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Background & aims: Both liver disease (LD) and pancreatitis pose substantial burdens. There have been no
general population-based studies on frequency of LD after an episode of pancreatitis. The aim of this study
was to investigate the occurrence of LD in a population-based cohort of patients following pancreatitis.
Methods: Nationwide data on the general population of nearly 3 million people were used to identify
retrospectively diagnoses of acute pancreatitis, chronic pancreatitis (CP), LD and cirrhosis from 1998 to
2016. Acute pancreatitis was categorised as first (FAP) or recurrent (RAP) episode. Number of pancreatitis
recurrences prior to LD diagnosis was determined.
Results: A total of 20,931 pancreatitis patients were included, of which 874 developed LD following pan-
creatitis. The incidence of LD in FAP was 115.59 (95% confidence interval 102.19-128.98), in RAP - 217.63
(95% confidence interval 173.31-261.94), and in CP - 539.43 (95% confidence interval 494.72-584.13)
patients per 100,000 pancreatitis patients per year. There was a significant increase in the probability of
LD with increasing number of pancreatitis recurrences and, for the same number of pancreatitis recur-
rences, LD was significantly more frequent after CP than RAP (hazard ratio 1.666 (95% confidence interval
1.322-2.098; p=<0.001)).
Conclusions: The frequency of LD increases from FAP to RAP to CP. While number of pancreatitis recur-
rences is a significant risk factor for development of LD, there is a higher probability of LD following
CP than RAP even for the same number of recurrences. Interventions preventing pancreatitis and its
progression may lower the burden of LD.

© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Liver disease (LD) is a leading cause of morbidity and mortality
worldwide, affecting individuals from all backgrounds and posing
a considerable cost on health care systems [1,2]. Despite the major
causes (such as chronic alcohol consumption, viral hepatitis B and
C, and metabolic syndrome) being preventable and treatable, the
burden remains high - nearly 30 million people are affected in
Europe [3] and 300 million people - in China [4]. Due to such a high
frequency, as well as poor long-term clinical outcomes (including
considerably decreased quality of life and premature mortality),
LD is a serious health care problem [2,4]. In the United States, LD
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is the second leading cause of mortality among all digestive dis-
eases [5] and in China there are up to 400,000 deaths each year
due to LD [4]. Unsurprisingly, treatment of LD is costly, with an
estimated indirect cost of $10.6 billion in 2004 in the United States
alone [6]. Cirrhosis represents the end-stage of LD, accounting for
1.2% of global disability-adjusted life years and representing the
12th leading cause of mortality globally, with over one million
deaths annually [1,3,7]. Liver transplantation is the only effective
treatment for cirrhosis [4,6]. Approximately 3000-5500 liver trans-
plants are performed annually in the United States, Europe, and
China each [3,4]. However, the outcomes are still sub-optimal as
evidenced by findings of a large follow-up cohort study of 4000
patients that found the graft survival rate of 70% at 1 year and 41%
at 18 years, while the overall survival rate was 59% at 18 years [8].
Numerous factors affect graft function and loss [8], one of which
has been recently identified as pancreatitis [9].
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There is only a limited body of knowledge on the association
between LD and pancreatitis. A clinical study constrained to U.S.
veterans found that 15.6% of patients with alcohol-induced LD and
cirrhosis had pancreatitis [10]. A large autopsy study found 28%
of patients had histological evidence of pancreatitis among 1022
patients with alcohol-induced LD [11]. Another study investigated
the opposite question — occurrence of LD among patients with
alcohol-induced chronic pancreatitis (CP), and found a frequency
of 56% [12]. Strikingly, studies have shown that the presence of
LD among patients with CP is more common than the presence of
CP among patients with LD. A clinical study found that the pres-
ence of alcohol-induced LD was 3.5 times more common [13] and
an autopsy study found that the presence of cirrhosis was more
than 4 times more common among CP than the presence of CP
among LD and cirrhosis, respectively [14]. Similar to LD, pancre-
atitis — another major disease of a parenchymatous organ — poses
a substantial burden. Globally, acute pancreatitis (AP) is the most
common pancreatic disease with an incidence of 33.74 cases per
100,000 person-years, which is significantly higher in North Amer-
ica than Europe, whereas CP has a global incidence of 9.62 cases
per 100,000 person-years that is significantly higher in Europe
[15]. While AP and CP have been traditionally considered separate
diseases, an emerging paradigm suggests that AP and CP are a con-
tinuum of disease [16]. Specifically, a meta-analysis found that 10%
of patients with a first episode of AP (FAP) and 36% of patients with
recurrent AP (RAP) develop CP [16]. The majority of studies on the
relationship between LD and pancreatitis (described above) did not
evaluate the frequency of LD after AP, focusing predominantly on
CP. Furthermore, no study has investigated incident cases of LD and
there have been no general population-based studies addressing
occurrence of LD after pancreatitis, which is the best study design to
minimise the risk of selection bias. Based on the arguments above,
there is a need to determine the frequency and predictors of LD in
patients with pancreatitis.

The aim of this study was to investigate the occurrence of LD
in a population-based cohort of patients with pancreatitis and risk
factors associated with it.

2. Materials and methods
2.1. Data source

The New Zealand Ministry of Health Analytical Services
(National Health Board, Ministry of Health, New Zealand) provided
the data for this study. The retrospective dataset included informa-
tion on age, sex, and the ninth (for patients admitted from 1995 to
1998) or tenth (for patients admitted from 1999 to 2016) revision
International Classification of Diseases (ICD) codes. For the purpose
of this study, all patients were anonymised by the Analytical Ser-
vices. As per the Ministry of Health guidelines, ethical review was
not required for this study. No contact was made with the study
population.

2.2. Study population

A unique alpha-numeric code, the National Health Index, is
assigned to all New Zealand residents at their very first contact with
the health-care system. The population for this study (n=20,931)
constituted registered patients admitted to all 20 New Zealand
District Health Boards from 1st January 1998 to 31st December
2016 with diagnosis of AP (ICD-9: 577.0 or ICD-10: K85.0-K85.3;
K85.8-K85.9) and CP (ICD-9: 577.1 or ICD-10: K86.0) [2,10,17-19].
Each patient who had a diagnosis of pancreatic cancer after inclu-
sion in the cohort was excluded.

All patients with AP were categorised as having either FAP or
RAP during the study period. Patients with FAP were those who had
a diagnosis of AP during the study period, had no prior diagnosis of
AP or CP dating back to 1st January 1995, and no subsequent diag-
nosis of AP or CP during the study period. For patients with FAP, the
date of first admission was considered the index date. Patients with
RAP were those who had two or more admissions due to AP dur-
ing the study period (admissions within 30 days were considered as
the same admission), had no prior diagnosis of CP dating back to 1st
January 1995, and no subsequent diagnosis of CP during the study
period. For patients with RAP, the date of second admission was
considered the index date. All patients with CP were categorised as
CP and excluded from those designated as having AP. Patients with
CP were those who had a diagnosis of CP during the study period
and had no prior diagnosis of CP dating back to 1st January 1995. For
patients with CP, the first diagnosis of CP during the study period
was considered the index date.

Among patients with AP or CP, those with diagnosis of LD (ICD-
9: 570-573 or ICD-10: K70.0-K70.4; K70.9; K71; K73; K74; K76.0)
including cirrhosis (ICD-9: 571.0; 571.2; 571.5; 571.6 or ICD-10:
E831; K70.3; K71.7; K74.3-K74.6) [2,10,20-22], were identified.
Those with LD were categorised as LD after FAP, LD after RAP, and
LD after CP. Patients with LD after FAP were those who did not
have a LD diagnosis prior to FAP diagnosis. Patients with LD after
RAP were those who did not have a LD diagnosis prior to RAP diag-
nosis. Patients with LD after RAP were excluded from the group of
those designated as having LD after FAP. Patients with LD after CP
were those who did not have a LD diagnosis prior to CP diagno-
sis. Patients with LD after FAP, RAP and CP had no diagnosis of LD
back to 1st January 1995. The number of pancreatitis recurrences
for those with RAP and CP was determined by the total number of
hospital admissions with a diagnosis of pancreatitis that were at
least 30 days apart, until first LD diagnosis [17].

Chronic alcohol consumption was determined based on the fol-
lowing ICD codes: 30390; 30500; 291.81; 9800 for ICD-9 or F10.20;
F10.10; F10.239; T51.0 for ICD-10 [10,17,18] and tobacco-use was
determined based on the following ICD codes: 3051; V1582; V1583
for ICD-9 or F17.200; Z87.891 for ICD-10 [17].

2.3. Statistical analyses

Statistical analyses were conducted using Excel (Microsoft,
United States, 2016) and SPSS for Windows Version 24 (IBM Cor-
poration, United States, 2015) in three steps.

First, all discrete variables were presented as counts. Percentage
incidence and incidence rate of LD per 100,000 pancreatitis patients
per year were determined using patients with LD as the numerator
and number of patients with FAP, RAP, and CP as the denominator.
Sensitivity analysis was conducted using patients with cirrhosis as
the numerator and number of patients with FAP, RAP, and CP as the
denominator. 95% confidence intervals (CIs) were calculated using
Excel.

Second, having met all assumptions, binary logistic regression
was conducted to investigate the associations between LD and pan-
creatitis groups (FAP was set as the reference) in the main analysis.
A subgroup analysis based on chronic alcohol consumption and
sensitivity analysis constrained to cirrhosis was conducted using
binary logistic regression. The analysis was conducted using 3 mod-
els. Model 1 was an unadjusted model; model 2 was adjusted for
age, and sex; and model 3 was adjusted for age, sex, and tobacco-
use. Further, binary logistic regression was used to investigate the
effect of chronic alcohol consumption and tobacco-use on LD and
pancreatitis, compared with pancreatitis alone. All data were pre-
sented as odds ratio (OR) with corresponding 95% CI and p-value.

Third, having met all assumptions, univariable Cox regression
was conducted to investigate the odds of incident LD in individuals
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Table 1
Frequency of liver disease and cirrhosis by pancreatitis group.

Patients with

Total patients

Crude incidence, Incidence rate per 100,000

liver disease with pancreatitis % pancreatitis patients per year
(95% confidence interval)

Liver disease
First episode of acute pancreatitis 280 13458 2.1 115.59(102.19, 128.98)
Recurrent acute pancreatitis 89 2272 3.9 217.63 (173.31, 261.94)
Chronic pancreatitis 505 5201 9.7 539.43 (494.72, 584.13)
Cirrhosis
First episode of acute pancreatitis 72 13458 0.5 29.72 (22.88, 36.57)
Recurrent acute pancreatitis 31 2272 14 75.80 (49.30, 102.30)
Chronic pancreatitis 233 5201 4.5 248.88 (217.65, 280.12)

with CP (RAP was set as the reference). Multivariable Cox regres-
sion was used to determine predictors of LD using sex, age, chronic
alcohol consumption and tobacco-use as covariates. All data were
presented as hazard ratio with corresponding 95% CI and p-value.
For all statistical analyses, p-values <0.05 were deemed statistically
significant.

3. Results
3.1. Overall characteristics of patients

The overall cohort encompassed 20,931 pancreatitis patients,
including 13,458 with FAP, 2272 — with RAP, and 5201 — with CP.
In the CP group, 3362 (65%) of patients did not have antecedent AP
whereas 1839 (35%) — had it. In the overall cohort, there were a
total of 874 patients with LD, of which 336 (38%) were patients
with cirrhosis. The median (interquartile range) age of patients
with LD was 57 (45-68)years and of patients with cirrhosis was
53.5(43-63)years. In the LD group, 555 (64%) patients were males,
532 (61%) patients had chronic alcohol consumption, and 573 (66%)
patients used tobacco. In the cirrhosis group, 225 (67%) patients
were males, 291 (87%) patients had chronic alcohol consumption,
and 247 (74%) patients used tobacco. The majority of patients (80%)
had the ICD code for chronic liver disease and cirrhosis (ICD-9: 571).
Among these patients, 26% had other chronic non-alcohol induced
liver disease (ICD-9: 571.8), 12% had alcohol-induced cirrhosis of
the liver (ICD-9: 571.2), 12% had acute alcohol-induced hepatitis
(ICD-9: 571.1), and 11% had alcohol-induced liver damage, unspec-
ified (ICD-9: 571.3). A total of 12% of patients had alcohol-induced
cirrhosis of the liver (ICD-10: K70.3). A total of 15% of patients with
cirrhosis had common bile duct pathologies or obstruction of the
duodenum. Excluding patients who were diagnosed with LD and
cirrhosis within 1year after pancreatitis diagnosis, LD was diag-
nosed at a median (interquartile range) of 46 (24-75) months and
cirrhosis was diagnosed at a median (interquartile range) of 42
(25-69) months after pancreatitis diagnosis.

3.2. Frequency of liver disease by pancreatitis group

There were 280 patients with LD in the FAP group, of which
72 (26%) were patients with cirrhosis. In the FAP group, the inci-
dence rate (95% CI) of LD was 115.59 (102.19, 128.98) and the one
of cirrhosis was 29.72 (22.88, 36.57) patients per 100,000 pancre-
atitis patients per year (Table 1). There were 72 patients with LD
in the RAP group, of which 31 (43%) were patients with cirrho-
sis. In the RAP group, the incidence rate (95% CI) of LD was 217.63
(173.31, 261.94) and the one of cirrhosis was 75.80 (49.30, 102.30)
patients per 100,000 pancreatitis patients per year. There were 505
patients with LD in the CP group, of which 233 (46%) were patients
with cirrhosis. In the CP group, the incidence rate (95% CI) of LD was

539.43(494.72,584.13) and the one of cirrhosis was 248.88 (217.65,
280.12) patients per 100,000 pancreatitis patients per year (Fig. 1).

3.3. Associations between liver disease and recurrence of acute
pancreatitis

In the main analysis, compared with FAP, RAP was significantly
associated with increased odds of LD in all three models (Table 2).
Patients who had RAP had significantly higher odds of LD with an
OR (95% CI; p-value) of 1.920 (1.506, 2.448; p=<0.001) in model 2,
1.919(1.505, 2.446; p=<0.001) in model 1, and 1.837 (1.440, 2.344;
p=<0.001) in model 3.

In the subgroup analysis based on chronic alcohol consump-
tion, compared with FAP, RAP was significantly associated with
increased odds of LD in all three models of both groups (Table 2).
Patients who had chronic alcohol consumption compared with
those who did not had an OR (95% CI; p-value) of 1.962 (1.438,
2.676; p=<0.001) and 1.530 (1.017, 2.303; p=0.042) in model 1,
1.944 (1.425, 3.490; p=<0.001) and 1.548 (1.028, 2.330; p=0.036)
in model 2, and 1.839 (1.346, 2.513; p=<0.001) and 1.534 (1.019,
2.312; p=0.041) in model 3, respectively.

In the sensitivity analysis constrained to cirrhosis, compared
with FAP, patients who had RAP had significantly higher odds
of cirrhosis with an OR (95% CI; p-value) of 2.586 (1.693, 3.951;
p=<0.001) in model 2, 2.572 (1.684, 3.928; p=<0.001) in model 1,
and 2.375 (1.552, 3.632; p=<0.001) in model 3.

3.4. Associations between liver disease and chronic pancreatitis

In the main analysis, compared with FAP, CP was significantly
associated with increased odds of LD in all three models (Table 2).
Patients who had CP had significantly higher odds of LD with an
OR (95% CI; p-value) of 5.061 (4.357, 5.879; p=<0.001) in model 1,
4.853(4.175,5.641; p=<0.001) in model 2, and 4.586 (3.939, 5.340;
p=<0.001) in model 3.

In the subgroup analysis based on chronic alcohol consumption,
compared with FAP, CP was significantly associated with increased
odds of LD in all three models of both groups (Table 2). However,
there were significantly more patients with LD among patients who
had chronic alcohol consumption compared with those who did not
with an OR (95% CI; p-value) of 6.508 (5.285, 8.015; p=<0.001) and
3.346 (2.670, 4.193; p=<0.001) in model 1, 6.118 (4.958, 7.551;
p=<0.001) and 3.286 (2.620, 4.120; p=<0.001) in model 2, and
5.615(4.534,6.953; p=<0.001) and 3.252 (2.590, 4.083; p=<0.001)
in model 3, respectively.

In the sensitivity analysis constrained to cirrhosis, compared
with FAP, patients who had CP had significantly higher odds of
cirrhosis with an OR (95% CI; p-value) of 8.720 (6.681, 11.380;
p=<0.001) in model 1, 8.339 (6.382, 10.896; p=0.007) in model
2,and 7.557 (5.770, 9.897; p=<0.001) in model 3.
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Fig. 1. Incidence of LD and cirrhosis by pancreatitis group.
Abbreviations: CP, chronic pancreatitis; FAP, first acute pancreatitis; LD, liver disease; RAP, recurrent acute pancreatitis.
Table 2
0Odds of liver disease following recurrent acute pancreatitis stratified by chronic alcohol consumption.
Chronic alcohol consumption
Overall No Yes
Model OR 95% CI P Model OR 95% CI P Model OR 95% CI P
Lower Upper Lower Upper Lower Upper
Liver disease 1 1.919 1.505 2.446 <0.001 1 1.530 1.017 2.303 0042 1 1.962  1.438 2.676 <0.001
2 1.920 1.506 2.448 <0.001 2 1.548 1.028 2.330 0036 2 1.944 1425 3.490 <0.001
3 1.837 1.440 2.344 <0.001 3 1.534 1.019 2312 0.041 3 1.839 1.346 2.513 <0.001
Cirrhosis 1 2.572 1.684 3.928 <0.001 1 2488  0.810 7.643 0.112 1 1.901 1.201 3.011 0.006
2 2586  1.693 3.951 <0.001 2 2.548  0.829 7.833 0.103 2 1.894 1.196 3.001 0.007
3 2375 1.552 3.632 <0.001 3 2586  0.840 7.961 0.098 3 1.754  1.105 2.783 0.017

Abbreviations: Cl, confidence interval; OR, odds ratio.
First episode of acute pancreatitis was used as the reference. Model 1 was an unadjusted model; model 2 was adjusted for age, and sex, and model 3 was adjusted for age,
seX, and tobacco-use. Significant p-values (<0.05) are shown in bold.

Table 3
0Odds of liver disease following chronic pancreatitis stratified by chronic alcohol consumption.

Chronic alcohol consumption

Overall No Yes
Model OR 95% Cl P Model  OR 95% CI P Model  OR 95% CI P
Lower Upper Lower Upper Lower Upper
Liver disease 1 5.061 4.357 5.879 <0.001 1 3.346  2.670 4.193 <0.001 1 6.508  5.285 8.015 <0.001
2 4.853 4.175 5.641 <0.001 2 3.286  2.620 4.120 <0.001 2 6.118  4.958 7.551 <0.001
3 4586  3.939 5.340 <0.001 3 3.252  2.590 4.083 <0.001 3 5.615 4.534 6.953 <0.001
Cirrhosis 1 8.720  6.681 11.380  <0.001 1 6.299  3.258 12.176  <0.001 1 8.272 6.165 11.100  <0.001
2 8339 6.382 10.896  <0.001 2 6.223  3.215 12.045  <0.001 2 7.743 5.753 10.423 <0.001
3 7.557  5.770 9.897 <0.001 3 6.336  3.264 12.301 <0.001 3 6.919 5.118 9.353 <0.001

Abbreviations: Cl, confidence interval; OR, odds ratio.
First episode of acute pancreatitis was used as the reference. Model 1 was an unadjusted model; model 2 was adjusted for age, and sex, and model 3 was adjusted for age,
seX, and tobacco-use. Significant p-values (<0.05) are shown in bold.
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Table 4
Predictors of liver disease in pancreatitis.
Variable HR 95% CI P
Lower Upper
FAP Sex (Female vs. Male) 1.783 1.395 2.278 <0.001
Age 1.006 1.000 1.012 0.043
Chronic alcohol consumption (No vs. Yes) 1.482 1171 1.875 0.001
Tobacco-use (No vs. Yes) 1.136 0.896 1.440 0.292
RAP Sex (Female vs. Male) 1.940 1.221 3.081 0.005
Age 0.987 0.974 0.999 0.035
Chronic alcohol consumption (No vs. Yes) 1.519 0.968 2.385 0.069
Tobacco-use (No vs. Yes) 1.389 0.876 2.201 0.162
CP Sex (Female vs. Male) 1.146 0.952 1379 0.149
Age 1.004 0.999 1.010 0.127
Chronic alcohol consumption (No vs. Yes) 1.818 1.494 2.214 <0.001
Tobacco-use (No vs. Yes) 1.157 0.944 1.420 0.161

Abbreviations: Cl, confidence interval; CP, chronic pancreatitis; FAP, first acute pancreatitis; HR, hazard ratio; RAP, recurrent acute pancreatitis.

Significant p-values (<0.05) are shown in bold.

Table 5
0Odds of developing both liver disease and pancreatitis compared with pancreatitis
alone based on chronic alcohol consumption and tobacco-use.

Variable OR 95% ClI P
Lower Upper

Chronic alcohol consumption 2313 2.013 2.657 <0.001

Tobacco-use 1914 1.660 2.206 <0.001

Chronic alcohol consumption and 2.895 2.523 3.322 <0.001

tobacco-use

Abbreviations: CI, confidence interval; OR, odds ratio.
Significant p-values (<0.05) are shown in bold.

3.5. Predictors of liver disease in patients with pancreatitis

In the overall cohort, sex and chronic alcohol consumptionin the
FAP group, sex in the RAP group, and chronic alcohol consumption
in the CP group were significant predictors of LD. Compared with
females, males had a hazard ratio (95% CI) of 1.783 (1.395, 2.278) in
the FAP group, and 1.940 (1.221, 3.081) in the RAP group. Patients
who had chronic alcohol consumption had a hazard ratio (95% CI)
of 1.482 (1.171, 1.875) in the FAP group, and 1.818 (1.494, 2.214) in
the CP group, compared with those who did not (Table 3). Further,
patients who had chronic alcohol consumption and tobacco-use
had significantly higher odds of both pancreatitis and LD than pan-
creatitis alone with an OR (95% CI; p-value) of 2.313 (2.013, 2.657;
p=<0.001) and 1.914 (1.660, 2.206; p=<0.001), respectively, and
2.895(2.523,3.322; p=<0.001)with both chronic alcohol consump-
tion and tobacco-use (Tables 4 and 5).

In the sub-cohort of patients who had recurrent episodes of
pancreatitis, the number of recurrences was associated with an
increased probability of LD (Fig. 2). For patients with the same num-
ber of pancreatitis recurrences, there was a significantly higher
hazard of LD in CP with a hazard ratio (95% CI; p-value) of 1.666
(1.322, 2.098; p=<0.0001), compared with RAP. For example, for
patients with 5 pancreatitis recurrences, the probability of LD in
individuals with CP was 0.83 compared with 0.66 in RAP who did
not have CP (Fig. 2).

4. Discussion

This is the first general population-based cohort study inves-
tigating the burden of LD following pancreatitis and factors
associated with it. Unlike previous autopsy and clinical studies
studying the same question, a distinct strength of this study is
the large sample size and minimisation of selection bias due to
population-based nature of the study. Findings from this research

show, for the first time, that the frequency of LD after RAP (that
did not have CP) was 1.9 times higher than FAP and LD after CP
was 4.7 times higher than FAP, demonstrating a stepwise increase.
Second, the number of pancreatitis recurrences was a significant
factor associated with LD and, for the same number of pancreatitis
recurrences, the frequency of LD was 1.7 times significantly higher
in patients with CP than RAP (that did not have CP). Third, find-
ings of this study show that chronic alcohol consumption was a
significant predictor of LD, with the odds of LD being 3.2 times sig-
nificantly higher in patients who had chronic alcohol consumption,
compared with those who did not, in the CP group. Further, chronic
alcohol abusers had 2.3 times higher statistically significant odds
of having both pancreatitis and LD than pancreatitis alone.

The liver and pancreas are closely related parenchymatous
organs [23]. In both organs, diseases are commonly characterised
by a cascade of damage to parenchymal cells, stellate cell activa-
tion, and fibrosis [23]. It is believed that stellate cells found in the
liver and pancreas have similar morphology and function [23,24].
The hepatic and pancreatic stellate cells play a key role in the
development of fibrosis in the liver and pancreas, suggesting that
similar pathogenetic mechanisms may result in the development
of disease in these organs [14,25]. These cells can change from
a quiescent to an activated phenotype in response to parenchy-
mal cell damage (which may be the result of chronic alcohol
consumption and/or tobacco-use) [23]. For example, ethanol has
been found to inhibit cystic fibrosis transmembrane conductance
regulator function in pancreatic epithelial cells and impair duc-
tal function [26]. Innate immune signalling (lipopolysaccharide),
paracrine cytokines (interleukin-1, -6 and -8, and tumour necrosis
factor-a), and oxidative stress are signalling molecules and path-
ways involved in stellate cell activation [23,27,28]. Consequently,
activated stellate cells produce autocrine cytokines and reactive
oxygen radicals, promoting inflammation and further perpetuating
activation [23,29]. The Sentinel Acute Pancreatitis Event hypothesis
proposes that FAP, or the sentinel episode of AP, recruits and acti-
vates the pancreatic stellate cells [16]. This first hit to the pancreas
triggers an inflammatory cascade towards the development of CP,
with the persistence of chronic low-grade inflammation even once
the acute inflammation has resolved [30-33]. Sustained pancreatic
injury via oxidative stress or recurrent episodes of inflammation,
which may or not be clinically evident, results in the development
of CP. This inflammatory cascade may trigger and/or contribute to
the activation of hepatic stellate cells which can lead to LD [34].

Given that 15% of patients with cirrhosis had common bile duct
pathologies or obstruction of the duodenum in our study cohort, it
is pertinent to discuss the possibility of involvement of the com-
mon bile duct as a mechanistic cause leading to LD. In pancreatitis,
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(CP).

strictures of the common bile duct are the consequences of com-
pression of the duct by fibrosis and inflammation in the head of the
pancreas, through which the common bile duct transverses [35].
The incidence of common bile duct obstruction in patients with CP
ranges from 3 to 23%, with an average of 6% [36]. Repeated insult
to the common bile duct may lead to secondary biliary cirrhosis
as a cause of LD. Therefore, biliary diversion surgery for high-risk
patients with pancreatitis and common bile duct pathology may,
in theory, prevent LD and help in reducing the occurrence of cir-
rhosis [35]. Itis plausible that pancreatitis and LD have intertwined
pathogenetic pathways, explaining the development of LD follow-
ing pancreatitis and its different frequencies in the FAP, RAP and CP
groups demonstrated in this study.

A novel finding of this study is that the number of pancreatitis
recurrences was a significant factor associated with LD. Moreover,
for the first time, we have shown that for the same number of
pancreatitis recurrences, the frequency of LD was 1.7 times sig-
nificantly higher in patients with CP than RAP (who did not have
CP). This may be because increasing recurrent hits to the pan-
creas perpetuates the inflammatory cascade leading to continued
parenchymal cell damage and fibrosis [23,37]. Furthermore, injury
to the intestine in AP results in loss of barrier function, increased
permeability, and subsequent translocation of bacterial toxins into
the portal venous and lymphatic systems [38]. Recurrent injury
may increase gut-derived lipopolysaccharide, which stimulates
expression of proinflammatory cytokines, such as interleukin-6
and tumour necrosis factor-a, causing the manifestation of chronic
inflammation [39-41]. This increased inflammation in the pan-
creas, alongside repeated oxidative stress, may contribute to the
activation of hepatic stellate cells and/or perpetuate their activa-
tion which may cause damage to the liver [42]. With increasing
number of pancreatitis recurrences, there may also be continued
exposure to stimuli that cause parenchymal cell damage in the liver.
One of the clinical implications of the above finding is that, while it
is acknowledged that chronic alcohol consumption and recurrence
of pancreatitis are co-dependent variables that may be associated
with liver disease (i.e., alcohol recidivism leads to more pancre-

atitis, and more cirrhosis), some patients with pancreatitis in the
absence of chronic alcohol consumption also develop cirrhosis and,
hence, may need to be screened for cirrhosis. Future purposefully
designed studies are needed to investigate this question.

Another notable finding of this study is that chronic alcohol
consumption was a significant predictor of LD. In the CP group,
the occurrence of LD was 3.2 times significantly higher in patients
who had chronic alcohol consumption and there were consistently
more patients with LD among patients who had chronic alco-
hol consumption, compared with those who did not. There was a
consistent statistical interaction effect evident, demonstrating the
detrimental effect of chronic alcohol consumption. For example,
in the overall cohort, there was an increasing trend in the odds of
LD and cirrhosis from RAP to CP, but this was much more promi-
nent in patients who had chronic alcohol consumption, compared
with those who did not. Further, patients who had chronic alco-
hol consumption had 2.3 times higher statistically significant odds
of having both pancreatitis and LD than pancreatitis alone. Stud-
ies have shown that alcohol is a significant modifiable risk factor
affecting the development of AP, RAP, and CP as it sensitises the
pancreas to injury and promotes disease progression following ini-
tiation of pancreatic injury [16,17,43-46]. Therefore, interventions
targeting alcohol use will likely result in prevention of LD by reduc-
ing pancreatitis, its progression to CP in those with FAP and RAP,
and by reducing injury for those with CP.

This population-based study has several limitations related to
the use of administrative data [17]. First, only public hospital data
were used to determine the incidence rates of LD and cirrhosis
after pancreatitis. Therefore, the incidence rates might have been
underestimated as data on patients diagnosed in the community
and private hospitals (who were not transferred to public hospi-
tals) were not recorded in the database [17,47]. However, this was
a nationwide study that included a respectable sample size of data
from all 20 New Zealand District Health Boards. Therefore, the risk
of selection bias was minimal, unlike previous clinical and anatom-
ical autopsy studies in this setting. Second, diagnoses of AP, CP,
LD and cirrhosis, and definitions of chronic alcohol consumption
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and tobacco-use were determined from ICD-9 and -10 codes only,
without clinical, laboratory or pathological data [47]. It is unclear
how the diagnoses of pancreatitis and liver disease were reached
and whether these were based on clinical judgement, non-invasive
testing, and/or biopsy. However, a recent systematic review and
meta-analysis showed that approximately two out of ten patients
are misidentified as having either AP or CP with the indiscriminate
use of ICD codes and limiting the use of codes to adult patients with
incident episode of AP may improve identification of patients with
pancreatitis in administrative databases [48]. Furthermore, use of
ICD codes is the standard approach to nationwide studies and has
beenwidely used [48-51]. Third, we did not subclassify pancreatitis
based on aetiology. However, codes for aetiology are more inac-
curate and less reliable than pancreatitis overall [37,48]. Fourth,
behavioural aspects of chronic alcohol consumption (e.g. type of
alcohol, quantity of daily intake, duration of use), tobacco-use (e.g.
method, duration and frequency of use) and dietary intake were
unable to be determined [14]. Future studies should investigate
how behavioural aspects of chronic alcohol consumption, tobacco-
use, and dietary intake affect the risk of LD development. Fifth, we
did not adjust for the comorbid diseases that affect both the pan-
creas and liver such as viral hepatitis and IgG-4 disease. However,
the codes for viral hepatitis were not included, and IgG-4 disease is
rare (with a prevalence of approximately 60 individuals per million
population) and is likely to be under-diagnosed and under-reported
in our study population [52]. Sixth, the RAP group that developed
LD was the smallest with only 89 patients. Given the limitation of
differentiating RAP from CP based on ICD codes and taking into
account the relatively small number of patients, the finding on the
number of recurrences associated with LD should be interpreted
with caution. Last, complications of pancreatitis, such as portal vein
thrombosis, may have been incorrectly coded as LD. However, our
sensitivity analyses constrained to cirrhosis only yielded estimates
similar to all LD.

In conclusion, this is the first robust nationwide population-
based study to investigate and quantify the burden of LD following
pancreatitis. Findings of this study indicate a stepwise increase in
the frequency of LD in patients who progress from FAP to RAP to
CP, an increase in the probability of LD with increasing number of
pancreatitis recurrences, and a higher probability of LD in CP than
RAP (that did not have CP) in patients with the same number of
pancreatitis recurrences. Interventions preventing the progression
of pancreatitis may result in a decreased burden of LD.
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