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Abstract
AIM
To explore the risk factors of developing chronic pan
creatitis (CP) in patients with acute pancreatitis (AP) and 
develop a prediction score for CP.

METHODS
Using the National Health Insurance Research Database in 
Taiwan, we obtained large, population-based data of 5971 
eligible patients diagnosed with AP from 2000 to 2013. 
After excluding patients with obstructive pancreatitis and 
biliary pancreatitis and those with a follow-up period of 
less than 1 year, we conducted a multivariate analysis 
using the data of 3739 patients to identify the risk factors 
of CP and subsequently develop a scoring system that 
could predict the development of CP in patients with 
AP. In addition, we validated the scoring system using a 
validation cohort.

RESULTS
Among the study subjects, 142 patients (12.98%) devel
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oped CP among patients with RAP. On the other hand, 
only 32 patients (1.21%) developed CP among patients 
with only one episode of AP. The multivariate analysis 
revealed that the presence of recurrent AP (RAP), alcoho
lism, smoking habit, and age of onset of < 55 years were 
the four important risk factors for CP. We developed a 
scoring system (risk score 1 and risk score 2) from the 
derivation cohort by classifying the patients into low-risk, 
moderate-risk, and high-risk categories based on similar 
magnitudes of hazard and validated the performance 
using another validation cohort. Using the prediction score 
model, the area under the curve (AUC) [95% confidence 
interval (CI)] in predicting the 5-year CP incidence in risk 
score 1 (without the number of AP episodes) was 0.83 
(0.79, 0.87), whereas the AUC (95%CI) in risk score 2 
(including the number of AP episodes) was 0.84 (0.80, 
0.88). This result demonstrated that the risk score 2 has 
somewhat better prediction performance than risk score 1. 
However, both of them had similar performance between 
the derivation and validation cohorts.

CONCLUSION
In the study,we identified the risk factors of CP and devel
oped a prediction score model for CP.

Key words: Chronic pancreatitis; Acute pancreatitis; Pre
diction score; Endoscopic ultrasound; Recurrent acute 
pancreatitis
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Core tip: In this large number, nationwide population-
based cohort study, we concluded that the presence of 
recurrent acute pancreatitis (RAP), along with alcohol 
consumption, age of onset, and smoking habit are 4 
important risk factors of chronic pancreatitis (CP). We 
developed a novel prediction score model for CP with 
excellent discrimination and successfully validated this 
model in our study. Using this scoring system, a clinician 
can predict the outcome of a patient with AP episode 
easily and arrange further examination such as pancreatic 
functional test or endoscopic ultrasound after the acute 
stage for the high-risk category to diagnose CP as early as 
possible (incidence rate of CP about 31 per 1000 person-
years in high-risk group, based on our study) since CP is 
an important risk factor of pancreatic cancer.
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INTRODUCTION
Acute pancreatitis (AP) and chronic pancreatitis (CP) are 

common diseases with a worldwide prevalence. These 
diseases have become an important public health issue 
in several countries because of the high mortality rates 
and a considerable burden being laid on the healthcare 
system. AP is an inflammatory condition of the pancreas 
that has been considered as a self-limiting disease, 
with an incidence ranging from 5 to 10 per 100000 to 
70-80 per 100000 in western countries, which appears 
to have increased in recent years[1]. In contrast, CP 
involves a persistent destructive, inflammatory process 
that eventually leads to an irreversible damage to the 
endocrine and exocrine functions of the pancreas, and 
the subsequent development of diabetes mellitus and 
frequent hospitalizations have become one of the burdens 
of public health. CP has a poor prognosis, with the mor
tality rate being approximately two-fold higher than that 
in the general population. Furthermore, a worldwide 
epidemiological survey conducted in 1993 revealed that 
the standardized incidence rate of pancreatic cancer is as 
high as 26-fold in patients with CP, suggesting that the 
risk of pancreatic cancer is significantly higher in subjects 
with CP[2].

An emerging consensus is that AP and CP are a 
continuum of diseases, and the intermediate stage be
tween them is recurrent AP (RAP)[3]. Several studies have 
discussed about the natural course of pancreatitis as well 
as the risk factors and protective factors that contribute 
to the transition from AP to RAP and CP, although the 
majority of them have been conducted in western 
countries[3,4]. The major risk factors for CP include smo­
king, in addition to alcohol consumption. Moreover, it has 
been reported that cigarette smoking accelerates the pro
gression of alcoholic CP[5,6]. Furthermore, a recent study 
has revealed that alcohol consumption of > 13.5 g/d 
and cigarette use of > 5.5 cigarettes/d are associated 
with the development of CP[7]. Because only a small pro
portion of patients with AP progress to CP, and CP has 
been proven to be an important risk factor of pancreatic 
duct adenocarcinoma (PDAC), it is critical to predict the 
development of CP in a patient with AP. However, till date, 
no prediction scores for CP have been addressed in the 
English literature, although there were some prognosis 
scores for CP and AP[8,9]. Therefore, in this population-
based, large-scale cohort study, we developed and 
validated a scoring system for predicting CP using data 
from the National Health Insurance Research Database 
(NHIRD) in Taiwan.

MATERIALS AND METHODS
Data source
We obtained data from the Taiwan NHIRD. The NHIRD is 
one of the most comprehensive databases in the world 
and includes all claims data from the National Health 
Insurance program, such as demographic data, number 
of ambulatory cases, records of clinic visits, hospital 
admissions, dental services, prescriptions, and disease 
status. The National Health Insurance program, which 
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was initiated by the government of Taiwan in March 
1995, covers > 99% of the total population or appro
ximately 23 million people. Diagnostic codes used in the 
NHIRD for identifying diseases are based on the Inter
national Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM), which has been proven to be 
highly accurate and valid[10-12]. This study was exempted 
from full review and was approved by the Institutional 
Review Board of the Changhua Christian Hospital (ap
proval number: 171112).

Study population
A total of 5971 patients with one or more episodes of 
AP (ICD-9-CM code 577.0) recorded in the inpatient 
claims data from 2000 to 2013 were identified from the 
database. A 4-year look-back period was applied from 
1996 to 1999 to ensure that all cases in our cohort were 
newly diagnosed and to reduce false incident cases. 
Patients with a previous diagnosis of AP during the look-
back period were excluded. Patients who had CP before 
the index date, those aged < 18 or > 100 years, those 
with a follow-up duration of < 1 year, and those with 
biliary pancreatitis or obstructive pancreatitis[13] (such 
as pancreatic cancer and pancreas divisum) were also 
excluded because these patients rarely progress to CP. 
Accordingly, 3739 patients with nonobstructive, nonbiliary 
AP were identified for subsequent analysis. Next, we 
developed a model to predict the progress to CP in 
randomly selected two-thirds of this cohort (derivation 
cohort) and validated the model in the remaining one-
third of this cohort (validation cohort).

Outcome measures and relevant variables
Outcomes and comorbidities were identified based on 
ICD-9-CM codes. CP was defined using ICD-9-CM codes 
(ICD-9-CM code 577.1).

To avoid over-estimation of CP by ICD-9-CM coding 
alone,we excluded all patients without abdominal 
computed tomography (CT) or abdominal magnetic reso
nance imaging (MRI) performed within 3 mo before the 
diagnosis of CP.

Patients were followed up from the index date (i.e., 
the date of first AP diagnosis) to the date when they 
withdrew from the insurance program or to the end 
of 2013. Major comorbid diseases diagnosed before 
the index date were defined as baseline comorbidities 
based on claims data. These comorbidities included 
obesity, hypertension, hyperlipidemia, diabetes mellitus, 
alcoholism [alcohol use-related codes: ICD-9-CM codes 
291, 303, 305.0, 357.5, 571.0, 571.1, 571.2, and 790.3 
(V11.3)], smoking habit (smoking-related codes: ICD-
9-CM 305.1, V15.82, 491, 492, 493, and 496), and 
chronic kidney disease. If the patients with AP enrolled 
in our study have drinking-related coding or smoking-
related coding during their follow-up period after the 
first AP episode, we considered them have drinking or 
smoking habit. To evaluate the effects of socioeconomic 
factors on disease development, monthly income, and 

place of residence of patients were recorded. To quantify 
baseline comorbidities, Charlson’s comorbidity index 
(CCI) score was used. The history of long-term use of 
medications that have been reported as possible risk 
factors for AP, including statins, angiotensin-converting 
enzyme inhibitors, prednisolone, hydrochlorothiazide, sex 
hormones, and metformin, was also evaluated.

Statistical analysis
Demographic and clinical characteristics of the study 
patients are summarized as proportions and mean ± 
standard derivation (SD) values. The chi-square test 
and the t test were used to compare the distributions of 
discrete and continuous variables, respectively. The risk 
of CP in patients with nonobstructive, nonbiliary AP was 
estimated using the Cox proportional hazards model. 
Variables in the Cox model included the presence of 
RAP or the number of episodes of AP, smoking, alcohol 
consumption, age, gender, all comorbidities, CCI scores, 
and long-term use of medications. The significant β 
coefficients from the Cox model with backward selection 
procedure were used to construct an integer-based 
risk score for stratifying the risk of progress to CP. The 
referent for each variable was assigned a value of 0, and 
the coefficients for the other variables were calculated by 
dividing by the smallest coefficient in the model and then 
rounding to the nearest integer. Individual scores were 
assigned by summing the individual risk factor scores, 
and the cumulative incidence rate of each risk score was 
calculated. For easy application in clinical practice, the 
total risk scores were classified into low-risk category, 
moderate-risk category, and high-risk category based on 
similar magnitudes of hazard.

Within the derivation cohort, the discrimination was 
assessed using the time-dependent area under the re
ceiver operating characteristic (ROC) curve. The internal 
validation of this risk score was conducted by 1000 
bootstrap simulations. The bootstrap simulations in the 
derivation cohort were carried out by sampling with 
replacement for 1000 iterations. Each bootstrap sample 
was of the same size as the derivation cohort, the 
computed risk score, and the generated area under the 
ROC. Furthermore, we validated the risk score externally 
using the remaining one-third of the random sample. 
The risk score model was applied, and the discrimination 
was assessed by a time-dependent ROC curve analysis.

All statistical analyses were performed using SAS 9.4 
software (SAS Institute Inc., Cary, NC, United States). 
Two-tailed P values of < 0.05 were considered to be 
statistically significant.

RESULTS
Characteristics of the study population
The flowchart depicted in Figure 1 describes the patient 
selection process, while Table 1 shows the characteristics 
of the study patients. A total of 3739 patients were 
identified as newly diagnosed nonobstructive, nonbiliary 
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final model after performing a backward elimination 
procedure. The risk score based on these factors was 
constructed as shown in Table 3. Two scoring systems, 
namely risk score 1 and risk score 2, were separately 
developed based on the presence or absence of RAP (point 
5 if RAP is present) or the number of AP episodes (point 
4 for two episodes, point 5 for three episodes, and point 
7 for more than three episodes), as well as alcohol-use-
related codes (point 3), age < 55 years (point 2), and 
smoking-related codes (point 1).

Personalized risk prediction
The total score for each patient was calculated by sum
ming each risk factor point. The risk scores 1 and 2 
ranged between 0-11 and 0-13, respectively (Table 
3). Figure 2 shows the time-dependent ROC curve 
assessing the discrimination for predicting CP using 
the risk score at different endpoints of time. The risk 
score 1 had excellent discrimination for predicting the 
3-year, 5-year, and overall time period CP incidence, 
with the area under the ROC curve of 0.84, 0.84, and 
0.79, respectively. The 95% confidence intervals (CIs) 
yielded by the 1000 bootstrap simulation validation were 
0.80-0.88, 0.81-0.87, and 0.75-0.83, respectively (Figure 
2A-C, solid line). The risk score 2 also had excellent 
discrimination for predicting the 3-year, 5-year, and 

AP cases. Among these patients, 174 (4.65%) developed 
CP during the mean follow-up period of 6.13 ± 3.53 
years. The mean age at the first onset of nonbiliary, 
nonobstructive AP was 53.04 ± 17.00 years. In addition, 
according to the inpatient claims data, 1094 patients 
had more than one episode of nonbiliary, nonobstructive 
AP, whereas 2645 patients had only one episode of 
disease attack. Regarding the behavior-related variables, 
21.56% and 33.73% of patients had alcohol-use-related 
codes and smoking-related codes, respectively. After 
a random sampling, the derivationcohort consisted of 
2493 patients, and the validation cohort consisted of 
1246 patients, and the baseline characteristics and 
demographic variables were comparable between both 
cohorts (Table 1). The prevalence of CP was similar 
between the derivation and validation cohorts, at 113 
(4.53%) and 61 (4.90%), respectively (Table 1).

Risk score construction for predicting CP
Table 2 shows the results of the multivariate Cox pro
portional hazard analysis. From the Cox model, four 
variables, including smoking habit, age < 55 years, 
alcohol consumption, and RAP/number of episodes of AP, 
were associated with risks of CP (all P < 0.05). Due to the 
insignificance associated with the risk of CP, comorbidities 
and history of medication use were excluded from the 

A cohort randomly sampled from people enrolled in
the National Health Insurance program

n = 1000000

3739 eligible diagnosed acute panceatitis patients from
2000 to 2013

1094 patients who had more than
two times acute pancreatitis in inpatient 

claim data

142 (12.98%) patients with chronic
pancreatitis

2645 patients who had only 1 time
acute pancreatitis in inpatient claim

data

32 (1.21%) patients with chronic
pancreatitis

Patients excluded
   64 aged < 18 yr or >100 yr
   236 had previous chronic pancreatitis
   993 had biliary pancreatitis
   47 had pancreatic cancer
   3 had pancreas divisum
   17 had choledochol cyst
   872 follow up time < 1 yr

5971 patients with diagnosed acute pancreatitis in
inpatient claim data between 2000 to 2013

Figure 1  Flowchart of patient selection process.
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overall time period CP incidence, with the area under 
the ROC curve of 0.85, 0.85, and 0.80, respectively. 
The 95%CIs yielded by the 1000 bootstrap simulation 
validation were 0.81-0.89, 0.82-0.88, and 0.75-0.84, 
respectively (Figure 2A-C, dashed line).

Risk stratification
As the risk score increased, the incidence rate as well 
as the hazard of CP increased (Supplementary Table 1). 
On the basis of similar magnitudes of hazard, the risk 
score 1 of 0-5 was classified as a low-risk category, the 
risk score 1 of 6-7 was classified as a moderate-risk 
category, and the risk score 1 of > 7 was classified as 
a high-risk category. Figure 3 presents the incidence 
rates for CP over the risk category. As demonstrated 
in Figure 3A, the incidence rates of CP using risk score 
1 were 1.27, 7.89, and 31.37 per 1000 person-years 
for the low-, moderate-, and high-risk categories, re
spectively. The hazards of CP were 6.14 (3.05, 12.35) 
and 23.93 (13.4, 42.73) for the moderate- and high-
risk categories, respectively (Supplementary Table 1 
and Figure 4).

Similarly, the values of 0-5, 6-7, and 8-13 in risk 
score 2 (which includes the number of AP episodes) 
were classified as low-, moderate-, and high-risk cate­

gories, respectively. The incidence rates of CP were 
1.30, 9.26, and 32.22 per 1000 person-years for the 
low-, moderate-, and high-risk categories, respectively 
(Figure 3B). The hazards of CP were 7.08 (3.54, 
14.14) and 24.15 (13.76, 42.38) for the moderate- 
and high-risk categories, respectively (Figure 4).

Validation cohort
The validation cohort was used to test the risk scores. 
The risk scores were calculated for each patient in the 
validation cohort, and they were successfully classified 
as low-, moderate-, and high-risk categories according 
to the score stratifications in the derivation cohort. As 
the risk category increased, the incidence rate as well 
as the hazard of CP increased (Figures 3 and 4). The 
areas under the ROC curve in risk score 1 at 3-, 5-, and 
overall year were 0.81, 0.83, and 0.82, respectively. 
The 95%CIs yielded by the 1000 bootstrap resamplings 
were 0.76-0.86, 0.79-0.87, and 0.78-0.87, respectively 
(Figure 3D-F, solid line). In risk score 2, the areas under 
the ROC curve at 3-, 5-, and overall year were 0.82, 0.84, 
and 0.83, respectively. The 95%CIs were 0.77-0.87, 
0.80-0.88, and 0.78-0.87, respectively (Figure 3D-F, 
dashed line). This result demonstrated that the risk score 
had similar performance between the derivation and 

Total Derivationcohort Validation cohort P  value

Sample size 3739 2493 1246
Age, yr 53.04 ± 17 52.98 ± 17.08 53.18 ± 16.84 0.735
Gender, male 2400 (64.19) 1590 (63.78) 810 (65.01) 0.460
Monthly income, NTD 15423.5 ± 13018.5 15405.6 ± 13071.9 15459.1 ± 12916.2 0.906
Geographic location
   Northern Taiwan 1619 (43.3) 1085 (43.52) 534 (42.86) 0.725
   Central Taiwan 780 (20.86) 518 (20.78) 262 (21.03) 0.893
   Southern Taiwan 1183 (31.64) 790 (31.69) 393 (31.54) 0.957
   Eastern Taiwan and Islands 157 (4.2) 100 (4.01) 57 (4.57) 0.470
Charlson’s comorbidity index score 2.55 ± 2.21 2.56 ± 2.22 2.52 ± 2.19 0.574
Comorbidities
   Obesity 17 (0.45) 11 (0.44) 6 (0.48) 0.863
   Hypertension 1456 (38.94) 984 (39.47) 472 (37.88) 0.348
   Hyperlipidemia 1048 (28.03) 698 (28) 350 (28.09) 0.953
   Diabetes mellitus 994 (26.58) 658 (26.39) 336 (26.97) 0.709
   Chronic kidney disease 498 (13.32) 332 (13.32) 166 (13.32) 0.996
   Alcohol use-related codes 806 (21.56) 533 (21.38) 273(21.91) 0.710
   Smoking related codes 1261 (33.73) 849 (34.06) 412 (33.07) 0.546
Long-term medication use
   Statin 569 (15.22) 385 (15.44) 184 (14.77) 0.588
   Angiotensin-converting enzyme inhibitor 472 (12.62) 327 (13.12) 145 (11.64) 0.199
Prednisolone 74 (1.98) 56 (2.25) 18 (1.44) 0.097
   Hydrochlorothiazide 41 (1.1) 29 (1.16) 12 (0.96) 0.580
   Sex hormone 180 (4.81) 129 (5.17) 51 (4.09) 0.145
   Metformin 434 (11.61) 290 (11.63) 144 (11.56) 0.946
Number of episode RAP
   1 2645 (70.74) 1769 (70.96) 876 (70.3) 0.707
   2 599 (16.02) 403 (16.17) 196 (15.73) 0.768
   3 234 (6.26) 153 (6.14) 81 (6.5) 0.718
   ≥ 4 261 (6.98) 168 (6.74) 93 (7.46) 0.452
Outcomes
   Chronic pancreatitis 174 (4.65) 113 (4.53) 61 (4.90) 0.619
Follow-up duration, yr 6.13 ± 3.53 6.12 ± 3.52 6.17 ± 3.57 0.685

Table 1  Demographic characteristics of 3739 patients n  (%)

RAP: Recurrent acute pancreatitis; NTD: New Taiwan Dollars.
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validation cohorts.

DISCUSSION
In this study, we identified RAP, alcohol consumption, age 
of onset of < 55 years, and smoking habit as the four 
major risk factors for developing CP during the mean 

follow-up period of 6.13 ± 3.53 years in the setting of 
adult patients with episodes of nonbiliary, nonobstructive 
AP. To our knowledge, this is the first population-based, 
large-scale cohort study to explore the risk factors for CP 
in the Chinese ethnic population[14,15]. Furthermore, we 
developed the first prediction score model for CP, which 
is simple and useful in the clinical practice (Table 3).

The natural history of AP is still under debate, and the 
rate of progression from AP to CP varies and depends on 
the etiology of pancreatitis, with a mean interval of 3.5-5.5 
years reported in the English literature[4,16-19]. In our 
population-based cohort study, the rate of progression 
from AP to CP was 4.65% during the mean follow-up 
period of 6.13 ± 3.53 years (Table 1). This prevalence is 
similar to that reported by a prospective study conducted 
in Germany, with the rate of progression from AP to CP 
occurring in approximately 4% of all patients during a 
20-year period[4]. In our cohort, 12.8% (142/1094) of 
patients with RAP (nonobstructive, nonbiliary etiology) 
developed CP during the follow-up period, whereas 
only 1.2% (32/2645) of patients with only one episode 
of AP (nonobstructive, nonbiliary etiology) developed 
CP during the follow-up period (Figure 1). In a meta-
analysis conducted in 2015 by Sankaran et al[3], it was 
observed 10% of patients with a first episode of AP and 
36% of patients with RAP developed CP regardless of 
the etiology. In our study, the incidence of CP was much 
higher among patients who survived a second attack of 

Adjusted 
HRfull model

 (95%CI)

P  value Adjusted 
HRbackward model 

(95%CI)

P  value Adjusted 
HRbackward+episode 

(95%CI)

P  value

Smoking related codes 1.57 (1.07, 2.32) 0.022 1.53 (1.04, 2.25) 0.029 1.48 (1.01, 2.17) 0.047
RAP 8.96 (5.37, 14.93) < 0.001 8.65 (5.2, 14.38) < 0.001
   1 episode 1
   2 episode 5.03 (2.75, 9.22) < 0.001
   3 episode 8.47 (4.36, 16.45) < 0.001
   > 3 episode 15.64 (8.91, 27.47) < 0.001
Geographic location
   Northern Taiwan 1
   Central Taiwan 0.53 (0.28, 0.99) 0.047
   Southern Taiwan 1.45 (0.94, 2.23) 0.090
   Eastern Taiwan and Islands 1.2 (0.57, 2.53) 0.626
Age category
   Age < 55 2.67 (1.35, 5.29) 0.005 2.43 (1.31, 4.49) 0.005 2.04 (1.06, 3.93) 0.033
   Age ≥ 55 1 1 1
Gender, male 1.31 (0.72, 2.41) 0.381
Income 1.1 (0.86, 1.41) 0.440
CCI 0.96 (0.84, 1.1) 0.576
Hypertension 1.14 (0.7, 1.84) 0.601
Hyperlipidemia 0.82 (0.5, 1.35) 0.435
Diabetes mellitus 0.73 (0.39, 1.35) 0.314
Chronic kidney disease 1.64 (0.79, 3.39) 0.181
Alcohol use-related codes 3.06 (1.83, 5.12) < 0.001 3.10 (1.96, 4.92) < 0.001 2.66 (1.66, 4.25) < 0.001
Statin 0.97 (0.43, 2.16) 0.937
Angiotensin-converting enzyme inhibitor 1.05 (0.42, 2.63) 0.922
Prednisolone 1.28 (0.28, 5.85) 0.751
Sex hormone 1.64 (0.52, 5.2) 0.398
Metformin 2.09 (0.83, 5.29) 0.120

Table 2  Adjusted hazard ratio and 95% confidence interval for chronic pancreatitis associated with recurrent acute pancreatitis, 
smoking, comorbidities, and medication use

RAP: Recurrent acute pancreatitis; HR: Hazard ratio; CI: Confidence interval; CCI: Charlson’s comorbidity index.

Model coefficient Risk factor point1

Risk Score 1
Smoking related codes 0.43 1
Age of onset < 55 0.89 2
Alcohol use-related codes 1.13 3
RAP (present or not) 2.16 5
Risk Score 2
Smoking related codes 0.39 1
Age of onset < 55 0.71 2
Alcohol use-related codes 0.98 3
Numbers of RAP
   2 episode 1.62 4
   3 episode 2.14 5
   > 3 episode 2.75 7

Total 13

Table 3  Risk score for progression to chronic pancreatitis 
after acute pancreatitis

1Risk score was calculated by dividing each model coefficient by the 
smallest coefficient in the model and rounding the ratio to the integer. 
RAP: Recurrent acute pancreatitis.
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AP than among those with only one attack of AP (aHR: 
8.65; 95%CI: 5.2-13.38; P < 0.001), consistent with 
several studies on Caucasians[3,4]

Our multivariate analysis revealed that the risk of 

progression to CP was higher among patients with RAP, 
alcoholics, smokers, and younger patients with age of 
onset of < 55 years, as assessed using alcohol-use-
related codes and smoking-related codes as surrogates 
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for alcohol consumption and smoking habit, respectively. 
Recently, a majority of physicians have recognized that 

smoking habit[5,20] is also an important risk factor for 
the development of CP along with RAP[3,4,18] and alcohol 
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consumption[21,22]. In our population-based cohort study, 
the multivariate analysis reconfirmed that in addition to 
alcohol consumption and RAP, cigarette smoking was an 
independent risk factor for CP also in the Chinese ethnic 
population (aHR: 1.53; 95%CI: 1.04-2.25; P = 0.029).

Patients with RAP were assigned the highest score 
in our prediction model (Table 3). Patients with RAP in 
our cohort may represent a susceptible population pos
sessing gene mutations or unfavorable alleles of the 
PRSS1, CFTR, SPINK1, CTRC, and CASR genes, making 
them more susceptible to environmental factors such as 
exposure to alcohol or cigarette smoking[16,22-27]. Volker 
et al[16] have reported that an interaction between the 
environmental and genetic factors (i.e., N34S + alcohol 
or PRSS1 + smoking) further increased the probability 
of the development of CP. In addition, Polonikov et al[22] 
have shown that cigarette smokers with the -408CC 
genotype have an increased risk for AP [odds ratio (OR): 
2.07], whereas nonsmoker carriers do not have the 
disease risk. Genetic risk factors are not rare among pa
tients with CP, and approximately 25% of patients with 
CP exhibit some genetic risk factors[16]. We hypothesized 
that a proportion of patients with RAP possess some 
genetic disorders, and the interaction between genetic 
and environmental factors, such as a smoking habit and 
alcohol consumption, accelerates the progression of CP. 
Thus, although a majority of patients with genetic risk 
factors display a very slow progression of the natural 
disease course and always present with RAP in their early 
life[16], environmental factors such as cigarette smoking 
may trigger or accelerate the development of CP in the 
background of genetic disorders. 

We found that the age of onset of < 55 years is 
one of the risk factors for developing CP in this study. 
In a cross-sectional study, younger age (OR: 0.80; 
95%CI: 0.68-0.94) was found to be independently asso
ciated with an increased risk of developing recurrent 
pancreatitis[28]. In other words, that study demonstrated 
that age is a protective factor of recurrence. In a pro
spective study with a 30-year follow-up conducted by 
the Danish registries, it was observed that the risk of 
progression to CP decreased with increasing age in a 
dose-dependent manner with 2% less risk per year of 
age[29], suggesting that the age of onset is an important 
issue while evaluating the possibility of developing CP. 
Similar to our study cohort with an etiology of nonob
structive, nonbiliary pancreatitis, Peter layer et al[29] 
published an article on Gastroenterology that disclosed 
that patients with early-onset and late-onset idiopathic 
CP had a median age at onset of symptoms of 19 and 56 
years, respectively, whereas the majority of patients with 
alcoholic CP had a median age of onset of 43.9 years, 
suggesting that most of the patients with nonobstructive, 
nonbiliary CP have the disease onset in their middle age. 
The result of that study is consistent with our finding that 
the age of onset of < 55 years is one of the risk factors 
for developing CP.

In general, CP involves a persistent destructive, inflam­
matory process that eventually leads to an “irreversible” 

damage to the endocrine and exocrine functions of the 
pancreas. In contrast, early CP is a disease entity that 
propagated in 2009, and it has been reported that the 
disease course could be reversed if adequate intervention 
is taken[30]. Using our prediction score model for CP, we 
were able to stratify our patients into different categories 
and arrange further examinations such as pancreatic 
functional test or endoscopic ultrasound after acute stage 
for the high-risk category (incidence rate of about 31 per 
1000 person-years, based on our study) to detect CP[31] 
as early as possible and determine the optimal follow-
up interval for the patients with AP with a nonbiliary, 
nonobstructive etiology.

Limitations of this study
First, the definition of the disease was based on ICD-
9-CM codes assigned by the NHIRD[32,33]. However, the 
NHIRD data regarding the diagnosis of AP and other 
comorbidities have been used in relevant studies on AP 
and have been proved to be reliable[34-38]. Moreover, to 
ensure the diagnosis of AP, we enrolled only hospitalized 
patients with a diagnosis of AP and excluded all the out
patients and patients with prior CP, biliary pancreatitis, 
and obstructive pancreatitis to avoid overestimation of 
the cases with AP. To ensure the objective of the diag­
nosis of CP, patients with CP included in our study were 
also required to have undergone comprehensive imaging 
studies such as dynamic abdominal CT or abdominal MRI 
within 3 mo before the diagnosis of CP. In other words, 
the diagnosis of CP in our study was not only dependent 
on ICD-9-CM coding, but it was also reconfirmed by a CT 
or MRI study.

Second, the personal behaviors of smoking habit and 
alcohol consumption were based on ICD-9-CM codes, 
which may have underestimated the actual prevalence 
of smoking and alcohol consumption. However, the preva
lence of alcohol consumption and smoking habit in our 
study is very close to that reported by another national 
population-based study in Taiwan, which also used the 
alcohol-use-related codes and smoking-related codes as 
surrogates of alcohol consumption and smoking habit, 
respectively[38]. Considering that the aim of our study was 
to investigate the weighting of patients’ behaviors and 
the number of AP episodes to the development of CP, the 
information extracted based on the ICD-9-CM codes was 
sufficient for our purpose. In addition, because we used 
conservative statistical methods to analyze the data, the 
impact of alcohol consumption and cigarette smoking 
could only be underestimated and not overestimated. 
Third, due to potential bias, the results derived from 
a prospective cohort study are generally of a lower 
statistical quality than those from perspective studies.
Fourth, Because we have excluded those with biliary 
pancreatitis and obstructive pancreatitis at the begining, 
the prediction score which we developed can not be 
applied in patients with biliary pancreatitis or obstructive 
pancreatitis. Howerer, to assess the reliability of our 
results, we included the patients with biliary pancreatitis 
and obstructive pancreatitis in the sensitivity analysis. 
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The results of sensitivity analysis were consistent with 
those of our primary analyses, indicating the robustness 
of our study result (Supplementary Table 2).

In conclusion, the presence of RAP, alcohol consump
tion, age of onset of < 55 years, and smoking habit 
were found to be the important risk factors for the devel
opment of CP in our large, population-based cohort 
study in Taiwan. Using these parameters, we developed 
a simple predicting score model for CP, which could 
be applied easily when a clinician encounters a patient 
with nonbiliary, nonobstructive AP (most of them may 
belong to “toxic metabolic” or “idiopathic pancreatitis” 
according to the TIGAR-O classification). Unless more 
reliable biomarkers for CP are identified, we believe 
that this predicting score model could help clinicians in 
terms of decision-making, early detection of CP, and 
most importantly reversing the early CP and prevent the 
development of PDAC.

ARTICLE HIGHLIGHTS
Research background
Chronic pancreatitis (CP) involves a persistent destructive, inflammatory 
process that eventually leads to an irreversible damage to the endocrine and 
exocrine functions of the pancreas. CP has complications and poor prognosis, 
with the mortality rate being approximately two-fold higher than that in the 
general population.Incidence rate of pancreatic cancer is as high as 26-fold in 
patients with CP, suggesting that the risk of pancreatic cancer is significantly 
higher in subjects with CP. Therefore, It is critical to predict CP in patients with 
acute pancreatitis (AP).

Research motivation
The treatment option of CP is limited. We considered that the prediction of 
CP in high risk population and the early intervention in high risk category may 
decrease the disease burden and avoid the subsequent malignant change.

Research objectives
AP, recurrent AP (RAP), and CP are a continuum of diseases. However, only 
a small proportion of patients with AP progress to CP. It is critical to predict 
CP in patients with AP since CP is an important risk factor of pancreatic duct 
adenocarcinoma (PDAC).

Research methods
A total of 5971 patients with one or more episodes of AP (ICD-9-CM code 
577.0) recorded in the inpatient claims data from 2000 to 2013 were identified 
from the database. A 4-year look-back period was applied from 1996 to 1999 
to ensure that all cases in our cohort were newly diagnosed and to reduce 
false incident cases. Eventually, 3739 patients with nonobstructive, nonbiliary 
AP were included for subsequent analysis. Next, we developed a model 
to predict the progress to CP in randomly selected two-thirds of this cohort 
(derivation cohort) and validated the model in the remaining one-third of 
this cohort (validation cohort). Outcomes and comorbidities were identified 
based on ICD-9-CM codes. CP was defined using ICD-9-CM codes (ICD-9-
CM code 577.1), and abdominal computed tomography (CT) or abdominal 
magnetic resonance imaging (MRI) performed within 3 mo before the diagnosis 
of CP was also considered as essential to diagnose clinical CP. The risk of 
CP in patients with nonobstructive, nonbiliary AP was estimated using the 
Cox proportional hazards model. The significant β coefficients from the Cox 
model with backward selection procedure were used to construct an integer-
based risk score for stratifying the risk of progress to CP. The referent for each 
variable was assigned a value of 0, and the coefficients for the other variables 
were calculated by dividing by the smallest coefficient in the model and then 
rounding to the nearest integer. Individual scores were assigned by summing 
the individual risk factor scores, and the cumulative incidence rate of each risk 

score was calculated. For easy application in clinical practice, the total risk 
scores were classified into low-risk category, moderate-risk category, and high-
risk category based on similar magnitudes of hazard.

Research results
The multivariate analysis revealed that the presence of RAP, alcoholism, 
smoking habit, and age of onset of < 55 years were the four important risk 
factors for CP. We developed a scoring system from the derivation cohort by 
classifying the patients into low-risk, moderate-risk, and high-risk categories 
based on similar magnitudes of hazard and validated the performance using 
another validation cohort. Using this score, we could predict the development of 
CP in high risk population and arrange further intervention in high risk category. 
However, For the lack of reliable biomarkers for predicting CP at present, 
we didn’t include biomarkers in our variables. In the future, if more sensitive 
biomarkers for CP could be identified, the biomarkers should be added into the 
prediction model to improve the predictive value. 

Research conclusions
The presence of RAP, along with alcohol consumption, age of onset, 
and smoking habit have a high prediction value of CP. We developed a 
novel prediction score model for CP with excellent discrimination and also 
successfully validated this model in our study. Using this scoring system, a 
clinician can predict the outcome of a patient with AP and arrange further 
examination such as endoscopic ultrasound for the high-risk category(incidence 
rate of about 31 per 1000 person-years in high risk group), in order to early 
diagnosis of CP and the subsequent pancreatic cancer. Furthemore, healthcare 
providers can use this scoring system for assessing patient education in terms 
of alcohol and smoking abstinence,because the treatment option of CP is 
extremely limited.

Research perspectives
We confirmed that RAP, alcohol drinking, age of onset and smoking habit 
are important risk factors for CP in Chinese population. Using this score,we 
could predict the development of CP in high risk population and arrange 
further intervention in high risk category.For the lack of reliable biomarkers for 
predicting CP at present, we didn’t include biomarkers in our variables analysis. 
In the future, if more sensitive biomarkers for CP could be identified, the 
biomarkers should be added into the prediction model to improve the predictive 
value for CP in patients with AP episode.
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