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Objectives: Acute pancreatitis, recurrent acute pancreatitis, and chronic
pancreatitis are recognized as a continuum of pancreatic diseases. Recur-
rence increases the risk of progression to chronic pancreatitis. The aim of
this study was to search for clinical features that may promote the progres-
sion of chronic pancreatitis in patients with recurrent acute pancreatitis
Materials andMethods:We retrospectively reviewed patients with re-
current acute pancreatitis from Medical Information Mart for Intensive
Care-IV database. They were divided into a training cohort and a validation
cohort. A nomogram was constructed based on clinical features during the
second hospitalization. The discrimination and calibration of the nomogram
were evaluated using the concordance index, area under the time-dependent
receiver operating characteristic curve, and calibration plots.
Results: A total of 432 recurrent acute pancreatitis patients were evaluated,
of which 93 (21.53%) were diagnosed with chronic pancreatitis later. Age,
biliary pancreatitis, admission interval, alcohol dependence, lipase, and plate-
let were selected. The concordance index was 0.717 (95% confidence inter-
val: 0.691–0.743) for the training cohort and 0.718 (95% confidence interval:
0.662–0.774) for the validation cohort. The area under the time-dependent
receiver operating characteristic curve was >0.7 over 1000 days.
Conclusions: A nomogram was developed and validated to evaluate the
transition from recurrent acute pancreatitis to chronic pancreatitis.
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ICU = intensive care unit, HCT = hematocrit, TBIL = total bilirubin, Alb =
albumin, BUN = blood urea nitrogen, AST = aspartate aminotransferase,
ALP = alkaline phosphatase, Hb = hemoglobin, WBC = white blood cell,
HR = hazard ratios, CI = confidence interval, C-index = concordance index,
ROC = receiver operating characteristic , time-dependent AUC= area under
the time-dependent receiver operating characteristic curve, VIF = variance
inflation factor, IQR = interquartile range, SAPE = Sentinel Acute
Pancreatitis Event
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P ancreatitis is the leading cause of gastrointestinal disease-
related hospital admissions and is associated with consider-

able morbidity, mortality, and socioeconomic burden,1 with a
steadily rising incidence over time in most high-income coun-
tries.2 Chronic pancreatitis (CP) is a progressive inflammatory
disease with pain as most important clinical problem. CP may
cause various local complications and endocrine and exocrine
pancreatic insufficiency. It is a long-standing inflammation char-
acterized by irreversible damage to the pancreas that places a sub-
stantial economic and psychological burden. Previous studies
suggest that acute pancreatitis (AP), particularly recurrent acute
pancreatitis (RAP), is linked to the development of CP and, ulti-
mately, pancreatic cancer.3 Approximately 10% of patients expe-
rience the progression to CP following their initial episode of
AP, while 30% of patients with recurrent episodes of AP advance
to CP.4 Extensive research indicates that CP serves as a significant
risk factor for the development of pancreatic cancer.5,6 According
to a recent comprehensive cohort study conducted in Denmark
and published in 2023, the incidence rates of transitioning to CP
were found to be 12.1 (95% CI, 8.1–18.1) per 1000 person-
years from AP, 46.8 (95% CI, 31.6–69.3) per 1000 person-years
from RAP, and 0.07 (95% CI, 0.04–0.13) per 1000 person-years
from a healthy state, highlighting the increased risk of CP devel-
opment following AP and RAP.7 These studies establish an epide-
miological foundation for perceiving pancreatitis as a spectrum of
diseases, wherein CP emerges in individuals with prior episodes
of acute pancreatic inflammation. Moreover, the epidemiological
observations are substantiated by fundamental and translational
research, which emphasizes that the transition to CP is facilitated
by the infiltration of immune cells within the pancreas, subse-
quently leading to the activation of stellate cells and the promotion
of fibrosis.8,9

Therefore, the development of stable, quantitative CP pre-
diction models is essential to provide preventive measures for
RAP patients and may help prevent the development of cancer.
Researchers are trying to figure out which risk factors are for
CP in RAP patients.10–12 However, there is a paucity of data re-
garding the risk factors of CP in RAP patients. Our study is
aimed to identify risk factors from RAP to CP. Studying these
aspects may offer a better understanding of disease progression
and help clinicians identify high-risk RAP patients who might
progress to CP early.
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MATERIALS AND METHODS

Cohort Selection and Variable Recode
Medical Information Mart for Intensive Care (MIMIC) data-

base is an extensive, single-center, and freely accessible clinical
database hosted by the Laboratory for Computational Physiology
at the Massachusetts Institute of Technology. It contains well-
documented information on laboratory tests, medical behavior,
and vital signs of 315,460 patients enrolled in Beth Israel Deacon-
ess Medical Center (BIDMC), Boston, from 2008 to 2019.13 This
retrospective cohort study is based on the MIMIC-IV (v2.0) up-
dated June 12, 2022.

Because there has been no consensus on how to define the
best RAP3,14,15 and the diagnosis of RAP is not included in the In-
ternational Classification of Diseases (ICD) code, we described
RAP as those 2 or more hospitalizations for AP without a diagno-
sis of CP in between.We collected patients' clinical information at
their second episode of AP on disease course, hospital admission,
and the results of library tests from the MIMIC database and then
developed a nomogram.

The inclusion criteria were as follow: (a) AP was included in
the first 3 diagnoses according to the ICD 9 or 10 code (Supple-
mentary Information Table S1, http://links.lww.com/MPA/
B272); (b) 2 or more episodes of AP recorded in the database.
The exclusion criteria were as follows: (a) CP was diagnosed ac-
cording to the ICD 9 or 10 code (Supplementary Information Ta-
ble S1, http://links.lww.com/MPA/B272) on previous and current
AP admission; (b) pancreatic neoplasms were diagnosed on previ-
ous and current AP admission; (c) younger than 18 years; (d) too
muchmissing data; (e) death in the hospital. Therewere no restric-
tions regarding the severity of pancreatitis.

The patients were randomized into the training and validation
cohorts with a ratio of 8:2 on follow-up time using the R package
“caret.” The training cohort was used to screen variables and con-
struct the model. The validation cohort was used to validate the re-
sults obtained using the training cohort.
Variables Included and Outcome
We collected patient demographic and biological data at the

time of the second hospitalization of AP. The following 23 vari-
ables from the MIMIC database were included: age, sex, race, al-
cohol dependence, tobacco dependence, hyperlipidemia (HLP),
biliary pancreatitis (diagnosed as acute biliary pancreatitis, ob-
struction of the bile duct or calculus of bile duct/ gallbladder), di-
abetes, obesity, intensive care unit (ICU) admission, length of stay,
the interval of time between the first and the second episode of AP
(Interval), hematocrit (HCT), total bilirubin (TBIL), lipase, plate-
let, albumin (Alb), bicarbonate, blood urea nitrogen (BUN), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP), hemo-
globin (Hb), and white blood cell (WBC). Among these variables,
alcohol dependence, tobacco dependence, HLP, biliary pancreati-
tis, diabetes, and obesity were identified based on the ICD-9 or
ICD-10 code (Supplementary Information Table S1, http://links.
lww.com/MPA/B272). People who had quit smoking and stopped
drinking at admission were not classified as alcohol or tobacco de-
pendence. Laboratory test results were the results of the first test
after admission.

The study's outcomewas the diagnosis of CP after the second
episode of AP, which was defined as a CP event in this study.
Based on different admissions, any admission with a CP diagnosis
that differs from a previous AP diagnosis is regarded as an episode
of CP following RAP. The time of admission is considered to be
the time of CP diagnosis. According to the outcome, the training
e202 www.pancreasjournal.com
cohort was divided into 2 groups, as CP event group and the
non-CP event group.

Statistical Analysis
Groups of quantitative variables were compared by using χ2

or Fisher exact tests. Univariate Cox regression was performed for
all 23 variables. The resulting hazard ratios (HRs) and 95% confi-
dence interval (CI) were presented. Variables with P value <0.05
in univariable analyses were selected into Cox proportional risk
regression analysis. A predictive nomogram was built according
to the model of multivariable analyses. The 3-/5-/10-year CP risk
was estimated in the nomogram. The concordance index (C-index)
receiver operating characteristic curve (ROC) and area under the
time-dependent receiver operating characteristic curve (time-
dependent AUC) calculated by bootstrapping were used to evalu-
ate discriminative ability. C-index and AUC values vary from 0.5
to 1.0, where 0.5 represents random chance, and 1.0 indicates a
perfect fit. Typically, C-index and AUC values greater than 0.7
suggest a reasonable estimation. Risk stratifications obtained from
the nomogram were evaluated using the Kaplan-Meier method and
the Cox model.

We transform continuous variables into categorical variables
to make the nomogram easier to use. The cutoff values of the var-
iables, including age, length of stay, Interval, and risk stratification
of total points obtained from the nomogram, were determined by
X-tile software (Supplementary Information Fig. S1, http://links.
lww.com/MPA/B279).16 We used the method of multiple imputa-
tions to avoid bias induced by missing data (Supplementary Infor-
mation Table S2, http://links.lww.com/MPA/B273). The inclusion
of covariates in the nomogram followed Harrell's guideline (the
number of events should exceed the number of covariates by at
least 10 folds).17 Meanwhile, the variance inflation factor (VIF)
was assessed among the covariates in the nomogram. Variables
with VIF > 10 were not included in the final model analysis,
which was interpreted as indicating multicollinearity.

P value <0.05 was considered to indicate a statistically sig-
nificant difference. All analyses were performed with R software
(version 4.1.3) (http://www.r-project.org/).

RESULTS

Characteristics of Patients
A total of 432 patients with a second episode of AP were en-

rolled from the MIMIC IV database. The median age of all pa-
tients was 56 (interquartile range [IQR]: 24) years old. There were
22 0(50.93%) males in all. Ninety-three (21.53%) patients in all
turned to CP. Among all patients who developed CP, the median
follow-up time was 152 days (IQR: 336). The median follow-up
time for patients who did not develop CP was 2435 days (IQR:
2259). They were randomly divided into training and validation
cohorts by a ratio of 8:2 (Supplementary Information Fig. S2,
http://links.lww.com/MPA/B280). Three hundred forty-eight pa-
tients with 75 (21.55%) patients diagnosed with CP later were in-
cluded in the training cohort. Eighty-four patients with 18
(21.43%) patients diagnosed with CP later were included in the
validation cohort. The media follow-up was 1837 (IQR: 2973)
days in the whole population, 1837 (IQR: 2956) days in the train-
ing cohort, and 1835 (IQR: 2983) days in the validation cohort.

The comparison of demographic and clinical characteristics
between the training cohort and validation cohort is summarized
in Table 1. The detailed baseline characteristics of the CP event
group and non-CP event group in the training cohort are displayed
in Supplementary Information Table S3, http://links.lww.com/
MPA/B274.
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Comparison Between the Training Cohort and
Validation Cohort

Characteristic

Training
Cohort

[Cases (%)]

Validation
Cohort

[Cases (%)] P

Total 348 84
Age 57 (IQR: 24) 56 (IQR: 27) 0.750
Sex 0.675
Female 173 (49.71) 39 (46.43)
Male 175 (50.29) 45 (53.57)

Race 0.104
White 214 (61.49) 62 (73.81)
Black 62 (17.82) 11 (13.10)
Other 72 (20.69) 11 (13.10)

Alcohol dependence 0.392
No 286 (82.18) 65 (77.38)
Yes 62 (17.82) 19 (22.62)

Tobacco dependence 0.556
No 246 (70.69) 56 (66.67)
Yes 102 (29.31) 28 (33.33)

HLP 0.334
No 231 (66.38) 61 (72.62)
Yes 117 (33.62) 23 (27.38)

Biliary pancreatitis 0.712
No 243 (69.83) 61 (72.62)
Yes 105 (30.17) 23 (27.38)

Diabetes 1.000
No 251 (72.13) 61 (72.62)
Yes 97 (27.87) 23 (27.38)

Obesity 0.892
No 319 (91.67) 78 (92.86)
Yes 29 (8.33) 6 (7.14)

ICU admission 0.098
No 301 (86.49) 66 (78.57)
Yes 47 (13.51) 18 (21.43)

Length of stay (day) 4 (IQR: 4) 4 (IQR: 7) 0.131
Interval (day) 59 (IQR: 259) 63 (IQR: 184) 0.832
HCT (%) 0.214
40–52 59 (16.95) 9 (10.71)
<40 289 (83.05) 75 (89.29)

TBIL (mg/dL) 1.000
0–1.5 299 (85.92) 72 (85.71)
>1.5 49 (14.08) 12 (14.29)

Lipase (IU/L) 0.445
0–540 270 (77.59) 69 (82.14)
>540 78 (22.41) 15 (17.86)

Platelet (K/uL) 0.063
150–440 265 (76.15) 56 (66.67)
<150 51 (14.66) 13 (15.48)
>440 32 (9.20) 15 (17.86)

Alb (g/dL) 0.581
3.5–5.2 221 (63.51) 50 (59.52)
<3.5 127 (36.49) 34 (40.48)

Bicarbonate (mEq/L) 0.084
22–27 209 (60.06) 59 (70.24)

TABLE 1. (Continued)

<22 62 (17.82) 7 (8.33)
>27 77 (22.13) 18 (21.43)

BUN (mg/dL) 0.959
< =20 281 (80.75) 67 (79.76)
>20 67 (19.25) 17 (20.24)

AST (IU/L) 0.039
0–40 199 (57.18) 59 (70.24)
>40 149 (42.82) 25 (29.76)

ALP (IU/L) 0.593
< =130 253 (72.70) 58 (69.05)
>130 95 (27.30) 26 (30.95)

Hb (g/dL) 0.422
≥12 M/11 F 177 (50.86) 38 (45.24)
<12 M/11 F 171 (49.14) 46 (54.76)

WBC * (K/uL) 0.706
4–11 223 (64.08) 50 (59.52)
<4 16 (4.60) 5 (5.95)
>11 109 (31.32) 29 (34.52)

Age, length of stay, and Interval are presented by mean and IQR.
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Nomogram Construction

For continuous variables, the optimal cutoff value of age,
length of stay, and Interval analyzed by X-tile software were
60 years old, 7 days, and 12 days respectively (Supplementary In-
formation Fig. S1, http://links.lww.com/MPA/B279). The VIF
values of variables were all <2 (Supplementary Information Table
S4, http://links.lww.com/MPA/B275), indicating that no collinear-
ity existed between screened variables.

A total of 348 patients in the training cohort were analyzed
with univariate Cox regression. According to the results, 6 vari-
ables (age, alcohol dependence, biliary pancreatitis, Interval, li-
pase, and platelet) were significantly associated with CP event.
In the multivariate Cox regression analysis, age (age ≥ 60 years
old, P = 0.008, HR = 0.46, 95% CI: 0.26–0.82), alcohol depen-
dence (P = 0.3, HR = 1.29, 95% CI: 0.76–2.20), biliary pancrea-
titis (P = 0.004, HR = 0.33, 95% CI: 0.15–0.69), Interval (Inter-
val≥ 12 days, P = 0.027, HR = 2.81, 95% CI: 1.12–7.03), platelet
(platelet >440 K/uL, P = 0.2, HR = 1.53, 95% CI: 0.81–2.89,
platelet <150 K/uL, P = 0.2, HR = 0.57, 95% CI: 0.25–1.27),
and lipase (lipase >540 IU/L, P = 0.072, HR = 0.54, 95% CI:
0.27–1.06) were collected to build nomogram to predict the risk
of CP event (Table 2).

The nomogram included 6 variables in the multivariate Cox
regression analysis model. Figure 1 shows an example of using
the nomogram to predict CP event probability for RAP patients.
The total score was determined based on individual scores calcu-
lated using the nomogram. The patient was≥60 years old without
alcohol dependence, underwent biliary pancreatitis, and had a
platelet count of 150–440 K/uL and lipase level of 0–540 IU/L,
and the interval between the second admission to the hospital
and his initial AP episode was <12 days. Red lines and dots are
drawn upward to determine the points received by each variable;
the sum (275) of these points is located on the total points axis,
and a line is drawn downward to the CP event axes to determine
the probability of 3-year (7.31%), 5-year (7.73%), and 10-year
(7.94%) overall CP risk. Detailed scores are provided in the Sup-
plementary Information (Supplementary Information Table S5,
http://links.lww.com/MPA/B276). The higher the total score, the
www.pancreasjournal.com e203
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TABLE 2. Univariate and Multivariate Analyses of the Proportional Hazards Model

Characteristics

Univariable Multivariable

Hazard Ratios
(95% CI) P

Hazard Ratios
(95% CI) P

Age
<60
≥60 0.35 (0.20–0.61) <0.001 0.46 (0.26–0.82) 0.008

Sex (%)
F
M 1.57 (0.99–2.50) 0.054

Race
White
Black 1.30 (0.74–2.26) 0.360
Other 0.64 (0.33–1.23) 0.183

Alcohol dependence
No
Yes 2.05 (1.25–3.38) 0.005 1.29 (0.76–2.20) 0.300

Tobacco dependence
No
Yes 0.98 (0.60–1.61) 0.942

HLP (%)
No
Yes 0.60 (0.35–1.02) 0.060

Biliary pancreatitis
No
Yes 0.26 (0.12–0.53) <0.001 0.33 (0.15–0.69) 0.004

Diabetes
No
Yes 1.42 (0.88–2.30) 0.150

Obesity
No
Yes 1.03 (0.45–2.37) 0.950

ICU admission
No
Yes 1.43 (0.75–2.71) 0.274

Length of stay (day)
≤7
>7 1.51 (0.90–2.54) 0.122

Interval (day)
≤11
>11 2.62 (1.06–6.50) 0.037 2.81 (1.12–7.03) 0.027

HCT * (%)
40–52
<40 1.27 (0.67–2.41) 0.459

TBIL * (mg/dL)
0–1.5
>1.5 0.61 (0.28–1.34) 0.219

Lipase (IU/L)
0–540
>540 0.49 (0.25–0.96) 0.037 0.54 (0.27–1.06) 0.072

Platelet (K/uL)
150–440
<150 0.64 (0.29–1.40) 0.264 0.57 (0.25–1.27) 0.200
>440 1.89 (1.01–3.53) 0.045 1.53 (0.81–2.89) 0.200

(Continued on next page)
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TABLE 2. (Continued)

Characteristics

Univariable Multivariable

Hazard Ratios
(95% CI) P

Hazard Ratios
(95% CI) P

Alb * (g/dL)
3.5–5.2
<3.5 1.24 (0.78–1.97) 0.365

Bicarbonate (mEq/L)
22–27
<22 1.00 (0.53–1.89) 0.991
>27 1.19 (0.69–2.03) 0.533

BUN * (mg/dL)
≤20
>20 0.78 (0.41–1.49) 0.457

AST * (IU/L)
0–40
>40 0.79 (0.49–1.25) 0.312

ALP * (IU/L)
< =130
>130 0.62 (0.35–1.11) 0.105

Hb * (g/dL)
≥12 M/11 F
<12 M/11 F 1.08 (0.69–1.69) 0.746

WBC * (K/uL)
4–11
<4 2.00 (0.79–5.07) 0.142
>11 1.38 (0.85–2.24) 0.187
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greater the risk of the CP event. The media score of all patients
was 324 (IQR: 78).

Nomogram Validation
The C-index value was 0.717 (95% CI: 0.691–0.743) for the

training cohort and 0.718 (95% CI: 0.662–0.774) for the valida-
tion cohort. The calibration curves of the nomogram show high
consistencies between the predicted and observed CP event prob-
ability in both the training and validation cohorts (Fig. 2). ROC
analysis illustrates that the prediction model of 3-year, 5-year,
and 10-year non-CP are effective (Fig. 3) (95 CIs of AUC pro-
vided in Supplementary Information Table S6, http://links.lww.
com/MPA/B277). The time-dependent AUC was >0.7 for the pre-
diction of non-CP within 10 years in both the training and valida-
tion cohorts, indicating the satisfactory discriminative ability of
the nomogram (Fig. 3).

The cutoff values of the total scores obtained from the nomo-
gramwere 298 and 343 for all patients (Supplementary Information
Fig. S1, http://links.lww.com/MPA/B279). We compared these 3
levels of risk using the Kaplan-Meier method, indicating great dis-
crimination among the 3 risk groups (Fig. 4).

DISCUSSION
CP is a progressive inflammatory disease of the pancreas that

affects patients' quality of life and greatly increases society's pub-
lic medical burden. The global incidence andmortality of CPwere
9.62/100,000 and 0.09/100,000, respectively.18 The disease con-
tinuum of AP-RAP-CP pancreatitis is well known. RAP is an in-
dependent risk factor for CP.19 The global transition rate from
the first episode of AP to a recurrent episode is 10%–20%, and
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
the rate from RAP to CP is ~35%.4,20 In a study with 8 years of
follow-up, more than 64% of patients with CP had preceding
RAP.11 Among the causes of CP, the risk of RAP is even higher
than that of smoking and drinking.21 Several hypotheses regarding
the relationship between AP, RAP, and CP exist. The “Sentinel Acute
Pancreatitis Event (SAPE)” hypothesis was highly accepted.22 The
SAPE hypothesis is that an episode of AP alters the pancreas to
make it hypersensitive to RAP and drives CP after the sentinel AP
event. Another hypothesis of CP pathogenesis posits that RAP
causes progressive inflammatory damage, micronecrosis, and fibro-
sis (necrosis-fibrosis sequence).23 However, there is no consensus on
the underlying mechanism of disease progression in pancreatitis
from AP to CP.

Several findings were observed in our retrospective study
based on the MIMIC database. The incidence rates of CP were
21.53% in a total of 432 RAP patients, and the median follow-
up time was 152 (IQR: 336) days among patients who developed
CP, which is similar to the previous study. In our study, 6 variables
were enrolled to establish a nomogram, which were age, biliary
pancreatitis, alcohol dependence, interval (the interval of time be-
tween the first and the second episode of AP), platelet count, and
lipase level. Age, biliary pancreatitis, and interval were indepen-
dent risk factors among these variables. The nomogram was built
in the training cohort and validated in the validation cohort. The
ROC and time-dependent AUC results showed the satisfactory
discriminative ability of the nomogram.

Previous study showed that young age, smoking, and alcohol
use are reported as risk factors in patients with RAP who progress
to CP,11 which is different from our present study. Many studies
have found alcohol use and smoking to be the most significant
risk factors for developing CP in patients with AP or RAP.4,19,21
www.pancreasjournal.com e205
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FIGURE 1. A constructed nomogram for chronic pancreatitis prediction. The density plot of total points shows their distribution. For category
variables, their distributions are reflected by the size of the box. The importance of each variable was ranked according to the standard
deviation along nomogram scales. *: P < 0.05, **: P < 0.01.

Wei et al Pancreas • Volume 54, Number 3, March 2025
For the first episode of AP, progression was associated indepen-
dently with alcoholic etiology, smoking, and a history of pancre-
atic necrosis. Smoking is the predominant risk factor for recurrent
disease, whereas the combination of alcohol abuse and smoking
produces the highest cumulative risk for CP.19,24 A study on
RAP and CP occurred in one-fifth of patients and found that both
RAP and CP were related to alcoholic AP, while RAP was associ-
ated with smoking and the male sex.12 In our study, age and alco-
hol dependence were consistent with previous studies. However,
we did not include tobacco dependence in the model because it
was not statistically significant in the univariate analysis. In our
study, we did not separate past smokers from nonsmokers. Addi-
tionally, because we extracted tobacco dependence information
from diagnoses, there is a possibility of underestimating the num-
ber of smokers due to potential biases introduced by human judg-
ment. The tobacco dependence at admission is only used as a ref-
erence indicator for constructing the predictive model, and further
research is needed.
FIGURE 2. The calibration plots show the agreement between the pred
Calibration plots of the training cohort. D–F, Calibration plots of the vali
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The significant protective effect of biliary etiology in CP
events may be because it can be relieved by surgery or manipu-
lation.14,19 Gallstone is the leading risk factor for AP.25,26 Early cho-
lecystectomy may play an essential protective role in this progres-
sion. It effectively reduces AP mortality and prevents recurrent
episodes of biliary AP.27–29 The recurrence rate was significantly
lower after cholecystectomy than after conservative management.30

Cholecystectomy resulted in fewer subsequent hospitalizations for
AP and CP as compared with noncholecystectomy.31 Consistent
with the previous study, our result indicated that patients with
nonbiliary RAP are prone to develop CP, suggesting a disease con-
tinuum from AP to RAP to CP. Moreover, the guideline suggests
that early cholecystectomy for patients with acute biliary pancreati-
tis will be more beneficial.32 Synthesis of the above conclusions,
the patients with biliary obstruction should be relieved as soon as
possible to avoid the occurrence of RAP and CP.

Based on the univariate results, platelet count was included in
our model. In our study, the increase in platelet count increased the
icted and actual chronic pancreatitis event and 95% CIs. A–C,
dation cohort.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Receiver operating characteristic curves and time-dependent area under the time-dependent receiver operating characteristic
curves of the training and validation cohorts. A–B, The training and validation cohorts' 3-year, 5-year, and 10-year receiver operating
characteristic curves. C–D, Time-dependent area under the time-dependent receiver operating characteristic curves of using the nomogram to
predict chronic pancreatitis probability within 10 years in the training and validation cohorts.
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possibility of CP. Previous studies have used platelet count to con-
struct a prognostic scoring model for CP.33 Studies have shown a
relationship between pancreatitis and extrahepatic portal venous
system thrombosis in 35% of patients with acute/chronic alcoholic
pancreatitis.34 Splanchnic venous thrombosis is a kind of vascular
complication of CP.35,36 While platelets are widely recognized for
FIGURE 4. Kaplan-Meier analysis between different chronic pancreatitis r
recurrent acute pancreatitis. Non-CP, nonchronic pancreatitis event.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
their role in thrombosis, there is a growing acceptance of platelets
as immune cells that also play a significant role in inflammation.37

Although the involvement of platelets in chronic inflammation
has been extensively documented,33,38 no studies have been found
specifically addressing their role in CP. Although platelet counts
are not explicitly mentioned, earlier researches have highlighted
isk stratification according to the total scores predicting patients with
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the significant role of platelet-activating factors (PAF) in both
acute AP and CP. Researchers investigated the role of PAF in
AP by analyzing the levels of endogenous PAF in pancreatic tissue
and evaluating the protective effects of TCV-309, a specific
blocker of PAF, in rats with cerulein-induced pancreatitis.39 Dur-
ing the chronic phase of obstructive pancreatitis induced by duct
ligation, the levels of pancreatic PAF significantly increase.40 Fur-
thermore, recent research findings have revealed the unexpected
role of platelets in the regulation of insulin secretion and glucose
metabolism.41 Further studies are needed to confirm the mecha-
nism of platelet count in the progression of CP.

The function of pancreatic lipase is the hydrolysis of dietary
triacylglycerols into diacylglycerols and then free fatty acids.42 Li-
pase elevation more than 3 times the upper limit of normal is in-
cluded in the diagnosis of AP.43 Serum lipase appears more specific
and remains elevated longer than amylase after disease presenta-
tion.44 However, it is not only the pancreas that can secrete lipase.
Elevated lipase levels may also be associated with other diseases,
such as cholecystitis or biliary obstruction.43,44 Combined with
the relationship between biliary cause and the risk of CP, there
may be a connection between biliary cause, lipase level, and the
CP event. In our study, the higher the lipase level, the greater the
probability of CP. Interestingly, studies report that low serum pan-
creatic lipase level is related to CP diagnosis.45,46 Although this
study found that lipase levels were associated with CP in patients
with RAP, the mechanism is unclear.

There were certain limitations in our study that might impact
the generalizability of the findings. These limitations include the
absence of data on autoimmune pancreatitis, the small number
of patients with idiopathic AP, and the exclusion of genetic factors
from the analysis. It is important to consider these limitations
when interpreting the results and extending the findings to
broader populations. Because no diagnosis related to autoimmune
pancreatitis was retrieved in the MIMIC database, we did not en-
roll in the autoimmune etiology. Because of the small number of
patients diagnosed with idiopathic AP, studies on idiopathic AP
were not included. Besides, we did not include genetic factors in
the analysis of the unavailability of genetic data. Not many pa-
tients completed genetic testing at the time of initial AP or RAP.
For information on available etiology or risk factors, we also
searched for both hospital admissions, although only the second
admission was presented in the text results section. The causes
of initial and recurrent pancreatitis are described in Supplemen-
tary Information Table S7, http://links.lww.com/MPA/B278. We
did not separate past smokers from nonsmokers in our study.
The further research is needed to determine the role of smoking
in the progression from RAP to CP. In our study, the etiology of
the disease was extracted based on diagnoses identified by the
ICD codes in the database. The number of people who smoke
and drink alcohol may be underestimated. Scores related to the se-
verity of pancreatitis were not included because the results of
some laboratory tests were insufficient.

In conclusion, we developed a novel nomogram to help clini-
cians identify CP risk in RAP patients at the second episode of AP
and divide patients into high-risk, median-risk, and low-risk
groups. The diagnosis of RAP should be paid attention to in clin-
ical practice. Our study may help to identify the risk of CP early
and provide insights into the mechanistic studies of CP.
ACKNOWLEDGMENTS
The authors thank all colleagues who contributed to this ef-

fort. The authors declared no potential conflicts of interest.
e208 www.pancreasjournal.com
REFERENCES

1. Peery AF, Crockett SD, Murphy CC, et al. Burden and cost of
gastrointestinal, liver, and pancreatic diseases in the United States: update
2021. Gastroenterology. 2022;162:621–644.

2. Iannuzzi JP, King JA, Leong JH, et al. Global incidence of acute
pancreatitis is increasing over time: a systematic review and meta-analysis.
Gastroenterology. 2022;162:122–134.

3. Machicado JD, Yadav D. Epidemiology of recurrent acute and chronic
pancreatitis: similarities and differences. Dig Dis Sci. 2017;62:1683–1691.

4. Sankaran SJ, Xiao AY, Wu LM, et al. Frequency of progression from acute
to chronic pancreatitis and risk factors: a meta-analysis. Gastroenterology.
2015;149:1490–1500.e1.

5. Kirkegård J, Mortensen FV, Cronin-Fenton D. Chronic pancreatitis and
pancreatic cancer risk: a systematic review and meta-analysis. Am J
Gastroenterol. 2017;112:1366–1372.

6. Pinho AV, Chantrill L, Rooman I. Chronic pancreatitis: a path to pancreatic
cancer. Cancer Lett. 2014;345:203–209.

7. Cook ME, Bruun NH, Davidsen L, et al. Multistate model of the natural
history of inflammatory pancreatic diseases: a nationwide population-
based cohort study. Gastroenterology. 2023;165:1547–1557.e4.

8. Zheng L, Xue J, Jaffee EM, et al. Role of immune cells and immune-based
therapies in pancreatitis and pancreatic ductal adenocarcinoma.
Gastroenterology. 2013;144:1230–1240.

9. Xue J, Sharma V, Hsieh MH, et al. Alternatively activated macrophages
promote pancreatic fibrosis in chronic pancreatitis. Nat Commun. 2015;
6:7158.

10. Tao H, Xu J, Li N, et al. Early identification of high-risk patients with
recurrent acute pancreatitis progression to chronic pancreatitis. Arch Med
Sci. 2022;18:535–539.

11. Shah I, Bocchino R, Ahmed A, et al. Impact of recurrent acute pancreatitis
on the natural history and progression to chronic pancreatitis.
Pancreatology. 2022;22:1084–1090.

12. Magnusdottir BA, Baldursdottir MB, Kalaitzakis E, et al. Risk factors for
chronic and recurrent pancreatitis after first attack of acute pancreatitis.
Scand J Gastroenterol. 2019;54:87–94.

13. Johnson A, Bulgarelli L, Pollard T, et al. MIMIC-IV (version 2.0).
PhysioNet. 2022. doi:10.13026/7vcr-e114.

14. Jagannath S, Garg PK. Recurrent acute pancreatitis: current concepts in the
diagnosis and management. Curr Treat Options Gastroenterol. 2018;16:
449–465.

15. Takuma K, Kamisawa T, Hara S, et al. Etiology of recurrent acute
pancreatitis, with special emphasis on pancreaticobiliary malformation.
Adv Med Sci. 2012;57:244–250.

16. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool
for biomarker assessment and outcome-based cut-point optimization. Clin
Cancer Res. 2004;10:7252–7259.

17. Balachandran VP, GonenM, Smith JJ, et al. Nomograms in oncology: more
than meets the eye. Lancet Oncol. 2015;16:e173–e180.

18. Xiao AY, Tan ML, Wu LM, et al. Global incidence and mortality of
pancreatic diseases: a systematic review, meta-analysis, and meta-
regression of population-based cohort studies. Lancet Gastroenterol
Hepatol. 2016;1:45–55.

19. Ahmed Ali U, Issa Y, Hagenaars JC, et al. Risk of recurrent pancreatitis and
progression to chronic pancreatitis after a first episode of acute pancreatitis.
Clin Gastroenterol Hepatol. 2016;14:738–746.

20. Petrov MS, Yadav D. Global epidemiology and holistic prevention of
pancreatitis. Nat Rev Gastroenterol Hepatol. 2019;16:175–184.

21. Bertilsson S, Swärd P, Kalaitzakis E. Factors that affect disease progression
after first attack of acute pancreatitis.Clin Gastroenterol Hepatol. 2015;13:
1662–9.e3.
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

http://links.lww.com/MPA/B278
http://www.pancreasjournal.com


Pancreas • Volume 54, Number 3, March 2025 A Nomogram for Predicting Chronic Pancreatitis
22. WhitcombDC. Hereditary pancreatitis: new insights into acute and chronic
pancreatitis. Gut. 1999;45:317–322.

23. Whitcomb DC, Frulloni L, Garg P, et al. Chronic pancreatitis: an
international draft consensus proposal for a new mechanistic definition.
Pancreatology. 2016;16:218–224.

24. Lin Y-C, Kor C-T, Su W-W, et al. Risk factors and prediction score for
chronic pancreatitis: a nationwide population-based cohort study. World J
Gastroenterol. 2018;24:5034–5045.

25. Lankisch PG, Apte M, Banks PA. Acute pancreatitis. Lancet. 2015;386:
85–96.

26. Venneman NG, Renooij W, Rehfeld JF, et al. Small gallstones, preserved
gallbladder motility, and fast crystallization are associated with pancreatitis.
Hepatology. 2005;41:738–746.

27. HallenslebenND, Timmerhuis HC, Hollemans RA, et al. Optimal timing of
cholecystectomy after necrotising biliary pancreatitis. Gut. 2022;71:
974–982.

28. da Costa DW, Bouwense SA, Schepers NJ, et al. Same-admission versus
interval cholecystectomy for mild gallstone pancreatitis (PONCHO): a
multicentre randomised controlled trial. Lancet. 2015;386:1261–1268.

29. Gimberg K, Enochsson L, Sandblom G.Mortality and recurrence risk after
a first episode of acute pancreatitis in the elderly: population-based study.
Br J Surg. 2022;110:905–907.

30. Umans DS, Hallensleben ND, Verdonk RC, et al. Recurrence of idiopathic
acute pancreatitis after cholecystectomy: systematic review and meta-
analysis. Br J Surg. 2020;107:191–199.

31. Kamal A, Akhuemonkhan E, Akshintala VS, et al. Effectiveness of
guideline-recommended cholecystectomy to prevent recurrent pancreatitis.
Am J Gastroenterol. 2017;112:503–510.

32. Crockett SD, Wani S, Gardner TB, et al. American Gastroenterological
Association Institute guideline on initial management of acute pancreatitis.
Gastroenterology. 2018;154:1096–1101.

33. Aiolfi R, Sitia G. Chronic hepatitis B: role of anti-platelet therapy in
inflammation control. Cell Mol Immunol. 2015;12:264–268.

34. Rebours V, Boudaoud L, Vullierme M-P, et al. Extrahepatic portal venous
system thrombosis in recurrent acute and chronic alcoholic pancreatitis is
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
caused by local inflammation and not thrombophilia. Am J Gastroenterol.
2012;107:1579–1585.

35. Vujasinovic M, Dugic A, Nouri A, et al. Vascular complications in patients
with chronic pancreatitis. J Clin Med. 2021;10.

36. Anand A, Gunjan D, Agarwal S, et al. Vascular complications of chronic
pancreatitis: a tertiary center experience. Pancreatology. 2020;20:
1085–1091.

37. Franco AT, Corken A, Ware J. Platelets at the interface of thrombosis,
inflammation, and cancer. Blood. 2015;126:582–588.

38. Boilard E, Nigrovic PA, Larabee K, et al. Platelets amplify inflammation in
arthritis via collagen-dependent microparticle production. Science. 2010;
327:580–583.

39. Konturek SJ, Dembinski A, Konturek PJ, et al. Role of platelet activating
factor in pathogenesis of acute pancreatitis in rats. Gut. 1992;33:
1268–1274.

40. ZhouWG,ChaoW, LevineBA, et al. Evidence for platelet-activating factor
as a late-phase mediator of chronic pancreatitis in the rat. Am J Pathol.
1990;137:1501–1508.

41. Karwen T, Kolczynska-Matysiak K, Gross C, et al. Platelet-derived lipids
promote insulin secretion of pancreatic β cells. EMBO Mol Med. 2023;
15:e16858.

42. Kumar A, Chauhan S. Pancreatic lipase inhibitors: the road voyaged and
successes. Life Sci. 2021;271:119115.

43. Lee PJ, Papachristou GI. New insights into acute pancreatitis. Nat Rev
Gastroenterol Hepatol. 2019;16:479–496.

44. Tenner S, Baillie J, DeWitt J, et al. American College of Gastroenterology
guideline: management of acute pancreatitis. Am J Gastroenterol. 2013;
108:1400–1415 1416.

45. Oh HC, Kwon CI, El Hajj II, et al. Low Serum Pancreatic Amylase and
Lipase Values Are Simple and Useful Predictors to Diagnose Chronic
Pancreatitis. Gut Liver. 201711;878–883.

46. Conwell DL, Zuccaro G, Morrow JB, et al. Cholecystokinin-stimulated
peak lipase concentration in duodenal drainage fluid: a new pancreatic
function test. Am J Gastroenterol. 2002;97:1392–1397.
www.pancreasjournal.com e209

http://www.pancreasjournal.com

