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Background: In recent years, the cure rate of acute pancreatitis (AP) has increased gradually, but the morbidity of recurrent acute
pancreatitis (RAP) has not decreased. Patients with RAP have a poor quality of life and are more likely to develop into chronic
pancreatitis. To investigate the risk factors of RAP after first pancreatitis attack is very necessary.

Methods: Patients with first episode AP admitted to Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine
from January 2018 to May 2021 were included in this retrospective study, and follow-up was 3—45 months after discharge. The
patients information were collected from medical records including laboratory tests and auxiliary inspection of their hospitalization.
Univariate and multivariate Cox regression analysis were used to explore the risk factors of RAP. Cumulative risk of RAP was plotted
using Kaplan—Meier curves.

Results: A total of 592 patients were enrolled in the study and 81 (13.7%) of the patients developed RAP. Among those RAP patients,
the majority (67.9%) were men, with a median age of 43 years. The most common etiology of RAP was hypertriglyceridemia (38.3%).
Multivariate Cox analysis showed that smoking history (p < 0.001), infected pancreatic necrosis occurred during first admission (p =
0.005), and high low-density lipoprotein cholesterol (LDLc) level (p < 0.001) were significant independent risk factors for RAP.
Patients with the above independent risk factors had increased 3-year cumulative risk of recurrence (32.2%, 45.5%, 28.9%,
respectively).

Conclusion: Smoking history, infected pancreatic necrosis, and high LDLc level were the most decisive risk factors for RAP.
Attention should be paid to the patients with the above factors.

Keywords: first episode pancreatitis, recurrent acute pancreatitis, risk factors, low-density lipoprotein cholesterol, infected pancreatic

necrosis

Introduction
Acute pancreatitis (AP) is one of the most common critical diseases of the gastrointestinal tract. It is estimated that
between 5 and 35 people per 100,000 are treated for AP annually, and this number has increased over the past decade.’
Biliary, hypertriglyceridemia and alcohol are the common causes of AP. Etiological composition varies in different
countries and regions.”* Most AP can be completely recovered after standard treatment, but a few patients may have
recurrent episodes. The recurrence rate of AP reported in previous studies is around 10-30%.%*° It is important to note
that patients with recurrent acute pancreatitis (RAP) are at high risk of progressing to chronic pancreatitis and even may
be related to pancreatic cancer.” And even in the absence of chronic pancreatitis, patients with RAP have lower physical
and mental quality of life.®

It is necessary to find the risk factors of pancreatitis recurrence accurately and early. Previous studies have shown that
factors that can lead to AP are more likely to become causes of RAP.” Continued drinking after the first attack, delayed
cholecystectomy, and poor control of triglyceride level are all well-known risk factors for RAP.”'® The correlation

between smoking and recurrence of AP is also clear, and it has been agreed that smokers have a significantly increased

International Journal of General Medicine 2022:15 1319-1328 1319
Received: 23 October 2021 © 2022 Sun et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 30 December 2021
Published: 9 February 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8541-0281
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Sun et al Dove

risk of recurrence.''"'* The purpose of this study was to find the risk factors for recurrence of AP by analyzing the
laboratory test indicators and clinical characteristics of patients with the first episode AP.

Materials and Methods

Patients and Study Design

Patients admitted to Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine with a first episode
of AP between January 2018 and May 2021 were included in our study. The exclusion criteria included patients younger
than 18 years of age, pregnancy, prior malignancy, chronic pancreatitis, and poor compliance. The inclusion and
exclusion criteria of this study are shown in Figure 1. Patient characteristics, past medical history, tobacco and alcohol
consumption, local complication, etiology and severity of AP, laboratory data and modified computed tomography
severity index (MCTSI) were collected from medical records of their first hospitalization. All patients received
standardized management according to guidelines and consensus.'* Follow-up of each patient began on the day of
discharge and ended with a readmission for AP or the earliest of the following dates: death, loss of contact, or time to end
date of our study: August 2021. The follow-up evaluation was based on medical records and telephone visit. This study

Patients with first episode AP
admitted to Shanghai General
Hospital between January 2018
and May 2021
n = 644

Age < 18 years ( n = 3), duration of
pregnancy (n=2)
n=>5

Exclude

\

History of chronic pancreatitis
» (n=17), pancreatic cancer (n=4)
n =21

Exclude

Other malignant tumor (n=11),
> poor cooperate (n=15)
n=26

Exclude

v

Eventually enrolled in the
study
n =592

A A

OAP group RAP group
n=511 n =81

Figure | Flowchart of the patients included in the study.
Abbreviations: AP, acute pancreatitis; OAP, once episode of acute pancreatitis; RAP, recurrent acute pancreatitis.
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was reviewed and approved by the Medical Ethical Committee of Shanghai General Hospital, Shanghai Jiao Tong
University School of Medicine (No. 021KY049).

Definition
The diagnosis and classification of AP were based on the 2012 revised Atlanta classification criteria.'> The diagnosis of AP
required two of the following three criteria: 1) typical abdominal pain consistent with AP; 2) serum amylase (or lipase) activity
at least three times greater than the standard upper limit; and 3) characteristic findings consistent with AP on computed
tomography or abdominal ultrasonography. RAP was defined as follows: 1) interval between attacks greater than 3 months; 2)
first episode AP entirely or near wholly resolved; and 3) no conclusive evidence of underlying chronic pancreatitis.'®!”
Acute biliary pancreatitis (ABP) was defined as AP caused by biliary stones or biliary tract obstruction.'’
Hypertriglyceridemic pancreatitis (HTGP) was described as a serum triglyceride level at admission greater than 11.3
mmol/L or greater than 5.65 mmol/L without other causes, such as biliary stones or obstruction, and alcohol excluded.”
Alcohol-induced AP was diagnosed as the consumption of more than 80 g of alcohol per day for at least 10 years or
heavy alcohol consumption prior to onset of AP.'®?? The remaining cases, such as autoimmune pancreatitis, idiopathic
pancreatitis, pancreas divisum, intraductal papillary mucinous neoplasm were defined as others etiology of AP.

Laboratory Detection

Whole blood and serum samples were collected at the first time of admission. Whole blood samples were used to detect
C-reactive protein and hemoglobin (BC-1050, Mindray, Guangzhou, China). Serum samples were used to detect the
concentrations of blood calcium, fasting blood glucose, glycated hemoglobin Alc, albumin, total cholesterol, triglyceride,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol (LDLc) (ADIVA2400, Siemens, Munich, Germany)
and D-dimer (CN6000, Sysmex, Kobe, Japan). Their concentrations were obtained by standard operating methods.

All laboratory indicators were classified according to the normal reference range of our hospital. D-dimer level was
classified as high or normal based on whether they were above the upper limit of normal (0.55mg/L). Glycated hemoglobin
Alc was divided into high and normal groups based on whether it was greater than 6%. Triglyceride level higher than
1.7mmol/L was classified as high-level. LDLc level was divided into the high-level group and the normal or low-level group
according to whether they were greater than 4.14mmol/L. Serum calcium was divided into low (<2.10mmol/L) and normal or
high (>2.10mmol/L) groups. Fasting blood glucose was divided into high (>6.11mmol/L) and normal or low (<6.11mmol/L)
groups. Albumin was divided into low (<40g/L) and normal (=40g/L) groups. Hemoglobin was divided into low (<131g/L)
and normal or high (>131g/L) groups. Total cholesterol was divided into high (>5.18mmol/L) and normal (<5.18mmol/L)
groups. High-density lipoprotein cholesterol was divided into low (<1.16mmol/L) and normal or high (>1.16mmol/L) groups.
C-reactive protein was divided into high and normal groups based on whether it was greater than 10mg/L.

Statistical Analysis

All statistical tests were conducted using SPSS version 26.0 and GraphPad Prism version 8.0. We expressed continuous
variables as the mean + standard deviation (Ma + SD) or as the median + interquartile range (Md + IQR). Normally
distributed data were analyzed by a 2-tailed ¢-test, whereas non-normally distributed data tested by the Mann—Whitney
U-test. Categorical variables were indicated as proportions and analyzed using the % test. If more than 20% of the
expected value was less than 5, Fisher’s exact test was used. Variables with a p < 0.05 on univariate analysis were entered
into a multivariable Cox regression to identify independent predictors. Results were presented as hazard ratios (HRs)
with 95% confidence intervals (Cls). Cumulative incidences of RAP were plotted using Kaplan—Meier curves. Statistical
significance was defined as p < 0.05.

Results

Patient Characteristics
A total of 644 patients with first episode AP were admitted to the Shanghai General Hospital, Shanghai Jiao Tong
University School of Medicine from January 2018 to May 2021. Data were excluded from the exclusion criteria (Age
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<18 years, pregnancy, chronic pancreatitis, pancreatic cancer, other malignant tumor and poor cooperate), and a total of
52 people were excluded. Eventually, 592 patients were enrolled in this study. According to whether patients have
recurrence, we divided them into RAP group (n = 81) and once episode of AP (OAP) group (n = 511). Baseline
characteristics are presented in Table 1. The median age was 49+26 years, median body mass index (BMI) was 25.40
+4.60 kg/mz, and 383 (64.7%) were males. Seventy-two (12.2%) had a history of diabetes mellitus and 236 (39.9%) had
a previous diagnosis of fatty liver. The etiology of AP was biliary in 289 patients (48.8%), hypertriglyceridemia (HTG) in
157 patients (26.5%), alcohol in 68 patients (11.5%), and others in 78 patients (13.2%). In total, 133 (22.5%) people were
exposed to cigarette smoke and 150 (25.3%) people have a history of drinking. Of all local complications, acute
peripancreatic fluid collection was the most common occurring in 257 (43.4%) patients during the first hospitalization.

Comparison of RAP and OAP

The patients were followed up for 3—45 months with a median follow-up time of 25 months. And, 13.7% (81/592) of
patients with first episode AP developed RAP. The median age of the RAP patients was 43 + 29.5 years, which was
younger than that of OAP patients (50 + 26 years, p = 0.123). The proportion of males was higher in the RAP group (55/
81, 67.9%) than in the OAP group (328/511, 64.2%), but the difference was not statistically significant (p = 0.516). The
median BMI for two groups were 25.8kg/m* and 25.4 kg/m?, respectively (p = 0.459). There were significant differences
in tobacco smoke exposure (p < 0.001) and alcohol consumption (p < 0.001) between the two groups. There was no
significant difference in previous diagnosis of diabetes mellitus (p = 0.674) between the two groups while the RAP group
had a higher rate of fatty liver history (p = 0.004).

The composition of etiology of AP was significantly different (»p = 0.010). The most common etiology in the OAP
group was biliary (51.5%), whereas the etiology was HTG (38.3%) in the RAP group. Of the 12 patients (14.8%) with
others etiology in RAP group, all patients had completed endoscopic ultrasonography during the follow-up. Six of them
were congenital malformation of the pancreas (pancreas divisum), four were idiopathic pancreatitis, and the rest of them
were autoimmune pancreatitis and intraductal papillary mucinous neoplasm.

The incidence of acute peripancreatic fluid collection, pancreatic pseudocyst, and infected pancreatic necrosis in RAP
group were significantly higher than that in OAP group during the first hospitalization (p = 0.000, p = 0.021, p = 0.010,
respectively). There were significant differences in serum calcium, fasting blood glucose, and LDLc level between the
two groups (p = 0.040, p = 0.015, p = 0.000, respectively). Differences in clinical feature profiles between RAP and OAP
groups are presented in Table 1.

Risk of RAP

Regression analysis of risk factors for RAP is presented in Table 2. After univariate Cox regression analysis, the cigarette
smoke exposure, alcohol consumption, fatty liver history, etiology and severity of AP, MCTSI, acute peripancreatic fluid
collection, pancreatic pseudocyst, infected pancreatic necrosis, high fasting blood glucose level, high triglyceride level,
and high LDLc level were significantly associated with RAP (p < 0.05). There is no correlation between the respective
variables. Multivariate Cox regression analysis of these variables showed that cigarette smoke exposure (p < 0.001),
infected pancreatic necrosis (p = 0.005) and high LDLc level (p < 0.001) were significantly independent risk factors
for RAP.

Cumulative risk analysis of development of RAP stratified by cigarette smoke exposure, infected pancreatic necrosis
and LDLc level is presented in Figure 2. The 3-year cumulative risk for RAP was highest in patients with infected
pancreatic necrosis during the first episode pancreatitis (45.5%). Smokers or patients with high LDLc level have
significantly higher cumulative risk for RAP over 3 years than non-smokers or patients with normal LDLc level
(32.2% vs 9.5%, 28.9% vs 5%, respectively).

Discussion
Recurrent episodes of pancreatitis seriously affect the quality of life.® In addition, some studies consider that AP, RAP,
and chronic pancreatitis are the continuum of the same disease.”® It has even been suggested that RAP may be an
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Table | Basic Characteristics of Patients with First Episode Acute Pancreatitis

All Patients OAP RAP p
(n=592) (n=511) (n = 81)
Sex
Male 383 (64.7%) 328 (64.2%) 55 (67.9%) 0.516*
Female 209 (35.3%) 183 (35.8%) 26 (32.1%)
Age (years) 49.0 + 26.0 50.0 £ 26.0 43.0 £ 295 0.123°
BMI (kg/m?) 25.40 + 4.60 25.40 + 447 25.80 + 4.95 0.459°
Habits
Smoking 133 (22.5%) 93 (18.2%) 40 (49.4%) <0.001*
Drinking 150 (25.3%) 116 (22.7%) 34 (42.0%) <0.001*
Diabetes mellitus 72 (12.2%) 6l (11.9%) 11 (13.6%) 0.674°
Fatty liver 236 (39.9%) 192 (37.6%) 44 (54.3%) 0.004*
Etiology of AP
Biliary 289 (48.8%) 263 (51.5%) 26 (32.1%) 0.010*
HTG 157 (26.5%) 126 (24.7%) 31 (38.3%)
Alcohol 68 (11.5%) 56 (11.0%) 12 (14.8%)
Others 78 (13.2%) 66 (12.9%) 12 (14.8%)
Local complication
Acute peripancreatic fluid collection 257 (43.4%) 206 (40.3%) 51 (63.0%) <0.001*
Acute necrotic collection 58 (9.8%) 48 (9.4%) 10 (12.3%) 0.406°
Pancreatic pseudocyst 27 (4.6%) 19 (3.7%) 8 (9.9%) 0.021°
Walled-off necrosis 14 (2.4%) 10 (2.0%) 4 (4.9%) 0.1
Infected pancreatic necrosis I (1.9%) 6 (1.2%) 5 (6.2%) 0.010°
MCTSI
Mild 212 (35.8%) 194 (38.0%) 18 (22.2%) 0.023*
Moderate 328 (55.4%) 274 (53.6%) 54 (66.7%)
Severe 52 (8.8%) 43 (8.4%) 9 (11.1%)
Severity of AP
MAP 368 (62.2%) 325 (63.6%) 43 (53.1%) 0.107%
MSAP I51 (25.5%) 128 (25.0%) 23 (28.4%)
SAP 73 (12.3%) 58 (11.4%) 15 (18.5%)
Laboratory test
High D-dimer 466 (78.7%) 403 (78.9%) 63 (77.8%) 0.824*
Low-Ca®* 231 (39.0%) 191 (37.4%) 40 (49.4%) 0.040*
High-FBG 343 (57.9%) 286 (56.0%) 57 (70.4%) 0.015%
High-HbAlc 188 (31.8%) 154 (30.1%) 34 (42.0%) 0.033*
Low-ALB 314 (53.0%) 267 (52.3%) 47 (58.0%) 0.333*
Low-Hb 184 (31.1%) 159 (31.1%) 25 (30.9%) 0.964%
High-TC 229 (38.7%) 192 (37.6%) 37 (45.7%) 0.164%
High-TG 234 (39.5%) 190 (37.2%) 44 (54.3%) 0.003*
Low-HDLc 434 (73.3%) 370 (72.4%) 64 (79.0%) 0.212*
High-LDLc 64 (10.8%) 32 (6.3%) 32 (39.5%) <0.001*
High-CRP 477 (80.6%) 409 (80.0%) 68 (84.0%) 0.408*

Notes: % test, categorical variables were indicated as proportions. "Mann-Whitney U-test, continuous variables as the median with the interquartile range.
Abbreviations: OAP, once episode of acute pancreatitis; RAP, recurrent acute pancreatitis; BMI, body mass index; HTG, hypertriglyceridemia; MCTSI,
modified computed tomography severity index; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis;
Ca*", serum calcium; FBG, fasting blood glucose; HbA ¢, glycated hemoglobin Alc; ALB, albumin; Hb, hemoglobin; TC, total cholesterol; TG, triglyceride;
HDLc, high-density lipoprotein cholesterol; LDLc, low-density lipoprotein cholesterol; CRP, C-reactive protein.

independent risk factor for pancreatic cancer.” The occurrence of RAP was found to be 13.7% during follow-up, which

was consistent with the conclusion of other studies.’

The etiology composition of AP varies between countries and regions.>** It has been reported that HTG has

become the second most common cause after biliary in China.>** In our study, HTG and alcohol etiology caused more
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Table 2 Cox Regression Analyses of the Risk Factors Associated with Recurrent Acute Pancreatitis

Univariate Analysis p Multivariate Analysis P
HR (95% CI) HR (95% CI)

Sex

Male 0.883 (0.554-1.408) 0.600

Female
Age (years) 0.990 (0.977-1.004) 0.171
BMI (kg/m?) 1.014 (0.958-1.074) 0.631
Habits

Smoking 3.621 (2.342-5.598) <0.001 3.512 (2.010-6.139) <0.001

Drinking 2.178 (1.401-3.387) 0.001 1.326 (0.728-2.412) 0.356
Diabetes mellitus 1.164 (0.616-2.197) 0.641
Fatty liver 1.825 (1.179-2.826) 0.007 1.026 (0.593-1.775) 0.926
Etiology of AP

Biliary Ref (1.00) Ref (1.00)

HTG 2.201 (1.307-3.707) 0.003 1.078 (0.488-2.378) 0.853

Alcohol 1.998 (1.008-3.959) 0.047 0.671 (0.283—1.591) 0.364

Others 1.723 (0.869-3.414) 0.119 1.709 (0.812-3.595) 0.158
Local complication

Acute peripancreatic fluid 2.243 (1.429-3.521) <0.001 1.608 (0.760-3.401) 0.214
collection

Acute necrotic collection 1.372 (0.707-2.659) 0.350

Pancreatic pseudocyst 2.628 (1.266-5.455) 0.010 1.952 (0.818—4.659) 0.132

Walled-off necrosis 2.460 (0.900-6.723) 0.079

Infected pancreatic necrosis 4.908 (1.982—-12.151) 0.001 5.014 (1.643-15.294) 0.005
MCTSI

Mild Ref (1.00) Ref (1.00)

Moderate 1.957 (1.148-3.337) 0.014 1.209 (0.567-2.578) 0.624

Severe 2.169 (0.974-4.829) 0.058 0.721 (0.211-2.461) 0.602
Severity of AP

MAP Ref (1.00) Ref (1.00)

MSAP 1.272 (0.767-2.111) 0.351 0.647 (0.348—1.204) 0.169

SAP 1.885 (1.047-3.393) 0.035 1.101 (0.488-2.483) 0.817
Laboratory test

High D-dimer 0.933 (0.553-1.576) 0.797

Low-Ca?" 1.262 (0.783-2.034) 0.339

High-FBG 1.331 (1.048-1.689) 0.019 1.356 (0.785-2.342) 0.274

High-HbA I c 1.553 (0.999-2.416) 0.051

Low-ALB 1.148 (0.738-1.787) 0.540

Low-Hb 0.991 (0.618-1.588) 0.970

High-TC 1.367 (0.883-2.118) 0.161

High-TG 1.842 (1.189-2.851) 0.006 0.905 (0.445-1.842) 0.783

Low-HDLc 1.382 (0.810-2.360) 0.236

High-LDLc 2.548 (2.038-3.186) < 0.001 5.036 (3.067-8.267) <0.001

High-CRP 1.251 (0.691-2.264) 0.460

Note: Risk factors showing potential association (p < 0.05) in univariate analysis were subsequently entered into a multivariable regression.
Abbreviations: BMI|, body mass index; HTG, hypertriglyceridemia; MCTSI, modified computed tomography severity index; MAP, mild acute pancreatitis;
MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; Ca®*, serum calcium; FBG, fasting blood glucose; HbA I c, glycated hemoglobin Alc;
ALB, albumin; Hb, hemoglobin; TC, total cholesterol; TG, triglyceride; HDLc, high-density lipoprotein cholesterol; LDLc, low-density lipoprotein cholesterol;
CRP, C-reactive protein.

AP recurrence than biliary, and HTG is the most frequent etiology factor of recurrence. This result may be related to
poor lipid control and continued alcohol consumption after discharge. Tai et al also found higher recurrence rate of
HTGP than ABP.*® HTGP is often associated with multiple factors (metabolic abnormalities, lack of exercise, alcohol
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Number at risk Follow-up (Months) Number at risk Follow-up (Months) Number at risk Follow-up (Months)
Smokers 133 103 65 34 IPN " 7 3 2 High-LDLc 64 39 24 14

Non-smokers 459 396 246 111 Non-IPN 581 493 309 144 Normal/low-LDLc 528 461 287 131

Figure 2 Cumulative risk for recurrent acute pancreatitis after first episode acute pancreatitis. (A) For recurrent acute pancreatitis based on tobacco consumption; (B) for
recurrent acute pancreatitis based on IPN; (C) for recurrent acute pancreatitis based on LDLc levels.
Abbreviations: IPN, infected pancreatic necrosis; LDLc, low-density lipoprotein cholesterol.

intake, microcirculation disorders) and is more severe and has a worse prognosis than other causes, which may also
contribute to its higher recurrence rate. We also found a proportion of patients with pancreas congenital malformation in
the RAP group. Earlier studies had shown that pancreas divisum is associated with RAP, which may be related to
sustained ductal hypertension due to narrower minor papilla and minor duct.?®?” Bertin et al suggested that pancreas
divisum itself was not a cause of pancreatitis and that pancreatitis occurred as a cumulative effect of CFTR mutations
and pancreas divisum.”® The different etiologies of acute pancreatitis and the mechanisms associated with the recurrence
of acute pancreatitis remain to be further explored. As is known to all that factors that can lead to AP are more likely to
become causes of RAP.”” It is essential to determine the etiology of the disease in time to apply the most appropriate
therapy.

There seems to be a consensus that cigarette consumption is a risk factor for RAP.>''"!* We found that smokers had
a significantly higher cumulative risk for RAP than non-smokers. However, the mechanism by which cigarette
consumption increases the recurrence rate of pancreatitis remains unclear. Wittel et al suggested that tobacco smoke
exposure causes pancreatic damage, in part, by altering the balance between trypsinogen and pancreas-specific trypsin
inhibitor, which creates a microenvironment that is conducive to pancreatic autodigestion and promotes acinar cell
injury.*® Chowdhury et al showed that nicotine can activate multiple pathways in acinar cells and induce oxidative
stress.”! These changes cause calcium influx leading to cell injury. In addition, we suspect that chronic vascular damage
caused by smoking may also be a factor of recurrence. Previous studies have shown that exposure to tobacco smoke
impairs the function of vascular endothelial cells, but most of the research focused on coronary arteries.”*>* Further
research is needed on the pathogenesis of RAP caused by smoking and whether smoking cessation can reduce the risk of
recurrence. Anyway, physicians should be advising patients to quit smoking at all times.

In this study, we found that high LDLc level is associated with pancreatitis recurrence. As far as we know, this is the
first time that the conclusion has been put forward. It is well known that high LDLc level triggers a vicious cycle of
oxidative stress that leads to vascular endothelial dysfunction.>> We suspect this may be related to recurrent episodes of
pancreatitis. We know that one consequence of pancreatitis is the vascular damage within the pancreas.*®*’ However,
whether chronic vascular endothelial dysfunction leads to pancreatic vulnerable is unknown. Due to the effects of
cigarette smoke exposure and high LDLc level on vascular injury are clear, we hypothesized that these two factors may
contribute to recurrence of pancreatitis by causing chronic vascular damage.>*3->%*

The link between RAP and pancreatic cancer was not fully elaborated.*® A population-based cohort study found
that RAP may be an independent risk factor for pancreatic cancer.” Although RAP can be a sign of pancreatic cancer,
it is also plausible that inflammatory process of the pancreas triggers the development of pancreatic cancer.
Identifying the risk factors for recurrence of AP can not only prevent RAP, but also reduce the incidence of
pancreatic cancer possibly. Previous studies have shown that the risk of AP in diabetic patients is 1.86-2.89 times
higher than that in the general population.””*°*' However, there are few studies on whether first episode AP with

diabetes mellitus increases the risk of pancreatitis recurrence. Our research found that patients with high-HbAlc at
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admission for the first attack of AP were more likely to have RAP. Unfortunately, this is not an independent risk
factor for recurrence of AP.

The severity of the first episode of AP does not seem to be significantly related to the recurrence in this study. This is
consistent with previous research.>*' Cho et al found that a local complication at index admission in patients with first
episode pancreatitis was the strongest risk factor for RAP.** The occurrence of local complications may be related to
structural changes in the pancreas after recovery from pancreatitis. Our regression analysis found that patients who
developed infected pancreatic necrosis during their first hospitalization had a fivefold higher risk of recurrence than those
who without. A cross-sectional study in the Netherlands found that pancreatic necrosis was an independent risk factor for
recurrent pancreatitis.'' The scar formed during the healing process of pancreatic necrosis, especially the scar of
pancreatic duct, may be an important cause of pancreatitis repeated attacks.

There are a number of limitations in our study. First, this is a observation study conducted in a single center. Second,
our cases were followed for a short time that the incidence of RAP may be underestimated. A longer follow-up duration
may have provided further insights. Third, the effect of smoking on recurrence of pancreatitis was not quantified. Fourth,
our strict definition of alcohol-induced AP may understate the incidence of this etiology. In the future, we will verify our
results in pathophysiology and design large-scale prospective studies to quantify risk factors.

Conclusions

In this study, 13.7% of the patients developed RAP after a first-attack of AP. Smokers, patients with infected pancreatic
necrosis during first admission and patients with high LDLc level had significantly higher cumulative risk for RAP over 3
years. Cigarette consumption, infected pancreatic necrosis and high LDLc level were independent risk factors of RAP. In
the future, we should help patients improve their awareness of risk factors for RAP, improve compliance behavior and
advocate a healthy lifestyle, so as to prevent recurrence of pancreatitis.

Abbreviations

OAP, once episode of acute pancreatitis; RAP, recurrent acute pancreatitis; BMI, body mass index; HTG, hypertrigly-
ceridemia; MCTSI, modified computed tomography severity index; MAP, mild acute pancreatitis; MSAP, moderately
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