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Abstract

:

Simple Summary


Pancreatic cancer (PC) is infamous for its silent and lethal nature, making it one of the leading causes of cancer-related deaths worldwide. The early detection of PC is critical to achieve a favorable prognosis, as it typically goes unnoticed until advanced stages. Fatty pancreas (FP) is often associated with PC, but the causal relationship has not been clearly defined. With this systematic review and meta-analysis, we aim to strengthen the connection and emphasize the potential risks of FP to the development of PC. Based on our analysis, our findings exhibit a clear risk of PC in the presence of FP, advocating for future prospective studies to be performed in order to solidify the relationship.




Abstract


Pancreatic cancer (PC) is one of the most lethal cancers worldwide. Recently, fatty pancreas (FP) has been studied thoroughly, and although its relationship to PC is not fully understood, FP is suspected to contribute to the development of PC. We aimed to assess the association between PC and FP by conducting a systematic review and meta-analysis. We systematically searched three databases, MEDLINE, Embase, and CENTRAL, on 21 October 2022. Case–control and cross-sectional studies reporting on patients where the intra-pancreatic fat deposition was determined by modern radiology or histology were included. As main outcome parameters, FP in patients with and without PC and PC in patients with and without FP were measured. Proportion and odds ratio (OR) with a 95% confidence interval (CI) were used for effect size measure. PC among patients with FP was 32% (OR 1.32; 95% CI 0.42–4.16). However, the probability of having FP among patients with PC was more than six times higher (OR 6.13; 95% CI 2.61–14.42) than in patients without PC, whereas the proportion of FP among patients with PC was 0.62 (95% CI 0.42–0.79). Patients identified with FP are at risk of developing PC. Proper screening and follow-up of patients with FP may be recommended.
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1. Introduction


Fatty pancreas (FP) is referred to as the Pandora’s box of pancreatology [1], as this widespread condition may be an overlooked sign of pancreatic cancer (PC). Pancreatic cancer is known as the most common asymptomatic as well as most lethal cancer in developed countries [2,3]. It is predicted that PC will be the leading cause of all cancer-related deaths by 2050 [4]. The connection between FP and PC has not been extensively studied; however, it would open a new horizon for individuals at high risk for PC.



The mortality rate of PC can be attributed to its late presentation and resistance to chemotherapy [5]. Hur et al. [6] discovered that timely detection and tumor size are the strongest predictors of survival, supporting the importance of early PC detection.



Several risk factors have been identified to play a role in the development of PC. Among these, genetic mutations are responsible for 10–15% of all PC cases, for which there are screening protocols for high-risk individuals [5,7]. Additionally, high alcohol intake, diabetes mellitus, obesity, and chronic pancreatitis (CP) are among the other risk factors that significantly contribute to the development of PC [8]. Obesity has a major impact on the progression of pancreatic diseases [9]. Furthermore, a meta-analysis has found that CP patients have an eightfold increased risk of developing PC five years after the initial diagnosis [10].



At the time of diagnosis, only 10–20% of patients with PC were found in resectable or localized stages [11]. It is crucial to develop a precise screening protocol for the high-risk population unaffected by genetic mutations to facilitate early PC detection.



Due to the high mortality rate as a result of the late diagnosis of PC, non-genetic factors should be determined for early PC detection. FP is a possible option as it can be detected earlier than icterus, which is one of the most common initial features of PC. Fatty pancreas is defined as a significant fatty infiltration of the pancreatic parenchyma and has been associated with increasing age, obesity, metabolic syndrome, non-alcoholic fatty liver disease, and PC [12,13,14,15]. The prevalence of FP varies across the studies from 11% to 35% [16,17]. Obesity stands out as a significant risk factor for PC [18]. Furthermore, increased pancreatic adiposity contributes to the initiation of PC from FP [14]. Studies by Hori et al. [19] conducted on animals have revealed that obesity and hyperlipidemia exacerbate fatty infiltrated pancreas, consequently accelerating the progression of PC. This process is associated with the increased expression of adipocytokines and genes related to cell proliferation within the pancreatic tissue. Hence, the local production of adipocytokines from adipose tissues in an environment rich in adipose tissue is closely linked to the development of PC [20].



The lack of guidelines for reporting intra-pancreatic fat deposition and the need for early predictors of PC necessitated our analysis. We hypothesized that FP contributes to the development of PC. We aimed to determine the importance of FP as an early risk factor for the development of PC.




2. Materials and Methods


2.1. Protocol


The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guideline [21] (see Table S1) and Cochrane Handbook [22] were used. PROSPERO registration no. is CRD42022369017.




2.2. Eligibility Criteria


Studies were included in which the pancreas of an adult human population was assessed using modern radiology (endoscopic ultrasound (EUS), magnetic resonance imaging (MRI), and computed tomography (CT)) or histology to determine the presence of intra-pancreatic fat deposition in PC and/or control patients. Population, Exposure, Comparator, and Outcome(s) (PECO) and Condition, Context, and Population (CoCoPop) frameworks were used to identify the articles eligible for this study. We approached the research question from two directions. In analysis A, FP was defined by modern radiology or histology (P). Articles were eligible if they reported whether patients had PC (E) or not (C) and assessed the outcome of the ratio of PC (O). In analysis B, patients with PC were examined (P) for the presence (E) or absence of FP (C), and the ratio of FP (O) was determined. Moreover, we ascertained the prevalence of FP (Co), where FP was defined by modern radiology or histology (Co) in patients with PC (Pop) in analysis B. All case reports, conference abstracts, reviews, narrative summaries, systematic reviews, and meta-analyses were excluded. No language filter was used.




2.3. Search Strategy


The search key for this review can be found in Document S1. The systematic search was performed in three electronic databases: MEDLINE (via PubMed), Embase, and Cochrane Central Register of Controlled Trials (CENTRAL) without any filters on 21 October 2022. After full-text selection, citation chasing was performed [23] to identify any additional research that may not have been found during the systematic search.




2.4. Selection Process


Articles collected from the systematic search were processed using the Rayyan web software [24] and EndNote 20 software (Clarivate Analytics, Philadelphia, PA, USA). After duplicate removal, two independent review authors (ML and DT) performed the selection according to the criteria. The senior review author (AM) resolved any disagreements between the two reviewers. Cohen’s kappa was calculated to quantify the degree of agreement between the two investigators.




2.5. Data Collection


From the eligible articles, two independent investigators (ML and DT) extracted the following data into a purpose-designed Excel sheet (Office 365, Microsoft, Redmond, WA, USA): overall demographic data (age, gender, and number of individuals); characteristics of individuals with PC and without PC (number of individuals, age, gender, FP, diabetes, chronic pancreatitis, fibrosis, hyperlipidemia, hypertension, family history of PC, and body mass index (BMI)). When available, odds ratio (OR) and their 95% confidence interval (CI) were recorded. The senior review author (AM) resolved all disagreements between the two reviewers. When necessary, the authors of the respective studies were contacted via email to request additional information to support our study.




2.6. Study Risk of Bias Assessment


Two authors (ML and DT) independently assessed the risk of bias using tools developed by the Joanna Briggs Institute (JBI) and the Quality of Prognostic Studies tool (QUIPS) [25,26]. The results of the assessment were graphically represented. Disagreements were resolved by consensus and the involvement of the senior review author (AM).




2.7. Statistical Analysis


The detailed statistical analysis can be found in Document S2. As we assumed considerable between-study heterogeneity in all cases, we used a random effects model to pool effect sizes. Proportions and ORs with 95% CI were used for effect size measures. To determine the prevalence or OR, the total number of patients and those with the event of interest (in each group separately for OR) were extracted from every study. We reported the results as the odds of an event of interest in the experimental group versus the odds of an event of interest in the control group. OR results were considered statistically significant if the pooled CI did not contain the null value (OR = 1). We summarized the findings of the meta-analysis on forest plots. Where applicable—when the study number was large enough and not too heterogeneous—we also reported the prediction intervals (i.e., the expected range of effects of future studies) of results. Additionally, between-study heterogeneity was described by Higgins and Thompson’s I2 statistics [27]. Small study publication bias was assessed by visual inspection of Funnel plots and calculating the p-value of the Peters test [28] for proportion effect size and the Harbord test p-value [29] for OR effect size. We planned to assume possible small study bias if the p-value was less than 10%. However, we kept in mind that the test had limited diagnostic assessment below 10 studies. Potential outlier publications were explored using different influence measures and plots following the recommendation of Harrer et al. [30].



All statistical analyses were performed with R v4.2.2 [31] using the meta [32] package v6.1.0 for basic meta-analysis calculations and plots and the dmetar [33] package v0.0.9000 for additional influential analysis calculations and plots.




2.8. Quality of Evidence


Grading of Recommendations Assessment, Development, and Evaluation (GRADE) workgroup recommendation [34] and the GRADE profiler (GRADEpro) tool [35] were applied.





3. Results


3.1. Study Selection of the Included Studies


A total of 7077 studies were identified during the initial search. Studies were selected according to eligibility criteria, resulting in 17 eligible articles with 2956 patients [36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52], although one was excluded due to reporting on overlapping populations [14]. No further articles were identified after citation chasing. The PRISMA flowchart (Figure 1) illustrates the literature screening process of the studies using the calculated Cohen’s kappas.




3.2. Study Characteristics


The main characteristics of the included studies are listed in Table 1 and Table 2. The publication year ranged from 2011 to 2022. Our analysis included 16 retrospective studies [34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49] and 1 prospective study [33]. Most studies investigated the Japanese population [34,38,39,40,41,43,44,45,47,48]. Three studies examined the presence of PC among patients with FP [33,34,35], nine studies evaluated the presence of FP among patients with PC [36,37,38,39,40,41,42,43,44], and we found fourteen studies where we examined the proportion of FP among PC patients [36,37,38,39,40,41,42,43,44,45,46,47,48,49]. EUS was used in six studies [33,35,36,40,42,44], CT in five studies [37,43,45,47,49], and histology in three studies [38,39,46] for the diagnosis of FP. In a few studies, the diagnosis was made with histology combined with imaging modalities: EUS [48], MRI [41], and CT [34]. We did not analyze secondary outcomes due to a lack of data. All studies were full-text articles and written in English [33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49].




3.3. No Relationship between Patients with FP and the Existence of PC


We found three studies [33,34,35] that investigated PC in the FP population (Figure 2). Although an increase of 32% in the OR would have clinical relevance, no significant relationship was found between patients with FP and the presence of PC (OR 1.32; 95% CI 0.42–4.16), I2 = 0.28 (95% CI: 0–0.93).




3.4. Fatty Pancreas Is Six Times More Common among Individuals Diagnosed with PC


We investigated the presence of FP among patients with PC (Figure 3). Data for the analysis were pooled from nine articles [36,37,38,39,40,41,42,43,44]. We found a significant association between patients with PC and the presence of FP (OR 6.13; 95% CI 2.61–14.42), I2 = 0.67 (95% CI: 0.34–0.84).




3.5. Fatty Pancreas Is Found in 62% of the PC Patients


The prevalence of FP among patients with PC was also investigated, and data were collected from 14 articles [36,37,38,39,40,41,42,43,44,45,46,47,48,49] (Figure 4). In our proportion analysis, FP was found in 62% of patients with PC (0.62; 95% CI 0.42–0.79), I2 = 0.89 (95% CI: 0.84–0.93).




3.6. Risk of Bias Assessment


The risk of bias assessment for each outcome is presented in Tables S2–S4. In the studies in analysis A [33,34,35], as well as in those examining patients with PC and the presence of FP [36,37,38,39,40,41,42,43,44], the Quality of Prognostic Studies (QUIPS) tool was applied. The study attrition domain did not apply to most of the studies. Where the proportion of FP among PC patients was examined, the Joanna Briggs Institute (JBI) tool was applied. We used a 10% precision in the sample size calculation, resulting in three articles with adequate sample sizes. In domain nine, not all articles were applicable.




3.7. Publication Bias and Heterogeneity


Small study bias was not assessed for analysis A as there were only three studies. In the assessment of publication bias for studies of patients with PC where the presence of FP was examined (Figure S1), a small study bias may be present based on visual inspection of the funnel plot. On the other hand, one large study shows a similar or larger effect than small studies, and the Harbord test was not significant at a 10% level. Additionally, the results of the other four large studies also indicate significant results. For the proportion of FP in patients with PC (Figure S2), we can accept the hypothesis of having no small study bias based on visual inspection and the Peters test.




3.8. Certainty of Evidence


The certainty assessment of the three investigated outcomes shows very low to moderate certainty of the evidence, as presented in Tables S5–S7. The reasons for downgrading the quality of evidence were due to serious inconsistencies and, in some cases, serious or very serious inaccuracies. Serious inconsistency occurred due to different diagnostic methods and study designs with lower evidence. The inaccuracy was found to be severe or very severe due to wide confidence intervals.





4. Discussion


Our meta-analysis found a sixfold higher probability of FP among patients with PC than in the control group. Furthermore, there is a high correlation between the prevalence of FP and the PC in the PC population; however, there was no significant relationship between the FP patient population and PC.



A fatty pancreas is described as a fatty-infiltrated pancreas where adipocytes infiltrate the intralobular and/or interlobular space [14]. The nomenclature of FP is not standardized, but several definitions have been described [53,54].



FP has different possible pathomechanisms. Among these, cellular mechanisms, such as proinflammatory environments, and molecular mechanisms, such as changes in core circadian genes, can be identified [55]. Current knowledge suggests that patients without pancreatic disease can develop FP because of a sedentary lifestyle and obesogenic diet [13]. Fetal or neonatal exposure to a maternal obesogenic diet can predispose to FP in the postnatal period through the imbalance of the endoplasmic reticulum or circadian metabolic patterns [56,57]. In murine studies, excess adiposity increased the levels of triglyceride, cholesterol, total fat, free fatty acids, and proinflammatory cytokines [58], which could lead to an increased risk of FP. Moreover, obesity reduces the anti-inflammatory cytokine interleukin-10 (IL-10), which can contribute to FP [59].



Bi et al. reported in their meta-analysis that FP was associated with an increased risk of metabolic syndrome and its components [12]. Stamm et al. investigated that a 25% increase in pancreatic fat was responsible for a significant increase in the incidence of diabetes and atherosclerosis [60]. A meta-analysis by Garcia et al. [61] showed that pancreatic fat content was increased in patients with diabetes. The association between acute pancreatitis and FP has not been extensively studied but can be a second hit in terms of pancreatic meta-inflammation and chronic damage [62]. Non-alcoholic fatty pancreas disease (NAFPD), a form of FP, is defined as pancreatic fat accumulation associated with obesity and the absence of significant alcohol consumption [50]. Metabolic dysfunction-associated steatotic liver disease (MASLD) is a well-known condition, which was previously named non-alcoholic fatty liver disease (NAFLD). Its propensity for malignant proliferation has already been proven [63]. The pancreas is more susceptible to fat deposition than the liver, resulting in a five times greater risk for fat accumulation [64]. The relationship between MASLD and NAFPD has been described [65,66]. In MASLD, fat accumulates within the hepatocytes, whereas in NAFPD, fat remains in the parenchyma of the pancreas [14].



Our findings suggest that FP is a risk factor for PC. The probability of having FP among patients with PC was higher than in the control group. Additionally, evidence suggests an association between the presence of BMI, chronic pancreatitis, diabetes, pancreas exocrine insufficiency, and FP. All studies included showed a higher number of FP individuals in the case group. Kawamura et al. [47] demonstrated that all patients with PC had FP, and almost a third of the patients in the PC population had an alcohol use disorder, which can contribute to excess adiposity. According to Hoogenboom et al. [40], less than 10% of the cases have a history of alcohol abuse, which may have contributed to the results.



In the proportion analysis, we found FP in more than half of the patients with PC. Kobashi et al. applied strict inclusion criteria that could result in fewer events [48]. In a logistic regression analysis by Lesmana et al. [45] and Khoury et al. [39], FP was the only risk factor that maintained its association with PC (OR 18.03 95%, CI 7.29–44.59 and OR 2.35, 95% CI 1.04–5.33, respectively). No significant difference was found in analysis A, possibly due to the small number of studies included. Based on the studies available, FP may later progress to PC. According to a prospective study by Sepe et al. [36], there was no association between FP and pancreatic adenocarcinoma. The prevalence of PC in patients with FP was 10.6%, whereas the prevalence was 15.0% in patients without FP (p = 0.42). Previous data from animal studies and reviews suggest that FP contributes to the development of PC [13,14,52,67].



During our selection process, we chose high-evidence articles and intentionally used cross-sectional and case–control studies, offering advantages in assessing prevalence, associations, and risk factors. Yet, we must recognize the limitations inherent in these designs, including their inability to establish causality and their susceptibility to bias, which should be kept in mind when interpreting and applying our findings.



Data on diagnostic methods were heterogeneous in most studies using EUS. Histological examination is the gold standard for FP diagnosis, but it is not routinely performed due to its invasive nature. The advantages and disadvantages of different methods were summarized by Truong et al. [52]. Due to the difficulty of pancreatic visualization in obese patients, we did not focus on studies that used transabdominal ultrasound as an imaging modality. There are no guidelines for the measurement and diagnosis of FP; however, there is an established score system that is not widely used [68]. Moreover, routine radiological examination does not focus on the pancreatic fat content. The studies included in this meta-analysis did not provide any information on the management of individuals with FP.



Our analysis revealed that the included articles employed a variety of exclusion criteria. Establishing study designs that can effectively determine the connection between fatty pancreas (FP) and pancreatic cancer (PC) is of utmost importance. Such designs necessitate stringent exclusion criteria to account for potential confounding factors, including, but not limited to, diabetes, obesity, family history of PC, chronic pancreatitis, genetic predisposition, alcohol intake, and smoking. In two of the articles, patients with alcohol consumption were excluded [38,45]. However, it is worth noting that only Kobashi et al. excluded other diseases [48] without providing further clarification. Conversely, most of the included studies were retrospective in nature, where the application of strict exclusion criteria was challenging due to limited available information. This limitation may have resulted in an insufficient number of patients for further analysis.



4.1. Strengths and Limitations


This is the most comprehensive systematic review and meta-analysis conducted with a rigorous methodology that has analyzed and confirmed the relationship between FP and PC. We followed our pre-registered protocol. In contrast to the previous meta-analysis by Sreedhar et al. in 2019, we applied a more thorough analysis to the topic of PC.



We faced the following limitations: there was considerable statistical heterogeneity due to the clinical heterogeneity of the studies. For instance, different diagnostic methods were used to assess FP. Some studies examined patients who underwent EUS for hepatobiliary indications, whereas other studies selected PC patients who underwent pancreaticoduodenectomy. Cross-sectional and case–control studies are valuable research designs, but they come with several limitations; they cannot establish causality, and selection bias can occur. Additionally, there is no universal definition of FP, which may further complicate the analysis and comparison of the studies. Lastly, there was a moderate and high risk of bias in some of the domains.




4.2. Implication for Practice


The utilization of scientific data for community benefits is of paramount importance [69,70]. Our findings suggest that FP should not be ignored. Instead, physicians should be aware of the potential risks of FP and, for early detection of PC, follow the patients accordingly. We suggest determining a standardized definition and examination method for FP as a starting point. Furthermore, specific guidelines on the management of FP and proper scoring systems for high-risk individuals are needed. Additionally, we recommend documenting the presence of FP in the medical records.




4.3. Implication for Research


Further prospective longitudinal data collection is necessary to assess the causality relationship between FP and PC in more depth. It is imperative to provide a clear description of whether metabolic syndrome and its components, age, alcohol consumption, smoking, and pancreatitis can influence the development of FP and PC. This would further support the necessity of detecting FP and the importance of follow-up in patients presenting with FP.





5. Conclusions


Fatty pancreas is a risk factor for pancreatic cancer.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/cancers15194876/s1. Document S1: Search term; Document S2: Detailed effect measure and synthesis methods; Figure S1: Contour-enhanced funnel plot visualizing the odds ratio of fatty pancreas among pancreatic cancer patients and controls; Figure S2: Contour-enhanced funnel plot visualizing the proportion of fatty pancreas among pancreatic cancer patients; Table S1: PRISMA checklist; Table S2: Risk of bias assessment—Analysis A: risk of bias assessment on study level (a) and across studies (b); Table S3: Risk of bias assessment—Fatty pancreas among pancreatic cancer patients and controls: risk of bias assessment on study level (a) and across studies (b); Table S4: Risk of bias assessment—pancreatic cancer population: risk of bias assessment on study level (a) and across studies (b); Table S5: Evidence table of analysis A; Table S6: Evidence table of fatty pancreas among pancreatic cancer patients and controls; Table S7: Evidence table of pancreatic cancer population and control group. References [71,72,73,74,75,76,77,78,79,80,81,82] are cited in Supplementary Materials.





Author Contributions


Conceptualization, M.L., E.S., B.E., A.M. and P.H.; methodology, E.S., A.M. and P.H.; validation, Á.Z.; formal analysis, Á.Z.; investigation, M.L., D.T., J.L. and Á.Z.; data curation, M.L., D.T. and J.L.; writing—original draft preparation, M.L.; writing—review and editing, D.T., J.L., Á.Z., E.S., B.T., N.F., B.E., A.M. and P.H.; visualization, J.L. and Á.Z.; supervision, E.S., B.T., B.E., A.M. and P.H.; project administration, M.L. All authors certify that they have participated sufficiently in the work to take public responsibility for the content, including participation in the concept, design, analysis, writing, or revision of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


The research was supported by the Hungarian Ministry of Innovation and Technology, National Research, Development and Innovation Fund (TKP2021-EGA-23 to P.H.), the Translational Neuroscience National Laboratory program (RRF-2.3.1-21-2022-00011 to P.H.), a project grant (K131996 to P.H., FK131864 to A.M.), the Translational Medicine Foundation, the János Bolyai Research Scholarship of the Hungarian Academy of Sciences (to A.M.), the ÚNKP–22–5 New National Excellence Program of the Ministry for Innovation and Technology from the source of the National Research, Development and Innovation Fund (to A.M.), and the ÚNKP-22-3 New National Excellence Program of the Ministry for Innovation and Technology from the source of the National Research, Development and Innovation Fund (to B.T.—ÚNKP-22-3-I-PTE-1693).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Patient consent is not needed due to all data being already published in peer-reviewed journals.




Data Availability Statement


The datasets used in this study can be found in the full-text articles that were included in the systematic review and meta-analysis.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Petrov, M.S. Fatty change of the pancreas: The Pandora’s box of pancreatology. Lancet Gastroenterol. Hepatol. 2023, 8, 671–682. [Google Scholar] [CrossRef] [PubMed]

	



Goral, V. Pancreatic Cancer: Pathogenesis and Diagnosis. Asian Pac. J. Cancer Prev. 2015, 16, 5619–5624. [Google Scholar] [CrossRef] [PubMed]

	



Rawla, P.; Sunkara, T.; Gaduputi, V. Epidemiology of Pancreatic Cancer: Global Trends, Etiology and Risk Factors. World J. Oncol. 2019, 10, 10–27. [Google Scholar] [CrossRef]

	



Korc, M.; Jeon, C.Y.; Edderkaoui, M.; Pandol, S.J.; Petrov, M.S. Tobacco and alcohol as risk factors for pancreatic cancer. Best Pract. Res. Clin. Gastroenterol. 2017, 31, 529–536. [Google Scholar] [CrossRef] [PubMed]

	



Wood, L.D.; Canto, M.I.; Jaffee, E.M.; Simeone, D.M. Pancreatic Cancer: Pathogenesis, Screening, Diagnosis, and Treatment. Gastroenterology 2022, 163, 386–402. [Google Scholar] [CrossRef] [PubMed]

	



Hur, C.; Tramontano, A.C.; Dowling, E.C.; Brooks, G.A.; Jeon, A.; Brugge, W.R.; Gazelle, G.S.; Kong, C.Y.; Pandharipande, P.V. Early Pancreatic Ductal Adenocarcinoma Survival Is Dependent on Size. Pancreas 2016, 45, 1062–1066. [Google Scholar] [CrossRef]

	



Klatte, D.C.F.; Boekestijn, B.; Onnekink, A.M.; Dekker, F.W.; Van Der Geest, L.G.; Wasser, M.N.J.M.; Feshtali, S.; Mieog, J.S.D.; Luelmo, S.A.C.; Morreau, H.; et al. Surveillance for Pancreatic Cancer in High-Risk Individuals Leads to Improved Outcomes: A Propensity Score-Matched Analysis. Gastroenterology 2023, 164, 1223–1231. [Google Scholar] [CrossRef]

	



Wang, Y.-T.; Gou, Y.-W.; Jin, W.-W.; Xiao, M.; Fang, H.-Y. Association between alcohol intake and the risk of pancreatic cancer: A dose–response meta-analysis of cohort studies. BMC Cancer 2016, 16, 212. [Google Scholar] [CrossRef]

	



Parkin, D.M.; Boyd, L.; Walker, L.C. 16. The fraction of cancer attributable to lifestyle and environmental factors in the UK in 2010. Br. J. Cancer 2011, 105, S77–S81. [Google Scholar] [CrossRef]

	



Kirkegård, J.; Mortensen, F.V.; Cronin-Fenton, D. Chronic Pancreatitis and Pancreatic Cancer Risk: A Systematic Review and Meta-analysis. Am. J. Gastroenterol. 2017, 112, 1366–1372. [Google Scholar] [CrossRef]

	



Bilici, A. Prognostic factors related with survival in patients with pancreatic adenocarcinoma. World J. Gastroenterol. 2014, 20, 10802. [Google Scholar] [CrossRef]

	



Bi, Y.; Wang, J.L.; Li, M.L.; Zhou, J.; Sun, X.L. The association between pancreas steatosis and metabolic syndrome: A systematic review and meta-analysis. Diabetes Metab. Res. Rev. 2019, 35, e3142. [Google Scholar] [CrossRef] [PubMed]

	



Sreedhar, U.L.; DeSouza, S.V.; Park, B.; Petrov, M.S. A Systematic Review of Intra-pancreatic Fat Deposition and Pancreatic Carcinogenesis. J. Gastrointest. Surg. 2020, 24, 2560–2569. [Google Scholar] [CrossRef]

	



Takahashi, M.; Hori, M.; Ishigamori, R.; Mutoh, M.; Imai, T.; Nakagama, H. Fatty pancreas: A possible risk factor for pancreatic cancer in animals and humans. Cancer Sci. 2018, 109, 3013–3023. [Google Scholar] [CrossRef] [PubMed]

	



Olsen, T.S. Lipomatosis of the pancreas in autopsy material and its relation to age and overweight. Acta Pathol. Microbiol. Scand. A 1978, 86a, 367–373. [Google Scholar] [CrossRef] [PubMed]

	



Weng, S.; Zhou, J.; Chen, X.; Sun, Y.; Mao, Z.; Chai, K. Prevalence and factors associated with nonalcoholic fatty pancreas disease and its severity in China. Medicine 2018, 97, e11293. [Google Scholar] [CrossRef]

	



Lesmana, C.R.; Pakasi, L.S.; Inggriani, S.; Aidawati, M.L.; Lesmana, L.A. Prevalence of Non-Alcoholic Fatty Pancreas Disease (NAFPD) and its risk factors among adult medical check-up patients in a private hospital: A large cross sectional study. BMC Gastroenterol. 2015, 15, 174. [Google Scholar] [CrossRef]

	



Eibl, G.; Cruz-Monserrate, Z.; Korc, M.; Petrov, M.S.; Goodarzi, M.O.; Fisher, W.E.; Habtezion, A.; Lugea, A.; Pandol, S.J.; Hart, P.A.; et al. Diabetes Mellitus and Obesity as Risk Factors for Pancreatic Cancer. J. Acad. Nutr. Diet. 2018, 118, 555–567. [Google Scholar] [CrossRef]

	



Hori, M.; Kitahashi, T.; Imai, T.; Ishigamori, R.; Takasu, S.; Mutoh, M.; Sugimura, T.; Wakabayashi, K.; Takahashi, M. Enhancement of carcinogenesis and fatty infiltration in the pancreas in N-nitrosobis(2-oxopropyl)amine-treated hamsters by high-fat diet. Pancreas 2011, 40, 1234–1240. [Google Scholar] [CrossRef]

	



Mahyoub, M.A.; Elhoumed, M.; Maqul, A.H.; Almezgagi, M.; Abbas, M.; Jiao, Y.; Wang, J.; Alnaggar, M.; Zhao, P.; He, S. Fatty infiltration of the pancreas: A systematic concept analysis. Front. Med. 2023, 10, 1227188. [Google Scholar] [CrossRef]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. PLoS Med. 2021, 18, e1003583. [Google Scholar] [CrossRef]

	



Higgins, J.P.T.; Green, S.; Cochrane, C. Cochrane Handbook for Systematic Reviews of Interventions; Cochrane Collaboration: Oxford, UK, 2022. [Google Scholar]

	



Haddaway, N.R.; Grainger, M.J.; Gray, C.T. citationchaser: An R Package for Forward and Backward Citations Chasing in Academic Searching, Version 0.0.3; R Foundation: Ames, IW, USA, 2021. [Google Scholar]

	



Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A web and mobile app for systematic reviews. Syst. Rev. 2016, 5, 210. [Google Scholar] [CrossRef]

	



Joanna Briggs, I. Methodological quality of case series studies: An introduction to the JBI critical appraisal tool. JBI Evid. Synth. 2020, 18, 2127–2133. [Google Scholar]

	



Hayden, J.A.; Cote, P.; Bombardier, C. Evaluation of the quality of prognosis studies in systematic reviews. Ann. Intern. Med. 2006, 144, 427–437. [Google Scholar] [CrossRef]

	



Higgins JPT, T.S. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [Google Scholar] [CrossRef]

	



Peters, J.L. Comparison of Two Methods to Detect Publication Bias in Meta-analysis. JAMA 2006, 295, 676. [Google Scholar] [CrossRef]

	



Harbord, R.M.; Harris, R.J.; Sterne, J.A.C. Updated Tests for Small-study Effects in Meta-analyses. Stata J. 2009, 9, 197–210. [Google Scholar] [CrossRef]

	



Harrer, M.; Cuijpers, P.; Furukawa, T.; Ebert, D. Doing Meta-Analysis with R: A Hands-On Guide, 1st ed.; Chapman & Hall/CRC Press: London, UK; Boca Raton, FL, USA, 2021. [Google Scholar]

	



Team, R.C. R: A Language and Environment for Statistical Computing; R Foundation: Ames, IW, USA, 2023. [Google Scholar]

	



Schwarzer, G. Meta: General Package for Meta-Analysis; R Foundation: Ames, IW, USA, 2023. [Google Scholar]

	



Cuijpers, P.F.T.; Ebert, D.D. Dmetar: Companion R Package for the Guide Doing Meta-Analysis in R; R Foundation: Ames, IW, USA, 2023. [Google Scholar]

	



Schünemann, H.B.J.; Oxman, A.G.G. (Eds.) GRADE Handbook for Grading Quality of Evidence and Strength of Recommendations; The GRADE Working Group. Available online: Guidelinedevelopment.org/handbook (accessed on 24 August 2023).

	



GRADEpro, G. D. T. GRADEpro Guideline Development Tool; McMaster University: Hamilton, ON, Canada, 2021. [Google Scholar]

	



Sepe, P.S.; Ohri, A.; Sanaka, S.; Berzin, T.M.; Sekhon, S.; Bennett, G.; Mehta, G.; Chuttani, R.; Kane, R.; Pleskow, D.; et al. A prospective evaluation of fatty pancreas by using EUS. Gastrointest. Endosc. 2011, 73, 987–993. [Google Scholar] [CrossRef]

	



Dei, H.; Natsume, S.; Okuno, M.; Kawakatsu, S.; Hosoda, W.; Matsuo, K.; Hara, K.; Ito, S.; Komori, K.; Abe, T.; et al. Impact of pancreatic fat infiltration on postoperative pancreatic fistula occurrence in patients undergoing invagination pancreaticojejunostomy. HPB 2022, 24, 2119–2124. [Google Scholar] [CrossRef]

	



Sbeit, W.; Greener, T.; Kadah, A.; Mari, A.; Goldin, E.; Khoury, T.; Mahamid, M. Pancreatobiliary manifestations of nonalcoholic fatty liver disease: A retrospective case-control multicenter study. Eur. J. Gastroenterol. Hepatol. 2021, 33, 722–726. [Google Scholar] [CrossRef]

	



Khoury, T.; Sbeit, W. Fatty Pancreas and Pancreatic Cancer: An Overlooked Association? J. Clin. Med. 2022, 11, 763. [Google Scholar] [CrossRef] [PubMed]

	



Hoogenboom, S.A.; Bolan, C.W.; Chuprin, A.; Raimondo, M.T.; van Hooft, J.E.; Wallace, M.B.; Raimondo, M. Pancreatic steatosis on computed tomography is an early imaging feature of pre-diagnostic pancreatic cancer: A preliminary study in overweight patients. Pancreatology 2021, 21, 428–433. [Google Scholar] [CrossRef] [PubMed]

	



Hori, M.; Takahashi, M.; Hiraoka, N.; Yamaji, T.; Mutoh, M.; Ishigamori, R.; Furuta, K.; Okusaka, T.; Shimada, K.; Kosuge, T.; et al. Association of pancreatic Fatty infiltration with pancreatic ductal adenocarcinoma. Clin. Transl. Gastroenterol. 2014, 5, e53. [Google Scholar] [CrossRef]

	



Tomita, Y.; Azuma, K.; Nonaka, Y.; Kamada, Y.; Tomoeda, M.; Kishida, M.; Tanemura, M.; Miyoshi, E. Pancreatic fatty degeneration and fibrosis as predisposing factors for the development of pancreatic ductal adenocarcinoma. Pancreas 2014, 43, 1032–1041. [Google Scholar] [CrossRef] [PubMed]

	



Mandai, K.; Uno, K.; Nakase, K.; Kawamura, T.; Yasuda, K. Association between hyperechogenic pancreas and pancreatic ductal adenocarcinoma concomitant with intraductal papillary mucinous neoplasms. J. Med. Ultrason. 2019, 46, 435–439. [Google Scholar] [CrossRef]

	



Noda, Y.; Goshima, S.; Suzui, N.; Miyazaki, T.; Kajita, K.; Kawada, H.; Kawai, N.; Tanahashi, Y.; Matsuo, M. Pancreatic MRI associated with pancreatic fibrosis and postoperative fistula: Comparison between pancreatic cancer and non-pancreatic cancer tissue. Clin. Radiol. 2019, 74, 490.e491–490.e496. [Google Scholar] [CrossRef]

	



Lesmana, C.R.A.; Gani, R.A.; Lesmana, L.A. Non-alcoholic fatty pancreas disease as a risk factor for pancreatic cancer based on endoscopic ultrasound examination among pancreatic cancer patients: A single-center experience. JGH Open 2018, 2, 4–7. [Google Scholar] [CrossRef]

	



Miura, S.; Kume, K.; Kikuta, K.; Hamada, S.; Takikawa, T.; Yoshida, N.; Hongo, S.; Tanaka, Y.; Matsumoto, R.; Sano, T.; et al. Focal Parenchymal Atrophy and Fat Replacement Are Clues for Early Diagnosis of Pancreatic Cancer with Abnormalities of the Main Pancreatic Duct. Tohoku J. Exp. Med. 2020, 252, 63–71. [Google Scholar] [CrossRef]

	



Kawamura, A.; Takakura, K.; Torisu, Y.; Kinoshita, Y.; Tomita, Y.; Nakano, M.; Yamauchi, T.; Suka, M.; Sumiyama, K.; Koido, S.; et al. Impact of qualitative endoscopic ultrasonography on fatty pancreas at a referral medical center. JGH Open 2022, 6, 44–49. [Google Scholar] [CrossRef]

	



Kobashi, Y.; Uchiyama, M.; Matsui, J. The “K-Sign”-A Novel CT Finding Suggestive before the Appearance of Pancreatic Cancer. Cancers 2021, 13, 4222. [Google Scholar] [CrossRef]

	



Gaujoux, S.; Torres, J.; Olson, S.; Winston, C.; Gonen, M.; Brennan, M.F.; Klimstra, D.S.; D’Angelica, M.; DeMatteo, R.; Fong, Y.; et al. Impact of obesity and body fat distribution on survival after pancreaticoduodenectomy for pancreatic adenocarcinoma. Ann. Surg. Oncol. 2012, 19, 2908–2916. [Google Scholar] [CrossRef] [PubMed]

	



Kanno, A.; Masamune, A.; Hanada, K.; Maguchi, H.; Shimizu, Y.; Ueki, T.; Hasebe, O.; Ohtsuka, T.; Nakamura, M.; Takenaka, M.; et al. Multicenter study of early pancreatic cancer in Japan. Pancreatology 2018, 18, 61–67. [Google Scholar] [CrossRef]

	



Izumi, Y.; Hanada, K.; Okazaki, A.; Minami, T.; Hirano, N.; Ikemoto, J.; Kanemitsu, K.; Nakadoi, K.; Shishido, T.; Katamura, Y.; et al. Endoscopic ultrasound findings and pathological features of pancreatic carcinoma in situ. Endosc. Int. Open 2019, 7, E585–E593. [Google Scholar] [CrossRef] [PubMed]

	



Mathur, A.; Hernandez, J.; Shaheen, F.; Shroff, M.; Dahal, S.; Morton, C.; Farrior, T.; Kedar, R.; Rosemurgy, A. Preoperative computed tomography measurements of pancreatic steatosis and visceral fat: Prognostic markers for dissemination and lethality of pancreatic adenocarcinoma. HPB 2011, 13, 404–410. [Google Scholar] [CrossRef] [PubMed]

	



Smits, M.M.; van Geenen, E.J. The clinical significance of pancreatic steatosis. Nat. Rev. Gastroenterol. Hepatol. 2011, 8, 169–177. [Google Scholar] [CrossRef]

	



Tariq, H.; Nayudu, S.; Akella, S.; Glandt, M.; Chilimuri, S. Non-Alcoholic Fatty Pancreatic Disease: A Review of Literature. Gastroenterol. Res. 2016, 9, 87–91. [Google Scholar] [CrossRef]

	



Truong, E.; Pandol, S.; Jeon, C. Uniting epidemiology and experimental models: Pancreatic steatosis and pancreatic cancer. eBioMedicine 2022, 79, 103996. [Google Scholar] [CrossRef] [PubMed]

	



Carter, R.; Mouralidarane, A.; Soeda, J.; Ray, S.; Pombo, J.; Saraswati, R.; Novelli, M.; Fusai, G.; Rappa, F.; Saracino, C.; et al. Non-Alcoholic Fatty Pancreas Disease Pathogenesis: A Role for Developmental Programming and Altered Circadian Rhythms. PLoS ONE 2014, 9, e89505. [Google Scholar] [CrossRef] [PubMed]

	



Soeda, J.; Mouralidarane, A.; Cordero, P.; Li, J.; Nguyen, V.; Carter, R.; Kapur, S.R.; Pombo, J.; Poston, L.; Taylor, P.D.; et al. Maternal obesity alters endoplasmic reticulum homeostasis in offspring pancreas. J. Physiol. Biochem. 2016, 72, 281–291. [Google Scholar] [CrossRef]

	



Mathur, A.; Marine, M.; Lu, D.; Swartz-Basile, D.A.; Saxena, R.; Zyromski, N.J.; Pitt, H.A. Nonalcoholic fatty pancreas disease. HPB 2007, 9, 312–318. [Google Scholar] [CrossRef]

	



Liu, L.; Mei, M.; Yang, S.; Li, Q. Roles of chronic low-grade inflammation in the development of ectopic fat deposition. Mediat. Inflamm. 2014, 2014, 418185. [Google Scholar] [CrossRef] [PubMed]

	



Stamm, B.H. Incidence and diagnostic significance of minor pathologic changes in the adult pancreas at autopsy: A systematic study of 112 autopsies in patients without known pancreatic disease. Hum. Pathol 1984, 15, 677–683. [Google Scholar] [CrossRef] [PubMed]

	



Garcia, T.S.; Rech, T.H.; Leitao, C.B. Pancreatic size and fat content in diabetes: A systematic review and meta-analysis of imaging studies. PLoS ONE 2017, 12, e0180911. [Google Scholar] [CrossRef] [PubMed]

	



Schepis, T.; Tringali, A.; Spada, C.; Costamagna, G.; Boškoski, I. Intrapancreatic Fat Deposition: Cause or Consequence of First Acute Pancreatitis Attack? AJG 2023, 118, 910–911. [Google Scholar] [CrossRef]

	



Kim, G.A.; Lee, H.C.; Choe, J.; Kim, M.J.; Lee, M.J.; Chang, H.S.; Bae, I.Y.; Kim, H.K.; An, J.; Shim, J.H.; et al. Association between non-alcoholic fatty liver disease and cancer incidence rate. J. Hepatol. 2017, 68, 140–146. [Google Scholar] [CrossRef]

	



Pinnick, K.E.; Collins, S.C.; Londos, C.; Gauguier, D.; Clark, A.; Fielding, B.A. Pancreatic ectopic fat is characterized by adipocyte infiltration and altered lipid composition. Obesity 2008, 16, 522–530. [Google Scholar] [CrossRef]

	



Wu, W.C.; Wang, C.Y. Association between non-alcoholic fatty pancreatic disease (NAFPD) and the metabolic syndrome: Case-control retrospective study. Cardiovasc. Diabetol. 2013, 12, 77. [Google Scholar] [CrossRef]

	



van Geenen, E.J.; Smits, M.M.; Schreuder, T.C.; van der Peet, D.L.; Bloemena, E.; Mulder, C.J. Nonalcoholic fatty liver disease is related to nonalcoholic fatty pancreas disease. Pancreas 2010, 39, 1185–1190. [Google Scholar] [CrossRef]

	



Ilic, M.; Ilic, I. Epidemiology of pancreatic cancer. World J. Gastroenterol. 2016, 22, 9694. [Google Scholar] [CrossRef]

	



Khoury, T.; Mari, A.; Sbeit, W. A Novel Clinical Score Predicting the Presence of Fatty Pancreas. J. Clin. Med. 2021, 10, 5843. [Google Scholar] [CrossRef]

	



Hegyi, P.; Erőss, B.; Izbéki, F.; Párniczky, A.; Szentesi, A. Accelerating the translational medicine cycle: The Academia Europaea pilot. Nat. Med. 2021, 27, 1317–1319. [Google Scholar] [CrossRef] [PubMed]

	



Hegyi, P.; Petersen, O.H.; Holgate, S.; Erőss, B.; Garami, A.; Szakács, Z.; Dobszai, D.; Balaskó, M.; Kemény, L.; Peng, S.; et al. Academia Europaea Position Paper on Translational Medicine: The Cycle Model for Translating Scientific Results into Community Benefits. J. Clin. Med. 2020, 9, 1532. [Google Scholar] [CrossRef]

	



Schwarzer, G.; Chemaitelly, H.; Abu-Raddad, L.J.; Rucker, G. Seriously misleading results using inverse of Freeman-Tukey double arcsine transformation in meta-analysis of single proportions. Res Synth Methods 2019, 10, 476–483. [Google Scholar] [CrossRef]

	



Stijnen, T.; Hamza, T.H.; Ozdemir, P. Random effects meta-analysis of event outcome in the framework of the generalized linear mixed model with applications in sparse data. Stat Med 2010, 29, 3046–3067. [Google Scholar] [CrossRef]

	



Mantel, N.; Haenszel, W. Statistical Aspects of the Analysis of Data From Retrospective Studies of Disease. JNCI J. Natl. Cancer Inst. 1959, 22, 719–748. [Google Scholar] [CrossRef]

	



Robins, J.; Greenland, S.; Breslow, N.E. A general estimator for the variance of the Mantel-Haenszel odds ratio. Am. J. Epidemiol. 1986, 124, 719–723. [Google Scholar] [CrossRef]

	



Cooper, H.; Hedges, L.V.; Valentine, J.C. (Eds.) The Handbook of Research Synthesis and Meta-Analysis, 2nd ed.; Russell Sage Foundation: New York, NY, USA, 2009. [Google Scholar]

	



J. Sweeting, M.; J. Sutton, A.; C. Lambert, P. What to add to nothing? Use and avoidance of continuity corrections in meta-analysis of sparse data. Stat. Med. 2004, 23, 1351–1375. [Google Scholar] [CrossRef]

	



Knapp, G.; Hartung, J. Improved tests for a random effects meta-regression with a single covariate. Stat. Med. 2003, 22, 2693–2710. [Google Scholar] [CrossRef]

	



IntHout, J.; Ioannidis, J.P.; Borm, G.F. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysis is straightforward and considerably outperforms the standard DerSimonian-Laird method. BMC Med. Res. Methodol. 2014, 14, 25. [Google Scholar] [CrossRef]

	



Jackson, D.; Law, M.; Rucker, G.; Schwarzer, G. The Hartung-Knapp modification for random-effects meta-analysis: A useful refinement but are there any residual concerns? Stat. Med. 2017, 36, 3923–3934. [Google Scholar] [CrossRef]

	



Paule, R.C.; Mandel, J. Consensus Values and Weighting Factors. J. Res. Natl. Bur. Stand. (1977) 1982, 87, 377–385. [Google Scholar] [CrossRef] [PubMed]

	



Veroniki, A.A.; Jackson, D.; Viechtbauer, W.; Bender, R.; Bowden, J.; Knapp, G.; Kuss, O.; Higgins, J.P.; Langan, D.; Salanti, G. Methods to estimate the between-study variance and its uncertainty in meta-analysis. Res. Synth. Methods 2016, 7, 55–79. [Google Scholar] [CrossRef] [PubMed]

	



Agresti, A.; Coull, B.A. Approximate Is Better than “Exact” for Interval Estimation of Binomial Proportions. Am. Stat. 1998, 52, 119–126. [Google Scholar] [CrossRef]








[image: Cancers 15 04876 g001] 





Figure 1. PRISMA 2020 flow diagram of the screening and selection process. 
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Figure 2. Forest plot representing the presence of PC among patients with FP—Analysis A. FP: fatty pancreas PC: pancreatic cancer, OR: odds ratio, and CI: confidence interval [36,37,38]. 
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Figure 3. Forest plot representing the presence of FP among patients with PC. FP: fatty pancreas, PC: pancreatic cancer, OR: odds ratio, and CI: confidence interval [39,40,41,42,43,44,45,46,47]. 
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Figure 4. Forest plot on the proportion of FP among PC patients. FP: fatty pancreas, PC: pancreatic cancer, and CI: confidence interval [39,40,41,42,43,44,45,46,47,48,49,50,51,52]. 
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Table 1. The main characteristics of the included studies, Analysis A.
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Study

	
Design

	
Demography

	
Imaging Modality Used to Assess FP

	
Total Number of PC Individuals

	
Total Number of FP in PC Individuals




	
Population




	
Country

	
FP Patients

	
Control c

	
Mean Age






	
Sepe P. S. et al. (2011) [36]

	
Cross-sectional

	
USA

	
64

	
198

	
62.9 a (13.9) b

	
EUS

	
32

	
7




	
Sbeit W. et al. (2021) [38]

	
Cross-sectional

	
Israel

	
78

	
716

	
62.8 d (14.1) e

	
EUS

	
50

	
10




	
Dei H. et al. (2022) [37]

	
Cross-sectional

	
Japan

	
92

	
172

	
144 f

	
CT, Histology

	
49

	
25








FP = fatty pancreas; PC = pancreatic cancer; EUS = endoscopic ultrasound; CT = computer tomography; a = mean; b = standard deviation; c = no pancreatic cancer; d = combined mean age of pancreatic cancer patient group and control group; e = combined standard deviation of pancreatic cancer patient group and control group; and f = number of patients that are > 65 years old.













 





Table 2. The main characteristics of the included studies, Analysis B.
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Scheme

	
Design

	
Demography

	
Imaging Modality Used to

Assess FP

	
Total Number of PC

Individuals with FP

	
Total Number

of FP

Individuals in

Non-PC Group




	
Population




	
Country

	
PC Patients

	
Control a

	
Mean Age






	
Mathur A. et al. (2011) [52]

	
Cross-sectional

	
USA

	
42

	
N/A

	
46 b (11) c

	
CT

	
23

	
N/A




	
Gaujoux S. et al. (2012) [49]

	
Cross-sectional

	
USA

	
165

	
N/A

	
71 d (63–77) e

	
Histology

	
42

	
N/A




	
Hori M. et al. (2014) [41]

	
Cross-sectional

	
Japan

	
102

	
85

	
63.5 g (56–69) i,

68.0 h (63–79) j

	
Histology

	
64

	
30




	
Tomita Y. et al. (2014) [42]

	
Case–control

	
Japan

	
76

	
98

	
64.04 k (11.84) l

	
Histology

	
55

	
43




	
Kanno A. et al. (2018) [50]

	
Cross-sectional

	
Japan

	
196

	
N/A

	
N/A

	
CT

	
82

	
N/A




	
Lesmana C. et al. (2018) [45]

	
Cross-sectional

	
Indonesia

	
43

	
119

	
57 b (15.9)c

	
EUS

	
34

	
19




	
Izumi Y. et al. (2019) [51]

	
Cross-sectional

	
Japan

	
16

	
N/A

	
68.4 b

(52–84 f; 9.1 c)

	
EUS, Histology

	
7

	
N/A




	
Mandai K. et al. (2019) [43]

	
Case–control

	
Japan

	
23

	
92

	
73 g, 73 h

(69–79) e

	
EUS

	
21

	
60




	
Noda Y. et al. (2019) [44]

	
Cross-sectional

	
Japan

	
30

	
10

	
69.9 b

(52–82 f; 7.9 c)

	
MRI, Histology

	
21

	
2




	
Miura S. et al. (2020) [46]

	
Cross-sectional

	
Japan

	
10

	
10

	
68.15 k (10.23) l

	
CT

	
7

	
1




	
Hoogenboom S. et al. (2021) [40]

	
Case–control

	
USA

	
32

	
117

	
68.49 k (10.55) l

	
CT

	
23

	
53




	
Kobashi Y. et al. (2021) [48]

	
Case–control

	
Japan

	
41

	
N/A

	
74.8 b (10.5) c

	
CT

	
8

	
N/A




	
Kawamura A. et al. (2022) [47]

	
Cross-sectional

	
Japan

	
44

	
66

	
64.79 k (13.52) l

	
EUS

	
44

	
23




	
Khoury T. et al. (2022) [39]

	
Cross-sectional

	
Israel

	
48

	
471

	
63.07 k (14.01) l

	
EUS

	
10

	
44








FP = fatty pancreas; PC = pancreatic cancer; EUS = endoscopic ultrasound; CT = computer tomography; N/A = not applicable; a = non-PC patients; b = mean; c = standard deviation; d = median; e = interquartile range; f = range; g = median of case; h = median of control; i = interquartile range of case; j = interquartile range of control; k = combined mean age of pancreatic cancer patient group and control group; and l = combined standard deviation of pancreatic cancer patient group and control group.
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