
Original articleCEP Clin Exp Pediatr Vol. 69, No. 2, 117–129, 2026
https://doi.org/10.3345/cep.2025.01879

Progression from acute to chronic pancreatitis in children: 
a systematic review and meta-analysis	  
Endre Botond Gagyi, MD1,2,3, Mahmoud Obeidat, MD, MSc, PhD1, Edina Tari, MD1,4, Szilárd Váncsa, MD, MSc, PhD1,5, Dániel 
Sándor Veres, MD, PhD1,6, Peter Banovcin, MD, PhD1,7, Péter Jen  Hegyi, MD, PhD1,5, Péter Hegyi, MD, PhD, DSc, MAE1,5,8,9, 
Bálint Er ss, MD, PhD, FRCP1,5,6

1Centre for Translational Medicine, Semmelweis University, Budapest, Hungary; 2Selye János Doctoral College for Advanced Studies, Semmelweis University, 
Budapest, Hungary; 3Department of Medical Imaging, Bajcsy-Zsilinszky Hospital and Clinic, Budapest, Hungary; 4First Department of Internal Medicine, St. 
George University Teaching Hospital of County Fejér, Székesfehérvár, Hungary; 5Institute of Pancreatic Diseases, Semmelweis University, Budapest, Hungary; 
6Department of Biophysics and Radiation Biology, Semmelweis University, Budapest, Hungary; 7Gastroenterology Clinic, University Hospital in Martin, Jessenius 
Faculty of Medicine in Martin, Comenius University in Bratislava, Martin, Slovak Republic; 8Institute for Translational Medicine, Medical School, University of 
Pécs, Pécs, Hungary; 9Translational Pancreatology Research Group, Interdisciplinary Centre of Excellence for Research Development and Innovation, University 
of Szeged, Szeged, Hungary

Background: Most children recover after an initial acute 
pancreatitis (AP) episode; however, some progress to 
recurrent AP (RAP) or chronic pancreatitis (CP). 
Purpose: We aimed to quantify progression rates and 
identify the risk factors associated with these transitions. 
Methods: PubMed/MEDLINE, Embase, and Cochrane 
databases were searched on December 21, 2024, for pe­
diatric studies reporting progression to RAP or CP 
(PROSPERO number: CRD420251086520). All observa­
tional studies were included, while case reports and case 
series were excluded. To evaluate the differences in RAP 
rates, we conducted subgroup analyses of etiology and 
severity. We also assessed clinical, structural, and genetic 
risk factors for disease progression. A random-effects 
model was used to pool proportions and odds ratios (OR) 
with 95% confidence intervals (CI). Heterogeneity was 
assessed using the I² statistic.
Results: A total of 68 studies met the inclusion criteria. 
After the first AP attack, RAP developed in 18% (95% CI, 
16–22%; I2=76%; k=39 studies) and CP developed in 10% 
(95% CI, 6–16%; I2=67%; k=5 studies) of patients. Among 
children with RAP, 35% (95% CI, 24–49%; I2=78%; k=7 
studies) progressed to CP. The RAP rates varied according 
to etiology and severity: hypertriglyceridemia, 33%; 
idiopathic, 28%; biliary, 19%; traumatic, 16%; drug-induced, 
14%; virus-induced, 3%; severe, 39%; moderate, 24%; and 
mild, 21%. Structural abnormalities were associated with 
a higher risk of RAP (OR, 3.15; 95% CI, 1.51–6.56; I2=0%; k=5 
studies). Pancreas divisum (OR, 2.64; 95% CI, 1.51–4.63; 
I2=17%; k=7 studies) and PRSS1 mutation (OR: 4.56; 95% CI, 
3.06–6.80; I2=0%; k=7 studies) were associated with CP.

Conclusion: Approximately one in five pediatric AP episodes 
recurred, and over one-third of the RAP cases progressed 
to CP. The risk of RAP is influenced by the underlying 
etiology and severity of the initial episode, whereas 
structural and genetic factors are associated with later 
progression. 
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Key message
Approximately 1 in 5 children with acute pancreatitis 
develops recurrent attacks, and over one-third of such 
cases progress to chronic pancreatitis. Progression is 
closely linked to genetic mutations, particularly PRSS1, and 
anatomical abnormalities, whereas demographic and 
routine clinical factors lack predictive value. These results 
support early genetic and anatomical assessments, enabl­
ing targeted follow-ups and timely interventions in high-
risk pediatric patients.

Introduction

Once considered rare, acute pancreatitis (AP) in children 
is now recognized with increasing frequency, with inci­
dence rates approaching those seen in adults.1,2) The inci­
dence of childhood AP is in the range of 3–13 cases per 
100,000 persons per year; on the other hand, the incidence 
of pediatric chronic pancreatitis (CP) is approximately 2 
cases per 100,000 persons per year.3) While most pediatric 
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AP cases resolve without sequelae, a significant subset of 
patients experience progression to recurrent AP (RAP) 
and, subsequently, CP.2) The natural history, risk factors, 
and outcomes of this progression remain incompletely 
understood, especially in the pediatric population, where 
etiologies and disease trajectories differ from those in 
adults.4,5)

Major risk factors for pancreatitis progression in adults 
such as alcohol use and smoking are rarely implicated in 
children.6) Instead, pediatric AP and its recurrence are 
often associated with genetic predispositions (such as 
pathogenic variants in PRSS1, CFTR, or SPINK1) and struc­
tural or metabolic factors (e.g., pancreas divisum, biliary 
anomalies, hypertriglyceridemia).6) Given that the causes 
of pancreatitis in children diverge substantially from those 
in adults, applying adult data to pediatric cases may not 
be appropriate.6) This underscores the need for pediatric-
specific research on disease course and risk factors.

RAP and CP in children are associated with substantial 
morbidity, including chronic pain,7) exocrine and endo­
crine insufficiency, and impaired quality of life.8) Identify­
ing children at risk for progression, understanding the 
timing and mechanisms of disease evolution, and re­
cognizing modifiable and nonmodifiable risk factors are 
critical for optimizing management and improving long-
term outcomes.2,5,9) This meta-analysis aimed to synthe­
size current evidence on the rate of progression from acute 
to recurrent and CP in children, and to identify key risk 
factors associated with this progression.

Methods

We conducted our systematic review and meta-analysis 
in accordance with the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-analyses) 2020 
guidelines (Supplementary Table 1).10) The study protocol 
was prospectively registered in the International Prospec­
tive Register of Systematic Reviews (PROSPERO, CRD420 
251086520), and all analyses were carried out in full com­
pliance with the registered protocol.

1. Eligibility criteria
We included studies based on predefined criteria struc­

tured using the CoCoPop11) (Condition, Context, Popula­
tion) and PECO12) (Population, Exposure, Comparator, 
Outcome) frameworks to address both progression rates 
and associated risk factors. Eligible studies included 
pediatric patients (under 18 years) diagnosed with AP, RAP, 
or CP. We included studies (prospective or retrospective 
observational studies, case series) that either reported the 
rate of progression from AP to RAP, AP to CP, or RAP to CP 
over time, or presented comparative data between disease 
groups relevant to potential risk factors for progression 
(e.g., age, sex, etiology, severity). Studies were excluded if 
they focused solely on adult populations, lacked extrac­
table data for either outcome, or were published as case 
reports, reviews, editorials, in vitro and animal studies or 
abstracts.

To ensure methodological consistency, diagnostic defini­
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tions were recorded as reported in the original studies. 
Among the 68 included studies, 76% used the International 
Study Group of Pediatric Pancreatitis: In Search for a Cure 
(INSPPIRE)13) criteria for pediatric pancreatitis, while 
24% employed alternative frameworks, including other 
institutional criteria, ICD (International Classification 
of Diseases)-based definitions, or combinations thereof. 
According to INSPPIRE definitions, AP was diagnosed 
when ≥2 of the following were present: (1) abdominal pain 
compatible with AP; (2) serum amylase and/or lipase ≥3× 
the upper limit of normal; (3) imaging findings consistent 
with AP. RAP was defined as ≥2 distinct episodes with 
complete resolution of pain (≥1-month interval) or enzyme 
normalization between episodes.13) CP was defined as ≥1 of: 
typical pain plus characteristic imaging, exocrine insuffi­
ciency plus imaging findings, or endocrine insufficiency 
plus imaging findings.13) Disease severity was classified 
according to the 2012 Revised Atlanta Classification (mild: 
no organ failure or complications; moderate: transient 
organ failure <48 hours or local complications; severe: per­
sistent organ failure >48 hours).14)

Additionally no minimum follow-up duration was ap­
plied as an exclusion criterion; studies were included 
regardless of follow-up length to ensure comprehensive 
coverage of the available evidence.

2. Information sources and search strategy
We conducted a systematic search of 3 major medical 

databases, PubMed/MEDLINE, the Cochrane Library 
(CENTRAL), and Embase on December 21, 2024. The search 
was limited to studies published from 1992 onward and 
used the following search terms: acute AND (chronic OR 
recurrent) AND pancreatitis. To ensure methodological 
rigor, we followed the Cochrane Handbook guidelines for 
both study selection and data extraction.15) Although the 
INSPPIRE13) criteria are most commonly used in pediatric 
populations, they were established in 2012 and are diagno­
stically based on the original Atlanta Classification intro­
duced in 1992.16) As the core diagnostic framework for 
AP (the 2-out-of-3 rule) was first formalized in the 1992 
Atlanta criteria, we limited our search to studies published 
from January 1, 1992 onward to ensure consistency with 
standardized diagnostic definitions across studies.

3. Study selection and data extraction
All references were managed using EndNote 21 (Clari­

vate Analytics, USA), and duplicates were removed before 
screening. Two independent reviewers (EBG and ET) 
screened studies in 2 stages, first by title and abstract, then 
by full text. Disagreements at either stage were resolved 
through discussion with a third reviewer (MO). Cohen 
Kappa coefficient17) was calculated after each screening 

phase to assess interrater agreement. Data were indepen­
dently extracted by the same 2 reviewers (EBG and ET), 
with discrepancies resolved by the third reviewer (MO). 
Extracted information included first author, year of publi­
cation, geographic location, study period, study design, 
number of centers involved, sample size, age distribution, 
percentage of male participants, follow-up duration, and 
the proportion of patients progressing to RAP and CP, 
including breakdowns by etiology and disease severity. In 
addition, we extracted group-level comparative data (e.g., 
comorbidities, laboratory parameters, clinical features) for 
AP, RAP, and CP subgroups when such comparisons were 
available in at least 3 studies for a given parameter.

Where multiple studies reported data on potentially 
overlapping populations, we included only the study with 
the largest sample size. In cases of missing or unclear data, 
study authors were contacted for clarification.

4. Risk of bias
Two independent authors (EBG and ET) assessed the 

methodological quality of the included studies using the 
Joanna Briggs Institute Prevalence Critical Appraisal Tool 
(JBI)18) and the Quality In Prognostic Studies (QUIPS) tool,19) 
depending on the study type. The JBI tool was applied to 
studies that reported the progression of the disease, such 
as recurrence rates or progression rates to CP. In contrast, 
the QUIPS tool was used for studies that compared diagno­
stic groups (e.g., AP vs. RAP vs. CP) based on various clini­
cal, demographic, or laboratory parameters. A third author 
(MO) resolved any disagreements that arose.

5. Data synthesis
All statistical analyses were performed using R v4.2.1 (R 

Foundation, Austria),20) utilizing the meta21) and dmetar22) 
packages. To account for anticipated between-study vari­
ability, a random-effects model was employed for all 
meta-analyses. Heterogeneity was quantified using the 
I² statistic described by Higgins and Thompson,23) and 
prediction intervals (PI) were reported when appropriate, 
following the recommendations of Inthout et al.24) For 
proportion outcomes, the number of patients experienc­
ing the event and the total sample size were extracted 
from each study, and pooled proportions with 95% 
confidence intervals (CI) were computed. For dichotomous 
comparisons, odds ratios (ORs) with 95% CIs were cal­
culated by extracting event counts and group sizes for 
each comparator group. For continuous outcomes, the 
mean difference was used as the effect size, with the 
corresponding sample size, mean, and standard deviation 
collected from each study.

Forest plots were used to visually summarize the pooled 
results for outcomes reported in at least 3 studies. Funnel 
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plots and Peter tests were used to assess publication bias, 
but only for outcomes with a minimum of 10 studies.25) 
Additionally, leave-one-out sensitivity analyses were con­
ducted to examine the influence of individual studies on 
overall estimates and heterogeneity. A 2-sided P value less 
than 0.05 considered significant.

Results

1. Search and selection
We identified 19,125 records through our systematic 

search. After screening titles, abstracts, and full texts, we 
included 68 studies in both the qualitative and quanti­
tative syntheses. The selection process is shown in Fig. 1.

2. Basic characteristics of included studies
The full review identified 68 studies, 442,5,9,26-65) (Table 

1) focusing on the progression of AP to RAP or CP, and 
24 (Supplementary Table 2) comparing AP, RAP, and CP 
patient goups.

Of the 44 studies focusing on the progression of AP, 
38 were retrospective and 6 were prospective, while 40 
were single-center and 4 were multicenter. These studies 
enrolled patients between 1979 and 2022, were published 
between 1996 and 2024, and provided data on a total of 
4,104 pediatric cases to our quantitative synthesis. Twenty-
four studies were conducted in Asia (55%), primarily in 
China and India, 10 in Europe (23%), 6 in North America 
(14%), and 4 in the Middle East (9%), with none originating 
from South America or Africa. Sample sizes ranged from 

11 to 371 participants; 29 cohorts enrolled fewer than 100 
children, while 15 included 100 or more. Sex distribution 
was available in 41 cohorts, and boys predominated in 30 
of them. Disease severity was reported in 12 cohorts, of 
which severe AP ocurred in approximately 11% of index 
attacks.

3. AP progression rates based on etiology and severity
Using only articles with the INSPPIRE diagnostic criteria, 

RAP developed in 21% of children after initial AP (95% CI, 
17%–24%; 95% prediction interval [PI], 9%–41%; I²=78%, 
τ²=0.22; k=27 studies, N=2,837 patients). When including 
all studies regardless of diagnostic criteria, the overall 
estimate was 18% (95% CI, 16%–22%; 95% PI, 7%–41%; I²=76%, 
τ²=0.30; k=39 studies, N=3,587 patients). Direct progression 
from AP to CP occurred in 10% (95% CI, 6%–16%; 95% PI, 3%–
28%; I²=67%, τ²=0.12; k=5 studies, N=727 patients). Among 
RAP patients, 35% (95% CI, 24%–49%; 95% PI, 12%–69%; 
I²=78%, τ²=0.24; k=7 studies, N=548 patients) developed CP.

Etiology specific progression rates to RAP varied sig­
nificantly (χ2=25.74, degrees of freedom=5, P<0.001 for sub­
group differences), with hypertriglyceridemia-associated 
AP showing the highest rate of recurrence (33%; 95% CI, 
6%–79%; 95% PI, 0%–99%; I²=0%, τ²=0; k=3 studies, N=21 
patients), followed by idiopathic (28%; 95% CI, 18%–39%; 95% 
PI, 9%–61%; I²=68%, τ²=0.28; k=8 studies, N=344 patients) 
and biliary (19%; 95% CI, 11%–32%; 95% PI, 6%–50%; I²=54%, 
τ²=0.23; k=7 studies, N=283 patients) etiologies. Trauma-, 
drug- and virus-induced AP had lower progression rates 
(16%; 95% CI, 6%–36%; 95% PI, 5%–40%; I²=0%, τ²=0; k=5 
studies, N=49 patients), (14%; 95% CI, 5%–34%; 95% PI, 3%–
46%; I²=0%, τ²=0.16; k=6 studies, N=78 patients), and (3%; 
95% CI, 1%–12%; 95% PI, 0%–20%; I²=18%, τ²=0; k=4 studies, 
N=149 patients), respectively) (Fig. 2; Supplementary 
Fig. 1). Disease severity showed a trend toward higher 
recurrence rates, although subgroup differences were not 
statistically significant (χ²=2.60, degrees of freedom [df]=2, 
P=0.272). Severe AP progressed to RAP in 39% (95% CI, 
15%–71%; 95% PI, 2%–95%; I²=76%, τ²=1.35; k=7 studies, N=85 
patients), compared with 24% for moderate cases (95% CI, 
17%–32%; 95% PI, 17%–33%; I²=0%, τ²=0; k=6 studies, N=206 
patients) and 21% for mild cases (95% CI, 13%–31%; 95% PI, 
7%–47%; I²=67%, τ²=0.15; k=6 studies, N=387 patients) (Fig. 2; 
Supplementary Fig. 1).

4. Factors associated with disease progression

1) Patient characteristics and nonmodifiable factors
Anatomical abnormalities showed significant associa­

tions, with general structural anomalies associated with 
RAP (OR, 3.15; 95% CI, 1.51%–6.56; 95% PI, 1.26–7.87; I²=0%, 
τ²=0; k=5 studies, N=575 patients) (Fig. 3; Supplementary Fig. 
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
analyses) flowchart of the article selection process. 
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2) and pancreas divisum to CP (OR, 2.64; 95% CI, 1.51–4.63; 
95% PI, 1.16–6.02; I²=17%, τ²=0.05; k=7 studies, N=977 patients) 
(Fig. 4; Supplementary Fig. 2). Genetic mutations in PRSS1 
were strongly associated with CP development (OR, 4.56; 
95% CI, 3.06–6.80; 95% PI, 2.76–7.54; I²=0%, τ²=0; k=7 studies, 

N=1,068 patients) (Fig. 4; Supplementary Fig. 2). In contrast, 
male sex, race (white or Hispanic), and family history of AP 
demonstrated no significant associations with progression 
to RAP or CP (Figs. 3 and 4; Supplementary Figs. 3 and 4).

Age at study inclusion did not differ significantly bet­

Table 1. Characteristics of included studies focusing on the progression of acute pancreatitis

Study Country Study 
design Centers Study 

period

Follow-up time 
(mo) (mean or 

median)

Total cases 
(follow-up) AP RAP AP to 

CP
Males, 
n (%) Age (yr)

Severe
patients, 

n (%)

Alabdulkareem et al. 
  201826)

Saudi 
Arabia

Retrospective Multicentric 1994–2015 NR 50 41 9 NR 26 (52.0) 11.6 NR

Anafy et al. 202427) Israel Retrospective Unicentric 2005–2019 NR 68 44 24 NR 37 (54.0) 15.3 (12–16.8)a) NR
Anushree et al. 202228) India Prospective Unicentric 2019–2021 NR 73 52 21 NR 43 (59.0) 8.4±3.2c) 4 (5.5)
Appak et al. 201829) Turkey Retrospective Unicentric 2014–2016 NR 41 32 9 NR 15 (36.6) 9.3±5.3c) NR
Badru et al. 201730) USA Retrospective Unicentric 2007–2015 NR 48 39 9 NR 11 (22.9) 14.4 (1.7–17.8)b) NR

Berney et al. 199631) Switzerland Retrospective Unicentric 1979–1993 NR 21 18 3 NR 9 (42.9) 10.8±3.5c) 5 (24.0)
Bhanot et al. 202232) UK Retrospective Multicentric 2013–2014 12.0 94 60 30 NR 48 (51.0) 11.2 (7.1–14.4)a) NR
Bolia et al. 201533) India Retrospective Unicentric 2001–2011 NR 87 68 19 NR 61 (70.1) 12 (1–18)b) NR
Alvarez Calatayud et al. 

200334)
Spain Retrospective Unicentric NR NR 31 25 6 NR 17 (55.0) 7.9 (2.1–5)d) NR

Grzybowska-Chlebowczyk 
et al.  201835)

Poland Retrospective Unicentric 2004–2013 NR 51 39 12 NR 24 (47.0) 12.1 (1.7–18.0)d) NR

Deveci et al. 202336) Turkey Retrospective Unicentric 2010–2021 NR 108 85 23 8 54 (50.0) 10.0±4.8c) NR
Galai et al. 201937) Israel Retrospective Unicentric 1995–2016 6 59 55 14 NR 34 (57.6) 11.3 (5.9–15.4)a) NR
Geetha et al. 201238) India Prospective Unicentric 2003–2010 NR 73 8 28 37 NR NR NR
Getsuwan et al. 202239) Thailand Retrospective Unicentric 2000–2021 NR 155 134 18 14 NR NR NR
Guo et al. 201440) China Retrospective Unicentric 2002–2012 NR 371 344 27 NR 178 (48) NR NR
Hao et al. 201641) China Retrospective Unicentric 2003–2015 55 (3–132)b) 159 114 45 9 NR NR NR
Al Hindi et al. 202142) Bahrein Retrospective Unicentric 2006–2017 39 (4–59)d) 56 50 6 NR 33 (58.9) Median, 8 NR
Kandula et al. 200843) USA Retrospective Unicentric 1995–2004 NR 87 85 2 NR 45 (51.7) 1.7±0.7c) 3 (3.4)
Kim et al. 202344) Korea Retrospective Unicentric 2017–2022 NR 64 50 14 NR 38 (59.4) 11.9±4.8c) NR
Laugel et al. 200545) France Retrospective Unicentric 1996–NR NR 11 9 2 NR 7 (63.6) 10.1±3.6c) NR
López et al. 201346) Spain Retrospective Unicentric 1988–2008 NR 27 24 3 NR 18 (66.0) 7.2 (6 mo–16 yr)d) NR

Majbar et al. 201647) UK Prospective Multicentric 2013–2014 NR 94 76 18 NR 48 (51.1) 11.2±3.4c) NR
Mengdi et al. 202248) China Retrospective Unicentric 2017–2021 33 (5–55)d) 106 79 27 NR 57 (53.8) Median, 7 yr NR
Minen et al. 201249) Italy Retrospective Unicentric 2007–2012 NR 45 34 11 NR NR NR NR
Mirza et al. 202250) India Retrospective Unicentric 2017–2019 NR 40 27 13 NR 25 (62.5) 9.3 (1–17)d) 3 (7.5)
Nasr et al. 202351) USA Prospective Unicentric 2013–2019 12 74 60 14 NR 40 (54.0) NR 6 (8.1)
Nauka et al. 201852) USA Retrospective Unicentric 2011–2016 NR 79 63 16 NR 46 (58.2) 14 (9.5–16)d) 17 (21.5)
Ohta et al. 202353) Japan Retrospective Unicentric 2005–2022 46.5 29 19 10 NR 14 (48.3) NR  9 (31.0)
Park et al. 200954) USA Retrospective Unicentric 1994–2007 NR 215 182 33 NR 86 (40) 13.1±5.6c) NR
Pezzilli et al. 200255) Italy Retrospective Unicentric 1998–1999 NR 50 36 14 NR 25 (50.0) 10.5±3.8c) NR
�Poddar et al. 201656) India Retrospective Unicentric 2003–2014 21.1±20.9c) 140 132 8 24 98 (70.0) NR NR
Poddar et al. 201757) India Retrospective Unicentric 2003–2015 25.5 (8.3–48)b) 88 NR 51 37 51 (54.8) 13 (10–14.5)a) NR
Sağ et al. 20184) Turkey Retrospective Unicentric 2005–2016 68.1±24.3c) 63 53 10 1 31 (49.0) 9.6±4.8c) 11 (17.4)
Singh et al. 201758) India Prospective Unicentric 2015–2016 NR 32 NR 22 10 22 (68.8) 14 (8–18)d) 2 (6.0)
Stringer et al. 200559) UK Retrospective Unicentric 1994–2004 NR 33 25 8 NR 19 (57.6) 12.8±3.0c) NR
Sweeny et al. 20185) Usa Prospective Unicentric 2013–2016 21 (10.2–32.7)a) 115 95 20 NR 60 (52.0) 13.5 (9.3–15.9)a) 14 (12.3)
Tiao et al. 200260) China Retrospective Unicentric 1986–2000 NR 61 52 9 NR 39 (63.9) 8.8±4.8c) NR
Volkan et al. 20232) Turkey Retrospective Multicentric 2010–2017 31.2±21.6c) 165 107 51 21 74 (44.9) 9.6±4.5c) NR
Wang et al. 202261) China Retrospective Unicentric 2011–2020 NR 275 220 55 NR 140 (50.9) 12 (8–16)a) 28 (10.2)
Yeung et al. 199662) China Retrospective Unicentric 1983–1992 NR 43 39 4 NR 23 (53.5) 9 (2–18)b) NR
Zeng et al. 20229) China Retrospective Unicentric 2014–2021 NR 276 NR 140 136 129 (46.7) NR NR
Zheng et al. 202163) China Retrospective Unicentric 2017–2020 17.9 (9.3–25.3)a) 96 66 30 NR 44 (45.8) NR NR
Zhong et al. 202164) China Retrospective Unicentric 2013–2019 34.2±20.8c) 130 111 19 NR 72 (55.4) NR 4 (3.1)
Zhu et al. 201165) China Retrospective Unicentric 2003–2009 NR 121 116 5 NR 67 (55.4) 6.8±3.4c) NR
AP, acute pancreatitis; RAP, recurrent acute pancreatitis; CP, chronic pancreatitis; NR, not reported.
a)Median (interquartile range). b)Median (range). c)Mean±standard deviation. d)Mean (range).
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ween AP and RAP or between CP and RAP. Clinical para­
meters, including length of stay, amylase, lipase, white 
blood cell count, and C-reactive protein (CRP) levels, show­
ed no significant differences between the AP and RAP 
groups (Fig. 5; Supplementary Figs. 3 and 5). Other genetic 
variants (SPINK1, CFTR, and CTRC), broader genetic AP 
categorization, and anatomical features (choledochal 
cysts, annular pancreas, and maljunction) lacked statis­
tical significance (Figs. 3 and 4; Supplementary Fig. 4).

2) Clinical and procedural factors
Medication-related AP was associated with a reduced 

risk of CP (OR, 0.26; 95% CI, 0.07–0.91; 95% PI, 0–14.09; I²=0%, 
τ²=0; k=3 studies, N=827 patients). Exocrine pancreatic 
insufficiency (EPI) exhibited a robust association with CP 
(OR, 22.82; 95% CI, 9.26–56.25; 95% PI, 1.52–341.69; I²=0%, 
τ²=0; k=4 studies, N=152 patients). Interventional proce­
dures significantly associated with CP included biliary 
sphincterotomy (OR, 4.16; 95% CI, 3.24–5.34; 95% PI, 0.32–
54.36; I²=0%, τ²=0; k=3 studies, N=956 patients), biliary 
stenting (OR, 5.79; 95% CI, 4.42–7.60; 95% PI, 0.04–769.49; 
I²=0%, τ²=0; k=3 studies, N=958 patients), and pancreatic 
duct stenting (OR, 12.19; 95% CI, 3.16–46.97; 95% PI, 0.02–
6822.01; I²=56%, τ²=0.15; k=3 studies, N=957 patients) (Fig. 4; 
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Supplementary Fig. 2). Conversely, autoimmune AP and 
metabolic AP showed no significant associations with 
RAP or CP (Figs, 3 and 4; Supplementary Fig. 5). Diabetes 
mellitus was not associated with RAP, but showed a 
nonsignificant trend toward an increased risk of CP (OR, 
3.77; 95% CI, 0.98–14.45; 95% PI, 0.12–120.85; I²=0%, τ²=0; k=4 
studies, N=169 patients) (Figs, 3 and 4; Supplementary Figs. 
2, 4, and 6). The presence of systemic lupus erythematosus 
in AP patients was not associated with an increased risk 
of RAP. Clinical complications, including pseudocysts, 
necrotizing AP, abdominal pain, intensive care unit ad­
mission, gastrointestinal symptoms (vomiting, diarrhea), 
obstructive factors, fever, fluid collections, acute peripan­
creatic fluid collections, and acute necrotic collections, 
were not predictive of disease progression (Figs, 3 and 4; 
Supplementary Figs. 6 and 7).

5. Risk of bias assessment
We assessed study quality using the JBI tool for studies 

reporting the progression of AP and the QUIPS tool for 
comparison studies. Most studies had a moderate risk of 
bias, primarily due to small sample size in studies repor­
ting the progression of AP and uncontrolled confounding 
in comparative studies. These limitations should be taken 
into account when interpreting our results. Detailed risk of 
bias assessments can be found in Supplementary Tables 3 
and 4.

6. Publication bias and heterogeneity
We examined heterogeneity only for the overall recur­

rence rate from AP to RAP, as this was the only outcome 
with sufficient studies (≥10) for meaningful analysis. Se­
veral approaches were employed. First leave-one-out 
analysis was conducted but only marginally reduced the 
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substantial heterogeneity observed (Supplementary Fig. 8). 
Next, to address diagnostic heterogeneity, we performed 
sensitivity analyses stratifying studies by diagnostic 
framework (INSPPIRE vs. non-INSPPIRE) (Supplementary 
Fig. 9). We also compared studies with reported versus 
unreported follow-up duration (Supplementary Fig. 9), 
conducted a subgroup analysis stratified by follow-up 
length (<12 months, 12–36 months, and >36 months; Sup­
plementary Fig. 10), and performed a meta-regression 
restricted to studies with documented follow-up to ex­
amine whether follow-up length was associated with RAP 
progression (Supplementary Fig. 11). Progression rates 
differed significantly by diagnostic framework (P=0.019), 
whereas follow-up reporting status had no significant 
impact (P=0.161), and subgroup analysis (χ²=2.29, df=2, 
P=0.319) with meta-regression confirmed no association 
between follow-up duration and progression rates (P= 
0.976) (Supplementary Figs. 9-11). When examining tech­
nical factors potentially contributing to heterogeneity, 
we found that smaller studies (sample size <100) reported 
significantly higher RAP rates compared to larger studies 
(21% vs 18%, χ²=3.91, df=1, P=0.048). Similarly, shorter study 
periods (<7 years) were associated with higher RAP pro­
portions than longer studies (22% vs 16%, χ²=3.98, df=21, 
P=0.046) (Supplementary Fig. 12). Other factors, including 
study design, geographical region, single- vs multicenter 
setting, and gender distribution, did not significantly influ­
ence heterogeneity (Supplementary Fig. 13).

For publication bias assessment, both visual inspection 
of the funnel plot and Peter test (P>0.305) indicated no 
significant publication bias for the AP→RAP progression 
outcome specifically (Supplementary Fig. 14). Publication 
bias assessment was limited to this outcome due to insuffi­
cient studies (≥10) for other progression pathways.

Discussion

Our meta-analysis provides a comprehensive overview 
of the rate and risk factors for progression from AP to RAP 
and CP in the pediatric population. It is the first meta-
analysis to specifically address this topic in children.

Our findings reveal a substantial risk of recurrence and 
chronicity in pediatric pancreatitis, with approximately 
one-fifth of children experiencing recurrence, one-tenth 
progressing to CP after an initial acute episode, and a 35% 
(CI, 24–49) transition rate from RAP to CP. This recurrence 
rate is comparable to that seen in adult populations, where 
recurrence rates of 20%–21%66,67) have been reported; 
however, the rate of progression to CP is slightly higher 
compared to the 8% (AP→CP) and 24% (RAP→CP) obser­
ved in the adult population.68) Our analysis found no 

significant association between follow-up duration and 
AP→RAP progression across multiple approaches (P=0.161 
for reporting status, P=0.319 for subgroup analysis, P=0.976 
for meta-regression). This suggests that most progression 
occurs within the first 1–2 years after initial presentation, 
consistent with clinical observations that children at risk 
typically experience recurrence early in their disease 
course.4,5,64)

Hypertriglyceridemia-associated pancreatitis showed 
the highest recurrence rate (33%; CI, 6–79), but this should 
be interpreted cautiously due to small number of studies, 
small sample size (k=3 studies, N=21 patients) and wide 
uncertainty (95% PI, 0%–99%). This finding is consistent 
with its known tendency to cause more severe inflamma­
tion through free fatty acid-mediated acinar cell injury 
and sustained metabolic derangement.69) Idiopathic pan­
creatitis demonstrated the second-highest recurrence 
rate (28%; CI, 18–39). This underscores the importance 
of comprehensive evaluation, including genetic testing 
and advanced imaging such as endoscopic ultrasound 
and magnetic resonance cholangiopancreatography, in 
seemingly idiopathic cases.70) A recent study reported 
that positive findings on endoscopic ultrasound were as­
sociated with a reduced incidence of recurrent idiopathic 
AP over a 1-year follow-up period.71) Biliary pancreatitis, 
the third most common cause, was associated with a 19% 
(CI, 11–32) risk of recurrence. This moderate rate likely 
reflects the effectiveness of definitive treatment, such as 
cholecystectomy for gallstones.72) However, recurrence 
remains a possibility, potentially due to retained common 
bile duct stones, microlithiasis, or underlying sphincter 
of Oddi dysfunction, highlighting the need for continued 
vigilance even after the primary biliary cause has been 
addressed.72) In contrast, etiologies representing a singular, 
often self-limited insult to the pancreas, such as trauma 
(16%; CI, 6–36), drug-induced (14%; CI, 5–34), and virus-
induced AP (3%; CI, 1–12), were associated with the lowest 
risks of recurrence, aligning with clinical expectations. 
Similarly, medication-related (not drug-induced) AP was 
associated with a lower risk of CP (OR, 0.26; CI, 0.07–0.91), 
further strengthening that singular, self-limiting insults 
have smaller effects on the progression of AP compared to 
permanent risk factors.

Severe AP was associated with a nearly doubled risk 
of progression to RAP (39%; CI, 15%–71%) compared to 
mild cases (21%; CI, 13%–31%), however the severe AP 
estimate should be interpreted with caution due to the 
small sample size (N=85) and the wide prediction inter­
val (95% PI, 2%–95%). This likely reflects the extent of 
necrosis-driven fibrosis, as severe episodes trigger robust 
inflammatory cascades and the activation of pancreatic 
stellate cells.73) Histopathological studies confirm that 
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severe AP induces collagen deposition and ductal distor­
tion, creating a profibrotic microenvironment.73) These 
findings underscore the importance of aggressive initial 
management to mitigate long-term sequelae.

PRSS1 mutations were strongly associated with CP 
(OR, 4.56; CI, 3.06–6.80), highlighting the role of genetic 
predisposition in CP inflammation. PRSS1 mutations cause 
aberrant trypsinogen activation, leading to sustained 
pancreatic inflammation and fibrosis.74) This finding 
aligns with research from the INSPPIRE consortium and 
the Chinese cohort reported by Zeng et al., which demon­
strated a 3.48-fold increased risk of developing CP in 
children with gene mutations.9,75) This underscores the 
importance of genetic screening, particularly in recurrent 
cases, to identify children who may benefit from genetic 
counseling and potentially preventive strategies such as 
lifestyle modifications and closer clinical surveillance. 
Interestingly, mutations in SPINK1, CFTR, and CTRC, 
which have been previously implicated in pancreatitis 
susceptibility, did not reach statistical significance in our 
analysis. This nonsignificance may reflect limited sample 
sizes or heterogeneous genetic backgrounds across studies 
and warrants further large-scale genetic epidemiological 
studies in pediatric populations.

Our analysis also showed that anatomical anomalies 
substantially influence the risk of progression. Structural 
anomalies in general (OR, 3.15; CI, 1.51–6.56) and pancreas 
divisum specifically (OR, 2.64; CI, 1.51–4.63) were associa­
ted with a significantly increased risk of RAP and CP, 
respectively. Pancreas divisum, previously debated as 
a pathogenic factor, is now increasingly recognized in 
pediatric pancreatitis, supporting recommendations for 
routine evaluation of anatomical abnormalities in child­
ren presenting with pancreatitis.76)

The nonsignificant findings for demographic factors 
(male sex, race) and common clinical parameters (e.g., 
amylase, lipase, white blood cell count, and CRP) suggest 
that these variables might have limited utility as isolated 
predictive markers for progression. Similarly, clinical com­
plications such as pseudocysts or necrotizing pancreatitis 
were not predictive, challenging the clinical assumption 
that early complication severity consistently predicts long-
term outcomes. This may reflect effective acute-phase 
management, preventing long-term sequelae, or indicate 
the need for larger studies to clarify these associations.

Our analysis revealed strong associations between CP 
and both EPI (OR, 22.82; CI, 9.26–56.25) and interventional 
procedures such as biliary sphincterotomy (OR, 4.16; CI, 
3.24–5.34), biliary stenting (OR, 5.79; CI, 4.42–7.60), and 
pancreatic duct stenting (OR, 12.19; CI, 3.16–46.97). These 
associations reflect advanced disease rather than causal 
relationships. EPI occurs only after extensive (>90%) loss 

of pancreatic acinar tissue, making it a late consequence 
of CP rather than a predictive risk factor.77) Similarly, 
endoscopic interventions are typically performed in 
patients with more severe or complicated pancreatitis, 
representing therapeutic responses to advanced disease 
rather than risk factors for progression,78) Temporal 
analysis was limited as the studies did not specify whether 
procedures preceded or followed CP diagnosis. Emerging 
evidence suggests that timely endoscopic intervention 
in select cases, such as symptomatic pancreas divisum, 
might modify disease progression, although randomized 
controlled trials are lacking.76)

1. Strengths and limitations
A major strength of this meta-analysis is its compre­

hensive scope. To our knowledge, this is the first study to 
systematically synthesize the rates and risk factors for 
progression from acute to recurrent and CP in the pediatric 
population. The inclusion of 68 studies, spanning diverse 
geographic regions and healthcare settings, enhances the 
generalizability of our findings. We employed a rigorous 
methodology, including a prospectively registered proto­
col, and robust risk of bias assessment using validated 
tools (JBI and QUIPS). The use of subgroup and sensitivity 
analyses enabled us to account for between-study hete­
rogeneity and explore the impact of etiology, severity, 
and study design on progression rates. Despite these 
strengths, several limitations should be considered. First, 
since adjusted estimates were not available, all risk fac­
tor analyses were based on raw data extracted from the 
included studies and therefore represent unadjusted ORs. 
Most included studies were retrospective and single-
center, with a moderate risk of bias, often due to small 
sample sizes or incomplete control for confounding vari­
ables. Heterogeneity among the included studies was 
considerable, driven in part by differences in sample size, 
study period, and diagnostic definitions of AP. However, 
regarding disease progression, variability in diagnostic 
criteria affected only the overall recurrence rate estimates, 
as all studies examining other progression pathways 
(AP→CP, RAP→CP) and subgroup analyses (etiology, se­
verity) were based exclusively on INSPPIRE definitions. 
Although we performed subgroup analyses and leave-
one-out sensitivity analyses, residual heterogeneity re­
mains a limitation. Finally, the observational nature of 
the included studies precludes definitive conclusions on 
causality for most risk factors.

2. Clinical and research implications
The substantial risk of recurrence and progression to 

CP after an initial AP episode in children underscores 
the need for close follow-up and early risk stratification. 
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Moreover, the identified rates and risk factors enable 
patient risk stratification, offering an implication that 
can be applied immediately at the bedside.79,80) Clinicians 
should maintain a high index of suspicion for RAP and 
CP, particularly in children with hypertriglyceridemia, 
idiopathic etiology, or severe initial episodes. The strong 
associations identified between PRSS1 mutations and 
CP, as well as between anatomical abnormalities and 
both RAP and CP, support the routine use of genetic test­
ing and cross-sectional imaging in children with un­
explained or recurrent pancreatitis. Early identification 
of patients at risk may enable targeted interventions, 
genetic counseling, and more personalized surveillance 
strategies. Our study highlights the need for long-term, 
multicenter cohort studies to chart the natural history 
of pediatric pancreatitis. It emphasizes the urgency of 
randomized trials testing early, targeted interventions in 
high-risk children to modify disease progression.

In conclusion, this meta-analysis demonstrates that 
approximately 1 in 5 children with AP will experience 
recurrence, and more than one-third of those with RAP 
will progress to CP. Recurrence is most common after 
hypertriglyceridemic, idiopathic or severe index attacks, 
while progression is further promoted by structural ano­
malies and genetic mutations.

Footnotes

Supplementary materials: Supplementary Tables 1−4 and 
Supplementary Figs. 1−14 are available at https://doi.org/ 
10.3345/cep.2025.01879. 
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