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BACKGROUND & AIM: Acute pancreatitis (AP) and chronic
pancreatitis (CP) traditionally have been thought to be distinct
diseases, but there is evidence that AP can progress to CP. Little
is known about the mechanisms of pancreatitis progression. We
performed a meta-analysis to quantify the frequency of tran-
sition of AP to CP and identify risk factors for progression.
METHODS: We searched PubMed, Scopus, and Embase for
studies of patients with AP who developed CP, published from
1966 through November 2014. Pooled prevalence and
95% confidence intervals (CIs) were calculated for these out-
comes, and sensitivity, subgroup, and meta-regression analyses
were conducted. RESULTS: We analyzed 14 studies, which
included a total of 8492 patients. The pooled prevalence of
recurrent AP was 22% (95% CI, 18%–26%), and the pooled
prevalence of CP was 10% (95% CI, 6%–15%). Sensitivity an-
alyses yielded a pooled prevalence of CP of 10% (95% CI,
4%–19%) and 36% (95% CI, 20%–53%) in patients after the
first occurrence and recurrent AP, respectively. Subgroup an-
alyses found alcohol use and smoking to be the largest risk
factors for the development of CP, with pooled prevalence
values of 65% (95% CI, 48%–56%) and 61% (95% CI,
47%–73%), respectively. Meta-regression analysis found that
men were more likely than women to transition from AP to CP.
CONCLUSIONS: Ten percent of patients with a first episode
of AP and 36% of patients with recurrent AP develop CP;
the risk is higher among smokers, alcoholics, and men. Pro-
spective clinical studies are needed to study pancreatitis
progression.
Keywords: Pancreatic Disease; Systematic Review; Prevalence;
Natural Course.
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Aare gastrointestinal diseases that pose a significant
burden to patients, health care providers, and the economy.
AP is the most common disease that affects the pancreas,
and is estimated to cost 2.6 billion per year in US hospitals.1

The incidence of AP varies globally, affecting 5–80 people
per 100,000,2 and appears to be increasing around the
world.3 Although CP is less common and shows a smaller
increase in incidence, it causes significant morbidity and
mortality. The disease can have a negative impact on the
ability of patients to perform normal daily activities, as well
as reduces their employment rates and work productivity.4

In addition, 2–3 decades after the diagnosis of CP, patients
have a mortality rate of 50%.5
The natural course of pancreatitis is controversial. Acute
and chronic pancreatitis have been considered separate
diseases, and there has been confusion about whether
recurrent acute pancreatitis (RAP) is an extension of AP or
an exacerbation of chronic disease.6 AP traditionally has
been thought of as a self-limiting disease, in which the
pancreas fully recovers to normal during the convalescence
period.7 CP has been understood to be an unremitting dis-
ease that develops de novo and results in irreversible
damage to the pancreas.6,8 In 1984, at the Second Interna-
tional Symposium on the Classification of Pancreatitis in
Marseille, participants agreed that it was extremely rare for
AP to transition to CP.9 Since then, it has been suggested
that the progression from acute to chronic pancreatitis is
not as rare as once thought, and that AP and CP are a
continuum of disease.10 The Sentinel Acute Pancreatitis
Event (SAPE) hypothesis proposes that after an episode of
AP, a cascade of steps toward the development of CP is
triggered, provided there is ongoing damage to the pancreas
via oxidative stress or repeated episodes of acute inflam-
mation, which may or may not be clinically apparent.11 The
idea that AP can progress to the intermediate step of RAP,
and finally to CP, has been supported by the overlap be-
tween risk factors for each disease subgroup, as well as
experimental studies.7,12 However, the transition from AP to
CP and the responsible factors are still not well defined.

The aim of this study was to investigate the natural
course of pancreatitis by determining the frequency of the
transition from acute to chronic pancreatitis and the asso-
ciated risk factors.

Materials and Methods
Search Methods

A search of the literature for relevant studies was conducted
by 2 authors (S. J. S. and A. Y. X) independently, using PubMed,
Scopus, and Embase electronic databases. The terms acute
pancreatitis, chronic pancreatitis, and pancreatitis recur* OR
relaps* OR readmi* OR recrudesce* were first combined with the
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terms follow up OR followup OR follow-up OR followed up. This
search then was combined with the following keyword
searches: natural history, course, progression, outcome*, prog-
nosis. The filter “humans” was applied. The search was con-
ducted from inception (1966) to November 2014. There was no
language limit.

Articles were screened for eligibility based on the title and
abstract. Full-text articles were obtained for the studies that
appeared to be relevant, and these were used for the final
evaluation of eligibility and selection of studies. The references
of full-text articles included were screened to find further
articles considered relevant.
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Eligibility Criteria
Only published cohort studies that reported on the devel-

opment of CP after an attack of AP were included in this review.
Studies were included if there were 10 or more adult patients
(age, �18 y) and the follow-up period was longer than
12 months. Studies that enrolled patients with the first attack
of AP or recurrent acute pancreatitis (RAP) were considered
eligible for this review. There were no restrictions regarding
the severity of pancreatitis.

All animal and experimental studies were excluded. Studies
that enrolled only chronic, hereditary, gestational, and auto-
immune pancreatitis patients were excluded. Case reports also
were excluded.
Study Outcomes
The primary outcome of interest was the number of pa-

tients who were diagnosed with CP during follow-up evaluation
after the diagnosis of AP. The secondary outcome of interest
was the number of patients who experienced a recurrence of
pancreatitis after an acute episode.
Data Extraction
For each individual study, the following data were extrac-

ted: year conducted, study setting, study design, study period,
criteria used to diagnose AP and CP, duration of follow-up
evaluation, number of patients enrolled in the study, number
of patients with a first episode of AP, number of patients fol-
lowed up, mean age of patients, number of male patients,
number of patients with severe pancreatitis and criteria used
for assessment of severity, etiology of AP (alcohol, biliary,
other), number of patients who smoked at baseline, number of
patients with recurrences, and number of patients with a
transition to CP.
Quality Assessment
The included studies were assessed using the Newcastle–

Ottawa Scale for cohort studies.13 The scale assigns a maximum
of 9 points to each study, under the categories of selection of
participants, comparability of study groups in terms of con-
trolling for etiology of pancreatitis and age, and measurement
of the exposure and outcome in patients. Studies were
considered to be of high quality if they received 5 or more
points, whereas studies were considered to be of low quality if
they received 4 or fewer points.14
Definitions
AP and CP were defined by the authors of the primary

studies. RAP was defined as 2 or more episodes of acute
pancreatitis. Biliary pancreatitis was defined as the presence of
gallstones, and alcoholic pancreatitis was defined by the au-
thors of the primary studies.
Data Analysis
Data from the eligible studies were combined to calculate a

pooled prevalence for the outcomes of RAP and the transition
from AP to CP. For studies with more than one follow-up period,
the longest follow-up period was used for crude prevalence es-
timates. Analysis of the pooled prevalence was conducted using
Stats Direct software (StatsDirect, Cheshire, UK). Forest plots
were created showing the pooled prevalence, with 95% confi-
dence intervals (CIs). Data were pooled using the random effects
model to provide the most conservative estimate.15 Statistical
heterogeneity was evaluated using the I2 test. High statistical
heterogeneity was defined as greater than 70%, medium het-
erogeneitywas defined as 50%–70%, and lowheterogeneitywas
defined as 0%–50%.16 Publication bias was assessed by visual
inspection of the funnel plots and the Begg–Mazumdar,17 Egger
et al,18 and Harbord et al19 bias indicators.

A number of prespecified subgroup analyseswere conducted
for the outcomes of RAP and transition to CP. These were con-
ducted for prospective vs retrospective, and hospital-based vs
population-based studies. In addition, they were conducted ac-
cording to exposure to the following risk factors at baseline:
alcohol, gallstones, and smoking. Proportions for each risk factor
were estimated from the number of patients with RAP or the
number of patients who transitioned from AP to CP. For transi-
tion from AP to CP, data also were analyzed under the arbitrary
subgroups of follow-up time: fewer than 36 months, 36–60
months, and more than 60 months. Sensitivity analyses were
constrained to studies that recruited patients only after the first
episode of AP, as well as studies that reported on the number of
RAP patients who developed CP. Sensitivity analyses also were
conducted for RAP and transition to CP, excluding studies that
categorized patients using diagnostic codes. Meta-regression
was used to identify whether age, sex, and severity of AP had a
confounding effect on the pooled prevalence estimate. Meta-
regression analyses were performed using the software
Comprehensive Meta-Analysis 3.0. All the covariates were
investigated both alone and in combination using a random ef-
fects model. The Knapp–Hartung20 distribution was used to
compute P values, CIs, and prediction intervals. To yield themost
conservative results, the DerSimonian and Laird15 method was
used to partition the variance.
Results
Study Characteristics

The search resulted in 5836 articles from PubMed,
Embase, and Scopus. After removal of duplicates, 3539 ar-
ticles were screened using the title and abstract. Full text
was obtained for 91 articles, which were screened for in-
clusion eligibility in the study. Overall, 14 articles met
the criteria for eligibility and were included in the meta-
analysis.21–33 The Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses flow diagram showing the study
selection process is shown in Figure 1.

The characteristics of the included studies are presented
in Table 1. A total of 8492 patients were followed up by
these studies. Baseline characteristics for the included pa-
tients are shown in Table 2. Twelve of the studies followed
up patients prospectively, whereas 2 studies were retro-
spective in study design.26,32 Nine studies were performed
in Europe,21,23–26,29,31,33,34 3 were performed in Asia,27,28,30

1 was performed in North America,32 and 1 was performed
in Australasia.22 There were 3 studies that were population-
based studies30–32 and 11 studies that were hospital-based.

Quality of Studies
Methodologic quality assessment of the included studies

is presented in Supplementary Table 1. All studies were of
high quality. Studies mainly lost points for comparability
because they did not control for the possible confounder of
age. Studies also lost points because of an inadequate
follow-up evaluation of all patients.

Publication Bias
Publication bias was assessed via inspection of funnel

plots and the Begg–Mazumdar,17 Egger et al,18 and Harbord
et al19 bias indicators. There did not appear to be any evi-
dence of publication bias in articles used to assess the
prevalence of RAP because the P values of each indicator
were .54, .77, and .96, respectively. There also did not
appear to be statistically significant publication bias for
Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow chart of study selection.
articles assessing the prevalence of CP because the P values
were .22, .16, and .13, respectively.
Recurrent Acute Pancreatitis
Crude prevalence. A total of 11 studies reported on the

number of patients who had RAP.21–24,26,28–30,32–34 These
studies comprised a total of 8017 patients. The pooled prev-
alence of recurrence was 22% (95% CI, 18%–26%). There
was high statistical heterogeneity between the studies
(I2¼ 84%). The Forest plot for pooled prevalence is shown in
Figure 2A. The reasons for statistical heterogeneity have been
explored in a number of subgroup and sensitivity analyses.

Subgroup analyses. Subgroup analyses were con-
ducted according to study design to assess the prevalence of
RAP. There were 9 prospective studies, comprising a total of
1869 patients.21–24,28–30,33,34 The pooled prevalence of RAP
was 20% (95% CI, 15%–25%), and statistical heterogeneity
did not decrease markedly (I2 ¼ 83%). There were
2 retrospective studies, comprising 6148 patients.26,32 The
pooled prevalence of RAP was 28% (95% CI, 16%–42%).
Nine studies reported on RAP in hospital-based stud-
ies.21–24,26,28,29,33,34 These studies included 1293 patients.
The pooled prevalence of RAP was 21% (95% CI,
15%–29%), and statistical heterogeneity increased slightly
(I2 ¼ 87%). Two studies were population-based, comprising
a total of 6724 patients.30,32 The pooled prevalence of RAP
was 22% (95% CI, 21%–23%).

Subgroup analyses also were performed according to
risk factors, assessing the number of patients who devel-
oped RAP with alcohol and biliary etiologies. Seven studies
reported the prevalence of RAP in patients with an alcoholic
etiology, with a total of 1760 patients.21,28–30,32–34 The
pooled prevalence of RAP was 38% (95% CI, 25%–52%).
There were 7 articles that followed up patients with a
biliary etiology, with a total of 2184 patients.21,26,28–30,32,33

The pooled prevalence of RAP was 17% (95% CI,
10%–24%). Statistical heterogeneity remained at a similar
level (I2 ¼ 90% and 84% for alcoholic and biliary etiologies,
respectively). These results are shown in Table 3.

Sensitivity analyses. A sensitivity analysis was con-
ducted to investigate the prevalence of RAP constrained to
studies that only recruited patients with 1 episode of AP.
Five studies reported on this, comprising a total of 6994
patients.26,29,32–34 The pooled prevalence of RAP in patients
after the first episode of AP was 21% (95% CI, 17%–26%),
and statistical heterogeneity remained at a similar level
(I2 ¼ 81%). A sensitivity analysis also was conducted,
excluding the study that used diagnostic codes to classify
patients.32 A total of 10 studies were included in this anal-
ysis, comprising 2007 patients.21–24,26,28–30,33,34 The pooled
prevalence of RAP was 21% (95% CI, 16%–27%), and sta-
tistical heterogeneity did not decrease (I2 ¼ 86%).

An analysis was conducted looking at the number of RAP
patients who developed CP. Five studies reported on this,
and followed up a total of 6826 patients.27,29,32–34 The
pooled prevalence of RAP patients who subsequently were
diagnosed with CP was 36% (95% CI, 20%–53%), with an
increase in statistical heterogeneity (I2 ¼ 93%).



Table 1.Characteristics of Included Studies

Study Year Country Study design

Population
or hospital
based

Study
period

Total patients
included

Patients
followed
up, n

Mean follow-up
time, mo

Accrual rate
per month

Patients with
first episode
of AP, n (%)

Severity
criteria

Madsen
and Schmidt21

1979 Denmark Prospective cohort Hospital 1960–1975 122 112 180 0.7 101 (83) Not stated

Reid and Kune22 1980 Australia Prospective cohort Hospital 1968–1975 113 113 Not stated 1.3 113 (100) Not stated
Angelini et al23 1993 Italy Prospective cohort Hospital 1974–1990 300 118 52.8 1.6 Not stated Not stated
Doepel et al24 1993 Finland Prospective cohort Hospital 1974–1988 67 37 74.4 0.4 Not stated Ranson
Seidensticker et al25 1995 Germany Prospective cohort Hospital 1976–1992 38 37 34 0.2 38 (100) Ranson � 4
Lund et al26 2006 Denmark Retrospective cohort Hospital 1995–1998 155 138 Not stated 6.5 155 (100) Ranson � 3
Garg et al27 2007 India Prospective cohort Hospital 1995–2003 75 75 17.6 0.8 0 Not stated
Yasuda et al28 2008 Japan Prospective cohort Hospital 1990–2006 103 45 56 0.5 Not stated JSS � 2
Lankisch et al29 2009 Germany Prospective cohort Hospital 1987–2004 532 501 93.6 2.6 532 (100) APACHE II � 8
Takeyama30 2009 Japan Prospective cohort Population 1987–2004 714 714 Not stated 4.6 Not stated JSS � 2
Nojgaard et al31 2011 Denmark Prospective cohort Population 1977–2008 352 352 158.5 6.2 Not stated Not stated
Yadav et al32 2012 United States Retrospective cohort Population 1996–2007 7456 6010 40a 69 7456 (100) Not stated
Cavestro et al33 2014 Italy Prospective cohort Hospital 2002–2011 196 196 52.2 1.9 196 (100) Revised Atlanta
Nikkola et al34 2014 Finland Prospective cohort Hospital 2001–2005 120 79 24 or 84 3 120 (100) Revised Atlanta

APACHE II, Acute Physiology and Chronic Health Evaluation II; JSS, Japanese Severity Score.
aMedian follow-up time.
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Table 2.Baseline Characteristics of Included Patients

Study
Total patients

included
Total patients
followed up

Males,
n (%)

Mean
age, y (SD)

Severe
patients, n (%)

Etiology, n (%)
Smokers,
n (%)Alcohol Biliary Other

Madsen and Schmidt21 122 112 84 (69)a 51b Not stated 29 (40.3)c 20 (18.0)d Not stated Not stated
Reid and Kune22 113 113 89 (78.8) 62 Not stated 34 (30.1) 30 (26.5) 49 (43.3) Not stated
Angelini et al23 300 118 Not stated Not stated Not stated 32 (27.1) 57e (48.3) 29 (24.5) Not stated
Doepel et al24 67 37 25 (67.6) 49 37 (100) 28 (75.7) 3 (8.1) 6 (16.2) Not stated
Seidensticker et al25 38 37 25 (65.8)a 44.0 (14.1)a 4 (10.5) 16 (42.1)a 8 (21.1)a 14 (36.8)a Not stated
Lund et al26 155 138 99 (62.7)a 48a 60 (38.7) 69 (50) 50 (36.2) 15 (10.9) Not stated
Garg et al27 75 75 60 (80) 31.9 Not stated 0 (0) 12 (16.0) 63 (84) Not stated
Yasuda et al28 103 45f 36 (80.0) 52 (2) 45 (100) 23 (51.1)a 10 (22.2)a 12 (26.7)a Not stated
Lankisch et al29 532 501 289 (54)a 56 (18)a 169 (32) 144 (28.7) 214 (42.7) 143 (28.5) 99 (19.8)g

Takeyama30 714 714 Not stated Not stated 311 (43.6) 281 (39.4) 121 (16.9) 312 (43.7) Not stated
Nojgaard et al31 352 352 190 (54.0) 55.7 (18.4) Not stated 119 (33.8) 44 (12.5) 189 (53.7) 321 (91.2)
Yadav et al32 7456 6010 3318 (44.5) 58 (20) Not stated 1223 (20.3) 1647 (27.4) 3140 (52.2) 18 (0.24)a

Cavestro et al33 196 196 125 (63.8) 58.8 (16.9) 50 (25.5) 16 (8.2) 122 (62.2) 58 (29.6) 72 (36.7)
Nikkola et al34 120 44 41 (93) 46 4 (9.1) 44 (100) 0 0 30 (68.0)

aCharacteristics represent total patients included, instead of total patients followed up.
bMedian age.
cOf 72 patients assessed.
dOf 111 patients assessed.
eIncludes 18 patients who were diagnosed with pancreatitis owing to concurrent biliary and alcoholic causes.
fOverall, 45 patients were followed up: 42 for recurrences of pancreatitis and 36 for chronic transition.
gA total of 144 patients were followed up for smoking habits.
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Figure 2. Pooled preva-
lence of (A) recurrent acute
pancreatitis and (B)
chronic pancreatitis.

November 2015 Transition From Acute to Chronic Pancreatitis 1495

CL
IN
IC
AL

PA
NC

RE
AS
Chronic Pancreatitis
Crude prevalence. Thirteen studies reported on the

number of patients who developed CP after an episode of
AP.21–26,28–34 A total of 8355 patients were followed up and
included. The pooled prevalence of CP was 10% (95% CI,
6%–15%), which is shown in Figure 2B. There was high
statistical heterogeneity (I2 ¼ 95%) and the reasons for this
were explored in subgroup and sensitivity analyses.
Subgroup analyses. A number of subgroup analyses
were performed to assess the frequency of transition from
AP to CP according to study design. In prospective cohort
studies, of which there were 11 with a total of 2207
patients,21–25,28–31,33,34 the pooled prevalence of patients
who developed CP was 13% (95% CI, 8%–19%). Statistical
heterogeneity did not decrease markedly (I2 ¼ 93%). There
were 2 retrospective studies that comprised a total of 6148



Table 3.Results of Subgroup Analyses According to Risk Factors

Risk factors

Recurrent acute pancreatitis Chronic pancreatitis

Studies,
n

Patients,
n

Pooled prevalence
(95% CI)

Heterogeneity,
I2, %

Studies,
n

Patients,
n

Pooled prevalence
(95% CI)

Heterogeneity,
I2, %

Alcohol 7 1760 38 (25–52) 90 8 1882 65 (48–56) 92
Gallstones 7 2184 17 (10–24) 84 7 2265 9 (3–20) 88
Smoking NA NA NA NA 3 201 61 (47–73) 0

Figure 3.Meta-regression result of logit event rate for men (all
covariates fitted).
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patients.26,32 The pooled prevalence of patients who devel-
oped CP in these studies was 2% (95% CI, 0.2%–11%). Sub-
group analyses were conducted comparing hospital-based
studies and population-based studies. There were
10 hospital-based studies, comprising 1279 patie-
nts.21–26,28,29,33,34 The pooled prevalence of patients who
developed CP was 9% (95% CI, 4%–17%), with a similar
statistical heterogeneity (I2 ¼ 92%). There were
3 population-based studies comprising 7076 patients in
total.30–32 The pooled prevalence of patients who developed
CP in these studies was 14% (95% CI, 5%–27%), with an
increase in statistical heterogeneity (I2 ¼ 99%).

Studies were categorized by mean follow-up time into
3 groups: fewer than 36 months, 36–60 months, and longer
than 60 months. Two studies followed up patients for fewer
than 36 months, comprising 80 patients.25,34 The pooled
prevalence of CP patients was 18% (95% CI, 0%–63%).
Three studies followed up patients for 36–60 months,
comprising 359 patients.23,28,33 The pooled prevalence of CP
patients was 10% (95% CI, 8%–33%). Five studies followed
up patients for longer than 60 months, comprising 993 pa-
tients.21,24,29,31,34 The pooled prevalence of CP patients was
13% (95% CI, 3%–29%). Statistical heterogeneity was
variable (I2 ¼ 61% and 97% for 36–60 months and
>60 months, respectively).

Subgroup analyses also were conducted according to the
risk factors for pancreatitis: alcohol, gallstones, and smok-
ing. Eight studies analyzed the effects of alcohol as an eti-
ology, with a total of 1882 patients.23,28–34 The pooled
prevalence of patients who developed CP was 65% (95% CI,
48%–80%). Seven studies reported on the development of
CP resulting from a biliary etiology, which included 2265
patients.23,28–33 The pooled prevalence of patients with CP
was 9% (95% CI, 3%–20%). Three studies followed up a
total of 201 patients who smoked.29,33,34 The pooled prev-
alence of CP in these patients was 61% (95% CI,
47%–73%). Statistical heterogeneity did not decrease
markedly for alcoholic and biliary etiologies respectively
(I2 ¼ 92% and 88%, respectively). There was a marked
decrease in statistical heterogeneity for smoking (I2 ¼ 0%).
These results are shown in Table 3.

Sensitivity analysis. A sensitivity analysis was con-
ducted using studies that only recruited patients after
1 episode of AP, looking at the prevalence of subsequent CP.
Six studies reported on this, with a total of 6530
patients.25,26,32–34 The pooled prevalence of patients with
CP in these studies was 10% (95% CI, 4%–19%), and
statistical heterogeneity remained the same (I2 ¼ 95%). A
sensitivity analysis excluding the study that diagnosed pa-
tients using codes resulted in a total of 12 studies with 2345
patients.21–26,28–31,33,34 The pooled prevalence of patients
with CP was 11% (95% CI, 6%–18%). Statistical heteroge-
neity remained the same (I2 ¼ 95%).

Meta-regression. Several meta-regression analyses
were conducted for the frequency of transition from AP to
CP using the moderators of mean age of patients, proportion
of patients who were men, and proportion of patients who
had severe AP. The analyses showed that the frequency of
transition from AP to CP was significantly higher (P ¼ .03)
in males, after adjusting for age and severity (Figure 3). The
analyses also indicated that the covariates of age and
severity of AP did not have a significant impact on the
prevalence of transition to CP. The results of all meta-
regression analyses are presented in Table 4.
Discussion
This was a systematic review and meta-analysis of

clinical studies that quantified the frequency and deter-
mined the risk factors of transition from AP to CP. The re-
sults indicate that initial AP progresses to RAP in 22% of
patients. The prevalence of CP in patients after their initial
episode of AP is 10%, whereas the prevalence of CP in pa-
tients who also experienced RAP is 36%. Alcohol and
smoking are the 2 most significant modifiable risk factors
that affect the transition from AP to CP. Furthermore, the



Table 4.Results of Meta-regression Analyses

Sex Age Severity

Each covariate fitted into
individual models

Coefficient (95% CI) 0.050 (-0.0072 to 0.1078)a 0.019 (-0.179 to 0.218)b -0.002 (-0.045 to 0.0416)c

P valued .079a .827b .930c

All covariates fitted into 1 modele Coefficient (95% CI) 0.121 (0.024–0.217) 0.1254 (-0.136 to 0.387) -0.004 (-0.033 to 0.025)
P valued .028 .224 .678

aEleven studies included in the analysis as covariates were not reported in 2 studies.
bTen studies included in the analysis as covariates were not reported in 3 studies.
cEight studies included in the analysis as covariates were not reported in 5 studies.
dTwo-sided P value.
eSeven studies included in the analyses as covariates were not reported in 5 studies.
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meta-regression analysis shows that the risk of transition
from AP to CP is independent of age and severity of AP, but
male sex appears to be a significant contributing factor.
There also appears to be variability in pooled prevalence
estimates based on the design of the primary studies. These
results have implications on the theories surrounding the
natural course of pancreatitis, the clinical management of
AP patients, and on how further research regarding the
progression of AP should be conducted.

The natural course of pancreatitis has been difficult to
define, although several theories have been propounded.
Older classification systems, such as the 1984 Cambridge
system, stated that AP and CP were 2 distinct pancreatic
diseases with no suggestion of a relationship between them.6

However, at the Second International Symposium on the
Classification of Pancreatitis in Marseille, it was acknowl-
edged that AP could progress to CP, although the occurrence
of this was very uncommon.9 The necrosis–fibrosis theory
suggests that damage to the pancreas in AP results in
inflammation, obstruction of pancreatic ducts, and the
formation of fibrous tissue, which is characteristic of CP.10

The newer theory of the sentinel acute pancreatitis
event (SAPE) supports the concept of a continuum of
acute to chronic pancreatitis. This theory postulates that
the first acute episode of pancreatitis results in inflam-
mation of the pancreas, which can lead to CP, provided
repeated pancreatic injury occurs owing to recurrent
bouts of AP.11 The pooled estimates from this study are
in line with the SAPE theory. Results show that, in pa-
tients with an initial episode of pancreatitis, the preva-
lence of RAP is 22% and frequency of transition to CP
is 10%. The narrow CI for the pooled prevalence of CP
(6%–15%) indicates the consistency of findings from the
primary studies and the robustness of the pooled
analysis.

A series of meta-regression analyses yields 2 important
findings. First, it suggests that severity of the initial episode
of AP may not be a significant determinant of the progres-
sion to CP. However, it is worth noting that the severity of
AP was defined mainly based on predictive criteria, such as
Ranson, Acute Physiology and Chronic Health Evaluation II,
and the Japanese Severity Score, which are notoriously
inaccurate.35,36 It remains to be seen whether the results
observed in this study also will be seen when modern, more
granular, classifications of severity are used prospec-
tively.37,38 Second, meta-regression analyses have indicated
that men have a significantly higher frequency of transition
from acute to chronic pancreatitis. A key factor that must be
considered in relation to these results is the effect of
genetics on the development of CP. A number of genes are
associated with an increased risk of developing CP,
including PRSS1, SPINK1, and CFTR genes.39 In addition, a
recent genome-wide association study has found that vari-
ants of the Claudin-2 (CLDN2) locus are associated with an
increased risk of transition from AP to CP.40 Gene mutations
can result in abnormal activation of trypsinogen, prevention
of the inactivation of trypsinogen, and lack of removal of
digestive enzymes, which increase susceptibility to pancre-
atitis.39 Previous studies have shown that both sexes have
an equal risk of developing AP, but men are more likely to
develop CP.41 This difference has been attributed to the
differences in the etiology of pancreatitis in both sexes, with
alcohol being the predominant etiology in men.29 However,
this may be too simplistic for the complex process that is the
pathogenesis of CP, and it is likely that genetic factors
contribute to this variation. Recently, the CLDN2 gene
variant associated with progression to CP was found to be
heterozygous or homozygous with an autosomal-recessive
pattern in women because of its location on the X chro-
mosome, whereas it was hemizygous in men with an
autosomal-dominant pattern, and therefore associated more
strongly with men.40 More research is required to under-
stand the importance of the interaction between genetic and
environmental factors in determining whether a patient
develops CP after an initial attack of AP.

It is important to gain a better understanding of the
factors that increase the risk of transition from AP to CP
because there will be implications for preventative and
therapeutic strategies. The subgroup analyses have shown
that patients with the risk factors of high alcohol intake and
smoking have similar pooled prevalences for the frequency
of transition from AP to CP, which were significantly higher
compared with the risk factor of gallstones. It has been
suggested that heavy drinkers have a 2%–3% risk of
developing pancreatitis,42 but it is recognized that alcohol is
a significant risk factor in developing CP.43–45 In this study,
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the high frequency of RAP and transition to CP among pa-
tients with alcoholic pancreatitis may be attributed to an
interaction between alcohol and smoking. It is well known
that smoking and alcohol are concurrent risk factors, and
smoking habits increase linearly with consumption of
alcohol.44,46 It therefore is difficult to separate these risk
factors when assessing pancreatitis patients. A study was
conducted by Maisonneuve et al47 to determine the inter-
action between smoking and alcohol in patients with alco-
holic pancreatitis, and showed that smokers had a higher
risk of developing CP, and it also was diagnosed earlier than
in nonsmokers. In addition, one of the included studies
performed a separate analysis for patients who were heavy
smokers and controlled for alcohol consumption, finding
that smoking was an independent risk factor for a higher
transition rate to CP.29

Further research in this field is essential to develop our
understanding of the natural course of pancreatitis, and
findings from our study confirm the importance of study
design in deriving robust estimates. Subgroup analyses
conducted in this study showed that there were no differ-
ences in the pooled prevalence estimate between hospital
and population-based studies. In addition, studies per-
formed prospectively had pooled prevalences estimates that
were in concordance with crude estimates for both RAP and
transition to CP. However, there were marked variations
between the prevalence estimates calculated for prospective
studies compared with retrospective studies.26,32 Compared
with the crude prevalence estimates, retrospective studies
appeared to overestimate the prevalence of RAP and un-
derestimate the prevalence of transition from AP to CP, with
prevalence estimates of 28% and 2%, respectively. It is
possible that this may have been due to differences in the
diagnosis of RAP and CP in retrospective studies, with pa-
tients who have CP being categorized incorrectly into the
group of patients with RAP owing to overlap between
symptoms. Based on these findings, further studies looking
into the natural course of pancreatitis should be conducted
prospectively, but should not necessarily be population-
based.

There were a number of limitations of this study when
considering the results. First, a limitation of this study was
the presence of high statistical heterogeneity in several es-
timates of pooled prevalence. This can be attributed to the
relatively small number of studies that met our strict eligi-
bility criteria. To mitigate this, all the statistical analyses
were performed using the random-effects model, to provide
the most conservative estimates. The pooled estimates for
CP and RAP must be interpreted with this statistical het-
erogeneity in mind. The small number of studies also would
have had an impact on the interpretation of our meta-
regression results. In particular, the results regarding the
covariate of age in our meta-regression must be interpreted
with caution because of the lack of a wide range of mean
ages between studies. However, the Knapp–Hartung20 dis-
tribution and the DerSimonian and Laird15 method were
used to provide the most conservative estimates. Second,
there was a variation in diagnostic methods used in the
primary studies to diagnose both AP and CP. For example,
one large study that was included in this meta-analysis used
diagnostic codes to classify patients under the categories of
AP, RAP, and CP,32 whereas other included studies used
various clinical and imaging methods to categorize patients.
Sensitivity analyses were conducted to exclude the study
that categorized patients via diagnostic codes, and there
was no significant variation in the pooled prevalence es-
timates. Third, we only were able to comment on the
presence of RAP, but could not comment on whether the
number of RAP episodes had an effect on the development
of CP because this rarely was reported in the primary
studies. In addition, our statistical analyses confirmed the
significant effect alcohol and smoking have on the devel-
opment of CP. However, because of a lack of data from the
primary studies, we were unable to calculate the dose-
response of alcohol and smoking exposure to further
quantify the relative effect of these factors on the transi-
tion to CP. Finally, there was the variation in follow-up
times in each of the included studies. The range of
follow-up times within each study differed considerably,
ranging from 24 to 180 months, and it was not stated in
3 studies.26,30,32 However, our subgroup analyses for
follow-up times found little variation in the frequency of
transition to CP.

In conclusion, the results of this systematic review and
meta-analysis have indicated that 10% of patients with their
first episode of AP and 36% with RAP transition to CP. The
risk of transition to CP is greater in patients who smoke,
have a high alcohol intake, and are men. Large prospective
clinical studies are needed to further investigate the natural
course of pancreatitis.
Supplementary Material
Note: To access the supplementary material accompanying
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Supplementary Table 1.Methodologic Quality Assessment of Included Studies Based on the Newcastle–Ottawa Scale

Study Selection Comparability Outcome
Overall
score

Madsen and Schmidt,21 1979 4 1 2 7
Reid and Kune,22 1980 4 1 2 7
Angelini et al,23 1993 4 1 2 7
Doepel et al,24 1993 3 1 3 7
Seidensticker et al,25 1995 4 1 3 8
Lund et al,26 2006 4 1 3 8
Garg et al,27 2007 4 1 3 8
Yasuda et al,28 2008 3 1 2 6
Lankisch et al,29 2009 4 2 3 9
Takeyama,30 2009 4 1 3 8
Nojgaard et al,31 2011 4 2 3 9
Yadav et al,32 2012 4 2 3 9
Cavestro et al,33 2014 4 2 2 8
Nikkola et al,34 2014 4 1 2 7
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