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Abstract

Metabolic dysfunction-associated steatotic liver disease (MASLD) is increasingly recognised
as a systemic disorder with clinically relevant extrahepatic manifestations. Pancreatic
diseases have gained particular attention in this context, as they share key metabolic
and inflammatory mechanisms with MASLD and may influence each other’s natural
history and clinical outcomes. Beyond shared cardiometabolic risk factors, emerging
evidence suggests that MASLD may actively contribute to pancreatic dysfunction and
disease progression, supporting a bidirectional liver-pancreas relationship. Recognition
of this association is essential to improve risk stratification, diagnostic assessment, and
clinical management. This review summarises the current evidence linking MASLD with
pancreatic disorders, focusing on acute and chronic pancreatitis, pancreatic cancer, and
fatty pancreas. We examine shared pathophysiological pathways and discuss how these
interactions may affect disease progression, nutritional status, diagnostic strategies, and
therapeutic decision-making. We also address key clinical challenges, including alcohol
assessment and MASLD-MetALD misclassification, highlight current knowledge gaps,
and provide scenario-specific recommendations.

Keywords: metabolic dysfunction-associated steatotic liver disease; insulin resistance;
pancreatic diseases; cardiometabolic risk factors

1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) has become the
leading cause of chronic liver disease and represents a major global healthcare challenge.
It affects approximately one-third of adults in Western countries, and its prevalence is
projected to increase markedly, potentially reaching 50% worldwide by 2040 [1].

Rather than representing an isolated hepatic condition, MASLD is recognised as the
hepatic manifestation of the metabolic syndrome (MetS). It is closely associated with major
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cardiometabolic risk factors (CMRF), including obesity and type 2 diabetes (T2D), as well
as systemic inflammation and endocrine dysfunction. These factors contribute to disease
progression, the development of liver-related outcomes and extrahepatic complications [2,3].

Within this context, pancreatic disorders have gained increasing attention, as they
share several fundamental pathophysiological mechanisms with MASLD, including chronic
inflammation, oxidative stress, and metabolic dysregulation [4]. This common ground
supports a bidirectional relationship, with accumulating evidence indicating that pancreatic
dysfunction may play an active role in modulating MASLD progression and shaping clinical
outcomes, although the underlying mechanisms remain incompletely understood.

Here, we provide a comprehensive overview of the current evidence linking MASLD
with pancreatic disorders. We focus on major and emerging conditions, such as acute and
chronic pancreatitis, pancreatic cancer, and fatty pancreas disease, and provide insights
about less frequent, albeit relevant disorders. In addition, we examine the key shared
pathophysiological pathways and consider how these interactions may influence disease
progression, diagnostic strategies, and therapeutic decision-making in both hepatic and
pancreatic disease. Finally, we discuss the related nutritional consequences and manage-
ment, and the current main knowledge gaps and our vision about further research in
the field.

2. Material and Methods

We conducted a systematic literature search addressing the primary focus of this
review: the association between MASLD and pancreatic disorders. SCOPUS, MEDLINE
(through Ovid), and Scielo databases were electronically searched. The search combined
free-text terms and controlled vocabulary related to MASLD, liver cirrhosis and pancreatic
disorders, including MASLD OR liver disease AND pancreatic cancer OR acute pancreatitis
OR chronic pancreatitis. Titles and abstracts were independently screened by JRE and BA,
and full-text articles published in English or Spanish were assessed for eligibility if they
specifically examined the relationship between MASLD and the corresponding pancre-
atic disorder. The remaining sections of the review were informed by a non-systematic
narrative search.

3. MASLD as a Systemic Disease

The systemic nature of MASLD is reflected in its conceptual framework and nomencla-
ture. Under the current umbrella of steatotic liver disease (SLD), which encompasses a range
of conditions characterised by hepatic fat accumulation, the terminology has evolved from
the hepatic-centered, exclusionary and potentially stigmatising term non-alcoholic fatty
liver disease to a more inclusive and metabolically driven concept-metabolic dysfunction-
associated steatotic liver disease [5]. This shift reflects both the central role of steatosis and
the pivotal contribution of metabolic dysfunction to its pathogenesis and progression.

Cardiometabolic risk factors (obesity, T2D, dyslipidemia, and hypertension) are the
main drivers for MASLD onset and progression, promoting the development of both liver
and non-liver-related events [6]. In fact, cardiovascular disease and malignancies are the
leading causes of mortality in the entire MASLD population [7].

Importantly, compared with other liver disease etiologies, MASLD has been associated
with a higher incidence of hepatocellular carcinoma (HCC) in pre-cirrhotic stages [8,9] and
extrahepatic malignancies, including colorectal, pancreatic, breast, and renal cancers [10].
These findings point to a broader systemic oncogenic potential that extends beyond the
stage of liver disease.

The pathophysiology of MASLD is highly complex and involves interconnected pro-
cesses such as chronic inflammation, insulin resistance, endothelial dysfunction, and a
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range of genetic and epigenetic factors, including gut dysbiosis [11,12]. These mechanisms

contribute not only to hepatic injury but also to the development of a broad spectrum of

extrahepatic manifestations, underscoring the systemic nature of the disease (Table 1).

Table 1. MASLD-associated comorbidities.

Cardiometabolic Risk Factors

Neoplasms

o  Obesity Hepatocellular carcinoma
o Type 2 diabetes Cholangiocarcinoma
e Dyslipidemia Esophageal cancer
e Hypertension Gastric cancer
Cardiovascular Diseases Colorectal cancer
e  Coronary artery disease Thyroid cancer
e  Atherosclerosis Breast cancer
Heart failure Genitourinary cancer
e  Atrial fibrillation Lung cancer
e  Valvular heart disease Gallbladder cancer
e  Stroke Immune-Related Conditions
e  Chronic kidney disease (CKD) Dermatological-based disease (psoriasis, hidradenitis)
) ) Rheumatological diseases (rheumatoid arthritis, lupus,
Endocrine Organ Dysfunction psoriatic arthritis. . .)
o ) o Digestive system diseases (celiac disease, inflammatory
e  Hypothyroidism/Hashimoto’s thyroiditis bowel disease, AIH, PBC, PSC)
e  Polycystic ovary syndrome (PCOS) Gut dysbiosis
e  Male hypogonadism Others
e Type 1 diabetes Hyperuricemia
Pancreatic Diseases Obstructive Sleep Apnea Syndrome (OSAS)
e  Acute pancreatitis Cognitive impairment/Dementia
e  Chronic pancreatitis Urolithiasis
e  Pancreatic cancer Gallstone disease
e  Fatty pancreas
e  Cystic fibrosis, autoimmune pancreatitis

Notably, endocrine dysfunction is well documented in patients with MASLD, affecting

multiple organs, including the thyroid (e.g., hypothyroidism) [13] and the gonads (e.g., male

hypogonadism and polycystic ovary syndrome) [14]. Pancreatic involvement is of particular

importance, as MASLD appears to contribute to both acute and chronic pancreatic disorders,

which carry significant morbidity and mortality, while also impairing endocrine and

exocrine function. Conversely, pancreatic dysfunction may influence MASLD severity and

its natural history [15].

4, Pancreatic Diseases and MASLD

Pancreatic diseases constitute a major cause of hospitalisation and reduced quality

of life among gastrointestinal disorders. Recent global estimates indicate that acute and

chronic pancreatitis affected an estimated 2.75 million individuals worldwide and were

responsible for approximately 122,000 deaths [16], whilst pancreatic cancer alone accounted

for over 500,000 deaths worldwide in 2021-2022, ranking as the sixth leading cause of

cancer-related mortality [17].

The liver and pancreas are closely interconnected through their central roles in

metabolic homeostasis, a relationship that becomes particularly relevant in the context of
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metabolic disorders such as MASLD. In addition, MASLD, together with CMREF, genetic
and epigenetic modifiers, may promote pancreatic disorders and contribute to pancreatic
dysfunction [12].

In the following sections, we summarise the current understanding of the pathophysi-
ological mechanisms linking MASLD and pancreatic disorders, along with the available
evidence on pancreatic events in this population. Importantly, interpretation of these
associations requires careful adjustment for shared confounders, causality, and surveil-
lance/survival bias.

5. Pathophysiological Relationship Between MASLD and
Pancreatic Disorders

The liver and pancreas are metabolically active organs with key endocrine and ex-
ocrine functions. Insulin resistance, metabolic stress and gut dysbiosis promote systemic
inflammation and organ crosstalk through the gut-liver—pancreas axis, influencing liver
and pancreatic disease development [12,18].

Insulin resistance (IR) is the main driver of MetS and related disorders, and its patho-
physiology involves different organs. Reduced glucose uptake in peripheral tissues in-
creases circulating glucose and free fatty acids (FFAs). In the liver, IR impairs gluco-
neogenesis, promotes lipogenesis and enhances hepatic steatosis. Finally, compensatory
hyperinsulinemia places stress on pancreatic 3-cells, leading to dysfunction and progressive
failure, which further exacerbates IR and metabolic imbalance [19].

MASLD and advanced chronic liver disease typically present chronic low-grade
inflammation, characterised by increased pro-inflammatory cytokines (i.e., tumour necrosis
factor-« or interleukin-6), macrophage and inflammasome activation. In both the liver
and the pancreas, these processes promote stellate cell activation, fibrosis, and structural
remodelling. Consequently, disruption of acinar, ductal, and islet architecture may lead
to progressive impairment of endocrine and exocrine pancreatic function. Liver-derived
mediators may further modulate pancreatic function: fetuin-A, fetuin-B, and selenoprotein
P have been associated with IR and cellular stress, whereas FGF21 may enhance insulin
sensitivity and exert protective effects on pancreatic 3-cells [20-23].

In addition, gut dysbiosis increases intestinal permeability, facilitating endotoxins
and microbe-derived metabolites to reach splanchnic organs, such as the liver and the
pancreas, through portal circulation. The pathogenic role of gut dysbiosis in MASLD is
well established, contributing to disease onset and progression, and has prompted the
evaluation of gut-targeted interventions such as dietary modification and faecal microbiota
transplantation [24]. By contrast, evidence linking dysbiosis to pancreatic disorder, albeit
biologically plausible, is preliminary and warrants further investigation [25].

The main mechanisms of acute pancreatic injury involve calcium and organelle home-
ostasis, along with trypsin activation. Bile acids, alcohol metabolites, secretagogue hyper-
stimulation, and ductal or mechanical stress induce a sustained cytosolic calcium overload
by enhancing ER calcium release, overwhelming ATP-dependent extrusion mechanisms.
The resulting activation of calcineurin and loss of cellular energy homeostasis trigger mito-
chondrial permeability, ATP depletion, ER stress and epithelial junction disruption. At the
same time, impaired autophagic-lysosomal processing causes vacuole accumulation and
favours digestive zymogens interaction with lysosomal hydrolases, promoting intracellular
trypsinogen activation. These events reinforce one another, ultimately driving acinar-cell
necrosis [26,27].

In this scenario, the metabolic milieu frequently accompanying MASLD may increase
susceptibility and severity of pancreatic injury by increasing triglyceride-rich lipopro-
teins and intrapancreatic fat availability that can be hydrolysed by pancreatic lipases into
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toxic free fatty acids. These lipids directly disturb cellular and mitochondrial membranes,
aggravate calcium overload, impair immune-cell phagocytosis, and promote pancreatic
and distant-organ injury. Acinar necrosis subsequently releases activated proteases, ROS,
mitochondrial DNA, and other damage-associated molecular patterns, activating NF-«B,
inflammasome signalling and pro-inflammatory macrophages [28]. Endothelial injury,
impaired microcirculation, hypoxia, and increased gut permeability further amplify inflam-
mation and favour bacterial translocation.

Ultimately, disease evolution depends on the balance between injury and repair. Pan-
creatic injury resolution requires clearance of necrotic tissue, revascularisation, and a shift
from inflammatory to reparative macrophage phenotypes. When these mechanisms fail, or
injury recurs, persistent cytokine signalling activates pancreatic stellate cells and promotes
fibrosis, chronic pancreatitis, and organ dysfunction [29]. This provides a mechanistic basis
for a bidirectional liver-pancreas axis, whereby MASLD aggravates pancreatic injury, while
pancreatic dysfunction further worsens IR, nutrient handling, and hepatic metabolic stress.

6. Acute Pancreatitis

Acute pancreatitis (AP) is the leading gastrointestinal cause of acute hospital admis-
sion, with an annual incidence of 29-38 per 100,000 individuals [30]. Although the majority
of patients experience a mild, self-limiting disease with a <1% mortality rate, approximately
20-30% develop moderately severe or severe AP, characterised by local complications
(i.e., peripancreatic fluid collections or necrosis) and/or persistent organ failure, with mor-
tality rates up to 10-30% [31,32]. Regarding AP etiology, biliary gallstones remain the most
common cause in Western countries, accounting for approximately 45% of cases, followed
by alcohol abuse and hypertriglyceridemia [33].

The specific prevalence of MASLD in AP patients is not fully established. However,
Véncsa et al. reported its presence in an estimated 39% of patients [34].

Although MASLD has been independently associated with biliary gallstones [35,36],
the excess risk of acute biliary pancreatitis appears modest [15] in the MASLD population.
In contrast, observational studies suggest that non-biliary aetiologies of AP, including alco-
hol and hypertriglyceridemia-related disease, are also overrepresented amongst MASLD
patients [34,37]. Supporting this, non-biliary was the most common cause of AP in a
biopsy-proven MASLD cohort.

Hypertriglyceridaemia, a key metabolic feature in this population, arises from im-
paired clearance of triglyceride-rich lipoproteins and increased hepatic VLDL production.
The resulting elevation in circulating triglycerides and FFAs promotes pancreatic lipotoxic-
ity and inflammation, potentially triggering AP, while also contributing to hepatic steatosis
and steatohepatitis.

Moreover, an endoscopic ultrasound-based study comprising more than 300 patients
reported a higher prevalence of fatty pancreas (FP) among individuals with a history of AP
compared with those without [38], with pancreatic steatosis independently associated with
a history of AP and hyperlipidemia. Although these findings do not establish causality,
they support the hypothesis that FP may represent an intermediate metabolic phenotype
linking MASLD, dyslipidemia and non-biliary AP.

Regarding severity, MASLD has been associated with higher odds of systemic in-
flammatory response syndrome, organ failure and mortality in the context of AP [39]. A
meta-analysis including ten studies and 6436 individuals showed that MASLD patients
present higher rates of moderate-to-severe and necrotising pancreatitis and mortality [40].
Importantly, these adverse outcomes appear to be driven by the underlying metabolic
burden, as MASLD severity and the accumulation of CMRF demonstrate a dose-dependent
relationship with AP severity compared to those patients metabolically healthy [37].
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Overall, AP-related etiology and severity in MASLD patients are shaped primarily
by the underlying metabolic context. The higher prevalence of non-biliary causes and
adverse outcomes may reflect the greater burden of obesity, visceral adiposity, T2D, hy-
pertriglyceridaemia, alcohol and tobacco exposure rather than a direct effect of MASLD
itself. However, important potential confounders (i.e., medication use, glycaemic control,
AP aetiology, centre expertise and disease management) are incompletely captured in most
studies. Although current evidence supports a link between MASLD and a more severe
AP phenotype, prospective studies with standardised hepatic and metabolic phenotyp-
ing are needed to clarify causality and determine whether MASLD provides prognostic
information beyond its accompanying cardiometabolic burden.

7. Chronic Pancreatitis

Chronic pancreatitis (CP) is a progressive inflammatory disorder characterised by
parenchymal and ductal damage, leading to fibrosis and exocrine and endocrine insuffi-
ciency when >90% of pancreatic tissue is lost. Annual incidence ranges from 5 to 14.4 cases
per 100,000 population per year [41], and its etiology is multifactorial, reflecting the inter-
play between several pathogenic factors. Chronic alcohol and tobacco use are the main
environmental drivers, acting synergistically to promote persistent injury and fibrogenesis.
However, CP may also arise from ductal obstruction, genetic variants affecting pancreatic
function, autoimmune mechanisms, or exposure to toxics [42]. In addition, CP represents a
major risk factor for pancreatic ductal adenocarcinoma, justifying risk stratification and
surveillance strategies in this population [43].

CP commonly coexists with CMRE. T2DM is the most frequent comorbidity, affecting
approximately 26.3% of patients with CP, whilst 21.5% and 16.7% will suffer hypertension
and dyslipidemia, respectively [44].

Several studies have examined the association of CP and liver diseases. Although the
coexistence of CP and cirrhosis appears to be uncommon [45], the overall prevalence of
SLD remains unclear. A population-based study reported a MASLD prevalence of 12.4%
amongst CP patients [44], albeit surgical series with histological data suggest a higher
burden of subclinical liver involvement, with hepatic abnormalities observed in up to 45%
of cases, including macrovesicular steatosis in approximately 30% and fibrosis in around
15% [46].

Supporting a bidirectional association, a population-based cohort study of 8563 Swedish
adults with biopsy-confirmed MASLD demonstrated a significantly higher incidence of
CP compared with individuals without MASLD (0.54 per 1000 vs. 0.12 per 1000 person-
years), with risk further increasing in the presence of MASLD-related advanced fibrosis or
cirrhosis [15]. Although the biopsy-based and sibling-controlled design reduces exposure
misclassification and some shared familial confounding, residual non-shared environmen-
tal and time-varying confounding cannot be excluded.

Overall, these findings support an association between MASLD and chronic pancreati-
tis, while also suggesting that hepatic involvement in patients with CP is more commonly
characterised by steatosis than by advanced liver disease. MASLD may therefore represent
a frequent but under-recognised entity in this setting, reflecting shared metabolic risk
factors and the potential systemic consequences of pancreatic exocrine and endocrine insuf-
ficiency. Prospective longitudinal studies with serial hepatic and pancreatic phenotyping
are needed to establish temporality and clarify the direction of this relationship.

8. Pancreatic Insufficiency

Pancreatic exocrine and endocrine insufficiency result from a massive loss of functional
pancreatic tissue secondary to pancreatic disease, cancer, or pancreatic surgery [47—49].
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Evidence regarding pancreatic exocrine insufficiency (PEI) and type 3¢ diabetes mel-
litus (T3cDM) in MASLD remains scarce, and the nature of this association has not yet
been established. Preliminary data from Boga et al., in a cohort of biopsy-proven MASLD,
showed significantly reduced faecal elastase-1 levels compared with controls, with MASLD
independently associated with PEI after adjustment for age, sex, and diabetes mellitus [50].
However, these findings should be interpreted cautiously, as PEI was defined solely by low
faecal elastase-1, without confirmation of maldigestion or additional functional testing [51].

9. Pancreatic Cancer

Pancreatic cancer represents the 12th most common cancer worldwide and the 6th
leading cause of cancer-related death [52]. Pancreatic ductal adenocarcinoma (PDAC),
which accounts for 90% of all pancreatic malignancies, is strongly linked with alcohol,
tobacco, T2D, obesity, CP and genetic mutations [53].

MASLD is associated with an increased risk of extrahepatic malignancies (Table 1).
In PDAC, large epidemiological studies suggest a higher incidence in MASLD patients,
an association persistent after adjustment for metabolic comorbidities, smoking, alcohol
use, and pre-existing pancreatic disease [54,55]. A large nationwide Korean study with
over 8 million adults reported an obesity-independent increased risk of pancreatic cancer
in individuals with MASLD, with a linear association according to steatosis severity [56].
Similarly, a Swedish biopsy-based cohort demonstrated a higher incidence of pancreatic
cancer among MASLD subjects, with a twofold increased risk, already evident in simple
steatosis and most pronounced in non-fibrotic MASH [15].

Moreover, it has been suggested that non-obese (lean) MASLD patients have a
higher risk of hepatocellular, colorectal, and pancreatic cancers compared with overweight
MASLD, underscoring the oncogenic relevance of the liver disease, especially at advanced
stages, beyond adiposity alone [57]. In this line, experimental models suggest that MASLD
may facilitate PC progression and metastasis through macrophage-mediated mechanisms;
however, the relevance and magnitude of this effect in humans remain uncertain [58].

Tobacco represents a key risk factor for liver disease progression, malignancy and
pancreatic disorders [59]. Smoking promotes carcinogenesis through multiple mechanisms,
including oxidative stress, DNA damage, chronic inflammation, and immune dysregulation.
In addition, it has been associated with accelerated progression of both chronic pancreatitis
and pancreatic cancer, as well as worsening metabolic dysfunction [60]. In patients with
MASLD, where systemic inflammation and metabolic stress are already present, tobacco
exposure may exert synergistic effects, contributing to pancreatic injury, fibrosis, and
tumour development.

Fatty pancreas, a metabolically related condition to MASLD, has also been associated
with an increased risk of pancreatic cancer [61,62]. Meta-analyses and large cohort studies
report approximately a two- to threefold higher risk among individuals with fatty pancreas
compared with controls, potentially independent of traditional metabolic factors [63].
Proposed mechanisms include lipotoxicity, chronic inflammation, and a tumour-promoting
microenvironment. However, no validated thresholds of pancreatic fat content or specific fat
distribution patterns linked to cancer risk have been established, and residual confounding
by metabolic comorbidities remains an important limitation. Consequently, the clinical
utility of fatty pancreas as a pancreatic cancer risk marker or screening tool remains
uncertain and requires prospective validation.

Overall, interpreting the association between MASLD and PC is challenging. The
tumour itself may modify the metabolic phenotype before diagnosis, whether inducing
new-onset or worsening diabetes or promoting weight loss, anorexia, alterations in lipid
metabolism, potentially masking pre-existing MASLD. Selection and survival biases are

https://doi.org/10.3390 /nu18152480


https://doi.org/10.3390/nu18152480

Nutrients 2026, 18, 2480

8 of 23

also relevant given the high lethality and rapid course of pancreatic cancer, which may pre-
clude timely liver assessment. In addition, CT, commonly used for diagnosis and staging,
has limited sensitivity for mild steatosis and may lead to MASLD misclassification. Longi-
tudinal studies incorporating pre-diagnostic metabolic data, medication exposure, prior
imaging, and more sensitive liver phenotyping are therefore needed to clarify temporality
and causality.

10. Impact of MASLD on Neo/Adjuvant Therapy in Pancreatic Cancer

Most patients with pancreatic cancer present with unresectable or metastatic disease at
diagnosis, requiring systemic chemotherapy consideration [64]. In the context of MASLD,
liver disease may influence tolerance, impact neoplastic response, and induce specific
hepatic side effects.

These considerations are particularly relevant in the neoadjuvant setting. FOLFIRI-
NOX, the preferred regimen for patients with resectable or borderline resectable disease,
includes agents associated with an increased risk of liver injury. Fluoropyrimidines (5-
fluorouracil and capecitabine) have been associated with radiographic hepatic steatosis
in 30-47% of treated patients, likely through mitochondrial dysfunction and impaired
fatty acid oxidation, which may further aggravate preexisting steatosis in patients with
MASLD [65]. Irinotecan is associated with a 5-fold increased risk of chemotherapy-
associated steatohepatitis and oxaliplatin has been linked to sinusoidal obstruction syn-
drome (SOS) [66]. Importantly, severe steatosis (=>30%) and steatohepatitis are associated
with hepatic reserve impairment in this context, limiting treatment tolerance and adher-
ence [67].

Beyond hepatotoxicity-related mechanisms, tumor metabolic reprogramming may
also influence treatment response. Alterations in lipid homeostasis and increased de
novo lipogenesis in pancreatic cancer cells contribute to tumorigenesis, neoplastic cells’
dissemination, and resistance to systemic therapy [68]. In this context, it is plausible that
ectopic lipid accumulation and increased circulating FFAs may further modulate tumor
metabolism and negatively affect treatment response. However, direct clinical evidence
supporting this association remains limited and warrants further investigation.

Although current NCCN guidelines for PDAC do not provide MASLD-specific rec-
ommendations for treatment selection, available evidence supports careful baseline liver
assessment and close hepatic monitoring during systemic therapy.

In this context, we recommend that patients with MASLD who are candidates for
chemotherapy undergo a dedicated pre-treatment liver assessment, including exclusion
of concomitant liver disease and fibrosis staging by transient elastography. If advanced
fibrosis or cirrhosis is suspected, evaluation for clinically significant portal hypertension
is warranted. In such cases, the expected oncological benefit of chemotherapy should be
balanced against the risk of hepatic decompensation within a multidisciplinary setting,
with close monitoring of liver function, portal hypertension-related complications, and
treatment tolerance throughout therapy.

11. Pancreatic Surgery

Surgical resection remains the only curative option for PDAC, although fewer than
20% of patients are eligible for surgery [53]. Beyond malignancy, pancreatic surgery is also
indicated for premalignant lesions, neuroendocrine tumours, AP local complications (i.e.,
necrosectomy) and CP patients with refractory pain or complications.

In this setting, the patient’s metabolic profile plays a key role in determining postop-
erative outcomes. Obesity and related disorders, such as MASLD, have been consistently
associated with a higher incidence and severity of pancreatic complications, including
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postoperative pancreatic fistula (POPF), haemorrhage, and readmission rates [69]. Similarly,
fatty pancreas has emerged as an important risk factor for adverse surgical outcomes, with
imaging-based markers correlating with increased postoperative morbidity [70].

MASLD itself has also been associated with longer hospital stays and higher rates
of pancreatic-specific complications following resection [71]. These risks appear to be
compounded by the broader metabolic burden, including systemic inflammation and
impaired tissue repair. In addition, in patients with advanced liver disease, the risk of
hepatic decompensation after extrahepatic surgery is significantly increased. Factors such
as sarcopenia or myosteatosis further worsen postoperative prognosis and are associated
with poor overall survival and increased post- pancreaticoduodenectomy mortality [72].

Paradoxical hepatic steatosis has been described in malnourished patients, such as
inanition or after metabolic surgery, due to impaired hepatic lipid metabolism. A simi-
lar phenomenon is observed following pancreatic resection, particularly pancreaticoduo-
denectomy, where MASLD prevalence ranges from 13% to over 30%, linked to pancreatic
exocrine insufficiency and subsequent nutritional impairment [73,74]. Clinically, post-
pancreatectomy MASLD has been associated with poorer survival and quality of life and
prolonged hospitalisation [75,76]. Given these implications, recent predictive models in-
corporating clinical, imaging, and radiomics-based parameters have shown promise in
identifying patients at higher risk of post-surgical resection MASLD [77].

Pancreatic enzyme replacement has been proposed as a preventive and therapeutic ap-
proach for post-PD MASLD, although current evidence remains inconclusive. Whilst some
studies suggest improvements in hepatic steatosis and biochemical markers, controlled
data have not demonstrated consistent benefit, and further data are needed [78,79].

Overall, these findings emphasise the central role of metabolic factors, including
MASLD, in shaping surgical outcomes in pancreatic disease, especially pancreatic cancer.
Preoperative optimisation through targeted nutritional and physical interventions may
improve functional reserve and reduce postoperative morbidity, although evidence re-
mains limited. Furthermore, structured postoperative nutritional surveillance is warranted,
although further studies are needed to define effective strategies and clarify the impact of
post-pancreatectomy MASLD on nutritional, hepatic, and oncologic outcomes.

12. Fatty Pancreas

Fatty pancreas (FP), formerly known as pancreatic steatosis, describes excessive fat
accumulation within the pancreas, characterised by adipocyte infiltration of the intra-
and/or interlobular spaces [80]. Epidemiological estimates remain highly heterogeneous,
varying substantially according to population characteristics, diagnostic criteria, and imag-
ing modalities; nevertheless, population-based studies report a 20-30% prevalence in the
general population [81].

CMRE, particularly obesity, IR, and dyslipidemia, are the main triggers for FP devel-
opment, as per MASLD, along with pancreatic-specific toxics, such as tobacco and alcohol.
Amongst the shared pathophysiological pathways, IR plays a key role, since it promotes
circulating FFAs that will accumulate both in the liver and in the pancreas, facilitating
hepatic and pancreatic steatosis [82,83]. Consistent with this mechanism, histology-based
studies have identified FP as a significant predictor of MASLD, an association that seems
to be largely mediated by overall adiposity [84].

The bidirectional influence of FP and MASLD has been analysed in a recent meta-
analysis comprising more than 60,000 subjects [85]. In this study, MASLD was associated
with 6-fold odds of having FP, whilst the risk of MASLD was 9 times higher in patients
with FP. Furthermore, the presence of pancreatic disease modifies MASLD natural history,
since those patients with FP presented a higher risk of MASH and advanced fibrosis [86].
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Importantly, these data should be interpreted with caution, since FP and MASLD
detection and prevalence estimates rely on non-invasive imaging techniques accuracy
and pre-defined thresholds. To date, US, CT, endoscopic ultrasound (EUS) and MRI have
been tested for PS diagnosis (Table 2), although universally accepted diagnostic criteria
and validated cut-off values are lacking [87-91]. Recently, an international consensus
has provided the first standardized framework for the definition, diagnosis, classification,
and management of fatty pancreas [80]. The consensus recognizes quantitative MRI tech-
niques, particularly proton density fat fraction (PDFF), Dixon-based imaging, and MR
spectroscopy, as the preferred methods for pancreatic fat quantification. Nevertheless, uni-
versally validated diagnostic thresholds and clinically meaningful outcome-based cut-offs
remain unavailable.

Table 2. Imaging techniques for fatty pancreas diagnosis and stratification.

Description Classification/Cut-off Points Pros/Cons

Grade 0: Similar echogenicity to
the kidney.

Grade 1: Pancreatic echogenicity Quick, accessible

Abdominal Compare pancreatic mildly increased compared to non-invasive.
Ultrasound with kidney and the kidney. Low sensitivity f ild
; _ . y for mi
(US) [83] retroperltor.le.al fat Gradg 2 Markedly h1gher steatosis.
echogenicity. echogenicity than the kidney but o )
lower than retroperitoneal fat. perator-dependent
P
Grade 3: Higher echogenicity than
retroperitoneal fat.
Grade 0: Normal
Computed Detects fat infiltration Grade 1: Fatty replacement <25% of Useful for quantifying
Tomography based on Hounsfield the pancreatic region. Grade 2: regional fat infiltration.
(CT) [84] unit density. 25-50% fatty replacement Less sensitive to
' Grade 3: 50-75% fatty replacement focal steatosis.
Grade 4: >75% fatty replacement
Grade 0: Normal.
Grade 1/2: Hyperechoic pancreas
. . compared to spleen or kidney, partial Highly sensitive.
fjrllg g:f)?lil; igﬁ) I;aefiginizef}:f obscuration of anatomical landmarks  Diagnostic criteria were
(EUS) [76,85] spleer}ll and MPD not standardised.
! ’ Grade 3: Severe hyperechogenicity, Operator-dependent.
adjacent structures and MPD
not visible.
Magnetic Most accurate and allows
Resonance Quantifies fat proton PDEFF > 6.2-6.4% is considered quantification.
Imaging (MRI) density fat fraction. indicative of pancreatic steatosis. Expensive. Low
[86] availability.

In summary, although FP is consistently associated with MASLD and broader
metabolic dysfunction, the underlying pathophysiological mechanisms remain incom-
pletely understood. The relative contributions of metabolic, genetic, inflammatory, and
obstructive factors to pancreatic fat accumulation are poorly defined, particularly in non-
obese individuals, and much of the mechanistic evidence derives from animal models
with limited human validation. Similarly, while pancreatic steatosis is linked to IR and
T2D, it remains unclear whether fat accumulation directly drives endocrine and exocrine
dysfunction or reflects a parallel manifestation of systemic metabolic stress, and whether
pancreatic fat regression translates into functional recovery.
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13. Considerations of MetALD (Metabolic Dysfunction and
Alcohol-Associated Liver Disease) in Pancreatic Diseases

MetALD is a recently defined entity characterised by the presence of at least one
CMRF and moderate alcohol intake, defined as 20-50 g/day in women and 30-60 g/day in
men [92]. Although MetALD accounts for approximately 3% of all patients with SLD, mis-
classification as MASLD is common, mainly due to underreporting of alcohol consumption,
suboptimal clinical assessment, and the limited availability of objective biomarkers [93,94].

In this regard, Staufer et al. reported that almost 30% of patients initially classified as
presumed MASLD using questionnaires and non-specific alcohol biomarkers showed evi-
dence of alcohol-related liver injury risk when ethyl glucuronide testing was performed [95].
These findings highlight the importance of systematic alcohol assessment in MASLD, partic-
ularly in patients at risk of pancreatic disease, given the direct pancreatic toxicity of alcohol.

The relationship between MetALD and pancreatic pathology is supported by over-
lapping pathophysiological mechanisms driven by the combined effects of metabolic
dysfunction and alcohol exposure. The pancreas metabolizes ethanol through both ox-
idative and non-oxidative pathways, the latter generating fatty acid ethyl esters (FAEEs),
which contribute to acinar cell injury [96]. Alcohol misuse remains one of the leading
causes of pancreatic disease worldwide. Alcohol-induced pancreatic injury results from
multiple interconnected mechanisms, including oxidative, mitochondrial and endoplasmic
reticulum stress, intracellular calcium dysregulation, premature trypsinogen activation,
inflammatory signalling, and extracellular matrix remodelling [97], which collectively
promote acinar cell injury, necroinflammatory responses, and structural remodelling of the
pancreatic parenchyma, thereby increasing the risk of acute and recurrent AP, as well as
the progression to CP [98].

In patients with MetALD, the coexistence of alcohol exposure and metabolic dysfunc-
tion may further increase pancreatic susceptibility to injury, creating a biological milieu that
favours persistent inflammation, fibrogenesis, and progression toward chronic pancreatitis.

In this context, the implementation of standardised diagnostic protocols in patients
with MASLD, including a structured assessment and quantification of alcohol intake using
biological biomarkers, is essential. Failure to accurately evaluate alcohol exposure may
lead to misclassification and attribution bias, whereby pancreatic dysfunction is incor-
rectly ascribed to MASLD, overlooking a potential alcohol-related component. Moreover,
unrecognised alcohol consumption may result in misdiagnosis, precluding identifica-
tion of MetALD and limiting appropriate psychiatric evaluation for alcohol use disorder,
as well as targeted assessment and management of pancreatic complications such as
exocrine insufficiency.

14. Nutritional Intricacies in Patients with Liver and Major
Pancreatic Disorders

Liver and pancreatic diseases includes systemic inflammation, increased catabolism,
reduced oral intake and malabsorption, which may lead to nutritional impairment. Early
nutritional screening, structured body composition assessment, and individualised dietary
and lifestyle interventions are therefore essential, particularly in patients with coexisting
liver and pancreatic disorders.

In advanced liver disease, malnutrition results from reduced oral intake due to dys-
geusia and early satiety, along with malabsorption secondary to intestinal edema, small
intestinal bacterial overgrowth, and impaired bile acid metabolism. In parallel, cirrhosis
induces an accelerated starvation state characterised by depleted glycogen stores, increased
gluconeogenesis, lipolysis and proteolysis [99].
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Nutritional risk screening in patients with advanced liver disease should be performed
using liver-specific tools, such as the Royal Free Hospital-Nutritional Prioritising Tool [100].
Malnutrition diagnosis and stratification should follow standardised criteria, such as
the Global Leadership Initiative on Malnutrition (GLIM) framework [101], in which the
mere presence of sarcopenia indicates severe malnutrition. Given the high prevalence
of sarcopenia in cirrhosis, affecting approximately 30-40% of patients overall and up to
60% of those with decompensated disease [102], systematic body composition assessment
becomes mandatory.

Although alcohol-related liver disease remains the main etiology associated with
nutritional impairment, MASLD poses a distinct challenge, as excess adiposity may mask
nutritional deficiencies and muscle abnormalities, such as sarcopenia, sarcopenic obe-
sity and myosteatosis, which are associated with impaired muscle quality and adverse
outcomes [103]. This is particularly relevant as MASLD treatment relies on weight loss
(>7-10% in overweight or >3-5% in lean patients) to improve liver-related outcomes [104].
Importantly, this target should be achieved without compromising lean mass, especially
in older adults, patients with cirrhosis or sarcopenic obesity, and those receiving incretin-
based therapies, whose effects on muscle mass and function remain insufficiently charac-
terised [105].

The Mediterranean diet is the dietary pattern with the strongest evidence in MASLD,
given its beneficial effects on both liver-related and cardiovascular outcomes [106]. Within
this framework, emerging evidence suggests that prioritising plant-based protein sources
over animal-derived proteins may confer additional metabolic and gut-liver axis benefits
in this population [107].

In patients with advanced liver disease, nutritional therapy should prioritise adequate
energy and protein intake, avoidance of prolonged fasting, and preservation of muscle
mass and function (Table 3). Patients should generally receive 30-35 kcal/kg/day and
1.2-1.5 g/kg/day of protein, increasing protein intake when sarcopenia or acute decom-
pensation occurs. Meals should be distributed throughout the day, with emphasis on a
protein-containing breakfast and a late-evening snack combining complex carbohydrates
and protein to reduce nocturnal catabolism [99].

On the other hand, the nutritional burden and management of pancreatic disorders
vary according to disease type and severity (Table 4). In acute pancreatitis, nutritional
risk is mainly driven by systemic inflammation, organ failure and fasting duration, and is
particularly relevant in severe disease, pre-existing malnutrition, alcohol-related AP and
concomitant obesity. Malnutrition has been reported in approximately 14% of AP patients,
whereas every severe AP should be considered a high nutritional-risk condition because of
its marked inflammatory and catabolic burden [108].

Generally speaking, nutritional management in AP has shifted from prolonged fasting
towards early refeeding. In mild AP, oral intake should be resumed as soon as clinically
tolerated, usually with a low-fat, soft diet. If oral intake is not tolerated or remains insuffi-
cient, enteral nutrition should be preferred over parenteral nutrition to preserve gut barrier
function and reduce infectious complications. In severe AP receiving enteral nutrition,
intra-abdominal pressure should be monitored given the risk of abdominal compartment
syndrome. In AP with local complications (i.e., WON requiring necrosectomy), oral feeding
may be restarted within 24 h if the patient is clinically stable [109].
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Table 3. Main nutritional recommendations in advanced liver disease.

Main Recommendation

Malnutrition screening

Perform routine nutritional screening. High risk: BMI < 18.5 kg/m? or
Child-Pugh C. Use validated tools (RFH-NPT and GLIM criteria)

Nutritional assessment

Detailed assessment including dietary intake, weight changes, meal pattern,
barriers to eating, and sodium intake.

Sarcopenia assessment

Assess muscle mass and function. Preferred CT-L3; alternatives include
anthropometry, DEXA or BIA. Handgrip strength for function.

Meal distribution

Small, frequent meals: 3 meals + 3 snacks/day. Include breakfast and a
late-evening snack to avoid prolonged fasting.

Energy intake

30-35 kcal/kg/day, preferably calculated using dry body weight in patients
with ascites/edema.

Protein intake

1.2-1.5 g/kg/day increasing >1.5 if sarcopenia. Avoid protein restriction.
Consider vegetable or dairy protein if meat protein is poorly tolerated.

Micronutrients

Screen and correct deficiencies, especially vitamin D, fat-soluble vitamins,
thiamine/B vitamins, zinc, selenium, magnesium, calcium and iron.

Nutritional supplements

Use oral nutritional supplements; consider enteral nutrition if intake remains
insufficient. Parenteral nutrition only if oral/enteral feeding is not feasible.

Exercise

Combine nutrition with individualized resistance and aerobic exercise to
preserve muscle mass and function.

In chronic pancreatitis, malnutrition and sarcopenia have been reported in 40-60% and
40% of patients, respectively [110]. Nutritional impairment in CP is driven by abdominal
pain, reduced intake, alcohol and tobacco use, increased energy expenditure and PEIL
Routine fat restriction should be avoided, as it may worsen energy deficits and impair
nutritional recovery. Pancreatic enzyme replacement therapy (PERT) generally starts with
at least 25,000-50,000 PhU with main meals and half this dose with snacks and should
be optimised according to meal size, fat content, symptoms, and nutritional response. In
malnourished patients, high-energy, high-protein foods divided into five to six small meals
per day are recommended [109,111].

Pancreatic cancer is characterised by early and profound nutritional deterioration,
driven by systemic inflammation, tumour-related metabolic derangements, anorexia, or
pancreatic exocrine insufficiency. Cachexia and sarcopenia, conditions associated with
poorer treatment tolerance, quality of life and survival, affect approximately 70 and 50% of
patients, respectively [112,113]. In PC, energy intake should target 25-30 kcal/kg/day,
while protein ingestion should reach 1.2-1.5 g/kg/day, especially in patients with malnu-
trition or sarcopenia. Importantly, PERT should be promptly prescribed early when PEI is
suspected to improve symptom control and nutritional status.

In both liver and pancreatic disorders, resistance and aerobic exercise should com-
plement nutritional intervention to preserve muscle mass, strength and physical function.
Early detection and management of malnutrition and sarcopenia, together with tailored
lifestyle interventions, are essential to improve patient outcomes.

From a nutritional and clinical perspective, managing patients with MASLD and
concomitant pancreatic disease, particularly those with obesity, acute inflammation, or
PEI, requires balancing weight reduction with preservation of lean mass and nutritional
status. We recommend standardised nutritional and body-composition assessment using
GLIM criteria, bioelectrical impedance analysis, and L3-CT measurements, together with
supervised aerobic and resistance exercise, an individualised high-protein diet, and PERT
and micronutrient supplementation when indicated. Weight-lowering pharmacotherapy
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should be used cautiously, or deferred, in patients with malnutrition or sarcopenia until
nutritional status is stabilised. Emerging combinations with lean-mass—preserving agents
may offer future alternatives, although current evidence remains preliminary [114]. Finally,
high-risk patients should undergo close follow-up, with body-composition reassessment
every 3-6 months by BIA and annually by L3-CT when clinically available.

Table 4. Main nutritional recommendations in AP and CP.

Area

AP Recommendation CP Recommendation

Nutritional risk

Consider AP a moderate-to-high
nutritional-risk condition, especially in
severe AP, malnutrition, alcohol-related

disease, or obesity.

Consider CP a high-risk condition for
malnutrition, sarcopenia, micronutrient
deficiencies, and bone disease.

Nutritional assessment
and screening

Assess symptoms, dietary intake, weight
change, functional status and
body composition.
Screen using validated tools such Screen for micro- and macronutrient
as NRS-2002 deficiencies at least annually, including
A, D, E, K vitamins; vitamin B12, folate,
thiamine; magnesium, iron, selenium,
and zinc

Diet pattern

Balanced diet without unnecessary

Use a low-fat, soft oral diet when restarting dietary restriction, avoiding very
feeding, with an early, swift transition to the high-fibre diets.
conventional diet. Restrict fat only if steatorrhea persists

despite optimized enzyme therapy.

Oral intolerance
Enteral nutrition

Enteral nutrition preferred. Early initiation
(first 24-72 h of admission) using a standard
polymeric formula. Semi-elemental
formulas may be considered if
malabsorption or intolerance occurs.
Nasogastric feeding as first option.

Consider enteral nutrition when oral
nutrition and supplements are
insufficient. Jejunal access preferred.

Parenteral nutrition

For patients with enteral nutrition Reserve for gastric outlet obstruction,
intolerance, contraindications or complex fistulating disease, enteral
ineffectiveness. Parenteral glutamine may  feeding intolerance, or inability to meet
be supplemented at 0.20 g/kg/day. requirements enterally.

Pancreatic enzymes

Initiate when steatorrhea, weight loss,

Do not tinely; only in obvious PEL . 2.
© ot use foutinely; only m obvious malabsorption, or malnutrition.

15. MASLD Association with Less Frequent Pancreatic Disorders
15.1. Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) is a chronic pancreatic inflammatory disorder charac-
terised by lymphoplasmacytic infiltration and steroid responsiveness. It typically presents
with obstructive jaundice, with or without a pancreatic mass, and is frequently diagnosed in
the context of suspected malignancy or CP. AIP is rare (1/100,000 annually in Western coun-
tries) and comprises two subtypes: type 1 (AIP-1), the pancreatic manifestation of IgG4-related
disease, and type 2 (AIP-2), a pancreas-specific, non-IgG4-associated entity [115].

IgG4-related liver disease, primary sclerosing cholangitis, and autoimmune hepatitis
(AIH) are the most frequent hepatic disorders related to AIP [116]. Although MASLD is
now recognised as a chronic inflammatory state and its association with systemic autoim-
mune diseases (e.g., psoriasis, inflammatory bowel disease) is established [117-119], the
relationship of MASLD with AIP is reduced to a single case reported by Matsumoto et al.,
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who described an IgG4-related AIP with IgG4-related liver disease and biopsy-proven
MASH [120].

Importantly, MASLD can coexist with hepatic autoimmune diseases, and its diagnosis
may be challenging due to overlapping clinical, biochemical, and histologic features. This
overlap may result in MASLD underdiagnosis in an autoimmune context, highlighting
the need for heightened suspicion in patients with immune-mediated disorders and/or
metabolic risk factors [121].

15.2. Cystic Fibrosis

Cystic fibrosis (CF) is the most common autosomal recessive disease in Caucasians,
caused by CFTR mutations that impair chloride transport and produce viscous secre-
tions [122].

CF hepatobiliary involvement (CFHBI) occurs in 30—40% of CF patients and represents
the third leading cause of CF-related mortality. CFHBI ranges from asymptomatic enzyme
elevations to cholelithiasis, liver fibrosis and even cirrhosis [123], with hepatic steatosis
being the most common manifestation, affecting 20-60% of patients [124]. Once thought
to result from malnutrition, recent studies linked steatosis with preserved nutritional
status and normal pulmonary function. Notably, CF-related steatosis shows no consistent
association with traditional metabolic risk factors, alcohol use, or CF-related diabetes [125].
Moreover, specific CF medications, such as CFTR modulators (lumacaftor/ivacaftor), have
been shown to reduce liver fat on MRI-PDFF [126]. Together, these findings suggest an
intrinsic predisposition to liver steatosis in CF, warranting further investigation into its
relationship with MASLD.

15.3. Pancreatic Cysts

Pancreatic cystic lesions include serous cystadenoma, intraductal papillary mucinous
neoplasm (IPMN), mucinous cystic neoplasm (MCN), solid pseudopapillary neoplasm, and
cystic neuroendocrine tumour. Serous cystadenomas are benign, whereas mucinous lesions
(IPMN, MCN), solid pseudopapillary neoplasms, and cystic neuroendocrine tumours carry
variable malignant potential [127].

Evidence linking pancreatic cysts and MASLD is preliminary. In a case—control study,
Sbeit et al. observed higher odds of serous and mucinous cystadenomas and of branch-
duct/mixed-type IPMN in MASLD patients, independent of the presence of fatty pan-
creas [128]. In another cohort study, Tanka et al. reported an association of MetS with a
steeper age-related rise in IPMN prevalence, suggesting a broader metabolic milieu that
may favour cyst initiation or progression [129]. Overall, converging direct and indirect data
suggest an association between pancreatic cysts and MASLD, modulated by metabolic risk.
Prospective and mechanistic studies are needed to determine causality, define MASLD’s
role in cyst progression, and clarify any impact on malignant transformation.

16. Future Directions and Research Priorities

This review highlights the clinical relevance of pancreatic involvement in MASLD and
underscores several knowledge gaps that warrant further investigation.

Future research should prioritise a deeper understanding of the pathophysiological links
between MASLD and pancreatic disease. Establishing whether MASLD has a causal and
independent role in pancreatic disorders will require addressing confounding, reverse causa-
tion, and time-dependent exposures. Prospective cohorts should incorporate standardised
assessment of liver steatosis and fibrosis, pancreatic fat and function, body composition,
alcohol and tobacco use, diet, socioeconomic determinants and longitudinal metabolic con-
trol, together with pancreatic outcomes. These should be complemented by causal-inference
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approaches, including Mendelian randomisation and target-trial emulation, together with
sibling, negative-control, mechanistic, and interventional analyses, to distinguish the effect of
MASLD itself from that of its associated cardiometabolic burden [130-132].

The clinical implications of MASLD in pancreatic disorders also deserve dedicated
attention. The role of MASLD in pancreatic exocrine and endocrine dysfunction, especially
in the absence of CP, remains poorly defined. In addition, the integration of hepatic and
metabolic parameters into prognostic models, particularly in acute pancreatitis, should be
explored and validated, as they are key determinants of AP severity.

Nutrition-focused interventions in patients with MASLD and pancreatic disease
should be prospectively evaluated, along with the effects of weight-loss strategies on
lean mass, nutritional and functional status in this population. In addition, standardised
assessment of malnutrition and body composition should be incorporated into routine
clinical practice to guide personalised care.

Pancreatic steatosis is an increasingly recognised entity with potential metabolic
and local consequences; however, standardisation of its diagnosis is still needed. This
includes validating non-invasive imaging techniques against histology and establishing
widely accepted diagnostic thresholds. Until clinically validated outcome-based thresholds
become available, future studies should adopt standardized MRI-PDFF acquisition and
reporting protocols, with appropriate adjustment for major metabolic confounders.

From an oncological perspective, further studies are required to better define the
impact of MASLD on tumour biology, treatment response, and clinical outcomes. These
insights may inform future risk stratification models and screening strategies in selected
high-risk populations. In addition, the influence of MASLD on tolerance to systemic thera-
pies and postoperative outcomes highlights the need to incorporate metabolic assessment
into decision-making pathways.

Finally, while metabolic therapies are becoming central in MetS and MASLD man-
agement [133], their impact on pancreatic disease is poorly explored [134]. The effects
of weight loss interventions, pharmacological treatments such as glucagon-like peptide-1
receptor agonists, and bariatric surgery on pancreatic steatosis and related outcomes should
be investigated. Future longitudinal and interventional studies are needed to determine
the clinical consequences of pancreatic fat regression, including its effects on pancreatic
endocrine and exocrine function and its potential impact on pancreatic cancer risk. In
parallel, improved assessment of alcohol exposure and clearer differentiation between
MASLD and MetALD are essential to reduce misclassification and optimise patient care.

17. Conclusions

The association between MASLD and pancreatic diseases is supported by a growing
body of evidence, highlighting a robust and clinically relevant link. Beyond shared CMREF,
emerging data suggest that MASLD may actively contribute to pancreatic dysfunction and
disease progression, reinforcing the concept of a bidirectional liver—pancreas axis.

These findings underscore the importance of considering MASLD as a systemic condi-
tion with potential implications beyond the liver, including its role in pancreatic disorders.
Recognition of this association is essential for improving risk stratification, diagnostic evalu-
ation, and clinical management. Importantly, nutritional and body composition assessment
is essential in patients with liver and pancreatic disorders, given the high prevalence and
major clinical impact of malnutrition and sarcopenia in this population.

However, significant knowledge gaps remain. Further studies are needed to elucidate
causal pathways and to better define the role of MASLD in pancreatic disease, particularly
to clarify causal mechanisms and define its role in disease progression and outcomes.
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Overall, advancing this field will require a multidisciplinary approach integrating
hepatology, pancreatology, oncology, and metabolic medicine, with the aim of improving
early recognition, personalised management, and patient outcomes.
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