Name of Journal: World Journal of Hepatology
Manuscript NO: 88817
Manuscript Type: MINIREVIEWS

Metabolic disease and the liver: A review

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Vargas M et al. Metabolic disease and the liver

Márcia Vargas, Sheila de Castro Cardoso Toniasso, Patricia G Riedel, Camila Pereira Baldin, Francielle Lopes dos Reis, Robson Martins Pereira, Maria Carlota Borba Brum, Dvora Joveleviths, Mario Reis Alvares-da-Silva

Márcia Vargas, Dvora Joveleviths, Program of Graduate Science in Gastroenterology and Hepatology, Federal University of Rio Grande do Sul, Porto Alegre 90040-060, Rio Grande do Sul, Brazil

Sheila de Castro Cardoso Toniasso, Patricia G Riedel, Francielle Lopes dos Reis, Maria Carlota Borba Brum, School of Medicine, Federal University of Rio Grande do Sul, Porto Alegre 90040-060, Brazil

Camila Pereira Baldin, Program of Graduate Science in Gastroenterology and Hepatology, Clinicas Hospital of Porto Alegre, Porto Alegre 90410000, Brazil

Robson Martins Pereira, Medicine Faculty Federal University of Rio Grande do Sul, Federal University of Rio Grande do Sul, Porto Alegre 90040-060, Brazil

Mario Reis Alvares-da-Silva, Division of Gastroenterology and Hepatology, Clinicas Hospital of Porto Alegre, Porto Alegre 90035007, Brazil


Author contributions: Vargas V, Joveleviths D, and Brum MCB contributed to design conceptualization, methodology, and investigation; Toniasso PGR, Reis FL, Pereira RL, and Baldin CP performed data curation and writing the original draft; Joveleviths D and Vargas M contributed to formal analysis, project administration, validation, and reviewing and editing; Joveleviths D and Vargas V wrote the final version; All authors read and approved the final draft for publication.

Corresponding author: Dvora Joveleviths, Doctor, PhD, Professor, Researcher, Program of Graduate Science in Gastroenterology and Hepatology, Federal University of Rio Grande do Sul, 90040-060, Porto Alegre 90035-002, Rio Grande do Sul, Brazil. dvorajov@gmail.com

Received: October 10, 2023
Revised: November 6, 2023
Accepted: January 5, 2024
Published online: 



Abstract
Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most common liver disease worldwide, with an estimated prevalence of 31% in Latin America. The presence of metabolic comorbidities coexisting with liver disease varies substantially among populations. It is acknowledged that obesity is boosting the type 2 diabetes mellitus “epidemic,” and both conditions are significant contributors to the increasing number of patients with MASLD. Non-alcoholic steatohepatitis represents a condition of chronic liver inflammation and is considered the most severe form of MASLD. MASLD diagnosis is based on the presence of steatosis, noninvasive scores and altered liver tests. Noninvasive scores of liver fibrosis, such as serum biomarkers, which should be used in primary care to rule out advanced fibrosis, are simple, inexpensive, and widely available. Currently, guidelines from international hepatology societies recommend using noninvasive strategies to simplify case finding and management of high-risk patients with MASLD in clinical practice. Unfortunately, there is no definite pharmacological treatment for the condition. Creating public health policies to treat patients with risk factors for MASLD prevention is essential.
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Core Tip: Metabolic dysfunction-associated steatotic liver disease must be prevented in primary care by focusing on risk factors for metabolic syndrome and noninvasive fibrosis scores so that early detection is possible. To avoid a late diagnosis, primary care physicians need to reinforce in their routine examinations the need for lifestyle changes through healthy diet and exercise and implement pharmacological treatment when disease progression with the presence of fibrosis is identified. The treatment must be individualized, and in many cases several pharmacological options may be used to avoid disease progression, resulting in multisystemic involvement.

INTRODUCTION
Metabolic syndrome (MetS) represents a multifaceted disorder distinguished by cardiovascular risk factors associated with central fat deposition and insulin resistance. These metabolic alterations have ramifications for various organs, with particular emphasis on the liver, a pivotal organ responsible for metabolizing diverse substances[1,2]. Epidemiological evidence indicates that the global diagnosis of MetS exceeds one billion individuals, primarily attributable to lifestyle factors[3]. Within the Brazilian population, the prevalence of MetS stands at 33%, surpassing the international prevalence range of 20%-25%[4].

CONTRIBUTING FACTORS TO METABOLIC DYSFUNCTION-ASSOCIATED STEATOTIC LIVER DISEASE
Type 2 diabetes
Type 2 diabetes stands as one of the most pivotal risk factors contributing to the onset of non-alcoholic steatohepatitis (NASH), advanced fibrosis/cirrhosis, hepatocellular carcinoma, and mortality[5]. Emerging evidence underscores the bidirectional relationship between these ailments, wherein the presence of metabolic dysfunction-associated steatotic liver disease (MASLD) heightens the susceptibility to type 2 diabetes.
The etiology of MASLD remains incompletely elucidated. Among the various identified origins, insulin resistance accompanied by subclinical inflammation emerges as a prominent contributor. Within this proinflammatory milieu, an augmented influx of free fatty acids (FFAs) into the liver precipitates hepatic infiltration of lipids, subsequently instigating liver injury through processes such as lipid peroxidation and mitochondrial dysfunction[6].

Dyslipidemia
In MASLD, the accrual of hepatic fat ensues through several pathways: Deficient uptake of circulating lipids; heightened hepatic de novo lipogenesis; inadequate compensatory augmentation in fatty acid oxidation; and alterations in lipid export, particularly as constituents of very low-density lipoprotein (VLDL). The increased uptake of lipids and accelerated rates of de novo lipogenesis within MASLD contribute to augmented hepatic triglyceride accumulation. This process is accompanied by the excessive production and release of voluminous, triglyceride-enriched VLDL particles, facilitating the mobilization and transportation of fat from the liver to peripheral tissues[7].
The overproduction of VLDL particles in the context of MASLD triggers a cascade of plasma lipoprotein irregularities, manifesting as atherogenic dyslipidemia characterized by elevated serum triglyceride levels and diminished high-density lipoprotein (HDL) cholesterol levels. Similarly, an atherogenic lipoprotein phenotype, featuring a preponderance of low-density lipoprotein particles, accumulation of triglyceride-rich lipoproteins and their remnants, and intermediate-density lipoprotein, is evident. These apolipoprotein-B-containing lipoproteins are fundamentally implicated in the progression of atherosclerosis[7].

Obesity
In MASLD, the accumulation of hepatic fat arises through distinct pathways. Obesity, recognized as a pervasive and epidemic-level chronic ailment on a global scale, has seen a marked escalation in prevalence worldwide. According to findings from a population-based cohort study, individuals classified as overweight or obese, devoid of additional metabolic abnormalities such as diabetes, hypertension, or dyslipidemia, exhibited a two-fold heightened risk of developing MASLD compared to their eutrophic counterparts[8]. Failure to control obesity during the steatosis stages triggers an intrahepatic inflammatory process.
During this phase, immune cells release cytokines that amplify the inflammatory response contributing to the fibrotic process, which becomes evident with prolonged inflammation. Following liver injury, the customary counter-regulatory mechanism typically facilitates the replacement of deceased or apoptotic hepatocytes. However, in instances where this mechanism falters, as observed in sustained obesity, fibrosis ensues, possibly representing an unsuccessful attempt to counteract liver injury and promote tissue regeneration. The cumulative outcome of these ongoing processes manifests as scarring, encompassing cirrhosis and neoplasia[9].

Hypertension and cardiovascular disease 
The prevalence of hypertension in MASLD patients spans a range of 40%-70%, and recent evidence underscores a robust association with an elevated risk of incident prehypertension and hypertension[10].
The precise nature of the relationship between MASLD and hypertension remains incompletely elucidated. There are indications that the systemic inflammation accompanying MASLD may trigger the sympathetic nervous system, potentially contributing to hypertension. Additionally, insulin resistance could play a role in promoting hypertension by fostering increased concentrations of FFAs, leading to perivascular fatty deposits in proximity to vessels and the renal sinus. Elevated levels of homocysteine in MASLD coupled with intestinal dysbiosis may incite heightened oxidative stress, further substantiating a link to hypertension[10]. Another study proposed that MASLD and hypertension may share a multifactorial association involving biochemical, genetic, nutritional, and lifestyle factors[11].
In patients with MASLD, cardiovascular disease stands as the predominant cause of mortality. Risk factors for cardiovascular disease, including hypertension, dyslipidemia, insulin resistance, smoking, and central obesity, are intricately connected to MetS and risk factors for MASLD. Screening for these conditions bears significant clinical implications for disease mitigation and the prevention of cardiovascular events[12].

EPIDEMIOLOGY OF METABOLIC FATTY LIVER DISEASE
The escalation in the prevalence of MASLD worldwide is intricately linked to sedentary lifestyle choices and the consumption of processed foods[13]. It is noteworthy that MASLD stands as the primary cause of liver-related morbidity and mortality[14]. Recent investigations have honed in on the metabolic facet of fatty liver disease, pinpointing liver fat storage as the unifying factor. A consensus panel of international experts has proposed the substitution of the term non-alcoholic fatty liver disease (NAFLD) with MASLD, aligning it with metabolic comorbidities. This novel nomenclature, grounded in the classification of causative factors, holds promise for refining phenotypic characterization and facilitating the identification of new biomarkers and therapeutic modalities[15,16].
These criteria possess the potential to surmount challenges associated with defining alcohol consumption, catalyzing advancements in our understanding of pathophysiology and streamlining the execution of clinical trials. The diagnosis of MASLD will encompass individuals exhibiting fatty liver and dysmetabolism, irrespective of reported alcohol consumption[15,16]. This diagnosis considers the presence of hepatic steatosis (confirmed through imaging, biomarkers, or histology) alongside at least one of the following features: Overweight/obesity; type 2 diabetes; and metabolic dysregulation. The latter criterion is satisfied when a minimum of two features are present including increased waist circumference, hypertension, hypertriglyceridemia, low HDL cholesterol, prediabetes, insulin resistance, and subclinical inflammation. The criteria for assessing MASLD in lean individuals with fatty liver hinge on the identification of at least two metabolic risk abnormalities[15,16]. While the terminology for MASLD remains subject to ongoing discussions, alternative terms such as metabolic associated liver disease and alcoholic liver disease have been proposed, as noted during the European Association for the Study of the Liver (EASL) Congress in 2023[17].

MASLD, formerly NAFLD
In Brazil, a survey conducted among individuals in the middle-aged and elderly demographic revealed a prevalence of 35.2% for MASLD[18]. In a meta-analysis encompassing 35599 patients, the prevalence of NAFLD in those with type 2 diabetes was reported at 59.67%, with results ranging from 29.60% to 87.10%[19]. Recently, an extensive meta-analysis, incorporating data from over 24 million individuals, identified an elevated risk of severe liver disease in this cohort. Conversely, a reduced risk of severe liver disease was observed in individuals with a body mass index (BMI) exceeding 30 kg/m². Nonetheless, the study suggested a less favorable prognosis in the presence of central adiposity, particularly among females[20].
A global prevalence assessment of MASLD, drawing upon data from 205307 subjects across 14 countries, indicated a prevalence of 9.7% in lean patients. Moreover, MASLD was found to be more prevalent among middle-aged individuals (45-59 years) and those of Asian descent[21].
Studies categorically delineate MASLD into two classifications: Simple steatosis, which infrequently progresses to cirrhosis; and steatohepatitis, or NASH, a process with the potential to culminate in the development of cirrhosis and hepatocellular carcinoma[22]. Approximately 30% of MASLD patients exhibit steatohepatitis[23], a progressive condition resulting in severe liver dysfunction, including cirrhosis in 20%-25% of cases[17,24]. This progression is marked by the presence of macrovesicular steatosis, lobular inflammation, hepatocyte degeneration, and fibrosis.
Clinical Practice Guidelines for MASLD Management, collaboratively proposed by the EASL, European Association for the Study of Obesity, and European Association for the Study of Diabetes, advocate for a 7% to 10% reduction in body weight for overweight/obese patients with NAFLD[17,25]. A congruent weight reduction target is endorsed by the American Association for the Study of Liver Diseases[26].

Steatosis
Hepatic steatosis is characterized by the presence of more than 5% lipid content in hepatocytes, a diagnosis established through imaging or histological examinations[27]. The three principal sources of FFAs in the liver include non-esterified fatty acids from adipose tissue (60%), de novo lipogenesis in the liver (25%), and FFAs from the diet in the form of chylomicrons (15%). The liver metabolizes fat primarily through the beta-oxidation of FFAs, a process predominantly occurring in mitochondria, peroxisomes, and cytochrome P-450, in situations of energy surplus or through the export of FFAs as VLDLs[27].
Plasma non-esterified fatty acid levels escalate when adipocytes are overloaded, leading to an augmented process of lipolysis. Adipose tissue responds to hormones such as glucagon, epinephrine, and adrenocorticotropic acid by releasing non-esterified fatty acids. Postprandial lipolysis in adipose tissue is inhibited by insulin after meals. In instances of insulin resistance within adipocytes, inadequate postprandial lipolysis transpires. Steatosis induced by impaired beta-oxidation of fatty acids can also result from mitochondrial dysfunction, as observed in conditions like alcoholic steatosis, NASH, and acute fatty liver of pregnancy and through the use of medications such as valproic acid[27].
Steatosis renders the liver parenchyma vulnerable to aggression, manifested through the release of FFAs and oxidative stress, both conducive to cellular injury and the development of steatohepatitis. Genetic polymorphisms, environmental factors, and dietary influences can induce inflammation, fibrosis, and progression to cirrhosis[27].
In summary, the accumulation of fat in the liver can be elucidated by insulin resistance, leading to heightened peripheral lipolysis, increased hepatic lipid uptake, and elevated triglyceride biosynthesis.

NASH
NASH denotes a chronic state of liver inflammation, representing an inflammatory subtype within the spectrum of NAFLD. In NASH, steatosis serves as evidence of hepatocyte damage characterized by ballooning and inflammation, with or without concurrent fibrosis[28]. The prevailing hypothesis posits that NASH evolves from NAFLD, precipitated by the so-called “second hit.” The precise manifestation of this second hit remains inconclusive, although prevalent theories implicate oxidative stress, specific cytokines, and lipopolysaccharides. FFAs and hyperinsulinemia synergistically potentiate lipid peroxidation and the release of free radicals, directly inflicting injury upon hepatocytes by recruiting neuroinflammatory mediators. Prolonged liver injury eventually activates stellate cells, laying the groundwork for the development of liver fibrosis.
Given the histological dynamism of NASH, it is imperative to establish a consensus on parameters signifying disease progression, irrespective of its advancement or regression. From a regulatory standpoint, a one-point expansion in fibrosis stage is indicative of deterioration. The extent of scarring does not increase linearly, with a notable surge observed in the progression of fibrosis from stage 2 to stage 3. This bears noteworthy implications for the validation of biomarkers targeting fibrosis measurement rather than its distribution[28]. Although often clinically asymptomatic, steatohepatitis has the potential to evolve into cirrhosis or end-stage liver disease or necessitate liver transplantation[28].
NASH constitutes a multifaceted condition with metabolic complications, rendering its treatment intricate. The ideal therapeutic approach would effectively reverse liver damage and fibrosis, ameliorate additional metabolic parameters, address cardiovascular comorbidities, or at the very least exhibit no deleterious effects. Despite the wealth of information accumulated on the pathogenesis of NASH over the past decade, no approved therapy has yet emerged[28].

DIAGNOSIS OF MASLD
Various diagnostic and monitoring modalities have been employed in the assessment of MASLD, including ultrasonography (US), computed tomography, magnetic resonance imaging (MRI), and more recently the controlled attenuation parameter utilized in conjunction with transient elastography and MRI elastography. While US is widely accessible, its interobserver reproducibility is not notably high, and it lacks sensitivity for detecting mild steatosis. Similarly, computed tomography exhibits limited sensitivity in identifying mild steatosis and entails patient exposure to radiation. Although MRI accessibility is constrained, it boasts high reproducibility when employing multi-echo fat quantification techniques and proton spectroscopy. Approximately 25% of individuals with isolated steatosis progress to NASH, with a positively correlated escalation in the degree of steatosis heightening the risk of disease progression. Among those diagnosed with NASH, around 25% advance to chronic hepatopathy, characterized by fibrosis, cirrhosis, and an elevated risk of complications, including portal hypertension and hepatocellular carcinoma[29] (depicted in Figure 1).
An extensive comprehension of the outcomes of clinical trials and the significance of reported treatment effects necessitates a reflection on diverse approaches to diagnose MASLD. Although liver biopsy stands as the gold standard technique for a thorough MASLD diagnosis, enabling the identification of inflammation and the classification of fibrosis stages (F0-4), its invasive nature and associated risks constrain widespread utilization. Consequently, most preceding clinical studies have resorted to US, liver enzymes, or various indices for MASLD diagnosis. It is imperative to develop dependable noninvasive methods for evaluating liver fibrosis and is crucial for estimating disease progression and guiding therapy[30].
The suspicion of MASLD is grounded in the identification of steatosis via US or abnormal liver test results in patients harboring risk factors (obesity, type 2 diabetes, and/or MetS). The selection of noninvasive tools should follow a sequential approach, guided by local availability and the context of primary healthcare utilization. Simple, economical, and widely accessible serum biomarkers, such as fibrosis-4 (FIB-4) or NAFLD fibrosis score (NFS), exhibiting a high negative predictive value (88%-95%) for excluding advanced fibrosis, should constitute the first-line assessment. Individuals at low risk (FIB-4 < 1.3 or NFS fibrosis score < -1.455) require no further evaluation and are advised to adopt lifestyle modifications and engage in regular exercise. Those at intermediate risk (FIB-4 between 1.30 and 2.67 or NFS -1.455 to 0.672; accounting for 30% of cases) and high risk (FIB-4 > 2.67 or NFS > 0.672; comprising 12%-15% of cases, with a positive predictive value of 75%-90%) of advanced fibrosis should be referred to a specialized center for expert evaluation.
Another noninvasive approach involves estimating liver fibrosis through elasticity assessment. A recent development in this realm is a shear elasticity probe based on one-dimensional transient elastography utilizing ultrasound (5 MHz) and low-frequency (50 Hz) elastic waves, initially termed FibroScan. While initially employed for patients with chronic hepatitis C, ongoing studies are investigating hepatic elastography in MASLD, exploring diverse cutoff values for patients with NASH[31].
Unfortunately, existing noninvasive or minimally invasive biomarkers remain limited[32]. Endeavors have been made to formulate clinical parameters capable of reliably identifying fibrosis in MASLD patient cohorts. Various scores have been devised to ascertain the presence of fibrosis using clinical data and laboratory outcomes, aiming to integrate routine parameters of liver injury (e.g., transaminase activity) and risk characteristics (e.g., diabetes)[33]. The most commonly utilized scores are FIB-4 and the NFS. FIB-4 comprises four straightforward parameters: age; platelets; and the serum transaminases aspartate aminotransferase and alanine aminotransferase. NFS encompasses seven parameters: age; BMI; glycated hemoglobin; serum transaminases; platelets; and albumin. In primary care settings, where the prevalence of advanced fibrosis is low (5%), FIB-4 emerges as the preferred option due to its simplicity, and the fact that serum transaminases and platelet count are routinely requested by physicians in standard examinations. In large populations, a FIB-4 threshold of up to 1.30 effectively excludes the risk of advanced liver fibrosis with a substantial degree of accuracy (60%-80%). Individuals with a FIB-4 between 1.30 and 2.67 are deemed at intermediate risk for advanced fibrosis, warranting further investigations such as elastography, which can be performed before or after referral to a medical specialist. Those with a FIB-4 > 2.67 are classified as high risk and should be directed to specialized services for additional investigations, potentially including liver biopsy. It is noteworthy that guidelines from international hepatology societies advocate for the use of noninvasive strategies, which can simplify case finding and management of high-risk MASLD patients in clinical practice[34].

TREATMENT
As MASLD or NAFLD manifests as a multifactorial ailment, various integrated treatment strategies are employed with primary objectives of retarding the progression to severe forms, such as fibrosis (NASH), and managing associated risk factors including obesity, diabetes, dyslipidemia, and hypertension[34].
Initiating therapeutic measures entails lifestyle interventions involving dietary modifications and exercise. Medication may be introduced as a secondary measure, particularly as fibrosis advances, and bariatric surgery becomes a viable option in the tertiary phase. It is noteworthy to underscore the significance of assembling an interdisciplinary team comprising a nutritionist, endocrinologist, physical educator, psychologist/psychiatrist, cardiologist, and hepatologist[36]. The percentage of weight loss is directly correlated with NASH progression, irrespective of the chosen method[17,25].
Consideration for pharmacological intervention arises if diet and exercise prove ineffective in disease control. Following the EASL recommendations (2023)[17], the presence of steatohepatitis, diagnosed through noninvasive methods or liver biopsy, accompanied by macro and microvesicular steatosis, mixed inflammatory infiltrate, hepatocellular ballooning in centrilobular vein areas (Zone III), Mallory’s corpuscles, and fibrosis, warrants pharmacological intervention. This holds true for less severe cases but with a high risk of progression. Given the limited scope of drugs and surgical treatments for NASH, lifestyle changes, including dietary adjustments, increased physical activity, and exercise, remain the cornerstone of its management.

Physical activity and exercise
Regular physical activity serves as a pivotal adjunct to metabolic regulation. A favorable correlation exists between sedentary behavior and susceptibility to MASLD. Individuals adhering to a health-conscious lifestyle exhibit diminished likelihood of developing pivotal factors contributing to the onset of the disease, including insulin resistance, diabetes, and glucose intolerance. Additionally, engaging in physical activity facilitates a reduction in visceral and hepatic adipose tissue, along with a decrease in circulating FFAs in the plasma[28].

Calorie restriction
Dietary considerations, with a particular focus on calorie intake, especially derived from carbohydrates, the primary energy source for the human body, play a crucial role in regulating the body’s glycemic levels. Manipulating dietary carbohydrate intake, either through restriction or substitution with complex carbohydrates, exerts an influence on enhancing serum glucose and triglyceride levels. It contributes to the elevation of HDL levels and exerts an impact on pancreatic β cells involved in insulin elimination[27]. A calorie-restricted diet, meticulously assessed and calculated by a professional considering basal metabolism and accounting for individual physical and behavioral variations, is recommended as a contributing factor to the regression of NAFLD.

Pharmacological treatment
Pharmacological intervention is warranted when the disease manifests a moderate degree of fibrosis, denoted as F2 > 2, as determined through transient hepatic elastography or liver biopsy. Based on this data, the initial and economically feasible treatment may involve the use of vitamin E at a dosage of 800 IU and pioglitazone at 30 mg. If applicable, anti-GLP1 medications such as liraglutide or semaglutide are recommended for overweight and obese patients to achieve a reduction of 7%-10% in body weight. Emerging pharmacological options discussed at EASL 2023, such as retatrutide, are being considered. Bariatric surgery stands as a viable treatment option with favorable outcomes, particularly for patients with a BMI > 35[17,25,26].
Pharmacotherapy aims to mitigate the progression from the early stages of NASH to advanced fibrosis. The correlation between fibrosis and overall mortality, cardiovascular risk, and the transition from cirrhosis to hepatocellular carcinoma is significant, particularly in individuals aged over 50 with concurrent diabetes, elevated alanine aminotransferase, MetS, and NASH, where greater inflammatory activity is observed.

CONCLUSION
MAFLD necessitates preventive measures within the domain of primary healthcare, centering attention on the identification of risk factors associated with MetS and the utilization of noninvasive fibrosis scoring systems to facilitate early detection. Moreover, in instances characterized by moderate to severe fibrosis, it is imperative to advocate for referral to a specialized hepatology department for comprehensive evaluation and subsequent monitoring. To preclude delayed diagnoses, primary care practitioners should consistently underscore, in their routine counselling sessions, the imperative for lifestyle modifications encompassing a wholesome diet and regular exercise. Furthermore, the introduction of pharmacological interventions becomes imperative upon the identification of disease progression, concomitant with the presence of fibrosis. Such therapeutic interventions must be tailored to individual patient profiles, often necessitating the utilization of diverse pharmacological options to forestall disease progression and foster a comprehensive multisystemic approach.
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Figure Legends
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[bookmark: 30j0zll][bookmark: gjdgxs]Figure 1 Algorithm proposed by the European Association for the Study of Liver targets patients at high risk of metabolic dysfunction-associated steatotic liver disease seen in primary health care. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; FIB-4: Fibrosis-4; GGT: Gamma-glutamyl transferase; HBV: hepatitis B virus; HCV: Hepatitis C virus.
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