28.2) 27.0 (24.5–28.5) −0.533 0.594

Time between pain and admission (h) 15.0 (13.8–18.0) 14 (9.0–19.0) −1.458 0.145
Sample-collecting time (h) 18.4 (15.1–21.5) 16.7 (12.3–20.8) −1.449 0.147

Revised Atlanta classification 17.560 <0.001

MAP 17 (34.0%) 101 (62.7%)
MSAP 17 (34.0%) 43 (26.7%)

SAP 16 (32.0%) 17 (10.6%)
MODS 21 (42.0%) 19 (11.8%) 22.646 <0.001

Peripancreatic effusion 36 (72.0%) 89 (55.3%) 3.254 0.071

Pancreatic necrosis 17 (34.0%) 24 (14.9%) 8.884 0.003
Sepsis 18 (36.0%) 22 (13.7%) 12.388 <0.001

Acute respiratory failure 15 (30.0%) 24 (14.9%) 5.768 0.016

Acute renal injury 10 (20.0%) 9 (5.6%) 9.668 0.002
APACHE II scores 16 (14–21) 8 (4–14) −6.939 <0.001

Ranson scores 6 (5–7) 3 (2–3) −7.158 <0.001

SOFA scores 8 (7–10) 5 (2–8) −6.886 <0.001
Etiologies 1.219 0.748

Biliary 15 (30.0%) 54 (33.5%)

Alcoholic 19 (38.0%) 56 (34.8%)
Hypertriglyceremic 13 (26.0%) 35 (21.7%)

Others 3 (6.0%) 16 (9.9%)

Blood CRP levels (mg/L) 40.1 (30.6–76.9) 28.1 (20.4–46.4) −3.500 <0.001
Blood leucocyte count (×109/L) 15.2 (10.7–17.5) 12.0 (9.4–15.1) −3.426 0.001

Blood PCT levels (ng/mL) 3.07 (1.79–4.94) 2.22 (1.49–3.29) −2.782 0.005

Blood calcium levels (mmol/L) 2.0 (1.8–2.1) 2.1 (1.9–2.2) −2.148 0.032
Blood glucose levels (mmol/L) 12.0 (8.0–17.7) 9.5 (7.1–13.0) −3.104 0.002

Blood creatinine levels (μmol/L) 130.0 (103.4–143.3) 108.9 (87.7–135.3) −2.051 0.040

Blood urea nitrogen levels (mg/dL) 13.0 (9.3–17.3) 12.2 (9.4–14.5) −1.668 0.095
Serum NLRP3 levels (ng/mL) 1933.4 (1663.1–2175.1) 1326.6 (1178.7–1644.8) −6.079 <0.001

Notes: Qualitative variables were presented as counts (percentages) and were compared for intergroup difference using chi-square 
test or Fisher exact test where appropriate. Quantitative variables were summarized as medians (25th-75th) and intergroup compar
isons were done using the Mann–Whitney U-test. 
Abbreviations: APPACH II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment; MAP, mild 
acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; MODS, multiple organ dysfunction 
syndrome; CRP, C-reactive protein; PCT, procalcitonin; NLRPP3, nucleotide-binding oligomeric structural domain-like receptor 
protein 3; OR, odds ratio; 95% CI, 95% confidence interval.
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as soluble fibrinogen-like protein 2, cold-inducible RNA-binding protein, have important roles in the prediction of 
delirium after AP.9,43 Interestingly, the expression of NLRP3 was significantly increased in the brain tissue of SAP 
rats.43 In addition, NLRP3 expression in brain tissue and peripheral blood was significantly elevated after acute 
brain injury, including intracerebral hemorrhage and aneurysmal subarachnoid hemorrhage, and was strongly 
correlated with disease severity and patient prognosis.21,44,45 These data suggest that NLRP3 may be a potential 
prognostic biomarker of acute brain injury. Our study found that serum NLRP3 levels were independently associated 
with the emergence of in-hospital delirium after AP. Subsequent ROC curve analysis showed that serum NLRP3 
levels had similar predictive power for delirium onset as APACHE II scores, Ranson scores and SOFA scores. 
Overall, the above data strongly support the potential ability of serum NLRP3 as a predictor of in-hospital delirium 
after AP. Moreover, the model incorporating the preceding three conventional variable and serum NLRP3 was built 
here. We then validated its reliability, clinical fit, and discriminatory efficiency using a series of statistical methods 
such as calibration, decision making, and ROC curves in both the study and validation groups. The results suggest 
that serum NLRP3 may have the ability to effectively discriminate risk of delirium during staying at hospital 
after AP.

Table 7 Multivariate Logistic Regression Analysis of Predictors of Delirium After Acute Pancreatitis

Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysis

OR (95% CI) P value OR (95% CI) P value

Age (years) 1.016 (0.989–1.043) 0.246 – –

Gender (male/female) 0.578 (0.305–1.095) 0.093 – –
Body mass index (kg/m2) 0.953 (0.857–1.060) 0.378 – –

Time between pain and admission (h) 1.045 (0.983–1.110) 0.159 – –

Sample-collecting time (h) 1.046 (0.983–1.114) 0.159 - -
Revised Atlanta classification <0.001 0.195

MAP 1 1

MSAP 2.349 (1.097–5.028) 0.028 0.352 (0.114–1.080) 0.068
SAP 5.592 (2.379–13.141) <0.001 0.532 (0.103–2.752) 0.452

MODS 5.412 (2.587–11.320) <0.001 1.985 (0.609–6.476) 0.256

Peripancreatic effusion 1.929 (0.966–3.852) 0.063 - -
Pancreatic necrosis 2.941 (1.419–6.092) 0.004 0.323 (0.084–1.247) 0.101

Sepsis 3.554 (1.709–7.389) 0.001 1.613 (0.524–4.971) 0.405

Acute respiratory failure 2.446 (1.162–5.150) 0.018 1.503 (0.456–4.948) 0.535
Acute renal injury 4.222 (1.608–11.089) 0.003 0.572 (0.130–2.509) 0.419

APACHE II scores 1.228 (1.148–1.312) <0.001 1.121 (1.035–1.206) 0.025

Ranson scores 2.162 (1.702–2.745) <0.001 1.943 (1.019–3.706) 0.044
SOFA scores 1.602 (1.369–1.875) <0.001 1.574 (1.067–2.322) 0.022

Etiologies 0.753 - -

Biliary 1
Alcoholic 1.481 (0.380–5.768) 0.571

Hypertriglyceremic 1.810 (0.475–6.900) 0.385

Others 1.981 (0.495–7.935) 0.334
Blood CRP levels (mg/L) 1.013 (1.004–1.023) 0.006 1.001 (0.987–1.016) 0.855

Blood leucocyte count (×109/L) 1.134 (1.053–1.223) 0.001 0.955 (0.850–1.074) 0.444
Blood PCT levels (ng/mL) 1.422 (1.161–1.743) 0.001 1.200 (0.902–1.598) 0.211

Blood calcium levels (mmol/L) 0.244 (0.066–0.896) 0.034 0.349 (0.058–2.109) 0.252

Blood glucose levels (mmol/L) 1.104 (1.036–1.177) 0.002 1.084 (0.990–1.186) 0.083
Blood creatinine levels (μmol/L) 1.009 (1.000–1.017) 0.045 1.006 (0.993–1.019) 0.403

Blood urea nitrogen levels (mg/dL) 1.078 (0.993–1.169) 0.072 - -

Serum NLRP3 levels (ng/mL) 5.531 (3.035–10.077) <0.001 2.186 (1.004–4.760) 0.035

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; APPACH II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure 
assessment; CRP, C-reactive protein; PCT, procalcitonin; NLRP3, nucleotide-binding oligomeric structural domain-like receptor protein 3; MAP, mild acute 
pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; MODS, multiple organ dysfunction syndrome.
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This study has several strengths and limitations. The strengths are that: (1) to the best of our knowledge, there are no 
studies reporting significantly elevated serum NLRP3 levels early in the disease in patients with AP and that these levels 
may be effective in assessing disease severity and predicting delirium, and (2) the relationship between serum NLRP3 

Figure 7 Receiver operating characteristic curve displaying relationship between admission serum nucleotide-binding oligomerization domain-like receptor family pyrin 
domain-containing 3 levels and the presence of in-hospital delirium in patients with acute pancreatitis. The clinical metrics included the acute physiology and chronic health 
evaluation II, Ranson, and sequential organ failure assessment scores. Combined model encompassed the preceding scaling systems and serum nucleotide-binding oligomeric 
structural domain-like receptor protein 3 levels. Admission serum nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing 3 levels efficiently 
predicted in-hospital delirium after acute pancreatitis (A); the prediction ability of the model was higher than the other four variables for in-hospital delirium following acute 
pancreatitis (B); prediction ability of serum nucleotide-binding oligomeric structural domain-like receptor protein 3 levels for in-hospital delirium following acute pancreatitis 
was similar between study group and validation group (C). 
Abbreviations: AUC, area under curve; CI, confidence interval, NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3; APACHE II, acute physiology and 
chronic health evaluation II; SOFA, sequential organ failure assessment.
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Figure 8 Nomogram outlining combination model of in-hospital delirium following acute pancreatitis. The nomogram provided an extensive in-hospital delirium prediction 
model including data from the acute physiology and chronic health evaluation II, Ranson, sequential organ failure assessment scores and serum nucleotide-binding oligomeric 
structural domain-like receptor protein 3 levels. 
Abbreviations: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3; APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential organ 
failure assessment.

Figure 9 Calibration curve assessing the dependability of a model for predicting in-hospital delirium following acute pancreatitis. The model, in which acute physiology and 
chronic health evaluation II scores, Ranson scores, sequential organ failure assessment scores, and serum nucleotide-bound oligomeric domain-like receptor protein 3 levels 
were integrated, was comparatively stable for the prediction of in-hospital delirium after acute pancreatitis.
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levels and disease severity, and delirium after AP was validated by multivariate analysis, nomogram modeling, calibra
tion curves, and decision curves relationship, supporting the reliability and scientific validity of the findings. The 
limitations are in the following. First, this study aimed to demonstrate the predictive role of serum NLRP3 levels on 
the onset of delirium after AP, but the sample size was statistically large enough, and a larger cohort study is needed at 
a later stage to validate the results of this study. Second, in this clinical study, serum NLRP3 was determined for its 
predictive value on delirium following AP, but further investigation of the specific mechanisms of NLRP3 in delirium 
episodes after AP may be helpful for further treatments of AP patients. Third, although the potential clinical utility of 
serum NLRP3 as a predictive biomarker of delirium post-AP may be acknowledged, in consideration of clinical 
implementation challenges regarding biomarker measurements, such as cost-effectiveness and assay standardization, 
the potential application of serum NLRP3 in guiding patient managements or therapeutic interventions warrants to be 
further schemed. Finally, measuring serum NLRP3 levels in AP patients at multiple time points will help to reveal the 
temporal trends of serum NLRP3 levels after AP, thus supporting clinical treatments.

Conclusion
In this two-center prospective cohort study, higher serum NLRP3 levels may be associated with higher APACHE II 
scores, Ranson scores, and SOFA scores in AP patients. In addition, elevated serum NLRP3 levels are strongly associated 
with the occurrence of delirium after AP, serum NLRP3 levels have effective prognostic power under the ROC curve, and 
the combination of serum NLRP3 with clinical scoring systems significantly enhances predictive accuracy compared to 
serum NLRP3 alone, altogether implying that serum NLRP3 may serve as a potential biomarker for predicting the 
occurrence of delirium in AP patients.

Figure 10 Decision curve displaying clinical fit of the model for predicting in-hospital delirium following acute pancreatitis. The decision curve analysis demonstrates the 
model was rather effective in predicting in-hospital delirium post-acute pancreatitis. Clinically, the model proved to be a reliable tool for forecasting in-hospital delirium 
within this timeframe. 
Abbreviations: NLRP3, nucleotide-bound oligomeric domain-like receptor protein 3; APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential organ 
failure assessment.
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