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Introduction

Chronic pancreatitis (CP) is now recognized as a 
heterogeneous inflammatory disease that can develop in 
individuals with multiple risk factors, including environ-
mental and genetic factors [1,2]. Many risk factors have 
been described in the TIGAR-O and M-ANNHEIM 
classifications, which include alcoholic, smoking, 
genetic, autoimmune, obstructive, nutritional, and rare 
metabolic factors [3,4]. However, recent international 
consensus guidelines strongly agree that alcohol, smok-
ing, and certain genetic alterations are risk factors 
for CP [5].

Idiopathic CP (ICP) is identified after ruling out other 
potential causes, including rare ones [2,6]. It has been 
proposed that ICP can be further classified into three 
types, primarily based on clinical features: early-onset 
ICP (EO-ICP), late-onset ICP (LO-ICP), and tropical 
pancreatitis (TP) [3]. This chapter mainly focuses on the 
clinical features of ICP, including EO-ICP and LO-ICP 
described in recent reports. Moreover, we discuss the 
background risk factors for ICP, which include environ-
mental risk factors, such as smoking and consuming 
small amounts of alcohol, and genetic risk factors (7–11]. 
In addition, rare causes of CP are also described.

Idiopathic Chronic Pancreatitis

Definition

To date, heavy alcohol drinkers (usually 50–80 g or more 
per day) with CP have been defined as having alcoholic 
CP (ACP). In others, CP has been defined as ICP after 
excluding all known rare causes such as obstructive, 
hereditary, and autoimmune diseases. Therefore, patients 

with ICP may include moderate or social drinkers [6]. 
Originally, ICP in patients with absolute abstinence from 
alcohol has been classified as EO-ICP or LO-ICP [12,13]. 
Thus, it is necessary to strictly distinguish between two 
categories of ICP, one that excludes all drinkers and one 
that includes people who drink small amounts of alcohol 
(light drinkers).

Classification

Early-Onset and Late-Onset
Patients with ICP who abstain from alcohol and were 
diagnosed at the Mayo Clinic had a bimodal age distribu-
tion. Their ICP has been classified into two types: EO-
ICP or LO-ICP [6,12]. Age 35 is used as a cutoff for 
distinguishing between these two types of ICP [12]. 
A bimodal age distribution among patients with ICP has 
also been reported in Italy and among patients of 
European ancestry in the United States [13,14]. Although 
the peaks occurred at higher ages in a report from Japan, 
ICP showed a bimodal age distribution [15]. However, a 
bimodal distribution was not found in Chinese patients 
with ICP [16]. Since the latter two reports included light 
drinkers with ICP, light alcohol consumption might have 
affected the distribution of onset age [9,13]. Smoking 
and racial differences are other potential factors that 
should be studied in the future [6,17].

Tropical Pancreatitis
TP is a type of ICP seen in tropical countries. It is char-
acterized by large pancreatic calculi and ductal dilatation 
in a young malnourished patient who presents with 
abdominal pain, diabetes, or both [18]. It has been 
reported in many parts of tropical Asia and Africa, but 
mostly in India, especially in the states of Kerala and 
Tamil Nadu [19]. Although malnutrition and cassava 
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intake were previously thought to be causally associated 
with TP, they are no longer implicated as causative 
factors [17].

Prevalence

Table 49.1 shows the etiologies of CP from recently pub-
lished epidemiologic analyses in population-based, mul-
ticenter, or nationwide cross-sectional studies [20–28]. 

In most studies, alcoholic was the most common etiol-
ogy of CP, accounting for 33.6% to 72.0% of cases. The 
proportion of ICP cases was between 12.9% and 28.6% in 
the presented studies except for a nationwide study from 
India. The study showed the most common etiology was 
idiopathic, accounting for 60.2% of cases [25]. ICP was 
prominent in India. This finding was confirmed by three 
observational studies from single-centers in both north-
ern and southern India [29–31].

Table 49.1  Etiology of CP in epidemiologic studies.

Author [ref] Nation or region Study period Study design Number of patients Etiology

Lankisch et al. [20] Germany / 
Lüneburg County

1988–1995 Population-based study 74 ACP 71.6%
ICP 28.4%

Wang et al. [21] China 1994–2004 Retrospective 
multicenter study

2008 ACP 35.1%
Biliary 34.4%
Hereditary 7.2%
ICP 12.9%

Frulloni et al. [22] Italia 2000–2005 Prospective multicenter 
study

893 ACP 33.6%
Obstruction 26.7%
Alcohol + obstruction 9.2%
Autoimmunity 3.8%
Dystrophy 6.2%
Hereditary 4.0%
ICP 16.6%

Coté et al. [23] United States 2000–2006 Prospective multicenter 
study

539 ACP 44.5%
Genetic 8.7%
Autoimmune 2.2%
Obstructive 8.7%
Other 7.2%
ICP 28.6%

Ryu et al. [24] Korea 2001–2004 Retrospective 
multicenter study

814 ACP 64.3%
Obstructive 8.6%
Autoimmune 2.0%
Other 4.4%
ICP 20.8%

Balakrishnan et al. [25] India 2005–2007 Prospective multicenter 
study

1033 ACP 38.7%
Other 1.1%
ICP 60.2%

Hirota et al. [26] Japan 2007 Cross-sectional study 1236 ACP 69.7%
Obstructive 1.1%
Hereditary 0.9%
Other 7.3%
ICP 21.0%

Conwell et al. [27] United States 2008–2012 Prospective multicenter 
study

521 ACP 45.7%
Genetic 9.8%
Obstructive 6.9%
Autoimmune 1.5%
Other 11.9%
ICP 24.2%

Masamune et al. [28] Japan 2016 Cross-sectional study 2102 ACP 72.0%
Hereditary 1.6%
Obstructive 0.4%
Autoimmune 0.4%
Other 1.9%
ICP 23.7%

Ref: reference; ACP: alcoholic chronic pancreatitis; ICP: idiopathic chronic pancreatitis.
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Tropical Pancreatitis
It has been reported that the prevalence of TP has sig-
nificantly decreased. Previously, it was reported that TP 
accounted for more than 50% of CP cases in India [18]. 
However, a nationwide study conducted from 2005 to 
2007 in India demonstrated TP made up only 3.8% of CP 
cases [25]. This finding was supported by a single-center 
observational study that demonstrated the proportion of 
typical TP was 5.8% [30]. Malnutrition, a typical feature 
of TP, has been rarely observed among patients with ICP 
in India. The prevalence of diabetes has decreased from 
90% to 50% of ICP cases [17,30]. Furthermore, it has 
been pointed out that the number of drinkers is increas-
ing due to lifestyle changes. The prevalence of ACP has 
been increasing in India [25]. The spectrum of clinical 
features in ICP has been changing in India and possibly 
other places.

Clinical Characteristics

Idiopathic vs. Alcoholic
ACP is generally recognized to cause severe symptoms 
[32]. To clarify the clinical characteristics of patients 
with ICP, seven reports comparing ICP and ACP from 
the United States, East Asia, and India were reviewed 
(Table 49.2). In these studies, ICP included light drink-
ers. Since the three studies were single-center observa-
tional studies, selection bias was possible [29,30,33]. The 
background of patients might be different between mul-
ticenter studies at specialty hospitals [23,24] and nation-
wide cross-sectional surveys [15,28] that included 
general hospitals because young symptomatic patients 
are expected to concentrate in specialty hospitals. The 
two studies from Japan are nationwide surveys con-
ducted in different years [15,28]. Therefore, many of the 
participants in these studies might be duplicated.

Table 49.2  Comparison of clinical features between ACP and ICP.

Author [ref] Coté et al. [23] Hao et al. [33] Ryu et al. [24]
Hirota  
et al. [15]

Masamune 
et al. [28]

Bashin  
et al. [29]

Midha  
et al. [30]

Country United States China Korea Japan Japan India India
Study period 2000–2006 2000–2013 2001–2004 2011 2016 1999–2004 2004–2008
Number of patients 
(ACP/ICP)

240 / 154 404 / 1633 523 / 169 1171 / 347 1513 / 498 59 / 64 157 / 242

Males, % (ACP/
ICP)

70.0 / 41.6a 98.3 / 63.1a 96.0 / 66.7a 92.2 / 54.6a 91.0 / 60.0a 100 / 65.6a 99.4 / 63.6a

Age at onset, years 
(ACP/ICP)

– 38.1 / 41.6a – 51.5 / 57.2a – – 37.9 / 24.7a

Age at study, years 
(ACP/ICP)

50.9 / 50.0 42.6 / 47.0a 50.7 / 50.4 60.4 / 67.2a – 41.5 / 33.0a 40.2 / 27.5a

Ever smoker, % 
(ACP/ICP)

92.9 / 58.6a 80.7 / 22.8a – 85.0 / 39.8a 79.8 / 41.5a 70.7 / 12.8a

Pain, % (ACP/ICP) – 94.6 / 91.8b – 68.1 / 54.8a – 91.5 / 96.9 –
Calcification, % 
(ACP/ICP)

66.2 / 53.9a 83.9 / 73.0a 72.3 / 64.5 71.7 / 63.4a 70.3 / 59.7a 35.6 / 46.9 68.8 / 82.6a

Diabetes, % (ACP/
ICP)

29.2 / 26.4 38.9 / 26.3a 35.0 / 26.0a 40.1 / 30.5a 43.1 / 40.3 22.0 / 23.4 36.3 / 35.5

Exocrine 
insufficiency, % 
(ACP/ICP)

30.8 / 28.6 29.7 / 20.8a – – 33.6 / 30.5 28.0 / 12.0 6.3 / 16.9a

Pseudocyst, % 
(ACP/ICP)

38.3 / 13.0a 23.3 / 14.7a 33.5 / 21.9a – 29.6 / 11.2a 47.4 / 34.3 40.1 / 14.5a

Biliary stricture, % 
(ACP/ICP)

21.7 / 8.4a 17.8 / 15.9 13.6 / 14.8 – 16.8 / 7.0a – 29.3 / 10.7a

Surgery %, (ACP/
ICP)

– 16.6 / 20.7 No differencec – 17.8 / 12.1a – –

a P < 0.05.
b Type of pain was different (P < 0.001).
c No specific numbers were given.
Ref: reference; ACP: alcoholic chronic pancreatitis; ICP: idiopathic chronic pancreatitis.
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Taking these potential biases into account, some char-
acteristic features were demonstrated. First, compared 
to ACP, which has a male predominance, the proportion 
of male patients with ICP was relatively low. The major-
ity of patients with ACP were smokers. Second, there 
were likely regional differences in the age of patients with 
ICP. In the United States and East Asia, age at onset was 
in the 40s and 50s, and age at the time of the study was 
approximately in the 40s to 60s. In India, age at onset was 
in the 20s and age at time of the study was approximately 
in the 20s and 30s. Patients with ICP in India were shown 
to be approximately 20 years younger than those in other 
countries. Conversely, patients with ICP in Japan were 10 
years older than those in other East Asia countries and 
the United States. Third, in the United States and East 
Asia, patients with ACP tended to have a higher inci-
dence of calcification and diabetes than patients with 
ICP. However, patients with ICP in India had more calci-
fication than those with ACP. There were no significant 
differences between the proportion of patients with ICP 
and patients with ACP who have diabetes in India. 
Finally, a higher proportion of patients with ACP had 
pseudocyst formation. This finding was seen in almost 
all reports.

In summary, patients with ACP were predominantly 
male and smokers in all countries. They tended to have 

more severe clinical features than patients with ICP. 
Compared with ACP, a higher proportion of patients with 
ICP are women. In the United States and East Asia, 
patients with ICP are as old as or slightly older than 
patients with ACP, except for patients in India, who devel-
oped ICP at a very young age. However, patients with ICP 
in India tended to have a high rate of pancreatic calcifica-
tion and diabetes as complications, even though they 
were very young.

Early-Onset and Late-Onset
Comparisons of clinical features between EO-ICP and 
LO-ICP were reported in five papers, two from the 
United States and three from India (Table  49.3). Layer 
et al. reported the results of a single-center observational 
study from the Mayo Clinic [12]. Lewis et al. reported a 
multicenter study with 26 participating institutions in 
the United States [13]. These studies defined patients 
with ICP as strictly abstinent from alcohol, which 
excluded even social and light drinkers. The latter study 
only included patients of European ancestry. Conversely, 
three studies from India, which were all single-center 
observational studies, did not define patients with ICP as 
strictly abstinent from alcohol [29–31].

According to Table 49.3, which shows a comparison of 
clinical features between EO- and LO-ICP, regional 

Table 49.3  Comparison of clinical features between EO-ICP and LO-ICP.

Author [ref] Layer et al. [12] Lewis et al. [13] Bashin et al. [29] Midha et al. [30]c Rajesh et al. [31]d

Country United States United States India (North) India (North 61%, 
Other 39%)

India (South)

Study period 1976–1985 2000–2014 1999–2004 2004–2008 2004–2010
Number of patients (EO/LO) 25 / 41 61 / 69 41 / 23 171 / 71 111 / 94
Males, % (EO/LO) 44.0 / 56.1 37.7 / 18.8a 75 / 48 63.2 / 64.8 61.3 / 50.0
Age at onset, years (EO/LO) 19.2 / 56.2a 20 / 58a 23 / 44b 18.7 / 39.1a 15.0 / 38.1a

Age at study, years (EO/LO) – 30.1 / 64.3a – – 28.2 / 42.5a

Ever smoker, % (EO/LO) – 33.3 / 43.5 – 9.9 / 19.7 8.1 / 12.1
Pain, % (EO/LO) 100 / 75.6a 96.1 / 69.2a 95.1 / 100 88.3 / 84.5 No differencee

Calcification, % (EO/LO) 56.0 / 36.6 45.9 / 50.7 46.3 / 47.8 – 95.5 / 97.9
Diabetes, % (EO/LO) 32.0 / 41.5 29.5 / 27.5 17.1 / 34.8 33.3 / 40.8 41.4 / 69.1a

Exocrine insufficiency, % (EO/LO) 44.0 / 46.3 29.5 / 36.2 7.3 / 0 16.4 / 18.3 34.4 /53.2a

Pseudocyst, % (EO/LO) 16.0 / 14.6 11.5 / 27.5a – 11.7 / 21.1 7.4 / 10.6
Biliary stricture,% (EO/LO) 0 / 7.3 – – 8.2 / 16.9a –
Surgery %, (EO/LO) 60.0 / 31.7a 23.0 / 29.0 – –

a P < 0.05.
b No statistical results were shown.
c EO-ICP was defined based on age at diagnosis <30 years. LO-ICP was defined based on age at diagnosis >30 years.
d EO-ICP was defined based on age at onset <30 years. LO-ICP was defined based on age at onset ≥30 years.
e No specific numbers were given.
Ref: reference; EO: early-onset idiopathic chronic pancreatitis; LO: late-onset idiopathic chronic pancreatitis; ICP: idiopathic chronic pancreatitis.
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differences between the United States and India are 
remarkable. First of all, the patient composition was dif-
ferent. More patients in the United States had LO-ICP 
while more patients in India had EO-ICP. Compared 
with EO-ICP patients in the United States, EO-ICP 
patients in India were predominantly male. Age at EO-
ICP onset was approximately 20 years in both the United 
States and India. Patients with EO-ICP in the two coun-
tries had generally similar clinical features with pre-
dominantly complaints of pain and similar complication 
rates to LO-ICP even though they were younger. Second, 
the clinical characteristics of patients with LO-ICP were 
different between the two countries. The age at LO-ICP 
onset was in the late 50s in the reports from the United 
States, while it was approximately 40 years in the reports 
from India. In the US studies, significantly fewer patients 
with LO-ICP complained of pain compared to patients 
with EO-ICP. Conversely, most patients with LO-ICP in 
India complained of pain. Patients with LO-ICP in India 
had similar rates of pancreatic calcification and diabetes 
as patients in the United States, even though they were 
on average more than 10 years younger. Finally, in par-
ticular, patients with LO-ICP in southern India had high 
rates of pancreatic calcification, diabetes, and exocrine 
insufficiency [31]. In this report, although patients with 
EO-ICP were very young, almost all of them had pan-
creatic calcification [31]. One reason for these differ-
ences might be explained by differences in patient 
background such as a small amount of alcohol intake 
and smoking, but further research including genetic 
analysis would be required.

Background Risk Factors

Smoking
Cigarette smoking has been identified as an independ-
ent risk factor for the development of CP [7,8]. 
Smoking facilitates the development of pancreatic cal-
cification and diabetes in patients with CP [15,34]. As 
shown in Table 49.2, the association between ACP and 
smoking is strong. The combination of alcohol abuse 
and smoking produces a higher cumulative risk for CP 
[35]. An association between ICP and smoking has 
also been reported. Among patients in Italy, smoking 
increased the risk of pancreatic calcification and heavy 
smoking (>20 cigarettes per day) was associated with 
diabetes [36]. A report from the Mayo Clinic showed 
that smoking increases the risk of pancreatic calcifica-
tion in LO-ICP but not in EO-ICP. However, smoking 
did not affect development of exocrine or endocrine 
insufficiency [37]. In patients with EO-ICP in south-
ern India, smoking was an independent significant 
risk factor for diabetes according to a multivariate 
analysis [31].

Small Amount of Alcohol Intake
As mentioned above, in general ICP includes patients 
who drink small amounts of alcohol (<50 g per day). 
Lankisch et al. reported the effect of a small amount of 
alcohol intake on the clinical course of ICP. Patients with 
LO-ICP drinking less than 50 g of alcohol per day were 
younger at disease onset and reported more frequent 
and severe pain than patients with LO-ICP who did not 
drink any alcohol [9]. A systematic review and meta-
analysis demonstrated a linear dose–response relation-
ship between alcohol consumption and development of 
CP, which was monotonically increasing with no identifi-
able threshold [10]. This indicates that even intake of a 
small amount of alcohol is a risk factor for CP.

Genetic Factors
Associations have been identified between several gene 
variants and ICP risk. In idiopathic disease, full sequence 
analysis of the following genes has been recommended in 
international consensus guidelines: cationic trypsinogen 
(PRSS1), carboxypeptidese A1 (CPA1), serine protease 
inhibitor Kazal type 1 (SPINK1), chymotrypsinogen C 
(CTRC), carboxyl ester lipase (CEL), and cystic fibrosis 
transmembrane conductance regulator (CFTR) [5]. 
Variants of these genes are classified into three categories 
according to mechanisms in the pathogenesis of CP. 
Variants of PRSS1, SPINK1, and CTRC are involved in the 
trypsin-dependent pathway. Variants of CPA1 and CEL 
are involved in the misfolding-dependent pathway, which 
is associated with protein misfolding and endoplasmic 
reticulum stress. Variants of CFTR are involved in the 
ductal pathway, which is related to disruption of chloride-
bicarbonate channel activity in pancreatic duct cells [2,11]. 
Mutations in PRSS1 and CPA1 are associated with >300-
fold and 25-fold higher risk of CP, respectively; thus, they 
are occasionally referred to as hereditary CP. The other 
gene variants have relatively low risk effects and are asso-
ciated with sporadic CP with no family history [5].

A US multicenter study reported that 49% of patients 
with EO-ICP carried a pathologic variant associated with 
one or more of the following genes: CFTR, SPINK1, and 
CTRC. A SPINK1 mutation significantly accelerated the 
onset of symptoms in the EO-ICP group, from age 22 to 
age 12 [13]. A study from India reported that the SPINK1 
N34S mutation was present in 42% of patients with ICP, 
which was significantly higher than the percentage in 
patients with ACP (17%) and controls (4%). This study 
also reported that 50% of patients with ICP and 10% of 
controls had CFTR variants [30]. Heterozygous SPINK1 
mutations reportedly do not cause pancreatitis. It appears 
that patients with heterozygous SPINK1 mutations must 
also have a mutation in other susceptibility genes (e.g., 
PRSS1 or CFTR) in order to develop recurrent acute pan-
creatitis (RAP) or CP [38].
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Other Rare Causes

Pancreatic divisum

Pancreatic divisum (PD) is the most common congeni-
tal malformation of the pancreas. It involves a congeni-
tal disconnection between the main pancreatic duct 
and the major papilla. PD is classified as an obstructive 
cause of CP [3]. Although increased pressure in the 
dorsal pancreatic duct and minor papilla have been 
reported in PD, the majority of patients with PD are 
asymptomatic. Therefore, there is considerable debate 
as to whether it is causally associated with pancreatitis 
or abdominal pain [39]. Some reports indicate that the 
existence of a genetic cofactor plus PD leads to the 
development of CP. Garg et  al. reported SPINK1 
mutations in 41.7% of patients with PD and ICP, which 
was significantly higher than 2% in healthy controls. 
They also reported that 41.7% of patients carried CFTR 
gene polymorphisms [40]. Bertin et  al. reported the 
frequency of PD in patients with RAP or CP is sign
ificantly associated with CFTR mutations or polymor-
phisms [41].

Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) is a distinct form of pan-
creatitis. Therapeutically, AIP has a dramatic response to 
steroids. AIP is classified into type 1, which is a type of 
IgG4-related systemic disease, and type 2, which fre-
quently accompanies inflammatory bowel disease [42]. 
Currently, the long-term prognosis of AIP is not well 
understood. However, an international study group 
reported pancreatic duct stones in 7% of patients with 
type 1 AIP, but not in patients with type 2 AIP [43]. 
According to a report from Japan, among 52 patients 
with type 1 AIP who had no pancreatic stones at diagno-
sis, 20 (38.5%) of them developed de novo pancreatic 

stones after 3 or more years of follow-up [44]. The 
relationship between AIP and classic CP will become 
clearer in the future.

Hyperparathyroidism

The causal relationship between primary hyperparathy-
roidism (hypercalcemia) and RAP or CP is debatable. A 
systematic review demonstrated AP or CP occurred in 
1.5% to 15.3% of patients with primary hyperparathy-
roidism, but the included studies had confounding fac-
tors, biases, and a lack of appropriate controls. In addition, 
the authors suggested the pancreatitis in this setting is 
likely the result of additional genetic and environmental 
factors [45]. Aslam et al. reported that hyperparathyroidism 
accounted for 1.94% of RAP or CP cases. In patients with 
CP associated with hyperparathyroidism, severe pain was 
a predominant symptom. After parathyroidectomy and 
subsequent decreases in serum calcium levels, there was 
a reduction in their symptoms [46].

Hyperlipidemia

Hypertriglyceridemia is a well-established but underesti-
mated cause of AP and RAP. However, whether hypertri-
glyceridemia can cause CP has not been well studied 
[47]. Vipperla et al. performed a retrospective study that 
reviewed the medical records of 121 patients with serum 
triglyceride levels of ≥500 mg/dL who experienced 225 
attacks of AP between 2001 to 2013 at their institute in 
the United States. They found 20 (16.5%) of 121 patients 
were diagnosed with CP (9 with preexisting CP, 11 with 
new-onset CP during follow-up) [48]. Their relatively 
small single-center retrospective study needs to be vali-
dated in future prospective or large multicenter studies 
with simultaneous analysis of confounding factors such 
as alcohol intake and smoking.

References

1	 Whitcomb DC, Frulloni L, Garg P et al. Chronic 
pancreatitis: an international draft consensus proposal for a 
new mechanistic definition. Pancreatology 
2016;16(2):218–224.

2	 Bayer G, Habtezion A, Werner J, Lerch MM, Mayerle J. 
Chronic pancreatitis. Lancet 2020;396(10249):499–512.

3	 Etemad B, Whitcomb DC. Chronic pancreatitis: diagnosis, 
classification, and new genetic developments. 
Gastroenterology 2001;120(3):682–707.

4	 Schneider A, Lohr JK, Singer MV. The M-ANNHEIM 
classification of chronic pancreatitis: introduction of a 
unifying classification system based on a review of previous 

classifications of the disease. J Gastroenterol 
2007;42(2):101–119.

5	 Hegyi P, Parniczky A, Lerch MM et al. International 
consensus guidelines for risk factors in chronic pancreatitis. 
Recommendations from the working group for the 
international consensus guidelines for chronic pancreatitis 
in collaboration with the International Association of 
Pancreatology, the American Pancreatic Association, the 
Japan Pancreas Society, and European Pancreatic Club. 
Pancreatology 2020;20(4):579–585.

6	 Keller J, Layer P. Idiopathic chronic pancreatitis. Best Pract 
Res Clin Gastroenterol 2008;22(1):106–113.

 10.1002/9781119876007.ch49, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/9781119876007.ch49 by C

olum
bia U

niversity L
ibraries, W

iley O
nline L

ibrary on [20/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Idiopathic and Rare Causes of Chronic Pancreatitis410

7	 Andriulli A, Botteri E, Almasio PL et al. Smoking as a 
cofactor for causation of chronic pancreatitis: a meta-
analysis. Pancreas 2010;39(8):1205–1210.

8	 Sankaran SJ, Xiao AY, Wu LM, Windsor JA, Forsmark CE, 
Petrov MS. Frequency of progression from acute to 
chronic pancreatitis and risk factors: a meta-analysis. 
Gastroenterology 2015:149(6):1490–1500.

9	 Lankisch MR, Imoto M, Layer P, DiMango EP. The effect 
of small amounts of alcohol on the clinical course of 
chronic pancreatitis. Mayo Clin Proc 2001;76(3):242–251.

10	 Samokhvalov AV, Rehm J, Roerecke M. Alcohol 
consumption as a risk factor for acute and chronic 
pancreatitis: a systematic review and a series of meta-
analysis. eBioMedicine 2015;2(12):1996–2002.

11	 Mayerle J, Sendler M, Hegyi E, Beyer G, Lerch MM, 
Sahin-Toth M. Genetics, cell biology, and pathophysiology 
of pancreatitis. Gastroenterology 2019;156(7):1951–1968.

12	 Layer P, Yamamoto H, Kalthoff L, Clain JE, Bakken LJ, 
DiMango EP. The different course of early- and late-onset 
idiopathic and alcoholic chronic pancreatitis. 
Gastroenterology 1994;107(5):1481–1487.

13	 Lewis MD, Talluri J, Wilcox CM et al. Differences in age at 
onset of symptoms, and effects of genetic variants, in 
patients with early vs. late-onset idiopathic chronic 
pancreatitis in a North American cohort. Clin 
Gastroenterol Hepatol 2021;19(2):349–357.

14	 Cavallini G, Frulloni L, Pederzoli P et al. Long-term 
follow-up of patients with chronic pancreatitis in Italy. 
Scand J Gastroenterol 1998;33(8):880–889.

15	 Hirota M, Shimosegawa T, Masamune A et al. The seventh 
nationwide epidemiological survey for chronic pancreatitis 
in Japan: clinical significance of smoking habit in Japanese 
patients. Pancreatology 2014;14(6):490–496.

16	 Liu Y, Wang D, Cai YL et al. Classification of early-onset 
and late-onset idiopathic chronic pancreatitis needs 
reconsideration. Sci Rep. 2020;10(1):10448.

17	 Garg PK. Chronic pancreatitis in India and Asia. Curr 
Gastroenterol Rep 2012;14(2):118–124.

18	 Tandon RK, Garg PK. Tropical pancreatitis. Dig Dis 
2004;22(3):258–266.

19	 Unnikrishnan R, Mohan V. Fibrocalculous pancreatic 
diabetes. Curr Diab Rep 2020;20(6):19.

20	 Lankisch PG, Assmus C, Maisonneuve P, Lowenfels AB. 
Epidemiology of pancreatic disease in Lüneburg County. 
A study in a defined German population. Pancreatology 
2002;2(5):469–477.

21	 Wang LW, Li ZS, Li SD, Jin ZD, Zou DW, Chen F. 
Prevalence and clinical features of chronic pancreatitis in 
China: a retrospective multicenter analysis over 10 years. 
Pancreas 2009;38(3):248–254.

22	 Frulloni L, Gabbrielli A, Pezzilli R et al. Chronic 
pancreatitis: report from a multicenter Italian survey 
(PanCroInfAISP) on 893 patients. Dig Liver Dis 
2009;41(4):311–317.

23	 Coté GA, Yadav D, Slivka A et al. Alcohol and smoking as 
risk factors in an epidemiology study of patients with 

chronic pancreatitis. Clin Gastroenterol Hepatol 
2011;9(3):266–273.

24	 Ryu JK, Lee JK, Kim YT et al. Clinical features of chronic 
pancreatitis in Korea: a multicenter nationwide study. 
Digestion 2005;72(4):207–211.

25	 Balakrishnan V, Unnikrishnan AG, Thomas V et al. 
Chronic pancreatitis. A prospective nationwide study of 
1086 subjects from India. JOP 2008;9(5):593–600.

26	 Hirota M, Shimosegawa T, Masamune A et al. The sixth 
nationwide epidemiological survey of chronic pancreatitis 
in Japan. Pancreatology 2012;12(2):79–84.

27	 Conwell DL, Banks PA, Sandhu BS et al. Validation of 
demographics, etiology, and risk factors for chronic 
pancreatitis in the USA: a report of the North American 
Pancreas Study (NAPS) group. Dig Dis Sci 
2017;62(8):2133–2140.

28	 Masamune A, Kikuta K, Kume K et al. Nationwide 
epidemiological survey of chronic pancreatitis in Japan: 
introduction and validation of the new Japanese diagnostic 
criteria 2019. J Gastroenterol 2020;55(11):1062–1071.

29	 Bhasin DK, Singh G, Rana SS et al. Clinical profile of 
idiopathic chronic pancreatitis in North India. Clin 
Gastroenterol Hepatol 2009;7(5):594–599.

30	 Midha S, Khajuria R, Shastri S, Kabra M, Garg PK. Idiopathic 
chronic pancreatitis in India: phenotypic characterisation and 
strong genetic susceptibility due to SPINK1 and CFTR gene 
mutations. Gut 2010;59(6):800–807.

31	 Rajesh G, Veena AB, Menon S, Balakrishnan V. Clinical 
profile of early-onset and late-onset idiopathic pancreatitis 
in South India. Indian J Gastroenterol 2014;33(3):231–236.

32	 Machicado JD, Chari ST, Timmons L, Tang G, Yadav D. 
A population-based evaluation of the natural history of 
chronic pancreatitis. Pancreatology 2018;18(1):39–45.

33	 Hao L, Wang LS, Liu Y et al. The different course of 
alcoholic and idiopathic chronic pancreatitis: a long-term 
study of 2037 patients. PLoS ONE 2018;13(6):e0198365.

34	 Talamini G, Bassi C, Falconi M et al. Smoking cessation at 
the clinical onset of chronic pancreatitis and risk of 
pancreatic calcifications. Pancreas 2007;35(4):320–326.

35	 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(5):738–746.

36	 Maisonneuve P, Frulloni L, Müllhaupt B et al. Impact of 
smoking on patients with idiopathic chronic pancreatitis. 
Pancreas 2006;33(2):163–168.

37	 Imoto M, DiMagno EP. Cigarette smoking increases the 
risk of pancreatic calcification in late-onset but not 
early-onset idiopathic chronic pancreatitis. Pancreas 
2000;21(2):115–119.

38	 Zator Z, Whitcomb DC. Insights into the genetic risk 
factors for the development of pancreatic disease. Therap 
Adv Gastroenterol 2017;10(3):323–336.

39	 Gutta A, Fogel E, Sherman S. Identification and 
management of pancreas divisum. Expert Rev 
Gastroenterol Hepatol 2019;13(11):1089–1105.

 10.1002/9781119876007.ch49, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/9781119876007.ch49 by C

olum
bia U

niversity L
ibraries, W

iley O
nline L

ibrary on [20/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



References ﻿ 411

40	 Garg PK, Khajuria R, Kabra M, Shastri SS. Association of 
SPINK1 gene mutation and CFTR gene polymorphisms 
in patients with pancreas divisum presenting with 
idiopathic pancreatitis. J Clin Gastroenterol 
2009;43(9):848–852.

41	 Bertin C, Pelletier AL, Vullierme MP et al. Pancreas 
divisum is not a cause of pancreatitis by itself but act as a 
partner of genetic mutations. Am J Gastroenterol 
2012;107(2):311–317.

42	 Shimosegawa T, Chari ST, Frulloni L et al. International 
consensus diagnostic criteria for autoimmune pancreatitis: 
guidelines of the International Association of 
Pancreatology. Pancreas 2011;40(3):352–358.

43	 Hart PA, Kamisawa T, Brugge WR et al. Long-term 
outcomes of autoimmune pancreatitis: a multicenter, 
international analysis. Gut 2013;62(12):1771–1776.

44	 Maruyama M, Arakura N, Ozaki Y et al. Risk factors for 
pancreatic stone formation in autoimmune pancreatitis over 
a long-term course. J Gastroenterol 2012;47(5):553–560.

45	 Bai HX, Giefer M, Patel M, Orabi AI, Husain SZ. The 
association of primary hyperparathyroidism with 
pancreatitis. J Clin Gastroenterol 2012;46(8):656–661.

46	 Aslam M, Talukdar R, Jagtap M et al. Clinical profile and 
outcome of parathyroid adenoma-associated pancreatitis. 
Saudi J Med Med Sci 2018;6(2):95–99.

47	 Scherer J, Singh V, Pitchumoni CS, Yadav D. Issues in 
hypertriglyceridemic pancreatitis: an update. J Clin 
Gastroenterol 2014;48(3):195–203.

48	 Vipperla K, Somerville C, Furlan A et al. Clinical profile 
and natural course in a large cohort of patients with 
hypertriglyceridemia and pancreatitis. J Clin Gastroenterol 
2017;51(1):77–85.

 10.1002/9781119876007.ch49, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/9781119876007.ch49 by C

olum
bia U

niversity L
ibraries, W

iley O
nline L

ibrary on [20/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


