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Background: The relationship between chronic pancreatitis (CP) and acute pancreatitis (AP) is complex 

and not well understood. CP could be preceded by antecedent episodes of AP. 

Aims: The aim of this study was to explore both genetic and environmental factors associated with AP 

episodes before the diagnosis of CP. 

Methods: This was a cross-sectional study including 1022 patients. Detailed demographic, genetic, and 

clinical data were collected. Based on the presence of AP episode(s) before diagnosis of CP, patients were 

divided into AP group (further classified into single episode of AP group and recurrent AP group) and 

non-AP group. Related factors among these groups were assessed using multivariate logistic regression 

model. 

Results: Before diagnosis of CP, 737 patients (72.1%) had a history of AP. Smoking( P = 0.005) and heavy 

alcohol consumption( P = 0.002) were risk factors for AP while age at CP onset( P < 0.001), harboring the 

SPINK1 mutation( P < 0.001), diabetes( P < 0.001) and steatorrhea( P < 0.001) were protective factors. Fur- 

ther, alcoholic CP( P = 0.019) was the only independent risk factor for recurrent AP attacks while age at 

onset of CP( P < 0.001), pancreatic stones( P = 0.024). and pseudocysts( P = 0.018) served as protective fac- 

tors. 

Conclusions: SPINK1 mutations served as protective factor for AP episodes, suggesting SPINK1 mutation 

might play a pathogenic role in CP occurrence with occult clinical manifestations. 

© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

Chronic pancreatitis (CP) is a progressive fibro-inflammatory 

isease of the pancreas that eventually leads to irreversible loss 

f pancreatic exocrine and endocrine functions [1] . Acute pancre- 

titis (AP), which is characterized by acute onset of persistent, se- 

ere epigastric pain and increased amylase [2] , is common in the 

ourse of CP. The sentinel AP event (SAPE) hypothesis, which was 

rst proposed by Whitcomb in 1999 and is widely accepted as the 
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athogenesis of CP, proposes a two-hit model where CP is pre- 

eded by a sentinel attack of AP causing infiltration of inflamma- 

ory cells and activation of stellate cells, with subsequent ongoing 

njury or stress promoting fibrosis [3] . Based on this hypothesis, 

any studies have focused on the progression from AP to CP. A 

eta-analysis concluded that approximately 10% of patients with a 

ingle episode of AP will develop CP, while this rate was 36% for 

atients with recurrent AP (RAP) [4] . In addition, smoking and al- 

ohol consumption are recognized risk factors for progression from 

P to CP [5–7] . 

However, not all patients have a history of AP episodes when 

iagnosed with CP [8 , 9] . The clinical manifestations of CP are 

ighly variable; while some patients will have episodes of AP, oth- 

rs may have chronic pain or may even be asymptomatic [10] . The 

easons for the different types of presentations are still poorly un- 

erstood. Genetic, environmental, and even emotional factors have 

een shown to contribute to the variability in presentation [11] . 
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To the best of our knowledge, few studies have explored the 

revalence of AP as the initial event for patients with CP, and the 

otential associated factors. A recent study by Hori et al. compris- 

ng 499 patients reported that CP was associated with prior AP in 

nly 50% of patients; however, the authors did not conduct a mul- 

ivariate analysis of the related factors [12] . Another study by Ole- 

en et al. of 334 patients with CP confirmed the above findings and 

urther indicated that age at diagnosis of CP, pain, and exocrine 

ancreatic insufficiency were associated with prior AP attacks [13] . 

owever, it should be noted that the factors examined in the above 

tudy were limited and the potential influence of genetic factors 

as not considered; this is important as genetic factors have been 

idely demonstrated to influence the course of CP. Therefore, the 

resent study aimed to determine the prevalence of AP attacks be- 

ore the diagnosis of CP and to further identify the potential ge- 

etic and environmental factors associated with AP episodes. 

ethod 

atients 

This was a cross-sectional study conducted at a large CP center 

n China (Shanghai Changhai Hospital). Consecutive patients with 

 diagnosis of CP were enrolled between January 2011 and Decem- 

er 2015. All patients provided written informed consent. The fol- 

owing data were obtained from each patient: demographic data, 

moking and alcohol history, family disease history, clinical course 

f CP (age at disease onset and diagnosis, etiologies, complications 

resent before diagnosis of CP), pain profile before diagnosis of CP, 

nd laboratory and imaging tests. All enrolled patients agreed to 

rovide a blood sample for genetic tests. The study was approved 

y the institutional review board of Changhai Hospital. All authors 

ad access to the study data and reviewed and approved the final 

anuscript. 

ain profile 

Based on the presence of AP episodes before diagnosis of CP, 

atients were divided into two groups: patients who experienced 

ain with a history of AP episodes (AP group) and patients who 

xperienced pain without a prior AP episode (non-AP group). The 

on-AP group included both patients with no pain and those who 

xperienced abdominal pain but without AP attacks. The patients 

ith a history of AP episodes were classified into a further two 

roups: those who experienced a single episode of AP and those 

ith RAP (two or more AP episodes). 

enetic testing 

The present study examined four major susceptibility genes 

f CP, i.e., the SPINK1 (encoding pancreatic secretory trypsin in- 

ibitor), PRSS1 (encoding cationic trypsinogen), CTRC (encoding 

hymotrypsin C), and CFTR (encoding cystic fibrosis transmem- 

rane conductance regulator) genes. The detailed description of 

rocedures for DNA preparation and gene sequencing has been 

rovided previously [14] . The known rare pathogenic variants were 

ncluded in the final analysis. 

efinitions 

The diagnosis of CP was established based on the findings of 

omputed tomography, magnetic resonance imaging, or endoscopic 

ltrasound, in accordance with the Asia-Pacific consensus [15] . The 

iagnosis of AP was made in accordance with the revised Atlanta 

nternational consensus, which requires two of the following three 
2 
eatures: pain consistent with AP; amylase or lipase > 3 times the 

pper normal limit; characteristic findings on imaging [2] . 

The age at onset of CP was defined as the age of first clinical 

ymptoms attributable to CP (e.g., abdominal pain, diabetes, steat- 

rrhea) or age at diagnosis of CP in asymptomatic patients through 

egular or incidental check-ups based on abdominal ultrasonog- 

aphy or radiological findings [16] . Smoking status was classified 

s never (smoked < 100 cigarettes in lifetime) or ever (smoked 

100 cigarettes in lifetime). The pattern of alcohol consumption 

as classified as follows: abstainers, light drinkers ( ≤ 20 g/d), 

oderate drinkers (20–80 g/d), and heavy drinkers ( ≥ 80 g/d). 

The etiology of CP was classified as alcoholic CP (ACP), id- 

opathic CP (ICP), or other. ACP was assigned when alcohol in- 

ake was ≥ 80 g/d for males and 60 g/d for females for at least 

wo years [17] . Other etiologies of CP included hereditary, abnor- 

al anatomy of the pancreatic duct, traumatic and hyperlipidemia. 

ereditary CP was defined as two first-degree relatives or ≥ 3 s 

egree relatives with recurrent AP and/or CP. Abnormal anatomy 

f the pancreatic duct included pancreas divisum and anoma- 

ous pancreatico-biliary junction. Post-traumatic CP was diagnosed 

hen there was a history of abdominal trauma with imaging ev- 

dence of pancreatic injury and subsequent ductal dilation. Hy- 

erlipidemia was considered as an etiology when blood triglyc- 

ride was > 10 0 0 mg/dL [18 , 19] . Patients were considered ICP if

here were no known causes [20] . CP-related complications in- 

luded pancreatic stones, diabetes, steatorrhea, pseudocysts, pan- 

reatic portal hypertension, and common bile duct (CBD) stenosis, 

hich were defined in accordance with the definitions described 

n our previous publications [20–25] . 

tatistical analyses 

For the continuous variables, tests of data normality were car- 

ied out using the Shapiro-Wilk test. Normally distributed variables 

re presented as mean ± standard deviation (SD) and were com- 

ared using Student’s t-tests while non-normally distributed vari- 

bles are presented as median (interquartile range, IQR) and were 

ompared using Mann-Whitney U tests. Categorical variables are 

resented as frequencies and percentages. Chi-squared analysis or 

isher’s exact test were used for comparison of categorical vari- 

bles. Two-sided P values less than 0.05 were considered statisti- 

ally significant. Variables with a P value < 0.10 in univariate anal- 

ses were included in the multivariate logistic regression models. 

or multivariate analysis, the likelihood ratio statistic was calcu- 

ated with a forward logistic regression model in order to identify 

he independent predictive factors. Adjusted odds ratios (ORs) and 

5% confidence intervals (CIs) were calculated. Data were analyzed 

sing SPSS version 23 (SPSS Inc., Chicago, Illinois, USA). 

esults 

atient characteristics 

Overall, 1022 patients (717 males, 70.2%) were included in the 

resent study. A detailed description of the characteristics of the 

nrolled patients is provided in Table 1 . The median (IQR) age was 

7.5 (25.0–48.0) years at onset of CP and 42.0 (29.0–52.0) years 

t diagnosis of CP. A total of 481 patients (47.1%) had a history 

f smoking and 478 patients (46.8%) had a history of alcohol con- 

umption. At least one pathogenic variant of SPINK1 was identified 

n 394 patients (38.6%), while variant(s) of PRSS1 were observed in 

33 patients (13.0%), variant(s) of CTRC were observed in 20 pa- 

ients (2.0%), and variant(s) of CFTR were observed in 52 patients 

5.1%). The CP etiology was classified as idiopathic in the majority 

f patients (61.9%), while 28.7% were classified as ACP and 9.4% as 

ther. 
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Table 1 

Characteristics of enrolled patients. 

Characteristics Total ( n = 1022) Male ( n = 717) Female ( n = 305) P value 

Age at onset of CP/yrs. 37.5 (25.0–48.0) 39.0 (28.0–49.0) 30.0 (18.0–44.0) < 0.001 

Age at diagnosis of CP/yrs. 42.0 (29.0–52.0) 44.0 (33.0–53.0) 36.0 (21.0–49.0) < 0.001 

Smoking status-no. (%) 481 (47.1) 476 (66.4) 5 (1.6) < 0.001 

Drinking status-no. (%) < 0.001 

0 544 (53.2) 254 (35.4) 290 (95.1) 

< 20 g/d 102 (10.0) 94 (13.1) 8 (2.6) 

20–80 g/d 83 (8.1) 81 (11.3) 2 (0.7) 

> 80 g/d 293 (28.7) 288 (40.2) 5 (1.6) 

Variants-no. (%) 

SPINK1 394 (38.6) 243 (33.9) 151 (49.5) < 0.001 

PRSS1 133 (13.0) 83 (11.6) 50 (16.4) 0.036 

CTRC 20 (2.0) 13 (1.8) 7 (2.3) 0.611 

CFTR 52 (5.1) 34 (4.7) 18 (5.9) 0.440 

Etiologies-no. (%) < 0.001 

ICP 633 (61.9) 374 (52.2) 259 (84.9) 

ACP 293 (28.7) 288 (40.2) 5 (1.6) 

Others ∗ 96 (9.4) 55 (7.7) 41 (13.4) 

Complications-no. (%) # 

Stones 739 (72.3) 511 (71.3) 228 (74.8) 0.255 

Diabetes 221 (21.6) 163 (22.7) 58 (19.0) 0.187 

Steatorrhea 154 (15.1) 119 (16.6) 35 (11.5) 0.036 

Pseudocysts 139 (13.6) 105 (14.6) 34 (11.1) 0.136 

Portal hypertension 12 (1.2) 8 (1.1) 4 (1.3) 0.758 

Common bile duct stenosis 25 (2.4) 22 (3.1) 3 (1.0) 0.048 

CP, chronic pancreatitis; ICP, idiopathic chronic pancreatitis; ACP, alcoholic chronic pancreatitis/. 

Continuous variables were presented as median (interquartile range). 
∗ Including hereditary CP, abnormal anatomy of pancreatic duct, traumatic, and hyperlipidemia. 
# Existing before or at diagnosis of CP. 

Fig. 1. Pain profiles of enrolled patients. 
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Fig. 2. Forest plot of the multivariable logistic regression model for the presence of 

acute pancreatitis in patients with chronic pancreatitis. 
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At diagnosis of CP, 83 patients (8.1%) reported no pain while 

02 patients (19.8%) reported abdominal pain without AP attacks. 

ll of the above patients were classified into the non-AP group. 

he other 737 patients (72.1%) had prior AP episodes, with 146 pa- 

ients (19.8%) experiencing a single episode of AP and 591 patients 

80.2%) experiencing RAP ( Fig. 1 ). 

P group vs. non-AP group 

In the univariate analyses, the factors found to be associated 

ith AP episodes before diagnosis of CP included male sex ( P < 

.001), age at CP onset ( P = 0.017) and diagnosis ( P = 0.021), smok-

ng status ( P < 0.001), drinking status ( P < 0.001), variants of 

PINK1 ( P < 0.001), etiology of CP ( P < 0.001), pancreatic stones

 P < 0.001), diabetes ( P < 0.001), and steatorrhea ( P < 0.001)

 Table 2 ). Collinearity between the onset and diagnosis age of CP 

as found in collinearity test. Considering that the diagnosis of CP 

s affected by many factors (i.e., medical standard discrepancies in 

ifferent regions, patients’ attention to health, etc.), only onset age 

f CP was included in the further multivariate analysis. In the final 

ultivariate logistic regression model, smoking status (OR, 1.77; 

5% CI, 1.19–2.62; P = 0.005) and heavy alcohol consumption (OR, 

.02; 95% CI, 1.29–3.15; P = 0.002) were identified as independent 

isk factors for AP episodes. Further, age at CP onset (OR, 0.97; 95% 

I, 0.96–0.98; P < 0.001), harboring a SPINK1 mutation (OR, 0.45; 
3 
5% CI, 0.32–0.63; P < 0.001), diabetes (OR, 0.373; 95% CI, 0.26–

.53; P < 0.001), and steatorrhea (OR, 0.44; 95% CI, 0.30–0.66; P < 

.001) were protective factors for AP episodes ( Fig. 2 ). 

ingle episode of AP group vs. RAP group 

Among the patients with AP episodes, the factors found to be 

losely associated with RAP in univariate analyses included age 

t CP onset ( P < 0.001) and diagnosis ( P = 0.007), variants of

RSS1 ( P = 0.0 6 6), etiologies of CP ( P = 0.079), pancreatic stones

 P = 0.017), diabetes ( P = 0.018), and pseudocysts ( P = 0.008). Be-

ause of the collinearity between onset and diagnosis age of CP, 

nly onset age of CP was included in the multivariate analy- 

is. In the multivariate logistic regression analysis, ACP (OR, 1.66; 

5% CI, 1.09–2.53; P = 0.019) was the only independent risk fac- 

or for RAP while age at onset of CP (OR, 0.98; 95% CI, 0.97–0.99;
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Table 2 

Univariate analysis of factors affecting the presence of AP episodes among patients with chronic 

pancreatitis. 

AP group ( n = 737) Non-AP group ( n = 285) P Value 

Male-no. (%) 541 (73.4) 176 (61.8) < 0.001 

Age at onset of CP-yrs. 37.0 (24.0–47.0) 39.0 (27.0–50.0) 0.017 

Age at diagnosis of CP-yrs. 42.0 (28.0–51.0) 44.0 (33.0–53.0) 0.021 

Smoking status-no. (%) 380 (51.6) 101 (35.4) < 0.001 

Drinking status-no. (%) < 0.001 

0 359 (48.7) 185 (64.9) 

< 20 g/d 79 (10.7) 23 (8.1) 

20–80 g/d 63 (8.5) 20 (7.0) 

> 80 g/d 236 (32.0) 57 (20.0) 

Variants-no. (%) 

SPINK1 251 (34.1) 143 (50.2) < 0.001 

PRSS1 100 (13.6) 33 (11.6) 0.397 

CTRC 16 (2.2) 4 (1.4) 0.427 

CFTR 33 (4.5) 19 (6.7) 0.148 

Etiologies-no. (%) < 0.001 

ICP 429 (58.2) 204 (71.6) 

ACP 236 (32.0) 57 (20.0) 

Others ∗ 72 (9.8) 24 (8.4) 

Complications-no. (%) # 

Stones 510 (69.2) 229 (80.4) < 0.001 

Diabetes 119 (16.1) 102 (83.9) < 0.001 

Steatorrhea 80 (10.9) 74 (26.0) < 0.001 

Pseudocysts 106 (14.4) 33 (11.6) 0.241 

Portal hypertension 6 (0.8) 6 (2.1) 0.105 

Common bile duct stenosis 19 (2.6) 6 (2.1) 0.661 

AP, acute pancreatitis; CP, chronic pancreatitis; ICP, idiopathic chronic pancreatitis; ACP, alco- 

holic chronic pancreatitis. 

Continuous variables were presented as median (interquartile range). 
∗ Including hereditary CP, abnormal anatomy of pancreatic duct, traumatic, and hyperlipi- 

demia. 
# Existing before or at diagnosis of CP. 
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 < 0.001), pancreatic stones (OR, 0.61; 95% CI, 0.39–0.94; 

 = 0.024), and pseudocysts (OR, 0.56; 95% CI, 0.35–0.91; P = 0.018) 

ere protective factors ( Table 3 ). 

iscussion 

In the present study, 72.1% of well-phenotyped Chinese patients 

ith CP had a history of AP, with 80.2% of these patients present- 

ng with recurrent AP episodes. Furthermore, smoking and heavy 

lcohol consumption were independent risk factors for prior AP 

pisodes, while late-onset of CP, diabetes, steatorrhea, and in par- 

icular, harboring the SPINK1 mutation, were protective factors. 

The relationship between AP and CP is complex. AP is common 

n patients with CP. A recent review reported that approximately 

0% of adult patients with CP experience at least one episode of 

P and 50% experience RAP during the clinical course of CP [9] . 

lthough many hypotheses explaining this relationship, typified by 

APE, consider AP as an initial event that leads to CP, the finding 

hat AP might be absent or occur nearly at the same time or even

fter the diagnosis of CP blurs the causal link between AP and CP. 

 recently published study on a mouse model also found that low- 

evel inflammation can cause progressive CP without overt acute 

ttacks [26] . Therefore, the SAPE hypothesis is not sufficient to clar- 

fy the complex course of CP. Identification of the potential factors 

ssociated with AP attacks among patients with CP might reveal 

ew information about key concepts and mysteries regarding the 

elationship between AP and CP. 

Both smoking and alcohol consumption were identified as risk 

actors for AP in the present study. Previous studies have shown 

hat ACP patients are more likely to experience AP attacks, which 

ffect the quality of life of these patients [17 , 27–29 ]. It is generally

ssumed that distinct fibrosis and protein plugs in the small ducts 

ontribute to alcohol-dependent AP attacks in the context of clini- 

ally latent CP [30] . Furthermore, a randomized trial demonstrated 
4 
he benefit of repeated counselling against alcohol consumption in 

educing the risk of recurrent attacks of pancreatitis and hospital- 

zations [31] . Smoking has already been identified as an indepen- 

ent risk factor for both occurrence and progression of CP [29] . The 

athogenic effects of cigarettes on both the pancreas and nervous 

ystem might explain the association between smoking and AP at- 

acks, but the exact mechanism requires further investigation. Fur- 

her, patients with early onset of CP were not only prone to expe- 

iencing AP attacks, but also recurrent AP episodes, which is con- 

istent with previous studies [9 , 13] . The well-preserved pancreatic 

xocrine function in young people might provide an explanation 

or the recurrent episodes of AP. Another possible explanation of 

he association is that patients experiencing AP attacks are prone 

o agree to abdominal imaging examinations, which assist in the 

arly discovery of CP. However, for patients with no AP attacks 

typical clinical manifestation), the discovery of CP might be de- 

ayed. 

The highlight of the present study was that harboring 

athogenic mutations of SPINK1 was identified as a protective fac- 

or for AP episodes, which is still controversial in the literature. 

ur finding is consistent with a multicenter European study in- 

luding 511 patients, which found that patients in the SPINK1 - 

elated pancreatitis group had a lower median number of AP at- 

acks compared with patients not harboring the detected muta- 

ions (8 vs. 15, P < 0.001) [32] . However, another study in Amer- 

ca found the opposite result. In the subgroup analysis of 35 ICP 

atients, the above study found that patients harboring the SPINK- 

 /p. N34S mutation presented with a higher number of acute at- 

acks per year (11.8 ± 1.5 vs. 4 ± 0.98) [33] . These differences might 

e explained by the presence of different variants of SPINK1 in 

ifferent populations (that is, p.N34S is the most common vari- 

nt among Caucasians [9] while c.194 + 2T > C is the most com- 

on variant in the Asian population) [14 , 34] , the small sample 

ize, and the different inclusion criteria. The central role of the 
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Table 3 

Univariate and multivariate analysis of factors affecting the presence of RAP among CP patients with AP episodes. 

Single episode of AP Group ( n = 146) RAP Group ( n = 591) Univariate P Value Multivariate P value Adjusted ORs (95% CIs) 

Male-no. (%) 110 (75.3) 431 (72.9) 0.554 

Age at onset of CP-yrs. 41.0 (28.0–51.0) 36.0 (22.0–45.0) < 0.001 < 0.001 0.98 (0.97–0.99) 

Age at diagnosis of CP-yrs. 44.0 (33.0- 56.8) 42.0 (26.0–50.5) 0.007 

Smoking status-no. (%) 79 (54.1) 301 (50.9) 0.491 

Drinking status-no. (%) 0.240 

0 73 (50.0) 286 (48.4) 

< 20 g/d 14 (9.6) 65 (11.0) 

20–80 g/d 18 (12.3) 45 (7.6) 

> 80 g/d 41 (28.1) 195 (33.0) 

Variants-no. (%) 

SPINK1 48 (32.9) 203 (34.3) 0.737 

PRSS1 13 (8.9) 87 (14.7) 0.066 NS 

CTRC 4 (2.7) 12 (2.0) 0.536 

CFTR 9 (6.2) 24 (4.1) 0.271 

Etiologies-no. (%) 0.079 0.029 

ICP 96 (65.8) 333 (56.3) - Reference 

ACP 41 (28.1) 195 (33.0) 0.019 1.66 (1.09–2.53) 

Others ∗ 9 (6.2) 63 (10.7) 0.106 1.85 (0.88–3.89) 

Complications-no. (%) # 

Stones 113 (77.4) 397 (67.2) 0.017 0.024 0.61 (0.39–0.94) 

Diabetes 33 (22.6) 86 (14.6) 0.018 NS 

Steatorrhea 18 (12.3) 62 (10.5) 0.523 

Pseudocysts 31 (21.2) 75 (12.7) 0.008 0.018 0.56 (0.35–0.91) 

Portal hypertension 1 (0.7) 5 (0.8) 1.000 

Common bile duct stenosis 2 (1.4) 17 (2.9) 0.394 

RAP, recurrent acute pancreatitis; AP, acute pancreatitis; CP, chronic pancreatitis; OR, odds ratio; CI, confidence interval; ICP, idiopathic chronic pancreatitis; ACP, alcoholic 

chronic pancreatitis. 

Continuous variables were presented as median (interquartile range). 
∗ Including hereditary CP, abnormal anatomy of pancreatic duct, traumatic, and hyperlipidemia. 
# Existing before or at diagnosis of CP. 
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PINK1 protein, which is synthesized in the pancreatic acinar cell, 

s to protect the pancreas from prematurely-activated trypsin. It 

as been suggested that SPINK1 mutations might affect the pro- 

ease/antiprotease balance within the pancreas. Compared with 

utated PRSS1, which causes strong trypsinogen activation, the 

utated SPINK1 gene behaves more like a disease modifying factor 

35] , this is also supported by a recent study which reported that 

PINK1 -associated patients frequently had additional etiologic fac- 

ors [36] . The present study further indicates that SPINK1 mutation 

ight play a relatively weak pathogenic role in CP occurrence with 

ccult clinical manifestations. Further investigation of the mecha- 

ism underlying the protective effect of SPINK1 mutation on AP at- 

acks is required. 

The complications of CP were also associated with AP attacks 

n this study. The presence of diabetes or steatorrhea before di- 

gnosis of CP, which represent a loss of pancreatic endocrine and 

xocrine function, was associated with no AP attacks. Pancreatic 

nsufficiency is the most common initial symptom of painless CP 

atients [37] ; painless CP patients are a notable group who ac- 

ounted for a significant proportion of our non-AP group. The loss 

f pancreatic exocrine insufficiency reduces the likelihood of AP 

pisodes, which might reflect the preservation of pancreatic func- 

ion to some extent. Further, another possibility to consider is that 

he diagnosis of CP among patients without AP episodes often oc- 

urs at an advanced stage (representing loss of pancreatic func- 

ions) because the lack of AP attacks highlighted a problem in the 

ancreas. Therefore, the causal relationship between AP episodes 

nd pancreatic function was uncertain in this study. Further, pan- 

reatic stones and pseudocysts were identified as protective factors 

or RAP among patients with AP episodes. A possible explanation 

ay be that the typical imaging manifestations are conducive to 

arly diagnosis of CP. 

There are several limitations of this study that should be con- 

idered. First, this was a cross-sectional study, so that the causality 

etween AP and its related factors was blurred; besides, the evo- 

ution of pain throughout the course of CP did not been explored, 
8

5 
hich warrant a further well-designed prospective study. Second, 

ecall bias may have affected our results, especially in relation to 

nformation from the onset of CP to the first visit to our hospital. 

hirdly, the present study only involved four major susceptibility 

enes of CP; other CP-predisposing genes, such as CPA1 (encoding 

arboxypeptidase A1) [38] and CEL-HYB (a hybrid allele between 

he carboxyl ester lipase gene [ CEL ] and its pseudogene, CELP ) [39] ,

ere not included in the present study. However, these gene vari- 

nts were found not to confer a predisposition to CP in Chinese 

atients in our previous studies [40 , 41] . 

In conclusion, 72.1% of patients with CP experienced AP 

pisodes before diagnosis, with 80.2% of these patients present- 

ng with RAP. While smoking and heavy alcohol consumption were 

ndependent risk factors for prior AP episode(s), late onset of CP, 

iabetes, steatorrhea, and in particular, harboring the SPINK1 mu- 

ation, served as protective factors. A detailed understanding of the 

elationship and mechanism of AP and CP requires further investi- 

ation. 

uthor contributions 

Concept and design: Zhuan Liao, Nan Ru and Wen-Bin Zou; ac- 

uisition, analysis, or interpretation of data: Nan Ru and Jia-Hui 

hu with substantial contributions from Sheng-Yong Wu, Fei-Fei 

u, Liang-Hao Hu, Jun Pan, Xiao-Nan Xu, Lei Wang, Zi-Jun Yan and 

i-Yao Guo; drafting of the manuscript: Nan Ru, Liang-Hao Hu and 

ia-Hui Zhu; critical revision of the manuscript for important in- 

ellectual content: all authors; study supervision: Zhuan Liao and 

en-Bin Zou; funding acquisition: Zhuan Liao, Zhao-Shen Li, Wen- 

in Zou and Jun Pan. All the authors approved the final manuscript. 

inancial support 

Support for this study came from the National Natural Science 

oundation of China (Grant Nos. 81,770,636, 81,970,560 [Z.L.], 

1,873,588 [Z.S.L.], 82,070,661 [W.B.Z.]). Scientific Innovation 



N. Ru, J.-H. Zhu, L.-H. Hu et al. Digestive and Liver Disease xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YDLD [m5G; March 20, 2021;2:19 ] 

P

2

1

D

A

R

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

[  

[  

[  

[  

[  

[  

[

[  

[

[  

[

[  

[  

[

[  

[

[  

[

[  

[  

[  

[  
rogram of Shanghai Municipal Education Committee (No. 

01901070 0 07E0 0 052 [Z.L.]). Shanghai Sailing Program (No. 

8YF1422800 [J.P.]). 

eclaration of Competing Interest 

The authors declare no conflict of interest. 

cknowledgments 

None. 

eferences 

[1] Whitcomb DC , Frulloni L , Garg P , et al. Chronic pancreatitis: an interna-

tional draft consensus proposal for a new mechanistic definition. Pancreatol- 
ogy 2016;16:218–24 . 

[2] Banks PA , Bollen TL , Dervenis C , et al. Classification of acute pancreatitis-2012:

revision of the Atlanta classification and definitions by international consensus. 
Gut 2013;62:102–11 . 

[3] Whitcomb DC . Hereditary pancreatitis: new insights into acute and chronic 
pancreatitis. Gut 1999;45:317–22 . 

[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;149:1490–500 e1 . 

[5] 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;14:738–46 . 
[6] Yadav D , O’Connell M , Papachristou GI . Natural history following the first at-

tack of acute pancreatitis. Am J Gastroenterol 2012;107:1096–103 . 
[7] 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 . 
[8] Beyer G , Habtezion A , Werner J , et al. Chronic pancreatitis. Lancet

2020;396:499–512 . 
[9] Singh VK , Yadav D , Garg PK . Diagnosis and management of chronic pancreati-

tis: a review. JAMA 2019;322:2422–34 . 
[10] Wilcox CM , Yadav D , Ye T , et al. Chronic pancreatitis pain pattern and sever-

ity are independent of abdominal imaging findings. Clin Gastroenterol Hepatol 

2015;13:552–60 quiz e28-9 . 
[11] Anderson MA , Akshintala V , Albers KM , et al. Mechanism, assessment and

management of pain in chronic pancreatitis: recommendations of a multidis- 
ciplinary study group. Pancreatology 2016;16:83–94 . 

12] Hori Y , Vege SS , Chari ST , et al. Classic chronic pancreatitis is associated with
prior acute pancreatitis in only 50% of patients in a large single-institution 

study. Pancreatology 2019;19:224–9 . 

[13] Olesen SS , Drewes AM , Novovic S , et al. The sentinel acute pancreatitis event
hypothesis revisited. Pancreatology 2019;19:614–15 . 

[14] Zou WB , Tang XY , Zhou DZ , et al. SPINK1, PRSS1, CTRC, and CFTR genotypes in-
fluence disease onset and clinical outcomes in chronic pancreatitis. Clin Transl 

Gastroenterol 2018;9:204 . 
[15] Tandon RK , Sato N , Garg PK . Chronic pancreatitis: asia-Pacific consensus report. 

J Gastroenterol Hepatol 2002;17:508–18 . 

[16] Agarwal S , Sharma S , Gunjan D , et al. Natural course of chronic pancreatitis
and predictors of its progression. Pancreatology Apr 2020;20(3):347–55 . 

[17] Hao L , Wang LS , Liu Y , et al. The different course of alcoholic and idio-
pathic chronic pancreatitis: a long-term study of 2,037 patients. PLOS ONE 

2018;13:0198365 . 
6 
[18] Howes N , Lerch MM , Greenhalf W , et al. Clinical and genetic characteristics of
hereditary pancreatitis in Europe. Clin Gastroenterol Hepatol 2004;2:252–61 . 

[19] Yadav D , Pitchumoni CS . Issues in hyperlipidemic pancreatitis. J Clin Gastroen- 
terol 2003;36:54–62 . 

20] Pan J , Xin L , Wang D , et al. Risk factors for diabetes mellitus in chronic pan-
creatitis: a cohort of 2,011 patients. Medicine 2016;95:3251 (Baltimore) . 

21] Hao L , Liu Y , Xie T , et al. Risk factors and nomogram for pancreatic stone for-
mation in chronic pancreatitis over a long-term course: a cohort of 2,153 pa- 

tients. Digestion 2020;101:473–83 . 

22] Li BR , Pan J , Du TT , et al. Risk factors for steatorrhea in chronic pancreatitis: a
cohort of 2,153 patients. Sci Rep 2016;6:21381 . 

23] Ru N , He CH , Ren XL , et al. Risk factors for sinistral portal hypertension and
related variceal bleeding in patients with chronic pancreatitis. J Dig Dis 2020 . 

24] Hao L , Bi YW , Zhang D , et al. Risk factors and nomogram for common bile duct
stricture in chronic pancreatitis: a cohort of 2153 patients. J Clin Gastroenterol 

2019;53:91–100 . 

25] Liu Y , Wang D , Hao L , et al. Risk factors analysis and nomogram develop-
ment for pancreatic pseudocyst in idiopathic chronic pancreatitis. Pancreas 

2020;49:967–74 . 
26] Hegyi E , Sahin-Tóth M . Human CPA1 mutation causes digestive enzyme mis- 

folding and chronic pancreatitis in mice. Gut 2019;68:301–12 . 
27] Ammann RW , Akovbiantz A , Largiader F , et al. Course and outcome of chronic

pancreatitis. Longitudinal study of a mixed medical-surgical series of 245 pa- 

tients. Gastroenterology 1984;86:820–8 . 
28] Ammann RW , Buehler H , Bruehlmann W , et al. Acute (nonprogressive) alco- 

holic pancreatitis: prospective longitudinal study of 144 patients with recur- 
rent alcoholic pancreatitis. Pancreas 1986;1:195–203 . 

29] Yadav D , Whitcomb DC . The role of alcohol and smoking in pancreatitis. Nat
Rev Gastroenterol Hepatol 2010;7:131–45 . 

30] Ammann RW , Heitz PU , Klöppel G . Course of alcoholic chronic pancre- 

atitis: a prospective clinicomorphological long-term study. Gastroenterology 
1996;111:224–31 . 

31] Nordback I , Pelli H , Lappalainen-Lehto R , et al. The recurrence of acute alco-
hol-associated pancreatitis can be reduced: a randomized controlled trial. Gas- 

troenterology 2009;136:848–55 . 
32] Muller N , Sarantitis I , Rouanet M , et al. Natural history of SPINK1 germline

mutation related-pancreatitis. EBioMedicine 2019;48:581–91 . 

33] Sandhu B , Vitazka P , Ferreira-Gonzalez A , et al. Presence of SPINK-1 variant al- 
ters the course of chronic pancreatitis. J Gastroenterol Hepatol 2011;26:965–9 . 

34] Chang YT , Wei SC , PC L , et al. Association and differential role of PRSS1 and
SPINK1 mutation in early-onset and late-onset idiopathic chronic pancreatitis 

in Chinese subjects. Gut 2009;58:885 . 
35] Pfützer RH , Barmada MM , Brunskill AP , et al. SPINK1/PSTI polymorphisms act 

as disease modifiers in familial and idiopathic chronic pancreatitis. Gastroen- 

terology 20 0 0;119:615–23 . 
36] Jones TE , Bellin MD , Yadav D , et al. The histopathology of SPINK1-associated

chronic pancreatitis. Pancreatology 2020;20:1648–55 . 
37] Hollenbach M , Barresi L . Shedding light on painless chronic pancreatitis. Dig 

Liver Dis 2020;52:1331–2 . 
38] Witt H , Beer S , Rosendahl J , et al. Variants in CPA1 are strongly associated with

early onset chronic pancreatitis. Nat Genet 2013;45:1216–20 . 
39] Fjeld K , Weiss FU , Lasher D , et al. A recombined allele of the lipase gene

CEL and its pseudogene CELP confers susceptibility to chronic pancreatitis. Nat 

Genet 2015;47:518–22 . 
40] Wu H , Zhou DZ , Berki D , et al. No significant enrichment of rare functionally

defective CPA1 variants in a large Chinese idiopathic chronic pancreatitis co- 
hort. Hum Mutat 2017;38:959–63 . 

41] Zou WB , Boulling A , Masamune A , et al. No association between CEL-HYB
hybrid allele and chronic pancreatitis in Asian populations. Gastroenterology 

2016;150:1558–60 e5 . 

http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0001
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0002
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0003
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0004
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0005
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0006
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0007
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0008
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0009
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0010
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0011
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0012
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0013
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0014
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0015
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0016
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0017
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0018
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0019
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0020
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0021
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0022
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0023
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0024
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0025
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0026
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0027
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0028
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0029
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0030
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0031
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0032
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0033
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0034
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0035
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0036
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0037
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0038
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0039
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0040
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0041
http://refhub.elsevier.com/S1590-8658(21)00094-3/sbref0041

	Factors associated with prior acute pancreatitis episodes among patients with chronic pancreatitis
	Introduction
	Method
	Patients
	Pain profile
	Genetic testing
	Definitions
	Statistical analyses

	Results
	Patient characteristics
	AP group vs. non-AP group
	Single episode of AP group vs. RAP group

	Discussion
	Author contributions
	Financial support
	Declaration of Competing Interest
	Acknowledgments
	References


