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Background/objectives: Pancreatic calcifications are the most common structural change in chronic pancreatitis (CP). They can be associated with increased morbidity and healthcare costs. The factors associated with calcifying CP phenotype are not fully understood. Therefore, we aimed to investigate risk factors for calcification in patients with CP.

Methods: The study protocol was registered in PROSPERO(CRD42024591837). On September 18, 2024, we systematically searched three databases (PubMed, EMBASE, and CENTRAL) for studies reporting factors associated with calcifications in CP. Pooled odds ratios (OR) with 95% confidence intervals (CI) were calculated using a random-effects model.

Results: The systematic search resulted in 10,893 articles, of which 80 eligible studies were identified, covering a total of 31,017 participants. Among risk factors investigated, alcohol consumption (OR = 2.31, CI: 1.80–2.98) and smoking (OR = 2.22, CI: 1.61–3.06) were associated with a twofold increase in odds of calcification when compared to non-smokers and non-drinkers, respectively. The odds of calcification were also 45% higher in alcoholic versus idiopathic CP (OR = 1.45, CI: 1.00–2.11). In contrast, the presence of cystic fibrosis transmembrane conductance regulator (CFTR) mutations did not increase the risk of calcification in CP (OR = 0.43, CI: 0.11–1.66) when compared to CFTR wild-type patients.

Conclusion: Modifiable risk factors, such as alcohol consumption and smoking, were significantly associated with calcifying CP phenotype. It is essential to incorporate smoking cessation and alcohol consumption reduction programs into the standard of care for CP.
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1 Introduction

Chronic pancreatitis (CP) is a progressive, long-term fibroinflammatory disorder primarily influenced by a complex interplay of environmental and genetic risk factors. Diagnosis relies on the presence of characteristic symptoms and morphological pancreatic alterations, of which calcifications are the most common, affecting approximately 67% of patients. In cases of alcohol-related CP, this rate can be as high as 90% (1, 2). When developed, calcifying CP (CCP) phenotype is often difficult to manage, increasing morbidity and leading to multiple admissions and interventions. The factors associated with increased risk of developing calcification in CP are not fully understood.

Currently, there is no definitive evidence that structural alterations directly precede or are correlated with functional impairment in CP (3). Pancreatic calcifications, particularly those located in the main pancreatic duct, are commonly observed and exacerbate the associated pancreatic exocrine insufficiency (PEI) (4). A significant inverse correlation was observed between the number of parenchymal calcifications and Body Mass Index (BMI) (5).

Although not all patients with pancreatic calcifications require intervention, treatment is indicated in approximately 30–50% of cases, particularly when calcifications lead to main duct obstruction, persistent pain, ductal dilatation, or recurrent pancreatitis (6). Endoscopic approaches, most commonly extracorporeal shock wave lithotripsy (ESWL) followed by stone extraction, are typically the first-line option, especially in patients with a dilated main pancreatic duct and a limited number of stones. Surgical intervention is generally reserved for patients with multiple or large intraductal stones, failure of endoscopic therapy, or associated complications (7).

A recent international consensus guideline has proposed an updated, two-step mechanistic definition of CP that incorporates etiological factors to allow for diagnosis in the fibro-inflammatory stage prior to the appearance of structural changes (8). This approach emphasizes the importance of understanding the relationship between exposure to etiological factors and the pattern of structural changes in CP (8). However, the factors associated with calcification in CP are not well investigated (9). A more detailed understanding of the parameters associated with pancreatic calcification may therefore contribute to understanding the pathophysiology of CP, but also to advancing disease classification (10).

To address this knowledge gap, we conducted a systematic review and meta-analysis to identify and quantify etiological, demographic, and genetic risk factors associated with pancreatic calcification in CP.



2 Methods

We present our systematic review and meta-analysis as per the 2020 PRISMA guidelines (Supplementary Table S1) and following the Cochrane Handbook recommendations (11, 12). The study protocol was previously registered in PROSPERO (CRD42024591837) and was strictly followed (13). This study was implemented as part of the Semmelweis University Translational Medicine Systems Education Program (14).


2.1 Information sources

Our systematic search was conducted on September 18, 2024. We searched MEDLINE (via PubMed), Embase, and the Cochrane Central Register of Controlled Trials (CENTRAL) databases.



2.2 Eligibility criteria

We formulated our clinical questions using the following PFO framework: P—Population (CP, as defined in individual studies), F—Factors (any factors reported in association with calcifications, such as demographics, disease etiology, and mutations), O—Outcome (presence of pancreatic calcification on any imaging). Eligible study designs included randomized controlled trials (RCTs) and observational studies.



2.3 Search and selection strategy

Our search key was: Chronic AND pancrea* AND (calcif* OR stone OR lithiasis). Additionally, a backward and forward citation search of eligible articles was performed on November 10, 2024, to identify further potentially relevant publications (15). No filters or other restrictions were applied during the selection process. The retrieved articles were processed using EndNote 20 and the Rayyan web software (16, 17). Following duplicate removal, two independent reviewers(OE, JN) performed the selection based on predefined eligibility criteria, reviewing titles, abstracts, and full texts. Cohen’s kappa coefficient(κ) was calculated to assess inter-rater reliability after each selection stage. Disagreements were resolved by a third independent reviewer (AR).



2.4 Data collection process

Data were independently collected by two authors(OE, JN), with any disagreements resolved by a third author (AR). A standardized data collection sheet was developed based on input from methodological and clinical experts. We extracted the following information from eligible articles: title, first author, digital object identifier (DOI), year of publication, country of origin, study design, patient demographics, etiology of CP, diagnostic methods for calcification, number of patients with and without calcifying CP phenotype and number of patients experiencing and not experiencing factors reported in association with calcifications. If available, odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for the calcifying CP phenotype in patients experiencing the evaluated risk factors were extracted for inclusion in the pooled analysis.



2.5 Synthesis methods

Both qualitative and quantitative data syntheses were performed. A meta-analysis was conducted when at least three studies were available for the outcome of interest. The thresholds for stratification based on alcohol consumption (80 g/day) and cigarette smoking (20 cigarettes/day) were selected as they represented the most frequently reported units across the included studies, allowing for a consistent and comparative analysis. Additionally, they correspond to clinically recognized levels of heavy alcohol use and smoking (i.e., 80 g/day and 20 cigarettes/day, respectively), which are commonly associated with increased pancreatic injury in the literature and thus serve as relevant cut-offs for stratification (18).

The effect size for dichotomous outcomes was measured using the OR. If the OR for the risk factors associated with calcification was not reported in the eligible studies, it was calculated based on the number of patients exposed to the risk factor analyzed and the total number of patients in each group (with and without calcification, respectively). The pooled OR was calculated using the Mantel–Haenszel method when relevant event rates were available, or the inverse variance weighting method when the OR was directly provided in the publications (19). If both unadjusted and adjusted OR (AOR) were included in the same article, we used the unadjusted OR in the analysis and presented the AOR value on the forest plot for visualization. The difference between the means (MD) is used for the effect size measure for continuous outcomes. To calculate the study MDs and pooled MD, we extracted or estimated sample size, mean, and corresponding standard deviation (SD) from each study (in each group separately). Meta-analyses were performed using random-effects models to account for between-study heterogeneity, with heterogeneity quantified using Higgins and Thompson’s I2 statistic (20). Results were considered statistically significant if the pooled 95% CI did not contain the null value. We summarized the findings of the meta-analysis in forest plots. We reported directly the prediction interval only if the number of studies exceeded seven to allow a meaningful estimation. Small study publication bias was assessed by visual inspection of Funnel-plots. All statistical analyses were calculated with R software (21) using the meta package (22) for basic meta-analysis calculations and plots, and the dmetar package (23) for additional influential analysis calculations and plots.



2.6 Risk of bias assessment

The risk of bias was assessed following the recommendations of the Cochrane Collaboration, using the Quality of Prognostic Studies (QUIPS) tool (24). Two independent reviewers(OE, JN) conducted the assessment, and any disagreements were resolved by an independent third reviewer (AR). Publication bias was evaluated through visual inspection of funnel plots, and modified Egger’s test was performed where appropriate.




3 Results


3.1 Study selection and characteristics

A total of 10,893 articles were identified by our systematic search. We included 80 studies (31,017 patients) in the systematic review, and 66 studies (27,261 patients) in the pooled analyses. The study selection process is illustrated in the PRISMA flowchart (Figure 1). A summary of baseline characteristics of the studies included is presented in the Supplementary Table S2. The studies included were published between 1979 and 2023, with sample sizes ranging from 19 to 2,153 participants. Of the 80 included studies, study designs comprised 36 prospective, 31 retrospective, and 13 cross-sectional or case–control studies. Studies were conducted across diverse geographic regions, reflecting the heterogeneity of the existing literature.

[image: Flowchart illustrating the process of study identification for systematic review and meta-analysis. It shows two main pathways: “databases and registers” and “other methods”. Records were screened, reviewed for eligibility, and included based on specified criteria. Cohen’s Kappa values indicate inter-rater reliability. Outcomes include 80 studies in the systematic review and 66 in the meta-analyses.]

FIGURE 1
 PRISMA flowchart—literature screening process and Cohen’s kappa results.




3.2 Demographic and environmental risk factors for the development of calcification in CP

In terms of population characteristics, the CCP phenotype was associated with male sex (OR = 1.27, CI: 1.05–1.53, I2 = 64% CI: 40–78%), and patients were on average younger at diagnosis compared to those with the non-calcifying phenotype, although this difference was not statistically significant (MD = −2.64, CI:−6.24–0.96, I2 = 93% CI: 88–96%) (Supplementary Figures S1, S2). This age difference was analyzed across eight studies, including five prospective cohort studies, one retrospective cohort study, and two cross-sectional studies. In terms of lifestyle-related factors, alcohol consumption (OR = 2.31, CI: 1.8–2.98, I2 = 72% CI: 58–81%, Figure 2) and smoking (OR = 2.22, CI: 1.61–3.06, I2 = 78% CI: 63–87%, Figure 3) were associated with CCP.

[image: Forest plot displaying the odds ratios for different studies comparing calcification in drinkers versus non-drinkers. The x-axis represents the odds ratio on a logarithmic scale from 0.1 to 10. Each study is listed along with its events, total participants, adjusted odds ratio (AOR), odds ratio (OR), confidence interval (CI), and weight. The overall effect shows an OR of 2.31, indicating calcification is more common in drinkers. A diamond shape at the bottom summarizes the overall odds ratio and confidence interval. Heterogeneity is indicated with an I² of 72%.]

FIGURE 2
 Risk of the calcifying phenotype in chronic pancreatitis in drinkers compared to non-drinkers (AOR, adjusted odds ratio; CI, confidence interval, OR, odds ratio).


[image: Forest plot showing the odds ratios for calcification occurrence in smokers versus non-smokers. Various studies are listed with event counts and totals for each group. Odds ratios range from 0.92 to 7.15, with a pooled odds ratio of 2.22. Confidence intervals and weight percentages are included. Heterogeneity is noted as 78%, with a significant overall effect (p < 0.001). Calcification appears more common in smokers.]

FIGURE 3
 Risk of the calcifying phenotype in chronic pancreatitis in smokers compared to non-smokers (AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio).


We further stratified the analysis based on the average amount of daily alcohol consumption and found no statistically significant difference between the groups at a cut-off of 80 g. The number of cigarettes per day made no significant difference either in terms of calcification risk in CP (cut off of 20 cigarettes/day) (Figure 4). However, these subgroup analyses were based on very few studies, with wide confidence intervals, and therefore, the results should be interpreted with caution.

[image: Panel a shows a forest plot comparing alcohol consumption (>80 g/day vs. <80 g/day) among different studies with odds ratios, confidence intervals, and weights. The random effects model indicates a non-significant overall effect. Panel b displays a similar forest plot for cigarette consumption (>20 cigarettes/day vs. <20 cigarettes/day) with corresponding data. In both panels, calcification is analyzed in CP patients, with odds ratios suggesting a trend but not significant evidence linking higher consumption to increased calcification.]

FIGURE 4
 Evaluation of the dose-dependent effects of alcohol consumption (a) and smoking (b) on calcification in CP. (a) Odds of the calcifying phenotype with less versus more than 80 g of alcohol consumption per day. (b) Odds of the calcifying phenotype with less versus more than 20 cigarettes smoked per day (CI, confidence interval; CP, chronic pancreatitis; OR, odds ratio).




3.3 Etiology-related risk factors for calcification in CP

Among the CP etiologies, we investigated alcohol versus hereditary etiology, and there were no differences between the two groups (OR = 1.17, CI: 0.48–2.88, I2 = 44%, CI:0–78%, Supplementary Figure S3). However, we found a higher odds of calcification among patients with alcoholic compared to idiopathic CP (OR = 1.45, CI: 1.0–2.11, I2 = 83%, CI: 76–88%, Supplementary Figure S4). Data on genetic factors were scarce. We examined the cystic fibrosis transmembrane conductance regulator (CFTR) mutation and found no significant difference between the groups (OR = 0.43, CI: 0.11–1.66, I2 = 2% CI: 0–90%, Supplementary Figure S5).

Association of recurrent AP (RAP) made no difference in terms of odds of calcifications overall (OR = 0.76, CI: 0.52–1.11, I2 = 71% CI: 25–88%, Supplementary Figure S6), or in the subgroup of patients with autoimmune pancreatitis (AIP) (OR = 5.68, CI: 0.59–54.72, I2 = 71% CI: 0–93%, Supplementary Figure S7). Similar results were obtained when comparing early (before 35 years of age) and late onset CP patients (OR = 1.04, CI: 0.51–2.12, I2 = 33% CI: 0–73%, Supplementary Figure S8). We also compared the duration of CP between CCP and NCCP patients; on average, it was 1 year longer in CCP patients (MD = 1.01, CI: −0.22-2.24, I2 = 54% CI: 0–85%, Supplementary Figure S9). This analysis was based on five studies, including one prospective cohort study, two retrospective cohort studies, and two cross-sectional studies. Although follow-up time was not consistently reported across all studies, where available, it ranged from approximately 0 to 20 years.



3.4 Risk of bias assessment

Results of the risk of bias assessment for each outcome are presented in the Supplementary Figures S10–S14I. We found that in 70% of the studies, a moderate/high risk of bias was observed for each evaluated outcome, resulting from insufficient reporting on study attrition, suboptimal definitions of outcome measurements, and a moderate risk of selection bias associated with the study population. The assessment of publication bias was performed for alcohol consumption, smoking, sex, and alcohol vs. idiopathic CP, revealingsome risk of small study effect across these analysis. The corresponding funnel plots are presented in the Supplementary Figures S10–S13. We were unable to assess publication bias for the other outcomes due to the small number of available studies.



3.5 Heterogeneity

Moderate to substantial heterogeneity was observed in several analyses using the Higgins and Thompson I2 statistic, which was likely attributable to the varying definitions of CP used across studies, as well as differences in the diagnostic modalities applied to detect calcification. Prediction intervals, shown in the main figures for analyses including seven or more studies, generally aligned with the pooled estimates but highlighted uncertainty in some analyses.




4 Discussion

Our results highlight smoking and alcohol consumption as significant modifiable factors associated with pancreatic calcifications in CP, and suggest that alcoholic CP is associated with higher odds of calcification compared to CP with idiopathic etiology. Data on the contribution of genetic factors or age at onset were scarce and heterogeneous, preventing us from drawing strong conclusions. There was no significant difference in disease duration between NCCP and CCP.

Calcifications are common in CP, with up to 90% of patients developing calcifications during long-term follow-up, particularly in alcohol-induced cases (10, 25). The pathogenesis of pancreatic calcification is multifactorial. Alterations in pancreatic ductal bicarbonate secretion play a central role in the precipitation of calcium salts within the ductal system (26). Notably, smoking has been shown to impair bicarbonate secretion, which is essential for maintaining ductal alkalinity and inhibiting intraductal mineral deposition (26). Previous studies have highlighted the complex, synergistic effects of alcohol and smoking in promoting inflammatory and fibrotic changes in the pancreas (10, 27). Consistent with these findings, both smoking and alcohol consumption have been implicated as key risk factors associated with chronic calcific pancreatitis (CCP) (25). There is also a well-established strong correlation between smoking and drinking, suggesting that the effect of smoking may be influenced by alcohol consumption (28). An observational study examining structural changes over time reported that calcification tends to occur earlier in individuals with a history of heavy smoking (29). This accelerated calcification process may be explained by chronic tobacco use contributing to the deposition of calcium salts in the pancreatic ducts (30). Furthermore, population-based evidence from a Danish study underscores smoking as the predominant risk factor for CP, with a greater impact than alcohol, emphasize the central role of smoking in both the initiation and progression of pancreatic calcifications (31).

Although alcohol exhibits both direct toxic effects on pancreatic acinar cells and contributes to ischemic injury, experimental animal models have consistently shown that alcohol alone does not induce pancreatitis (32, 33). It is believed to sensitize the pancreas to other injurious factors, leading to tissue damage through repeated inflammatory episodes (32). In alcoholic pancreatitis, calcification tends to appear earlier than in idiopathic pancreatitis, particularly in the early-onset group (34). Consistently, we found a significantly higher odds of pancreatic calcifications in alcoholic CP compared both to idiopathic CP and to non-alcoholic CP. In contrast, population-based data from the USA indicate that although alcoholic CP generally exhibits a more severe clinical phenothype, there was no significant diffenence in the risk of pancreatic calcification between alcoholic and non-alcoholic CP (35). This supports the proposed role of alcohol in disrupting ductal secretion, as previously discussed, which may create a permissive environment for intraductal calcium precipitation (10). Smoking further exacerbates these processes by activating mechanisms that promote fibrosis (36, 37).

Given these synergistic and compounding effects of alcohol and smoking, lifestyle interventions are particularly important. For individuals with CP, particularly those with genetic predispositions, complete alcohol abstinence is likely to be beneficial (38). Moreover, a previous study suggests that smoking cessation reduces the risk of pancreatic calcifications, highlighting the potential for modifiable risk factors to influence disease progression (39). Although our subgroup analyses did not show a statistically significant dose–response relationship between alcohol consumption or cigarette smoking and calcification risk in CP, the lack of observed associations should not be interpreted as evidence of absence, given the limited number of studies and wide confidence intervals. Consistent with a potential dose-dependent effect, a retrospective Korean study by Lee et al. (30) found that continued smoking significantly accelerated the progression of pancreatic calcification in CP, with a clear dose-dependent association between the amount of smoking and calcification progression. In parallel, a large Chinese study investigating light-to-moderate alcohol consumption-related CP reported that even modest alcohol exposure was associated with a higher prevalence of calcification (38). Similarly, a Scandinavian-Baltic cohort study demonstrated a dose-dependent link between smoking and pancreatic calcifications (40). In addition to lifestyle-related factors, demographic characteristics may also play a role in the risk of pancreatic calcification. As the present analysis is based on unadjusted comparisons, the increased risk of calcification in males may be influenced by confounding factors such as higher prevalence of alcohol consumption and smoking. These behaviors, which are more commonly reported among men, may partially account for the observed sex-related differences in calcification rates, and the association should therefore be interpreted with caution (41, 42).

A previous study found that the duration of CP was found to be positively correlated with the presence of calcifications, changes in the main pancreatic duct (MPD), and a reduction in pancreatic size (pancreatic atrophy) (43). Although age at diagnosis of CP also showed some independent associations, these findings were generally less robust. Consequently, the duration of the disease emerges as the primary time-dependent factor influencing the development of structural changes in CP. Therefore, the time of disease duration should be considered when assessing morphological changes (2).

The relationship between pancreatic calcification and pancreatic dysfunction is debated (44). Recent observational data suggest that the presence of pancreatic calcifications does not correlate with severe exocrine pancreatic insufficiency (45). In contrast, another study suggests a clear association between exocrine insufficiency and pancreatic calcification (44). A previous study showed that the incidence of exocrine insufficiency in alcoholic CP patients increased sharply from approximately 23% before the onset of calcifications to over 90% within two years following the onset of pancreatic calcifications (46). However, the association was much weaker in non-alcoholic CP patients, as in 40% of cases, calcifications appeared up to 13 years or more before the development of exocrine insufficiency (46). In addition to exocrine dysfunction, pancreatic calcifications have been linked to endocrine insufficiency, with studies showing a higher prevalence of diabetes in affected patients, possibly due to β-cell dysfunction (47). However, it is unclear whether calcifications directly cause endocrine failure or reflect chronic parenchymal damage, with factors such as islet fibrosis or inflammation potentially playing a role.

Treatment of patients with CP typically focuses on pain relief, diabetes control, and management of steatorrhea (48). As suggested by a previous study, the presence of calcifications predicts a slower resolution of pain (49). Depending on the location and number of stones, management options vary. For a limited number of stones, extracorporeal shock wave lithotripsy (ESWL) followed by ERCP with stone extraction is recommended, particularly for pancreatic head/body stones of at least 5 mm. Endoscopic stone fragmentation and ductal drainage may also be employed. In cases of extensive stone formation, surgical approaches are indicated (50, 51). Proper management of calcifications is essential to improve duct patency, reduce pain, and prevent recurrent episodes, ultimately enhancing long-term disease control (51).


4.1 Strengths and limitations

Among the strengths of our study, we highlight that it is the first meta-analysis on this topic, including a large number of studies and participants, and employing a rigorous methodology. Notably, although AIP is a chronic condition, the five studies focusing on AIP were evaluated separately from those involving typical CP populations to maintain consistency across analyses.

However, we must also acknowledge the limitations of our study. A moderate to high degree of heterogeneity was observed in several analyses, likely attributable to the use of different diagnostic criteria for chronic CP and the application of varied imaging modalities for detecting calcifications across the included studies. The imagine modalities differ in their sensitivity for identifying pancreatic calcifications, which may contribute to methodological heterogeneity and should be considered when interpreting the pooled estimates. Prediction intervals, shown in the main figures for analyses including seven or more studies, were generally consistent with the pooled estimates but highlighted uncertainty in some analyses. Additionally, for some of the outcomes assessed, the risk of bias was rated as moderate to high, and there was a lack of adjusted odds ratios. Furthermore, the disease duration of CP was not reported in most of the included studies, limiting the possibility of accounting for disease progression as a potential confounding factor. Finally, the subgroup analysis assessing alcohol and smoking exposure categories was based on a limited number of studies, therefore, the results should be interpreted cautiously as exploratory and hypothesis-generating rather than confirmatory.



4.2 Implications for practice and research

Given that alcohol consumption and smoking are significantly associated with the risk for calcification in CP, it is crucial to identify these factors in affected patients and incorporate smoking cessation and alcohol reduction programs as part of the standard of care consistent with current international guidelines (48). Our results further underscore this established clinical priority by demonstrating the association between these modifiable behaviors and the calcifying CP phenotype. Recent clinical data indicate that alcohol cessation substantially reduces the risk of pancreatic calcification, whereas cumulative tobacco exposure remains a key determinant of calcification severity (52). Addressing these modifiable behaviors may help prevent or mitigate the progression of calcification and its associated complications, ultimately improving patient outcomes (53, 54).

Further research is needed to better understand the underlying mechanisms the observed associations between alcohol consumption, smoking, and the development of calcification in CP. Moreover, the pathophysiology and dynamics of pancreatic calcifications need further exploration. Future well-designed, prospective studies are required to confirm these associations and to reduce the uncertainty caused by bias and confounding in the current evidence base.




5 Conclusion

Modifiable risk factors as alcohol consumption and smoking were significantly associated with calcifying CP phenotype. It is essential to incorporate smoking cessation and alcohol consumption reduction programs into CP standard of care.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

OE: Conceptualization, Data curation, Project administration, Visualization, Writing – original draft. JN: Conceptualization, Project administration, Writing – review & editing. AR: Conceptualization, Methodology, Writing – review & editing. KF: Conceptualization, Formal analysis, Visualization, Writing – review & editing. TB: Conceptualization, Data curation, Writing – review & editing. RP: Conceptualization, Writing – review & editing. PH: Conceptualization, Supervision, Writing – review & editing. SB: Conceptualization, Supervision, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. Publication of this paper was supported by the University of Medicine and Pharmacy Carol Davila, through the institutional program Publish not Perish.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1703088/full#supplementary-material



References
	 1. Thierens, N, Verdonk, RC, Löhr, JM, van Santvoort, H, Bouwense, SA, and van Hooft, J. Chronic pancreatitis. Lancet. (2025) 404:2605–18. doi: 10.1016/S0140-6736(24)02187-1 
	 2. Engjom, T, Nordaas, IK, Tjora, E, Dimcevski, G, Haldorsen, IS, Olesen, SS , et al. Aetiological risk factors are associated with distinct imaging findings in patients with chronic pancreatitis: a study of 959 cases from the Scandinavian Baltic pancreatic Club (SBPC) imaging database. Pancreatology. (2021) 21:688–97. doi: 10.1016/j.pan.2021.02.023 
	 3. Beyer, G, Habtezion, A, Werner, J, Lerch, MM, and Mayerle, J. Chronic pancreatitis. Lancet. (2020) 396:499–512. doi: 10.1016/S0140-6736(20)31318-0
	 4. Dominguez-Muñoz, JE, Vujasinovic, M, de la Iglesia, D, Cahen, D, Capurso, G, Gubergrits, N , et al. European guidelines for the diagnosis and treatment of pancreatic exocrine insufficiency: UEG, EPC, EDS, ESPEN, ESPGHAN, ESDO, and ESPCG evidence-based recommendations. United European Gastroenterol J. (2025) 13:125–72. doi: 10.1002/ueg2.12674 
	 5. Andersen, PL, Madzak, A, Olesen, SS, Drewes, AM, and Frøkjaer, JB. Quantification of parenchymal calcifications in chronic pancreatitis: relation to atrophy, ductal changes, fibrosis and clinical parameters. Scand J Gastroenterol. (2018) 53:218–24. doi: 10.1080/00365521.2017.1415372 
	 6. Nguyen-Tang, T, and Dumonceau, JM. Endoscopic treatment in chronic pancreatitis, timing, duration and type of intervention. Best Pract Res Clin Gastroenterol. (2010) 24:281–98. doi: 10.1016/j.bpg.2010.03.002 
	 7. Shimizu, K, Ito, T, Irisawa, A, Ohtsuka, T, Ohara, H, Kanno, A , et al. Evidence-based clinical practice guidelines for chronic pancreatitis 2021. J Gastroenterol. (2022) 57:709–24. doi: 10.1007/s00535-022-01911-6 
	 8. Hegyi, P, Párniczky, A, Lerch, MM, Sheel, ARG, Rebours, V, Forsmark, CE , et al. International consensus guidelines for risk factors in chronic pancreatitis. Recommendations from the working group for the international consensus guidelines for chronic pancreatitis in collaboration with the International Association of Pancreatology, the American pancreatic association, the Japan pancreas society, and European pancreatic Club. Pancreatology. (2020) 20:579–85. doi: 10.1016/j.pan.2020.03.014 
	 9. Imoto, M, and DiMagno, EP. Cigarette smoking increases the risk of pancreatic calcification in late-onset but not early-onset idiopathic chronic pancreatitis. Pancreas. (2000) 21:115–9. doi: 10.1097/00006676-200008000-00002
	 10. Olesen, SS, Lisitskaya, MV, Drewes, AM, Novovic, S, Nøjgaard, C, Kalaitzakis, E , et al. Pancreatic calcifications associate with diverse aetiological risk factors in patients with chronic pancreatitis: a multicentre study of 1500 cases. Pancreatology. (2019) 19:922–8. doi: 10.1016/j.pan.2019.08.009 
	 11. Higgins, J. Cochrane handbook for systematic reviews of interventions. Chichester, United Kingdom: Cochrane Collaboration and John Wiley & Sons Ltd (2008).
	 12. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD , et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. PLoS Med. (2021) 18:e1003583. doi: 10.1371/journal.pmed.1003583 
	 13. Booth, A, Clarke, M, Dooley, G, Ghersi, D, Moher, D, Petticrew, M , et al. PROSPERO at one year: an evaluation of its utility. Syst Rev. (2013) 2:4. doi: 10.1186/2046-4053-2-4 
	 14. Hegyi, P, and Varró, A. Systems education can train the next generation of scientists and clinicians. Nat Med. (2024) 30:3399–400. doi: 10.1038/s41591-024-03315-w 
	 15. Haddaway, NR, Grainger, MJ, and Gray, CT. Citationchaser: a tool for transparent and efficient forward and backward citation chasing in systematic searching. Res Synth Methods. (2022) 13:533–45. doi: 10.1002/jrsm.1563 
	 16. Ouzzani, M, Hammady, H, Fedorowicz, Z, and Elmagarmid, A. Rayyan-a web and mobile app for systematic reviews. Syst Rev. (2016) 5:210. doi: 10.1186/s13643-016-0384-4 
	 17. Gotschall, T. Resource review: EndNote 21 desktop version. J Med Libr Assoc. (2023) 111:852–3. doi: 10.5195/jmla.2023.1803 
	 18. Yadav, D, and Lowenfels, AB. The epidemiology of pancreatitis and pancreatic cancer. Gastroenterology. (2013) 144:1252–61. doi: 10.1053/j.gastro.2013.01.068 
	 19. Robins, J, Greenland, S, and Breslow, NE. A general estimator for the variance of the mantel-Haenszel odds ratio. Am J Epidemiol. (1986) 124:719–23. doi: 10.1093/oxfordjournals.aje.a114447
	 20. Higgins, JP, and Thompson, SG. Quantifying heterogeneity in a meta-analysis. Stat Med. (2002) 21:1539–58. doi: 10.1002/sim.1186 
	 21. Team, R.C (2024) R: A Language and Environment for Statistical Computing R Foundation for Statistical Computing
	 22. Schwarzer, G., Meta: General package for meta-analysis. (2024).
	 23. Cuijpers, P, and Ebert, DD, Dmetar: Companion R package for the guide doing meta-analysis in R. (2024).
	 24. Hayden, JA, Côté, P, and Bombardier, C. Evaluation of the quality of prognosis studies in systematic reviews. Ann Intern Med. (2006) 144:427–37. doi: 10.7326/0003-4819-144-6-200603210-00010
	 25. Löhr, JM, Dominguez-Munoz, E, Rosendahl, J, Besselink, M, Mayerle, J, Lerch, MM , et al. United European gastroenterology evidence-based guidelines for the diagnosis and therapy of chronic pancreatitis (HaPanEU). United European Gastroenterol J. (2017) 5:153–99. doi: 10.1177/2050640616684695 
	 26. Kadiyala, V, Lee, LS, Banks, PA, Suleiman, S, Paulo, JA, Wang, W , et al. Cigarette smoking impairs pancreatic duct cell bicarbonate secretion. JOP. (2013) 14:31–8. doi: 10.6092/1590-8577/1195
	 27. Singhvi, A, and Yadav, D. Myths and realities about alcohol and smoking in chronic pancreatitis. Curr Opin Gastroenterol. (2018) 34:355–61. doi: 10.1097/MOG.0000000000000466 
	 28. Apte, MV, Pirola, RC, and Wilson, JS. Where there's smoke there's not necessarily fire. Gut. (2005) 54:446–7. doi: 10.1136/gut.2004.048785 
	 29. Cavallini, G, Talamini, G, Vaona, B, Bovo, P, Filippini, M, Rigo, L , et al. Effect of alcohol and smoking on pancreatic lithogenesis in the course of chronic pancreatitis. Pancreas. (1994) 9:42–6. doi: 10.1097/00006676-199401000-00006 
	 30. Lee, JW, Kim, HG, Lee, DW, Han, J, Kwon, HY, Seo, CJ , et al. Association between smoking and the progression of computed tomography findings in chronic pancreatitis. Gut Liver. (2016) 10:464–9. doi: 10.5009/gnl14289 
	 31. Hansen, SEJ, Nordestgaard, BG, and Langsted, A. Smoking as the most important risk factor for chronic pancreatitis in the general population. Eur J Epidemiol. (2023) 38:95–107. doi: 10.1007/s10654-022-00945-7 
	 32. Setiawan, VW, Monroe, K, Lugea, A, Yadav, D, and Pandol, S. Uniting epidemiology and experimental disease models for alcohol-related pancreatic disease. Alcohol Res. (2017) 38:173–82. doi: 10.35946/arcr.v38.2.03 
	 33. Pham, A, and Forsmark, C. Chronic pancreatitis: review and update of etiology, risk factors, and management. F1000Res. (2018) 7:7. doi: 10.12688/f1000research.12852.1 
	 34. Layer, P, Yamamoto, H, Kalthoff, L, Clain, JE, Bakken, LJ, and DiMagno, EP. The different courses of early- and late-onset idiopathic and alcoholic chronic pancreatitis. Gastroenterology. (1994) 107:1481–7. doi: 10.1016/0016-5085(94)90553-3
	 35. Machicado, JD, Chari, ST, Timmons, L, Tang, G, and Yadav, D. A population-based evaluation of the natural history of chronic pancreatitis. Pancreatology. (2018) 18:39–45. doi: 10.1016/j.pan.2017.11.012 
	 36. Lugea, A, Gerloff, A, Su, HY, Xu, Z, Go, A, Hu, C , et al. The combination of alcohol and cigarette smoke induces endoplasmic reticulum stress and cell death in pancreatic acinar cells. Gastroenterology. (2017) 153:1674–86. doi: 10.1053/j.gastro.2017.08.036 
	 37. Xue, J, Zhao, Q, Sharma, V, Nguyen, LP, Lee, YN, Pham, KL , et al. Aryl hydrocarbon receptor ligands in cigarette smoke induce production of Interleukin-22 to promote pancreatic fibrosis in models of chronic pancreatitis. Gastroenterology. (2016) 151:1206–17. doi: 10.1053/j.gastro.2016.09.064 
	 38. Wang, YC, Zou, WB, Tang, DH, Wang, L, Hu, LH, Qian, YY , et al. High clinical and genetic similarity between chronic pancreatitis associated with light-to-moderate alcohol consumption and classical alcoholic chronic pancreatitis. Gastro Hep Adv. (2023) 2:186–95. doi: 10.1016/j.gastha.2022.09.009 
	 39. Talamini, G, Bassi, C, Falconi, M, Sartori, N, Vaona, B, Bovo, P , et al. Smoking cessation at the clinical onset of chronic pancreatitis and risk of pancreatic calcifications. Pancreas. (2007) 35:320–6. doi: 10.1097/mpa.0b013e31812e965e 
	 40. Tjora, E, Dimcevski, G, Haas, SL, Erchinger, F, Vujasinovic, M, Löhr, M , et al. Patient reported exposure to smoking and alcohol abuse are associated with pain and other complications in patients with chronic pancreatitis. Pancreatology. (2020) 20:844–51. doi: 10.1016/j.pan.2020.05.001 
	 41. Frulloni, L, Gabbrielli, A, Pezzilli, R, Zerbi, A, Cavestro, GM, Marotta, F , et al. Chronic pancreatitis: report from a multicenter Italian survey (PanCroInfAISP) on 893 patients. Dig Liver Dis. (2009) 41:311–7. doi: 10.1016/j.dld.2008.07.316
	 42. Romagnuolo, J, Talluri, J, Kennard, E, Sandhu, BS, Sherman, S, Cote, GA , et al. Clinical profile, etiology, and treatment of chronic pancreatitis in north American women: analysis of a large multicenter cohort. Pancreas. (2016) 45:934–40. doi: 10.1097/MPA.0000000000000616
	 43. Frøkjær, JB, Olesen, SS, Drewes, AM, Collins, D, Akisik, F, and Swensson, J. Impact of age on the diagnostic performance of pancreatic ductal diameters in detecting chronic pancreatitis. Abdom Radiol. (2020) 45:1488–94. doi: 10.1007/s00261-020-02522-6 
	 44. Ammann, RW, Akovbiantz, A, Largiader, F, and Schueler, G. Course and outcome of chronic pancreatitis. Longitudinal study of a mixed medical-surgical series of 245 patients. Gastroenterology. (1984) 86:820–8. doi: 10.1016/S0016-5085(24)05129-1 
	 45. Wang, W, Chai, L, Zhu, N, Wang, Q, Zhou, Y, and Chai, W. Clinical significance of pancreatic calcifications: a 15-year single-center observational study. Eur J Med Res. (2022) 27:99. doi: 10.1186/s40001-022-00725-9 
	 46. Ammann, RW, Buehler, H, Muench, R, Freiburghaus, AW, and Siegenthaler, W. Differences in the natural history of idiopathic (nonalcoholic) and alcoholic chronic pancreatitis. A comparative long-term study of 287 patients. Pancreas. (1987) 2:368–77. doi: 10.1097/00006676-198707000-00002 
	 47. Aslam, M, Jagtap, N, Karyampudi, A, Talukdar, R, and Reddy, DN. Risk factors for development of endocrine insufficiency in chronic pancreatitis. Pancreatology. (2021) 21:15–20. doi: 10.1016/j.pan.2020.11.011 
	 48. Gardner, TB, Adler, DG, Forsmark, CE, Sauer, BG, Taylor, JR, and Whitcomb, DC. ACG clinical guideline: chronic pancreatitis. Am J Gastroenterol. (2020) 115:322–39. doi: 10.14309/ajg.0000000000000535 
	 49. Müllhaupt, B, Truninger, K, and Ammann, R. Impact of etiology on the painful early stage of chronic pancreatitis: a long-term prospective study. Z Gastroenterol. (2005) 43:1293–301. doi: 10.1055/s-2005-858733
	 50. Majumder, S, and Chari, ST. Chronic pancreatitis. Lancet. (2016) 387:1957–66. doi: 10.1016/S0140-6736(16)00097-0
	 51. Dumonceau, JM, Delhaye, M, Tringali, A, Arvanitakis, M, Sanchez-Yague, A, Vaysse, T , et al. Endoscopic treatment of chronic pancreatitis: European Society of Gastrointestinal Endoscopy (ESGE) guideline - updated august 2018. Endoscopy. (2019) 51:179–93. doi: 10.1055/a-0822-0832 
	 52. Göltl, P, Murillo, K, Simsek, O, Wekerle, M, Ebert, MP, Schneider, A , et al. Impact of alcohol and smoking cessation on the course of chronic pancreatitis. Alcohol. (2024) 119:29–35. doi: 10.1016/j.alcohol.2023.11.006 
	 53. Hegyi, P, Erőss, B, Izbéki, F, Párniczky, A, and Szentesi, A. Accelerating the translational medicine cycle: the academia Europaea pilot. Nat Med. (2021) 27:1317–9. doi: 10.1038/s41591-021-01458-8 
	 54. Hegyi, P, Petersen, OH, Holgate, S, Erőss, B, Garami, A, Szakács, Z , et al. Academia Europaea position paper on translational medicine: the cycle model for translating scientific results into community benefits. J Clin Med. (2020) 9. doi: 10.3390/jcm9051532 


Copyright
 © 2025 Eperjesi, Németh, Rancz, Fazekas, Brigitta, Papp, Hegyi and Bunduc. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1703088-g003.jpg
Smokers

Study Events Total
Talamini et al.(2007) 184 284
Jeon et al.(2022) 109 m
Parhiala et al.(2020) 82 126
Cavallini et al.(1994) 277 401
Hao et al.(2020) 598 723
Zhang et al.(2014) 3 52
Engjom et al.(2021) X .
Luaces-Regueira et al.(2014) 46 153
Frulloni et al.(2009) 418 598
Maisonneuve et al.(2006) 10 35
Sisman et al.(2016) E?) 7
Troja et al.(2020) ’ y
Imoto et al.(2000) 2 30
Random effects model (HK) 2686
Prediction interval

Heterogeneity: /2= 78% [63%; 87%] 1= 0.20
Test for overall effect: p <0.001

Events

22
56
57
93
1028

17
13
129
18

10

Non-smokers

Total

33
105
108
169

1430

40

88
281
a7
9
36

2433

AOR

167
233

01

3

092
093
167
183
187
2.00
220
248
274
336
347
445
715

222

95%Cl

[0.43; 1.97)
[0.58; 1.48)
[0.99; 2.82]
[1.26; 2.64]
[1.49; 234
[0.87; 4.61]
[1.61; 3.01]
(1.26; 4.95]
[2.04; 3.67)
[1.03; 10.96]
[1.74; 6.92)
[3:36; 5.89]
[2.41;21.25)

[1.61; 3.06]
[0.75; 6.19]

n more common in non-smokers Calcification more common in smokers

Weight

6.24%
8.58%
8.10%
9.38%
10.38%
5.74%
9.80%
6.84%
9.95%
3.88%
677%
10.03%
430%

100.00%





OPS/images/fmed-12-1703088-g004.jpg
>80 g/day <80 g/day

Study Events Total Events Total 0dds Ratio OR 95% Cl  Weight
Hao et al. (2020) 352 420 263 307 —t 087 [057;131] 2495%
Talamini et al. (2007) 83 143 75 124 —_— 090 [0.55;1.47) 2055%
Hirota et al. (2014) 182 248 192 269 — 111 [075,163]  26.58%
Frulloni et al. (2009) 268 357 143 220 — @ 162 [(112;234] 2793%
Random effects model 885 1168 673 920 # 111 [0.70;1.77)  100.00%
Heterogeneity: /2= 51% [0%; 84%] 1= 0.04

Test for overall effect: p = 0.524 05 1 2

Calcification more common in CP patients Cakification more common in CP patients

who consume less than 80g/day of alcohol who consume more than 80g/day of alcohol

20 cigarettes/day <20 digarettes/day
Study. Events Total Events Total Odds Ratio or sscl  Weight
Talamini et al. (2007) & @ 2 185 087 (052144 3326%
Fralloni et al. (2009) m |3 136 15 162 (113,232 4025%
Maisonneuye et al (2005) y 5 2 ——E—— 210 [110;420] 26.49%
Random effects model (HK) 82 00 141 [0.47;421] 10000%

Heterogenelty * - 64% 0%; 90%) 10,13
Testfor cuerall effect: 0310

Calcification more commen in CP patients Caicification more common in CP patients
who smake fewer than 20 cigarettes per day  who smake more than 20 cigarettes per day





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Risk factors for calcification in chronic pancreatitis: a systematic review and meta-analysis



		1 Introduction



		2 Methods



		2.1 Information sources



		2.2 Eligibility criteria



		2.3 Search and selection strategy



		2.4 Data collection process



		2.5 Synthesis methods



		2.6 Risk of bias assessment









		3 Results



		3.1 Study selection and characteristics



		3.2 Demographic and environmental risk factors for the development of calcification in CP



		3.3 Etiology-related risk factors for calcification in CP



		3.4 Risk of bias assessment



		3.5 Heterogeneity









		4 Discussion



		4.1 Strengths and limitations



		4.2 Implications for practice and research









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fmed-12-1703088-g001.jpg
Resords i o
Reconts emoved befoescvenin: Records denifid fom:
Dabases (03 Duplcte cords e
o MEDLINE (2856) s Websies (10
Records marked s incliible by Organsaions (10
o BAsE o) avmation ool (0 -0) jonscarching (5412
o coviRALGe1z) Resorsrmoved forther Refrenc sarching (v 1579)
Registers (n = 0) Tommons (n=0)
P — [ Resods exchded — Resorts Gkl
no0ts) ey
[ commskapmos
Repors sough o el Reports ot v Repors sught o eival Repors not v
£ - aciss %Y
Repors extuded
Reports assessed for e Reports assessed for eligibilty Reports excluded:
il Duplicalion (=36). sl Already included (n = 25)
Inlgblepopuaion Incigibic ppulaion (-9
ey dsino- 5 i
) Nissing otcomes (1549 gy o
Cohen's Kappa: 0.59 Conference abstract (n=123) Miseiog 190)
S e s ohers Ko 092
b Colen's Kappa: 0
PR v S—
ey






OPS/images/fmed-12-1703088-g002.jpg
Drinkers Non-drinkers

Study Events  Total Events Total AOR Odds Ratio Or 95%Cl Weight
Machicado et al.(2017) 30 46 32 a3 — = 064 [026;161]  308%
Robles-Diaz et al.(1990) 7 100 39 50 —= 073 (033 161]  345%
Rajesh et al.(2014) 56 6 50 55 — 080 [024; 268]  230%
Nojgaard et al.(2010) 30 128 42 155 082 [0.48; 1.41] 435%
Amman et al.(2007) 228 25 65 78 j;_ 123 (062 246)  382%
Engjom et al.(2021) 5 - . 161 - 155 (115209  515%
Lankisch et al.(2001) 172 306 29 66 tm 164 (096 280]  437%
Amman et al.(1987) 175 205 63 2 | 176 3.99%
Wilcox et al.(2016) 376 572 284 587 = 205 531%
Sisman et l.(2016) 2 66 24 102 = 21 388%
Zhang et al.(2014) 48 3 33 102 —- 223 421%
Hao et al(2020) 615 727 1011 1426 = 225 (179 284]  532%
Luaces-Regueira et al.(2014) X 208 - 227 (118 437)  394%
Nakamura et al.(1996) 17 28 s — | e 23 (0331618  119%
Anderson et al.(1988) 3 52 1 36 —e— 265 [108 649  314%
Talamini et al.(2007) 169 258 43 105 = 274 [172;436)  462%
Parhiala et al.(2020) 17 158 37 74 - 285 422%
Troja et al.(2020) P . . g - 296 521%
Coté et al.(2011) 159 20 s6 15 ‘m- 312 [203479]  475%
James et al.(1974) 19 FERETY 62 — = 339 [145,817)  318%
Angelis et al.(1992) 14 % 4 16 f—s 350 [08%1376) 198%
Truninger et al.(2001) 2 49 2 2 — @ 415 [1531130]  283%
Schnelldorfer et al.(2008) 8 m o 3 201 —@- 510 (315826  456%
Miyake et al.(1989) 59 84 15 51 —m— 566 [264;1214] 3.57%
Ohetal(2017) 63 82 43 129 —m— 663 (35312451 403%
Thulivat et al.(2003) 6 27 10 66 = 666 (3121422  358%
Random effects model (HK) 3891 3680 < 231 [1.80; 2.98] 100.00%
Prediction interval — [0.77; 6.91]
Heterogeneity: I* = 72%58%; 81%], *
o1 051 2 10

Test for overall effect: p <0.001

Calcification more common in non-drinkers Calcification more common in drinkers





OPS/images/cover.jpg
’ frontiers = Frontiers in Medicine

Risk factors for calcification in
chronic pancreatitis: a systematic
review and meta-analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






