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“Shoot for the moon. Even if you miss, you'll 

land among the stars.” 

― Norman Vincent Peale 
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1. LIST OF ABBREVIATIONS 

ANC Acute necrotic collection 

AP Acute pancreatitis 

APFC Acute peripancreatic fluid collection 

CENTRAL Cochrane Central Register of Controlled Trials 

CI Confidence interval 

CoCoPop Condition–Context–Population 

CP Chronic pancreatitis 

CRP C-reactive protein 

EMBASE Excerpta Medica database 

EPI Exocrine pancreatic insufficiency 

ICD International Classification of Diseases 

I² Higgins and Thompson’s I-squared statistic (measure of 

heterogeneity) 

INSPPIRE International Study Group of Pediatric Pancreatitis: In Search for a 

Cure 

IR Incidence rate 

JBI Joanna Briggs Institute 

MD Mean difference 

MEDLINE Medical Literature Analysis and Retrieval System Online 

OR Odds ratio 

P P-value 

PECO Population, Exposure, Comparator, Outcome 

PI Prediction interval 

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses 

PROSPERO International Prospective Register of Systematic Reviews 

QUIPS Quality In Prognostic Studies 

RAP Recurrent acute pancreatitis 

SD Standard deviation 

SAPE Sentinel acute pancreatitis event (model) 

WBC White blood cell count 
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2. STUDENT PROFILE 

2.1. Vision and mission statement, specific goals 

My vision is to deepen scientific understanding of pancreatitis 

progression and improve early identification of patients at risk for 

recurrent or chronic disease. My mission is to highlight the 

clinical importance of the transition from acute pancreatitis to 

RAP and CP by providing high-quality evidence that supports 

more accurate patient counselling and follow-up. My specific 

goal is to generate robust, clinically applicable data on progression rates and risk factors, 

enabling better recommendations and earlier recognition of evolving chronic pancreatitis. 

2.2. Scientometrics 

Number of all publications:  8 

Cumulative IF:  31.6 

Av IF/publication:  3.6 

Ranking (SCImago):  D1:5, Q1:3 

Number of publications related to the subject of the thesis:  2 

Cumulative IF:  7 

Av IF/publication:  3.5 

Ranking (Sci Mago):  D1:1, Q1:1, 

Number of citations on Google Scholar:  40 

Number of citations on MTMT (independent):  33 

H-index:  4 

The detailed bibliography of the student can be found on pages 75-78. 

2.3. Future plans 

Looking ahead, I intend to continue expanding the scientific work initiated during my 

doctoral studies. My immediate aim is to complete a third meta-analysis focusing 

exclusively on the risk factors that drive the progression of pancreatitis in adult 

populations, thereby complementing the two completed analyses on disease progression. 
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I am also planning to analyze data from the gastrointestinal bleeding registry, as I believe 

these real-world clinical datasets can provide important insights that directly benefit 

patient care. 

Beyond research, an equally important priority for me is to finish my radiology residency 

training and grow into a confident and competent radiologist. I would like to carry the 

research-oriented mindset I developed during my PhD into my future clinical work. My 

long-term aim is to combine careful imaging-based assessment with evidence-based 

medicine, so that I can support my patients with thoughtful, data-driven decisions and 

contribute meaningfully to their care as a practising physician.  
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3. SUMMARY OF THE THESIS 

In this thesis, we conducted two complementary systematic reviews and meta-analyses to 

characterize progression from AP to RAP and CP across the lifespan and to identify key 

factors associated with this transition. In the first study, focusing on adults, we quantified 

the incidence rates of RAP and CP after AP, as well as CP after RAP, explicitly 

accounting for the time-dependent nature of disease progression. By applying person-

time–based measures, we addressed variability in follow-up across studies and 

complemented these analyses with proportion-based syntheses. In the second study, we 

synthesized the pediatric literature on AP progression, evaluating both progression rates 

and associated risk factors, predominantly using INSPPIRE-based diagnostic frameworks.  

Across both studies, recurrence after AP emerged as a frequent outcome, and progression 

to CP became substantially more likely once RAP developed, underscoring RAP as a 

pivotal stage in the disease course. Persistent metabolic or exposure-related drivers, such 

as hypertriglyceridemia in both age groups and alcohol-related disease in adults, were 

consistently associated with higher recurrence. In contrast, etiologies reflecting a single, 

self-limited insult, such as trauma-, drug-, and virus-induced AP in children, were 

associated with lower recurrence.  

In adults, recurrence and progression were strongly influenced by modifiable exposures 

and care pathways, particularly alcohol consumption and smoking. In children, 

progression was driven mainly by predisposition, with genetic mutations, especially 

PRSS1 and anatomical abnormalities such as pancreas divisum, showing strong 

associations with RAP and CP. Follow-up duration was explicitly considered in both 

studies. In adults, progression was treated as a time-dependent process using person-

time–based measures. In children, analyses did not identify a meaningful association 

between follow-up length and AP-RAP progression, consistent with early recurrence in 

at-risk patients. Overall, this thesis provides standardized, age- and etiology-specific 

evidence on progression across the pancreatitis continuum.  

  



9 

 

4. GRAPHICAL ABSTRACT 

4.1. Study 1 

 

4.2. Study 2 
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5. INTRODUCTION 

5.1. Overview of the topic 

5.1.1. What is the topic? 

Acute pancreatitis (AP) is one of the most common gastrointestinal diseases, with an 

incidence of 13 – 45 per 100,000 persons per year, while chronic pancreatitis (CP) occurs 

in 5 – 12 per 100,000 persons per year (1). AP is linked to considerable morbidity, 

mortality, and extended hospital stays (2), while CP represents a chronic, progressive, 

and irreversible disease that profoundly compromises quality of life and shortens life 

expectancy (3). Evidence increasingly supports that AP, RAP, and CP form a disease 

continuum, in which repeated inflammatory episodes may lead to irreversible structural 

damage and pancreatic dysfunction (4). According to the sentinel acute pancreatitis event 

(SAPE) model, RAP represents an intermediate stage between AP and CP (5, 6). RAP is 

clinically relevant both because it can only be diagnosed after multiple AP episodes and 

because it represents the most powerful predictor of progression to CP (6, 7). AP in 

children, once considered rare, now approaches adult incidence rates, affecting 3 – 13 per 

100,000 persons annually, while pediatric CP develops at approximately 2 per 100,000 

persons (8-10). Although many children recover fully after a single AP episode, a 

substantial subset progress to RAP and even CP (2). Importantly, etiology and disease 

mechanisms in children differ markedly from adults: whereas alcohol use and smoking 

are major drivers in adults, pediatric disease is more often related to genetic, structural, 

or metabolic factors (11-13). 

5.1.2. What is the problem to solve? 

Despite the recognition of an AP - RAP - CP continuum, several key gaps remain. 

Incidence and progression estimates vary widely due to heterogeneity in follow-up 

duration, study design, and diagnostic criteria. Etiology and severity specific risks are not 

well quantified in adults, and existing studies report inconsistent findings. In children, 

risk factors differ fundamentally from adults, making it inappropriate to extrapolate adult 

data to pediatric populations (13). There is no comprehensive synthesis integrating both 

adult and pediatric progression patterns using standardized methodological approaches. 

These gaps limit clinicians’ ability to identify high-risk individuals, anticipate disease 

evolution, and intervene early to prevent progression. 
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5.1.3. What is the importance of the topic? 

AP, RAP, and CP represent a major clinical and socioeconomic burden. AP requires 

hospitalization and causes significant morbidity and mortality (2). RAP leads to repeated 

admissions, increased healthcare costs, and cumulative pancreatic injury (6, 7). CP causes 

chronic pain, exocrine and endocrine insufficiency, significant psychological distress, and 

reduced life expectancy (3, 6, 14). In children, RAP and CP result in persistent abdominal 

pain and impaired quality of life (15, 16). Understanding who progresses, why, and how 

quickly is crucial because CP remains incurable, and only early identification of at-risk 

individuals offers the chance to prevent irreversible pancreatic damage. 

5.1.4. What would be the impact of our research results? 

Our findings provide standardized, etiology and age specific (adults - children) estimates 

of progression from AP to RAP and CP, supporting more accurate identification of high-

risk patients. By clarifying key predictors in both adults and children, the results support 

more personalized follow-up and earlier intervention to prevent irreversible pancreatic 

damage. These insights may also inform future clinical guidelines and improve long-term 

outcomes.  
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6. OBJECTIVES 

6.1. Study I.  

In the first study, we aimed to characterize the progression of acute pancreatitis to 

recurrent and chronic pancreatitis by evaluating incidence rates, cumulative incidence, 

recurrence patterns, and progression rates, taking into account the time-dependent nature 

of disease evolution and stratifying our analysis by the etiology and severity of the initial 

episode. 

6.2. Study II.  

In the second study, we aimed to synthesize current evidence on how acute pancreatitis 

progresses to recurrent and chronic pancreatitis in children and to identify the key risk 

factors that contribute to this progression.  
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7. METHODS 

7.1. Study I. 

7.1.1. Methodology and protocol 

This systematic review and meta-analysis was conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 Statement 

(17). The study protocol was prospectively registered in the International Prospective 

Register of Systematic Reviews (PROSPERO; registration number CRD42021283252), 

and all methods were implemented strictly as prespecified in the protocol. 

7.1.2. Search strategy 

A comprehensive systematic search was conducted in three major medical databases: 

MEDLINE (via PubMed), the Cochrane Library (CENTRAL), and EMBASE on 

December 19, 2023. Eligible studies were restricted to those published after 1992, and 

the search strategy applied the terms: acute AND (chronic OR recurrent) AND 

pancreatitis.   

7.1.3. Eligibility criteria 

To ensure comprehensive identification of relevant literature, study selection was guided 

by the condition–context–population (CoCoPop) framework (18). Eligible studies were 

required to meet both of the following conditions. First, they had to include patients with 

acute pancreatitis (AP) diagnosed according to the Atlanta Classification (19), which 

defines AP by at least two of three criteria: typical abdominal pain, serum amylase or 

lipase levels exceeding three times the upper limit of normal, or characteristic findings 

on imaging (19). Second, studies needed to report outcomes related to disease 

progression, specifically the proportion of patients developing RAP or CP after a single 

or repeated AP episode. The primary endpoints of the analysis were the estimated 

incidence rates (IRs) of RAP and CP following an initial AP episode, and the estimated 

IR of CP among patients with RAP. Secondary endpoints included cumulative incidence 

estimates, the proportions of RAP and CP after a first AP event, and the proportion of CP 

occurring after RAP. For analyses focusing on RAP, only studies that enrolled 

consecutive patients experiencing their first episode of AP were included. To calculate 

CP, we included two types of studies and analyzed them separately: those with 
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consecutive patients after a first AP episode and those involving consecutive patients with 

RAP. Throughout the manuscript, the term “AP” always refers to patients experiencing 

their first episode of acute pancreatitis. We applied no restrictions regarding minimum 

follow-up duration, and studies were eligible with a sample size of at least 10 participants. 

Conference abstracts, review articles, case reports, as well as in vitro and animal studies 

were excluded from the analysis. 

7.1.4. Study selection and data extraction 

Study selection and data extraction were conducted in accordance with the guidance of 

the Cochrane Handbook (20). Reference management and record screening were 

performed using EndNote X9 (Clarivate Analytics, Philadelphia, PA, USA). As the 

Atlanta Classification was first introduced in 1992 (19), the literature search was limited 

to studies published from January 1st, 1992 onward. Following duplicate removal, two 

reviewers (EBG and DP) independently screened studies in a two-step process, initially 

assessing titles and abstracts, followed by full-text evaluation. To assess agreement at 

each stage, we calculated Cohen’s Kappa coefficient (21). Any discrepancies were 

resolved by a third reviewer (BT). Data extraction was carried out independently by two 

investigators (EBG and DP) using a predefined and standardized Excel data sheet (Office 

365, Microsoft, Redmond, WA, USA). Any discrepancies were resolved through 

discussion with a third reviewer (BT). Collected data encompassed study identifiers and 

characteristics, including first author, geographic region, year of publication, study 

period,  study design, and number of centers, as well as patient-related information such 

as age, sex distribution, sample size, average follow-up time, and reported proportions of 

RAP and CP, both overall and stratified by etiology and disease severity.  In cases where 

multiple publications originated from overlapping study populations, we included only 

the article with the larger sample size. When necessary, we contacted study authors to 

obtain missing information. 

7.1.5. Risk of bias 

The methodological quality of the included studies was independently assessed by two 

reviewers (EBG and DP) using the Joanna Briggs Institute Prevalence Critical Appraisal 

Tool (JBI) (22). Any disagreements were resolved in consultation with a third reviewer 

(BT). The appraisal consisted of nine predefined domains, each rated as “yes,” “no,” 
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“unclear,” or “not applicable,” yielding a maximum possible score of nine points. Higher 

scores indicated a lower risk of bias. 

7.1.6. Data synthesis 

All statistical analyses were conducted using R software (R Core Team 2021, version 

4.1.1) (23), with analyses implemented through the meta (24) and dmetar (25) packages. 

Outcomes reported by at least three studies were visualized using forest plots. For the 

effect size, we applied the incidence rate (IR) with a 95% confidence interval (CI). 

Although IRs are conventionally derived from the number of new events per person-time 

based on individual follow-up data, such detailed information was unavailable in the 

included studies. Consequently, IRs were estimated using the total sample size, the 

number of patients experiencing the event of interest, and the reported mean follow-up 

duration. Because substantial heterogeneity across studies was expected, we used a 

random effects model for data synthesis, and we quantified heterogeneity with the 

Higgins and Thompson I² statistic (26). Publication bias was evaluated with funnel plots 

and Egger’s tests (27) when at least ten studies were available for a given outcome. Leave-

one-out analyses were conducted for outcomes with a minimum of eight studies to 

determine whether any single study disproportionately influenced the pooled IR or the 

degree of heterogeneity. Following the recommendations by Inthout et al. (28), prediction 

intervals were reported where applicable. To examine whether age, sex, or disease 

severity had a confounding effect on the pooled IR, we performed random effects meta-

regression for outcomes reported by at least ten studies. To facilitate interpretation, we 

estimated 5-year cumulative incidences using the formula described by Rothman et al. 

(CI = 1 - 𝑒(−IR x T), where 'e' = 2.71828; T, 5 years; IR, incidence rate; e, Euler number) 

(29). To further characterize disease progression from AP to RAP and CP, recurrence and 

progression rates were also synthesized using proportional meta-analysis. In these 

analyses, the effect measure was the pooled proportion with corresponding 95% 

confidence intervals, derived from the total number of patients and the number of 

individuals experiencing the event in each study. 
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7.2. Study II. 

7.2.1. Methodology and protocol 

The present systematic review and meta-analysis adhered to the standards set out in the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 

statement (17). Prior to study initiation, the protocol was registered in the International 

Prospective Register of Systematic Reviews (PROSPERO; CRD420251086520), and the 

review was subsequently conducted in full compliance with the predefined protocol. 

7.2.2. Eligibility criteria 

We selected studies according to predefined eligibility criteria structured using both the 

CoCoPop (Condition, Context, Population) (18) and PECO (Population, Exposure, 

Comparator, Outcome) (30) frameworks, enabling us to evaluate progression rates as well 

as associated risk factors. Eligible studies involved pediatric patients (under 18 years) 

diagnosed with AP, RAP, or CP. We included prospective and retrospective observational 

studies and case series that either reported progression rates from AP to RAP, AP to CP, 

or RAP to CP over time, or provided comparative data between disease groups relevant 

to potential risk factors such as age, sex, etiology, or disease severity. Studies were 

excluded if they focused exclusively on adults, lacked extractable data for the outcomes 

of interest, or were published as case reports, reviews, editorials, abstracts, or in vitro or 

animal studies. To ensure methodological consistency, we used the diagnostic definitions 

exactly as they were reported in the original studies. Among the 68 included studies, 76% 

applied the International Study Group of Pediatric Pancreatitis: In Search for a Cure 

(INSPPIRE) criteria (31), while the remaining 24% relied on alternative definitions, 

including institutional criteria, ICD-based codes, or combinations of multiple 

frameworks. Based on the INSPPIRE criteria, a diagnosis of AP requires the presence of 

at least two of the following three features: abdominal pain typical of AP, serum amylase 

and/or lipase levels elevated to at least three times the upper limit of normal, or imaging 

findings consistent with AP. RAP is defined as two or more clearly separated AP 

episodes, with complete resolution of symptoms for a minimum of one month or 

normalization of pancreatic enzyme levels between attacks (31). Chronic pancreatitis 

(CP) is diagnosed when any one of the following is present: characteristic pancreatic pain 

accompanied by typical imaging findings, exocrine pancreatic insufficiency with 
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supportive imaging, or endocrine insufficiency together with imaging evidence of CP 

(31). Severity of AP was classified using the 2012 Revised Atlanta Classification, 

whereby mild AP is characterized by the absence of organ failure and local or systemic 

complications, moderately severe AP includes transient organ failure lasting less than 48 

hours and/or local complications, and severe AP is defined by persistent organ failure 

exceeding 48 hours. (32). No minimum follow-up duration was required for inclusion, 

allowing us to capture the full range of available evidence on disease progression in 

pediatric pancreatitis. 

7.2.3. Information sources and search strategy 

A comprehensive literature search was undertaken across major medical databases 

MEDLINE (via Pubmed), the Cochrane Library (CENTRAL), and EMBASE on 

December 21, 2024. The search included studies published from 1992 onward and used 

the following terms: acute AND (chronic OR recurrent) AND pancreatitis. To maintain 

methodological rigor, we followed the Cochrane Handbook recommendations for both 

study selection and data extraction (20). Although the INSPPIRE criteria (31) are now 

widely applied in pediatric populations, they were developed in 2012 and are 

diagnostically grounded in the original Atlanta Classification introduced in 1992 (19). 

Because the foundational diagnostic framework for AP (the 2-out-of-3 rule) was first 

formalized in the 1992 Atlanta criteria, we restricted our search to articles published on 

or after January 1, 1992 to ensure consistency in diagnostic standards across studies. 

7.2.4. Study selection and data extraction 

All retrieved references were imported into EndNote 21 (Clarivate Analytics, 

Philadelphia, PA, USA), where duplicate records were identified and eliminated before 

the screening process commenced. Two independent authors (EBG and ET) evaluated the 

studies in a two-step process, first by title and abstract and subsequently by full-text 

review. Any disagreements were resolved by a third author (MO). Inter-rater agreement 

after each screening stage was quantified using Cohen’s Kappa coefficient (21). The same 

two authors (EBG and ET) independently extracted data, with inconsistencies again 

resolved by the third author (MO). Extracted variables included the first author, year of 

publication, sample size, study location, proportion of male participants, study period, 

design, number of centers, age distribution, follow-up duration, and the proportion of 
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patients progressing to RAP and CP, including breakdowns by etiology and severity. 

When available in at least three studies, we also collected group-level comparative data 

(for example: comorbidities, laboratory parameters, and clinical characteristics) across 

AP, RAP, and CP subgroups. If multiple publications reported on populations with 

possible overlap, only the study with the largest sample size was retained for analysis. 

When data were missing or unclear, we contacted the original study authors for 

confirmation or clarification. 

7.2.5. Risk of bias 

The risk of bias of the included studies was independently assessed by two reviewers 

(EBG and ET) using the Joanna Briggs Institute Prevalence Critical Appraisal Tool (JBI) 

(22) or, where appropriate, the Quality In Prognostic Studies (QUIPS) tool (33), 

depending on the study design. The JBI tool was applied to studies reporting disease 

progression outcomes, such as recurrence or progression to CP, whereas the QUIPS tool 

was used for studies comparing diagnostic groups (e.g., AP, RAP, and CP) across clinical, 

demographic, or laboratory parameters. Any disagreements between the two authors were 

resolved by a third author (MO). 

7.2.6. Data synthesis 

All statistical analyses were conducted using R software (version 4.2.1; R Foundation, 

Vienna, Austria) (23), employing the meta (24) and dmetar (25) packages. Given the 

expected variability across studies, we applied a random-effects model for all meta-

analyses. Between-study heterogeneity was quantified using the I² statistic described by 

Higgins and Thompson (26), and prediction intervals (PI) were reported when applicable, 

in accordance with the recommendations of Inthout et al. (28). For proportion-based 

outcomes, we extracted the number of events and the total sample size from each study 

and calculated pooled proportions with 95% confidence intervals (CIs). For dichotomous 

comparisons, odds ratios (ORs) with 95% CIs were derived from extracted event counts 

and group sizes. For continuous variables, the mean difference (MD) was used as the 

effect size, based on reported sample sizes, means, and standard deviations (SDs). Forest 

plots were generated to present pooled effect estimates for outcomes reported in at least 

three studies. Publication bias was assessed using funnel plots and Peter’s tests, restricted 

to outcomes informed by at least ten studies (34). Leave-one-out sensitivity analyses were 
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also performed to evaluate the impact of individual studies on pooled estimates and 

heterogeneity. A two-sided P value of <0.05 was considered statistically significant. 
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8. RESULTS 

8.1. Study I: The incidence of recurrent and chronic pancreatitis after acute 

pancreatitis: a systematic review and meta-analysis 

8.1.1. Study search and selection 

Our search initially identified 18,483 records. After screening titles, abstracts, and full 

texts, 119 studies were included in both the qualitative and quantitative syntheses. All 

119 contributed to the proportion analyses, while 29 studies (2, 9, 11, 35-60) reported 

mean follow-up durations suitable for incidence rate calculations. Among these, 24 were 

adult cohort studies, comprising 9 prospective and 15 retrospective designs. While most 

were single-center investigations, 3 were multicenter cohorts. The studies were 

geographically diverse, originating from Europe (11 studies), Asia (9 studies), and North 

America (4 studies). Follow-up durations showed considerable variation, ranging from 

19 to 120 months. The selection process is detailed in Figure 1, and the study and patient 

baseline characteristics for the IR analyses are presented in Tables 1 and 2 (2, 9, 11, 35-

60). 
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Figure 1. PRISMA flowchart of the included studies in the meta-analysis; PRISMA, 

Preferred Reporting Items for Systematic Reviews, and Meta-Analyses. 
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Table 1. Characteristics of included studies 

First Author Country Study Design 
Centers 

(N) 

Study 

period 

Mean Follow-

up Time 

(month) 

Number 

of AP 

patients 

Number of 

patients 

progressed to 

RAP  

Number of 

patients 

progressed to 

CP  

Adult population with acute pancreatitis 

Ahmed et al. 

2016(35) 

The 

Netherlands 
prospective cohort 15 2003-2007 57.2 669 117 51 

Bang et al. 2015(36) South Korea retrospective cohort 1 2005-2010 41.5 119 15 NR 

Bertilsson et al. 

2015(37) 
Sweden retrospective cohort 1 2003-2012 56.2 1457 329 79 

Blanco et al. 2020(38) Italy prospective cohort 1 2016-2018 28 127 48 NR 

Castoldi et al. 

2013(39) 
Italy prospective cohort 56 NR 51.7 631 80 NR 

Cavestro et al. 

2014(40) 
Italy prospective cohort 1 2002-2011 52.5 196 40 13 

Halonen et al. 

2003(41) 
Finland retrospective cohort 1 1989-1997 66 145 39 NR 

Hu et al. 2021(42) China retrospective cohort 1 2014-2016 40.1 923 173 NR 
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Hui et al. 2004(43) Hong Kong retrospective cohort 1 1996-2000 56.3 139 12 NR 

Kaw et al. 2002(44) USA prospective cohort 1 1995-1999 33.5 117 3 NR 

Kim, S et al. 2016(45) South Korea retrospective cohort 1 2004-2016 22.2 290 35 NR 

Kim, Y et al. 

2020(46) 
South Korea retrospective cohort 1 2010-2016 35.1 313 83 15 

Lee et al. 2016(47) South Korea retrospective cohort 1 2003-2014 58 171 24 NR 

Magnusdottir et al. 

2019(2) 
Iceland retrospective cohort 2 2006-2015 52 1102 225 40 

Nikkola et al. 

2016(48) 
Finland prospective cohort 1 2001-2005 120 77 27 9 

Ridtitid et al. 

2018(60) 
Thailand retrospective cohort 1 2006-2016 45.7 130 13 NR 

Ruiz et al. 2023(53) Spain retrospective cohort 1 2014-2020 67.63 561 106 NR 

Sargen et al. 2001(49) 
United 

Kingdom 
prospective cohort 1 NR 19.4 76 7 NR 

Stigliano et al. 

2017(50) 
Italy prospective cohort 1 2007-2015 42.0 266 66 22 

Valverde et al. 

2020(51) 
Spain retrospective cohort 1 2010-2017 54.2 78 13 NR 
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Vipperla et al. 

2016(52) 
USA retrospective cohort 1 2001-2013 50.2 76 15 NR 

Wang et al. 2017(54) USA retrospective cohort 1 2000-2015 25.2 140 24 NR 

Yoon et al. 2015(55) South Korea prospective cohort 1 2005-2012 24.2 92 2 NR 

Yu et al. 2020(56) China retrospective cohort 1 2016-2016 36 522 56 NR 

Pediatric population with acute pancreatitis 

Al Hindi et al. 

2021(57) Bahrein retrospective cohort 1 2006-2017 39.4 56 6 NR 

Poddar et al. 2016(58) India retrospective cohort 1 2003-2014 21.1 160 8 24 

Sag et al. 2017(11) Turkey retrospective cohort 1 2005-2016 68.1 63 10 1 

Zhong et al. 2021(59) China retrospective cohort 1 2013-2019 34.2 130 19 NR 

Volkan et al. 2023(9) Turkey retrospective cohort 4 2010-2017 31.2 165 51 21 

AP, acute pancreatitis; RAP, recurrent acute pancreatitis; CP, chronic pancreatitis; NR, not reported; USA, United States of America; N, 

number 
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Table 2. Baseline characteristics of included patients 

First Author 

Total 

sample 

size (N) 

Sex 

(male% 

of total) 

Mean age 

(years) 

Severe 

first AP 

episode 

(%) 

Cause of acute pancreatitis (N and (%)) 

Alcohol Biliary Idiopathic HTG 
Viral 

infection 
Trauma 

Adult population with acute pancreatitis 

Ahmed et al. 2016(35) 669 55 57m (42-70)i 22 153 (23%) 384 (58%) 108 (15%) NR NR NR 

Bang et al. 2015(36) 119 53.8 62±16.5 NR 0 119 (100%) 0 0 0 0 

Bertilsson et al. 

2015(37) 1457 53 61±19 9.9 249 (17%) 705 (48%) 431 (29.6%) NR NR NR 

Blanco et al. 2020(38) 127 62.9 57 (18-89)r NR 23 (18%) 60 (47.2%) 35 (28%) NR NR NR 

Castoldi et al. 

2013(39) 631 49.6 60.6±18.5 11.6 36 (5.7%) 

439 

(69.6%) 107 (17%) NR NR NR 

Cavestro et al. 

2014(40) 196 25.5 58.8±16.9 25.5 16 (8.2%) 

122 

(62.6%) 49 (25.5%) NR NR NR 

Halonen et al. 

2003(41) 145 82.8 44 (20–78)r 100 

113 

(77.9%) NR NR NR NR NR 

Hu et al. 2021(42) 
923 49.6 52.6 NR 

159 

(17.2%) 

215 

(23.2%) NR 48 (5.2%) NR NR 
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Hui et al. 2004(43) 139 46 62.6 17.2 0 139 (100%) 0 0 0 0 

Kaw et al. 2002(44) 117 31.6 53 NR 0 117 (100%) 0 0 0 0 

Kim, S et al. 2016(45) 290 47.9 66.8±16 NR 0 290 (100%) 0 0 0 0 

Kim, Y et al. 2020(46) 313 66.7 NR 0.6 166 (53%) 71 (22.6%) 67 (21.4%) 8 (2.6%) NR NR 

Lee et al. 2016(47) 171 58.4 59.3±14.7 9.4 0 171 (100%) 0 0 0 0 

Magnusdottir et al. 

2019(2) 1102 53.8 56±19 6 

227 

(20.6%) 

451 

(40.8%) 283 (25.7%) NR NR NR 

Nikkola et al. 

2016(48) 77 90.0 48m (25-71)r 5 77 (100%) 0 0 0 0 0 

Ridtitid et al. 2018(60) 130 40.0 NR 0 0 130 (100%) 0 0 0 0 

Ruiz et al. 2023(53) 561 44.2 NR NR 38 (6.8%) 

367 

(65.4%) 113 (20.1%) NR NR NR 

Sargen et al. 2001(49) 76 NR 59.6 (18-93)r 19.7 0 76 (100%) 0 0 0 0 

Stigliano et al. 

2017(50) 266 59.0 58.6±17 20 41 (15.4%) 125 (47%) 38 (14.3%) 8 (3%) NR NR 

Valverde et al. 

2020(51) 78 51.3 57±17.2 NR 0 0 78 (100%) 0 0 0 

Vipperla et al. 

2016(52) 76 67.0 45.9±13.5 33 0 0 0 76 (100%) 0 0 

Wang et al. 2017(54) 140 76.4 39.6 (20-63)r NR 0 0 0 140 (100%) 0 0 
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Yoon et al. 2015(55) 92 61.3 54.5±14.7 31.5 0 92 (100%) NR 0 0 0 

Yu et al. 2020(56) 522 58.4 52.9±16.2 13.6 34 (6.5%) 

326 

(62.5%) NR 

116 

(22.2%) NR NR 

Pediatric population with acute pancreatitis 

Al Hindi et al. 

2021(57) 56 58.9 8 (5-11)i NR NR 23 (41.1%) 13 (23.2%) NR 20 (35.1%) NR 

Poddar et al. 2016(58) 160 70.6 11.3±3.9 69 NR 16 (10%) 84 (52.5%) NR 11 (7%) 34 (21%) 

Sag et al. 2017(11) 63 49.2 9.6±4.8 17.4 NR 6 (9.6%) 16 (25.4%) NR 2 (3.2%) 7 (11.1%) 

Zhong et al. 2021(59) 130 55.3 NR 3 NR 41 (31.5%) 37 (28.5%) 12 (9.3%) 13 (10%) 21 (16.1%) 

Volkan et al. 2023(9) 165 44.8 9.6±4.5 NR NR 33 (20%) 65 (39.4%) NR NR NR 

AP, acute pancreatitis; HTG, hypertriglyceridemia; NR, not reported; ±SD, standard deviation; m, median; i, interquartile range; r, range; N, 

number
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8.1.2. Overall incidence rates of RAP and CP 

We first examined the overall incidence rates (IRs) of RAP and CP following an initial 

episode of AP. After a first AP episode, the IR of RAP was 5.26 per 100 person-years 

(95% CI 3.99–6.94; I² = 93%) in adults and 4.64 per 100 person-years (95% CI 2.73–

7.87; I² = 88%) in children, with no significant difference between groups (p = 0.671) 

(Figure 2.1). As expected, adults had a substantially higher IR of CP after RAP (4.31 per 

100 person-years; 95% CI 3.10–5.99; I² = 76%) compared with the IR of CP after a first 

AP episode (1.38 per 100 person-years; 95% CI 0.97–1.96; I² = 75%) (Figure 2.2). 

8.1.3. Incidence rates of RAP and CP by etiology and severity in adults 

To better delineate patterns of disease progression, we analyzed the IRs of RAP and CP 

stratified by etiology and severity of the initial AP episode. With respect to RAP, 

etiology-specific IRs after the first AP event (Figure 2.3) were highest in 

hypertriglyceridemia-related AP (8.58 per 100 person-years; 95% CI 6.86–10.72; I² = 

16%), followed by alcohol-related AP (6.34 per 100 person-years; 95% CI 4.80–8.37; I² 

= 79%). Lower IRs were observed in idiopathic AP (4.86 per 100 person-years; 95% CI 

4.19–5.64; I² = 33%), while biliary AP was associated with the lowest recurrence rate 

(3.03 per 100 person-years; 95% CI 2.40–3.81; I² = 77%). A comparable etiology-

dependent trend was noted for CP development (Figure 2.4). The highest IR of CP was 

seen following alcohol-induced AP (2.66 per 100 person-years; 95% CI 1.58–4.48; I² = 

66%), followed by idiopathic AP (1.10 per 100 person-years; 95% CI 0.80–1.51; I² = 

0%), whereas biliary AP showed the lowest rate of progression to CP (0.33 per 100 

person-years; 95% CI 0.13–0.80; I² = 81%). When stratified by severity of the index AP 

episode (Figure 2.5), RAP incidence was highest in moderately severe AP (7.56 per 100 

person-years; 95% CI 4.63–12.34; I² = 88%), compared with mild AP (4.48 per 100 

person-years; 95% CI 3.13–6.43; I² = 90%) and severe AP (4.90 per 100 person-years; 

95% CI 3.66–6.55; I² = 0%). Due to limited available data, CP incidence could not be 

evaluated according to disease severity. 
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Figure 2. Forest plots showing: 1) the IRs of recurrent acute pancreatitis in adults and 

children after an episode of acute pancreatitis; 2) the IRs of chronic pancreatitis after 

acute pancreatitis and recurrent acute pancreatitis in adults; 3) the IRs of recurrent acute 

pancreatitis in adults by etiology after an episode of acute pancreaittis; 4) the IRs of 

chronic pancreatitis in adults by etiology; 5) the IRs of recurrent acute pancreatitis in 

adults by severity; RAP, recurrent acute pancreatitis; AP, acute pancreatitis; CP, chronic 

pancreatitis; CI, confidence interval; I2, Higgins, and Thompson I2 statistics; 

Author 

Adult   

Children

Overall effect

Overall effect

Prediction interval

I2= 93% [90%; 95%]

I2= 88% [74%; 94%]

Castoldi et al. 2013
Ruiz et al. 2023
Ahmed et al. 2016
Cavestro et al. 2014
Magnusdottir et al. 2019
Yu et al. 2020
Bertilsson et al. 2015
Halonen et al. 2003
Hu et al. 2021
Stigliano et al. 2017
Kim, Y et al. 2020
Blanco et al. 2020

Sag et al. 2017
Poddar et al. 2016
Al Hindi et al. 2021
Zhong et al. 2021
Volkan et al. 2023

RAP   

.

.

80
106
117
40
225
56
329
39
173
66
83
48

10
8
6
19
51

AP    

6912

554

631
561
669
196
1102
522
1457
145
923
266
313
127

63
140
56
130
165

Person - Year

2718.56
3161.70
3188.90
857.50
4775.33
1183.20
6823.62
797.50
3084.36
931.00
915.53
296.33

357.52
246.17
183.87
370.50
429.00

0 5 10 15 20 25 30

Events 
per 100 person-years Events

5.26

4.64

2.94
3.35
3.67
4.66
4.71
4.73
4.82
4.89
5.61
7.09
9.07
16.20

2.80
3.25
3.26
5.13
11.89

95% CI

[ 3.99;  6.94]

[ 2.73;  7.87]

[ 1.98; 13.97]

[ 2.36;  3.66]
[ 2.77;  4.06]
[ 3.06;  4.40]
[ 3.42;  6.36]
[ 4.13;  5.37]
[ 3.64;  6.15]
[ 4.33;  5.37]
[ 3.57;  6.69]
[ 4.83;  6.51]
[ 5.57;  9.02]
[ 7.31; 11.24]
[12.21; 21.49]

[ 1.50;  5.20]
[ 1.63;  6.50]
[ 1.47;  7.26]
[ 3.27;  8.04]
[ 9.03; 15.64]

Author 

First AP

RAP     

Overall effect

Overall effect

Prediction interval

Prediction interval

I2= 75% [43%; 89%]

I2= 76% [42%; 90%]

Magnusdottir et al. 2019
Bertilsson et al. 2015
Cavestro et al. 2014
Ahmed et al. 2016
Kim, Y et al. 2020
Stigliano et al. 2017

Stigliano et al. 2017
Magnusdottir et al. 2019
Bertilsson et al. 2015
Ahmed et al. 2016
Cavestro et al. 2014

CP   

.

.

40
79
13
51
15
22

6
30
58
37
13

AP    

4003

777

1102
1457
196
669
313
266

66
225
329
117
40

Person - Year

4775.33
6823.62
857.50
3188.90
915.53
931.00

231.00
975.00
1540.82
557.70
175.00

0 2 4 6 8 10 12 14

Events 
per 100 person-years Events

1.38

4.31

0.84
1.16
1.52
1.60
1.64
2.36

2.60
3.08
3.76
6.63
7.43

95% CI

[0.97;  1.96]

[3.10;  5.99]

[0.60;  3.19]

[1.43; 13.02]

[0.61;  1.14]
[0.93;  1.44]
[0.88;  2.61]
[1.22;  2.10]
[0.99;  2.72]
[1.56;  3.59]

[1.17;  5.78]
[2.15;  4.40]
[2.91;  4.87]
[4.81;  9.16]
[4.31; 12.79]

Author 

Hypertriglyceridaemia

Alcoholic            

Idiopathic           

Biliary              

Overall effect

Overall effect

Overall effect

Overall effect

Prediction interval

Prediction interval

Prediction interval

Prediction interval

I
2

= 16% [ 0%; 79%]

I
2

= 79% [63%; 88%]

I
2

= 33% [ 0%; 70%]

I
2

= 77% [64%; 85%]

Vipperla et al. 2016
Wang et al. 2017
Yu et al. 2020
Hu et al. 2021
Kim, Y et al. 2020
Stigliano et al. 2017

Nikkola et al. 2016
Hu et al. 2021
Ruiz et al. 2023
Ahmed et al. 2016
Stigliano et al. 2017
Castoldi et al. 2013
Cavestro et al. 2014
Bertilsson et al. 2015
Magnusdottir et al. 2019
Yu et al. 2020
Kim, Y et al. 2020

Kim, Y et al. 2020
Valverde et al. 2020
Ruiz et al. 2023
Magnusdottir et al. 2019
Bertilsson et al. 2015
Castoldi et al. 2013
Stigliano et al. 2017
Cavestro et al. 2014

Kaw et al. 2002
Yoon et al. 2015
Hui et al. 2004
Castoldi et al. 2013
Cavestro et al. 2014
Yu et al. 2020
Ahmed et al. 2016
Ridtitid et al. 2018
Lee et al. 2016
Ruiz et al. 2023
Magnusdottir et al. 2019
Hu et al. 2021
Bang et al. 2015
Bertilsson et al. 2015
Sargen et al. 2001
Stigliano et al. 2017
Kim, S et al. 2016
Kim, Y et al. 2020

RAP   

.

.

.

.

15
24
25
18
3
4

27
21
10
37
9
11
5
91
83
7
59

6
13
27
55

101
26
8
19

3
2
12
36
11
16
47
13
24
61
63
21
15

122
7
28
35
15

AP    

385

1196

1167

4316

65
140
116
48
8
8

77
159
38

153
41
36
16

249
227
34

166

67
78

113
283
431
107
38
50

117
92

139
439
122
326
384
130
171
367
450
194
119
704
76

125
290
71

Person - Year

271.92
294.00
262.93
160.40
23.40
28.00

770.00
531.33
214.16
729.30
143.50
155.10
70.00

1166.15
983.67
77.07
485.55

195.98
352.49
636.85
1226.33
2018.52
460.99
133.00
218.75

326.62
185.53
647.51
1891.36
533.75
738.93
1830.40
495.08
826.50
2068.35
1950.00
648.28
411.54
3297.07
122.87
437.50
536.50
207.68

0 10 20 30 40

Events 
per 100 person-years Events

8.58

6.34

4.86

3.03

5.52
8.16
9.51

11.22
12.82
14.29

3.51
3.95
4.67
5.07
6.27
7.09
7.14
7.80
8.44
9.08

12.15

3.06
3.69
4.24
4.48
5.00
5.64
6.02
8.69

0.92
1.08
1.85
1.90
2.06
2.17
2.57
2.63
2.90
2.95
3.23
3.24
3.64
3.70
5.70
6.40
6.52
7.22

95% CI

[6.86; 10.72]

[4.80;  8.37]

[4.19;  5.64]

[2.40;  3.81]

[5.88; 12.52]

[2.81; 14.31]

[4.17;  5.67]

[1.27;  7.19]

[3.33;  9.15]
[5.47; 12.18]
[6.42; 14.07]
[7.07; 17.81]
[4.13; 39.75]
[5.36; 38.06]

[2.40;  5.11]
[2.58;  6.06]
[2.51;  8.68]
[3.68;  7.00]
[3.26; 12.05]
[3.93; 12.81]
[2.97; 17.16]
[6.35;  9.58]
[6.80; 10.46]
[4.33; 19.05]
[9.41; 15.68]

[1.38;  6.81]
[2.14;  6.35]
[2.91;  6.18]
[3.44;  5.84]
[4.12;  6.08]
[3.84;  8.28]
[3.01; 12.03]
[5.54; 13.62]

[0.30;  2.85]
[0.27;  4.31]
[1.05;  3.26]
[1.37;  2.64]
[1.14;  3.72]
[1.33;  3.53]
[1.93;  3.42]
[1.52;  4.52]
[1.95;  4.33]
[2.29;  3.79]
[2.52;  4.14]
[2.11;  4.97]
[2.20;  6.05]
[3.10;  4.42]
[2.72; 11.95]
[4.42;  9.27]
[4.68;  9.09]
[4.35; 11.98]

Author 

Alcoholic 

Idiopathic

Biliary   

Overall effect

Overall effect

Overall effect

I2= 66% [11%; 87%]

I2= 0% [ 0%; 90%]

I2= 81% [50%; 93%]

Nikkola et al. 2016
Magnusdottir et al. 2019
Ahmed et al. 2016
Bertilsson et al. 2015
Cavestro et al. 2014

Magnusdottir et al. 2019
Bertilsson et al. 2015
Cavestro et al. 2014

Bertilsson et al. 2015
Magnusdottir et al. 2019
Ahmed et al. 2016
Cavestro et al. 2014

CP   

.

.

.

9
24
25
43
3

10
25
3

4
3
13
5

AP    

722

764

1660

77
227
153
249
16

283
431
50

704
450
384
122

Person - Year

770.00
983.67
729.30
1166.15
70.00

1226.33
2018.52
218.75

3297.07
1950.00
1830.40
533.75

0 1 2 3 4 5

Events 
per 100 person-years Events

2.66

1.10

0.33

1.17
2.44
3.43
3.69
4.29

0.82
1.24
1.37

0.12
0.15
0.71
0.94

95% CI

[1.58;  4.48]

[0.80;  1.51]

[0.13;  0.80]

[0.61;  2.25]
[1.64;  3.64]
[2.32;  5.07]
[2.73;  4.97]
[1.38; 13.29]

[0.44;  1.52]
[0.84;  1.83]
[0.44;  4.25]

[0.05;  0.32]
[0.05;  0.48]
[0.41;  1.22]
[0.39;  2.25]

Author 

Moderate

Mild    

Severe  

Overall effect

Overall effect

Overall effect

I2= 88% [65%; 96%]

I2= 90% [80%; 95%]

I2= 0% [ 0%; 75%]

Yu et al. 2020
Stigliano et al. 2017
Kim, Y et al. 2020

Castoldi et al. 2013
Ruiz et al. 2023
Yu et al. 2020
Kim, Y et al. 2020
Stigliano et al. 2017

Yu et al. 2020
Cavestro et al. 2014
Ahmed et al. 2016
Stigliano et al. 2017
Castoldi et al. 2013
Kim, Y et al. 2020

RAP   

.

.

.

27
10
53

61
87
23
30
46

6
10
33
10
19
0

AP    

437

1550

398

250
39
148

558
453
201
166
172

71
50
147
55
73
2

Person - Year

566.67
136.50
432.90

2404.05
2553.03
455.60
485.55
602.00

160.93
218.75
700.70
192.50
314.51
5.85

0 5 10 15 20

Events 
per 100 person-years Events

7.56

4.48

4.90

4.76
7.33
12.24

2.54
3.41
5.05
6.18
7.64

3.73
4.57
4.71
5.19
6.04
0.00

95% CI

[4.63;  12.34]

[3.13;   6.43]

[3.66;   6.55]

[3.27;   6.95]
[3.94;  13.62]
[9.35;  16.03]

[1.97;   3.26]
[2.76;   4.20]
[3.35;   7.60]
[4.32;   8.84]
[5.72;  10.20]

[1.67;   8.30]
[2.46;   8.50]
[3.35;   6.62]
[2.80;   9.65]
[3.85;   9.47]
[0.53; 136.65]

1 2

3

4

5



30 

 

8.1.4. Proportions calculations 

Proportional meta-analyses were conducted using data from 119 studies, with the main 

findings presented in Figure 4. Overall, AP recurred in 20% of adult patients and 23% of 

pediatric patients, with no significant difference between age groups (p = 0.227). When 

stratified by etiology, recurrence rates in adults versus children were 21% and 28% for 

idiopathic AP (p = 0.125), and 8% and 15% for biliary AP (p = 0.055), respectively. 

Across all populations, progression to CP occurred in 8% of patients following an initial 

AP episode and increased to 24% after RAP. In adults, etiology-specific recurrence rates 

were highest in hypertriglyceridemia-associated AP (28%), followed by alcohol-related 

AP (24%), idiopathic AP (21%), and biliary AP (8%). A similar distribution was observed 

for progression to CP in adults, with the highest rates seen after alcohol-induced AP 

(18%), followed by idiopathic AP (7%) and biliary AP (2%). When recurrence was 

analyzed according to the severity of the index AP episode, rates were comparable 

between moderate (21%) and mild AP (20%), while a lower recurrence rate was observed 

after severe AP (13%). 
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Figure 3. Summary forest plot presenting all incidence rate (IR) and proportion estimates 

related to the recurrence of acute pancreatitis and its progression to chronic pancreatitis. 

Abbreviations: AP, acute pancreatitis; RAP, recurrent acute pancreatitis; CP, chronic 

pancreatitis; HTG, hypertriglyceridemia; CI, confidence interval; I², Higgins and 

Thompson heterogeneity statistic. Each row corresponds to an individual forest plot. 

Values shown in the cumulative incidence column were derived from the incidence rate 

calculations (see Methods). 

Condition Groups Outcome Population
Geographic 

area
Studies

Total 

Sample 

Size (n)

Effect size 
measure

Events per 

100 person-

years

95% CI I2

5 year 

Cumulative 

indicence

AP All etiologies RAP Adult Worldwide 12 6912 IR 5.26 [3.99;  6.94] 0.93 23.1%

AP All etiologies RAP Children Worldwide 5 554 IR 4.64 [2.73;  7.87] 0.88 20.7%

AP All etiologies CP Adult Worldwide 6 4003 IR 1.38 [0.97;  1.96] 0.75 6.7%

RAP All etiologies CP Adult Worldwide 5 777 IR 4.31 [3.10;  5.99] 0.76 19.4%

AP Alcoholic RAP Adult Worldwide 11 1196 IR 6.34 [4.80;  8.37] 0.79 27.2%

AP Idiopathic RAP Adult Worldwide 8 1167 IR 4.86 [4.19;  5.64] 0.33 21.6%

AP HTG RAP Adult Worldwide 6 385 IR 8.58 [6.86;  10.72] 0.16 34.9%

AP Biliary RAP Adult Worldwide 18 4316 IR 3.03 [2.40;  3.81] 0.77 14.0%

AP Severe RAP Adult Worldwide 6 398 IR 4.90 [3.66;  6.55] 0.00 21.7%

AP Moderate RAP Adult Worldwide 3 437 IR 7.56 [4.63;  12.34] 0.88 31.5%

AP Mild RAP Adult Worldwide 5 1550 IR 4.48 [3.13;  6.43] 0.90 20.1%

AP Alcoholic CP Adult Worldwide 5 722 IR 2.66 [1.58;  4.48] 0.66 12.4%

AP Biliary CP Adult Worldwide 4 1660 IR 0.33 [0.13;  0.80] 0.81 1.6%

AP Idiopathic CP Adult Worldwide 3 764 IR 1.10 [0.80;  1.51] 0.00 5.3%

Condition Groups Outcome Population
Geographic 

area
Studies

Total 

Sample 

Size (n)

Effect size 
measure

Proportion 95% CI I2
Proportion in 

percentage

AP All etiologies RAP Adult Worldwide 40 29955 Proportion 0.20 [0.18;  0.22] 0.95 20%

AP All etiologies RAP Children Worldwide 17 1602 Proportion 0.23 [0.18;  0.28] 0.76 23%

AP All etiologies RAP Adult Asia 21 17693 Proportion 0.18 [0.16;  0.21] 0.95 18%

AP All etiologies RAP Adult Europe 16 11592 Proportion 0.23 [0.19;  0.26] 0.94 23%

AP Alcoholic RAP Adult Worldwide 25 3366 Proportion 0.24 [0.20;  0.29] 0.85 24%

AP Alcoholic RAP Adult Asia 14 2247 Proportion 0.21 [0.16;  0.27] 0.85 21%

AP Alcoholic RAP Adult Europe 11 1119 Proportion 0.29 [0.23;  0.36] 0.74 29%

AP Idiopathic RAP Adult Worldwide 23 2899 Proportion 0.21 [0.17;  0.24] 0.69 21%

AP Idiopathic RAP Children Worldwide 7 286 Proportion 0.28 [0.17;  0.43] 0.70 28%

AP Idiopathic RAP Adult Asia 10 1219 Proportion 0.18 [0.13;  0.24] 0.72 18%

AP Idiopathic RAP Adult Europe 12 1600 Proportion 0.23 [0.20;  0.27] 0.53 23%

AP HTG RAP Adult Worldwide 21 2767 Proportion 0.28 [0.23;  0.35] 0.86 28%

AP Biliary RAP Adult Worldwide 57 12743 Proportion 0.08 [0.07;  0.10] 0.82 8%

AP Biliary RAP Children Worldwide 7 427 Proportion 0.15 [0.07;  0.28] 0.81 15%

AP Biliary RAP Adult Asia 31 7016 Proportion 0.09 [0.07;  0.11] 0.83 9%

AP Biliary RAP Adult Europe 22 5391 Proportion 0.08 [0.05;  0.11] 0.82 8%

AP Drug induced RAP Adult Worldwide 6 112 Proportion 0.07 [0.03;  0.16] 0.00 7%

AP Mild RAP Adult Worldwide 10 2993 Proportion 0.20 [0.14;  0.27] 0.90 20%

AP Mild RAP Children Worldwide 5 327 Proportion 0.20 [0.11;  0.34] 0.73 20%

AP Moderate RAP Adult Worldwide 7 1386 Proportion 0.21 [0.14;  0.30] 0.90 21%

AP Moderate RAP Children Worldwide 4 148 Proportion 0.22 [0.13;  0.34] 0.00 22%

AP Severe RAP Adult Worldwide 11 1131 Proportion 0.13 [0.08;  0.22] 0.82 13%

AP Severe RAP Children Worldwide 4 39 Proportion 0.61 [0.15;  0.93] 0.63 61%

AP All etiologies CP Adult Worldwide 7 3822 Proportion 0.08 [0.05;  0.12] 0.87 8%

AP All etiologies CP Children Worldwide 4 527 Proportion 0.08 [0.02;  0.25] 0.78 8%

AP Alcoholic CP Adult Worldwide 7 760 Proportion 0.18 [0.11;  0.29] 0.72 18%

AP Biliary CP Adult Worldwide 5 1685 Proportion 0.02 [0.01;  0.07] 0.82 2%

AP Idiopathic CP Adult Worldwide 6 918 Proportion 0.07 [0.03;  0.16] 0.81 7%

RAP All etiologies CP Adult Worldwide 8 779 Proportion 0.24 [0.11;  0.45] 0.93 24%

RAP Idiopathic CP Adult Worldwide 6 387 Proportion 0.30 [0.12;  0.57] 0.91 30%

RAP Alcoholic CP Adult Worldwide 3 58 Proportion 0.22 [0.02;  0.84] 0.73 22%
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8.1.5. Factors associated with the incidence rates of RAP and CP in adults 

We also evaluated several potential risk factors that could contribute to higher RAP 

incidence rates (Figure 4). Alcohol consumption was associated with a significantly 

elevated IR of RAP (6.87 per 100 person-years in the “yes” group vs. 4.22 in the “no” 

group, p < 0.01), as was smoking (6.76 vs. 4.23, p = 0.02). In biliary AP, the absence of 

cholecystectomy markedly increased recurrence risk (3.92 vs. 1.67, p = 0.038). Smaller 

study populations were also linked to higher RAP incidence rates, with an IR of 7.48 in 

studies enrolling fewer than 500 patients compared with 4.17 in larger cohorts (p = 0.01). 

In contrast, several factors did not show a significant association with RAP incidence. 

These included study design (retrospective vs. prospective: 5.07 vs. 5.55, p = 0.73), 

geographical region (Europe vs. Asia: 4.98 vs. 6.20, p = 0.46), and the number of centers 

involved (unicentric vs. multicentric: 5.93 vs. 3.71, p = 0.09). Differences in CP 

diagnostic criteria, however, were associated with variability in CP incidence after AP, 

with higher rates observed in studies applying the M-ANNHEIM classification (1.75 vs. 

1.06 per 100 person-years, p = 0.03). These analyses were conducted in adult cohorts 

including all etiologies of AP, except for the cholecystectomy comparison, which was 

restricted to biliary AP. All results are expressed as events per 100 person-years. 
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Figure 4. Forest plots illustrating the associations between various factors and the 

incidence rates (IRs) of RAP or CP following an episode of acute pancreatitis (AP). The 

investigated factors include: (1) alcohol consumption; (2) study design; (3) number of 
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centers; (4) cholecystectomy; (5) geographical region; (6) CP diagnostic criteria; (7) 

smoking; and (8) sample size. Abbreviations: AP, acute pancreatitis; RAP, recurrent acute 

pancreatitis; CP, chronic pancreatitis; IR, incidence rate; CI, confidence interval; I², 

Higgins and Thompson heterogeneity statistic. 

8.1.6. Risk of bias assessment and publication bias 

The overall risk of bias across outcomes was moderate. Most studies were downgraded 

due to incomplete follow-up of all participants and limitations in sample size. Publication 

bias could be assessed for three outcomes, and in all cases the Egger’s test yielded p-

values greater than 0.01, indicating no statistically significant evidence of publication 

bias. 

8.2. Study II:  Progression from acute to chronic pancreatitis in children: a 

systematic review and meta-analysis 

8.2.1. Search and selection 

Our systematic search yielded 19,125 records. Following title, abstract, and full-text 

screening, 68 studies were included in both the qualitative and quantitative syntheses. The 

study selection process is illustrated in Figure 5. 
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Figure 5. PRISMA flowchart of the article selection process. PRISMA: Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses. 

8.2.2. Basic characteristics of included studies 

The full review identified 68 studies, of which 44 (9, 12, 57-59, 61-98) (Table 3) 

examined the progression of acute pancreatitis (AP) to recurrent acute pancreatitis (RAP) 

or chronic pancreatitis (CP), and 24 compared patient groups with AP, RAP, and CP. 

Among the 44 studies focusing on the progression of AP, 38 employed a retrospective 

design and 6 were prospective; 40 were single-center investigations, while four were 

multicenter. These studies enrolled patients between 1979 and 2022, were published 

between 1996 and 2024, and together contributed 4,104 pediatric cases to the quantitative 

synthesis. Geographically, 24 studies (55%) were conducted in Asia, 10 (23%) originated 

from Europe, 6 (14%) from North America, and 4 (9%) from the Middle East. Sample 

sizes ranged from 11 to 371 participants: 29 cohorts enrolled fewer than 100 children, 
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whereas 15 cohorts included 100 or more. Sex distribution was reported in 41 cohorts, 

with boys representing the majority in 30 of them. Disease severity was documented in 

12 cohorts, in which severe AP accounted for approximately 11% of index episodes
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Table 3. Characteristics of included studies focusing on the progression of acute pancreatitis 

Author Country Study design Centers 
Study 

period 

Follow-

up time 

in months 

(mean or 

median) 

Total 

cases 

(followed

-up) 

AP RAP  
AP to 

CP 
Males Age 

Severe 

patients 

Alabdulkaree

m et al. 

2018(62) 

Saudi 

Arabia 
Retrospective Multicentric 

1994 – 

2015 
NR 50 41 9 NR 26 (52%) 11.6 NR 

Anafy et al. 

2024(63) 
Israel Retrospective Unicentric 

2005 – 

2019 
NR 68 44 24 NR 37 (54%) 

m15.3 

i(12 - 

16.8) 

NR 

Anushree et al. 

2022(64) 
India Prospective Unicentric 

2019 – 

2021 
NR 73 52 21 NR 43 (59%) 8.4±3.2 4 (5.5%) 

Appak et al. 

2018(65) 
Turkey Retrospective Unicentric 

2014 – 

2016 
NR 41 32 9 NR 

15 

(36.6%) 
9.3±5.3 NR 

Badru et al. 

2017(66) 
USA Retrospective Unicentric 

2007 – 

2015 
NR 48 39 9 NR 

11 

(22.9%) 

m14.4 

r(1.7 - 

17.8) 

NR 
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Berney et al. 

1996(67) 
Switzerland Retrospective Unicentric 

1979 – 

1993 
NR 21 18 3 NR 9 (42.9%) 10.8±3.5 5 (24%) 

Bhanot et al. 

2022(68) 
UK Retrospective Multicentric 

2013 – 

2014 
12 94 60 30 NR 48 (51%) 

m11.2  

i(7.1 - 

14.4) 

NR 

Bolia et al. 

2015(69) 
India Retrospective Unicentric 

2001 – 

2011 
NR 87 68 19 NR 

61 

(70.11%) 

m12 r(1-

18) 
NR 

Calatayud et 

al. 2003(70) 
Spain Retrospective Unicentric NR NR 31 25 6 NR 17 (55%) 

7.9 r(2-

15) 
NR 

Chlebowczyk 

et al. 2018(71) 
Poland Retrospective Unicentric 

2004 – 

2013 
NR 51 39 12 NR 24 (47%) 

12.1 

r(1.7-18) 
NR 

Deveci et al. 

2023(72) 
Turkey Retrospective Unicentric 

2010 – 

2021 
NR 108 85 23 8 54 (50%) 10±4.8 NR 

Galai et al. 

2019(73) 
Israel Retrospective Unicentric 

1995 – 

2016 
6 59 55 14 NR 

34 

(57.6%) 

m11.3 

i(5.9-

15.4) 

NR 

Geetha et al. 

2012(74) 
India Prospective Unicentric 

2003 – 

2010 
NR 73 8 28 37 NR NR NR 

Getsuwan et 

al. 2022(75) 
Thailand Retrospective Unicentric 

2000 – 

2021 
NR 155 134 18 14 NR NR NR 
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Guo et al. 

2014(76) 
China Retrospective Unicentric 

2002 – 

2012 
NR 371 344 27 NR 178 (48%) NR NR 

Hao et al. 

2016(77) 
China Retrospective Unicentric 

2003 – 

2015 

m55 r(3 - 

132) 
159 114 45 9 NR NR NR 

Hindi et al. 

2021(57) 
Bahrein Retrospective Unicentric 

2006 – 

2017 

39 r(4 - 

59) 
56 50 6 NR 

33 

(58.9%) 
m8 NR 

Kandula et al. 

2008(78) 

United 

States 
Retrospective Unicentric 

1995 – 

2004 
NR 87 85 2 NR 

45 

(51.7%) 
1.7±0.7 3 (3.4%) 

Kim et al. 

2023(79) 
Korea Retrospective Unicentric 

2017 – 

2022 
NR 64 50 14 NR 38 (59.4) 11.9±4.8 NR 

Laugel et al. 

2005(80) 
France Retrospective Unicentric 

1996 – 

NR 
NR 11 9 2 NR 7 (63.6%) 10.1±3.6 NR 

Lopez et al. 

2013(81) 
Spain Retrospective Unicentric 

1988 – 

2008 
NR 27 24 3 NR 18 (66%) 

7.2 r(6m-

16y) 
NR 

Majbar et al. 

2016(82) 

United 

Kingdom 
Prospective Multicentric 

2013 – 

2014 
NR 94 76 18 NR 

48 

(51.1%) 
11.2±3.4 NR 

Mengdi et al. 

2022(83) 
China Retrospective Unicentric 

2017 – 

2021 

33 r(5 - 

55) 
106 79 27 NR 

57 

(53.8%) 
m7y NR 

Minen et al. 

2012(84) 
Italy Retrospective Unicentric 

2007 – 

2012 
NR 45 34 11 NR NR NR NR 
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Mirza et al. 

2022(85) 
India Retrospective Unicentric 

2017 – 

2019 
NR 40 27 13 NR 25(62.5%) 

9.3r(1-

17) 
3 (7.5%) 

Nasr et al. 

2023(86) 
USA Prospective Unicentric 

2013 – 

2019 
12 74 60 14 NR 40(54%) NR 6 (8.1%) 

Nauka et al. 

2018(87) 
USA Retrospective Unicentric 

2011 – 

2016 
NR 79 63 16 NR 

46 

(58.2%) 

14 (9.5–

16) 

17 

(21.5%) 

Ohta et al. 

2023(88) 
Japan Retrospective Unicentric 

2005 – 

2022 
46.5 29 19 10 NR 14(48.3%) NR 9(31%) 

Park et  al. 

2009(89) 
USA Retrospective Unicentric 

1994 – 

2007 
NR 215 182 33 NR 86 (40%) 13.1 ±5.6 NR 

Pezzilli et al. 

2002(90) 
Italy Retrospective Unicentric 

1998 – 

1999 
NR 50 36 14 NR 25 (50%) 10.5±3.8 NR 

Poddar et al. 

2016(58) 
India Retrospective Unicentric 

2003 – 

2014 

21.1 ± 

20.9 
140 132 8 24 98 (70%) NR NR 

Poddar et al. 

2017(91) 
India Retrospective Unicentric 

2003 – 

2015 

m25.5 

r(8.3–48) 
88 NR 51 37 

51 

(54.8%) 

m13 i(10 

- 14.5) 
NR 

Sag et al. 

2018(11) 
Turkey Retrospective Unicentric 

2005 – 

2016 
68.1±24.3  63 53 10 1 31(49%) 9.6±4.8 11(17.4%) 

Singh et al. 

2017(92) 
India Prospective Unicentric 

2015 – 

2016 
NR 32 NR 22 10 

22 

(68.8%) 

m14 r(8-

18) 
2 (6%) 
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Stringer et al. 

2005(93) 

United 

Kingdom 
Retrospective Unicentric 

1994 – 

2004 
NR 33 25 8 NR 

19 

(57.6%) 
12.8±3 NR 

Sweeny et al. 

2018(12) 
Usa Prospective Unicentric 

2013 – 

2016 

m21 

i(10.2 - 

32.7) 

115 95 20 NR 60 (52%) 

m13.5 i 

(9.3–

15.9) 

14(12.3%) 

Tiao et al. 

2002(94) 
China Retrospective Unicentric 

1986 – 

2000 
NR 61 52 9 NR 

39 

(63.9%) 
8.8±4.8 NR 

Volkan et al. 

2023(9) 
Turkey Retrospective Multicentric 

2010 – 

2017 
31.2±21.6 165 107 51 21 

74 

(44.9%) 
9.6±4.5 NR 

Wang et al. 

2022(95) 
China Retrospective Unicentric 

2011 – 

2020 
NR 275 220 55 NR 

140 

(50.9%) 

m12 i(8 - 

16) 

28 

(10.2%) 

Yeung et al. 

1996(96) 
China Retrospective Unicentric 

1983 – 

1992 
NR 43 39 4 NR 

23 

(53.5%) 

m9 r(2-

18) 
NR 

Zeng et al. 

2022(61) 
China Retrospective Unicentric 

2014 – 

2021 
NR 276 NR 140 136 

129 

(46.7%) 
NR NR 

Zheng et al. 

2021(97) 
China Retrospective Unicentric 

2017 – 

2020 

m17.9 

i(9.3-25.3) 
96 66 30 NR 

44 

(45.8%) 
NR NR 

Zhong et al. 

2021(59) 
China Retrospective Unicentric 

2013 – 

2019 
34.2±20.8 130 111 19 NR 

72 

(55.4%) 
NR 4 (3.1%) 
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Zhu et al. 

2011(98) 
China Retrospective Unicentric 

2003 – 

2009 
NR 121 116 5 NR 

67 

(55.4%) 
6.8±3.4 NR 

AP, acute pancreatitis; RAP, recurrent acute pancreatitis; CP, chronic pancreatitis; NR, not reported; USA, United States of America; N, 

number; ±SD, standard deviation; m, median; i, interquartile range; r, rang
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8.2.3. Acute pancreatitis progression rates based on etiology and severity in 

children 

Using only studies applying the INSPPIRE diagnostic criteria, RAP developed in 21% of 

children after initial AP (95% CI: 17–24%). When all studies were included, the estimated 

rate was 18% (95% CI: 16–22%). Direct progression from AP to CP occurred in 10% of 

children (95% CI: 6–16%). Among those with RAP, 35% progressed to CP (95% CI: 24–

49%). Etiology specific differences in RAP progression were statistically significant (p < 

0.001). Hypertriglyceridemia associated AP showed the highest recurrence rate at 33% 

(95% CI: 6–79%), followed by idiopathic AP (28%, 95% CI: 18–39%) and biliary AP 

(19%, 95% CI: 11–32%). Trauma-induced AP had a recurrence rate of 16% (95% CI: 6–

36%), drug-induced AP 14% (95% CI: 5–34%), and virus-induced AP 3% (95% CI: 1–

12%). Severity related subgroup differences were not statistically significant (p = 0.272), 

although a numerical trend was present. Severe AP progressed to RAP in 39% of children 

(95% CI: 15–71%), compared with 24% after moderate AP (95% CI: 17–32%) and 21% 

after mild AP (95% CI: 13–31%). (All details can be seen in Figures 6,7) 
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Figure 6. Forest plots showing: 1) the overall proportion of RAP after an episode of AP; 

2) the overall proportion of CP after an episode of AP; 3) the overall proportion of CP 

after RAP; 4) the proportion of RAP after an episode of AP stratified by etiology; 5) the 
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proportion of RAP after an episode of AP stratified by severity; AP, acute pancreatitis; 

RAP, recurrent acute pancreatitis; CP, chronic pancreatitis; 

 

Figure 7. Summary forest plot showing the recurrence rate of AP in overall and stratified 

by etiology and severity, and the progression rates of AP to CP after a single episode and 

after RAP. AP, acute pancreatitis; RAP, recurrent acute pancreatitis; CP, chronic 

pancreatitis; HTG, hypertrigliceridemia; CI, confidence interval 

8.2.4. Factors associated with acute pancreatitis progression in children 

Anatomical abnormalities showed significant associations with disease progression. 

General structural anomalies increased the risk of RAP (OR 3.15; 95% CI 1.51–6.56) 

(Figure 8), while pancreas divisum was associated with CP (OR 2.64; 95% CI 1.51–4.63) 

(Figure 9). Among genetic factors, PRSS1 mutations showed a strong association with 

CP (OR 4.56; 95% CI 3.06–6.80) (Figure 9). Male sex, race (white or Hispanic), and 

family history of AP were not significantly associated with RAP or CP (Figures 8, 9). 

Age at inclusion and clinical parameters (length of stay, amylase, lipase, WBC, CRP) did 

not differ between AP and RAP (Figure 10). Other genetic variants (SPINK1, CFTR, 

CTRC), broader genetic AP categories, and additional anatomical anomalies 

(choledochal cysts, annular pancreas, maljunction) also showed no significant 

associations (Figures 8, 9). Medication-related AP was associated with a reduced risk of 

CP (OR 0.26; 95% CI 0.07–0.91). Exocrine pancreatic insufficiency showed a strong 

association with CP (OR 22.82; 95% CI 9.26–56.25). Several interventional procedures 

were linked to increased CP risk, including biliary sphincterotomy (OR 4.16; 95% CI 

3.24–5.34), biliary stenting (OR 5.79; 95% CI 4.42–7.60), and pancreatic duct stenting 
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(OR 12.19; 95% CI 3.16–46.97) (Figure 4). Autoimmune and metabolic AP were not 

significantly associated with RAP or CP (Figures 3, 4). Diabetes mellitus showed no 

association with RAP and only a non-significant trend toward increased CP risk (OR 3.77; 

95% CI 0.98–14.45) (Figures 3, 4). Systemic lupus erythematosus was not linked to RAP. 

Clinical complications, including pseudocysts, necrotizing AP, abdominal pain, ICU 

admission, vomiting, diarrhea, obstructive findings, fever, APFC, and ANC were not 

predictive of progression (Figures 3, 4). 

 

Figure 8. Summary forest plot showing pooled odds ratios for proposed risk factors 

associated with recurrent acute pancreatitis after an index acute pancreatitis episode in 

children. AP, acute pancreatitis; RAP, recurrent acute pancreatitis; OR, odds ratio; CI, 

confidence interval; APFC, acute peripancreatic fluid collection; ANC, acute necrotic 

collection; EPI, exocrine pancreatic insufficiency; SLE, systemic lupus erythematosus; 

abd., abdominal; anat. abn., anatomical abnormality; ICU, intensive care unit. 
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Figure 9. Summary forest plot showing pooled odds ratios for proposed risk factors 

associated with progression from recurrent acute pancreatitis to chronic pancreatitis in 

children. OR, odds ratio; CI, confidence interval; AP, acute pancreatitis; EPI, exocrine 

pancreatic insufficiency; bil., biliary; sphinc., sphincterotomy; panc., pancreatic; fam. 

hist., family history; obs., obstructive. 

 

Figure 10. Summary forest plot showing pooled mean differences for continuous clinical 

variables comparing disease groups in pediatric pancreatitis. AP, acute pancreatitis; RAP, 

recurrent acute pancreatitis; CP, chronic pancreatitis; LOS, length of hospital stay; WBC, 

white-blood-cell count; CRP, C-reactive protein; MD, mean difference; CI, confidence 

interval. 
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8.2.5. Risk of bias assessment 

Study quality was evaluated using the JBI tool for studies assessing AP progression and 

the QUIPS tool for comparative studies. Overall, most studies were judged to have a 

moderate risk of bias, largely due to small sample sizes in progression studies and residual 

confounding in comparison studies. These methodological limitations should be 

considered when interpreting the findings. 

8.2.6. Publication bias and heterogeneity 

We evaluated heterogeneity only for the overall progression from AP to RAP, as this was 

the sole outcome with a sufficient number of studies (≥10) to permit meaningful analysis. 

Multiple approaches were undertaken. A leave-one-out sensitivity analysis produced only 

minimal reductions in the substantial heterogeneity observed. To account for diagnostic 

variability, we performed sensitivity analyses stratified by diagnostic criteria (INSPPIRE 

vs. non-INSPPIRE) (Figure 11). We further compared studies with reported versus 

unreported follow-up duration (Figure 11), conducted subgroup analyses based on 

follow-up length (<12 months, 12–36 months, >36 months; Figure 12), and performed a 

meta-regression limited to studies with documented follow-up to assess whether follow-

up duration influenced RAP progression (Figure 13). Progression rates differed 

significantly according to diagnostic framework (p = 0.019), whereas follow-up reporting 

status did not significantly affect results (p = 0.161). Subgroup comparisons (p = 0.319) 

and meta-regression similarly indicated no association between follow-up length and 

progression (p = 0.976) (Figures 11,12,13). When exploring technical factors that might 

contribute to heterogeneity, smaller studies (sample size <100) showed significantly 

higher RAP rates than larger studies (21% vs. 18%, p = 0.048). Shorter study periods (<7 

years) were also associated with higher RAP proportions compared with longer periods 

(22% vs. 16%, p = 0.046) (Figure 14). In contrast, study design, geographic region, single- 

versus multicenter setting, and gender distribution did not significantly influence 

heterogeneity (Figure 15). Assessment of publication bias for the AP - RAP outcome, 

using both funnel-plot inspection and Peter’s test (p > 0.305), indicated no evidence of 

significant publication bias. This assessment was limited to the AP - RAP pathway, as no 

other progression outcome met the minimum threshold of 10 studies. 
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Figure 11. Forest plots showing the relationship between acute pancreatitis (AP) 

definitions and the reporting of follow-up time in relation to the recurrence of acute 

pancreatitis. (1): Comparison of studies using INSPPIRE versus other AP definitions. (2): 

Comparison of studies with reported follow-up duration versus those without reported 

follow-up. 
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Figure 12. Subgroup analysis of recurrence rates of acute pancreatitis (AP to RAP) 

stratified by follow-up duration (<12 months, 12–36 months, and >36 months). Each 

square represents an individual study estimate with its 95% confidence interval (CI); the 

diamond indicates the pooled proportion within each subgroup using a random-effects 

model. Horizontal red lines show the 95% prediction intervals. Recurrence rates were 

27% (<12 months), 21% (>36 months), and 15% (12–36 months). Subgroup differences 

were not statistically significant (p=0.319). 
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Figure 13. Meta-regression of follow-up duration and recurrence of acute pancreatitis. 

Each point represents a study with 95% CI, and the solid line with grey band shows the 

fitted regression. No significant association was observed between follow-up length and 

RAP progression (p = 0.976). 
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Figure 14. Forest plots showing the relationship between sample size and study period in 

relation to the recurrence of acute pancreatitis. (1): comparing studies with sample sizes 

of less than or more than 100 patients. (2): comparing studies with a study period of less 

than or more than 7 years.  
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Geetha et al. 2012

Kandula et al. 2008

Poddar et al. 2016

Guo et al. 2014

Yeung et al. 1996

Hindi et al. 2021

Lopez et al. 2013

Getsuwan et al. 2022

Berney et al. 1996

Tiao et al. 2002

Park et  al. 2009

Sag et al. 2018

Alabdulkareem et al. 2018

Laugel et al. 2005

Wang et al. 2022

Deveci et al. 2023

Bolia et al. 2015

Chlebowczyk et al. 2018

Galai et al. 2019

Stringer et al. 2005

Pezzilli et al. 2002

Hao et al. 2016

Bhanot et al. 2022

Anafy et al. 2024

Events

690

312

378

5

19

20

14

18

6

16

14

9

11

27

21

51

30

13

10

28

2

8

27

4

6

3

18

3

9

33

10

9

2

55

23

19

12

14

8

14

45

30

24

Total

3660

1376

2284

121

130

115

74

94

31

79

64

41

45

106

73

165

96

40

29

73

87

140

371

43

56

27

155

21

61

215

63

50

11

275

108

87

51

59

33

50

159

94

68

-0.4 -0.2 0 0.2 0.4

Proportion

0.19

0.22

0.16

0.04

0.15

0.17

0.19

0.19

0.19

0.20

0.22

0.22

0.24

0.25

0.29

0.31

0.31

0.32

0.34

0.38

0.02

0.06

0.07

0.09

0.11

0.11

0.12

0.14

0.15

0.15

0.16

0.18

0.18

0.20

0.21

0.22

0.24

0.24

0.24

0.28

0.28

0.32

0.35

95%-CI

[0.16; 0.22]

[0.07; 0.42]

[0.18; 0.28]

[0.13; 0.21]

[0.09; 0.44]

[0.05; 0.41]

[0.01; 0.09]

[0.09; 0.22]

[0.11; 0.26]

[0.11; 0.30]

[0.12; 0.29]

[0.07; 0.37]

[0.12; 0.31]

[0.13; 0.34]

[0.11; 0.38]

[0.13; 0.40]

[0.18; 0.35]

[0.19; 0.41]

[0.24; 0.39]

[0.22; 0.42]

[0.19; 0.49]

[0.18; 0.54]

[0.27; 0.50]

[0.00; 0.08]

[0.02; 0.11]

[0.05; 0.10]

[0.03; 0.22]

[0.04; 0.22]

[0.02; 0.29]

[0.07; 0.18]

[0.03; 0.36]

[0.07; 0.26]

[0.11; 0.21]

[0.08; 0.27]

[0.09; 0.31]

[0.02; 0.52]

[0.15; 0.25]

[0.14; 0.30]

[0.14; 0.32]

[0.13; 0.37]

[0.14; 0.37]

[0.11; 0.42]

[0.16; 0.42]

[0.21; 0.36]

[0.23; 0.42]

[0.24; 0.48]

Study

Random effects model

Prediction interval

Heterogeneity: I2 = 74% [64%; 81%], = 0.28, p < 0.001

Test for subgroup differences: = 3.91, df = 1(p = 0.048)

Sample size <100

Sample size >100

Random effects model

Random effects model

Prediction interval

Prediction interval

Heterogeneity: I2 = 49% [20%; 67%], = 0.17, p = 0.003

Heterogeneity: I2 = 85% [76%; 91%], = 0.35, p < 0.001

Kandula et al. 2008

Yeung et al. 1996

Hindi et al. 2021

Lopez et al. 2013

Berney et al. 1996

Tiao et al. 2002

Sag et al. 2018

Alabdulkareem et al. 2018

Laugel et al. 2005

Nasr et al. 2023

Majbar et al. 2016

Calatayud et al. 2003

Nauka et al. 2018

Bolia et al. 2015

Kim et al. 2023

Appak et al. 2018

Chlebowczyk et al. 2018

Galai et al. 2019

Stringer et al. 2005

Minen et al. 2012

Pezzilli et al. 2002

Anushree et al. 2022

Zheng et al. 2021

Bhanot et al. 2022

Mirza et al. 2022

Ohta et al. 2023

Anafy et al. 2024

Zhu et al. 2011

Poddar et al. 2016

Guo et al. 2014

Getsuwan et al. 2022

Zhong et al. 2021

Park et  al. 2009

Sweeny et al. 2019

Wang et al. 2022

Deveci et al. 2023

Volkan et al. 2023

Mengdi et al. 2022

Hao et al. 2016

Events

648

331

317

2

4

6

3

3

9

10

9

2

14

18

6

16

19

14

9

12

14

8

11

14

21

30

30

13

10

24

5

8

27

18

19

33

20

55

23

37

27

45

Total

3587

1527

2060

87

43

56

27

21

61

63

50

11

74

94

31

79

87

64

41

51

59

33

45

50

73

96

94

40

29

68

121

140

371

155

130

215

115

275

108

165

106

159

-0.4 -0.2 0 0.2 0.4

Proportion

0.18

0.21

0.15

0.02

0.09

0.11

0.11

0.14

0.15

0.16

0.18

0.18

0.19

0.19

0.19

0.20

0.22

0.22

0.22

0.24

0.24

0.24

0.24

0.28

0.29

0.31

0.32

0.32

0.34

0.35

0.04

0.06

0.07

0.12

0.15

0.15

0.17

0.20

0.21

0.22

0.25

0.28

95%-CI

[0.15; 0.21]

[0.07; 0.40]

[0.17; 0.25]

[0.10; 0.20]

[0.10; 0.39]

[0.04; 0.40]

[0.00; 0.08]

[0.03; 0.22]

[0.04; 0.22]

[0.02; 0.29]

[0.03; 0.36]

[0.07; 0.26]

[0.08; 0.27]

[0.09; 0.31]

[0.02; 0.52]

[0.11; 0.30]

[0.12; 0.29]

[0.07; 0.37]

[0.12; 0.31]

[0.14; 0.32]

[0.13; 0.34]

[0.11; 0.38]

[0.13; 0.37]

[0.14; 0.37]

[0.11; 0.42]

[0.13; 0.40]

[0.16; 0.42]

[0.19; 0.41]

[0.22; 0.42]

[0.23; 0.42]

[0.19; 0.49]

[0.18; 0.54]

[0.24; 0.48]

[0.01; 0.09]

[0.02; 0.11]

[0.05; 0.10]

[0.07; 0.18]

[0.09; 0.22]

[0.11; 0.21]

[0.11; 0.26]

[0.15; 0.25]

[0.14; 0.30]

[0.16; 0.30]

[0.18; 0.35]

[0.21; 0.36]

1 2

τ²

τ²

τ²
τ²

τ²

τ²

χ²₁

χ²₁
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Study

Random effects model

Prediction interval

Heterogeneity: I2 = 74% [64%; 81%], = 0.28, p < 0.001

Test for subgroup differences: = 5.38, df = 2 (p = 0.068)

Asia         

Europe       

North America

Random effects model

Random effects model

Random effects model

Prediction interval

Prediction interval

Prediction interval

Heterogeneity: I2 = 81% [72%; 87%], = 0.33, p < 0.001

Heterogeneity: I2 = 0% [ 0%; 62%], = 0.02, p = 0.461

Heterogeneity: I2 = 61% [ 0%; 85%], = 0.33, p = 0.037

Zhu et al. 2011

Poddar et al. 2016

Guo et al. 2014

Yeung et al. 1996

Hindi et al. 2021

Getsuwan et al. 2022

Zhong et al. 2021

Tiao et al. 2002

Sag et al. 2018

Alabdulkareem et al. 2018

Wang et al. 2022

Deveci et al. 2023

Bolia et al. 2015

Kim et al. 2023

Appak et al. 2018

Volkan et al. 2023

Galai et al. 2019

Mengdi et al. 2022

Hao et al. 2016

Anushree et al. 2022

Zheng et al. 2021

Mirza et al. 2022

Ohta et al. 2023

Anafy et al. 2024

Lopez et al. 2013

Berney et al. 1996

Laugel et al. 2005

Majbar et al. 2016

Calatayud et al. 2003

Chlebowczyk et al. 2018

Stringer et al. 2005

Minen et al. 2012

Pezzilli et al. 2002

Bhanot et al. 2022

Kandula et al. 2008

Park et  al. 2009

Sweeny et al. 2019

Nasr et al. 2023

Nauka et al. 2018

Events

648

456

107

85

5

8

27

4

6

18

19

9

10

9

55

23

19

14

9

37

14

27

45

21

30

13

10

24

3

3

2

18

6

12

8

11

14

30

2

33

20

14

16

Total

3587

2560

457

570

121

140

371

43

56

155

130

61

63

50

275

108

87

64

41

165

59

106

159

73

96

40

29

68

27

21

11

94

31

51

33

45

50

94

87

215

115

74

79

-0.4 -0.2 0 0.2 0.4

Proportion

0.18

0.18

0.23

0.14

0.04

0.06

0.07

0.09

0.11

0.12

0.15

0.15

0.16

0.18

0.20

0.21

0.22

0.22

0.22

0.22

0.24

0.25

0.28

0.29

0.31

0.32

0.34

0.35

0.11

0.14

0.18

0.19

0.19

0.24

0.24

0.24

0.28

0.32

0.02

0.15

0.17

0.19

0.20

95%-CI

[0.15; 0.21]

[0.07; 0.40]

[0.14; 0.23]

[0.18; 0.29]

[0.06; 0.26]

[0.06; 0.43]

[0.17; 0.31]

[0.02; 0.55]

[0.01; 0.09]

[0.02; 0.11]

[0.05; 0.10]

[0.03; 0.22]

[0.04; 0.22]

[0.07; 0.18]

[0.09; 0.22]

[0.07; 0.26]

[0.08; 0.27]

[0.09; 0.31]

[0.15; 0.25]

[0.14; 0.30]

[0.14; 0.32]

[0.13; 0.34]

[0.11; 0.38]

[0.16; 0.30]

[0.14; 0.37]

[0.18; 0.35]

[0.21; 0.36]

[0.19; 0.41]

[0.22; 0.42]

[0.19; 0.49]

[0.18; 0.54]

[0.24; 0.48]

[0.02; 0.29]

[0.03; 0.36]

[0.02; 0.52]

[0.12; 0.29]

[0.07; 0.37]

[0.13; 0.37]

[0.11; 0.42]

[0.13; 0.40]

[0.16; 0.42]

[0.23; 0.42]

[0.00; 0.08]

[0.11; 0.21]

[0.11; 0.26]

[0.11; 0.30]

[0.12; 0.31]

Study

Random effects model

Prediction interval

Heterogeneity: I2 = 74% [64%; 81%], = 0.28, p < 0.001

Test for subgroup differences: = 0.95, df = 1 (p = 0.331)

prospective cohort  

retrospective cohort

Random effects model

Random effects model

Prediction interval

Prediction interval

Heterogeneity: I2 = 23% [ 0%; 88%], = 0, p = 0.273

Heterogeneity: I2 = 76% [67%; 83%], = 0.32, p < 0.001

Sweeny et al. 2019

Nasr et al. 2023

Majbar et al. 2016

Anushree et al. 2022

Kandula et al. 2008

Zhu et al. 2011

Poddar et al. 2016

Guo et al. 2014

Yeung et al. 1996

Hindi et al. 2021

Lopez et al. 2013

Getsuwan et al. 2022

Berney et al. 1996

Zhong et al. 2021

Tiao et al. 2002

Park et  al. 2009

Sag et al. 2018

Alabdulkareem et al. 2018

Laugel et al. 2005

Calatayud et al. 2003

Wang et al. 2022

Nauka et al. 2018

Deveci et al. 2023

Bolia et al. 2015

Kim et al. 2023

Appak et al. 2018

Volkan et al. 2023

Chlebowczyk et al. 2018

Galai et al. 2019

Stringer et al. 2005

Minen et al. 2012

Mengdi et al. 2022

Pezzilli et al. 2002

Hao et al. 2016

Zheng et al. 2021

Bhanot et al. 2022

Mirza et al. 2022

Ohta et al. 2023

Anafy et al. 2024

Events

648

73

575

20

14

18

21

2

5

8

27

4

6

3

18

3

19

9

33

10

9

2

6

55

16

23

19

14

9

37

12

14

8

11

27

14

45

30

30

13

10

24

Total

3587

356

3231

115

74

94

73

87

121

140

371

43

56

27

155

21

130

61

215

63

50

11

31

275

79

108

87

64

41

165

51

59

33

45

106

50

159

96

94

40

29

68

-0.4 -0.2 0 0.2 0.4

Proportion

0.18

0.21

0.18

0.17

0.19

0.19

0.29

0.02

0.04

0.06

0.07

0.09

0.11

0.11

0.12

0.14

0.15

0.15

0.15

0.16

0.18

0.18

0.19

0.20

0.20

0.21

0.22

0.22

0.22

0.22

0.24

0.24

0.24

0.24

0.25

0.28

0.28

0.31

0.32

0.32

0.34

0.35

95%-CI

[0.15; 0.21]

[0.07; 0.40]

[0.15; 0.28]

[0.15; 0.21]

[0.13; 0.31]

[0.06; 0.41]

[0.11; 0.26]

[0.11; 0.30]

[0.12; 0.29]

[0.19; 0.41]

[0.00; 0.08]

[0.01; 0.09]

[0.02; 0.11]

[0.05; 0.10]

[0.03; 0.22]

[0.04; 0.22]

[0.02; 0.29]

[0.07; 0.18]

[0.03; 0.36]

[0.09; 0.22]

[0.07; 0.26]

[0.11; 0.21]

[0.08; 0.27]

[0.09; 0.31]

[0.02; 0.52]

[0.07; 0.37]

[0.15; 0.25]

[0.12; 0.31]

[0.14; 0.30]

[0.14; 0.32]

[0.13; 0.34]

[0.11; 0.38]

[0.16; 0.30]

[0.13; 0.37]

[0.14; 0.37]

[0.11; 0.42]

[0.13; 0.40]

[0.18; 0.35]

[0.16; 0.42]

[0.21; 0.36]

[0.22; 0.42]

[0.23; 0.42]

[0.19; 0.49]

[0.18; 0.54]

[0.24; 0.48]

Study

Random effects model

Prediction interval

Heterogeneity: I2 = 74% [64%; 81%], = 0.28, p < 0.001

Test for subgroup differences: = 3.63, df = 1 (p = 0.057)

Multicentric

Unicentric  

Random effects model

Random effects model

Prediction interval

Prediction interval

Heterogeneity: I2 = 46% [ 0%; 82%], = 0.02, p = 0.135

Heterogeneity: I2 = 75% [65%; 82%], = 0.31, p < 0.001

Alabdulkareem et al. 2018

Majbar et al. 2016

Volkan et al. 2023

Bhanot et al. 2022

Kandula et al. 2008

Zhu et al. 2011

Poddar et al. 2016

Guo et al. 2014

Yeung et al. 1996

Hindi et al. 2021

Lopez et al. 2013

Getsuwan et al. 2022

Berney et al. 1996

Zhong et al. 2021

Tiao et al. 2002

Park et  al. 2009

Sag et al. 2018

Sweeny et al. 2019

Laugel et al. 2005

Nasr et al. 2023

Calatayud et al. 2003

Wang et al. 2022

Nauka et al. 2018

Deveci et al. 2023

Bolia et al. 2015

Kim et al. 2023

Appak et al. 2018

Chlebowczyk et al. 2018

Galai et al. 2019

Stringer et al. 2005

Minen et al. 2012

Mengdi et al. 2022

Pezzilli et al. 2002

Hao et al. 2016

Anushree et al. 2022

Zheng et al. 2021

Mirza et al. 2022

Ohta et al. 2023

Anafy et al. 2024

Events

648

94

554

9

18

37

30

2

5

8

27

4

6

3

18

3

19

9

33

10

20

2

14

6

55

16

23

19

14

9

12

14

8

11

27

14

45

21

30

13

10

24

Total

3587

403

3184

50

94

165

94

87

121

140

371

43

56

27

155

21

130

61

215

63

115

11

74

31

275

79

108

87

64

41

51

59

33

45

106

50

159

73

96

40

29

68

-0.4 -0.2 0 0.2 0.4

Proportion

0.18

0.23

0.18

0.18

0.19

0.22

0.32

0.02

0.04

0.06

0.07

0.09

0.11

0.11

0.12

0.14

0.15

0.15

0.15

0.16

0.17

0.18

0.19

0.19

0.20

0.20

0.21

0.22

0.22

0.22

0.24

0.24

0.24

0.24

0.25

0.28

0.28

0.29

0.31

0.32

0.34

0.35

95%-CI

[0.15; 0.21]

[0.07; 0.40]

[0.16; 0.32]

[0.15; 0.21]

[0.11; 0.41]

[0.06; 0.41]

[0.09; 0.31]

[0.12; 0.29]

[0.16; 0.30]

[0.23; 0.42]

[0.00; 0.08]

[0.01; 0.09]

[0.02; 0.11]

[0.05; 0.10]

[0.03; 0.22]

[0.04; 0.22]

[0.02; 0.29]

[0.07; 0.18]

[0.03; 0.36]

[0.09; 0.22]

[0.07; 0.26]

[0.11; 0.21]

[0.08; 0.27]

[0.11; 0.26]

[0.02; 0.52]

[0.11; 0.30]

[0.07; 0.37]

[0.15; 0.25]

[0.12; 0.31]

[0.14; 0.30]

[0.14; 0.32]

[0.13; 0.34]

[0.11; 0.38]

[0.13; 0.37]

[0.14; 0.37]

[0.11; 0.42]

[0.13; 0.40]

[0.18; 0.35]

[0.16; 0.42]

[0.21; 0.36]

[0.19; 0.41]

[0.22; 0.42]

[0.19; 0.49]

[0.18; 0.54]

[0.24; 0.48]

Study

Random effects model

Prediction interval

Heterogeneity: I2 = 75% [66%; 82%], = 0.31, p < 0.001

Test for subgroup differences: = 0.15, df = 1 (p = 0.699)

<50%

>50%

Random effects model

Random effects model

Prediction interval

Prediction interval

Heterogeneity: I2 = 88% [80%; 93%], = 0.34, p < 0.001

Heterogeneity: I2 = 67% [51%; 78%], = 0.30, p < 0.001

Guo et al. 2014

Berney et al. 1996

Park et  al. 2009

Sag et al. 2018

Appak et al. 2018

Volkan et al. 2023

Zheng et al. 2021

Ohta et al. 2023

Kandula et al. 2008

Zhu et al. 2011

Poddar et al. 2016

Yeung et al. 1996

Hindi et al. 2021

Lopez et al. 2013

Zhong et al. 2021

Tiao et al. 2002

Sweeny et al. 2019

Alabdulkareem et al. 2018

Laugel et al. 2005

Nasr et al. 2023

Majbar et al. 2016

Calatayud et al. 2003

Wang et al. 2022

Nauka et al. 2018

Deveci et al. 2023

Bolia et al. 2015

Kim et al. 2023

Chlebowczyk et al. 2018

Galai et al. 2019

Stringer et al. 2005

Mengdi et al. 2022

Pezzilli et al. 2002

Anushree et al. 2022

Bhanot et al. 2022

Mirza et al. 2022

Anafy et al. 2024

Events

588

173

415

27

3

33

10

9

51

30

10

2

5

8

4

6

3

19

9

20

9

2

14

18

6

55

16

23

19

14

12

14

8

27

14

21

30

13

24

Total

3228

1001

2227

371

21

215

63

41

165

96

29

87

121

140

43

56

27

130
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Figure 15. Forest plots showing the pooled proportion of pediatric patients developing 

recurrent acute pancreatitis (RAP) after an initial acute pancreatitis (AP) episode, 

stratified by study characteristics. (1) Study design and RAP. (2) Geographic region and 

RAP. (3) Number of centers and RAP. (4) Proportion of males. 
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9. DISCUSSION 

9.1. Summary of findings, international comparisons (including all studies) 

In this thesis, we conducted two complementary systematic reviews and meta-analyses to 

characterize the progression of AP to RAP and CP in adults and children, and to identify 

the major risk factors contributing to this transition. Our first study is the first meta-

analysis to evaluate IRs of RAP and CP after AP, thereby addressing the time dependency 

of progression. By using IRs, we overcame differences in follow-up durations and 

obtained a more accurate representation of the transition from AP to RAP and CP. For 

completeness, proportions were also analyzed without time correction. Our second is the 

first meta-analysis focused specifically on pediatric AP progression, providing 

complementary evidence for patterns observed in adults. 

Across age groups, recurrence occurs frequently, and chronicity becomes substantially 

more likely once recurrence has developed, supporting the concept that repeated 

inflammatory episodes contribute to ongoing injury and fibrosis and can promote 

irreversible disease transition (99). Both in our analysis, CP occurs substantially more 

often after RAP than after a first AP episode, supporting the clinical view that RAP is a 

major inflection point in the disease course (99). 

A clear etiologic pattern emerges in both populations. Etiologies linked to persistent 

metabolic or exposure related risk (such as hypertriglyceridemia in both populations or 

alcohol-related disease in adults) are consistently associated with higher recurrence and, 

in adults, with a higher burden of CP (48, 100, 101). In contrast, etiologies that typically 

reflect a single, self-limited insult show lower recurrence in children, including trauma-, 

drug-, and virus-induced AP, reinforcing the idea that ongoing or recurrent drivers, rather 

than the index event alone, shape long-term risk. Medication-related (not drug-induced) 

AP is also linked to a lower risk of CP. 

Idiopathic AP remains a clinically important high-risk category in both adults and 

children. A substantial part of this risk likely reflects missed or under-recognized 

etiologies. Endoscopic ultrasonography can uncover diagnostic information in a large 

proportion of idiopathic cases, frequently identifying biliary tract disease (102). 

Accordingly, deeper etiologic investigation in “idiopathic” presentations can enable 
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targeted treatment and reduce preventable recurrence and downstream progression (51, 

102). In pediatric cohorts, comprehensive evaluation in apparently idiopathic cases 

remains essential, including genetics and advanced imaging, and endoscopic ultrasound 

can meaningfully contribute to etiologic clarification (103, 104). 

Biliary AP generally shows a more favorable long-term course when definitive treatment 

is performed. In adults, lower recurrence in biliary disease aligns with the effect of 

cholecystectomy and/or endoscopic management after the first episode. In children, 

biliary recurrence remains possible but appears mitigated by definitive therapy, while 

retained stones, microlithiasis, or sphincter dysfunction may explain residual risk (105). 

In our first study in the adult population, among patients with biliary AP, the absence of 

cholecystectomy was associated with higher recurrence, highlighting the role of definitive 

management in long-term prevention. 

Adults and children differ in the dominant architecture of risk. In adults, recurrence and 

progression are strongly shaped by modifiable exposures; alcohol use and smoking are 

consistently linked to higher recurrence, in line with evidence that many patients continue 

drinking despite medical advice (48, 101). In children, major adult exposures are rarely 

relevant, and progression is more strongly influenced by predisposition, particularly 

genetic and anatomical factors. PRSS1 and structural abnormalities (including pancreas 

divisum) are key drivers of RAP and CP (61, 106-108). Several demographic factors 

(including sex and race) and commonly used clinical laboratory markers have limited 

utility as stand-alone predictors of long-term progression in pediatric pancreatitis. 

Clinical complications, such as pseudocysts or necrotizing pancreatitis, are not reliable 

predictors of progression in our results, challenging the assumption that acute-phase 

complication severity consistently predicts long-term outcomes. 

Strong associations between CP and exocrine pancreatic insufficiency (EPI) and between 

CP and several endoscopic interventions (including biliary sphincterotomy, biliary 

stenting, and pancreatic duct stenting) most likely reflect disease stage rather than 

causality. EPI occurs late after extensive acinar loss (109), and procedures are often 

performed in more complicated disease, while temporality is not consistently documented 

(110). Timely endoscopic intervention in select anatomical conditions (such as 
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symptomatic pancreas divisum) may influence trajectory, although randomized evidence 

remains limited (108). 

Severity of the initial AP episode shows a nuanced association with recurrence in both 

adults and children. In adults, moderately severe AP tends to have the highest observed 

recurrence, likely reflecting early mortality and more rapid progression to CP in severe 

cases. Prior studies report conflicting results, with some suggesting no consistent effect 

of severity (6), while others link severe AP to increased recurrence and faster CP 

progression (37). In children, severe AP generally shows a higher recurrence tendency 

than mild disease, but estimates remain imprecise due to limited data. Overall, these 

findings are compatible with necrosis-driven fibrogenesis (111), suggesting that severe 

inflammatory injury may accelerate pancreatic fibrosis across age groups. 

Follow-up duration was explicitly considered in both studies to ensure an appropriate 

interpretation of disease progression over time. In the first study, pancreatitis progression 

was approached as a time-dependent process, and person-time–based measures were 

therefore applied to account for variability in follow-up across studies. In the second 

study, we explored the potential impact of follow-up length using several complementary 

approaches, including subgroup analyses and meta-regression, and did not identify a 

meaningful association between follow-up duration and AP - RAP progression. This 

pattern is compatible with clinical observations suggesting that, in children at risk, 

recurrence frequently occurs early after the initial episode (11, 12, 59). Taken together, 

these findings support the importance of incorporating follow-up time into analytical 

strategies, while also indicating that the temporal distribution of progression events may 

differ across age groups. 

9.2. Strengths (including all studies) 

These meta-analyses provide a broad and clinically actionable synthesis of progression 

after AP across age groups. A key strength of our first study is that we explicitly used 

incidence rates to capture the time-dependent nature of progression and to reduce bias 

arising from heterogeneous follow-up durations. We complemented this approach with a 

large proportions-based synthesis, which allowed us to confirm the direction of the 

findings and to explore additional clinically relevant subgroups. 
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A major strength of our second study is its comprehensive scope and its specific focus on 

pediatric progression rates and risk factors. We included a large number of studies from 

diverse geographic and clinical settings, prospectively registered the protocol, and 

performed structured risk-of-bias assessments using validated tools (JBI and QUIPS). We 

further conducted extensive subgroup, sensitivity, and heterogeneity analyses, which 

enabled us to identify the most influential sources of variation, particularly diagnostic 

framework and small-study effects. 

9.3. Limitations (including all studies) 

Several limitations apply across both studies and should be interpreted in the context of 

our analytical choices. The available literature is dominated by retrospective, frequently 

single-center cohorts, and we observed substantial heterogeneity across outcomes. Our 

progression estimates are influenced by differences in cohort composition, exposure 

patterns, treatment pathways, follow-up strategies, and diagnostic definitions, particularly 

for CP. In adults, we were often constrained to calculate person-time using study-level 

follow-up summaries rather than individual patient data, which limits the precision of our 

time-dependent inferences. We were also unable to examine the number of RAP episodes 

or potential dose–response relationships with CP in detail, as episode counts were 

inconsistently reported. 

In children, we relied predominantly on unadjusted risk-factor data, which limits causal 

interpretation of observed associations. We identified diagnostic heterogeneity as a key 

contributor to variability in AP - RAP estimates and addressed this through sensitivity 

and subgroup analyses; however, residual heterogeneity remained. For several clinically 

important subgroups, including severe AP and rare etiologies, the available evidence was 

sparse, resulting in wide uncertainty around pooled estimates. Finally, we could assess 

publication bias only for outcomes supported by a sufficient number of studies; in 

pediatric analyses this was largely restricted to the AP - RAP pathway. Although formal 

tests did not indicate major publication bias, statistical power was limited for other 

progression pathways.  
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10. CONCLUSIONS 

Progression from AP to RAP and CP represents a substantial long-term burden in both 

adults and children. Recurrence is common, and the transition to CP becomes 

considerably more likely once RAP develops, supporting the clinical view that preventing 

recurrence is central to preventing chronic disease. Etiology is a key determinant of risk 

across age groups, with higher recurrence in settings characterized by persistent drivers 

(metabolic or exposure-related factors) and lower recurrence when the insult is typically 

singular and self-limited. Adults and children differ in the dominant mechanisms shaping 

progression: in adults, modifiable exposures and treatment patterns strongly influence 

recurrence and chronicity, while in children, genetic and anatomical predispositions are 

central drivers and should shape diagnostic and follow-up strategies.  
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11. IMPLICATIONS FOR PRACTICE 

These findings support structured risk stratification after a first AP episode in both adults 

and children, with intensity tailored to etiology, clinical features, and known 

predispositions. In adults, practice should prioritize prevention through modification of 

key exposures (especially alcohol use and smoking) and by ensuring definitive 

management of treatable etiologies, particularly in biliary disease. “Idiopathic” AP should 

trigger more thorough etiologic work-up to identify hidden causes and enable targeted 

therapy. Consistent patient education and evidence-based follow-up are essential to 

reduce recurrence and downstream chronicity. In children, close follow-up is warranted 

because recurrence often occurs early, and etiologic evaluation should be paired with 

early assessment for genetic and anatomical factors in unexplained or recurrent cases. 

Associations involving EPI and procedures should be interpreted primarily as indicators 

of advanced disease and care pathways rather than isolated causal predictors.  
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12. IMPLICATIONS FOR RESEARCH 

12.1. Methodology and study design 

Future studies should improve follow-up design and reporting. Individual follow-up times 

and event timing should be reported (not only averages), enabling robust time-to-event 

analyses and clearer evaluation of time-dependence. Studies should also standardize 

diagnostic definitions for AP, RAP, and especially CP to reduce heterogeneity and 

improve comparability across cohorts. In adults, future cohorts should report the number 

of RAP episodes and evaluate dose–response relationships between recurrence burden 

and CP. In children, multicenter prospective cohorts with adjusted analyses are needed to 

strengthen causal inference for risk factors, and randomized trials are needed to test 

whether early targeted interventions in high-risk groups, particularly those defined by 

anatomical abnormalities, can modify disease trajectory. 

12.2. New Areas 

Key future directions include improving real-world effectiveness of existing preventive 

strategies (behavioral and psychological interventions for exposure-related risks), 

developing better metabolic-risk control approaches in hypertriglyceridemia-associated 

disease, and refining diagnostic pathways for idiopathic AP using advanced imaging and 

genetics. In pediatrics, integrated prediction models combining genetics, anatomy, and 

clinical factors represent an important opportunity for personalized surveillance and early 

intervention. Larger genetic epidemiology studies are also needed to clarify the role of 

variants that remain uncertain in current evidence, and to understand how genetic risk 

interacts with anatomical and environmental factors over time.  
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13. IMPLICATIONS FOR POLICY MAKERS 

Our findings highlight the need for policy frameworks that support early risk stratification 

and prevention across the pancreatitis disease continuum. Health policies should 

prioritize timely access to definitive etiologic management, such as cholecystectomy after 

biliary AP, and structured programs for alcohol and smoking cessation in adult patients. 

In pediatric care, policies should facilitate access to specialized centers capable of genetic 

testing, advanced imaging, and multidisciplinary evaluation. Harmonization of diagnostic 

criteria and standardized reporting requirements across healthcare systems would 

improve surveillance, benchmarking, and resource allocation. Supporting longitudinal 

registries and reimbursement models that enable long-term follow-up is essential to 

reduce progression to chronic, high-burden disease states.  
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14. FUTURE PERSPECTIVES 

Future research should move toward prospective, multicenter studies with standardized 

diagnostic frameworks and detailed longitudinal follow-up to better characterize time-

dependent progression from AP to RAP and CP. Integration of genetic, structural, 

clinical, and lifestyle data may enable the development of age-specific prediction models 

to identify high-risk patients early. Advances in imaging, biomarkers, and pancreatic 

function testing could improve detection of subclinical disease and early fibrosis. 

Ultimately, translating epidemiologic insights into targeted preventive and therapeutic 

strategies has the potential to shift care from reactive management toward true disease 

modification across the lifespan.  
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