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Abstract

Background & Aims—Alcohol has been implicated in the development of chronic pancreatitis
(CP) in 60%—-90% patients, although percentages in the United States are not known. We
investigated the frequency of alcohol-related CP at tertiary U.S. referral centers.

Methods—We studied data from patients with CP (n=539) and controls (n=695) enrolled in the
North American Pancreatitis Study-2 from 2000 to 2006 at 20 U.S. referral centers. CP was
defined by definitive evidence in imaging or histologic analyses. Subjects and physicians each
completed a detailed study questionnaire. Using physician-assigned diagnoses, patients were
assigned to the following etiology groups: alcohol (with/without other diagnoses), non-alcohol
(any etiology of CP from other than alcohol), or idiopathic (no etiology identified).

Results—The distribution of patients among etiology groups were: alcohol (44.5%), non-alcohol
(26.9%), and idiopathic (28.6%). Physicians identified alcohol as the etiology more frequently in
men (59.4% in men vs 28.1% in women), but non-alcohol (18% in men vs 36.7% in women) and
idiopathic etiologies (22.6% in men vs 35.2% in women) more often in women (P<0.01 for all
comparisons). Non-alcohol etiologies were equally divided among obstructive, genetic, and other
causes. Compared with controls, patients with idiopathic CP were more likely to have ever
smoked (58.6% vs 49.7%, P<0.05) or have a history of chronic renal disease or failure (5.2% vs
1.2%, P<0.01). In multivariate analyses, smoking (ever, current, and amount) was independently
associated with idiopathic CP.

Conclusions—The frequency of alcohol-related CP at tertiary U.S. referral centers is lower than
expected. Idiopathic CP and non-alcohol etiologies represent a large subgroup, particularly among
women. Smoking is an independent risk factor for idiopathic CP.

Keywords
Pancreas; Inflammation; alcoholism; tobacco

Introduction

The pathogenesis of chronic pancreatitis (CP) remains elusive. While there are presumably
several mechanisms, CP appears to be a disorder of chronic inflammation which leads to
irreversible fibrosis and scarring.1,2 At the time of presentation, the clinical manifestations
and disease progression are often unpredictable. Symptoms range from none to intractable
pain and weight loss related to exocrine insufficiency with or without endocrine
insufficiency.

Historically, alcohol has been implicated as the etiology of CP in 60-90% of cases
diagnosed in Western countries.3-11 Until recently, little was known as to the risk of CP
based on the amounts of alcohol consumption.12,13 Contrary to previous data, two recent
multicenter studies from Western countries have reported a lower prevalence of heavy
alcohol use among CP patients who are evaluated at referral centers.13,14 In addition to
alcohol being less prevalent, smoking not only appears to potentiate the effect of alcohol in
acute and chronic pancreatitis but serves as an independent predictor for disease
susceptibility3,15-19 and progression.20,21

In the past two decades, genetic discoveries using linkage and candidate gene approaches
have identified several pancreas-targeting factors that affect susceptibility to acute and CP.
These genes target the acinar cells through a trypsin-dependent pathway (PRSS122,
PRSS22324 CTRC?2°,26) CASR?7,28| SPINK129,30) or the duct cells (CFTR).31,32 There is a
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growing recognition that development of CP occurs from a complex interaction between
environmental (e.g., alcohol) and genetic factors.32,34 Moreover, the use of cross-sectional
imaging studies to evaluate abdominal symptoms has increased over the past two-three
decades. In light of these developments, we hypothesized that the current etiologic profile of
CP at U.S. referral centers would be different from historical data and include a more
diverse group of etiologies.

The North American Pancreatitis Study 2 (NAPS2) was designed as a molecular genetics
study to further our understanding of the role of gene-environment interactions in patients
with recurrent acute pancreatitis (RAP) and CP.3° Consisting of a large cohort of well-
phenotyped CP patients enrolled by a consortium of U.S. referral centers from 2000-2006,
the NAPS2 dataset is uniquely poised to evaluate the current etiologic profile of CP at U.S.
referral centers and how it relates to historical data. Therefore, our objective is to evaluate
the epidemiology of CP at tertiary care medical centers in the United States using the
NAPS2 database. In particular, we focus on the etiology of CP based on the assessment of
the treating physician at the time of patient enrollment, and compare the clinical
characteristics across different etiologic groups. Finally, we compare the clinical
characteristics of patients classified as idiopathic CP with control subjects.

Overview of North American Pancreatitis Study 2 (NAPS2)

The NAPS2 represents a multicenter effort in which nineteen academic and community
practice referral centers with expertise in the evaluation and management of pancreatic
disorders across the United States prospectively enrolled patients who met strict criteria for
CP or RAP and control subjects from 2000-2006. An additional primary care center
enrolled only control subjects. The methodology of NAPS2 has been detailed previously.3>
The entry criteria for CP included definitive evidence on CT scan or ERCP using the
Cambridge classification.36 While 83% of cases fulfilled one or both of these criteria, other
enrollees had documentation of CP using MRCP, EUS or pancreatic histology. Pancreatitis
patients completed a detailed questionnaire on personal and family history, risk factors,
symptoms and quality of life, and their enrolling physicians and research nurses completed a
separate questionnaire containing questions relating to clinical phenotype, working
diagnosis, risk factors, diagnostic and therapeutic interventions. Control patients included
unaffected first degree relatives, spouses, accompanying friends or unrelated subjects
without pancreatitis.3® All control subjects completed the patient questionnaire. All patients
and control subjects signed an informed consent. The study was approved by the
Institutional Review Board of each participating center.

Classification based on etiology of CP

The enrolling physician was asked to provide a working diagnosis for the patient's CP from
the following choices: alcohol, idiopathic, hereditary, cystic fibrosis, pancreas divisum,
hyperlipidemia, hypercalcemia, trauma, and other. One or more etiologies could be checked
by the physician. If the physician checked the “other” category, space was provided to
specify a diagnosis. Since the study questionnaire was designed for both CP and RAP,
additional etiologies listed in the working diagnosis question specific to RAP (gallstones,
medications, post-ERCP pancreatitis) were not considered as etiologies for CP. The working
diagnosis of pancreatitis due to hereditary causes or cystic fibrosis was based on a patient's
personal and family history with or without formal genetic testing. Physicians were not
given any specific instructions on the amount or duration of alcohol consumption for
assigning alcohol etiology.
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Using the working diagnosis, patients were assigned to an etiology group using a
hierarchical algorithm as follows: if alcohol was checked as the sole or in conjunction with
other working diagnoses, the patient was assigned to “alcohol” etiology group; among
remaining patients, those with hereditary or cystic fibrosis diagnosis by itself or with another
diagnosis were assigned to “genetic” etiology group; among remaining patients, those with
autoimmune pancreatitis diagnosis by itself or with another diagnoses were assigned to
“autoimmune” etiology group; among remaining patients, those with an obstructive etiology
(e.g., pancreas divisum,) by itself or with another diagnosis were assigned to “obstructive”
etiology group; among remaining patients, those identified with a specific etiology not
included into any of the previous group were assigned to “other” etiology group; all the
remaining patients were then assigned to “idiopathic” etiology group. Thus, the idiopathic
group represents patients in whom no etiology was identified by the physician during their
diagnostic evaluation until the time of enrollment into the NAPS2 study. We combined all
patients in the “genetic”, “autoimmune”, “obstructive” and “other” etiology groups into a
single category of “non-alcohol” etiology group for the purposes of statistical analysis,
thereby forming three overall groups: alcohol, non-alcohol and idiopathic for comparison of
demographics, risk factors and phenotypic characteristics.

Patient characteristics and disease phenotype

We compare patient characteristics including age, sex, race (defined as white, black or
other) and body-mass index (BM1) (kg/m?) in alcohol, non-alcohol and idiopathic CP
groups. In addition, we report the prevalence of select risk modifiers and potential risk
factors: tobacco and alcohol use, along with a history of renal disease or failure. Tobacco
exposure was classified as ever (> 100 cigarettes in their lifetime) or never, and quantified as
packs per day (ppd) (<1 or 1) and pack years (<12, 12-35, >35). Ever alcohol drinkers
completed the TWEAK questionnaire, a previously validated measure of at-risk drinking.3”
A composite score (range, 0—7) was calculated based on patient responses. Further details on
the TWEAK questionnaire within the framework of NAPS2 have been published.35 Based
on previous data, At-risk drinking was defined as a score of 3 or higher.13 As previously
reported, controls and patients were assigned to five drinking categories based on responses
to the quantity and frequency of drinking during the maximum lifetime drinking period.3®
The drinking categories included — abstainer (no alcohol use or <20 drinks in lifetime), light
(<0.5 drinks/day), moderate (>0.5-1 drinks/day for females, >0.5-2 drinks/day for males),
heavy (>1 — <5 drinks/day for females, >2 —<5 drinks/day for males), and, very heavy (=5
drinks/day for both genders). The presence of renal disease or failure was determined solely
from patient responses.

Statistical analysis

Descriptive analyses are presented as proportions for categorical data and as mean +
standard deviation (SD) or median and interquartile range (IQR) for continuous data, as
applicable. Bivariate comparisons for continuous variables were performed using the
student's-t test, and for categorical data using chi-squared test or Cochran-Armitage test, as
applicable. The association between smoking and idiopathic CP was assessed using
multivariable logistic regression analyses. Specifically, we used alcohol consumption (as
drinking categories), age (as a continuous variable), sex (male, female), and current or
maximum body mass index [BMI]) (normal/low, <25kg/m?; overweight, >25-<30; obese,
>30) as covariates. Smoking was assessed as never or ever; never, <1, 21 ppd; and never,
<12, 12-35, >35 pack years. We used the combination of abstainers and light drinkers as the
reference category for alcohol consumption. Regression models were evaluated by the
goodness of fit x2 test. We defined significance using two-sided p-values <0.05. Analysis
was performed using the R Project software (www.r-project.org) and SPSS version 16
(SPSS Inc., Chicago, IL.).
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Results

Demographics and Individual Working diagnoses

Of the 539 patients with CP, 484 (90%) were enrolled from 11 of the 19 participating
centers that recruited pancreatitis patients. The mean age of patients at the time of
enrollment was 49.5 +15 years, 52.5% were males and 84.5% were White. Overall, alcohol
was implicated as a working diagnosis in 44.5% of cases, more frequently in males (59.4%)
compared to females (28.1%) (p<0.001). An unknown cause (i.e., idiopathic) was suspected
more often in females (48%) compared to males (31.8%) (p=0.0001). Obstructive causes
were implicated more frequently in females; in particular, pancreas divisum was considered
as the working diagnosis more frequently in females (13.7%) than males (5.7%) (p < 0.002).
Other commonly cited working diagnoses included hereditary (9.3%), hyperlipidemia
(6.1%), cystic fibrosis (2.8%) and autoimmune pancreatitis (2.4%) (Table 1). Physicians
cited one working diagnosis in 79.4% of cases (77% of females, 81.3% of males), two
diagnoses in 17.4% (19.1% of females, 15.9% of males) and three or more in 3.2% patients
(3.5% of females, 2.8% of males). The number of working diagnoses cited was similar for
both genders (p = 0.31).

Etiology groups

For the purposes of subsequent analysis in this manuscript, the physician's working
diagnoses were used to classify patients into etiology groups (Table 2) using the hierarchical
algorithm defined a priori as outlined in the methods section. Alcohol was listed as the sole
working diagnosis in 34.7% and as a contributing factor in an additional 9.8%. Subjects in
whom alcohol was not considered as a diagnosis (55.5%) were equally distributed in the
non-alcohol (genetic, autoimmune, obstructive, and other) and idiopathic etiology groups.
While more males were assigned to the alcohol etiology group, the proportion of females
within the alternate etiology groups was higher compared to males (Table 2). A considerable
number of CP patients were assigned to the idiopathic etiology group (28.6%), more often in
females compared to males (35% versus 23%, p=0.0001). The distribution of patients in
alcohol, non-alcohol and idiopathic groups was similar across the top recruiting medical
centers in NAPS2 (Figure 1).

Patient demographics, prevalence of select risk factors and phenotypic characteristics are
compared across alcohol, non-alcohol and idiopathic CP groups in Table 3. Alcohol-related
CP patients were less likely to be of white race and have a history of cholecystectomy. Renal
disease or failure was less frequently reported by patients in the alcohol compared to the
non-alcohol group (p=0.02); all other comparisons for this measure were similar between
groups. Among patients where the physician reported alcohol as a working diagnosis, 65%
self-reported At-risk drinking based on the TWEAK questionnaire. The prevalence of
smoking was significantly higher in the alcohol group compared to the idiopathic and non-
alcohol etiology groups. The prevalence of obesity, defined as a maximum BMI of > 30kg/
m? and a history of acute pancreatitis were similar across all groups. Phenotypic
characteristics including exocrine and endocrine insufficiency and pancreatic duct
abnormalities were comparable across groups. However, calcifications, CP-associated
common bile duct strictures and pseudocysts were identified more frequently among patients
in the alcohol etiology group. Idiopathic CP patients were similar to non-alcohol CP patients
in all characteristics except for: 1) a lower rate of pancreatic duct dilation/stricture (56.5%
versus 69.0%, p=0.04) and 2) a higher rate of pancreatic calcifications (53.9% versus 38.6%,
p=0.01).

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2012 March 1.
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Comparison of idiopathic CP with NAPS2 controls

Characteristics of idiopathic CP patients were compared against NAPS2 controls (Table 4).
On univariate analysis, At-risk drinking was more prevalent in the control population
(12.2%) compared to idiopathic CP patients (5.2%, p < 0.02). The frequency of tobacco
exposure and renal disease were higher among idiopathic CP patients (p < 0.05 and < 0.01
respectively), while no differences were seen in age, race and sex distribution between the
two groups. After controlling for age, sex, BMI and alcohol intake (drinking categories),
ever-smoking (OR 1.65, 95%CI 1.08-2.52), current smoking (1.8, 1.10-3.05) and smoking
> 1 pack per day (1.87, 1.10-3.12) were independently associated with idiopathic CP.

Discussion

In this largest epidemiologic study on CP from the United States, we observe that the current
etiologic profile of CP patients evaluated at U.S. referral centers is quite different from
historical data. Although alcohol continues to be the most common etiology, the proportion
of patients in whom physicians identified this to be the sole or contributing cause of CP was
much lower than the traditional belief. A larger fraction of patients were considered to have
non-alcoholic etiologies, and more than a quarter of all CP patients had no identifiable cause
for their disease (idiopathic CP). Among the risk factors assessed, smoking was
independently associated with idiopathic CP.

Lower prevalence of alcohol etiology in CP in NAPS2

Historically, the overwhelming majority of patients with CP have been attributed to heavy
alcohol use3-11. In a previous epidemiological analysis from the United States consisting of
CP patients evaluated at the Mayo Clinic from 1976-1982, the proportion with any and
heavy alcohol consumption (defined as >50 gms/day) was 84% and 58% respectively.®,38
Recent studies from Europe and Asia suggest that over 50% of CP cases may be secondary
to non-alcohol etiologies.14,39-41 Frulloni et al14 noted a shift in the etiologic profile of
CP in Italy from being predominantly alcohol-related (74%) between 1971-951 to a wider
spectrum of etiologies among patients evaluated from 2000-2006 with only 43% cases
attributed to alcohol (34% as sole, 9% as contributing cause). Data from the NAPS2 study
corroborates this, where only 45% of CP patients evaluated at U.S. referral centers were
believed to be alcohol-related.

There are several potential explanations for the lower prevalence of alcoholic etiology in our
cohort of CP patients. Firstly, patients were enrolled from secondary and tertiary care
centers which may be subject to a referral bias. Patients typically seek referral to expert
centers if the cause of their disease is unclear or when treatments are not available at
community centers. Patients who are actively drinking may be less likely to seek a referral
and physicians who believe alcohol consumption can explain their patient's disease may not
seek additional consultation for diagnosis. Therefore, it is possible that the prevalence of
alcoholic etiology among CP patients is higher at the community level. However, this is
difficult to corroborate due to a lack of population-level data on the epidemiology of CP in
the United States. Data are available on the epidemiologic trends for alcohol consumption in
the United States in the past several decades. The results are mixed and do not explain the
impressive shift in the etiologic profile.#2,43

Secondly, discoveries over the past 15 years have improved our ability to detect genetic

factors that can potentially explain the cause of CP. For example, mutations in PRSS122,
CFTR31 32 SPINK129 44 and Chymotypsin C25,26 genes can be detected in a significant
subset of patients previously considered to have idiopathic disease. Therefore, patients in
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whom the etiology of CP is unclear or those who do not drink heavily may be selectively
referred to tertiary centers for evaluation in search of potential explanations for their disease.

Thirdly, improvement in the imaging technology over the past 2-3 decades may have led to
uncovering of anatomical abnormalities as the potential explanation of patient's disease (e.g.,
a stricture or pancreas divisum). Improved imaging techniques may also lead to detection of
morphological changes at an earlier stage. In fact, obstructive causes were considered as
individual working diagnosis in over 10% of all CP patients in our study.

Higher prevalence of non-alcohol etiologies in CP in NAPS2

One of the more remarkable findings from the NAPS2 study is that in over 50% patients
physicians did not consider alcohol as the etiologic factor. Moreover, a quarter of patients
were believed to have no identifiable etiology. A diagnosis of “idiopathic” CP may reflect
the extent of the diagnostic evaluation which may include genetic testing, newer imaging
modalities such as MRCP and/or EUS, and pancreatic function testing. The assignment of
diagnosis by the NAPS2 enrolling physician was based on a review of the patient's
evaluation to the time of enrollment. Being a cross-sectional study, NAPS2 data reflect
patient status and diagnosis until enrollment, which could have changed during the follow
up period or after further diagnostic testing. For example, if genetic testing was performed
after NAPS2 enrollment, the impact of the results on etiological classification is unknown. It
is likely that further genetic testing in patients with idiopathic CP patients may identify
novel or unrecognized genetic mutations. Interestingly, subsequent change in etiology in
patients with CP has not been addressed in previous studies. NAPS2 is currently collecting
follow up data which could be analyzed for diagnostic trends throughout the natural history
of the disease.

Greater knowledge of the clinical characteristics of idiopathic CP patients may highlight
previously unrecognized risk factors for CP. Demographic and phenotypic characteristics of
patients with idiopathic CP were fairly similar to other non-alcohol etiologies but different
from patients believed to have alcohol-related disease. Similar to previous observations® 42,
when compared to alcohol-related CP, patients with idiopathic CP were more likely to be
female, have a higher current BMI but less likely to be smokers or have morphological
features of calcifications, pseudocysts and common bile duct strictures. However, there were
no features that consistently distinguished idiopathic CP patients from both alcohol and non-
alcohol etiologies.

We further explored the idiopathic CP population by comparing them to NAPS2 control
patients. Among the assessed risk factors, perhaps the most intriguing was the association
between smoking and idiopathic CP. In conjunction with prior analyses from NAPS2 and
other studies13,16-21, this association and stresses the need to incorporate smoking
cessation into the treatment algorithm for patients with CP. On univariate analyses, an
association was also observed for the presence of renal disease or failure in patients with
idiopathic CP; however the overall prevalence of patients with self-reported renal disease
was low (n=16), limiting our analysis of this variable.

These results provide important information on proximal etiologies that are linked by
unknown mechanisms to various pancreatic pathologies, including inflammation,
calcifications, fibrosis, exocrine insufficiency, diabetes mellitus, recurrent or chronic pain
and risk for pancreatic cancer that are part of the CP syndrome. We previously demonstrated
the importance of etiological classification of patients in understanding the risk of SPINK1
mutations, which clarified the role of trypsin-activation in relation to tropical CP, idiopathic
CP and alcoholic CP.46 The present study is also important because it suggest that smoking
is a risk factor for CP regardless of etiological classification. Finally, these results are
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valuable for future studies so that alcohol-dependent, trypsin-dependent, smoking-dependent
and other gene-dependent pathways can be identified in homogenous groups. Thus, it is
anticipated that these findings will enhance our understanding of the genetics of CP, which
may help in targeting preventative and therapeutic interventions.

Generalizability of results

The generalizability of NAPS2 data to the spectrum of disease seen at community level has
been discussed previously. On the other hand, the data appear to be reproducible across
academic centers since the distribution of etiologies and morphological features were similar
across the top-recruiting sites. Since we focused on the working diagnosis based on the
physician's impression at the time of enrollment, our results are susceptible to the extent of
diagnostic evaluation until the time of enrollment and to individual physician biases; for
example, physician interpretation of “alcohol-induced” CP may be variable. Finally, there is
limited data on CP among minority populations in NAPS2, an area of need for future
research.

Conclusions

The epidemiologic profile of CP currently seen at U.S. referral centers is distinctly different
from historical data. Although alcohol remains the most common etiology, a larger subset of
patients is considered to have non-alcoholic etiologies, and in over a quarter of patients, no
identifiable cause of disease is apparent. Smoking is an independent risk factor for
idiopathic CP. Future genetic analyses from NAPS2 and other CP cohorts will likely
identify previously unrecognized genetic factors and/or interaction between genes and
environmental factors as potential explanations of disease development. In the meantime,
the era of dismissing all cases of CP as alcohol-induced has undoubtedly come to a close.
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Figure 1. Distribution of etiologic groups in chronic pancreatitis patients enrolled at different
participating centers in the North American Pancreatitis Study 2

Data restricted to NAPS2 medical centers that recruited 25 or more patients.

MUSC = Medical University of South Carolina

SLU = Saint Louis University

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2012 March 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Coté et al.

Table 1

Page 13

Distribution of individual working diagnoses for chronic pancreatitis patients (all and stratified by gender) in
the North American Pancreatitis Study 2

Working diagnosis (%0) All (N=539) | Female (N=256) | Male (N=283)
Alcohol 240 (44.5) 72 (28.1) 168 (59.4)
Idiopathic 213 (39.5) 123 (48.0) 90 (31.8)
Pancreas divisum 51(9.5) 35(13.7) 16 (5.7)
Hereditary 50 (9.3) 30 (11.7) 20 (7.1)
Hyperlipidemia 33(6.1) 16 (6.3) 17 (6.0)
Cystic fibrosis 15(2.8) 9 (3.5) 6 (2.1)
Autoimmune pancreatitis 13 (2.4) 7(2.7) 6(2.1)
Trauma 11 (2.0) 4(1.6) 7 (2.5)
Sphincter of Oddi dysfunction 9(1.7) 6(2.3) 3(1.1)
Hypercalcemia 3(0.6) 1(0.4) 2(0.7)
Radiation 2(0.4) 0(0.0) 2(0.7)
Intraductal Papillary Neoplasm 2(0.4) 2(0.8) 0(0.0)
Post-necrotic 1(0.2) 1(0.4) 0(0.0)
Duct obstruction 1(0.2) 0(0.0) 1(0.4)
Other autoimmune diseases 1(0.2) 1(0.4) 0(0.0)
Other 27 (5.0) 18 (7.0) 9(3.2)

Numbers do not add up to the total “n” as patients may have been assigned more than one working diagnosis.
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Distribution of etiologic groups for chronic pancreatitis patients (all and stratified by gender) in the North

American Pancreatitis Study 2

Etiology group (%) | All (n=539) | Female (n=256) | Male (n=283)
Alcohol 240 (44.5) 72 (28.1) 168 (59.4)
Genetic 47 (8.7) 32 (12.5) 15 (5.3)
Autoimmune 12 (2.2) 6(2.3) 6(2.1)
Obstructive 47 (8.7) 33 (12.9) 14 (4.9)
Other 39 (7.2) 23 (9.0) 16 (5.7)
Idiopathic 154 (28.6) 90 (35.2) 64 (22.6)

Patients were assigned to an etiologic group based on the physician's working diagnosis using a hierarchical algorithm (see methods section for

details). Patients with genetic, autoimmune, obstructive and other etiologies were combined into the “non-alcohol” etiology group.
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