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Background: There is a lack of effective predictive methods for post-pancreatitis diabetes mellitus (PPDM-A) in clinical prac-
tice. This exploratory study aimed to identify candidate computed tomography (CT) and plasma proteomic fea-
tures associated with subsequent PPDM-A and to assess their preliminary discriminatory performance.

Material/Methods: This retrospective single-center study compared CT imaging features and clinical data between post-pancre-
atitis normal glucose (PPNG-A, n=10) and PPDM-A (n =9) groups. Differential plasma protein expression was
analyzed using proteomics. Correlations between CT features and protein features in patients with PPDM-A
were also assessed.

Results: The PPDM-A group showed higher incidences of pancreatic necrosis and elevated plasma complement factor |
(CFI) levels compared with the PPNG-A group. Plasma coagulation factor XII (F12) and immunoglobulin heavy
chain (IgH) levels were significantly decreased in the PPDM-A group. Enzyme-linked immunosorbent assay find-
ings validated CFl; F12 and IgH remain proteomics-derived candidate markers. The combined 3-index model
achieved an area under the curve of 0.989 for PPDM-A discrimination in the same discovery cohort. CFl was
positively correlated with pancreatic necrosis (P=0.02, R=0.527).

Conclusions: Plasma CFl, F12, and IgH demonstrated potential predictive value for PPDM-A and may help identify at-risk
patients. CFl and F12 were significantly correlated with pancreatic necrosis, suggesting a link between plas-
ma molecular markers and imaging manifestations of PPDM-A. These exploratory findings provide a prelimi-
nary experimental basis for early discrimination of PPDM-A. Clinical utility requires confirmation in multicenter
studies with larger sample sizes and both internal and external validation.
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Introduction

In recent years, there has been an increase in the morbidity of
post-pancreatitis diabetes mellitus (PPDM-A), which is char-
acterized by strong dependence on insulin therapy, frequent
and diverse complications, and an overall poor prognosis [1-3].
However, the exact pathogenesis of PPDM-A remains incom-
pletely understood; targeted, effective therapeutic strategies
and drugs are absent in clinical practice [4-7]. Therefore, fur-
ther investigation of the pathogenesis of PPDM-A and identi-
fication of predictive indicators are important to improve clin-
ical diagnosis and treatment.

Previous studies generally reported that PPDM-A is primarily
triggered by pancreatic B-cell necrosis [8-10]. When extensive
pancreatic necrosis occurs, B cells are severely damaged, lead-
ing to insufficient insulin secretion and subsequent diabetes
mellitus. PPDM-A can also occur in patients with acute pan-
creatitis in the absence of pancreatic necrosis [11]. In these
cases, B-cell damage is relatively mild, and insulin deficiency
is not the direct cause of diabetes mellitus, suggesting that
PPDM-A pathogenesis is more complex and not limited to B-
cell destruction. Specifically, the nuclear factor-kB (NF-xB) sig-
naling pathway, which mediates amplification of pancreatic
inflammation [12], and the calcium signaling pathway, which
induces early acinar cell injury [13], have been implicated in
acute pancreatitis. Additionally, complement-coagulation cas-
cades have been associated with pancreatic inflammation and
necrosis [14], whereas IgH-related immune dysregulation may
represent a potential contributor to PPDM-A [15].

Due to its high-throughput capacity, proteomics technology
can detect expression changes in thousands of molecules si-
multaneously, comprehensively characterize biological pro-
cesses, accurately identify key molecules in complex pheno-
types or molecular backgrounds, and provide insights to guide
subsequent studies [16]. In pancreatic disease research, pro-
teomic analysis has substantially advanced understanding of
pathogenesis mechanisms by facilitating the discovery of spe-
cific biomarkers and revealing alterations in signaling path-
ways. Thus far, proteomics has been widely utilized in studies
of acute pancreatitis [17,18]. Using proteomics and genomics
to analyze altered serum complement components in necro-
tizing acute pancreatitis, researchers have confirmed a criti-
cal role for complement-coagulation cascades in inflammation
and pancreatic necrosis [14]. Furthermore, urine proteomics
identified elastase 2A as a potential diagnostic marker for pe-
diatric acute pancreatitis [19]. Building on these findings, we
used data-independent acquisition (DIA) proteomics to screen
for potential predictive indicators of PPDM-A, with a focus
on pathways previously implicated in disease pathogenesis.
Accordingly, we applied proteomic methods to identify differ-
entially expressed plasma proteins at admission in patients
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with post-pancreatitis normal glucose (PPNG-A) or PPDM-A,
with the goal of identifying predictive protein markers and es-
tablishing a discriminatory model for PPDM-A.

As a commonly used imaging modality in acute abdominal con-
ditions, computed tomography (CT) has broad clinical applica-
tions in the early diagnosis of acute pancreatitis [14]. In this
exploratory, hypothesis-generating study, we aimed to identi-
fy candidate admission CT features and plasma proteins asso-
ciated with subsequent PPDM-A, then assess their predictive
performance. We analyzed admission CT images from patients
with PPNG-A or PPDM-A, including CT clinical scores such as
the revised Atlanta classification (RAC), extrapancreatic in-
flammation on CT (EPIC), etiology, and CT severity index (CTSI).
Differential imaging features were identified, and their corre-
lations with protein markers were analyzed to further eluci-
date imaging characteristics of PPDM-A at the molecular level.

Material and Methods

Research Design, Participants, and Imaging

Patients with acute pancreatitis hospitalized at the Affiliated
Hospital of North Sichuan Medical College between October
2023 and June 2024 were included. Based on medical record
review and/or telephone interviews [20], patients with acute
pancreatitis were categorized into PPNG-A and PPDM-A groups.

The diagnosis of acute pancreatitis was established according
to the 2012 Atlanta consensus criteria [21], requiring at least 2
of the following 3 manifestations: (1) typical epigastric abdom-
inal pain consistent with acute pancreatitis; (2) serum amylase
or lipase levels elevated to at least 3 times the upper limit of
the normal reference range; and (3) imaging findings charac-
teristic of acute pancreatitis. A diagnosis of diabetes mellitus
was confirmed if any 1 of the following criteria was met [22]:
(1) fasting plasma glucose of at least 126 mg/dL (7.0 mmol/L);
(2) 2-h postprandial plasma glucose of at least 11.1 mmol/L
after a 75-g oral glucose tolerance test; (3) random plasma
glucose of at least 200 mg/dL (11.1 mmol/L) accompanied by
classic hyperglycemic symptoms; or (4) glycated hemoglobin
(HbA1c) of at least 6.5% (48 mmol/mol).

The inclusion and exclusion criteria for the PPDM-A cohort
were predefined. Inclusion criteria were: (1) new-onset dia-
betes mellitus diagnosed more than 90 days after the initial
acute pancreatitis episode, and hyperglycemia occurring with-
in 90 days was classified as stress-induced hyperglycemia [23-
25]; (2) contrast-enhanced computed tomography of the upper
abdomen performed within 7 days of acute pancreatitis symp-
tom onset; and (3) inpatient admission at acute pancreatitis
onset. The minimum follow-up duration was documented, and
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the mean follow-up period was reported with corresponding
measures of dispersion. Exclusion criteria were: (1) pre-exist-
ing diabetes mellitus; (2) in-hospital hyperglycemia during the
acute acute pancreatitis episode; (3) persistent hyperglycemia
within 90 days after hospital discharge; (4) acute exacerbation
of underlying chronic pancreatitis; (5) concurrent malignancy
or severe chronic consumptive disease; (6) loss to clinical fol-
low-up; (7) suboptimal imaging quality or incomplete medi-
cal records; and (8) age younger than 18 years at enrollment.

For the non-PPDM-A control cohort, enrollment required a con-
firmed diagnosis of acute pancreatitis along with the following
inclusion criteria: (1) complete clinical admission data avail-
able at initial acute pancreatitis onset; and (2) sustained nor-
mal glycemic parameters verified by systematic medical record
review and follow-up telephone interviews through May 2025.
Exclusion criteria for the control group were: (1) acute exacer-
bation of chronic pancreatitis; (2) concomitant malignancy or
severe chronic consumptive disease; (3) secondary complica-
tions related to congenital or acquired pancreatic anatomical
abnormalities; (4) loss to follow-up; and (5) suboptimal imag-
ing quality or incomplete clinical documentation.

CT technical details were as follows. All enrolled patients un-
derwent abdominal contrast-enhanced CT using 1 of 3 mul-
tidetector-row CT systems: Aquilion ONE (Toshiba, Tokyo,
Japan), Ingenuity CT (Philips Medical Systems), or Somatom
Definition Flash (Siemens Healthineers). For the Aquilion ONE
and Ingenuity CT scanners, standardized acquisition parameters
were as follows: tube voltage, 120 kV; tube current, 250 mA;
field of view, 40 x40 cm; matrix size, 512 x 512; slice thick-
ness, 5.0 mm; collimation, 320 x 0.5 mm with automatic re-
construction; and pitch values of 0.87 and 1.015, respectively.
After routine unenhanced abdominal scanning, arterial- and
portal venous-phase images were acquired at 25 to 30 sec-
onds and 48 to 50 seconds after contrast injection. lodinated
contrast medium (Ultravist 370, Bayer Schering Pharma) was
administered intravenously at a dose of 1.5 mL/kg and an in-
jection rate of 3 mL/s using a power injector. For the Somatom
Definition Flash scanner, acquisition parameters were as fol-
lows: tube voltage, 100 kV; tube current, 318 mA; field of view,
33 x 33 c¢m; collimation, 128 x 0.6 mmy; pitch, 0.8; and slice thick-
ness, 5.0 mm. Automatic exposure modulation (Care Dose 4D;
Siemens Medical Solutions) was applied throughout scanning.
After unenhanced baseline acquisition, arterial- and portal ve-
nous-phase contrast-enhanced CT images were obtained at 25
seconds and 40 seconds after contrast administration, respec-
tively. The same iodinated contrast agent (Ultravist 370, Bayer
Schering Pharma) was administered at a dose of 1.5 mL/kg,
with an injection rate of 3.5 to 5 mL/s using a power injector.

All enrolled patients had plasma samples collected within 1 week
after admission after acute pancreatitis onset. Plasma samples
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for proteomic analysis were stored at -80°C. Admission data were
obtained from the hospital information system and included sex,
age, RAG, EPIC, etiology, CTSI, presence or absence of pancreatic
necrosis, recurrence status, and smoking history. Two abdomi-
nal radiologists with at least 5 years of experience independent-
ly reviewed the CT scans and calculated the CTSI [26], RAC [21],
and EPIC scores [27] while blinded to patient outcomes. Any dis-
crepancies were resolved via consensus discussion. Due to in-
complete data, metabolic variables were unavailable for analysis.

Follow-up periods were defined as follows: for patients with
PPDM-A, the follow-up period extended from the date of first
discharge after acute pancreatitis to the date of diabetes mel-
litus diagnosis; for patients with PPNG-A, the follow-up period
extended from the date of first discharge after acute pancre-
atitis until completion of observation (ie, July 2025).

This retrospective single-center study was approved by the
Institutional Review Board of North Sichuan Medical College
(ethical approval number: 202151), and the requirement for
informed consent was waived. The study was conducted in ac-
cordance with the Declaration of Helsinki.

Proteomics Analysis
Protein Extraction and Peptide Enzymatic Digestion

Proteins were extracted from human plasma using SDT lysis
buffer (100 mM Tris-HCl, 4% sodium dodecyl sulfate, pH 7.6).
Protein concentrations were quantified via the bicinchonin-
ic acid assay. For sodium dodecyl sulfate-polyacrylamide gel
electrophoresis analysis, 20 pg of protein from each sample
were mixed with an appropriate volume of 5 x loading buffer,
heated in water for 5 minutes, and separated on a 4% to 20%
precast gradient gel at a constant voltage of 180 V for 45 min-
utes, then subjected to Coomassie Brilliant Blue R-250 staining.

All samples were treated with dithiothreitol to reduce disul-
fide bonds and incubated at room temperature for 1 hours.
Free thiol groups were blocked with iodoacetamide by incuba-
tion in the dark at room temperature for 30 minutes. Samples
were then digested overnight with trypsin. The resulting pep-
tides were desalted using a C18 cartridge, freeze-dried, and
reconstituted in 40 pL of 0.1% formic acid. Peptide concen-
trations were determined by measuring optical density at 280
nm. Digested peptides from each sample were mixed with an
appropriate amount of indexed retention time standard pep-
tides for DIA mass spectrometry.

The proteomics operator was blinded to patient outcomes;
they applied random batch allocation and randomized sam-
ple testing order. All experiments were performed in triplicate,
and average values were used for analysis.
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Mass Spectrometry

DIA analysis for chromatographic separation was performed
via the Evosep One system with a nanoliter flow rate. Samples
separated by nanoliter high-performance liquid chromatogra-
phy were analyzed using a Bruker timsTOF mass spectrometer
in DIA mode. Mass spectrometry and tandem mass spectrom-
etry data were acquired in positive ion mode. The mass spec-
trometry scanning range was 100 to 1700 m/z. MS2 acquisition
included 4 trapped ion mobility spectrometry scan windows
with a total cycle time of 100 ms using DIA acquisition mode.
In parallel accumulation-serial fragmentation mode, collision
energy varied linearly according to ion mobility 1/K ; fragmen-
tation energies ranging from 20 to 59 eV corresponded to ion
mobility values of 1/K =0.85 to 1.30 Vs/cm?.

Data Analysis

DIA data were processed via Spectronaut 19 software. Dynamic
indexed retention time was selected for retention time pre-
diction, and interference correction at the MS2 level was en-
abled. Carbamidomethylation was set as a fixed modification;
acetylation (protein N-terminus) and oxidation were regarded
as dynamic modifications. A maximum of 2 missed cleavage
sites was allowed, and cross-run normalization was enabled.
All data passed a Q-value threshold of 0.01 (false discovery
rate < 1%). Differentially expressed proteins were defined us-
ing an adjusted P value < 0.05.

Bioinformatics Analysis Methods

Protein clustering analysis: Quantitative data for the target pro-
tein set were first standardized to the interval (-1, 1). Hierarchical
clustering heatmaps were generated via the ComplexHeatmap
R package (R version 3.6.1) by simultaneously clustering sam-
ples and protein expression profiles in 2 dimensions (linkage
method: average linkage; distance metric: Euclidean distance).
Normalized target protein data were then analyzed using the
fuzzy c-means algorithm implemented in the Mfuzz software
package. Expression trends were classified into distinct expres-
sion modules to identify different clustering patterns.

Subcellular localization analysis: Multiclass support-vector-ma-
chine-based machine learning models were used to analyze
available subcellular localization data for the identified pro-
teins via sequence-based modeling. Subcellular localization
was predicted using CELLO (http://cello.life.nctu.edu.tw/). This
method was utilized to predict the subcellular localization of
all identified proteins.

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
annotation: For the target protein set, KEGG pathway anno-
tation was performed using KOBAS 3.0.
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Enrichment analysis: Pathway distributions were compared
between the target protein set and the overall protein set via
Fisher's exact test, followed by KEGG pathway enrichment
analysis of the target protein set.

Enzyme-Linked Immunosorbent Assay (ELISA)

Plasma levels of complement factor | (CFl), coagulation factor
XIl (F12), and immunoglobulin heavy chain (IgH) in patients
with PPDM-A or PPNG-A were measured using commercial dou-
ble-antibody ELISA kits (Chongging Bonoheng Biotechnology,
Chongging, China; catalog numbers: BNH-070421H, BNH-
161694H, and BNH-090718H, respectively). All assays were
performed in accordance with the manufacturer’s instructions.

The ELISA operator was blinded to patient outcomes; they ap-
plied random batch allocation and randomized sample testing
order. All experiments were performed in triplicate, and aver-
age values were used for analysis.

Statistical Analysis

PASS 21.0.3 for Windows (NCSS, Kaysville, UT, USA) was used
for sample size estimation. Statistical analyses were performed
with SPSS 22.0 for Windows (IBM, Armonk, NY, USA). Data nor-
mality for each group was assessed via the Shapiro-Wilk test.
Continuous variables with approximately normal distributions
are presented as mean + standard deviation; continuous vari-
ables with non-normal distributions are presented as median
(interquartile range). Continuous variables were compared using
either the independent-samples t-test or the Mann-Whitney U
test, as appropriate. Categorical variables were compared us-
ing the chi-square test or Fisher’s exact test. Correlations be-
tween target proteins and acute pancreatitis severity were as-
sessed via Pearson or Spearman correlation analysis. Receiver
operating characteristic (ROC) curve analysis was performed
to evaluate the diagnostic performance of acute pancreati-
tis severity scores and target proteins for predicting PPDM-A.
Area under the ROC curve (AUC) values were compared using
the DeLong test performed by GraphPad Prism (version 10.2.3,
GraphPad, La Jolla, CA, USA). All statistical tests were 2-tailed,
and P<0.05 was considered statistically significant.

Results

Demographic Characteristics

Plasma samples from 65 patients with acute pancreatitis were
collected at admission. Of these patients, 18 were lost to fol-
low-up, 17 had a previous diagnosis of type 2 diabetes melli-
tus, 7 lacked post-discharge blood glucose data, 2 died, and 1
had lung cancer. One plasma sample was contaminated during
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Plasma samples collected within 7 days of the first onset of acute pancreatitis (n=65)

Excluded cases (n=45):
- Patients diagnosed with type 2 diabetes mellitus prior to the first episode of
acute pancreatitis (n=17)

« Patients without post-discharge blood glucose monitoring (n=7)
- Patients lost to follow-up (n=18)

« Patients with concurrent lung cancer (n=1)

+ Patients who died during the observation period (n=2)

Plasma sample contamination
(n=1)

Post-pancreatitis diabetes mellitus
(n=9)

Post-pancreatitis with normal glucose
(n=10)

Figure 1. Flowchart of patient recruitment in this study.

experimentation. Ultimately, 9 patients with PPDM-A and 10
patients with PPNG-A—matched for age, sex, and etiology—
were included in the analysis. The patient recruitment flow-
chart is shown in Figure 1.

Sample size calculations indicated that the final cohort of 19
patients met the minimum sample size required for statisti-
cal significance (see the Sample Size Estimation section be-
low for details).

The PPDM-A group had a significantly higher incidence of pan-
creatic necrosis compared with the PPNG-A group (P=0.047).
No significant differences between groups were observed
concerning age, CTSI, etiology, sex, EPIC score, follow-up du-
ration, RAC, smoking status, or recurrence status (Table 1).
Representative CT images are shown in Figure 2.

PPDM-A Diagnosis

Diagnostic criteria for PPDM-A were as follows: (1) fasting plas-
ma glucose of at least 126 mg/dL (7.0 mmol/L), 3 patients; (II)
2-h plasma glucose of at least 11.1 mmol/L after a 75-g oral
glucose tolerance test, 3 patients; (l1l) random blood glucose
of at least 200 mg/dL (11.1 mmol/L) accompanied by diabetic
symptoms, 1 patient; and (IV) glycated hemoglobin of at least
6.5% (48 mmol/mol), 2 patients. The median interval from the
initial acute pancreatitis episode to diabetes mellitus diagno-
sis was 19 months (interquartile range: 13.50-20.00 months).
Diagnoses were confirmed via telephone follow-up and re-
peat blood glucose testing at readmission. None of the 9 pa-
tients had received antidiabetic treatment before diagnosis.

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Proteomics Analysis

The DIA proteomics approach was used to evaluate plasma sam-
ples from the PPNG-A and PPDM-A groups. In total, 90 differ-
entially expressed proteins (fold change > 1.2 or < 0.8, P< 0.05)
were identified between the 2 groups. Among these proteins,
64 were localized extracellularly, 21 in the nucleus, 2 each in
the cell membrane and cytoplasm, and 1 in the mitochondri-
on (Figure 3A). Compared with the PPNG-A group, the PPDM-A
group exhibited 56 downregulated and 34 upregulated differ-
entially expressed proteins. Details are shown in the volcano
plot of differential protein expression (Figure 3B). A normal-
ized hierarchical clustering heatmap of the 90 differentially ex-
pressed proteins clearly distinguished PPDM-A samples from
PPNG-A samples (Figure 3C). To further investigate signaling
pathways associated with PPDM-A, KEGG enrichment analysis
was performed on the differentially expressed proteins. The
top 20 enriched KEGG pathways are presented in Figure 3D.
This study focused on 3 pathways associated with acute pan-
creatitis: NF-kB signaling, complement-coagulation cascades,
and calcium signaling. Nine proteins were identified in comple-
ment-coagulation cascades, 4 in the NF-«xB signaling pathway,
and 4 in the calcium signaling pathway. Among these proteins,
CFl, F12, and IgH showed the most pronounced differential
expression. CFl and F12 are involved in complement-coagula-
tion cascades, whereas IgH is associated with both the NF-xB
and calcium signaling pathways. These proteins play impor-
tant roles in immune and inflammatory responses. Compared
with the PPNG-A group, the PPDM-A group showed upregu-
lated CFl expression (1.752-fold increase). In contrast, F12 and
IgH expression levels were downregulated (fold changes of
0.508 and 0.638, respectively; Table 2, Figure 4). Protein selec-
tion was based on pathway-driven and data-driven analyses.
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Table 1. Clinical characteristics of the PPDM-A and PPNG-A groups.
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Clinical characteristics PPDM-A (n=9) PPNG-A (n=10)

Male sex 7

(77.78%) 6 (60.00%) 0.405

CT timing from symptom onset (days) 4
RAC
o 3
 Moderate tosevere 3
osevere 3
CEPCscore 5
Follow-up duration (months) 19

No 6
e 3
CRecurtence
e 5
SN

(2.5-3.5) 4 (3-6) 0.735

@e  4@a 0603
- oo
G333 2 oo
G333%) s %
G333 o
wan 506 0417
ass02000 20 (152520000 0328
o owr
cser% 10 (0000%
G333%) o
S o
G556 2 @ooow)
@age%) 8 @oo%
o
©667% 6 G0o0%
G333%) 4 @ooow

Note: Age approximately followed a normal distribution and is presented as mean + standard deviation. CTSI, EPIC, and CT timing from
symptom onset data showed skewed distributions and are presented as median (interquartile range). Sex, etiology, RAC, pancreatic
necrosis, recurrence status, and smoking status are presented as frequencies (percentages). * P<0.05. CT, computed tomography; CTSI,
computed tomography severity index; EPIC, extrapancreatic inflammation on computed tomography score; PPDM-A, post-pancreatitis
diabetes mellitus; PPNG-A, post-pancreatitis normal glucose; RAC, revised Atlanta classification.

ELISA

ELISA was used to measure plasma levels of CFl, F12, and
IgH. The mean plasma CFI level was significantly higher in the
PPDM-A group (376.144 +42.259 ng/mL) than in the PPNG-A
group (216.900 +62.394 ng/mL; P<0.001). Despite repeat-
ed ELISA experiments, F12 and IgH could not be reliably vali-
dated. Therefore, subsequent analyses involving F12 and IgH
were based on relative proteomic expression values. CFl was

This work is licensed under Creative Commons Attribution-
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considered the primary biomarker candidate; F12 and IgH were
retained only as exploratory proteomic signals. Detailed results
are presented as scatter plots in Figure 5.

Sample Size Estimation
Given that plasma expression levels of CFl, F12, and IgH in

patients with PPDM-A or PPNG-A have not previously been
reported, a pilot experiment was conducted to estimate the
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Figure 2. Representative CT images from 2 patients with acute pancreatitis. (A) CT image obtained at admission from a patient with
moderate acute pancreatitis who did not develop diabetes mellitus during follow-up. CTSI =4 and EPIC = 5. Pancreatic
changes were limited to interstitial edema, and no pancreatic necrosis was observed. (B) CT image obtained at admission
from a patient with moderate-to-severe acute pancreatitis who developed diabetes mellitus during follow-up. CTSI=8 and
EPIC =7, with 30% to 50% pancreatic necrosis observed. CT, computed tomography; CTSI, computed tomography severity
index; EPIC, extrapancreatic inflammation on CT score.

sample size based on proteomic and ELISA data. Specifically,
ELISA data were used for CFl because it was successfully val-
idated by ELISA; proteomic data were used for F12 and IgH
because ELISA validation was unsuccessful. Sample size esti-
mation showed that, considering 80% statistical power and
a type | error rate of 5%, the minimum sample sizes required
to detect statistically significant differences in protein expres-
sion between groups were 13 for CFl, 18 for IgH, and 19 for
F12. Detailed results are presented in Table 3. Accordingly,
the total sample size of 19 patients in the present study met
the minimum statistical requirements. The sample size calcu-
lation was performed post hoc and applies only to the detec-
tion of observed biomarker differences, not to the develop-
ment or validation of a prediction model.

Efficacies of CFl, F12, IgH, and Acute Pancreatitis Severity
Scores for Predicting PPDM-A

Regarding discrimination of PPDM-A, the AUC values for CFl,
F12, and IgH were 0.878, 0.856, and 0.867 respectively; there
were no significant differences among the 3 markers (P> 0.05).
When CFl, F12, and IgH were combined for discrimination anal-
ysis, the AUC increased to 0.989. However, this AUC was de-
rived from the same discovery cohort and thus is likely to be
optimistic. The combined biomarker model showed significant-
ly higher discriminatory performance relative to CTSI, RAC, and
EPIC scores (0.989 vs 0.578, P =0.005). ROC curves evaluating
the predictive performances of CFl, F12, and IgH for PPDM-A
are shown in Figure 6.

This work is licensed under Creative Commons Attribution-
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Correlation Analysis of CFl, F12, IgH, and Acute
Pancreatitis Severity Scores

F12 was significantly negatively correlated with CTSI and RAC
scores (P=0.043 and 0.035; R =-0.468 and -0.485, respective-
ly), but not with the EPIC score (P=0.138). CFl and IgH were
not significantly correlated with CTSI, RAC, or EPIC scores (all
P>0.05) (Table 4).

Correlation Analysis of CFl, F12, and IgH With Imaging
Features of Acute Pancreatitis (Pancreatic Necrosis)

CFl was significantly positively correlated with pancreatic ne-
crosis (P=0.020, R=0.527); F12 was significantly negative-
ly correlated with pancreatic necrosis (P=0.040, R=-0.474).
IgH was not correlated with pancreatic necrosis (P=0.668,
R=0.105) (Table 5). Independence from pancreatic necrosis
was not demonstrated.

Discussion

This study compared and analyzed the clinical characteristics,
severity scores, and imaging features of patients with PPNG-A
and those with PPDM-A upon admission for acute pancreati-
tis. The PPDM-A group showed a higher incidence of pancre-
atic necrosis relative to the PPNG-A group. However, no sig-
nificant differences between groups were observed regarding
CTSI, sex, etiology, age, EPIC score, RAC, follow-up duration,
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Figure 3. DIA proteomics analysis of patients with PPDM-A or PPNG-A. (A) Subcellular localization of DEPs. (B) Volcano plot showing
DEPs between groups. Compared with the PPNG-A group, significantly upregulated DEPs in the PPDM-A group are shown in
red, significantly downregulated DEPs are shown in blue, and proteins lacking significant expression differences are shown
in gray. (C) Hierarchical clustering heatmap of DEPs in the PPDM-A and PPNG-A groups. Each column represents an individual
sample, and each row represents a single DEP. Red indicates significantly upregulated proteins, blue indicates significantly
downregulated proteins, and gray indicates proteins without valid quantitative data. (D) Bubble chart showing KEGG
pathway enrichment analysis of all DEPs between the PPDM-A and PPNG-A groups. DEP, differentially expressed protein; DIA,
data-independent acquisition; PPDM-A, post-pancreatitis diabetes mellitus; PPNG-A, post-pancreatitis normal glucose.
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Table 2. Plasma levels of CFl, F12, and IgH in the PPDM-A and PPNG-A groups.

Proteins PPDM-A PPNG-A PPDM-A/PPNG-A P
CFI (ng/mL) 641.565 +186.84 366.169 +90.753 1.752 0.001*
P2 a0s574281307 8285645304508 oso8 0008t
e 259394241207.003 4065145595806 0638 0003

Note: CFl was absolutely quantified in ng/mL, whereas IgH and F12 were relatively quantified using peak area integrals. CFl values
shown here (from proteomics-based quantification) are distinct from ELISA-derived values in the main text. PPDM-A/PPNG-A
represents the ratio of protein expression levels between groups. * P<0.05. CFl, complement factor |; F12, coagulation factor XII;
IgH, immunoglobulin heavy chain; PPDM-A, post-pancreatitis diabetes mellitus; PPNG-A, post-pancreatitis normal glucose.
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Figure 4. Fold changes in differential protein expression within the corresponding signaling pathways. (A) Fold changes in CFl and
F12 expression relative to other proteins in complement and coagulation cascades. (B, C) Fold changes in IgH expression
relative to other proteins in the NF-xB and calcium signaling pathways. CFl, complement factor I; F12, coagulation factor
Xll; IgH, immunoglobulin heavy chain; NF-kB, nuclear factor-xB; PPDM-A, post-pancreatitis diabetes mellitus; PPNG-A, post-

pancreatitis normal glucose.

recurrence status, smoking status, or alcohol consumption.
These findings suggest that radiologists should pay particu-
lar attention to pancreatic necrosis when evaluating patients
with pancreatitis—it may indicate the potential development
of PPDM-A and an increased risk of adverse complications.

Proteomic analysis was subsequently used to compare plasma
protein profiles at admission between patients with PPDM-A
and those with PPNG-A during acute pancreatitis. To our know!-
edge, this study is the first to show that plasma CFI levels were
increased in the PPDM-A group, whereas F12 and IgH levels

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

were decreased, compared with the PPNG-A group. Notably, CFl
and F12 are involved in complement-coagulation cascades; IgH
is associated with both the NF-xB and calcium signaling path-
ways. Combined discriminatory analysis using CFl, F12, and IgH
yielded an AUC of 0.989. However, this result was derived from
the same discovery cohort and should be interpreted cautiously.
Additionally, although CFl and F12 were associated with pancre-
atic necrosis, they did not exhibit independence from pancreat-
ic necrosis. These proteins may also reflect broader pathophys-
iological processes, including islet cell injury and inflammatory
amplification [14,28], beyond CT-based severity assessment.
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Figure 5. Plasma CFl levels in patients with PPDM-A or PPNG-A.
CFl, complement factor I; PPDM-A, post-pancreatitis
diabetes mellitus; PPNG-A, post-pancreatitis normal
glucose.

Our study demonstrated that plasma CFI levels were signif-
icantly increased in patients with PPDM-A, and this finding
was successfully validated by ELISA, suggesting that CFl over-
expression is associated with the development of PPDM-A.
Previous research by Zhang et al identified elevated serum CFI
levels in necrotizing acute pancreatitis, indicating an associa-
tion between CFl and acute pancreatic necrosis [14]. The au-
thors suggested that pancreatic necrosis can trigger comple-
ment-coagulation cascades, thereby exacerbating pancreatitis
severity and inflammatory responses. In the present study, CT
imaging showed a lower incidence of pancreatic necrosis in
the PPNG-A group than in the PPDM-A group; CFl levels were

Table 3. Sample size estimation.

Proteins Target A 1 N2 N
power power
CFI 0.8 0.979 3 10 13
P2 o8 ose 9 10 19
g4 08 088 8 10 18
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significantly positively correlated with pancreatic necrosis.
These findings provide a molecular explanation for the ob-
served imaging characteristics and suggest that when pan-
creatic necrosis is detected on CT, plasma CFl levels should be
assessed because elevated CFl may indicate an increased risk
of PPDM-A. Given that destruction of pancreatic islet cells af-
ter pancreatic necrosis contributes to diabetes mellitus onset
[8,9], in conjunction with existing evidence, we hypothesize
that elevated CFI levels are associated with the necrotic pro-
cess in acute pancreatitis and may reflect mechanisms linked
to pancreatic necrosis and subsequent diabetes mellitus risk.
However, no direct mechanistic experiments were performed
in the present study to establish causal relationships.

Plasma F12 levels were decreased in patients with PPDM-A.
As a coagulation factor, F12 is primarily synthesized in the liv-
er and plays a key role in endogenous coagulation. The patho-
genesis of acute pancreatitis is complex, involving interactions
between inflammatory mediators and coagulation factors [28].
Inflammatory mediators such as interleukins and tumor ne-
crosis factor can activate the coagulation system and pro-
mote thrombin generation, thereby enhancing coagulation
and amplifying inflammation [29,30]. Additionally, excessive
activation of the coagulation system can lead to microvascu-
lar thrombosis, resulting in pancreatic microcirculatory dys-
function, impaired islet cell function, and disrupted insulin se-
cretion [31]. During acute pancreatitis, coagulation imbalance
may produce a hypercoagulable state, leading to consump-
tion of coagulation factors such as F12, accumulation of fibrin
degradation products, worsening pancreatic microcirculatory
disturbance, intensified inflammatory responses, and aggra-
vated pancreatic injury; such factors may ultimately contrib-
ute to diabetes mellitus development [14,31]. Based on these
observational associations and previous literature, we specu-
late that reduced plasma F12 levels in patients with PPDM-A

pl n2 ) cl [op Alpha
376 217 159 42 62 0.05
421 829 -408 281 305 0.05
2594 4065 -1471 1207 596 0.05

Note: The hypotheses for the test were as follows: HO: 8 =0, indicating no difference between the population means of the groups;
H1: 80, indicating a difference between the population means of the groups. 8 =p1 - u2 represents the difference between

the population means, where p1 and p2 are the hypothesized population means. Target power refers to the desired power level
specified in PASS software; actual power refers to the power obtained under current conditions. Statistical power represents the
probability of rejecting a false null hypothesis. N1 and N2 represent the sample sizes of the PPDM-A and PPNG-A groups, respectively,
and N=N1+N2 represents the total sample size. 61 and 62 represent the hypothesized population standard deviations of the
PPDM-A and PPNG-A groups, respectively. Alpha represents the probability of rejecting a true null hypothesis and was set at 0.05,
corresponding to a type | error rate of 5%. CFl, complement factor I; F12, coagulation factor XII; IgH, immunoglobulin heavy chain.
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Figure 6. ROC curves for predicting PPDM-A using CFl, F12, IgH, and acute pancreatitis severity scores. (A) ROC curves for the
individual prediction of PPDM-A using CFl, F12, and IgH. (B) ROC curves comparing the combined biomarker model
(CFI+F12+IgH) with the combined imaging severity score model (CTSI+RAC+EPIC) for PPDM-A prediction. AUC, area under
the receiver operating characteristic curve; CTSI, computed tomography severity index; EPIC, extrapancreatic inflammation
on computed tomography; PPDM-A, post-pancreatitis diabetes mellitus; RAC, revised Atlanta classification; ROC, receiver
operating characteristic curve.

Table 4. Correlation analysis of CFI, F12, and IgH with acute pancreatitis severity scores.

Proteins Acute pancreatitis severity scores Correlation coefficient

APPROVED GALLEY PROOF

Note: * P<0.05. CFl, complement factor I; CTSI, computed tomography severity index; EPIC, extrapancreatic inflammation on computed
tomography score; F12, coagulation factor XlI; IgH, immunoglobulin heavy chain; RAC, revised Atlanta classification.

Table 5. Correlation analysis of CFl, F12, and IgH with imaging features of acute pancreatitis (pancreatic necrosis).

Proteins Imaging features of acute pancreatitis Correlation coefficient
CFI Pancreatic necrosis 0.527 0.02*
"""""""""" 2 Panceaticnecrosis 0474 oo
"""""""""" g4 Pancreaticnecrosis 0105 068

Note: * P<0.05. CFl, complement factor I; F12, coagulation factor XII; IgH, immunoglobulin heavy chain.
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reflect activation and consumption of the coagulation sys-
tem. However, no mechanistic experiments were performed
to validate this proposed pathway. As acute pancreatitis se-
verity increases, plasma F12 levels may progressively decline,
potentially reflecting excessive coagulation activation, wors-
ening pancreatic microcirculatory dysfunction, and impaired
islet cell function, thus contributing to diabetes mellitus devel-
opment. Intriguingly, F12 was negatively correlated with pan-
creatic necrosis. Collectively, CFl and F12 may represent can-
didate biomarkers reflecting necrosis-associated inflammatory
and coagulation processes linked to subsequent PPDM-A. The
underlying molecular mechanisms warrant further investiga-
tion in future functional studies.

IgH has multiple biological functions. Our study revealed that
IgH is associated with both calcium signaling and NF-kB path-
ways; to our knowledge, this is the first study to show signif-
icant downregulation of plasma IgH in patients with PPDM-A.
These findings provide preliminary evidence to support a po-
tential role for IgH in PPDM-A pathogenesis. Calcium overload
in pancreatic acinar cells is a key trigger of acute pancreati-
tis [32]. Physiological calcium signaling is essential for normal
pancreatic digestive enzyme secretion. However, the pancre-
as is highly susceptible to stress-related dysregulation, which
can cause excessive calcium release and lead to pathological
changes, including abnormal intracellular enzyme activation
and cellular vacuolization [33,34]. Based on these observations,
we cautiously speculate that IgH downregulation disrupts cal-
cium homeostasis through effects on calcium transport or reg-
ulatory mechanisms, potentially contributing to calcium over-
load and downstream pathophysiological changes relevant to
islet cell injury. However, no direct mechanistic evidence was
obtained in the present study to support this proposed path-
way. NF-xB is a key transcription factor involved in immune
regulation, apoptosis, inflammatory responses, and cell pro-
liferation. NF-xB expression is elevated in acute pancreatitis
and contributes to disease progression along with other in-
flammatory mediators [35,36]. We also speculate that reduced
IgH expression is associated with abnormal activation of the
NF-kB signaling pathway, potentially exacerbating inflamma-
tory responses and cellular injury and impairing insulin secre-
tion, thus contributing to PPDM-A development. These mech-
anistic interpretations are based on observational proteomic
findings and existing literature, rather than direct experimen-
tal validation. The precise molecular mechanisms through
which IgH regulates calcium signaling and NF-kB pathways in
PPDM-A require further investigation through in vitro and in
vivo methods. Notably, IgH is a core secretory molecule of B
lymphocytes, which have been implicated in the pathophysio-
logical progression of PPDM-A [15]. This evidence further sup-
ports the potential involvement of IgH in PPDM-A onset and
progression. To date, research concerning the immune profil-
ing of PPDM-A remains limited. Relatively few studies have
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explored associations between immune cell subsets, such as
B lymphocytes [15], and PPDM-A prognosis; there is a lack of
systematic investigation involving immune landscapes, im-
mune-related molecular markers, and their regulatory mech-
anisms. By identifying IgH as an immune-related differential-
ly expressed protein linked to immune-inflammatory signaling
pathways, our study provides a novel perspective for the ear-
ly prediction of PPDM-A and establishes a preliminary exper-
imental basis to guide future studies investigating immune-
mediated pathogenic mechanisms in PPDM-A.

We acknowledge that the AUC of 0.989 observed in this small
exploratory cohort may be susceptible to overfitting due to
the limited sample size and low events-per-variable ratio;
therefore, this predictive performance should be interpreted
cautiously. Nevertheless, the high AUC may reflect not only
statistical overfitting but also genuine biological differences
between the PPDM-A and PPNG-A groups. CFl, F12, and IgH
were identified through DIA proteomics combined with KEGG
enrichment analysis of pathways associated with acute pan-
creatitis pathogenesis, rather than through a single statistical
screening approach. Among these proteins, IgH is an impor-
tant immune-related molecule that may link immune dysreg-
ulation to PPDM-A pathogenesis, thus contributing to the
current understanding of PPDM-A molecular mechanisms in
the context of limited research on PPDM-A immune profiling.
Complement-coagulation cascades play a central role in nec-
rotizing pancreatitis, and pancreatic necrosis is a well-estab-
lished mechanism underlying PPDM-A. Additionally, persistent
inflammation is closely associated with islet B-cell dysfunction
and PPDM-A development. Therefore, these molecules may con-
tribute to PPDM-A pathogenesis through mechanisms relat-
ed to pancreatic necrosis and inflammatory injury. Given the
significant difference in pancreatic necrosis between groups
(P=0.047) and the correlations between CFI/F12 and pancre-
atic necrosis, we acknowledge that these markers may par-
tially reflect the severity of tissue injury. As key molecules in-
volved in pancreatic necrosis, inflammation, and islet B-cell
dysfunction, CFI and F12 may also have broader biological
and pathogenic relevance beyond serving solely as surrogate
markers of pancreatic necrosis [14,28]. All mechanistic inter-
pretations in this study are based on observational associa-
tions and published literature; no functional or mechanistic
experiments were performed to establish causal relationships.
Because these markers were selected according to pathophys-
iological mechanisms rather than on the basis of their corre-
lations with pancreatic necrosis, they may still provide inde-
pendent predictive value for PPDM-A. However, the present
study did not include formal analyses of incremental predic-
tive value beyond existing PPDM-A predictors.

Several limitations of this research should be acknowledged.
First, although the sample size met the minimum requirement
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based on sample size estimation, the present work used a sin-
gle-center design and relatively small cohort. As a long-term
complication of acute pancreatitis, PPDM-A is frequently over-
looked or misdiagnosed as type 2 diabetes mellitus, resulting
in a limited number of eligible patients. Furthermore, informa-
tion about metabolic variables was unavailable. Second, inter-
nal validation methods, such as cross-validation or bootstrap-
ping, were not performed. This limitation may have increased
the risk of overfitting and optimism bias, thereby reducing the
reliability of reported AUC values. Third, although CFl and F12
are biologically plausible predictors of PPDM-A, their correla-
tions with pancreatic necrosis imply that they may partially
reflect tissue injury severity rather than providing fully inde-
pendent predictive value. Fourth, baseline metabolic risk fac-
tors (eg, body mass index and family history of diabetes mel-
litus) were unavailable and thus could not be included in the
analysis, representing potential confounders. Additionally,
among the 3 differentially expressed proteins identified by
proteomics (CFI, F12, and IgH), only CFI was successfully vali-
dated by ELISA. Repeated validation experiments for F12 and
IgH produced unsatisfactory results. Future studies should val-
idate these markers using alternative ELISA kits or other ap-
proaches, such as parallel reaction monitoring. Fifth, the me-
dian follow-up duration was 19 to 20 months. Although this
duration substantially exceeded the minimum 3-month diag-
nostic window for PPDM-A and strict diagnostic criteria were
utilized to minimize outcome misclassification, delayed onset
of PPDM-A after the follow-up period could have resulted in
false-negative classifications. Finally, due to the limited sam-
ple size, radiomic features were not analyzed in the present
study. Future multicenter studies with larger cohorts are need-
ed to integrate radiomics and proteomics in the development
of a more robust multi-omics prediction model for PPDM-A.
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Conclusions

This exploratory study demonstrated that plasma CFl levels
were increased in the PPDM-A group, whereas F12 and IgH
levels were significantly decreased, suggesting predictive val-
ue for PPDM-A. Moreover, CFl and F12 were significantly cor-
related with pancreatic necrosis (a CT imaging feature), thus
linking plasma molecular alterations with imaging manifesta-
tions and providing a potential molecular explanation for the
imaging characteristics of PPDM-A. These findings indicate
that plasma biomarkers could reflect pathological changes
associated with PPDM-A and may complement imaging fea-
tures for early risk discrimination. Accordingly, this study pro-
vides a preliminary experimental basis for the early screening
of PPDM-A and has identified hypothesis-generating biomark-
er candidates for future validation studies. Among the identi-
fied markers, CFl represents the strongest candidate because
it was successfully validated by ELISA. In contrast, F12 and IgH
remain exploratory biomarkers that require orthogonal valida-
tion before potential clinical application. Notably, the clinical
utility of this diagnostic approach requires further confirma-
tion in multicenter studies with larger sample sizes and both
internal and external validation. Such analyses may provide
more reliable evidence for the early and precise diagnosis and
management of PPDM-A.
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