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Preamble 

GI and Liver Foundation (Myanmar) has produced clinical practice guidelines on 

Hepatitis B, Hepatitis C and Cirrhosis of the Liver to assist all the practicing doctors in the 

treatment of Liver Diseases.  

 However, AASLD has recently adopted a policy to differentiate between guidelines and 

guidance. AASLD published guidelines on some topics and guidance on some other diseases.  

And therefore, it’s time for GLF (Myanmar) to review the policy whether it should be 

clinical practice guidelines or guidance in future publications. For that purpose, GLF (Myanmar) 

decided to follow the AASLD policy.  

According to the AASLD, practice guidelines use clinically relevant questions, which are 

then answered by systematic reviews of the literature and followed by data-supported 

recommendations. The guidelines are developed by a multidisciplinary panel of experts who rate 

the quality (level) of the evidence and the strength of each recommendation using the Grading of 

Recommendations Assessment, Development, and Evaluation system (“GRADE”). (AASLD 

Family of Websites:AASLD.org) 

AASLD also publishes guidance on aspects of some topics. Practice guidances are based 

on a comprehensive review and analysis of relevant published data and put forward guidance 

statements to help clinicians understand and implement the most recent evidence. (AASLD 

Family of Websites:AASLD.org) 

By AASLD policy mentioned above what GLF (Myanmar) has published are not practice 

guidelines but practice guidance. Therefore, future GLF (Myanmar) clinical practice publications 

will be labelled as “GLF (Myanmar) Clinical Practice Guidance”. 

 

Professor Khin Maung Win 
MBBS, M.Med.Sc (Int. Med), FRCP (London), FRCP (Glasgow), FRCP (Edin), FAASLD 

Chairman, Yangon GI and Liver Centre (YGLC) 
Founder and Senior Patron, GI and Liver Foundation (Myanmar) 
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Foreword 

I am honored as well as privileged to write a foreword for the “Myanmar Clinical 

Practice Guidance on the Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD)” 

which is the collaborative effort between the Myanmar GI & Liver Foundation [GLF 

(Myanmar)] and Myanmar Society of Endocrine and Metabolism [MSEM]. MASLD is a 

growing public health concern globally nowadays, which does not spare Myanmar as a 

developing country with a low-income economy. As sedentary lifestyles and dietary changes 

proliferate, the prevalence of MASLD is expected to rise significantly. However, there are many 

barriers to early diagnosis and effective management of MASLD in Myanmar: namely, the 

asymptomatic nature of the disease in the early stage, limited diagnostic facilities in the country, 

under-resourced healthcare infrastructure, and insufficient public and provider awareness about 

MASLD.  

This guidance will serve as a crucial resource in addressing a growing health concern 

within the country. This guidance aims to provide healthcare professionals with essential insights 

and strategies for early diagnosis and management, ultimately enhancing patient outcomes. By 

fostering awareness and advocating for policy development this document seeks to improve 

public health response to MASLD in Myanmar, aligning with global health initiatives and 

addressing local needs effectively. 

I extend my deepest appreciation to all those involved in bringing this guidance to 

fruition. I truly believe this resource will contribute significantly to the advancement of the 

management of MASLD in our nation. 

 

Professor Tint Swe Latt 
MBBS, MMedSc (Internal Medicine), DrMedSc (General Medicine), 

MRCP(UK), FRCP(Edinburgh), DipMedSc (Medical Education), 
FACE 

Former Rector, 
University of Medicine 2, Yangon 

Founder and Patron 
Myanmar Diabetes Association (MMDA) and 

Myanmar Society of Endocrine and Metabolism (MSEM) 
October 23, 2024 
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Introduction 

Unified global approaches to nomenclature and disease definition are critical for 

increasing disease awareness, driving policy change, identifying those at risk, facilitating 

diagnosis and access to care. Language can create or exacerbate stigma, marginalise segments of 

the affected population and, ultimately, contribute to health inequalities. It has been known for 

many years that being overweight or obese is associated with hepatic steatosis, hepatocyte injury 

and liver inflammation and fibrosis. This was formally recognized by the term “Nonalcoholic 

Steatohepatitis” in 1980 by Jurgen Ludwig. [1]  

Subsequently, the term nonalcoholic fatty liver disease (NAFLD) was used to describe 

the histological spectrum of steatosis (fat accumulation in the liver without inflammation or liver 

damage) to steatohepatitis (inflammation of the liver associated with steatosis), which includes 

its subtypes nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH). The 

histological classification was further expanded upon by various scoring systems categorising 

steatosis, disease activity and fibrosis. [2-4] 

In 2007, the Asian-Pacific Working Party for NAFLD introduced an operational 

definition for NAFLD. This definition allowed diagnosis based on ultrasonography findings on 

the condition that significant alcohol consumption, medications causing hepatic steatosis, and 

other chronic liver diseases were ruled out. 

In 2010, the European Association for the Study of the Liver (EASL) issued a position 

statement recognizing that although NAFLD historically had been diagnosed by excluding other 

chronic liver diseases, its close association with metabolic syndrome and its frequent overlap 

with other liver conditions strongly supported a need for updated terminology. 

Although the term NAFLD continued to be widely used in major international guidelines, 

there were indications of an impending shift. For instance, the 2016 EASL guidelines introduced 

the term “primary NAFLD” to refer specifically to “NAFLD associated with metabolic risk 

factors”. Similarly, the Asian-Pacific Working Party introduced a “positive” definition for 

NAFLD in its 2017 guidelines. 

While the nomenclature is widely used, it has always been appreciated that the term 

“nonalcoholic" did not accurately capture what the aetiology of the disease was, and notably, the 

term ‘fatty’ has been considered to be stigmatising by some. Furthermore, there are individuals 
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with risk factors for NAFLD, such as type 2 diabetes, who consume more alcohol than the 

relatively strict thresholds used to define the nonalcoholic nature of the disease that are not 

adequately recognised by existing nomenclature, are excluded from trials and consideration for 

treatments. [5]  

Indeed, there is a recognition now that there are overlapping biological processes which 

may contribute to both NAFLD and alcohol-related liver disease (ALD). All of these factors 

have led to growing dissatisfaction with the current nomenclature. This was summarised in a 

paper by Eslam et al in 2020 and led to the proposal to use the term “metabolic dysfunction 

associated fatty liver disease” (MAFLD), which includes patients with a fatty liver regardless of 

the amount and pattern of alcohol intake under this terminology. [6,7] While MAFLD was 

accepted by some, concerns were raised about the mixing of aetiologies, continued use of the 

term ‘fatty’ considered stigmatising by many, restricting the population to those with 2 metabolic 

risk factors and allowance of more liberal alcohol use. [8-10] The introduction of the term 

“metabolic dysfunction-associated fatty liver disease (MAFLD)” received endorsement from the 

Asian Pacific Association for the Study of the Liver (APASL), multiple national societies, and 

various stakeholders globally. 

In June 2023, a global Delphi consensus process, jointly led by the American Association 

for the Study of Liver Diseases (AASLD) and the European Association for the Study of the 

Liver (EASL), in partnership with the Latin American Association for the Study of the Liver 

(ALEH), additional societies, academic experts including hepatologists, gastroenterologists, 

paediatricians, endocrinologists, hepatopathologists and public health and obesity experts along 

with colleagues from industry, regulatory agencies and patient advocacy organisations proposed 

a revised nomenclature that includes updated definitions for the conditions previously 

categorized under the term NAFLD. [11] Under the umbrella term of steatotic liver disease (SLD), 

metabolic dysfunction-associated steatotic liver disease (MASLD) replaces the traditional term 

"NAFLD" and metabolic-dysfunction associated steatohepatitis (MASH) instead of nonalcoholic 

steatohepatitis (NASH).  

This updated terminology highlights the disease's association with metabolic dysfunction, 

aiming to reduce stigma linked to terms like "nonalcoholic" and "fatty". The terms MAFLD and 

MASLD share more similarities than differences and have succeeded in providing a more 

suitable name for the condition. 
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1. MAFLD vs MASLD 

 Although the term nonalcoholic fatty liver disease (NAFLD) continued to be widely used 

in major international guidelines, it has always been appreciated that the term “nonalcoholic" did 

not accurately capture what the aetiology of the disease was, and notably, the term ‘fatty’ has 

been considered to be stigmatising by some. Furthermore, there are individuals with risk factors 

for NAFLD, such as type 2 diabetes, who consume more alcohol than the relatively strict 

thresholds used to define the nonalcoholic nature of the disease that are not adequately 

recognised by existing nomenclature, are excluded from trials and consideration for treatments. 

Indeed, there is a recognition now that there are overlapping biological processes which 

may contribute to both NAFLD and alcohol-related liver disease (ALD). All of these factors 

have led to growing dissatisfaction with the current nomenclature. This was summarised in a 

paper by Eslam et al in 2020 and led to the proposal to use the term “metabolic dysfunction 

associated fatty liver disease” (MAFLD), which includes patients with a fatty liver regardless of 

the amount and pattern of alcohol intake under this terminology. [6,7] While MAFLD was 

accepted by some, concerns were raised about the mixing of aetiologies, continued use of the 

term ‘fatty’ considered stigmatising by many, restricting the population to those with 2 metabolic 

risk factors and allowance of more liberal alcohol use. The introduction of the term “metabolic 

dysfunction-associated fatty liver disease (MAFLD)” received endorsement from the Asian 

Pacific Association for the Study of the Liver (APASL) [8], multiple national societies [12,13] and 

various stakeholders globally. [14] 

In June 2023, a global Delphi consensus process, jointly led by the American Association 

for the Study of Liver Diseases (AASLD) and the European Association for the Study of the 

Liver (EASL), in partnership with the Latin American Association for the Study of the Liver 

(ALEH), additional societies, academic experts including hepatologists, gastroenterologists, 

paediatricians, endocrinologists, hepatopathologists and public health and obesity experts along 

with colleagues from industry, regulatory agencies and patient advocacy organisations proposed 

a revised nomenclature that includes updated definitions for the conditions previously 

categorized under the term NAFLD. [15] Under the umbrella term of steatotic liver disease (SLD), 

metabolic dysfunction-associated steatotic liver disease (MASLD) replaces the traditional term 
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"NAFLD" and metabolic-dysfunction associated steatohepatitis (MASH) instead of nonalcoholic 

steatohepatitis (NASH). 

This updated terminology highlights the disease's association with metabolic dysfunction, 

aiming to reduce stigma linked to terms like "nonalcoholic" and "fatty". [21] 

The overarching term of steatotic liver disease (SLD) includes MASLD (defined by 

specific criteria detailed below). It introduces a new overlap category for individuals with 

cardiometabolic risk factors (CMRFs) and varying levels of alcohol consumption, termed 

metabolic dysfunction and alcohol-associated steatotic liver disease (MetALD). It also 

acknowledges other causes of hepatic steatosis, such as alcohol-associated liver disease (ALD) 

with or without metabolic risk factors, drug-induced liver injury, monogenic diseases, and other 

etiologies. [15] 

 

 

Figure 1. Schema of SLD and subcategories. 

MASLD is defined as the presence of hepatic steatosis accompanied by any 

cardiometabolic risk factors (CMRFs), provided that there are no other causes of hepatic 

steatosis. If additional drivers of steatosis are identified, this is consistent with a combination 

etiology. In the case of alcohol, this is termed MetALD or ALD, depending on the extent of 

alcohol intake. The definition of MASLD excludes patients with consumption of >20 g/30 g of 

alcohol per day in females and males, respectively. [15] 
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Table 1. Adult Criteria to define MASLD [22] 

At least 1 out of 5: 

 BMI  23 kg/m3 OR WC > 90 cm (M) 80 cm (F)  

 Fasting serum glucose  5.6 mmol/L [100 mg/dL] OR 2-hour post-load glucose 
level  7.8 mmol/L [ 140 mg/dL] OR HbA1C  5.7% OR type 2 diabetes OR 
treatment for type 2 diabetes 

 Blood pressure  130/85 mmHg OR specific antihypertensive drug treatment    

 Plasma triglyceride  1.70 mmol/L [150 mg/dL] OR lipid lowering treatment   

 Plasma HDL-cholesterol  1.1 mmol/L [40 mg/dL] (M)   1.3 mmol/L [50 
mg/dL] (F) OR lipid lowering treatment  
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2. Epidemiology and Natural History of MASLD 

2.1 Epidemiology of MASLD 

The prevalence of MASLD worldwide in the general population has increased from 25% 

in 2016[15] to over 30% at present, with a steadily increasing incidence reflecting a growing 

public health concern. [16-18] According to the meta-analysis data, the prevalence of MASLD in 

Asia is estimated to be 29%, [19] and it was found to be highest in Southeast Asia, at 42%. [20] The 

prevalence was higher in patients with risk factors for MASLD, including Type 2 Diabetes 

Mellitus (T2DM), overweight or obesity, and metabolic syndrome. However, MASLD and 

MASH can be observed in lean or non-obese patients, accounting for 22% of all MASLD 

patients. [19] 

It has been estimated that approximately 10–30% of individuals with isolated steatosis 

may progress to steatohepatitis and advanced liver disease. [21] Moreover, the recent meta-

analysis revealed that the risk of progression is significantly higher in the presence of type 2 

diabetes, with 42-65% of individuals. [11,22] 

According to data from the National Survey of Diabetes Mellitus and Risk Factors for 

Non Communicable Diseases (NCDs) in Myanmar, diabetes was present in 10.8% of the 

population, with a higher prevalence of 11.5% in men compared to 9.2% in women. The survey 

also revealed that 19.7% of individuals had prediabetes, with 16.5% of men and 23% of women 

affected. The study identified increasing age, urban residency, a large waist circumference, and 

elevated triglyceride levels as significant risk factors for both diabetes and prediabetes. [23] 

Although a large-scale study on MASLD has not yet been conducted locally, the rising 

trend of T2DM, obesity, and obesity-related conditions suggests that MASLD is also becoming 

more prevalent. A retrospective descriptive analysis of the registry data of 817 patients from 

Yangon GI & Liver Centre (YGLC) showed that 56% had steatosis of varying grades, and 37% 

had severe steatosis. 11% of patients had clinically significant fibrosis F2-F4 by FibroScan®. 

14% of patients had Type 2 Diabetes mellitus (Submitted). 

Myanmar has also one of the highest prevalence of viral hepatitis B and C. Concurrent 

MASLD and viral hepatitis are not uncommon; MASLD is observed in 30% to 34% of patients 

with chronic hepatitis B (CHB). [24] Patients with chronic hepatitis B (CHB) who also have 
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MASLD and metabolic comorbidities face a higher risk of developing advanced liver diseases 

like fibrosis, cirrhosis, and HCC, as well as increased liver-related mortality, with this risk being 

more significant in those with low viral loads. [25,26] Therefore, these patients must receive 

aggressive management of their metabolic comorbidities. 

2.2 Natural History of MASLD 

The transition from MASLD to MASH is quite dynamic (Figure 2). Individuals with 

MASLD might develop fibrosis and progressive liver disease as time progresses, with a greater 

risk observed in those with steatohepatitis compared to those with simple steatosis which 

requiring 14 years per stage of fibrosis, whereas in MASH, each stage progresses over 7 years. 
[27] Importantly, approximately 20% of individuals with MASH may be classified as ‘‘rapid 

progressors,’’ in whom each stage progresses in less than 7 years. Predictors of rapid progression 

may include higher serum ALT, presence of diabetes, family history of cirrhosis in first-degree 

relatives, and possibly genetic susceptibility. [28] 

 

 

Figure 2. Schematic of the progression of MASLD to cirrhosis and HCC. 

It is estimated that only 20% of individuals with MASLD have MASH, and 20% of these 

individuals may progress to cirrhosis over 3–4 decades. [28] People with MASH-related cirrhosis 

carry an ~1.5%–2% per year risk of developing incident HCC. [29] Although HCC has been 

reported in non-cirrhotic individuals with MASLD at a higher rate than for other chronic liver 

disease etiologies, the incidence rate of HCC is still too low to recommend routine HCC 

screening unless there is advanced fibrosis or cirrhosis. 

It has been well-established that cardiovascular disease (CVD) is the leading cause of 

mortality among patients with MASLD, followed by cancer and then liver disease. However, 
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when cirrhosis has developed, liver disease becomes the dominant risk of mortality. [30,31] 

Furthermore, MASLD was associated with an increased risk of all-cause mortality. [32] 

The risk of liver-related complications and mortality increases significantly with higher 

fibrosis stage. [33] Patients with cirrhosis due to MASLD have an annual risk of developing 

hepatocellular carcinoma (HCC) between 1% and 4%, whereas non-cirrhotic MASLD patients 

have a much lower annual risk of less than 0.1%. [34] 

MASH-related HCC is increasing, and over the last decade it has been the etiology with 

the greatest increase in HCC incidence requiring liver transplantation. MASH-related HCC is 

now the second leading indication for liver transplantation in the United States and is likely to 

become the leading indication within a decade. [35] 

MASLD is associated not only with liver-related complications and cardiovascular 

disease (CVD) but also with a higher risk of extrahepatic malignancies, including 

gastrointestinal, breast, and thyroid cancers, [36] and an increased risk of developing non-fatal 

cardiovascular disease, heart failure, [37] T2DM and diabetes-related peripheral polyneuropathy, 

obstructive sleep apnoea and chronic kidney disease. [38,39] 

Recommendation (MASLD and Natural History) 

1. GI and Liver Foundation (GLF) Myanmar and Myanmar Diabetes Association 
(MMDA) endorses the term Steatotic Liver Disease (SLD) as an overarching term, 
with its subcategories, including Metabolic dysfunction-associated steatotic liver 
disease (MASLD), for their clarity and enhanced clinical applicability.   

2. MASLD is defined by the presence of hepatic steatosis combined with 
cardiometabolic risk factors (CMFRs) if there is no other cause of hepatic steatosis.  

3. The presence of MASLD is tightly linked to type 2 diabetes (T2D), obesity, and 
other cardiometabolic risk factors.  

4. The risk of progression to advanced liver disease is significantly higher in the 
presence of type 2 diabetes mellitus (T2DM). 

5. MASLD is associated with not only cirrhosis of liver or hepatocellular carcinoma 
(HCC) but also an increased risk of T2DM and diabetes-related peripheral 
polyneuropathy, obstructive sleep apnoea (OSA), chronic kidney disease, fatal and 
nonfatal cardiovascular events, extrahepatic malignancies, including 
gastrointestinal, breast, and thyroid cancer.  

6. Concurrent MASLD and viral hepatitis recommended to have thorough 
management of cardiometabolic comorbidities.  
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3. Molecular and Cellular Pathogenesis 

A ‘two-hit’ theory was posited for several years to explain MASH pathogenesis. This 

theory suggests that in the setting of steatosis alone (i.e., MASLD), a second ‘hit’ from other 

factors (for example, oxidant stress) was required for the development of MASH; however, this 

view is now outdated. There are many molecular pathways that contribute to the development of 

MASH, and it is not even certain whether MASH is always preceded by MASLD. Moreover, 

pathogenic drivers are not likely to be identical among all patients. Thus, both the mechanisms 

leading to disease and their clinical manifestations are highly heterogeneous. 

Over nutrition with a poor-quality diet rich in glucose, high-fructose corn syrup and 

saturated fats leads to increased intrahepatic triglycerides characteristic of metabolic 

dysfunction-associated steatotic liver disease (MASLD) through several pathways. 

Hyperinsulinaemia in response to excess glucose intake in conjunction with muscle insulin 

resistance resulting from increased deposition of intramuscular fat leads to hepatic de novo 

lipogenesis. In parallel, white adipose tissue (WAT) dysfunction resulting from excess dietary 

fats leads to an excess of triglyceride uptake from chylomicron remnants and fatty acid delivery 

to the liver. Lipotoxic injury from the excess triglyceride content in the hepatocytes triggers an 

aberrant wound repair response culminating in fibrosis (Figure 3). 

Figure 3. Pathogenesis of MASLD 
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In defining pathogenic drivers of MASLD and MASH, a basic concept is that the liver’s 

capacity to handle the primary metabolic energy substrates, carbohydrates and fatty acids, is 

overwhelmed, leading to accumulation of toxic lipid species. These metabolites induce 

hepatocellular stress, injury and death, leading to fibrogenesis and genomic instability that 

predispose to cirrhosis and hepatocellular carcinoma. Thus, simplification the sources and fates 

of fatty acids in hepatocytes is essential for understanding the metabolic underpinnings of 

MASH. When fatty acids are either supplied in excess or their disposal is impaired, they may 

serve as substrates for the generation of lipotoxic species that provoke endoplasmic reticulum 

(ER) stress and hepatocellular injury. Elucidating the pathways leading to lipotoxicity, ER stress 

and cell injury has led to rational therapeutic targeting. 

The presence and severity of MASLD and MASH are substantially determined by factors 

that govern the supply and disposition of fatty acids, diacylglycerols, ceramides, cholesterol, 

phospholipids, and other intrahepatic lipids. Energy oversupply and limited adipose tissue 

expansion contribute to insulin resistance and metabolic disease. [40] When energy intake exceeds 

metabolic needs and disposal capacity, carbohydrates, in the form of dietary sugars (eg, fructose, 

sucrose, and glucose), drive the formation and accumulation of intrahepatic fat from de novo 

lipogenesis (DNL). [41,42] There is substantial interindividual heterogeneity in the role of DNL 

among patients with MASLD. [43,44] In addition, the type of fat consumed plays a role in the 

development of MASH, with a higher risk associated with saturated versus unsaturated fat 

consumption (Figure 4). [45-46] 
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Figure 4. Pathogenic drivers of MASLD as therapeutic targets. 
Insulin resistance is nearly universal in patients with MASLD and is present in the liver, 

adipose tissue, and muscle. Adipose tissue insulin resistance is characterized by increased release 

of free fatty acids from adipocytes (lipolysis) in the fasting state and worsens with the 

progression of MASLD to MASH. [40,48,50] 

Important factors that govern energy disposal include the frequency and intensity of 

exercise, the activation of brown adipose tissue to an energy-consuming thermogenic phenotype, 

and counter-regulatory mechanisms that diminish energy disposal in response to reductions in 

calorie intake. [40,51] The ability and desire to engage in regular exercise can be strongly 

influenced by personal, community, corporate, societal, and legislative decisions, all of which 

thus have roles in the development of MASH. 

The heterogeneity of factors contributing to the pathophysiology of MASH among 

patients has impeded the development of diagnostic tests and therapeutics. [52] Although in some 
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patients, the development and progression of MASH are driven by substrate overload and insulin 

resistance, in other patients, disease progression is heavily influenced by genetic factors 

impacting hepatocyte lipid handling. [44]  

Genetic polymorphisms have been associated with more advanced liver disease and the 

development of HCC in MASH. The I148M polymorphism of PNPLA3 impairs lipolysis of 

triglyceride in lipid droplets, [53] and polymorphisms in other proteins that play a role in 

hepatocyte fat metabolism have also been linked to the prevalence and severity of MASLD, 

including transmembrane 6 superfamily member 2 (TM6SF2), which may play a role in 

cholesterol metabolism, [54] and MBOAT7, which influences phospholipid metabolism. 
[56] Recently, loss-of-function variants in HSD17B13, a gene that encodes an enzyme that also 

localizes to lipid droplets in hepatocytes, have been linked to protection against MASH, 

progressive fibrosis, and HCC. [57] Rare loss-of-function mutations in CIDEB, a protein needed 

for activation of DNL, [58] have also been shown to be protective. [59] 

A host of additional factors, the review of which is beyond the scope of this guidance, 

contribute to heterogeneity in disease activity and progression. [50,60-65] Additional factors such as 

hepatocyte uric acid production, exposure to products derived from the gut microbiome, and 

perhaps low hepatic magnesium levels, may also contribute to the MASH phenotype. [66-71] 

Transcriptomic profiling of large cohorts of patients is further contributing to our understanding 

of this disease heterogeneity and its progression. [72,73] The response of the liver to lipotoxic 

injury includes activation and recruitment of resident macrophages, which further contributes to 

hepatocellular injury and stellate cell activation as part of a complex interplay among hepatic cell 

types. [62,74,75] Although markers of oxidative stress have been a consistent finding in MASH, its 

role in the pathogenesis of MASH in humans remains uncertain. [75] 

Key Points (Molecular and Cellular Pathogenesis) 

1.  Fundamental elements of MASH pathogenesis include an imbalance between 
nutrient delivery to the liver and their utilization and disposal coupled with adipose 
tissue dysfunction. Interindividual differences in genetic, dietary, behavioral, and 
environmental factors influence disease course. 

2. Systemic inflammation, particularly stemming from dysfunctional adipose tissue, 
contributes to disease progression. 

3. Insulin resistance contributes to the development of MASLD and promotes disease 
progression. 
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4. Risk Factors and Comorbid Conditions associated with MASLD and respective     

treatments 

4.1 Risk Factors for MASLD 

4.1.1 Metabolic risk factors 

 The risk factors for MASLD are the same ones that are associated with metabolic 

syndrome. [76] The prevalence of MASLD was 4-fold higher in individuals with metabolic 

syndrome than those without it. [77] The presence of multiple traits of metabolic syndrome was 

associated with a higher likelihood of more severe liver disease. [78] 

(a) Central Obesity: In Myanmar, 22.4% of adults between the ages of 25 and 64 are 

overweight, and 5.5% are obese, according to data from the 2014 WHO nationwide STEPS 

survey. [79] It has been discovered that 91% of individuals with obesity have MASLD. [80] Losing 

weight is the sole established way to improve and resolve MASLD, while gaining weight raises 

the chance of incident MASLD. [81] 

(b) Insulin resistance or type 2 diabetes mellitus: Insulin resistance facilitates adipose tissue 

lipolysis, which releases free fatty acids and deposits in the liver, resulting in steatohepatitis. 

According to a number of population-based research, people with type 2 diabetes have a higher 

prevalence of MASLD, which can range from 30% to 70%. [82]  

(c) Hypertension: A meta-analysis involving patients with pathologically established MASLD 

discovered a correlation between hypertension and the advancement of liver fibrosis. [83]   

(d) Hyperlipidaemia: Research has indicated that MASLD is substantially linked to low levels 

of high-density lipoprotein (HDL) cholesterol and a higher prevalence of hypertriglyceridemia; 

non-HDL cholesterol was linked to higher levels of fatty liver. [84] It has been demonstrated that 

statins slow the advancement of hepatic fibrosis, lower the risk of hepatic decompensation, and 

lower the overall mortality risk in patients with chronic liver disease. [85] 

4.1.2 Other potential risk factors for MASLD  

(a) Ethnicity: Black people have a lower risk, whereas Asian and Hispanic people have higher 

risk. [86] 

(b) Genetic predisposition: MASLD is more common and severe when certain genetic 

variations are present. According to a meta-analysis study, PNPLA-3, or patatin-like 
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phospholipase domain-containing 3, not only caused a 73% increase in liver fat formation but 

also more aggressive illness. [87] 

(c) Sex and age: Men are typically more likely than women to have MASLD. [88] Because risk 

factors like metabolic syndrome, type 2 diabetes, and hypertension are more common with 

increasing age, there is an increased chance of developing MASLD. [89] Furthermore, an 

investigation revealed that growing older is a risk factor for severe liver fibrosis in MASLD. [89] 

(d) Nutritional: Total parenteral nutrition (TPN) and refeeding syndrome, rapid weight loss, and 

jejunoileal bypass surgery can result in SLD. [90] Sugars encourage de novo lipogenesis and 

stimulate an inflammatory response that results in apoptosis of hepatocyte. [91] Patients with 

MASLD can effectively reduce their hepatic fat level by taking omega-3 fatty acids, according to 

a meta-analysis of ten randomised controlled studies. [92] A Mediterranean diet lowers insulin 

resistance and MASLD, according to one study involving 584 patients. [93] 

(e) Physical activity: The chance of developing MASLD rises with inactivity. [94] In teenagers 

with MASLD, regular aerobic exercise for 6–12 weeks was helpful in lowering the accumulation 

of visceral fat and hepatic steatosis. [95] Nonetheless, some research revealed that brief exercise 

had no impact on the amount of fat stored in the liver. [96] 

(f) Sleep: Some researchers have demonstrated the link between sleep deviation and poor sleep 

quality with obesity, which is one factor in the pathophysiology of MASLD. [97]  

(g) Obstructive sleep apnoea syndrome  

(h) Endocrine diseases: hypopituitarism, hypothyroidism and polycystic ovary syndrome  

(i) Other disorders of the liver: Wilson's disease and hepatitis C. 
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Recommendations (Risk Factors) 

7. The following metabolic risk factors are linked to MASLD. If any of these risk factors 

are present, MASLD should be investigated. On the other hand, it is important to look 

for these risk factors in patients with MASLD.  

• Central Obesity 

• Insulin resistance or type 2 diabetes mellitus 

• Hypertension 

• Hyperlipidemia 

8. The following are other potential risk factors for MASLD. For patients who have these 

potential risk factors, there should be a high index of suspicion for MASLD. 

• Ethnicity: Black people have a lower risk, whereas Asian and Hispanic people have 

higher risk 

• MASLD running in the family 

• Men are more likely to have higher risk than woman 

• Increasing age 

• Nutritional: fast weight loss, jejunoileal bypass surgery, and total parenteral nutrition 

(TPN) and refeeding syndrome 

• Physical inactivity 

• Poor sleep quality and sleep deprivation 

• Obstructive sleep apnea syndrome  

• Endocrine conditions, such as hypothyroidism and polycystic ovarian syndrome 

• Other disorders of the liver, like Wilson's disease and hepatitis C 
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4.2 Comorbid conditions associated with SLD and respective treatments 

4.2.1 Obesity in patients with MASLD  

Obesity (particularly, increased truncal subcutaneous fat and visceral fat) and type 2 

diabetes are the metabolic diseases with the strongest impact on the natural history of MASLD, 

including progression to MASLD/MASH-related advanced fibrosis, cirrhosis and hepatocellular 

carcinoma. [62] 

In the management of obesity, lifestyle change which primarily consists of nutritional 

therapy and physical activity is the first-line therapy followed by medications. Weight reduction 

either with or without increased physical activity, leads to improvements in biomarkers, 

including liver enzymes, steatosis, MASH, and fibrosis found in clinical trials. [98] 

4.2.1.1 Weight loss goals   

In adults with MASLD and overweight, dietary and behavioral therapy-induced weight 

loss should aim at a sustained reduction of at least ≥ 5% to reduce liver fat, 7-10% to improve 

inflammation and ≥ 10% to improve fibrosis. [99-101]  

4.2.1.2 Weight loss management in MASLD 

Weight loss management should be multidisciplinary care approach with affordable 

structured lifestyle intervention, individualized plan depending on patient’s preference and 

economic constraint. [101] 

Dietary macronutrient content and distribution is important in MASLD, weight loss 

achieved through caloric deficit, irrespective of the specific dietary approach [102] is effective in 

reducing hepatic steatosis [103] and necroinflammation, although results are more variable for 

fibrosis. [104] Hypocaloric low-carbohydrate diets and low-fat diets appear to be similarly 

effective in reducing liver lipid content and related biomarkers. [47] 

Calorie-restricted DASH (Dietary Approaches to Stop Hypertension) diet, diets rich in 

fruit, vegetables, whole grains and low-fat dairy and low in saturated fat and refined grains, also 

results in beneficial weight loss and reduced ALT levels in persons with obesity and MASLD. 

[105] Modification of macronutrient composition (reduction of saturated fat, starch, and added 

sugars, ultra-processed food, sugar-sweetened beverages) and enriched with high fiber and 
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unsaturated fats (e.g., Mediterranean diet) should be encouraged due to their additional 

cardiovascular benefits. [106] 

Physical activity and exercise are strongly recommended to reduce steatosis, tailored to 

the individual’s preference and ability (preferably >150 min/week of moderate or 75 min/week 

of vigorous-intensity physical activity) because 3-month aerobic exercise regimen (three 90-

minute sessions/week) reduced liver steatosis and liver stiffness, independent of weight loss [107]. 

There was no specific weight loss benefit associated with different types of exercise training 

programs (either aerobic, resistance, or lifestyle) [108], but evidence indicates higher intensity 

activity or exercise has better effects on weight loss if combine with caloric restriction. 

Table 2. Preferred pharmacological options for treating comorbidities (Obesity and Type 2 
Diabetes) 

MASLD/ MASH without cirrhosis 

Obesity Type 2 Diabetes 

 GLP-1RA  
(e.g. Semaglutide, Liraglutide) and 
coagonists (e.g. Tirzepatide) 

 Bariatric interventions  
(Special caution in case of 
compensated Cirrhosis) 

 GLP-1RA  
(e.g. Semaglutide, Liraglutide,) and 
coagonists (e.g. Tirzepatide) 

 Pioglitazone 

 SGLT2 inhibitors  

(e.g. empagliflozin, dapagliflozin) 

 Insulin (in case of decompensated cirrhosis) 

 

(a) Weight loss medications 

Medications for obesity have been approved by the FDA for chronic weight management 

for individuals with a BMI of ≥ 30 kg/m2 or those with a BMI of 27 to 29.9 kg/m2 and one or 

more obesity associated comorbid conditions (e.g., type 2 diabetes, hypertension, and/or 

dyslipidemia). [109] Medications for the management of obesity have not undergone rigorous 

testing in RCTs using liver histology (ie, paired liver biopsies) as the primary outcome in persons 

with MASLD. [110] 

For chronic weight management in individuals with a BMI of ≥ 27 kg/m2 and MASLD or 

MASH, clinicians should consider with preference to GLP1 receptor agonists (GLP-1RA) 
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Semaglutide, Liraglutide [111] or Tirzepatide [112] with the best evidence as adjunctive therapy to 

lifestyle modification to promote cardiometabolic health and treat or prevent T2D, CVD, and 

other end-stage manifestations of obesity. 

Table 3. Anti-obesity medications 

Medications Weight loss Effect on MASLD 

Oral lipase Inhibitor 
(Orlistat 120 mg capsules 
three times a day) 

5% weight loss 

Reduced the aminotransferase levels but 
failed to improve liver histology [113] 

Orlistat does not have drug specific effects 
in steatohepatitis, improvement in liver 
histology is proportional to the magnitude 
of weight loss. 

Combination of Orlistat 
120 mg and Resveratrol 
100 mg three times a day 

>5% weight loss 

Assessment of liver health using 
Controlled Attenuation Parameter (CAP) 
scores indicated a significant reduction in 
hepatic steatosis [114] 

Liraglutide 0.6–3 mg SC 
daily 

6.4% weight loss 
Normalize plasma aminotransferase 
levels and reduce liver fat content on 
imaging in individuals with MASLD [115] 

Semaglutide, 0.25–2.4 
mg SC weekly 

15.8% weight loss 
Demonstrated resolution of steatohepatitis 
but no fibrosis improvement 

Tirzepatide 5 - 15 mg SC 
weekly 

20.9% weight loss  

Shown to significantly reduce both liver 
and visceral fat in those with T2D, in 
association with major weight loss 
(comparable to bariatric surgery) [112] and 
promising results on steatohepatitis 
resolution from a phase II study in MASH  

FDA approved oral antidiabetic medication, oral semaglutide 7 mg and 14 mg tablet once 

a day given as monotherapy reduces body weight compared to placebo at 26 weeks in patients 

with early T2D managed with diet and exercise –0.9 kg [7 mg] to –2.3 kg [14 mg] and this 

reduction was sustained to 52 weeks. [116] Weight loss was greater with oral semaglutide 14 mg 

than the active comparators liraglutide 1.8 mg, empagliflozin 25 mg, and sitagliptin 100 mg [117] 

although it has not been approved as anti-obesity medication yet. 
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(b) Bariatric surgery 

Bariatric/metabolic should be considered as a therapeutic option in patients who meet 

criteria for metabolic weight loss surgery as bariatric surgery can resolve MASH [118,119], and it 

can induce long-term beneficial effects on the liver and is associated with remission of Type 2 

diabetes and improvement of cardiometabolic risk factors. [120]  

Indications for bariatric surgery are BMI ≥40 kg/m2, or BMI ≥35–40 kg/m2 in the 

presence of associated comorbidities, or BMI ≥30–35 kg/m2 if people have T2D and/or 

hypertension with poor control despite optimal medical therapy. [101] Bariatric/metabolic 

procedure should be considered in persons with MASLD and a BMI of ≥ 35 kg/m2 (≥ 32.5 kg/m2 

in Asian populations. [99] In case of decompensated cirrhosis, bariatric surgery is contraindicated 

because it can increase 10-fold higher risk of death than those with compensated cirrhosis. [121] 

Recommendations (Obesity) 

9. In adults with MASLD and overweight, weight loss should aim at a sustained 

reduction of at least ≥ 5% to reduce liver fat, 7-10% to improve inflammation and ≥ 

10% to improve fibrosis. 

10. Caloric restricted, reduction of saturated fat and starch, limiting the consumption of 

ultra-processed food (rich in sugars and saturated fat) and avoiding sugar-sweetened 

beverages should be recommended. 

11. In adults with MASLD, physical activity should be encouraged in all individuals with 

obesity, tailored to the individual’s preference and ability (preferably >150 min/week 

of moderate or at least 75 min/week of vigorous-intensity physical activity). 

12. FDA approved medications for obesity should be consider in chronic weight 

management for individuals with a BMI of ≥ 30 kg/m2 or those with a BMI of 27 to 

29.9 kg/m2 and one or more obesity associated comorbid conditions. 

13. Injectable GLP1 receptor agonists such as Semaglutide, Liraglutide or Tirzepatide are 

preferred as anti-obesity medications as adjunctive therapy to lifestyle modification 

for individuals with obesity and MASLD or MASH.  

14. Bariatric/metabolic procedure should be considered in persons with MASLD and a 

BMI of ≥ 35 kg/m2 (≥ 32.5 kg/m2 in Asian populations) but not recommend in those 

with decompensated cirrhosis patients. 
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4.2.2 Management of Type 2 Diabetes in MASLD 

The treatment recommendations for persons with Type 2 Diabetes and MASLD are 

centered on the dual purpose of treating hyperglycemia and/or obesity and steatohepatitis, 

especially if clinically significant fibrosis is present, to prevent development of cirrhosis [3]. In 

adults with MASH, is there insufficient evidence to recommend prescription of existing glucose-

lowering drugs as a MASH-targeted therapy to reduce histologically/non-invasively assessed 

liver damage/fibrosis and liver-related outcomes. [101] However, optimizing glycemic control 

using preferred agents that have benefit on steatohepatitis, pioglitazone and GLP-1 RA in 

persons with obesity, prediabetes, or T2D with MASLD. [99]  

4.2.2.1 Individual HbA1c target 

HbA1c < 7% for persons without concurrent serious illness and at low hypoglycemic 

risk. In advanced cirrhosis (eg. Child class B or C with clinical evidence of comorbidities 

varices, portal hypertension, ascites etc.), caution with risk of hypoglycemia and avoid oral 

agents. [99] 

4.2.2.2 Glucose lowering medications 

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) (Semaglutide, Liraglutide) are 

safe to use in MASH (including compensated cirrhosis) demonstrated resolution of 

steatohepatitis but no fibrosis improvement [110] and should be used for their respective 

indications, such as type 2 diabetes and obesity, as their use improves cardiometabolic outcomes. 

The newer dual (GLP1-GIP RA) agonists, Tirzepatide has been approved for the treatment of 

T2D, also approved for obesity shows absolute reduction in liver fat content. [109] 

Pioglitazone activates peroxisome proliferator-activated receptor (PPAR)ϒ, has been 

shown to improve histological features of steatohepatitis, [122] without a clear effect on fibrosis 

regression even after prolonged (up to 3-years) therapy [123] is safe to use in adults with non-

cirrhotic MASH.  

Sodium-glucose co-transporter-2 inhibitors (SGLT2 inhibitors) (empagliflozin, 

dapagliflozin and canagliflozin) are approved for T2DM, chronic kidney disease and heart 

failure because of their beneficial effect on cardiovascular and renal outcomes. [124] They induce 

renal glucosuria, weight loss, blood pressure reduction, and protection from major cardiovascular 
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outcomes, including heart failure. The weight loss is due to renal energy loss and reduction in fat 

mass, with reductions in both visceral and abdominal subcutaneous adipose tissue. [125] Trials in 

people with T2DM (not all with MASLD and some excluding high ALT values) have shown a 

moderate reduction in liver lipid content, with empagliflozin, [126] dapagliflozin. Reductions in 

ALT were shown with empagliflozin. Although Empagliflozin, Dapagliflozin cannot be 

recommended as MASH-targeted therapies, they are safe to use in MASLD and should be used 

for their respective indications such as type 2 diabetes, heart failure and chronic kidney disease. 
[127] 

Other glucose lowering medications, metformin, acarbose, dipeptidyl peptidase IV 

inhibitors [128], and insulin [129] are not recommended for the treatment of steatohepatitis but they 

can be continued as needed for the treatment of hyperglycemia in persons with T2D and 

MASLD. In advanced cirrhosis, there is limited data of oral diabetes medications and GLP-1RA, 

avoid metformin. Insulin is preferred medication for those with advanced cirrhosis. [129] 

Table 4. Available medications with demonstrable histological benefit in patients with 
biopsy-confirmed MASH. 

Medication Liver related and non-liver related effects Adverse effects 

PO Pioglitazone 
30–45 mg daily 
[130] 

Improves steatosis, activity and MASH 
resolution, Improves insulin sensitivity, 
prevention of diabetes, CV risk reduction and 
stroke prevention 

Weight gain, risk of heart 
failure exacerbation, 
bone loss 

SGLT2 
inhibitors [126,127] 

Reduction in steatosis by imaging. 
Improves CV and renal outcomes; benefit in 
heart failure, modest weight loss 

Risk of genitourinary 
yeast infection, volume 
depletion, bone loss 

Liraglutide 1.8 
mg SC daily [111] 

 

Improvement in insulin sensitivity, weight 
loss, CV risk reduction, may slow 
progression of renal disease 

Gastrointestinal, 
gallstones (related to 
weight loss), pancreatitis 
 

Semaglutide, 
0.25–2 mg SQ 
weekly [110] 

Improvement in insulin sensitivity, weight 
loss, improves CV and renal outcomes, stroke 
prevention 

Tirzepatide 5 - 
15 mg SC 
weekly [112] 

Improvement in insulin sensitivity, significant 
weight loss 
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None of the medications are approved for treatment of MASH but can be used in 

carefully selected individuals with MASLD and comorbid conditions such as diabetes and 

obesity. 

Recommendation (Type 2 Diabetes) 

15. Optimize glycemic control (HbA1c < 7%) by using preferred agents that effect 

steatohepatitis whenever possible. 

16. GLP-1RAs (Semaglutide, Liraglutide) are safe to use in MASH (including 

compensated cirrhosis) and should be used for type 2 diabetes and obesity as they 

improve cardiometabolic outcomes. 

17. The newer dual (GLP1-GIP RA) agonists, Tirzepatide has been approved for the 

treatment of T2D and obesity shows absolute reduction in liver fat content.  

18. Pioglitazone is safe to use in adults with non-cirrhotic MASH but given the lack of 

robust demonstration of histological efficacy on steatohepatitis and liver fibrosis.  

19. Sodium-glucose cotransporter-2 (SGLT2) inhibitors or metformin are safe to use in 

MASLD and should be used for their respective indications, type 2 diabetes, heart 

failure and chronic kidney disease. 
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4.2.3 MASLD and Hypertension 

MASLD and arterial hypertension (AH) are common noncommunicable diseases in the 

global population. [131]  

4.2.3.1 MASLD as Independent Risk Factor for Arterial Hypertension Development  

Much evidence demonstrated the correlation between the presence and severity of 

MASLD and the incidence of arterial hypertension (AH). MASLD is significantly associated 

with a ~1.7-fold increased risk of developing incident hypertension. [132] 

(a) Pathophysiology 

MASLD is a potential driver of hypertension in the general population. [133] The possible 

pathophysiological mechanisms are 

1. Liver steatosis is strongly associated with insulin resistance and hyperinsulinemia. Insulin 

resistance is associated with low-grade systemic inflammation and endothelial dysfunction 

leading to vasoconstriction. [134] 

2. In addition, the action of insulin on sodium handling is frequently preserved in insulin 

resistance and contributes to sodium retention and arterial hypertension. [134] 

3. Oxidative stress, hyperactivity of the sympathetic nervous system and the angiotensin 

aldosterone systems are common abnormalities in MASLD as well as in hypertension. [39] 

(b) Significance of MASLD in Hypertension  

Not only the presence of MASLD but also an increased content of liver fat (detected by 

MRI) correlated with a higher risk of hypertension (HR 2.16, p = 0.025). [135] 

Interestingly, with resolution of fatty liver at follow-up, risk of incident hypertension is 

comparable to that in the group of patients with a healthy liver (aOR = 1.21) (95% CI 0.90, 

1.63; p = 0.21). [136] These findings suggest that improving liver steatosis may reduce the risk of 

developing AH over time. [137] 
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4.2.3.2 Arterial Hypertension as Independent Risk Factor for MASLD Development  

Increasing evidence show that AH is a predictor of the development and progression of 

MASLD. In the patients with AH, the risk of hepatic steatosis is nearly 1.5- 2 fold higher. 
[138,139,140] 

(a) Pathophysiology 

Insulin Resistance - Uncontrolled AH leads to a decrease in peripheral circulation, contributing 

to peripheral insulin resistance and hyperinsulinaemia which is a common basic 

pathophysiologic mechanism of MASLD. [131] 

Visceral Obesity and alteration in adipokine - like increased leptin and reduced adiponectin 

are common finding in AH as well as MASLD. [141] 

Oxidative Stress and Biologically Active Substances – uncontrolled AH can cause endothelial 

dysfunction, oxidative stress. An increase in free radical activity is the major process leading to 

the release of proinflammatory profibrogenic cytokines and hepatokines, leading to hepatic 

steatosis and fibrosis. [142] 

RAAS and SNS activation – common finding in AH and have influence on insulin resistance, 

visceral obesity, endothelial damage and finally development of MASLD. 

(b) Significance of Hypertension in MASLD 

Timely control of AH with the achievement of target values (BP < 140/90 mmHg) reduce 

both the likelihood of developing MASLD by over 40% and the likelihood of liver fibrosis 

progression. [140] 

4.2.3.3 Treatment of Hypertension in patients with MASLD 

Treatment of hypertension to achieve the target BP will help in preventing the 

development of MASLD as well as progression of liver fibrosis in patient with MASLD. 

Generally, all antihypertensive agents can be used in patients with MASLD, some have 

beneficial effect not only on hypertension but also on MASLD. 

An increase in intrahepatic vascular resistance has been observed in MASLD, leading to 

tissue hypoxia and triggering disease progression. Therefore, vasoconstriction antagonist might 

be used for the treatment of MASLD. In general, based on animal experiments, antihypertensive 
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drugs like ACEi and ARBs (losartan, termisartan, valsartan) have shown efficacy in treatment of 

MASLD; however, their similar effects in MASLD patients require clinical verifications. [143] 

Amlodipine besylate and amlodipine aspartate exert multifactorial improvements in 

MASLD and hypertension by modulating gut microbiota. [144] Therefore, these agents may serve 

as promising therapeutic agents for treating hypertension in patients with MASLD. 

Table 5. Hypertension Management in MASLD 

 

 

 Low risk 
FIB-4: <1.3 
LSM < 8kPa 
ELF <7.7 

Intermediate 
risk 

FIB-4:1.3 – 2.67  
LSM 8 – 12 kPa 
ELF 7.7 – 9.8 

High risk a 
FIB-4: >2.67 
LSM >12 kPa 
ELF >9.8 

General goal Optimize BP control and improve cardiovascular health using 
preferred agents, whenever possible. 

Assess every 3 months and intensify therapy until goal achieved. 
Goal 
(individualize) b,c,d 

Systolic <130 
mmHg/ 
Diastolic <80 
mmHg 

Systolic <130 
mmHg/ 
Diastolic <80 
mmHg 

Systolic <130 mmHg/ 
Diastolic <80 mmHg;  
individualize if 
decompensated cirrhosis 

Dietary 
recommendations 

In addition to general dietary recommendations, reduce sodium and 
increase high potassium foods (e.g., DASH diet) 

Pharmacotherapy 
for hypertension e 

First-line therapy: 
ACEIs and 
ARBs. 

First-line therapy: 
ACEIs and ARBs. 

Same but avoid ACEI or 
ARB if decompensated 
cirrhosis 

Intensification of 
therapy  

Second agent: CCB, BB f or thiazide 
diuretic (as additional agents as 
needed) 

Same but individualize if 
decompensated cirrhosis. 
Use diuretics with caution 
(risk of excessive diuresis). 

Additional 
options 

Additional BP medication choices: 
alpha blockers, central agents, 
vasodilators, aldosterone antagonist. 

Same but individualize if 
decompensated cirrhosis. 

 

a. Advanced cirrhosis defined as persons with cirrhosis based on biopsy and Child class B or C 

and clinical evidence of comorbidities (varices, portal hypertension, ascites, etc.) 

Fibrosis risk stratification 
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b. AACE recommends that BP control be individualized, but that a target of <130/80 mmHg is 

appropriate for most persons. 

c. Less-stringent goal may be considered for frail persons with complicated comorbidities or 

those who have adverse medication effects. 

d. A more intensive goal (<120/80 mmHg) should be considered for some persons if this target 

can be reached safely without adverse effects from medication 

e. If initial BP >150/100 mmHg, start with dual therapy (ACEIs or ARBs + CCB, BB or 

thiazide diuretics) 

f. Prefer weight neutral BB: carvedilol, nebivolol 

Recommendation (Hypertension) 

20. BP goal of <130/80 mmHg is recommended for most of the patients with MASLD 

but individualized BP for those with decompensated cirrhosis. 

21. ACEIs and ARBs are recommended as first line antihypertensive therapy in patients 

with MASLD except in decompensated cirrhosis. 

22. CCB, BB and thiazide diuretics are recommended as second agent if BP goal cannot 

be reached by first line therapy. Caution should be made with the use of diuretic in 

patient with decompensated cirrhosis. 

23. If the BP goal cannot be reached by those agents, additional BP medication like alpha 

blocker, central agents, vasodilators, aldosterone antagonist, should be considered. 
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4.2.4 MASLD and Dyslipidemia  

MASLD is closely linked to and often precedes the development of metabolic 

abnormalities (insulin resistance, dyslipidemia, central obesity, and hypertension). [145] Patients 

with MASLD have two-fold increased risk of lipid abnormalities and more atherogenic lipid 

subfractions like sdLDL compared to those without MASLD. [146,147] On the other hand, 

individuals with NASH resolution have improved plasma HDL and TG levels and favorable 

impact on lipoprotein subfractions like increase mean peak LDL diameter (1.007 vs. 0.996, 

P=0.004), and higher frequency of LDL phenotype A (58% vs. 33%, P=0.003). [148,149] 

4.2.4.1 Management of Atherogenic Dyslipidemia in MASLD [150] 

Lipid risk levels are similar in the presence of MASLD or MASH. 
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Table 6. Management of Atherogenic Dyslipidemia in MASLD 

General goal 
Early intensive management of dyslipidemia needed to reduce 
cardiovascular risk. Intensify therapy until the lipid goal is reached. 

Dietary 
recommendations 

Increased fiber intake (>25g/d), prioritize vegetables, fruits, whole 
grains, nuts. Reduce saturated fat & added sugar (e.g., Mediterranean 
diet) 

Lipid risk levels 

High CV Risk 
≥2 risk factors and 
10-year risk 10-20 % 
Diabetes or CKD ≥3 
With no other risk 
factors 

Very high CV risk 
Established CVD  
or 10-year risk > 20% 
Diabetes with >1 risk 
factor, CKD ≥3, HeFH 

Extreme CV risk 
Progressive CVD 
CVD + Diabetes or CKD 
≥3 or HeFH 
FHx premature CVD (<55 
yrs male, <65 yrs female) 

LDL-C goal 
(mg/dL) 

<100 <70 <55 

Non-HDL-C goal 
(mg/dL) 

<130 <100 <80 

Triglyceride goal 
(mg/dL) 

<150 <150 <150 

Apo-B goal 
(mg/dL) 

<90 <80 <70 

First line 
pharmacotherapy: 
Statins 

Use a moderate-to-high intensity statin2, unless contraindicated. 
Statins are safe in MASLD or NASH but do not use in 
decompensated cirrhosis (Child C) 

If LDL-C not at 
goal: intensify 
statin therapy 

Use higher doe or higher potency statins 

If LDL-C not at 
goal (or statin 
intolerant): add 
2nd agent, then 
add 3rd agent 

Ezetimibe, PCSK9 inhibitor, Bempedoic acid, colesevelam, inclisirin 

If Triglycerides > 
500 mg/dL 

Fibrates, Rx grade omega 3 FA, icosapent ethyl (if diabetes, optimize 
glycemic control and consider pioglitazone) 

If TG 135 – 499 
mg/dL on max 
statin dose 

Emphasize diet (as 
above) 

Add icosapent ethyl Add icosapent ethyl 
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1. Major Risk Factors: Age >40, DM, HTN, FHx of early CVD, low HDL-C, elevated LDL, 

smoking, CKD 3,4 

2. High Intensity Statin Therapy: rosuvastatin 20, 40 mg/d, atorvastatin 40, 80 mg/d 

3. Other lipid modifying agents should be used in combination with maximally tolerated statins 

if goals not reached: ezetimibe, PCSK9 inhibitor, bempedoic acid, cholesevelam, or 

inclisirin.  

4. Assess adequacy and tolerance of therapy with focused laboratory evaluations and patient 

follow up.  

5. Niacin may lower triglyceride but does not reduce CVD and worsen insulin resistance. It 

may promote hyperglycemia in a population at high risk of diabetes.  

6. Icosapent ethyl 4g/d is recommended as an adjunct to maximally tolerated statin therapy to 

reduce the risk of cardiovascular disease in high risk persons. 
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Recommendation (Dyslipidemia) 

24. Diagnosis of dyslipidemia is made by lipid profile (total cholesterol, LDL, non-

HDL, HDL, and triglycerides)  

25. ApoB analysis (if available) should be done in people with high TG, DM, obesity, 

metabolic syndrome, or very low LDL-cholesterol levels.  

26. Individual Risk Stratification can be made by an estimation of the 10-year CVD risk 

using the SCORE2 for people < 70 years of age and the SCORE2-OP (older people) 

for individuals ≥ 70 years of age. 

27. Determine the Treatment Targets for Serum Lipids based on individual risks. 

28. Treatment includes non-pharmacological and pharmacological management. 

29. Non-pharmacological management consists of life-style management including 

diet, alcohol, smoking cessation, and exercise. 

30. Pharmacological management –  

(a) statins are first line therapy and safe in patients with MASLD including 

advanced liver disease. Statins are also considered safe in compensated cirrhosis 

and may have beneficial effects on future development of decompensation and 

HCC. 

(b) if statin monotherapy does not achieve therapeutic goals, combination with 

other lipid lowering agents, such as ezetimibe, PCSK-9 inhibitors, inclisiran, 

bempedoic acid, fibrates, omega 3 fatty acids, or icosapent ethyl, should be 

considered. 

(c) In patients with MASLD and severely elevated triglycerides levels (eg, >500 

mg/dL), fibrates, or a combination of fibrates with prescription grade omega-3 

fatty acids or icosapent ethyl, should be used to reduce the risk of pancreatitis. If 

there is associated diabetes, optimize glycemic control and consider 

pioglitazone. 

(d) If TG 135 – 499 mg/dL on maximally tolerated statin dose, icosapent ethyl 

should be added to patients with very high and extremely high CV risk. 
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4.2.5 MASLD and Cardiovascular Disease 

4.2.5.1 MASLD and Vascular Disease 

Adverse cardiovascular events observed in MASLD consist of increased carotid intima-

media thickness, atherosclerosis, and vasculitis. [151] These vascular impairments can lead to 

hypertension, stroke, coronary artery disease, ischemic heart disease, heart attack, and sudden 

cardiac death. Patients with MASLD are at higher risk of mortality from atherosclerotic 

cardiovascular disease due to elevated VLDL production, IR, hypertension, and inflammation. 
[152] MASLD has been suggested to be involved with initiating and progressing coronary artery 

disease. Coronary artery calcification scores, a marker of coronary atherosclerosis, are 

significantly increased in patients with MASLD. All of these studies demonstrate that MASLD 

shares a significant relationship with vascular alterations contributing to an increased risk of 

cardiovascular disease. Preventive strategies for vascular-related complications should be 

engaged in MASLD patients to lessen atherosclerotic associated cardiovascular disease and 

death. [153-155] 

4.2.5.2 MASLD and Heart Disease 

The relationship between MASLD and the occurrence of cardiac remodeling and 

dysfunction has been well documented. [156] Numerous human studies have described the altered 

myocardial structure and early left ventricular (LV) systolic and diastolic dysfunction in MASLD 

children and adults. [157,158] Patients with MASLD were also reported to have higher LV mass, 

increased or decreased wall thickness, altered global longitudinal strain, LV systolic and diastolic 

dysfunction assessed by reduced ejection fraction, lower early diastolic relaxation (e′) velocity, 

and increased LV filling pressure (E∕e) which can lead to heart failure over time. There are 

various underlying mechanisms by which MASLD can be a driver of pathological cardiovascular 

remodeling. These mechanisms include IR, inflammation, mitochondrial dysfunction, oxidative 

stress, and activation of the SNS and RAAS. [159] Furthermore, hypertension can significantly 

contribute to cardiac and vascular remodeling in MASLD patients. 

Multiple studies have shown that patients with MASLD are at a higher risk of having 

heart failure (HF) than those without MASLD. There is an association between the condition of 

MASLD and increased risk of new-onset heart failure even without common CVD risk factors. 
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[160] Previous studies have linked HF with both preserved ejection fraction (HFpEF) and reduced 

ejection fraction (HFrEF) in MASLD patients. [161-164]  

Cardiac arrhythmias (Atrial fibrillation and Ventricular arrhythmia) are associated with 

an increased risk of blood clots leading to stroke, heart failure, and sudden cardiac death. 

Association between MASLD and cardiac arrhythmia has been documented. [165-167] In summary, 

cardiac arrhythmias are associated with MASLD and significantly contribute to cardiac events 

and death among patients. 

4.2.5.3 CVD in a Subpopulation of MASLD: Lean MASLD  

                    Patients with non-obese MASLD are also at increased risk of atrial fibrillation, 

atherosclerotic CVD, cardiac remodeling, and diastolic dysfunction contributing to an increased 

risk of death. [168-172] Visceral obesity can drive the development of CVD through increased 

release of inflammatory adipokines, increases in apolipoproteins and LDL, and promotion of 

insulin resistance. [173] 

4.2.5.4 Therapies Used in Treating CVD in MASLD Patients 

There are no specific treatments approved for MASLD, and patients are typically treated 

for accompanying diseases (obesity, type 2 diabetes mellitus, oxidative stress, and hypertension) 

which can have beneficial effects on cardiovascular disease. [174] 

Recommendation (Cardiovascular Disease) 

31. HMG-CoA reductase inhibitors (statins) are recommended for MASLD/MASH 

patients with hypercholesterolemia. However, the effect of ezetimibe is not constant. 

32. In MASLD/MASH patients with type 2 diabetes, SGLT2 inhibitor improves liver 

enzymes and histological findings, and its administration is, therefore, suggested.  

33. In MASLD with type 2 diabetes, GLP-1 analogue has been found to improve liver 

function and liver histological findings.  

34. ARB or ACEI is recommended for MASLD patients with hypertension.  

35. Vitamin E improves hepatic biological and histological parameters in patients with 

MASH, and is recommended. However, its safety over the long term in patients with 

CVD, congestive heart failure, or bladder cancer has not yet been fully assessed. 
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4.2.6 Associated Endocrine Disorders 

MASLD often occurs associated with endocrinopathies. Evidence suggests that endocrine 

dysfunction may play an important role in MASLD development, progression, and severity.  It 

appears likely that there is a link between several endocrine disorders and MASLD other than the 

typically known type 2 diabetes mellitus and metabolic syndrome although there is controversial 

and insufficient evidence in this area of knowledge. 

4.2.6.1 Hypothalamic and Pituitary Dysfunction 

(a) Adult Growth Hormone Deficiency 

 Growth hormone (GH) deficiency is generally associated with several metabolic changes, 

including increased visceral adipose tissue, decreased lean body mass, dyslipidemia, and 

hypertension. [175,176] Insulin resistance and glucose intolerance are probably due to specific 

changes in fat distribution which lead to metabolic syndrome (MS) in patients with untreated GH 

deficiency. [177] Several cross-sectional studies reported an increased prevalence of liver 

dysfunction and MASLD in patients with hypopituitarism, particularly those with GH 

deficiency. [178] 

 The restoration of GH levels in adults with GH deficiency reduces body fat, increases 

lean mass, and ameliorates the lipid profile. [179,180] A few small studies have shown that GH 

replacement improves hepatic injury, as observed by a rapid decrease in serum liver 

transaminases and gamma-glutamyl transferase levels, steatosis, lobular inflammation, 

hepatocyte ballooning and the severity of fibrosis. [181,182] 

(b) Acromegaly 

 Increased levels of GH are associated with increased lipolysis and favorable body 

composition, with increased lean body mass and decreased visceral and subcutaneous adipose 

tissue. [183] However, acromegaly also promotes insulin resistance with consequent 

hyperglycemia, hyperinsulinemia, hypertriglyceridemia and an increased risk of overt diabetes. 
[184] 

 While some studies including patients with active acromegaly found that intrahepatic 

lipid is relatively low in comparison to healthy subjects, [185] others showed that hepatic steatosis 
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is a common comorbidity in acromegaly, hypothesizing that lipotoxicity and insulin resistance 

may outweigh the direct hepatic effects of GH. [186] 

 Acromegaly treatment with surgery or medical therapy improves metabolic risk by 

increasing insulin sensitivity. [185] However, GH, IGF-1, insulin-like growth factor binding 

proteins (IGFBPs) and medical treatment have a complex relationship with insulin sensitivity 

and hepatic steatosis.  

(c) Hyperprolactinemia 

 Pathological increases in prolactin levels have been frequently associated with metabolic 

disturbances, namely, weight gain, obesity, hyperinsulinemia and reduced insulin sensitivity, all 

considered important players in the pathogenesis of MASLD. [187] 

In human studies, lower prolactin levels were found in patients with more severe hepatic 

steatosis, suggesting a possible involvement of prolactin in the progression of MASLD. [188] 

Although prolactin is thought to reduce liver fat content, it is plausible that chronic 

hyperprolactinemia is involved in the development of MASLD. 

Normalization of prolactin levels with dopamine agonists correlated with weight loss. 

Furthermore, treatment with dopamine agonists improves insulin sensitivity, glycemic control, 

and lipid profile, reducing triglycerides and total and LDL cholesterol. [189] 

(d) Thyroid Dysfunction 

Thyroid dysfunction, explicitly, hypothyroidism, has been proposed as a possible 

contributory mechanism for the pathophysiology of MASLD. [190] A large metanalysis that 

included a total of 15 studies and 44,140 individuals suggested that hypothyroidism is 

significantly associated with the presence and severity of MASLD. [191] It is biologically 

plausible that the thyroid axis plays an important role in MASLD development, as thyroid 

hormones (TH) are crucial in the regulation of numerous metabolic processes, such as 

cholesterol and lipid metabolism and intra-hepatic concentration, circulating lipoprotein levels, 

body weight and insulin resistance. [192–193] TH regulate the expression of several hepatic 

lipogenic genes and recent studies have shown that several genes whose expression are altered in 

MASLD are also regulated by thyroid hormone (TH). [196,197] 
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 In a meta-analysis, it was found that TSH levels may be positively correlated with 

MASLD, independent of TH levels, and that thyroid stimulating hormone (TSH) levels increase 

with the progression of MASLD. [194] Regarding treatment of MASLD and hypothyroidism, 

some improvements have been made by levothyroxine replacement therapy in addition to 

lifestyle changes. [195]  

4.2.6.2 Reproductive System Dysfunction 

(a) Hypogonadism 

 MASLD seems to be ubiquitous comorbidity in patients with hypogonadism. [198] The 

association between hypogonadism and MASLD seems to be bidirectional and causality is 

difficult to establish. There is a positive association between lower levels of testosterone and the 

prevalence of MASLD. [199,200] 

 Hypogonadism is associated with important cardiovascular risk factors, such as general 

and visceral obesity, impaired insulin sensitivity, hypertension and dyslipidemia [190] which are 

crucial contributors to the development of MASLD. 

 Hormonal replacement therapy (HRT) with testosterone seems to ameliorate these 

changes and may be considered a protective strategy to be taken into account. Clinical studies 

show that long-term testosterone replacement improves MS components and ameliorates liver 

enzymes changes in men with hypogonadism. [201] 

(b) Menopause 

Menopause is a physiological condition of estrogen deficiency with an important impact 

on women’s health. The risk of development and progression of MASLD increases with the 

duration of estrogen deficiency. Accordingly, women with premature menopause are at increased 

risk of severe liver fibrosis. [202] Thus, both menopausal status and menopause onset age should 

be taken into account when determining fibrosis risk among women with MASLD. An 

epidemiological study evidenced a higher prevalence of MASLD in postmenopausal female 

patients when compared with men. [203] 

The fat redistribution associated with menopause increases the risk of insulin resistance, 

dyslipidemia, hypertension and diabetes and consequently, may increase the risk of MASLD. 
[204] Among post-menopausal women, HRT is associated with a reduced risk of MASLD and 
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fibrosis progression. The administration of HRT among post-menopausal women appears to be 

protective against MASLD development but whether it affects fibrosis progression is still 

unclear. [202] 

(c) Polycystic Ovarian Syndrome (PCOS) 

Recent guidelines define PCOS as a clinical and/or biochemical hyperandrogenism, 

chronic oligo-anovulation and polycystic ovarian morphology. [205] A high percentage of women 

with PCOS present with obesity and metabolic syndrome. Evidence suggests that the prevalence 

of MASLD is increased in women with PCOS, regardless of weight and metabolic syndrome. 

The prevalence of MASLD in women with PCOS is 35 to 70%, compared with 20 to 30% in 

age- and body mass index (BMI)-matched control women. [206] PCOS is a prevalent condition 

among patients with biopsy-confirmed MASLD (approximately 50–70%) and the risk of 

MASLD development in POCS patients is two-fold higher compared with control women. [207] 

Women with POCS are also more likely to have more severe histological features, such as 

MASH, advanced fibrosis and cirrhosis. [208] Hyperandrogenism may be considered a central 

contributor to MASLD development as evidenced by women with POCS and higher androgen 

levels have greater intra-hepatic fat content compared with women with POCS and lower 

androgen levels. [209] 

Preliminary results show that liraglutide and other glucagon-like peptide-1 receptor 

agonists can decrease the intra-hepatic fat content and visceral adipose tissue among obese 

women with PCOS. Additionally, the prevalence of MASLD was reduced by two thirds in obese 

women with PCOS treated with liraglutide. [210] 

4.2.6.3 Adrenal Gland Disorders 

(a) Hyperaldosteronism 

 Hyperaldosteronism results in the development of insulin resistance in patients with 

previously normal insulin metabolism (10-year follow-up). [211] Activation of the RAAS leads to 

altered insulin/IGF-1 signaling pathways in several tissues, namely, the liver. [212] Local hepatic 

increased insulin resistance may lead to inadequate lipid accumulation and eventually, to 

MASLD. [213] 
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(b) Cushing’s syndrome 

The effects of glucocorticoid (GC) on lipid metabolism, fat accumulation, and MASLD 

development are complex. Hepatic dysfunction may impair GC metabolism and alter the adrenal 

axis. A small study with 50 patients reported MASLD in 20% of patients with Cushing’s 

syndrome, results similar to a retrospective study with a prevalence between 26 and 33%. [214,215]  

 Interestingly, one study by Ahmed et al. has defined two seemingly protective phases of 

altered hepatic cortisol metabolism in progressive MASLD. [216] In steatosis, increased cortisol 

clearance leads to lower local levels of this hormone, consequently preserving the hepatic 

metabolic phenotype and limiting lipid accumulation. On the other hand, increased cortisol 

regeneration and therefore, higher local cortisol levels are present in MASH, possibly to limit 

hepatic inflammation. This distinction is particularly pertinent when looking at inhibition of 11β-

hydroxysteroid dehydrogenase (111βHSD1) as a potential therapeutic target. Inhibition of 

11βHSD1 might be favorable in steatosis since it would further reduce local levels of cortisol. 

However, 11βHSD1 inhibition in NASH could be detrimental, as it would worsen the 

inflammatory response. Therefore, the histological stage of MASLD may dictate whether 

11βHSD1 inhibition is beneficial. [217] 

Recommendation (Associated Endocrine Disorders) 

36. Since higher rates of MASLD have been reported in patients with associated 

endocrine diseases such as hypothyroidism, hypogonadism, growth hormone 

deficiency, polycystic ovary syndrome, acromegaly and Cushing’s syndrome, 

screening of MASLD is considered in those patients. 

37. In patients with MASLD, screening of associated endocrine disorders is 

recommended for those patients who have suspicious symptoms of endocrine 

disorder.  

38. Treatment of endocrine disorders result in improvement of hepatic steatosis and/ or 

fibrosis in most cases. 
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4.2.7 MASLD and Obstructive Sleep Apnoea (OSA) 

OSA is characterized by recurrent upper airway collapse during sleep, resulting in sleep 

fragmentation and recurrent oxyhemoglobin desaturation, termed chronic intermittent hypoxia 

(CIH).[223] Sleep fragmentation and CIH, as hallmarks of OSA, contribute multiple molecular 

mechanisms that are subsequently responsible for the development of MASLD.  

Sleep fragmentation of OSA causes increased activity of the sympathetic nervous system, 

hypothalamic-pituitary-adrenal (HPA) axis, and oxidative stress reaction, which subsequently led 

to decreased insulin-mediated glucose uptake and secretion of insulin. It can also increase levels 

of ROS, inflammation, and pancreatic β cell apoptosis, consequently resulting in insulin 

resistance and reduced glucose tolerance, thereby leading to MASLD. [220] 

Chronic intermittent hypoxia (CIH) contributes to the progression of MASLD through 

the following mechanisms:  

1. Hypoxia-inducible factors (HIFs) exacerbate MASLD by promoting insulin resistance, 

hepatic inflammation, mitochondrial dysfunction, and oxidative stress. [222] 

2. Endoplasmic reticulum stress enhances oxidative stress, further impacting MASLD. [221] 

3. Activation of ROS-induced TLR4/MAPK/NF-kB pathways increase hepatic 

inflammation, leading to steatosis. [219] 

4. Induction of dyslipidemia and impairment in gut barrier function exacerbates MASLD. 
[218] 

Patients with OSA, particularly those who are obese, should undergo routine screening 

for MASLD using biochemical indicators, liver ultrasound, CT, or fibroscan. This screening 

aims to determine the potential association between OSA and MASLD, assess the extent of fatty 

liver, enhance the hypoxic state, delay the progression of MASLD, and improve liver function. 
[221] 

There is currently a lack of efficacious pharmaceutical interventions for addressing the 

co-occurrence of OSA and MASLD. Correcting hypoxemia in individuals with OSA has the 

potential to ameliorate the severity of MASLD. However, non-pharmacotherapies such as 

positive airway pressure (PAP), exercise, oral appliance therapy, surgery (metabolic bariatric 

surgery, uvulopalatopharyngoplasty, etc.,) and hypoglossal nerve stimulation might be possible 
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approaches for correcting OSA hypoxemia to improve MASLD. Among these therapeutic 

approaches, PAP may be beneficial to MASLD with OSA independent of metabolic risk factors. 
[223] 

Recommendation (Obstructive Sleep Apnoea) 

39. Bidirectional screening programs should be adopted for patients with OSA and 

patients with MASLD.  

40. Positive airway pressure therapy may be beneficial to MASLD with OSA by 

ameliorating OSA-induced hypoxia. 
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4.2.8 MASLD and Chronic Kidney Disease 

Metabolic dysfunction associated steatosis liver disease (MASLD) and chronic kidney 

disease (CKD) are two global public health problems that affect almost 30 % and up to ~10–15 

%, respectively, of the general adult population in many parts of the world. [224-225] 

4.2.8.1 Risk of CKD in MASLD 

In 2022, a comprehensive meta-analysis of 13 longitudinal studies (published until 

August 2020), including a total of about 1.2 million middle-aged individuals (28.1 % of whom 

had MASLD), showed that MASLD was significantly associated with a nearly 1.5-fold increased 

risk of incident CKD, and this CKD risk was further increased with more advanced liver disease, 

especially with the severity of hepatic fibrosis. [39] 

In 2022-2023 studies, MASLD on ultrasonography was associated with an increased risk 

of incident CKD even after adjusting for age, sex, obesity, hypertension, dyslipidemia, serum 

liver enzymes and baseline eGFR. [226-232] MASLD had a ~2-fold increased risk of developing 

ESRD than those without MASLD (232). Liver fibrosis progression (non-invasively assessed by 

MASLD fibrosis score) was also associated with a significantly higher risk of incident CKD. [233] 

4.2.8.2 Impact of combination of MASLD and CKD 

The coexistence of MASLD and CKD, but not MASLD or CKD alone, was a significant 

risk factor for ischemic heart disease. [234] It remained significant after adjustment for age, sex, 

smoking, family history of ischemic heart disease, and presence of obesity, diabetes, 

hypertension, or dyslipidemia. MASLD was also significantly associated with higher risks of 

adverse clinical outcomes and all-cause mortality in patients with CKD. [235] 

(a) Putative mechanisms linking MASLD to CKD 

The precise pathophysiological mechanisms linking these two diseases are not fully 

understood and likely involve the liver and many extra-hepatic organs. CKD is a multisystem 

disease that shares a plethora of cardiometabolic risk factors with MASLD, making it 

challenging to dissect causative relationships between the two conditions. 
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(b) Metabolic syndrome and liver-mediated mechanisms 

Many of the cardiometabolic features of MASLD are shared risk factors with both CVD 

and CKD and can contribute to the progression of both liver disease and CKD by creating a 

systemic milieu of metabolic and vascular dysfunction and low-grade inflammation. [236] 

(c) Adipose tissue, lipid droplets and PPAR-γ dysfunction connecting MASLD and CKD 

Obesity-associated adipose tissue dysfunction may also contribute to the development of 

systemic low grade inflammation, strongly associated with CKD and MASLD. [237,238] 

Dysfunction in PPAR-γ signaling with obesity is an important factor, leading to detrimental 

changes in lipid handling, inflammation and fibrosis that may potentially ‘drive’ the 

development and progression of both MASLD and CKD. [239] 

(d) Intestinal dysfunction and dysbiosis affecting MASLD and CKD 

Intestinal dysbiosis is a hallmark characteristic of both MASLD and CKD. [240,241] 

Alterations in intestinal bacterial populations in MASLD and CKD typically cause a loss of 

bacterial richness and diversity and a depletion of beneficial bacteria such as Lactobacillus and 

Bifidobacterium. Conversely, Enterobacteria and Enterococci are enriched in patients with 

MASLD and CKD. [242] 

(e) Genetic predisposition to both MASLD and CKD 

Several MASLD-associated polymorphisms, such as those in PNPLA3, TM6SF2, 

HSD17B13, MBOAT7 or GCKR, have also been shown to increase the risk of incident CKD. 
[243] 

4.2.8.3 Pharmacotherapies beneficially affecting both MASLD and Chronic Kidney Disease 

When considering potential drug treatments that may benefit MASLD and CKD, it is 

important to consider drug actions that are of benefit, both to attenuate fat, inflammation and 

fibrosis in the liver and factors that have been shown to improve CKD (or risk factors for CKD). 

(a) Sodium-glucose cotransporter-2 inhibitors 

A recent post-hoc analysis of two large double-blind randomized controlled trials (the 

CANVAS trials) showed that in patients with T2DM, treatment with canagliflozin vs. placebo 

resulted in significant improvements in some non-invasive fibrosis biomarkers. [244] SGLT2 
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inhibitors may also decrease uric acid-induced renal damage by lowering serum uric acid 

concentrations [245] and also benefit albuminuria by reducing low-grade inflammation [246], 

fibrogenic response, apoptosis, and glucose-induced oxidative stress. [247] Thus, in people living 

with T2DM who have MASLD, there is a strong case for the use of SGLT2 inhibitors for 

patients with CKD or at high risk of CKD. 

(b) Peroxisome proliferator-activated receptor-gamma agonists 

Pioglitazone is a selective agonist regulating the PPAR-γ nuclear receptor activity. [248] 

The European and American guidelines for the treatment of MASLD recommended the use of 

the peroxisome proliferator-activated receptor-gamma agonist (PPAR-γ) pioglitazone in adults 

with biopsy-confirmed MASH, regardless of the presence or absence of T2DM. [249,76] PPAR-γ is 

also abundantly expressed in the kidney in the medullary collecting duct, paraurethral and 

bladder epithelial cells, as well as podocytes, mesangial cells, and vascular endothelial cells. [239] 

The PPAR-γ function in the kidney ranges from energy metabolism and cell proliferation to 

inflammatory suppression. [239] Pioglitazone should be considered when not contraindicated in 

patients with MASLD, not least because of benefits in the kidney in patients at risk of CKD. But 

in some cases, safety concerns (moderate weight gain, peripheral edema, and moderately 

increased risk of distal bone fractures in postmenopausal women) may limit the long-term use of 

pioglitazone in clinical practice. 

(c) Incretin receptor agonists 

The two major classes of incretin receptor agonists showing considerable promise in 

treating the early stages of MASLD are glucagon-like peptide-1 (GLP-1) receptor agonists 

(especially subcutaneous semaglutide) and dual GLP-1 and glucose-dependent insulinotropic 

polypeptide (GIP) agonists (tirzepatide). [250] These drugs are very effective in facilitating weight 

loss, and have been recently evaluated their effectiveness in treating MASLD. [251] GIP and GLP-

1 also have anti-inflammatory and anti-reactive oxygen species effects. They may benefit the 

vasculature by inhibiting macrophage infiltration and increasing nitric oxide production. [252] 

These agonists may confer cardiovascular protection that benefits the kidney in people with 

MASLD. 
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(d) Renin-angiotensin-system inhibitors 

Although ACE inhibitors and angiotensin II receptor blockers are clinically effective in a 

range of adverse cardiovascular, renal and diabetes-related outcomes, it is difficult to prove 

antifibrotic effects on liver fibrosis in adult patients with MASLD. [253] 

(e) Finerenone 

It is a new nonsteroidal, selective mineralocorticoid receptor antagonist. Although 

treatment with finerenone has been shown to result in lower risks of CKD progression and 

adverse cardiovascular outcomes in people with T2DM with CKD [254], its effect on liver disease 

in MASLD is uncertain. [255] 

Recommendation (Chronic Kidney Disease) 

41. People living with MASLD fibrosis, should be screened renal function at the start of 

diagnosis and monitored regularly. 

42. In treatment of patient with MASLD who have CVD or CKD or are at high risk of 

these adverse outcomes, SGLT2 inhibitors, PPAR-γ agonists such as pioglitazone, 

and incretin receptor agonists, angiotensin II receptor blockers or renin- angiotensin-

system inhibitors, should be considered. 

 

4.2.9 MASLD and Extrahepatic Malignancy  

Recent evidence shown that the patients with MASLD are increased risk for overall 

mortality and liver-related mortality. [256] MASLD is associated with the gastrointestinal tract 

malignancies including colorectal, gastric/oesophageal, and pancreatic. Additionally, MASLD 

was associated with other malignancies such as breast, uterine, prostate, renal and haematologic 

malignancies. [257] People with MASLD had a nearly 2-fold increase in the overall risk of 

incident cancers when compared to an age- and sex-matched general population in large 

longitudinal cohort study. [265] 

4.2.9.1 Pathological Links Between MASLD, Colorectal Adenomas and Cancer 

There is no exact pathological links between MASLD, colorectal adenomas and cancer. 

Obesity is a common risk factor for the development of MASLD and colorectal cancer (CRC) 
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independent of geographic locations, race and ethnicity. [258] Insulin resistance is the key 

association between the obesity and development of colorectal malignancies. [259] In addition to 

the insulin resistant, low-grade chronic inflammation is the key role in cancer initiation and 

growth via the stimulation of insulin like growth factor-1 axis. [257] 

4.2.9.2 MASLD and Colorectal Neoplasms  

Several studies showed that the association between the MASLD and colorectal 

adenomatous polyps/colorectal malignancies. MASLD was associated with an increased risk of 

developing colorectal adenomatous polyps [260] MASLD was significantly associated with 

colorectal malignancies in males but not in females [261] and especially in patients with obesity. 
[262] The risk of developing colorectal neoplasms increased with worsening fatty liver severity. 
[263] Some studies showed the different results with no significant association between the 

MASLD and colorectal cancers. [264] 

4.2.9.3 MASLD and Other Extrahepatic Malignancies 

MASLD was strongly associated with the development of oesophageal cancer. But some 

studies showed the contrary result. [261] MASLD was a significant risk factor for developing 

gastric cancer especially in patient with obesity [262,263], uterine cancer [265], and pancreatic 

cancer. [266] MASLD was also a significant risk factor for recurrence and progression of breast 

cancer [267, 268] and prostate cancer. [269]  

Recommendation (Extrahepatic Malignancy) 

43. MASLD is a risk factor for developing extrahepatic malignancies including 

gastrointestinal cancers (colorectal cancer, oesophageal cancer, pancreatic cancer and 

gastric cancer) and other hormone sensitive cancers (breast cancer, uterine cancer and 

prostate cancer). 
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5. Initial Evaluation of a Patient with MASLD 

Patients with MASLD are most commonly referred with incidentally noted hepatic 

steatosis on imaging or elevated liver chemistries. It is important to note that normal values 

provided by most laboratories are higher than what should be considered normal in MASLD, in 

which a true normal alanine aminotransferase (ALT) ranges from 29 to 33 U/L in men and from 

19 to 25 U/L in women.[1] Initial evaluation of such patients should include screening for 

metabolic comorbidities, assessment of alcohol intake, and exclusion of other causes of liver 

disease as well as physical examination to identify signs of insulin resistance and advanced liver 

disease (Table 7).  

Table 7: Initial evaluation of a patient with MASLD 

History 
 

- Weight history 
- Medical comorbidities 
- Recent and current medications 
- Family history of T2DM, MASLD, or cirrhosis 
- Screening for OSA 
- Alcohol use, including amount, pattern of use and duration 

Physical examination 
- Body fat distribution  
- Features of insulin resistance 
- Features of advanced liver disease  

Laboratory tests 

- Complete blood picture  
- Liver function tests, liver enzymes 
- Fasting plasma glucose  
- Glycated hemoglobin (HbA1c) 
- Fasting lipid profile 
- Creatinine 
- Urine microalbumin or protein to creatinine ratio in DM patients 
- HBsAg, HCV Ab screening   
- Consider as appropriate other causes of steatosis/steatohepatitis 

Imaging tests 
- USG (abdomen) 
- Fibroscan 

 

When the clinical profile is atypical (eg, not associated with metabolic comorbidities) or 

accompanied by additional signs or symptoms suggesting additional/alternate etiologies, less 

common causes of steatosis or steatohepatitis should be excluded (e.g., 
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Hypobetalipoproteinemia, LAL deficiency, Nutrient deficiency (eg, carnitine, choline), Wilson 

disease, Celiac disease). Rare causes of steatosis or fibrosing steatohepatitis can present in 

isolation or explain an exaggerated MASH phenotype and should be considered in specific 

clinical contexts. Several drugs can also lead to hepatic steatosis or steatohepatitis or exacerbate 

disease in those with underlying MASLD and should be identified during initial evaluation 

(Table 10). Although gene-based risk stratification is currently not recommended in clinical 

practice, familial aggregation of insulin resistance supports gene-environment interactions in the 

risk for MASLD, MASH, and advanced fibrosis. 

5.1 Initial Evaluation in Primary Care or Hepatologist Care 

In most patients, MASLD is asymptomatic or associated with vague symptoms, often 

leaving patients undiagnosed. The prevalence of advanced disease is lower in primary care 

practices than in hepatology practices, and thus, the approach to evaluation is context dependent 

(Figure 5). 

Patients with steatosis noted on imaging or for whom there is a clinical suspicion of 

MASLD, such as those with metabolic risk factors or unexplained elevation in liver chemistries, 

should undergo further evaluation. In settings with a low prevalence of advanced fibrosis, such 

as in the primary care setting, the emphasis is on excluding advanced fibrosis using a test with a 

high negative predictive value. When the fibrosis-4 index (FIB-4) is <1.3, patients can be 

followed in the primary care setting and reassessed periodically.  

Patients without prediabetes/type 2 diabetes mellitus (T2DM) and 1–2 metabolic risk 

factors can be reassessed every 2–3 years. Patients with prediabetes/T2DM or 2 or more 

metabolic risk factors are at higher risk for disease progression, and more frequent FIB-4 

monitoring (eg, every 1–2 y) should be considered.  

In patients older than age 65, a FIB-4 cutoff of >2.0 should be used. FIB-4 has low 

accuracy in those under age 35; thus, secondary assessment should be considered in those <35 

with increased metabolic risk or elevated liver chemistries. FIB-4 should not be used in acutely 

ill patients. In patients with FIB4 ≥1.3, a secondary assessment should be done [preferentially 

vibration-controlled elastography (VCTE) or Enhanced Liver Fibrosis (ELF) initially] or the 

patient referred for further risk stratification (if being seen in a non-gastroenterology/ hepatology 

setting). Direct referral to gastroenterology/hepatology should be considered in those with 
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aminotransferases persistently (>6 months) above normal to exclude other causes of liver disease 

or when FIB4 > 2.67 due to the increased risk of clinically significant fibrosis. 

In higher prevalence settings, such as gastroenterology/hepatology clinics, additional risk 

assessment with magnetic resonance elastography (MRE) may be appropriate when noninvasive 

tests (NITs) are indeterminate or there is clinical suspicion of more advanced disease. 

Identification of cirrhosis should prompt screening for HCC and esophageal varices. In addition, 

MRE or corrected T1 (cT1) may help identify patients with “at-risk” MASH (MASH with 

MASLD activity score ≥4 and fibrosis stage ≥2) who may benefit from a therapeutic intervention 

as they become available.  

If cirrhosis is suspected based on NITs, clinical data, or imaging findings, then cirrhosis-

based management may be initiated without a liver biopsy. Liver biopsy should be considered 

when NITs suggest significant fibrosis (≥F2), especially if additional evaluation suggests the 

presence of “at-risk” MASH (eg, using FAST, MEFIB, MAST, or cT1), NIT assessment is 

indeterminate, aminotransferases are persistently elevated (>6 months), or additional/alternate 

diagnoses are suspected. Note that in patients with confirmed or suspected advanced fibrosis, an 

ELF ≥11.3 is a predictor of future liver-related events and is approved for this purpose; use of 

other ELF cutoffs in secondary risk assessment is based on expert option.  

Patients at all stages of disease should be counseled on lifestyle modifications, and those 

with ≥F2 fibrosis targeted for pharmacological interventions as they become available. Specific 

threshold values of NITs are approximations supported by current evidence and are meant to 

guide clinical management through primary care to gastroenterology/hepatology practices rather 

than be interpreted in isolation.  
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Figure 5. Algorithm for the evaluation of patients at risk for or with established MASLD 
across practice settings. 

 

5.2 Investigation for Presence of Clinically Significant Fibrosis 

Targeted screening of populations at increased risk for advanced liver disease is advised 

to identify and manage those with clinically significant fibrosis (stage ≥2). Screening in high-risk 

populations, such as those with T2DM, obesity with metabolic complications, a family history of 

cirrhosis, or significant alcohol use, may identify those with asymptomatic but clinically 
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significant fibrosis. [24] Early identification of such at-risk patients allows for interventions that 

prevent future hepatic complications. [25] 

Careful assessment of family history is important because first-degree relatives of 

probands with MASH cirrhosis have a 12-fold higher risk of advanced fibrosis. [26] The risk of 

MASLD and advanced fibrosis may be increased, even among non-related household members, 

likely because of related similar environmental risk factors, lifestyle patterns, and gut microbiota. 
[27] 

Recommendation (Initial Evaluation) 

44. General population-based screening for MASLD is not advised.  

45. All patients with hepatic steatosis or clinically suspected MASLD based on the 

presence of obesity and metabolic risk factors should undergo primary risk 

assessment with FIB-4.  

46. High-risk individuals, such as those with T2DM, medically complicated obesity, 

family history of cirrhosis, or more than mild alcohol consumption, should be 

screened for advanced fibrosis. 

47. Patients with MASH cirrhosis are at the highest risk for liver-related outcomes and 

require routine surveillance for HCC, esophageal varices, and monitoring for 

decompensation.  

48. Patients with suspected advanced MASH or discordant NITs should be referred to a 

specialist for evaluation, management, and/or further diagnostic evaluation. 

49. Aminotransferase levels are frequently normal in patients with advanced liver disease 

due to MASH and should not be used in isolation to exclude the presence of MASH 

with clinically significant fibrosis.  

50. First-degree relatives of patients with MASH cirrhosis should be counseled regarding 

their increased individual risk and offered screening for advanced hepatic fibrosis. 
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5.3 MASLD with Alcohol Consumption 

Alcohol use can be an important contributor to fatty liver disease progression and should 

be quantified in all patients. [270] Alcohol intake can be broadly classified as mild [up to 20 g 

(women) and 30 g (men) per day], moderate [21–39 g (women) and 31–59 g (men) per day] or 

heavy [≥40 g (women) and ≥ 60 g (men) per day] [271] 

MetALD, describes those with MASLD who consume greater amounts of alcohol 20-50 

g/day for females and 30-60 g/day for males, respectively (one unit of alcohol equal to 10 g of 

alcohol in general). Any level of alcohol consumption, including social drinking, was associated 

with an increased risk of HCC development. [272] 

Moderate alcohol use increases the probability of advanced fibrosis, particularly in 

patients with obesity or T2DM, indicating potential synergistic effects of insulin resistance and 

alcohol on liver disease progression. [270] Heavy alcohol consumption accelerates liver injury and 

fibrosis progression and should be avoided in patients with MASLD/ MASH. [270] In addition, 

daily alcohol may increase the risk for HCC and extrahepatic malignancies. Obesity and alcohol 

use synergistically increase the risk of liver injury, cirrhosis, HCC, and death from liver disease. 
[271] The impact of alcohol use (type, pattern, frequency, duration, and quantity) on the natural 

history of MASLD/MASH requires further investigation. 

Recommendation (Alcohol Consumption) 

51. In patients with MASLD, alcohol can be a cofactor for liver disease progression, and 

intake should be assessed on a regular basis. 

52. Patients with clinically significant hepatic fibrosis (≥ F2) should abstain from alcohol 

use completely. 

53. There is no safety level of alcohol drinking & total abstinence is recommended in 

patients with MASLD. 

 

5.4 Drugs that cause MASLD 

Drugs represent an alternative cause of fatty liver disease and the term that corresponds to 

this injury is drug induced fatty liver disease (DIFLD). It is a specific form of DILI, 

characterized by intracellular lipid accumulation in hepatocytes with steatotic changes as the 
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predominant histopathological pattern. [273] DIFLD is often accompanied by inflammation and 

oxidative stress, which leads to the development of drug induced steatohepatitis (DISH). [274] 

Chronic liver injury leads to hepatocyte death, followed by the activation of stellate cells which 

finally results in liver tissue fibrosis. [275] 

This conversion to MASH appears to involve genetic and environmental factors. [276] 

MASLD and obesity may enhance the risk of hepatotoxicity of various drugs. [277] The possible 

mechanisms by which certain drugs are able to accelerate progression of MASLD include 

induction of oxidative stress, diminished mitochondrial fatty acid oxidation, increased de novo 

lipogenesis, and damaged egress of VLDL from liver cells. [278] 

  DIFLD is a product of direct impact of drugs on the liver, mostly associated with the 

extended intake of medications.  In addition, there are numerous drugs which can cause 

progression of steatohepatitis. Several drugs can also lead to hepatic steatosis or steatohepatitis 

or exacerbate disease in those with underlying MASLD and should be identified. It is important 

to emphasize that drug withdrawal or dose adjustment are so far the best therapeutic 

recommendation when it comes to DIFLD cases. 

Table 8: Drugs that cause MASLD 

Macrovesicular liver 
steatosis [279-281]  

Microvesicular liver 
steatosis [282,283]  

Steatohepatitis [283,284] 

- Glucocorticoids 
- Amiodarone 
- Methotrexate 
- Estrogens 
- Tamoxifen 
- Nonsteroidal  
- Anti-inflammatory drugs  
- Paracetamol  
- 5-fluorouracil 
- Metoprolol 

- Valproic acid 
- Tetracycline 
- Ibuprofen 
- Zidovudine 
- Glucocorticoids 

 - Valproic acid 
 - Tamoxifen 
- Amiodarone 
- Propranolol 

 

Recommendation (Drugs that cause MASLD) 

54. Several drugs can also lead to hepatic steatosis or steatohepatitis or exacerbate disease 

in those with underlying MASLD and should be identified.  

55. Common recommendation is the withdrawal of the potential offending agent. 
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5.5 MASLD in lean individuals 

Although MASLD is commonly associated with obesity, it can also occur in non-

overweight (BMI <25 kg/m2 in Western or <23 kg/m2 in Asian individuals) patients. [285] The 

prevalence of MASLD in lean individuals varies from 4.1% in United States [286] to as high as 

19% in Asia. [287] Alcohol use and alterations in the gut microbiome may also contribute to 

MASLD in lean individuals. [288] Genetic factors likely play a significant role in MASLD in lean 

individuals, but the overall genetic contribution to MASLD requires further study. [40] 

Lean individuals with MASLD are more commonly of Hispanic or Asian origin, which is 

likely in a higher prevalence of the PNPLA3 I148M polymorphism. [287] Alterations in the 

TM6SF2 gene, which confers susceptibility to MASH and fibrosis. Genetic testing is currently 

not recommended, as it does not alter management. [285] 

Management of MASLD in patients without obesity can be clinically challenging. 

Recommending weight loss may not be appropriate for lean patients with MASLD, but dietary 

modifications and exercise in this group may be beneficial. [285] 

Table 9: Diagnostic Criteria for MASLD in Lean Individuals 

 Individuals with BMI less than 25 and 23 for the Western and Asian populations 
respectively 

 Evidence of hepatic steatosis on imaging or liver biopsy 

 Any of these cardiometabolic criteria- 
- an abnormal metabolic profile including waist circumference, triglyceride, fasting 

blood sugar, blood pressure, and high density lipoprotein or  
- metabolic diseases (High Lipid Profile, Hypertension, and Diabetes Mellitus) or 
- any medication for these diseases 

 

Recommendation (MASLD in Lean Individuals) 

56. Screening for MASLD should not solely rely on obesity as a criterion; instead, the 

focus should be on assessing the metabolic health of patients with lean individuals. 
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6. Diagnosis and Assessment of MASLD 

6.1 Diagnosis of MASLD 

The diagnosis of MASLD requires the presence of at least one cardiometabolic risk factor in 

an individual with documented steatosis. [101] 

Figure 6. Flow-chart for diagnosis of MASLD 
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Table 10. Cardiometabolic risk factors in the definition of MASLD 

Noninvasive biomarkers are emerging as valuable tools for predicting adverse liver-related 

outcomes, previously an important function of liver biopsies. Although liver biopsy assessment 

remains the reference standard for the grading and staging of MASH, it has important limitations 

related to risk, cost, and resource utilization. For assessment of MASLD, the following should be 

done. [100] 

- Noninvasive identification and quantification of hepatic steatosis 

- Estimation of liver fibrosis in patients with suspected or confirmed MASLD 

6.1.1 Noninvasive identification and quantification of hepatic steatosis 

(a) Ultrasound  

Transabdominal ultrasound is recommended as a first-line tool for the diagnosis of 

steatosis in clinical practice, despite its well-known limitations. It is the most commonly used 

imaging method for the diagnosis of steatosis, since it is widely available, innocuous, cheap and 
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well established [289] The basic sign for steatosis is the increased echogenicity of the liver 

parenchyma in comparison to the cortex of the right kidney. [290] 

The classification of steatosis is usually graded as follows: [290] 

Grade 0: normal echogenicity of the right liver lobe in comparison with the cortex of the right 

kidney;  

Grade 1: slight, diffuse increase in fine echoes in liver parenchyma with normal visualization of 

diaphragm and intrahepatic vessel borders;  

Grade 2: moderate, diffuse increase in fine echoes with slightly impaired visualization of 

intrahepatic vessels and diaphragm;  

Grade 3: marked increase in fine echoes with poor or non-visualization of the intrahepatic vessel 

borders, diaphragm, and posterior right lobe of the liver.  

The sensitivity of B-mode ultrasound to detect hepatic steatosis varies between 53–76%, 

the specificity is between 76–93%. In the presence of sonographic criteria of a higher-grade 

steatosis, the probability of the presence of hepatic steatosis is nearly 100%. [291] On the other 

hand, the sensitivity of B-mode sonography is poor in the case of mildly pronounced steatosis 

(<20–30%), so that hepatic steatosis cannot be ruled out with certainty if the B-mode criteria 

mentioned are absent. [291]  

(b) Vibration-Controlled Transient Elastography (Fibroscan) 

VCTE is an ultrasound-based imaging technique that allows rapid, bedside measurements 

of steatosis and tissue stiffness. Ultrasound-based CAP values provide a good estimate of the 

liver steatosis grade. [101] CAP remains the most widely used tool for first-line steatosis detection. 

The cutoff values of steatosis S1, S2, and S3 with the M probe were measured as 294, 310, and 

331 dB/m, respectively, and the measurements made with the XL probe were similar. It was also 

shown that the etiology of liver damage, BMI, sex, AST level, and the presence of diabetes can 

affect the measurement of CAP but the use of an M probe or XL probe does not significantly 

affect the measurement. [292] 

The sensitivity of the CAP measurement in the detection of ≥S1 was 78%, the specificity 

was 79%; the sensitivity in the detection of ≥S2 was 85%, the specificity was 79%; and the 

sensitivity in the detection of ≥S3 was 83%, the specificity was 79%. [293] 



66 
 

(c) MRI–proton Density Fat Fraction (PDFF) 

MRI can be used to quantify the triglyceride content (usually expressed as proton density 

fat fraction [PDFF]) in the liver and is the non-invasive gold standard for hepatic lipid 

quantification in MASLD. [101] It is an accurate, reproducible, and precise MRI-based biomarker 

for liver fat quantification that is routinely used in clinical research. [101] Cutoffs of MRI-PDFF 

(6.4%, 17.4%, and 22.1%) were used for S0 to S3 steatosis grades. [309] Although MRI-PDFF is 

superior to CAP in the diagnosis as well as the quantification of liver fat, this advantage is 

tempered by cost, patient acceptance, and the disadvantage of not being a point-of-care 

technique. [100] Therefore, it is not recommended as a first-line tool and more suited to clinical 

trials. [289] 

6.1.2 Estimation of Liver Fibrosis in patients with suspected or confirmed MASLD 

Healthcare providers should look for MASLD with liver fibrosis either in individuals 

with (a) type 2 diabetes or (b) abdominal obesity and ≥ 1 additional metabolic risk factor(s) (c) 

abnormal liver function tests. Early diagnosis of fibrosis and subsequent appropriate 

management can potentially prevent progression to cirrhosis and its complications and may 

justify screening in these populations at risk. The risk of future liver-related events starts to 

increase at fibrosis stage 2. Although HCC may develop in non-cirrhotic MASLD, cirrhosis 

remains the key risk factor for HCC. If one can prevent MASLD from progressing to cirrhosis, 

theoretically most liver related events can be prevented. [101] Non-invasive methods for 

determining the grade of fibrosis are mainly based on the examination of blood components or 

on imaging methods that mostly reflect mechanical tissue properties. [101] 

6.1.2.1 Laboratory-based fibrosis biomarkers 

A combination of values from blood tests enables a better prediction of fibrosis than 

single liver enzyme values (ALT and/or AST). The following scores have been described in the 

literature and were tested in several studies for their predictive power for fibrosis: [101] 

(a)  Fibrosis-4 Index (FIB-4) 

FIB-4 (Fibrosis-4 index) = age x AST/ [platelet count x √(ALT)] (age in years, ALT and AST 

in U/L, and platelet count in 109/L) 
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Fibrosis-4 Index (FIB-4) is a simple non-invasive tool developed to determine the 

presence of advanced liver fibrosis, with scores categorised into low (<1⋅30), indeterminate 

(1⋅30–2⋅67), or high (>2⋅67) risk of fibrosis. FIB-4 is calculated using a simple algorithm based 

upon age, ALT, AST, and platelet count and outperforms other calculations in its ability to 

identify patients with a low probability of advanced fibrosis. High values of FIB-4 and other 

NITs have also been associated with all-cause and liver-related outcomes in population-based 

studies. [294] The FIB-4 has recently been shown to perform similarly or better than a range of 

fibrosis biomarkers including the enhanced liver fibrosis (ELF™) test. [295] 

It is consistently recommended by international guidelines as part of first-line 

assessments in MASLD and type 2 diabetes. Guidelines also recommend repeat FIB-4 testing 

every 1–3 years (depending on disease severity or presence/absence of cardiometabolic risk 

factors) to reassess risk of clinical events. [296] FIB-4 calculator- 

https://www.mdcalc.com/calc/2200/fibrosis-4-fib-4-index-liver-fibrosis. 

(b)  APRI (AST to Platelet Ratio Index) 

APRI = (AST/TopNormal AST) x (100/platelet count) 

Evidence of significant fibrosis (≥F2) should be based on an APRI score of >0.5 and 

cirrhosis (F4) should be based on an APRI score of >1.0. (10) In a meta-analysis by Lin et al, it 

was found that in patients with hepatitis C, an APRI score greater than 1.0 had a sensitivity of 

76% and specificity of 72% for predicting cirrhosis. [297] The AUC of APRI for predicting 

significant fibrosis and cirrhosis were 0.80 and 0.89, respectively in patients with chronic 

hepatitis C. [298] 

(c) NAFLD Fibrosis Score (NFS) 

NAFLD Fibrosis Score = -1.675 + 0.037 × age + 0.094 × BMI + 1.13 × impaired fasting 

glucose (yes = 1, no = 0) + 0.99 × AST/ALT - 0.013 × platelet count - 

0.66 × albumin (age in years; BMI in kg/m2; AST and ALT in (U/L); 

platelet count in 109/L and albumin in g/dl) 

NAFLD fibrosis score (NFS) is a composite score of age, hyperglycemia, body mass 

index, platelet count, albumin, and aspartate aminotransferase and alanine aminotransferase 
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(AST/ALT) ratio and was found to independently identify patients with and without advanced 

fibrosis at initial MASLD diagnosis. [299] 

To assess the probability of fibrosis, NFS score is classified as < -1.5 for low 

probability, > -1.5 to < 0.67 for intermediate probability, and > 0.67 for high probability. By 

applying the high cutoff score (0.676), the presence of advanced fibrosis could be diagnosed 

with high accuracy (positive predictive value of 90% and 82% in the estimation and validation 

groups, respectively). [300] Tests based on components of collagen formation can provide 

additional evidence of fibrosis. 

(d) ELF panel (Enhanced Liver Fibrosis) 

The ELF panel is a proprietary blood test consisting of three elements involved in matrix 

turnover: hyaluronic acid, tissue inhibitor of metalloproteinase-1, and N-terminal procollagen III 

peptide. An ELF score of ≥ 9.8 reliably identifies patients with MASLD at increased risk of 

progression to cirrhosis and liver-related clinical events. [301] 

The NICE guidelines recommend that the ELF test should be considered in people who 

have been diagnosed with MASLD to test for advanced fibrosis, suggesting an ELF score of 

10.51 as the cut-off value. [302] Most clinical studies used manufacturer recommended thresholds 

for ruling advanced F3/4 fibrosis out (7.7) or in (9.8) respectively and reported different levels of 

performance of this test. [303] In a meta-analysis of 63 studies, ELF showed a relatively high 

performance in detecting significant fibrosis, advanced fibrosis or cirrhosis (AUROCs 0.811, 

0.812 and 0.810, respectively). [101] 

6.1.2.2 Imaging methods 

(a) Vibration-Controlled Transient Elastography (FibroScan) 

VCTE is the most commonly used method to assess liver stiffness and can be used to 

exclude significant hepatic fibrosis. A recent meta-analysis suggested that a VCTE-derived liver 

stiffness measurement (LSM) <8 kPa can be used to rule out advanced fibrosis, especially if used 

sequentially after FIB-4. In identifying patients with cirrhosis, a sequential approach with a FIB-

4 > 3.48 and LSM by VCTE ≥ 20 kPa had a specificity of 90%. [304] LSMs by VCTE between 8 

and 12 kPa may be associated with fibrotic MASH, and LSM > 12 kPa is associated with a high 
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likelihood of advanced fibrosis, although the positive predictive value is low (range: 0.34–0.71). 
[305] 

Changes in liver stiffness may also be useful in identifying disease progression, such that 

an increase in liver stiffness of 20% on either VCTE or MRE may be associated with disease 

progression and long-term clinical outcomes. [306] 

 

(b) Magnetic Resonance Elastography (MRE) 

MRE is more sensitive than VCTE in the detection of fibrosis stage ≥ 2 and is considered 

to be the most accurate noninvasive, imaging-based biomarker of fibrosis in MASLD. Although 

MRE is not a first-line approach to risk stratification in a patient with MASLD, it can be an 

important tool if clinical uncertainty exists. An LSM by MRE ≥ 5 kPa is suggestive of cirrhosis. 
[100] 

Among patients with cirrhosis, baseline LSM by MRE predicts future risk of incident 

hepatic decompensation and death. Liver stiffness assessed by MRE may also be useful to assess 

the risk of decompensation. In one study, MRE LSMs of 5 and 8 kPa were associated with 9% 

versus 20% risk of incident hepatic decompensation or death, respectively. [307] An individual 

patient meta-analysis provided further validation of these findings with a baseline MRE LSM 

stratified into three categories of <5 kPa, 5–8 kPa, and >8 kPa that were associated with 1.6%, 

17%, and 19% risk of decompensation over 3 years of follow-up, respectively. [308] 

6.1.2.3 Proposed strategy for non-invasive assessment of the risk for advanced fibrosis and 

liver-related outcomes 

In adults with MASLD, a multi-step approach is recommended. First, an established non-

patented blood-based score, such as FIB-4, should be used. Thereafter, established imaging 

techniques, such as liver elastography, are recommended as a second step to further clarify the 

fibrosis stage if fibrosis is still suspected or in high-risk groups.  

In adults with MASLD, a multi-step approach is recommended. First, an established non-

patented blood-based score, such as FIB-4, should be used. Thereafter, established imaging 

techniques, such as liver elastography, are recommended as a second step to further clarify the 

fibrosis stage if fibrosis is still suspected or in high-risk groups. [309] 
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Figure 7. Proposed strategy for non-invasive assessment of the risk for advanced fibrosis 

* FIB-4 thresholds valid for age ≤65 years (for age >65 years: lower FIB-4 cut-off is 2.0) 

** e.g. lifestyle intervention, treatment of comorbidities (e.g. GLP1RA), bariatric procedures 

*** e.g. MRE, SWE, ELF, with adapted thresholds 

A and B are options, depending on medical history, clinical context and local resources 

6.1.2.4 Role of liver biopsy 

Although all non-invasive methods (in contrast to the limited sample by biopsy) can 

provide information on the entire liver, no histological characteristics of the tissue can be 

assessed. Only liver biopsy allows for an assessment of microscopic features (ballooning, lobular 

inflammation, Mallory bodies, microvesicular vs. macrovesicular steatosis, staging of fibrosis), 

including the presence of MASH. However, the presence of steatohepatitis (independent of 

fibrosis stage) may not impact treatment decisions and therefore, a liver biopsy is usually not 
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required for the clinical diagnosis and treatment of MASLD. Still, liver biopsies may be 

considered essential as part of clinical studies (e.g. to determine the MASLD activity score) or to 

rule out other diseases (e.g. autoimmune hepatitis). (1) In Myanmar, liver biopsy is not 

recommended for diagnosis and assessment of MASLD. 

Recommendation (Diagnosis and Assessment of MASLD) 

57. MASLD can be diagnosed by the presence of at least one cardiometabolic risk factor 

in an individual with documented steatosis in imaging. 

58. For assessment of MASLD, noninvasive identification and quantification of hepatic 

steatosis and estimation of liver fibrosis should be done. 

59. MASLD can be graded as grade 1, grade 2 and grade 3 with ultrasound and 

confirmed by transient elastography if available. 

60. For assessment of fibrosis, a multi-step approach is recommended. First, an 

established non-patented blood-based score, such as FIB-4, should be used. 

Thereafter, established imaging techniques, such as liver elastography, are 

recommended as a second step to further clarify the fibrosis stage if fibrosis is still 

suspected or in high-risk groups. 

61. If significant fibrosis is present, hepatology referral  is recommended for further 

management. 
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7. Management of MASLD  

7.1 Medical treatment 

MASLD is frequently associated with metabolic diseases such as obesity, diabetes, and 

insulin resistance. These cardiovascular diseases as well as non- hepatic malignancies and liver 

related complications can lead to increased mortality in patients with MASLD. The presence of 

fibrosis on histology in MASLD patients is strongly linked to development of liver related 

outcomes and death. Therefore, the aim of treatment in MASLD patients is to reduce the 

incidence and mortality of cardiovascular disease and liver related complications. [100,310] The 

treatment of metabolic comorbidities is discussed in separate chapters. Treatment of MASLD 

and MASH includes non-pharmacological, pharmacological and surgical and endoscopic 

approaches to improve hepatic inflammation and fibrosis.  

Lifestyle modifications such as weight reduction, dietary control, and exercise and treatment 

of comorbidities such as diabetes, obesity, hypertension, and dyslipidemia are the cornerstones 

of treatment for MASLD and should be applied to all MASLD patients, regardless of the degree 

of inflammation or fibrosis. However, pharmacologic treatments should be given MASH patients 

at risk of disease progression. [310] 

Recommendation (Medical Treatment) 

62. Lifestyle modifications and treatment for comorbidities are recommended for all 

patients with MASLD. 

63. Patients with MASH or hepatic fibrosis need treatment for histologic improvement in 

addition to lifestyle modifications. 

7.1.1 Non-pharmacological treatment 

(a) Lifestyle Modification 

Weight reduction achieved by caloric restriction, with or without increased physical 

activity, leads to improvements in MASLD biomarkers, including liver enzymes, steatosis, 

MASH, and fibrosis in clinical trials. [311,312] In an interventional trial, the evidence suggested 

that bodyweight reduction of ≥ 5% is required to reduce liver lipid content, 7-10% to improve 
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inflammation, and ≥ 10% to improve fibrosis. [313] It is also important to have sustained weight 

loss to have beneficial effects. 

Recommendation (Lifestyle Modification) 

64. Lifestyle modifications and treatment for comorbidities are recommended for all 

patients with MASLD. 

65. Patients with MASH or hepatic fibrosis need treatment for histologic improvement in 

addition to lifestyle modifications. 

 

(b) Dietary Intervention 

A diet containing excess calories, particularly excess saturated fats, refined 

carbohydrates, and sugar-sweetened beverages, is associated with obesity and MASLD. [314-316] 

Excessive fructose consumption in particular increases the risk of MASLD, MASH, and 

advanced fibrosis independent of calorie intake. [317,318] 

There are multiple beneficial dietary approaches to lose weight and improve MASLD. 

Hypocaloric low-carbohydrate diets and low-fat diets are found to be similarly effective in 

reducing liver lipid content and related biomarkers. [47,319] The Mediterranean diet has extra 

benefits like liver lipid reduction and improvement in cardiometabolic health. [320,321] 
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Figure 8: Mediterranean diet pyramid 

Coffee consumption has been shown to have a protective effect on MASLD in several 

observational studies. An earlier meta-analysis showed that the intake of ≥ 3 cups of coffee per 

day (vs. <2 per day) was related to reduced risk of MASLD. [322] Coffee has a stronger and more 

consistent effect on fibrosis than for steatosis. Moreover, coffee consumption was inversely 

related to death from chronic liver disease and HCC. [323] 

Recommendation (Dietary Intervention) 

66. In adults with MASLD, improving diet quality (similar to the Mediterranean dietary 

pattern), limiting the consumption of ultra-processed food (rich in sugars and 

saturated fat) and avoiding sugar-sweetened beverages are recommended to improve 

liver injury. 

67. Patients with MASH or hepatic fibrosis need treatment for histologic improvement in 

addition to lifestyle modifications. 

 

(c) Exercise 

Meats, 

sweets

Poultry, eggs, cheese, 

Fish and seafood

Fruits, vegetables, grains, nuts

Daily physical activity, meals and family time

Daily 

2 to 3 times per week 

1 to 2 times per week 

Weekly or monthly 
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Sedentary behaviors are independent predictors of MASLD and is associated with a 

greater risk of MASLD progression. Several RCTs and meta-analyses have demonstrated that 

exercise alone, without dietary interventions or significant weight loss, reduces liver steatosis in 

individuals with MASLD. [324,325] 

Recommendation (Exercise) 

68. Physical activity and exercise are recommended to reduce steatosis, tailored to the 

individual’s preference and ability (preferably >150 min/week of moderate or 75 

min/week of vigorous-intensity physical activity). 

7.1.2 Pharmacological Treatment 

Until recently, there has been no FDA-approved drugs for the treatment of MASH and 

treatment recommendations for persons with T2DM and MASH are centered on the dual purpose 

of treating hyperglycemia and/or obesity and MASH, especially if clinically significant fibrosis 

is present, to prevent development of cirrhosis. [99] Resmetiron, a liver-directed thyroid hormone 

receptor agonist, has recently been approved as MASH targeted treatment in 2024 and is 

recommended in EASL 2024 MASLD guideline. [101] 

7.1.2.1 Liver-directed thyroid hormone receptor agonists 

The incidence of clinical and subclinical hypothyroidism appears to be higher in 

individuals with MASLD or MASH relative to age-matched controls, and low thyroid function is 

associated with more severe outcomes. [326] Thyroid hormones reduce hepatic steatosis by 

stimulating hepatic lipophagy and mitochondrial biogenesis, and by inhibiting hepatic 

lipogenesis. They can also interfere with fibrogenesis by inhibiting TGF- signaling. [327,328] 

Resmetirom 

Resmetirom is an orally active, liver-directed, thyroid hormone receptor agonist with 

high selectivity for the 1 receptor. [329] In the registrational, phase III trial of resmetirom in 

individuals with non- cirrhotic MASH (mostly fibrosis stages 2 and 3) of 1-year duration, 

Resmetirom performed better than placebo in both disease activity (resolution of steatohepatitis) 

and fibrosis. Progression of fibrosis in individuals with stage 2 fibrosis was lower than in the 

placebo arm. Liver enzymes and serum lipids were also significantly reduced while the effects 
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on glycaemic control and body weight were neutral. [330] Resmetirom significantly improved 

MRI- PDFF and liver stiffness measurements in the MAESTRO-MASLD phase III trial. [331] The 

recommended dosage of Resmetiron in US is 80 mg for adults less than 100 kg and 100mg for 

those weighing more than 100 kg. the most common side effects were diarrhoea (up to 33%), 

nausea (up to 22%), pruritus (up to 11%) and vomiting (up to 11%). [330] Individuals receiving 

resmetirom should be monitored for gastrointestinal side effects and thyroid hormone function. 
[99] 

7.1.2.2 Vitamin E 

Vitamin E is a lipid-soluble vitamin acting as a peroxyl radical scavenger with antioxidant, 

anti-inflammatory, and anti-apoptotic properties. It reduces de novo lipogenesis and therefore 

contributes to a reduction in liver lipid content. [99] 

In the multicenter, randomized controlled trial (PIVENS trial), treatment with α-tocopherol 

(the natural form of vitamin E) 800 IU daily for 96 weeks in individuals with non-diabetic 

MASH resulted in improvements in both steatosis and disease activity and reduction in liver 

enzymes. [122] Vitamin E use was associated with lower rates of hepatic decompensation and 

higher transplant free survival in a retrospective study of MASH patients with advanced fibrosis. 
[332]  

However, the results in persons with T2DM have been mixed, and vitamin E cannot be 

recommended with the current evidence, as benefit has been modest overall. [333] There is 

currently no clear data on fibrosis improvement and there is concern about the risks of vitamin E 

on bleeding, specifically hemorrhagic stroke and prostate cancer in men. [334,335] Such potential 

risks should be discussed with patients before initiation of long-term high- dose (eg, 800 IU 

daily) vitamin E therapy. 

7.1.2.3 Peroxisome proliferator-activated receptor agonists  

Thiazolidinediones are ligands for peroxisome proliferator-activated receptor γ approved 

for the treatment of Type 2 diabetes that improves insulin resistance, primarily targeting adipose 

tissue and improving lipid storage/redistribution and glucose utilization. [336] In patients with 

MASH with or without pre-DM or T2DM, treatment with pioglitazone improves histology and 

insulin resistance. [337] In the PIVENS trial, pioglitazone treatment did not significantly improve 
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histological features of MASH although there was reduction in hepatic steatosis and liver 

enzymes. [122] In another study of patients with either pre-DM or T2DM and MASH, pioglitazone 

treatment led to a ≥ 2-point reduction in NAS and a trend toward fibrosis improvement. [123] 

Pioglitazone was also demonstrated to be better than placebo in achieving MASH resolution as 

well as fibrosis improvement in a pool network meta-analysis. [338] 

Potential side effects associated with pioglitazone include weight gain, osteoporosis in 

post-menopausal women, a debated risk of bladder cancer, and potential risk for worsening heart 

failure in those with preexisting cardiac dysfunction. [339,340] The use of pioglitazone in clinical 

practice has been overtaken by the increasing use of newer antidiabetic agents such as GLP-1 

Receptor agonists and SGLT-2 inhibitors. 

Newer drugs like lanifibranor (pan-PPAR agonist) showed dose-dependent histological 

improvement of steatohepatitis and fibrosis in a phase II b trial but it also associated with weight 

gain, pedal oedema and mild anaemia. [341] Saroglitazar, a dual PPAR / agonist has been 

shown to improve insulin resistance, liver steatosis and liver enzymes. [342] 

7.1.2.4 Incretin mimetics 

Glucagon-like peptide-1 receptor agonists (GLP1RAs), single or dual (i.e., glucose-

dependent insulinotropic polypeptide [GIP]-GLP1RAs), are approved for the treatment of Type 2 

diabetes. Liraglutide, semaglutide and tirzepatide are also approved for obesity. These incretin 

mimetics have shown beneficial effects on cardiovascular and renal outcomes. [343] 

Their actions include potentiation of prandial insulin secretion, as well as an inhibition of 

appetite and increased satiety, mediated both centrally and through reduced gastric motility, 

which mainly accounts for the weight-loss effects. [344] 

Other hormones or their analogues potentiate the anorexigenic effects of GLP1 (GIP, 

glucagon, cagrilintide) or have additional peripheral effects such as increasing lipolysis, lipid 

oxidation and energy expenditure and are now being developed as dual or triple co- agonists that 

can induce a similar magnitude of weight loss as bariatric surgery. [345] 

In an initial study of patients with MASH, liraglutide improved steatosis, resolved 

NASH, and reduced fibrosis progression compared with placebo. [346] In a phase 2b randomized 

controlled trial, daily SC semaglutide was given to 320 patients with MASH at 0.1, 0.2, or 0.4 
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mg or placebo daily for 72 weeks. MASH resolution was dose dependent and occurred in 59% in 

the treatment group versus 17% in the placebo group. Despite evidence of fibrosis improvement 

in the treatment groups, there was no statistically significant reduction in fibrosis compared with 

placebo. [347]  

Tirzepatide (GLP1-GIP receptor agonist) has been shown to significantly reduce both 

liver and visceral fat in those with T2D, in association with major weight loss (comparable to 

bariatric surgery). [112] In the recently published phase 2 trial involving participants with MASH 

and moderate or severe fibrosis, treatment with tirzepatide for 52 weeks was more effective than 

placebo with respect to resolution of MASH without worsening of fibrosis. [348] 

7.1.2.5 SGLT-2 inhibitors 

The SGLT-2inhibitors target renal glucose resorption from the glomerular filtrate and are 

approved for the treatment of T2DM. [349] Furthermore, they induce 2%–3% weight loss and 

have cardiorenal protective benefits. [350] Available studies evaluating the role of SGLT-2i in the 

treatment of MASLD/MASH are limited by relatively small sample sizes and lack of histological 

outcomes. [351,352] 

7.1.2.6 Metformin  

Currently, there is no evidence that metformin alone can improve histology in MASH. In 

people with T2D and MASLD-related advanced fibrosis or cirrhosis, metformin may improve 

transplant-free survival and reduce the risk of primary liver and extrahepatic cancer. [353,354] 

Thus, metformin should not be discontinued in those individuals with cirrhosis (unless 

discontinuation is required due to hepatic decompensation or renal failure), as this could increase 

mortality. [355] 

7.1.2.7 Ursodeoxycholic acid 

Ursodeoxycholic acid (UDCA) is a natural hydrophobic bile acid with wide 

hepatoprotective effects including antioxidant, immunomodulatory and anti-apoptotic properties. 

UDCA use in MASH resulted in biochemical efficacy (ALT reduction) and a good safety profile, 

but no proof of histological efficacy. [356,357] 

7.1.2.8 Obeticholic acid 
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Obeticholic acid (OCA) is an oral, synthetic analogue of chenodeoxycholic acid designed 

to have a much stronger, nano- molar, potency as a FXR (farnesoid X receptor) agonist than the 

native bile acid. [358] The drug was developed for MASH at a higher dose (25 mg daily). In a 

large phase III registrational trial of individuals with MASH and significant fibrosis (cirrhosis 

excluded), OCA achieved both a higher proportion of fibrosis improvement and a lower 

proportion of worsening than placebo. Despite improved disease activity (hepatocellular 

ballooning and lobular inflammation) there was no significant difference in resolution of 

steatohepatitis. [359] Dose-related pruritus and increases in LDL cholesterol are seen and there are 

additional concerns over the risk- benefit ratio (including hepatotoxicity and hepatic events). 

Recommendation (Pharmacological Treatment) 

69. Recently US FDA approved Resmetiron should be used whenever available in 

patients with non-cirrhotic MASH with significant liver fibrosis (stage 2). 

70. Vitamin E can be considered in selected individuals as it improves MASH in some 

patients without diabetes after counselling potential risks of long-term use. 

71. Semaglutide can be considered for type 2 diabetes and obesity in patients with 

MASH, as it confers a cardiovascular benefit and improves MASH. 

72. Pioglitazone improves MASH and can be considered for patients with MASH in 

patients with T2DM. 

73. Tirzepatide can be considered for patients with MASH and obesity. 
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Figure 9: Treatment recommendations beyond lifestyle modification in MASLD/ MASH 

7.1.3 MASH related Cirrhosis of Liver 

Sarcopenic obesity, the state of decreased muscle mass in the setting of increased fat 

mass, occurs mainly in MASH-related cirrhosis and is found in 20–35% of individuals with 

cirrhosis pre-and-post liver transplant. [360,361] Obesity and sarcopenic obesity are risk factors for 

clinical decompensation and worsen prognosis. [361] Therefore, Evaluation for sarcopenia should 

be done in patients with MASH related decompensated cirrhosis.   

Regarding dietary intake, in an RCT among patients with decompensated cirrhosis, a 6-

month intensive high-calorie, protein-rich nutrition therapy was associated with improvement in 

frailty, sarcopenia, liver disease scores and survival. [362] 
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For patients with MASH related compensated cirrhosis, weight reduction through 

lifestyle intervention has been shown to reduce portal pressure and may prevent clinical 

decompensation. However, special attention should be given to avoid sarcopenia in this 

approach.  

Regarding anti-diabetic drug use in cirrhotic patients, although metformin does not have 

effect on steatosis, inflammation and fibrosis, observational data suggest a potential protective 

effect against HCC. [363,364] Metformin may cause lactic acidosis through impairment of oxidative 

phosphorylation and the risk is increased in individuals with renal impairment and hepatic 

decompensation. [365] 

The risk of sulfonylurea-induced hypoglycaemia is increased in individuals with 

advanced liver disease. Gliclazide has significant hepatic metabolism. Hepatotoxicity has also 

been reported for glibenclamide and is rarely seen with gliclazide. 

SGLT2 inhibitors increase glycosuria. They have been shown to have beneficial 

cardiovascular effects, prevent progression of renal disease, and potentially even improve ALT 

and MRI-measured intrahepatic triglyceride content. [366] Due to increases in drug exposure in 

decompensated cirrhosis, SGLT2 inhibitors should be used with caution in cirrhotic patients or 

avoided in people with severe renal impairment. 

Data on the use of GLP1RAs in advanced liver disease are limited. In a small RCT of 71 

participants with compensated MASH-related cirrhosis, semaglutide at a dose of 2.4 mg weekly 

was well tolerated and improved steatosis, liver enzymes, bodyweight and HbA1c. [367] 
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Recommendation (MASH related Cirrhosis of Liver) 

74. In patients with MASH cirrhosis, dietary and lifestyle recommendations should be 

adapted to the severity of liver disease, nutritional status and the presence of 

sarcopenia/sarcopenic obesity. 

75. High protein diet and late evening snack are recommended for patients with 

sarcopenia, sarcopenic obesity or decompensated cirrhosis. 

76. Moderate weight reduction is suggested in patients with compensated cirrhosis and 

obesity, with an emphasis on high protein intake and physical activity to maintain 

muscle mass and reduce the risk of sarcopenia. 

77. Metformin can be used in compensated cirrhotic patients and preserved renal function 

but should not be used in adults with decompensated cirrhosis, especially when there 

is concomitant renal impairment, because of the risk of lactic acidosis. 

78. Sulfonylureas should be avoided in patients with hepatic decompensation because of 

the risk of hypoglycemia.  

79. GLP1 receptor agonists can be used in patients with Child- Pugh class A cirrhosis. 

80. SGLT2 inhibitors can be used in patients with Child-Pugh class A and B cirrhosis. 

81. Statins can be used in patients with chronic liver disease, including those with 

compensated cirrhosis; they should be used in adults according to cardiovascular risk 

guidelines to reduce cardiovascular events. 
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Summary of treatment recommendations 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Treatment recommendations for MASLD 
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Figure 11. Treatment recommendations for MASH 
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Figure 12. Treatment recommendations for MASH associated COL   
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8. Novel Therapeutic Agents and Future Direction 

The landscape of NASH drug development has undergone significant changes in 

recent years. Because the underlying mechanisms of MASH are complex, new treatments are 

being developed to target a wide range of factors, including oxidative stress, insulin 

resistance, apoptosis, bile acid metabolism, lipid metabolism, and hepatic inflammation and 

fibrosis. [368] 

Over the past 15 years, numerous compounds have been investigated for their 

effectiveness in treating MASH. Several trials have failed to meet prespecified primary 

endpoints (Table 8). Surrogate endpoints for drug approval have been clearly defined: 

regression of fibrosis or resolution of MASH.  [369] 

Despite initial disappointment due to the failure of several drugs, recent phase 2 and 3 

studies have shown promising results (Table 9 and 10); resmetirom (Thyroid Hormone 

Receptor β (THR β) agonist [370] became the first Food and Drug Administration (FDA)–

approved drug for MASH in 2024. [371] With several promising drug candidates with different 

mechanisms of action in phase 3 and others in the pipeline, the future of MASH therapy 

looks bright.  

Considering the complexity of MASH pathology, several drugs and combinations of 

drugs should be approved in the next decade, leading to effective treatments for this serious 

and prevalent unmet medical need. The combinations might improve effectiveness by 

complementary or synergistic mechanisms of action and enhance tolerability by using lower 

doses of drug candidates. The ideal combination would target multiple steps in the 

pathogenesis, starting with energy balance to fibrogenesis, and should include drugs with 

significant metabolic effects and liver-directed therapy. [372] 
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Table 11. Main Failure in MASH Drug Development 

Mechanism of Action Drug Name 

ASK1 inhibitor   Selonsertib   

Dual CCR2 and CCR5 antagonist  Cenicriviroc  

FGF19 agonist  Aldafermin  

FXR agonist  
MET642 
MET409 
EDP305  

Monoclonal antibodies against lysyl oxidase-like 2  Simtuzumab  

MPC inhibitor  MSDC-0602k 

PPAR agonist  
Elafibranor  
Seladelpar  

 

Table 12. Drugs in Phase 2 Development (Paired Liver Biopsy Trials) [368] 

Mechanism of Action Drug Name 

Cyclophilin inhibitor  Rencofilstat  

Deuterium-modified thiazolindinedione  PXL065 

DGAT2 inhibitor ION224 

FASN inhibitor Denifanstat  

FGF21 agonists  
Efruxifermin 
Pegozafermin   

GLP1-RA/GIP/GR  

Tirzepatide  
BI456906 
Pemvidutide 
Cotadutide 

HSD17B13  GSK4532990 

PPAR agonist  Saroglitazar  

Sturcturally engineered fatty acids  Icosabutate  

THR-b agonist  VK2809 
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Table 13. Drug in Phase 3 Development [368] 

Drug Name Obeticholic Acid Resmetiron Lanifibranor Semaglutide 

Class FXR agonist THRb agonist 
Pan-PPAR 

agonist 
GLP1-RA 

Phase 3 RCT 
name  

REGENERATE 
[373] 
 

MAESTRO-NAFLD-1 
[331] 
MAESTRO-NAFLD-OLE 
MAESTRO-NASH-
Outcomes 
MAESTRO-NASH [370] 

NATiV3   ESSENCE 

Phase 3 
histological 
endpoints (non 
cirrhotic 
population) 

At 72 wk of Tx  
At least 1-point 
improvement 
of fibrosis with no 
worsening of NASH 
(OR) 
NASH resolution 
with no worsening of 
fibrosis 

At 52 wk of Tx 
At least 1-point 
improvement 
of fibrosis with no 
worsening of NASH 
(OR) 
NASH resolution with no 
worsening of fibrosis 

At 72 wk of Tx  
Resolution of 
NASH 
AND 
Improvement of 
fibrosis 

At 72 wk of Tx 
At least 1-point 
improvement of 
fibrosis with no 
worsening of 
NASH 
(OR) 
NASH resolution 
with no 
worsening of 
fibrosis 

Phase 3 
histological 
Results 
(non cirrhotic 
population) 

Fibrosis 
improvement 
Placebo: 11.9%  
(n= 311) 
OCA 10 mg: 17.6% 
(n=312, P=.04) 
OCA 25 mg: 23.1% 
(n=308, P=.0002) 
NASH resolution 
Placebo: 8.0%  
(n= 311) 
OCA 10 mg: 11.2% 
(n=312, P=0.18) 
OCA 25 mg: 11.7% 

Fibrosis improvement 
Placebo: 14% (n=318) 
Resmetirom 80 mg:  
24% (n=321, P= .0002) 
Resmetirom 100 mg: 
26% (n=316, P < .0001) 
NASH resolution 
Placebo: 10% (n=318) 
Resmetirom 80 mg: 26% 
(n=321, P < .0001) 
Resmetirom 100 mg: 
30% (n=316, P<.0001) 

Expected 2024 Expected 2024  

Long-term 
outcomes (non 
cirrhotic 
population)  

Expected 2025 Expected 2026 Expected 2028 Expected 2028 

 

  



89 
 

References 

1. Ludwig J, Viggiano TR, Mcgill DB, Oh B. Nonalcoholic steatohepatitis: Mayo Clinic 
experiences with a hitherto unnamed disease. InMayo Clinic Proceedings 1980 Jul 1 (Vol. 
55, No. 7, pp. 434-438). 

2. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, Ferrell LD, 
Liu YC, Torbenson MS, Unalp‐Arida A, Yeh M. Design and validation of a histological 
scoring system for nonalcoholic fatty liver disease. Hepatology. 2005 Jun;41(6):1313-21. 

3. Brunt EM. Nonalcoholic steatohepatitis (NASH): further expansion of this clinical entity?. 
Liver International. 1999;19(4):263-4. 

4. Bedossa P, Poitou C, Veyrie N, Bouillot JL, Basdevant A, Paradis V, Tordjman J, Clement 
K. Histopathological algorithm and scoring system for evaluation of liver lesions in 
morbidly obese patients. Hepatology. 2012 Nov;56(5):1751-9. 

5. Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC, McCullough AJ. 
Nonalcoholic fatty liver disease: a spectrum of clinical and pathological severity. 
Gastroenterology. 1999 Jun 1;116(6):1413-9. 

6. Eslam M, Sanyal AJ, George J, Sanyal A, Neuschwander-Tetri B, Tiribelli C, Kleiner DE, 
Brunt E, Bugianesi E, Yki-Järvinen H, Grønbæk H. MAFLD: a consensus-driven proposed 
nomenclature for metabolic associated fatty liver disease. Gastroenterology. 2020 May 
1;158(7):1999-2014. 

7. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, Zelber-
Sagi S, Wong VW, Dufour JF, Schattenberg JM, Kawaguchi T. A new definition for 
metabolic dysfunction-associated fatty liver disease: An international expert consensus 
statement. Journal of hepatology. 2020 Jul 1;73(1):202-9. 

8. Eslam M, Sarin SK, Wong VW, Fan JG, Kawaguchi T, Ahn SH, Zheng MH, Shiha G, 
Yilmaz Y, Gani R, Alam S. The Asian Pacific Association for the Study of the Liver 
clinical practice guidelines for the diagnosis and management of metabolic associated fatty 
liver disease. Hepatology international. 2020 Dec;14:889-919. 

9. Younossi ZM, Rinella ME, Sanyal AJ, Harrison SA, Brunt EM, Goodman Z, Cohen DE, 
Loomba R. From NAFLD to MAFLD: implications of a premature change in terminology. 
Hepatology. 2021 Mar;73(3):1194-8. 

10. Ratziu V, Rinella M, Beuers U, Loomba R, Anstee QM, Harrison S, Francque S, Sanyal 
A, Newsome PN, Younossi Z. The times they are a-changin'(for NAFLD as well). Journal 
of hepatology. 2020 Dec 1;73(6):1307-9. 

11. Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, Romero D, 
Abdelmalek MF, Anstee QM, Arab JP, Arrese M. A multisociety Delphi consensus 
statement on new fatty liver disease nomenclature. Hepatology. 2023 Dec 1;78(6):1966-
86. 

12. Tan SS, Lee YY, Ali RA, Mustapha F, Chan WK. Endorsing the redefinition of fatty liver 
disease. The Lancet Gastroenterology & Hepatology. 2021 Mar 1;6(3):163. 

13. Chan WK, Tan SS, Chan SP, Lee YY, Tee HP, Mahadeva S, Goh KL, Ramli AS, 
Mustapha F, Kosai NR, Raja Ali RA. Malaysian Society of Gastroenterology and 
Hepatology consensus statement on metabolic dysfunction‐associated fatty liver disease. 
Journal of Gastroenterology and Hepatology. 2022 May;37(5):795-811.  



90 
 

14. Méndez-Sánchez N, Bugianesi E, Gish RG, Lammert F, Tilg H, Nguyen MH, Sarin SK, 
Fabrellas N, Zelber-Sagi S, Fan JG, Shiha G. Global multi-stakeholder endorsement of 
the MAFLD definition. The lancet Gastroenterology & hepatology. 2022 May 1;7(5):388-
90. 

15. Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global 
epidemiology of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic 
steatohepatitis (NASH): a systematic review. Hepatology. 2023 Apr 1;77(4):1335-47.  

16. Quek J, Chan KE, Wong ZY, Tan C, Tan B, Lim WH, Tan DJ, Tang AS, Tay P, Xiao J, 
Yong JN. Global prevalence of non-alcoholic fatty liver disease and non-alcoholic 
steatohepatitis in the overweight and obese population: a systematic review and meta-
analysis. The lancet Gastroenterology & hepatology. 2023 Jan 1;8(1):20-30. 

17. Le MH, Le DM, Baez TC, Wu Y, Ito T, Lee EY, Lee K, Stave CD, Henry L, Barnett SD, 
Cheung R. Global incidence of non-alcoholic fatty liver disease: A systematic review and 
meta-analysis of 63 studies and 1,201,807 persons. Journal of Hepatology. 2023 Aug 
1;79(2):287-95. 

18. Tan EX, Lee JW, Jumat NH, Chan WK, Treeprasertsuk S, Goh GB, Fan JG, Song MJ, 
Charatcharoenwitthaya P, Duseja A, Imajo K. Non-obese non-alcoholic fatty liver disease 
(NAFLD) in Asia: an international registry study. Metabolism. 2022 Jan 1;126:154911. 

19. Li J, Zou B, Yeo YH, Feng Y, Xie X, Lee DH, Fujii H, Wu Y, Kam LY, Ji F, Li X. 
Prevalence, incidence, and outcome of non-alcoholic fatty liver disease in Asia, 1999–
2019: a systematic review and meta-analysis. The lancet Gastroenterology & hepatology. 
2019 May 1;4(5):389-98. 

20. Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R. Fibrosis progression in 
nonalcoholic fatty liver vs nonalcoholic steatohepatitis: a systematic review and meta-
analysis of paired-biopsy studies. Clinical gastroenterology and hepatology. 2015 Apr 
1;13(4):643-54. 

21. Golabi P, Paik JM, Kumar A, Al Shabeeb R, Eberly KE, Cusi K, GunduRao N, Younossi 
ZM. Nonalcoholic fatty liver disease (NAFLD) and associated mortality in individuals 
with type 2 diabetes, pre-diabetes, metabolically unhealthy, and metabolically healthy 
individuals in the United States. Metabolism. 2023 Sep 1;146:155642. 

22. Cho EE, Ang CZ, Quek J, Fu CE, Lim LK, Heng ZE, Tan DJ, Lim WH, Yong JN, Zeng 
R, Chee D. Global prevalence of non-alcoholic fatty liver disease in type 2 diabetes 
mellitus: an updated systematic review and meta-analysis. Gut. 2023 Nov 1;72(11):2138-
48. 

23. Latt TS, Zaw KK, Ko K, Hlaing MM, Ohnmar M, Oo ES, Thein KM, Yuasa M. 
Measurement of diabetes, prediabetes and their associated risk factors in Myanmar 2014. 
Diabetes, metabolic syndrome and obesity: targets and therapy. 2019 Mar 4:291-8. 

24. Wong SW, Chan WK. Epidemiology of non-alcoholic fatty liver disease in Asia. Indian 
Journal of Gastroenterology. 2020 Feb;39(1):1-8.  

25. Choi HS, Brouwer WP, Zanjir WM, de Man RA, Feld JJ, Hansen BE, Janssen HL, Patel 
K. Nonalcoholic steatohepatitis is associated with liver‐related outcomes and all‐cause 
mortality in chronic hepatitis B. Hepatology. 2020 Feb;71(2):539-48.  



91 
 

26. Yu MW, Lin CL, Liu CJ, Yang SH, Tseng YL, Wu CF. Influence of metabolic risk 
factors on risk of hepatocellular carcinoma and liver-related death in men with chronic 
hepatitis B: a large cohort study. Gastroenterology. 2017 Oct 1;153(4):1006-17. 

27. Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R. Fibrosis progression in 
nonalcoholic fatty liver vs nonalcoholic steatohepatitis: a systematic review and meta-
analysis of paired-biopsy studies. Clinical gastroenterology and hepatology. 2015 Apr 
1;13(4):643-54. 

28. Stender S, Loomba R. PNPLA3 genotype and risk of liver and all‐cause mortality. 
Hepatology. 2020 Mar 1;71(3):777-9. 

29. Loomba R, Lim JK, Patton H, El-Serag HB. AGA clinical practice update on screening 
and surveillance for hepatocellular carcinoma in patients with nonalcoholic fatty liver 
disease: expert review. Gastroenterology. 2020 May 1;158(6):1822-30. 

30. Adams LA, Lymp JF, Sauver JS, Sanderson SO, Lindor KD, Feldstein A, Angulo P. The 
natural history of nonalcoholic fatty liver disease: a population-based cohort study. 
Gastroenterology. 2005 Jul 1;129(1):113-21. 

31.  Mantovani A, Csermely A, Petracca G, Beatrice G, Corey KE, Simon TG, Byrne CD, 
Targher G. Non-alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular 
events: an updated systematic review and meta-analysis. The lancet Gastroenterology & 
hepatology. 2021 Nov 1;6(11):903-13.  

32.  Kim D, Konyn P, Sandhu KK, Dennis BB, Cheung AC, Ahmed A. Metabolic 
dysfunction-associated fatty liver disease is associated with increased all-cause mortality 
in the United States. Journal of hepatology. 2021 Dec 1;75(6):1284-91. 

33.  Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, Sebastiani G, Ekstedt M, 
Hagstrom H, Nasr P, Stal P. Increased risk of mortality by fibrosis stage in nonalcoholic 
fatty liver disease: systematic review and meta‐analysis. Hepatology. 2017 
May;65(5):1557-65. 

34.  Fan JG, Kim SU, Wong VW. New trends on obesity and NAFLD in Asia. Journal of 
hepatology. 2017 Oct 1;67(4):862-73. 

35. Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK, Dierkhising RA. 
Frequency and outcomes of liver transplantation for nonalcoholic steatohepatitis in the 
United States. Gastroenterology. 2011 Oct 1;141(4):1249-53. 

36.  Mantovani A, Petracca G, Beatrice G, Csermely A, Tilg H, Byrne CD, Targher G. Non-
alcoholic fatty liver disease and increased risk of incident extrahepatic cancers: a meta-
analysis of observational cohort studies. Gut. 2022 Apr 1;71(4):778-88. 

37.  Toh JZ, Pan XH, Tay PW, Ng CH, Yong JN, Xiao J, Koh JH, Tan EY, Tan EX, Dan 
YY, Loh PH. A meta-analysis on the global prevalence, risk factors and screening of 
coronary heart disease in nonalcoholic fatty liver disease. Clinical Gastroenterology and 
Hepatology. 2022 Nov 1;20(11):2462-73. 

38.  Xiao J, Ng CH, Chan KE, Fu C, Tay P, Yong JN, Lim WH, Tan DJ, Syn N, Wong ZY, 
Tseng M. Hepatic, extra-hepatic outcomes and causes of mortality in NAFLD–an 
umbrella overview of systematic review of meta-analysis. Journal of Clinical and 
Experimental Hepatology. 2023 Jul 1;13(4):656-65. 



92 
 

39.  Mantovani A, Petracca G, Beatrice G, Csermely A, Lonardo A, Schattenberg JM, Tilg 
H, Byrne CD, Targher G. Non-alcoholic fatty liver disease and risk of incident chronic 
kidney disease: an updated meta-analysis. Gut. 2022 Jan 1;71(1):156-62. 

40. Kahn CR, Wang G, Lee KY. Altered adipose tissue and adipocyte function in the 
pathogenesis of metabolic syndrome. The Journal of clinical investigation. 2019 Oct 
1;129(10):3990-4000. 

41. Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD, Parks EJ. Sources of 
fatty acids stored in liver and secreted via lipoproteins in patients with nonalcoholic fatty 
liver disease. The Journal of clinical investigation. 2005 May 2;115(5):1343-51. 

42. Sanders FW, Acharjee A, Walker C, Marney L, Roberts LD, Imamura F, Jenkins B, Case 
J, Ray S, Virtue S, Vidal-Puig A. Hepatic steatosis risk is partly driven by increased de 
novo lipogenesis following carbohydrate consumption. Genome biology. 2018 Dec;19:1-
5. 

43. Beysen C, Ruddy M, Stoch A, Mixson L, Rosko K, Riiff T, Turner SM, Hellerstein MK, 
Murphy EJ. Dose-dependent quantitative effects of acute fructose administration on 
hepatic de novo lipogenesis in healthy humans. American Journal of Physiology-
Endocrinology and Metabolism. 2018 Jul 1;315(1):E126-32.  

44. Luukkonen PK, Qadri S, Ahlholm N, Porthan K, Männistö V, Sammalkorpi H, Penttilä 
AK, Hakkarainen A, Lehtimäki TE, Gaggini M, Gastaldelli A. Distinct contributions of 
metabolic dysfunction and genetic risk factors in the pathogenesis of non-alcoholic fatty 
liver disease. Journal of hepatology. 2022 Mar 1;76(3):526-35. 

45. Luukkonen PK, Sädevirta S, Zhou Y, Kayser B, Ali A, Ahonen L, Lallukka S, Pelloux V, 
Gaggini M, Jian C, Hakkarainen A. Saturated fat is more metabolically harmful for the 
human liver than unsaturated fat or simple sugars. Diabetes care. 2018 Aug 1;41(8):1732-
9. 

46. Berná G, Romero-Gomez M. The role of nutrition in nonalcoholic fatty liver disease: 
pathophysiology and management. Liver Int. 2020;40:102–8. Berná G, Romero‐Gomez 
M. The role of nutrition in non‐alcoholic fatty liver disease: pathophysiology and 
management. Liver International. 2020 Feb;40:102-8.  

47. Yki-Järvinen H, Luukkonen PK, Hodson L, Moore JB. Dietary carbohydrates and fats in 
nonalcoholic fatty liver disease. Nature reviews Gastroenterology & hepatology. 2021 
Nov;18(11):770-86. 

48. Bril F, Barb D, Portillo‐Sanchez P, Biernacki D, Lomonaco R, Suman A, Weber MH, 
Budd JT, Lupi ME, Cusi K. Metabolic and histological implications of intrahepatic 
triglyceride content in nonalcoholic fatty liver disease. Hepatology. 2017 Apr 
1;65(4):1132-44.  

49. Cusi K. Role of obesity and lipotoxicity in the development of nonalcoholic 
steatohepatitis: pathophysiology and clinical implications. Gastroenterology. 2012 Apr 
1;142(4):711-25. 

50. Hardy T, Oakley F, Anstee QM, Day CP. Nonalcoholic fatty liver disease: pathogenesis 
and disease spectrum. Annual review of pathology: mechanisms of disease. 2016 May 
23;11(1):451-96. 



93 
 

51. Careau V, Halsey LG, Pontzer H, Ainslie PN, Andersen LF, Anderson LJ, Arab L, 
Baddou I, Bedu-Addo K, Blaak EE, Blanc S. Energy compensation and adiposity in 
humans. Current biology. 2021 Oct 25;31(20):4659-66. 

52. Cotter TG, Rinella M. Nonalcoholic fatty liver disease 2020: the state of the disease. 
Gastroenterology. 2020 May 1;158(7):1851-64.  

53. Wang Y, Kory N, BasuRay S, Cohen JC, Hobbs HH. PNPLA3, CGI‐58, and inhibition of 
hepatic triglyceride hydrolysis in mice. Hepatology. 2019 Jun;69(6):2427-41. 

54. Luo F, Oldoni F, Das A. TM6SF2: a novel genetic player in nonalcoholic fatty liver and 
cardiovascular disease. Hepatology communications. 2022 Mar;6(3):448-60. 

55. Meroni M, Longo M, Fracanzani AL, Dongiovanni P. MBOAT7 down-regulation by 
genetic and environmental factors predisposes to MAFLD. EBioMedicine. 2020 Jul 1;57. 

56. Abul-Husn NS, Cheng X, Li AH, Xin Y, Schurmann C, Stevis P, Liu Y, Kozlitina J, 
Stender S, Wood GC, Stepanchick AN. A protein-truncating HSD17B13 variant and 
protection from chronic liver disease. New England Journal of Medicine. 2018 Mar 
22;378(12):1096-106. 

57. Su L, Zhou L, Chen FJ, Wang H, Qian H, Sheng Y, Zhu Y, Yu H, Gong X, Cai LE, Yang 
X. Cideb controls sterol‐regulated ER export of SREBP/SCAP by promoting cargo 
loading at ER exit sites. The EMBO Journal. 2019 Apr 15;38(8):e100156.  

58. Verweij N, Haas ME, Nielsen JB, Sosina OA, Kim M, Akbari P, De T, Hindy G, Bovijn 
J, Persaud T, Miloscio L. Germline mutations in CIDEB and protection against liver 
disease. New England Journal of Medicine. 2022 Jul 28;387(4):332-44. 

59. Neuschwander‐Tetri BA. Hepatic lipotoxicity and the pathogenesis of nonalcoholic 
steatohepatitis: the central role of nontriglyceride fatty acid metabolites. Hepatology. 
2010 Aug;52(2):774-88.  

60. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of NAFLD 
development and therapeutic strategies. Nature medicine. 2018 Jul;24(7):908-22. 

61. Schwabe RF, Tabas I, Pajvani UB. Mechanisms of fibrosis development in nonalcoholic 
steatohepatitis. Gastroenterology. 2020 May 1;158(7):1913-28. 

62. Loomba R, Friedman SL, Shulman GI. Mechanisms and disease consequences of 
nonalcoholic fatty liver disease. Cell. 2021 May 13;184(10):2537-64. 

63. Horn CL, Morales AL, Savard C, Farrell GC, Ioannou GN. Role of cholesterol‐associated 
steatohepatitis in the development of NASH. Hepatology communications. 2022 
Jan;6(1):12-35. 

64. Radun R, Trauner M. Role of FXR in bile acid and metabolic homeostasis in NASH: 
pathogenetic concepts and therapeutic opportunities. In Seminars in Liver Disease 2021 
Nov (Vol. 41, No. 04, pp. 461-475). Thieme Medical Publishers, Inc. 

65. Jensen T, Abdelmalek MF, Sullivan S, Nadeau KJ, Green M, Roncal C, Nakagawa T, 
Kuwabara M, Sato Y, Kang DH, Tolan DR. Fructose and sugar: A major mediator of 
non-alcoholic fatty liver disease. Journal of hepatology. 2018 May 1;68(5):1063-75. 

66. Sookoian S, Pirola CJ, Valenti L, Davidson NO. Genetic pathways in nonalcoholic fatty 
liver disease: insights from systems biology. Hepatology. 2020 Jul;72(1):330-46. 

67. Aron-Wisnewsky J, Vigliotti C, Witjes J, Le P, Holleboom AG, Verheij J, Nieuwdorp M, 
Clément K. Gut microbiota and human NAFLD: disentangling microbial signatures from 



94 
 

metabolic disorders. Nature Reviews Gastroenterology & Hepatology. 2020 
May;17(5):279-97.  

68. Sharpton SR, Schnabl B, Knight R, Loomba R. Current concepts, opportunities, and 
challenges of gut microbiome-based personalized medicine in nonalcoholic fatty liver 
disease. Cell metabolism. 2021 Jan 5;33(1):21-32. 

69. Alexopoulos AS, Crowley MJ, Wang Y, Moylan CA, Guy CD, Henao R, Piercy DL, 
Seymour KA, Sudan R, Portenier DD, Diehl AM. Glycemic control predicts severity of 
hepatocyte ballooning and hepatic fibrosis in nonalcoholic fatty liver disease. Hepatology. 
2021 Sep;74(3):1220-33.  

70. Simón J, Goikoetxea-Usandizaga N, Serrano-Maciá M, Fernández-Ramos D, de Urturi 
DS, Gruskos JJ, Fernández-Tussy P, Lachiondo-Ortega S, González-Recio I, Rodríguez-
Agudo R, Gutiérrez-de-Juan V. Magnesium accumulation upon cyclin M4 silencing 
activates microsomal triglyceride transfer protein improving NASH. Journal of 
hepatology. 2021 Jul 1;75(1):34-45. 

71. Govaere O, Cockell S, Tiniakos D, Queen R, Younes R, Vacca M, Alexander L, Ravaioli 
F, Palmer J, Petta S, Boursier J. Transcriptomic profiling across the nonalcoholic fatty 
liver disease spectrum reveals gene signatures for steatohepatitis and fibrosis. Science 
translational medicine. 2020 Dec 2;12(572):eaba4448. 

72. Hasin-Brumshtein Y, Sakaram S, Khatri P, He YD, Sweeney TE. A robust gene 
expression signature for NASH in liver expression data. Scientific Reports. 2022 Feb 
16;12(1):2571.  

73. Tacke F. Targeting hepatic macrophages to treat liver diseases. Journal of hepatology. 
2017 Jun 1;66(6):1300-12. 

74. Kisseleva T, Brenner D. Molecular and cellular mechanisms of liver fibrosis and its 
regression. Nature reviews Gastroenterology & hepatology. 2021 Mar;18(3):151-66. 

75. Romeo S, Sanyal A, Valenti L. Leveraging human genetics to identify potential new 
treatments for fatty liver disease. Cell metabolism. 2020 Jan 7;31(1):35-45. 

76. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA, Brunt 
EM, Sanyal AJ. The diagnosis and management of nonalcoholic fatty liver disease: 
practice guidance from the American Association for the Study of Liver Diseases. 
Hepatology. 2018 Jan 1;67(1):328-57.  

77. Wainwright P, Byrne CD. Bidirectional relationships and disconnects between NAFLD 
and features of the metabolic syndrome. International journal of molecular sciences. 2016 
Mar 11;17(3):367. 

78. Kotronen A, Westerbacka J, Bergholm R, Pietiläinen KH, Yki-Järvinen H. Liver fat in the 
metabolic syndrome. The Journal of Clinical Endocrinology & Metabolism. 2007 Sep 
1;92(9):3490-7. 

79. World Health Organization. STEPwise Approach to Chronic Disease Risk Factor 
Surveillance, Myanmar. [Internet]. http://www.who.int/ chp/steps/94earing/en/.  

80. Bedogni G, Nobili V, Tiribelli C. Epidemiology of fatty liver: an update. World journal of 
gastroenterology: WJG. 2014 Jul 7;20(27):9050. 

81. Głuszyńska P, Lemancewicz D, Dzięcioł JB, Razak Hady H. Non-alcoholic fatty liver 
disease (NAFLD) and bariatric/metabolic surgery as its treatment option: a review. Journal 
of clinical medicine. 2021 Dec 7;10(24):5721.  



95 
 

82. Huh Y, Cho YJ, Nam GE. Recent epidemiology and risk factors of nonalcoholic fatty 
liver disease. Journal of obesity & metabolic syndrome. 2022 Mar 3;31(1):17.  

83. Ryan MC, Wilson AM, Slavin J, Best JD, Jenkins AJ, Desmond PV. Associations 
between liver histology and severity of the metabolic syndrome in subjects with 
nonalcoholic fatty liver disease. Diabetes care. 2005 May 1;28(5):1222-4. 

84. Speliotes EK, Massaro JM, Hoffmann U, Vasan RS, Meigs JB, Sahani DV, Hirschhorn 
JN, O’Donnell CJ, Fox CS. Fatty liver is associated with dyslipidemia and dysglycemia 
independent of visceral fat: the Framingham Heart Study. Hepatology. 2010 
Jun;51(6):1979-87. 

85. Kamal S, Khan MA, Seth A, Cholankeril G, Gupta D, Singh U, Kamal F, Howden CW, 
Stave C, Nair S, Satapathy SK. Beneficial effects of statins on the rates of hepatic fibrosis, 
hepatic decompensation, and mortality in chronic liver disease: a systematic review and 
meta-analysis. Official journal of the American College of Gastroenterology| ACG. 2017 
Oct 1;112(10):1495-505. 

86. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, George J, Bugianesi 
E. Global burden of NAFLD and NASH: trends, predictions, risk factors and prevention. 
Nature reviews Gastroenterology & hepatology. 2018 Jan;15(1):11-20. 

87. Sookoian S, Pirola CJ. Meta‐analysis of the influence of I148M variant of patatin‐like 
phospholipase domain containing 3 gene (PNPLA3) on the susceptibility and histological 
severity of nonalcoholic fatty liver disease. Hepatology. 2011 Jun;53(6):1883-94.  

88. Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL, Harrison 
SA. Prevalence of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among 
a largely middle-aged population utilizing ultrasound and liver biopsy: a prospective study. 
Gastroenterology. 2011 Jan 1;140(1):124-31.  

89. Argo CK, Northup PG, Al-Osaimi AM, Caldwell SH. Systematic review of risk factors 
for fibrosis progression in non-alcoholic steatohepatitis. Journal of hepatology. 2009 Aug 
1;51(2):371-9.  

90. Kneeman JM, Misdraji J, Corey KE. Secondary causes of nonalcoholic fatty liver disease. 
Therapeutic advances in gastroenterology. 2012 May;5(3):199-207. 

91. Cusi K. Nonalcoholic fatty liver disease in type 2 diabetes mellitus. Current Opinion in 
Endocrinology, Diabetes and Obesity. 2009 Apr 1;16(2):141-9. 

92. Lu W, Li S, Li J, Wang J, Zhang R, Zhou Y, Yin Q, Zheng Y, Wang F, Xia Y, Chen K. 
Effects of omega‐3 fatty acid in nonalcoholic fatty liver disease: a meta‐analysis. 
Gastroenterology research and practice. 2016;2016(1):1459790. 

93. Baratta F, Pastori D, Polimeni L, Bucci T, Ceci F, Calabrese C, Ernesti I, Pannitteri G, 
Violi F, Angelico F, Del Ben M. Adherence to mediterranean diet and non-alcoholic fatty 
liver disease: effect on insulin resistance. Official journal of the American College of 
Gastroenterology| ACG. 2017 Dec 1;112(12):1832-9.  

94. Perseghin G, Lattuada G, De Cobelli F, Ragogna F, Ntali G, Esposito A, Belloni E, Canu 
T, Terruzzi I, Scifo P, Del Maschio A. Habitual physical activity is associated with 
intrahepatic fat content in humans. Diabetes care. 2007 Mar 1;30(3):683-8. 

95.  van der Heijden GJ, Wang ZJ, Chu ZD, Sauer PJ, Haymond MW, Rodriguez LM, 
Sunehag AL. A 12‐week aerobic exercise program reduces hepatic fat accumulation and 
insulin resistance in obese, Hispanic adolescents. Obesity. 2010 Feb;18(2):384-90. 



96 
 

96.  Devries MC, Samjoo IA, Hamadeh MJ, Tarnopolsky MA. Effect of endurance exercise 
on hepatic lipid content, enzymes, and adiposity in men and women. Obesity. 2008 
Oct;16(10):2281-8. 

97.  Patel SR, Malhotra A, White DP, Gottlieb DJ, Hu FB. Association between reduced 
sleep and weight gain in women. American journal of epidemiology. 2006 Nov 
15;164(10):947-54. 

98. Haigh L, Kirk C, El Gendy K, Gallacher J, Errington L, Mathers JC, Anstee QM. The 
effectiveness and acceptability of Mediterranean diet and calorie restriction in non-
alcoholic fatty liver disease (NAFLD): A systematic review and meta-analysis. Clinical 
Nutrition. 2022 Sep 1;41(9):1913-31. 

99. Cusi K, Isaacs S, Barb D, Basu R, Caprio S, Garvey WT, Kashyap S, Mechanick JI, 
Mouzaki M, Nadolsky K, Rinella ME. American Association of Clinical Endocrinology 
clinical practice guideline for the diagnosis and management of nonalcoholic fatty liver 
disease in primary care and endocrinology clinical settings: co-sponsored by the 
American Association for the Study of Liver Diseases (AASLD). Endocrine Practice. 
2022 May 1;28(5):528-62. 

100. Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, Abdelmalek MF, Caldwell S, Barb 
D, Kleiner DE, Loomba R. AASLD Practice Guidance on the clinical assessment and 
management of nonalcoholic fatty liver disease. Hepatology. 2023 May 1;77(5):1797-
835. 

101. Tacke F, Horn P, Wong VW, Ratziu V, Bugianesi E, Francque S, Zelber-Sagi S, Valenti 
L, Roden M, Schick F, Yki-Järvinen H. EASL–EASD–EASO Clinical Practice 
Guidelines on the management of metabolic dysfunction-associated steatotic liver disease 
(MASLD). Journal of Hepatology. 2024 Jun 7. 

102. Ahn J, Jun DW, Lee HY, Moon JH. Critical appraisal for low-carbohydrate diet in 
nonalcoholic fatty liver disease: review and meta-analyses. Clinical nutrition. 2019 Oct 
1;38(5):2023-30. 

103. Koutoukidis DA, Astbury NM, Tudor KE, Morris E, Henry JA, Noreik M, Jebb SA, 
Aveyard P. Association of weight loss interventions with changes in biomarkers of 
nonalcoholic fatty liver disease: a systematic review and meta-analysis. JAMA internal 
medicine. 2019 Sep 1;179(9):1262-71. 

104. Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM, Brancati FL, Wagenknecht LE, 
Pi-Sunyer FX, Kahn SE, Clark JM, Fatty Liver Subgroup of the Look Ahead Research 
Group. Effect of a 12-month intensive lifestyle intervention on hepatic steatosis in adults 
with type 2 diabetes. Diabetes care. 2010 Oct 1;33(10):2156-63. 

105. Razavi Zade M, Telkabadi MH, Bahmani F, Salehi B, Farshbaf S, Asemi Z. The effects 
of DASH diet on weight loss and metabolic status in adults with non‐alcoholic fatty liver 
disease: a randomized clinical trial. Liver international. 2016 Apr;36(4):563-71. 

106. Kouvari M, Boutari C, Chrysohoou C, Fragkopoulou E, Antonopoulou S, Tousoulis D, 
Pitsavos C, Panagiotakos DB, Mantzoros CS, ATTICA Study Investigators. 
Mediterranean diet is inversely associated with steatosis and fibrosis and decreases ten-
year diabetes and cardiovascular risk in NAFLD subjects: Results from the ATTICA 
prospective cohort study. Clinical Nutrition. 2021 May 1;40(5):3314-24. 



97 
 

107. Oh S, Tsujimoto T, Kim B, Uchida F, Suzuki H, Iizumi S, Isobe T, Sakae T, Tanaka K, 
Shoda J. Weight-loss-independent benefits of exercise on liver steatosis and stiffness in 
Japanese men with NAFLD. JHEP reports. 2021 Jun 1;3(3):100253. 

108. Malaysian Endocrine And Metabolic Society (MEMS). Clinical practice guidelines 
Management of obesity second edition (2023), ISBN 978-967-2887-53-9.  

109. “Summary of revisions: Standards of Care in Diabetes—2024.” Diabetes Care 47, no. 
Supplement_1 (2024): S5-S10. 

110. Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu V, Sanyal AJ, 
Sejling AS, Harrison SA. A placebo-controlled trial of subcutaneous semaglutide in 
nonalcoholic steatohepatitis. New England Journal of Medicine. 2021 Mar 
25;384(12):1113-24. 

111. Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, Hazlehurst JM, Guo K, 
Abouda G, Aldersley MA, Stocken D. Liraglutide safety and efficacy in patients with 
non-alcoholic steatohepatitis (LEAN): a multicentre, double-blind, 97earing97ed, 
placebo-controlled phase 2 study. The Lancet. 2016 Feb 13;387(10019):679-90. 

112. Gastaldelli A, Cusi K, Landó LF, Bray R, Brouwers B, Rodríguez Á. Effect of 
tirzepatide versus insulin degludec on liver fat content and abdominal adipose tissue in 
people with type 2 diabetes (SURPASS-3 MRI): a substudy of the 97earing97ed, open-
label, parallel-group, phase 3 SURPASS-3 trial. The lancet Diabetes & endocrinology. 
2022 Jun 1;10(6):393-406. 

113. Wang H, Wang L, Cheng Y, Xia Z, Liao Y, Cao J. Efficacy of orlistat in non-alcoholic 
fatty liver disease: A systematic review and meta-analysis. Biomedical reports. 2018 Jul 
1;9(1):90-6. 

114. Bwa AH, Win STS, Tun KS, Aye KM, Latt TS, Gandhi H, Win KM. Orlistat-
Resveratrol Combination Improves Elastography Parameters Over and Above Weight 
Loss in Overweight/Obese Patients. Gastroenterology & Hepatology International Journal 
(GHIJ) ISSN: 2574-8009, DOI: 10.23880/ghij-16000212.  

115. May B. Is There a Role for GLP-1Ras in NAFLD Management?. Endocrinology 
Advisor. 2021 Nov 11:NA-. 

116. Rodbard HW, Dougherty T, Taddei-Allen P. Efficacy of oral semaglutide: overview of 
the PIONEER clinical trial program and implications for managed care. The American 
journal of managed care. 2020 Dec 1;26(16 Suppl):S335-43. 

117. Rosenstock J, Allison D, Birkenfeld AL, Blicher TM, Deenadayalan S, Jacobsen JB, 
Serusclat P, Violante R, Watada H, Davies M, PIONEER 3 Investigators. Effect of 
additional oral semaglutide vs sitagliptin on glycated hemoglobin in adults with type 2 
diabetes uncontrolled with metformin alone or with sulfonylurea: the PIONEER 3 
randomized clinical trial. Jama. 2019 Apr 16;321(15):1466-80.  

118. Sjöström L, Narbro K, Sjöström CD, Karason K, Larsson B, Wedel H, Lystig T, 
Sullivan M, Bouchard C, Carlsson B, Bengtsson C. Effects of bariatric surgery on 
mortality in Swedish obese subjects. New England journal of medicine. 2007 Aug 
23;357(8):741-52. 

119. Lee Y, Doumouras AG, Yu J, Brar K, Banfield L, Gmora S, Anvari M, Hong D. 
Complete resolution of nonalcoholic fatty liver disease after bariatric surgery: a 



98 
 

systematic review and meta-analysis. Clinical gastroenterology and Hepatology. 2019 
May 1;17(6):1040-60. 

120. Aminian A, Al-Kurd A, Wilson R, Bena J, Fayazzadeh H, Singh T, Albaugh VL, Shariff 
FU, Rodriguez NA, Jin J, Brethauer SA. Association of bariatric surgery with major 
adverse liver and cardiovascular outcomes in patients with biopsy-proven nonalcoholic 
steatohepatitis. Jama. 2021 Nov 23;326(20):2031-42. 

121. Mosko JD, Nguyen GC. Increased perioperative mortality following bariatric surgery 
among patients with cirrhosis. Clinical Gastroenterology and Hepatology. 2011 Oct 
1;9(10):897-901. 

122. Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM, 
Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp A, Van Natta M. Pioglitazone, 
vitamin E, or placebo for nonalcoholic steatohepatitis. New England Journal of Medicine. 
2010 May 6;362(18):1675-85. 

123. Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-Lopez C, Tio F, Hardies J, 
Darland C, Musi N, Webb A. Long-term pioglitazone treatment for patients with 
nonalcoholic steatohepatitis and prediabetes or type 2 diabetes mellitus: a randomized 
trial. Annals of internal medicine. 2016 Sep 6;165(5):305-15. 

124. Brown E, Heerspink HJ, Cuthbertson DJ, Wilding JP. SGLT2 inhibitors and GLP-1 
receptor agonists: established and emerging indications. The Lancet. 2021 Jul 
17;398(10296):262-76. 

125. Ridderstråle M, Andersen KR, Zeller C, Kim G, Woerle HJ, Broedl UC. Comparison of 
empagliflozin and glimepiride as add-on to metformin in patients with type 2 diabetes: a 
104-week 98earing98ed, active-controlled, double-blind, phase 3 trial. The lancet 
Diabetes & endocrinology. 2014 Sep 1;2(9):691-700. 

126. Kuchay MS, Krishan S, Mishra SK, Farooqui KJ, Singh MK, Wasir JS, Bansal B, Kaur 
P, Jevalikar G, Gill HK, Choudhary NS. Effect of empagliflozin on liver fat in patients 
with type 2 diabetes and nonalcoholic fatty liver disease: a randomized controlled trial (E-
LIFT Trial). Diabetes care. 2018 Aug 1;41(8):1801-8. 

127. Latva-Rasku A, Honka MJ, Kullberg J, Mononen N, Lehtimäki T, Saltevo J, Kirjavainen 
AK, Saunavaara V, Iozzo P, Johansson L, Oscarsson J. The SGLT2 inhibitor 
dapagliflozin reduces liver fat but does not affect tissue insulin sensitivity: a randomized, 
double-blind, placebo-controlled study with 8-week treatment in type 2 diabetes patients. 
Diabetes care. 2019 May 1;42(5):931-7. 

128. Cusi K. Incretin‐based therapies for the management of nonalcoholic fatty liver disease 
in patients with type 2 diabetes. Hepatology. 2019 Jun 1;69(6):2318-22. 

129. Juurinen L, Tiikkainen M, Hakkinen AM, Hakkarainen A, Yki-Jarvinen H. Effects of 
insulin therapy on liver fat content and hepatic insulin sensitivity in patients with type 2 
diabetes. American Journal of Physiology-Endocrinology and Metabolism. 2007 
Mar;292(3):E829-35.  

130. Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, Balas B, Gastaldelli A, 
Tio F, Pulcini J, Berria R. A placebo-controlled trial of pioglitazone in subjects with 
nonalcoholic steatohepatitis. New England Journal of Medicine. 2006 Nov 
30;355(22):2297-307. 



99 
 

131. Golubeva JA, Sheptulina AF, Elkina AY, Liusina EO, Kiselev AR, Drapkina OM. 
Which comes first, nonalcoholic fatty liver disease or arterial hypertension?. 
Biomedicines. 2023 Sep 5;11(9):2465. 

132. Ciardullo S, Grassi G, Mancia G, Perseghin G. Nonalcoholic fatty liver disease and risk 
of incident hypertension: a systematic review and meta-analysis. European Journal of 
Gastroenterology & Hepatology. 2022 Apr 1;34(4):365-71. 

133. Zhao YC, Zhao GJ, Chen Z, She ZG, Cai J, Li H. Nonalcoholic fatty liver disease: an 
emerging driver of hypertension. Hypertension. 2020 Feb;75(2):275-84. 

134. Artunc F, Schleicher E, Weigert C, Fritsche A, Stefan N, 99earing HU. The impact of 
insulin resistance on the kidney and vasculature. Nature Reviews Nephrology. 2016 
Dec;12(12):721-37. 

135. Lorbeer R, Bayerl C, Auweter S, Rospleszcz S, Lieb W, Meisinger C, Heier M, Peters 
A, Bamberg F, Hetterich H. Association between MRI-derived hepatic fat fraction and 
blood pressure in participants without history of cardiovascular disease. Journal of 
hypertension. 2017 Apr 1;35(4):737-44. 

136. Sung KC, Wild SH, Byrne CD. Development of new fatty liver, or resolution of existing 
fatty liver, over five years of follow-up, and risk of incident hypertension. Journal of 
hepatology. 2014 May 1;60(5):1040-5. 

137. Wu S, Wu F, Ding Y, Hou J, Bi J, Zhang Z. Association of non-alcoholic fatty liver 
disease with major adverse cardiovascular events: a systematic review and meta-analysis. 
Scientific reports. 2016 Sep 16;6(1):33386. 

138. Wang Y, Zeng Y, Lin C, Chen Z. Hypertension and non‐alcoholic fatty liver disease 
proven by transient elastography. Hepatology Research. 2016 Dec;46(13):1304-10. 

139. Huang Q, Yu H, Zhong X, Tian Y, Cui Z, Quan Z. Association between hypertension 
and nonalcoholic fatty liver disease: a cross-sectional and meta-analysis study. Journal of 
Human Hypertension. 2023 Apr;37(4):313-20. 

140. Aneni EC, Oni ET, Martin SS, Blaha MJ, Agatston AS, Feldman T, Veledar E, 
Conçeicao RD, Carvalho JA, Santos RD, Nasir K. Blood pressure is associated with the 
presence and severity of nonalcoholic fatty liver disease across the spectrum of 
cardiometabolic risk. Journal of hypertension. 2015 Jun 1;33(6):1207-14. 

141. Ferrara D, Montecucco F, Dallegri F, Carbone F. Impact of different ectopic fat depots 
on cardiovascular and metabolic diseases. Journal of cellular physiology. 2019 
Dec;234(12):21630-41. 

142. Guzik TJ, Touyz RM. Oxidative stress, inflammation, and vascular aging in 
hypertension. Hypertension. 2017 Oct;70(4):660-7. 

143. Rong L, Zou J, Ran W, Qi X, Chen Y, Cui H, Guo J. Advancements in the treatment of 
non-alcoholic fatty liver disease (NAFLD). Frontiers in endocrinology. 2023 Jan 
16;13:1087260. 

144. Li Y, Zhao D, Qian M, Liu J, Pan C, Zhang X, Duan X, Zhang Y, Jia W, Wang L. 
Amlodipine, an anti‐hypertensive drug, alleviates non‐alcoholic fatty liver disease by 
modulating gut microbiota. British journal of pharmacology. 2022 May;179(9):2054-77. 

145. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver disease and risk 
of incident type 2 diabetes: a meta-analysis. Diabetes care. 2018 Feb 1;41(2):372-82. 



100 
 

146. Patel S, Siddiqui MB, Roman JH, Zhang E, Lee E, Shen S, Faridnia M, Mintini RJ, 
Boyett S, Idowu MO, Sanyal AJ. Association between lipoprotein particles and 
atherosclerotic events in nonalcoholic fatty liver disease. Clinical Gastroenterology and 
Hepatology. 2021 Oct 1;19(10):2202-4. 

147. Corey KE, Wilson LA, Altinbas A, Yates KP, Kleiner DE, Chung RT, Krauss RM, 
Chalasani N, NASH Clinical Research Network, Bringman D, Dasarathy S. Relationship 
between resolution of non‐alcoholic steatohepatitis and changes in lipoprotein sub‐
fractions: a post‐hoc analysis of the PIVENS trial. Alimentary pharmacology & 
therapeutics. 2019 May;49(9):1205-13. 

148. Corey KE, Vuppalanchi R, Wilson LA, Cummings OW, Chalasani N, NASH CRN. 
NASH resolution is associated with improvements in HDL and triglyceride levels but not 
improvement in LDL or non‐HDL‐C levels. Alimentary pharmacology & therapeutics. 
2015 Feb;41(3):301-9. 

149. Martin A, Lang S, Goeser T, Demir M, Steffen HM, Kasper P. Management of 
dyslipidemia in patients with non-alcoholic fatty liver disease. Current atherosclerosis 
reports. 2022 Jul;24(7):533-46.  

150. Kaplan DE, Serper MA, Mehta R, Fox R, John B, Aytaman A, Baytarian M, Hunt K, 
Albrecht J, Njei B, Taddei TH. Effects of hypercholesterolemia and statin exposure on 
survival in a large national cohort of patients with cirrhosis. Gastroenterology. 2019 May 
1;156(6):1693-706. 

151.Lee HJ, Lee CH, Kim S, Hwang SY, Hong HC, Choi HY, Chung HS, Yoo HJ, Seo JA, 
Kim SG, Kim NH. Association between vascular inflammation and non-alcoholic fatty 
liver disease: analysis by 18F-fluorodeoxyglucose positron emission tomography. 
Metabolism. 2017 Feb 1;67:72-9. 

152. Stols-Gonçalves D, Hovingh GK, Nieuwdorp M, Holleboom AG. NAFLD and 
atherosclerosis: two sides of the same dysmetabolic coin?. Trends in Endocrinology & 
Metabolism. 2019 Dec 1;30(12):891-902. 

153. Völzke H, Robinson DM, Kleine V, Deutscher R, Hoffmann W, Lüdemann J, Schminke 
U, Kessler C, John U. Hepatic steatosis is associated with an increased risk of carotid 
atherosclerosis. World journal of gastroenterology: WJG. 2005 Mar 3;11(12):1848. 

154. Zheng J, Zhou Y, Zhang K, Qi Y, An S, Wang S, Zhao X, Tang YD. Association 
between nonalcoholic fatty liver disease and subclinical atherosclerosis: a cross-sectional 
study on population over 40 years old. BMC Cardiovascular Disorders. 2018 Dec;18:1-7. 

155. Salvi P, Ruffini R, Agnoletti D, Magnani E, Pagliarani G, Comandini G, Pratico A, 
Borghi C, Benetos A, Pazzi P. Increased arterial stiffness in nonalcoholic fatty liver 
disease: the Cardio-GOOSE study. Journal of hypertension. 2010 Aug 1;28(8):1699-707. 

156. Simon TG, Bamira DG, Chung RT, Weiner RB, Corey KE. Nonalcoholic steatohepatitis 
is associated with cardiac remodeling and dysfunction. Obesity. 2017 Aug;25(8):1313-6. 

157. VanWagner LB, Wilcox JE, Ning H, Lewis CE, Carr JJ, Rinella ME, Shah SJ, Lima JA, 
Lloyd‐Jones DM. Longitudinal association of non‐alcoholic fatty liver disease with 
changes in myocardial structure and function: the CARDIA study. Journal of the 
American Heart Association. 2020 Feb 18;9(4):e014279. 

158. Goland S, Shimoni S, Zornitzki T, Knobler H, Azoulai O, Lutaty G, Melzer E, Orr A, 
Caspi A, Malnick S. Cardiac abnormalities as a new manifestation of nonalcoholic fatty 



101 
 

liver disease: echocardiographic and tissue Doppler imaging assessment. Journal of 
clinical gastroenterology. 2006 Nov 1;40(10):949-55. 

159. Cai J, Zhang XJ, Ji YX, Zhang P, She ZG, Li H. Nonalcoholic fatty liver disease 
pandemic fuels the upsurge in cardiovascular diseases. Circulation research. 2020 Feb 
28;126(5):679-704. 

160. Duell PB, Welty FK, Miller M, Chait A, Hammond G, Ahmad Z, Cohen DE, Horton JD, 
Pressman GS, Toth PP, American Heart Association Council on Arteriosclerosis, 
Thrombosis and Vascular Biology; Council on Hypertension; Council on the Kidney in 
Cardiovascular Disease; Council on Lifestyle and Cardiometabolic Health; and Council 
on Peripheral Vascular Disease. Nonalcoholic fatty liver disease and cardiovascular risk: 
a scientific statement from the American Heart Association. Arteriosclerosis, thrombosis, 
and vascular biology. 2022 Jun;42(6):e168-85. 

161. Mantovani A, Petracca G, Csermely A, Beatrice G, Bonapace S, Rossi A, Tilg H, Byrne 
CD, Targher G. Non-alcoholic fatty liver disease and risk of new-onset heart failure: an 
updated meta-analysis of about 11 million individuals. Gut. 2023 Feb 1;72(2):372-80. 

162. Salah HM, Pandey A, Soloveva A, Abdelmalek MF, Diehl AM, Moylan CA, 
Wegermann K, Rao VN, Hernandez AF, Tedford RJ, Parikh KS. Relationship of 
nonalcoholic fatty liver disease and heart failure with preserved ejection fraction. Basic to 
Translational Science. 2021 Nov 1;6(11):918-32. 

163. Minhas AM, Jain V, Maqsood MH, Pandey A, Khan SS, Fudim M, Fonarow GC, Butler 
J, Khan MS. Non-alcoholic fatty liver disease, heart failure, and long-term mortality: 
Insights from the national health and nutrition examination survey. Current problems in 
cardiology. 2022 Dec 1;47(12):101333. 

164. Fudim M, Zhong L, Patel KV, Khera R, Abdelmalek MF, Diehl AM, McGarrah RW, 
Molinger J, Moylan CA, Rao VN, Wegermann K. Nonalcoholic fatty liver disease and 
risk of heart failure among medicare beneficiaries. Journal of the American Heart 
Association. 2021 Nov 16;10(22):e021654. 

165. Lee SR, Han KD, Choi EK, Oh S, Lip GY. Nonalcoholic fatty liver disease and the risk 
of atrial fibrillation stratified by body mass index: a nationwide population-based study. 
Scientific reports. 2021 Feb 12;11(1):3737. 

166. Chen ZE, Liu J, Zhou F, Li H, Zhang XJ, She ZG, Lu Z, Cai J, Li H. Nonalcoholic fatty 
liver disease: an emerging driver of cardiac arrhythmia. Circulation Research. 2021 May 
28;128(11):1747-65. 

167. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, Deal 
BJ, Dickfeld T, Field ME, Fonarow GC, Gillis AM. 2017 AHA/ACC/HRS guideline for 
management of patients with ventricular arrhythmias and the prevention of sudden 
cardiac death: a report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. 
Journal of the American College of Cardiology. 2018 Oct 2;72(14):e91-220. 

168. DiStefano JK, Gerhard GS. NAFLD in normal weight individuals. Diabetology & 
Metabolic Syndrome. 2022 Mar 24;14(1):45. 

169. Younes R, Bugianesi E. NASH in lean individuals. InSeminars in liver disease 2019 Feb 
(Vol. 39, No. 01, pp. 086-095). Thieme Medical Publishers. 



102 
 

170. Golabi P, Paik J, Fukui N, Locklear CT, de Avilla L, Younossi ZM. Patients with lean 
nonalcoholic fatty liver disease are metabolically abnormal and have a higher risk for 
mortality. Clinical diabetes. 2019 Jan 1;37(1):65-72. 

171. Kim Y, Han E, Lee JS, Lee HW, Kim BK, Kim MK, Kim HS, Park JY, Ahn SH, Lee 
BW, Kang ES. Cardiovascular risk is elevated in lean subjects with nonalcoholic fatty 
liver disease. Gut and liver. 2022 Mar 3;16(2):290. 

172. Arvind A, Henson JB, Osganian SA, Nath C, Steinhagen LM, Memel ZN, Donovan A, 
Balogun O, Chung RT, Simon TG, Corey KE. Risk of cardiovascular disease in 
individuals with nonobese nonalcoholic fatty liver disease. Hepatology Communications. 
2022 Feb;6(2):309-19. 

173. Tokushige K, Ikejima K, Ono M, Eguchi Y, Kamada Y, Itoh Y, Akuta N, Yoneda M, 
Iwasa M, Yoneda M, Otsuka M. Evidence-based clinical practice guidelines for 
nonalcoholic fatty liver disease/nonalcoholic steatohepatitis 2020. Journal of 
gastroenterology. 2021 Nov;56(11):951-63. 

174.  Badmus OO, Hinds Jr TD, Stec DE. Mechanisms linking metabolic-associated fatty 
liver disease (MAFLD) to cardiovascular disease. Current hypertension reports. 2023 
Aug;25(8):151-62. 

175.  Takahashi Y. The role of growth hormone and insulin-like growth factor-I in the liver. 
International journal of molecular sciences. 2017 Jul 5;18(7):1447.  

176. Gazzaruso C, Gola M, Karamouzis I, Giubbini R, Giustina A. Cardiovascular risk in 
adult patients with growth hormone (GH) deficiency and following substitution with 
GH—an update. The Journal of Clinical Endocrinology & Metabolism. 2014 Jan 
1;99(1):18-29. 

177. Thomas JD, Monson JP. Adult GH deficiency throughout lifetime. European Journal of 
Endocrinology. 2009 Nov;161(Supplement_1):S97-106. 

178. Ichikawa T, Hamasaki K, Ishikawa H, Ejima E, Eguchi K, Nakao K. Non-alcoholic 
steatohepatitis and hepatic steatosis in patients with adult onset growth hormone 
deficiency. Gut. 2003 Jun 1;52(6):914-. 

179. Newman CB, Carmichael JD, Kleinberg DL. Effects of low dose versus high dose 
human growth hormone on body composition and lipids in adults with GH deficiency: a 
meta-analysis of placebo-controlled randomized trials. Pituitary. 2015 Jun;18:297-305. 

180. Maison P, Griffin S, Nicoue-Beglah M, Haddad N, Balkau B, Chanson P. Impact of 
growth hormone (GH) treatment on cardiovascular risk factors in GH-deficient adults: a 
metaanalysis of blinded, randomized, placebo-controlled trials. The Journal of Clinical 
Endocrinology & Metabolism. 2004 May 1;89(5):2192-9. 

181. Nishizawa H, Iguchi G, Murawaki A, Fukuoka H, Hayashi Y, Kaji H, Yamamoto M, 
Suda K, Takahashi M, Seo Y, Yano Y. Nonalcoholic fatty liver disease in adult 
hypopituitary patients with GH deficiency and the impact of GH replacement therapy. 
European journal of endocrinology. 2012 Jul;167(1):67-74. 

182. Takahashi Y, Iida K, Takahashi K, Yoshioka S, Fukuoka H, Takeno R, Imanaka M, 
Nishizawa H, Takahashi M, Seo Y, Hayashi Y. Growth hormone reverses nonalcoholic 
steatohepatitis in a patient with adult growth hormone deficiency. Gastroenterology. 2007 
Mar 1;132(3):938-43. 



103 
 

183. Petrossians P, Daly AF, Natchev E, Maione L, Blijdorp K, Sahnoun-Fathallah M, 
Auriemma R, Diallo AM, Hulting AL, Ferone D, Hana Jr V. Acromegaly at diagnosis in 
3173 patients from the Liège Acromegaly Survey (LAS) Database. Endocrine-related 
cancer. 2017 Oct;24(10):505. 

184. Møller N, Jørgensen JO. Effects of growth hormone on glucose, lipid, and protein 
metabolism in human subjects. Endocrine reviews. 2009 Apr 1;30(2):152-77. 

185. Winhofer Y, Wolf P, Krššák M, Wolfsberger S, Tura A, Pacini G, Gessl A, Raber W, 
Kukurova IJ, Kautzky-Willer A, Knosp E. No evidence of ectopic lipid accumulation in 
the pathophysiology of the acromegalic cardiomyopathy. The Journal of Clinical 
Endocrinology & Metabolism. 2014 Nov 1;99(11):4299-306. 

186. Koutsou‐Tassopoulou A, Papapostoli‐Sklavounou I, Krawczyk M, Friesenhahn‐Ochs B, 
Weber SN, Lammert F, Stokes CS. Hepatic steatosis in patients with acromegaly. 
Endocrinology, Diabetes & Metabolism. 2019 Oct;2(4):e00090. 

187. Serri O, Li L, Mamputu JC, Beauchamp MC, Maingrette F, Renier G. The influences of 
hyperprolactinemia and obesity on cardiovascular risk markers: effects of cabergoline 
therapy. Clinical endocrinology. 2006 Apr;64(4):366-70. 

188. Zhang P, Ge Z, Wang H, Feng W, Sun X, Chu X, Jiang C, Wang Y, Zhu D, Bi Y. 
Prolactin improves hepatic steatosis via CD36 pathway. Journal of Hepatology. 2018 Jun 
1;68(6):1247-55.  

189. Santos‐Silva CM, Barbosa FR, Lima GA, Warszawski L, Fontes R, Domingues RC, 
Gadelha MR. BMI and metabolic profile in patients with prolactinoma before and after 
treatment with dopamine agonists. Obesity. 2011 Apr;19(4):800-5. 

190. Loria P, Carulli L, Bertolotti M, Lonardo A. Endocrine and liver interaction: the role of 
endocrine pathways in NASH. Nature reviews Gastroenterology & hepatology. 2009 
Apr;6(4):236-47. 

191. Mantovani A, Nascimbeni F, Lonardo A, Zoppini G, Bonora E, Mantzoros CS, Targher 
G. Association between primary hypothyroidism and nonalcoholic fatty liver disease: a 
systematic review and meta-analysis. Thyroid. 2018 Oct 1;28(10):1270-84. 

192. Guo Z, Li M, Han B, Qi X. Association of non-alcoholic fatty liver disease with thyroid 
function: A systematic review and meta-analysis. Digestive and Liver Disease. 2018 Nov 
1;50(11):1153-62.  

193. Sinha RA, Singh BK, Yen PM. Direct effects of thyroid hormones on hepatic lipid 
metabolism. Nature Reviews Endocrinology. 2018 May;14(5):259-69. 

194. Lonardo A, Mantovani A, Lugari S, Targher G. NAFLD in some common endocrine 
diseases: prevalence, pathophysiology, and principles of diagnosis and management. 
International journal of molecular sciences. 2019 Jun 11;20(11):2841. 

195. Lonardo A, Ballestri S, Mantovani A, Nascimbeni F, Lugari S, Targher G. Pathogenesis 
of hypothyroidism-induced NAFLD: Evidence for a distinct disease entity?. Digestive 
and Liver Disease. 2019 Apr 1;51(4):462-70. 

196. Wang Y, Viscarra J, Kim SJ, Sul HS. Transcriptional regulation of hepatic lipogenesis. 
Nature reviews Molecular cell biology. 2015 Nov;16(11):678-89. 

197. Bohinc BN, Michelotti G, Xie G, Pang H, Suzuki A, Guy CD, Piercy D, Kruger L, 
Swiderska-Syn M, Machado M, Pereira T. Repair-related activation of hedgehog 



104 
 

signaling in stromal cells promotes intrahepatic hypothyroidism. Endocrinology. 2014 
Nov 1;155(11):4591-601.  

198. Mintziori G, Poulakos P, Tsametis C, Goulis DG. Hypogonadism and non-alcoholic 
fatty liver disease. Minerva endocrinologica. 2016 Nov 23;42(2):145-50. 

199. Barbonetti A, Caterina Vassallo MR, Cotugno M, Felzani G, Francavilla S, Francavilla 
F. Low testosterone and non-alcoholic fatty liver disease: Evidence for their independent 
association in men with chronic spinal cord injury. The journal of spinal cord medicine. 
2016 Jul 3;39(4):443-9. 

200. Seo NK, Koo HS, Haam JH, Kim HY, Kim MJ, Park KC, Park KS, Kim YS. Prediction 
of prevalent but not incident non‐alcoholic fatty liver disease by levels of serum 
testosterone. Journal of gastroenterology and hepatology. 2015 Jul;30(7):1211-6. 

201. Traish AM, Haider A, Doros G, Saad F. Long‐term testosterone therapy in hypogonadal 
men ameliorates elements of the metabolic syndrome: an observational, long‐term 
registry study. International journal of clinical practice. 2014 Mar;68(3):314-29. 

202. Klair JS, Yang JD, Abdelmalek MF, Guy CD, Gill RM, Yates K, Unalp‐Arida A, 
Lavine JE, Clark JM, Diehl AM, Suzuki A. A longer duration of estrogen deficiency 
increases fibrosis risk among postmenopausal women with nonalcoholic fatty liver 
disease. Hepatology. 2016 Jul;64(1):85-91.  

203. Kojima SI, Watanabe N, Numata M, Ogawa T, Matsuzaki S. Increase in the prevalence 
of fatty liver in Japan over the past 12 years: analysis of clinical background. Journal of 
gastroenterology. 2003 Oct;38:954-61. 

204. Suzuki A, Abdelmalek MF. Nonalcoholic fatty liver disease in women. Women’s health. 
2009 Mar;5(2):191-203. 

205. Rotterdam ES. Revised 2003 consensus on diagnostic criteria and long-term health risks 
related to polycystic ovary syndrome. Fertil Steril. 2004;81(1):19-25.  

206. Targher G, Rossini M, Lonardo A. Evidence that non-alcoholic fatty liver disease and 
polycystic ovary syndrome are associated by necessity rather than chance: a novel hepato-
ovarian axis?. Endocrine. 2016 Feb;51:211-21. 

207. Wu J, Yao XY, Shi RX, Liu SF, Wang XY. A potential link between polycystic ovary 
syndrome and non-alcoholic fatty liver disease: an update meta-analysis. Reproductive 
Health. 2018 Dec;15:1-9. 

208. Setji TL, Holland ND, Sanders LL, Pereira KC, Diehl AM, Brown AJ. Nonalcoholic 
steatohepatitis and nonalcoholic fatty liver disease in young women with polycystic ovary 
syndrome. The Journal of Clinical Endocrinology & Metabolism. 2006 May 
1;91(5):1741-7. 

209. Kim JJ, Kim D, Yim JY, Kang JH, Han KH, Kim SM, Hwang KR, Ku SY, Suh CS, 
Kim SH, Choi YM. Polycystic ovary syndrome with hyperandrogenism as a risk factor 
for non‐obese non‐alcoholic fatty liver disease. Alimentary Pharmacology & 
Therapeutics. 2017 Jun;45(11):1403-12. 

210. Frøssing S, Nylander M, Chabanova E, Frystyk J, Holst JJ, Kistorp C, Skouby SO, 
Faber J. Effect of liraglutide on ectopic fat in polycystic ovary syndrome: a randomized 
clinical trial. Diabetes, Obesity and Metabolism. 2018 Jan;20(1):215-8. 

211. Kumagai E, Adachi H, Jacobs Jr DR, Hirai Y, Enomoto M, Fukami A, Otsuka M, 
Kumagae SI, Nanjo Y, Yoshikawa K, Esaki E. Plasma aldosterone levels and 



105 
 

development of insulin resistance: prospective study in a general population. 
Hypertension. 2011 Dec;58(6):1043-8. 

212. Cooper SA, Whaley-Connell A, Habibi J, Wei Y, Lastra G, Manrique C, Stas S, Sowers 
JR. Renin-angiotensin-aldosterone system and oxidative stress in cardiovascular insulin 
resistance. American Journal of Physiology-Heart and Circulatory Physiology. 2007 
Oct;293(4):H2009-23. 

213. Chen J, Muntner P, Hamm LL, Fonseca V, Batuman V, Whelton PK, He J. Insulin 
resistance and risk of chronic kidney disease in nondiabetic US adults. Journal of the 
American Society of Nephrology. 2003 Feb 1;14(2):469-77. 

214. Rockall AG, Sohaib SA, Evans D, Kaltsas G, Isidori AM, Monson JP, Besser GM, 
Grossman AB, Reznek RH. Hepatic steatosis in Cushing’s syndrome: a radiological 
assessment using computed tomography. European journal of endocrinology. 2003 
Dec;149(6):543-8. 

215. Zhou J, Zhang M, Bai X, Cui S, Pang C, Lu L, Pang H, Guo X, Wang Y, Xing B. 
Demographic Characteristics, Etiology, and Comorbidities of Patients with Cushing’s 
Syndrome: A 10‐Year Retrospective Study at a Large General Hospital in China. 
International journal of endocrinology. 2019;2019(1):7159696. 

216. Ahmed A, Rabbitt E, Brady T, Brown C, Guest P, Bujalska IJ, Doig C, Newsome PN, 
Hubscher S, Elias E, Adams DH. A switch in hepatic cortisol metabolism across the 
spectrum of non alcoholic fatty liver disease. PloS one. 2012 Feb 20;7(2):e29531. 

217. Von-Hafe M, Borges-Canha M, Vale C, Leite AR, Sérgio Neves J, Carvalho D, Leite-
Moreira A. Nonalcoholic fatty liver disease and endocrine axes—a scoping review. 
Metabolites. 2022 Mar 29;12(4):298.0141. 

218. Geng Y, Faber KN, de Meijer VE, Blokzijl H, Moshage H. How does hepatic lipid 
accumulation lead to lipotoxicity in non-alcoholic fatty liver disease?. Hepatology 
international. 2021 Feb;15:21-35. 

219. Kang HH, Kim IK, in Lee H, Joo H, Lim JU, Lee J, Lee SH, Moon HS. Chronic 
intermittent hypoxia induces liver fibrosis in mice with diet-induced obesity via 
TLR4/MyD88/MAPK/NF-kB signaling pathways. Biochemical and biophysical research 
communications. 2017 Aug 19;490(2):349-55. 

220. Parikh MP, Gupta NM, McCullough AJ. Obstructive sleep apnea and the liver. Clinics 
in Liver Disease. 2019 May 1;23(2):363-82. 

221. Tang H, Lv F, Zhang P, Liu J, Mao J. The impact of obstructive sleep apnea on 
nonalcoholic fatty liver disease. Frontiers in Endocrinology. 2023 Oct 2;14:1254459. 

222. Wang X, de Carvalho Ribeiro M, Iracheta‐Vellve A, Lowe P, Ambade A, 
Satishchandran A, Bukong T, Catalano D, Kodys K, Szabo G. Macrophage‐specific 
hypoxia‐inducible factor‐1α contributes to impaired autophagic flux in nonalcoholic 
steatohepatitis. Hepatology. 2019 Feb;69(2):545-63. 

223. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep apnea: a 
population health perspective. American journal of respiratory and critical care 
medicine. 2002 May 1;165(9):1217-39. 

224. Wong VW, Ekstedt M, Wong GL, Hagström H. Changing epidemiology, global trends 
and implications for outcomes of NAFLD. Journal of hepatology. 2023 May 9. 



106 
 

225. Karlsen TH, Sheron N, Zelber-Sagi S, Carrieri P, Dusheiko G, Bugianesi E, Pryke R, 
Hutchinson SJ, Sangro B, Martin NK, Cecchini M. The EASL–Lancet Liver 
Commission: protecting the next generation of Europeans against liver disease 
complications and premature mortality. The Lancet. 2022 Jan 1;399(10319):61-116. 

226. Chen TK, Knicely DH, Grams ME. Chronic kidney disease diagnosis and management: 
a review. Jama. 2019 Oct 1;322(13):1294-304. 

227. Liang Y, Chen H, Liu Y, Hou X, Wei L, Bao Y, Yang C, Zong G, Wu J, Jia W. 
Association of MAFLD with diabetes, chronic kidney disease, and cardiovascular 
disease: a 4.6-year cohort study in China. The Journal of Clinical Endocrinology & 
Metabolism. 2022 Jan 1;107(1):88-97. 

228. Jung CY, Koh HB, Park KH, Joo YS, Kim HW, Ahn SH, Park JT, Kim SU. Metabolic 
dysfunction-associated fatty liver disease and risk of incident chronic kidney disease: A 
nationwide cohort study. Diabetes & Metabolism. 2022 Jul 1;48(4):101344. 

229. Wei S, Song J, Xie Y, Huang J, Yang J. Metabolic dysfunction-associated fatty liver 
disease can significantly increase the risk of chronic kidney disease in adults with type 2 
diabetes. Diabetes research and clinical practice. 2023 Mar 1;197:110563. 

230. Kwon SY, Park J, Park SH, Lee YB, Kim G, Hur KY, Koh J, Jee JH, Kim JH, Kang M, 
Jin SM. MAFLD and NAFLD in the prediction of incident chronic kidney disease. 
Scientific Reports. 2023 Jan 31;13(1):1796. 

231. Tanaka M, Mori K, Takahashi S, Higashiura Y, Ohnishi H, Hanawa N, Furuhashi M. 
Metabolic dysfunction–associated fatty liver disease predicts new onset of chronic 
kidney disease better than fatty liver or nonalcoholic fatty liver disease. Nephrology 
Dialysis Transplantation. 2023 Mar;38(3):700-11. 

232. Chen S, Pang J, Huang R, Xue H, Chen X. Association of MAFLD with end-stage 
kidney disease: a prospective study of 337,783 UK Biobank participants. Hepatology 
international. 2023 Jun;17(3):595-605. 

233. Zuo G, Xuan L, Xin Z, Xu Y, Lu J, Chen Y, Dai M, Zhang D, Wang W, Li M, Bi Y. 
New nonalcoholic fatty liver disease and fibrosis progression associate with the risk of 
incident chronic kidney disease. The Journal of Clinical Endocrinology & Metabolism. 
2021 Oct 1;106(10):e3957-68. 

234. Miyamori D, Tanaka M, Sato T, Endo K, Mori K, Mikami T, Hosaka I, Hanawa N, 
Ohnishi H, Furuhashi M. Coexistence of Metabolic Dysfunction‐Associated Fatty Liver 
Disease and Chronic Kidney Disease Is a More Potent Risk Factor for Ischemic Heart 
Disease. Journal of the American Heart Association. 2023 Jul 18;12(14):e030269. 

235. Hydes TJ, Kennedy OJ, Buchanan R, Cuthbertson DJ, Parkes J, Fraser SD, Roderick P. 
The impact of non-alcoholic fatty liver disease and liver fibrosis on adverse clinical 
outcomes and mortality in patients with chronic kidney disease: a prospective cohort 
study using the UK Biobank. BMC medicine. 2023 May 18;21(1):185. 

236. Noels H, Lehrke M, Vanholder R, Jankowski J. Lipoproteins and fatty acids in chronic 
kidney disease: molecular and metabolic alterations. Nature Reviews Nephrology. 2021 
Aug;17(8):528-42. 

237. Martin-Taboada M, Vila-Bedmar R, Medina-Gómez G. From obesity to chronic kidney 
disease: how can adipose tissue affect renal function?. Nephron. 2021 Nov 
11;145(6):609-13. 



107 
 

238. Arabi T, Shafqat A, Sabbah BN, Fawzy NA, Shah H, Abdulkader H, Razak A, Sabbah 
AN, Arabi Z. Obesity-related kidney disease: Beyond hypertension and insulin-resistance. 
Frontiers in Endocrinology. 2023 Jan 16;13:1095211. 

239. Ma Y, Shi M, Wang Y, Liu J. PPARγ and its agonists in chronic kidney disease. 
International Journal of Nephrology. 2020;2020(1):2917474. 

240. Krukowski H, Valkenburg S, Madella AM, Garssen J, van Bergenhenegouwen J, 
Overbeek SA, Huys GR, Raes J, Glorieux G. Gut microbiome studies in CKD: 
opportunities, pitfalls and therapeutic potential. Nature Reviews Nephrology. 2023 
Feb;19(2):87-101. 

241. Bilson J, Sethi JK, Byrne CD. Non-alcoholic fatty liver disease: a multi-system disease 
influenced by ageing and sex, and affected by adipose tissue and intestinal function. 
Proceedings of the Nutrition Society. 2022 May;81(2):146-61. 

242. Beker BM, Colombo I, Gonzalez-Torres H, Musso CG. Decreasing microbiota-derived 
uremic toxins to improve CKD outcomes. Clinical Kidney Journal. 2022 
Dec;15(12):2214-9. 

243. Wang TY, Wang RF, Bu ZY, Targher G, Byrne CD, Sun DQ, Zheng MH. Association 
of metabolic dysfunction-associated fatty liver disease with kidney disease. Nature 
Reviews Nephrology. 2022 Apr;18(4):259-68. 

244. Borisov AN, Kutz A, Christ ER, Heim MH, Ebrahimi F. Canagliflozin and metabolic 
associated fatty liver disease in patients with diabetes mellitus: new insights from 
CANVAS. The Journal of Clinical Endocrinology & Metabolism. 2023 
Nov;108(11):2940-9. 

245. Zhao Y, Xu L, Tian D, Xia P, Zheng H, Wang L, Chen L. Effects of sodium‐glucose co‐
transporter 2 (SGLT2) inhibitors on serum uric acid level: a meta‐analysis of randomized 
controlled trials. Diabetes, Obesity and Metabolism. 2018 Feb;20(2):458-62. 

246. Scheen AJ, Esser N, Paquot N. Antidiabetic agents: potential anti-inflammatory activity 
beyond glucose control. Diabetes & metabolism. 2015 Jun 1;41(3):183-94. 

247. Vallon V, Gerasimova M, Rose MA, Masuda T, Satriano J, Mayoux E, Koepsell H, 
Thomson SC, Rieg T. SGLT2 inhibitor empagliflozin reduces renal growth and 
albuminuria in proportion to hyperglycemia and prevents glomerular hyperfiltration in 
diabetic Akita mice. American Journal of Physiology-Renal Physiology. 2014 Jan 
15;306(2):F194-204. 

248. Francque SM, Bedossa P, Ratziu V, Anstee QM, Bugianesi E, Sanyal AJ, Loomba R, 
Harrison SA, Balabanska R, Mateva L, Lanthier N. A randomized, controlled trial of the 
pan-PPAR agonist lanifibranor in NASH. New England Journal of Medicine. 2021 Oct 
21;385(17):1547-58. 

249. EASL E. EASO. European Association for the Study of the Liver (EASL)-European 
Association for the Study of Diabetes (EASD)-European Association for the Study of 
Obesity (EASO): clinical practice guidelines for the management of non-alcoholic fatty 
liver disease. Diabetologia. 2016;59:1121-40. 

250. Targher G, Mantovani A, Byrne CD. Mechanisms and possible hepatoprotective effects 
of glucagon-like peptide-1 receptor agonists and other incretin receptor agonists in non-
alcoholic fatty liver disease. The lancet Gastroenterology & hepatology. 2023 Feb 
1;8(2):179-91. 



108 
 

251. Mantovani A, Byrne CD, Targher G. Efficacy of peroxisome proliferator-activated 
receptor agonists, glucagon-like peptide-1 receptor agonists, or sodium-glucose 
cotransporter-2 inhibitors for treatment of non-alcoholic fatty liver disease: a systematic 
review. The lancet Gastroenterology & hepatology. 2022 Apr 1;7(4):367-78. 

252. Mima A, Nomura A, Fujii T. Current findings on the efficacy of incretin-based drugs for 
diabetic kidney disease: a narrative review. Biomedicine & Pharmacotherapy. 2023 Sep 
1;165:115032. 

253. Georgescu EF. Angiotensin receptor blockers in the treatment of NASH/NAFLD: could 
they be a first-class option?. Advances in therapy. 2008 Nov;25:1141-74. 

254. Bakris GL, Agarwal R, Anker SD, Pitt B, Ruilope LM, Rossing P, Kolkhof P, Nowack 
C, Schloemer P, Joseph A, Filippatos G. Effect of finerenone on chronic kidney disease 
outcomes in type 2 diabetes. New England journal of medicine. 2020 Dec 
3;383(23):2219-29. 

255. Perakakis N, Bornstein SR, Birkenfeld AL, Linkermann A, Demir M, Anker SD, 
Filippatos G, Pitt B, Rossing P, Ruilope LM, Kolkhof P. Efficacy of finerenone in patients 
with type 2 diabetes, chronic kidney disease and altered markers of liver steatosis and 
fibrosis: A FIDELITY subgroup analysis. Diabetes, Obesity and Metabolism. 2024 
Jan;26(1):191-200. 

256. Alam S, Mustafa G, Alam M, Ahmad N. Insulin resistance in development and 
progression of nonalcoholic fatty liver disease. World journal of gastrointestinal 
pathophysiology. 2016 May 5;7(2):211. 

257.Ahmed OT, Allen AM. Extrahepatic malignancies in nonalcoholic fatty liver disease. 
Current hepatology reports. 2019 Dec;18:455-72. 

258.Chakraborty D, Wang J. Nonalcoholic fatty liver disease and colorectal cancer: 
Correlation and missing links. Life sciences. 2020 Dec 1;262:118507. 

259.Goodwin PJ, Stambolic V. Impact of the obesity epidemic on cancer. Annual review of 
medicine. 2015 Jan 14;66(1):281-96.  

260.Hwang ST, Cho YK, Park JH, Kim HJ, Park DI, Sohn CI, Jeon WK, Kim BI, Won KH, 
Jin W. Relationship of non‐alcoholic fatty liver disease to colorectal adenomatous polyps. 
Journal of gastroenterology and hepatology. 2010 Mar;25(3):562-7. 

261.Kim GA, Lee HC, Choe J, Kim MJ, Lee MJ, Chang HS, Bae IY, Kim HK, An J, Shim 
JH, Kim KM. Association between non-alcoholic fatty liver disease and cancer incidence 
rate. Journal of hepatology. 2018 Jan 1;68(1):140-6. 

262.Hamaguchi M, Hashimoto Y, Obora A, Kojima T, Fukui M. Non-alcoholic fatty liver 
disease with obesity as an independent predictor for incident gastric and colorectal 
cancer: a population-based longitudinal study. BMJ open gastroenterology. 2019 May 
1;6(1):e000295.  

263.Lee T, Yun KE, Chang Y, Ryu S, Park DI, Choi K, Jung YS. Risk of colorectal neoplasia 
according to fatty liver severity and presence of gall bladder polyps. Digestive diseases 
and sciences. 2016 Jan;61:317-24. 

264.Min YW, Yun HS, Chang WI, Kim JY, Kim YH, Son HJ, Kim JJ, Rhee JC, Chang DK. 
Influence of non-alcoholic fatty liver disease on the prognosis in patients with colorectal 
cancer. Clinics and research in hepatology and gastroenterology. 2012 Feb 1;36(1):78-83. 



109 
 

265.Allen AM, Hicks SB, Mara KC, Larson JJ, Therneau TM. The risk of incident 
extrahepatic cancers is higher in non-alcoholic fatty liver disease than obesity–a 
longitudinal cohort study. Journal of hepatology. 2019 Dec 1;71(6):1229-36. 

266.Zhang Y, Zhou BG, Zhan JD, Du BB. Association between metabolic dysfunction-
associated steatotic liver disease and risk of incident pancreatic cancer: a systematic 
review and meta-analysis of cohort studies. Frontiers in Oncology. 2024 Mar 
19;14:1366195. 

267. Lee YS, Lee HS, Chang SW, Lee CU, Kim JS, Jung YK, Kim JH, Seo YS, Yim HJ, 
Lee CH, Woo SU. Underlying nonalcoholic fatty liver disease is a significant factor for 
breast cancer recurrence after curative surgery. Medicine. 2019 Sep 1;98(39):e17277. 

268. Sui Y, Liu Q, Xu C, Ganesan K, Ye Z, Li Y, Wu J, Du B, Gao F, Song C, Chen J. 
Non-alcoholic fatty liver disease promotes breast cancer progression through upregulated 
hepatic fibroblast growth factor 21. Cell Death & Disease. 2024 Jan 18;15(1):67.  

269. Zhao S, Wang Y, Wu W, Yang S, Feng L, Tao F, Ge W, Shen M, Xu W. 
Nonalcoholic fatty liver disease and risk of prostatic diseases: Roles of insulin resistance. 
Andrologia. 2021 Jul;53(6):e14060. 

270. Chang Y, Ryu S, Kim Y, Cho YK, Sung E, Kim HN, Ahn J, Jung HS, Yun KE, Kim S, 
Sung KC. Low levels of alcohol consumption, obesity, and development of fatty liver 
with and without evidence of advanced fibrosis. Hepatology. 2020 Mar 1;71(3):861-73. 

 271. Loomba R, Yang HI, Su J, Brenner D, Barrett-Connor E, Iloeje U, Chen CJ. Synergism 
between obesity and alcohol in increasing the risk of hepatocellular carcinoma: a 
prospective cohort study. American journal of epidemiology. 2013 Feb 15;177(4):333-42. 

272. Ma J, Hennein R, Liu C, Long MT, Hoffmann U, Jacques PF, Lichtenstein AH, Hu FB, 
Levy D. Improved diet quality associates with reduction in liver fat, particularly in 
individuals with high genetic risk scores for nonalcoholic fatty liver disease. 
Gastroenterology. 2018 Jul 1;155(1):107-17. 

273. Grieco A, Forgione A, Miele L, Vero V, Greco AV, Gasbarrini A, Gasbarrini G. Fatty 
liver and drugs. European review for medical and pharmacological sciences. 2005 Sep 
1;9(5):261. 

274. Farrell GC. Drugs and steatohepatitis. InSeminars in liver disease 2002 (Vol. 22, No. 02, 
pp. 185-194). 

 275. Özkan A, Stolley D, Cressman EN, McMillin M, DeMorrow S, Yankeelov TE, 
Rylander MN. The influence of chronic liver diseases on hepatic vasculature: A liver-on-
a-chip review. Micromachines. 2020 May 9;11(5):487. 

276. Allard J, Le Guillou D, Begriche K, Fromenty B. Drug-induced liver injury in obesity 
and nonalcoholic fatty liver disease. Advances in Pharmacology. 2019 Jan 1;85:75-107. 

277. Massart J, Begriche K, Moreau C, Fromenty B. Role of nonalcoholic fatty liver disease 
as risk factor for drug-induced hepatotoxicity. Journal of clinical and translational 
research. 2017 Feb 2;3(1):212. 

278. Lee J, Homma T, Kurahashi T, Kang ES, Fujii J. Oxidative stress triggers lipid droplet 
accumulation in primary cultured hepatocytes by activating fatty acid synthesis. 
Biochemical and biophysical research communications. 2015 Aug 14;464(1):229-35. 

279. Marino JS, Stechschulte LA, Stec DE, Nestor-Kalinoski A, Coleman S, Hinds TD Jr. 
Glucocorticoid receptor β induces hepatic steatosis by augmenting inflammation and 



110 
 

inhibition of the peroxisome proliferator-activated receptor(PPAR) α. J Biol Chem 
2016;291(50):25776–25788.  

280. Grieco A, Vecchio FM, Natale L, Gasbarrini G. Acute fatty liver after malaria 
prophylaxis with mefloquine. The Lancet. 1999 Jan 23;353(9149):295-6. 

281. Bruno S, Maisonneuve P, Castellana P, Rotmensz N, Rossi S, Maggioni M, Persico M, 
Colombo A, Monasterolo F, Casadei-Giunchi D, Desiderio F. Incidence and risk factors 
for non-alcoholic steatohepatitis: prospective study of 5408 women enrolled in Italian 
tamoxifen chemoprevention trial. Bmj. 2005 Apr 21;330(7497):932. 

282. Rabinowich L, Shibolet O. Drug induced steatohepatitis: an uncommon culprit of a 
common disease. BioMed research international. 2015;2015(1):168905. 

283. Miele L, Liguori A, Marrone G, Biolato M, Araneo C, Vaccaro FG, Gasbarrini A, 
Grieco A. Fatty liver and drugs: the two sides of the same coin. European Review for 
Medical & Pharmacological Sciences. 2017 Mar 2;21. 

284. Ninčević V, Omanović Kolarić T, Roguljić H, Kizivat T, Smolić M, Bilić Ćurčić I. 
Renal benefits of SGLT 2 inhibitors and GLP-1 receptor agonists: evidence supporting a 
paradigm shift in the medical management of type 2 diabetes. International journal of 
molecular sciences. 2019 Nov 20;20(23):5831. 

285. Long MT, Noureddin M, Lim JK. AGA clinical practice update: diagnosis and 
management of nonalcoholic fatty liver disease in lean individuals: expert review. 
Gastroenterology. 2022 Sep 1;163(3):764-74. 

286. Lu FB, Zheng KI, Rios RS, Targher G, Byrne CD, Zheng MH. Global epidemiology of 
lean non‐alcoholic fatty liver disease: a systematic review and meta‐analysis. Journal of 
gastroenterology and hepatology. 2020 Dec;35(12):2041-50. 

287. Younossi ZM, Stepanova M, Negro F, Hallaji S, Younossi Y, Lam B, Srishord M. 
Nonalcoholic fatty liver disease in lean individuals in the United States. Medicine. 2012 
Nov 1;91(6):319-27. 

288. Vilarinho S, Ajmera V, Zheng M, Loomba R. Emerging role of genomic analysis in 
clinical evaluation of lean individuals with NAFLD. Hepatology. 2021 Oct 1;74(4):2241-
50. 

Panel CP, Berzigotti A, Tsochatzis E, Boursier J, Castera L, Cazzagon N, Friedrich-Rust 289. 
M, Petta S, Thiele M, European Association for the Study of the Liver. EASL Clinical 
Practice Guidelines on non-invasive tests for evaluation of liver disease severity and 
prognosis–2021 update. Journal of hepatology. 2021 Sep 1;75(3):659-89. 

290. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, Mullen KD, 
Cooper JN, Sheridan MJ. The utility of radiological imaging in nonalcoholic fatty liver 
disease. Gastroenterology. 2002 Sep 1;123(3):745-50. 

291. Petzold G, Lasser J, Rühl J, Bremer SC, Knoop RF, Ellenrieder V, Kunsch S, Neesse A. 
Diagnostic accuracy of B-Mode ultrasound and Hepatorenal Index for graduation of 
hepatic steatosis in patients with chronic liver disease. PLoS One. 2020 May 
1;15(5):e0231044. 

292. Petroff D, Blank V, Newsome PN, Voican CS, Thiele M, de Lédinghen V, Baumeler S, 
Chan WK, Perlemuter G, Cardoso AC, Aggarwal S. Assessment of hepatic steatosis by 
controlled attenuation parameter using the M and XL probes: an individual patient data 
meta-analysis. The Lancet Gastroenterology & Hepatology. 2021 Mar 1;6(3):185-98. 



111 
 

293. Shi KQ, Tang JZ, Zhu XL, Ying L, Li DW, Gao J, Fang YX, Li GL, Song YJ, Deng ZJ, 
Wu JM. Controlled attenuation parameter for the detection of steatosis severity in chronic 
liver disease: a meta‐analysis of diagnostic accuracy. Journal of gastroenterology and 
hepatology. 2014 Jun;29(6):1149-58.  

294. Unalp‐Arida A, Ruhl CE. Liver fibrosis scores predict liver disease mortality in the 
United States population. Hepatology. 2017 Jul;66(1):84-95. 

295. Vali Y, Lee J, Boursier J, Petta S, Wonders K, Tiniakos D, Bedossa P, Geier A, 
Francque S, Allison M, Papatheodoridis G. Biomarkers for staging fibrosis and non-
alcoholic steatohepatitis in non-alcoholic fatty liver disease (the LITMUS project): a 
comparative diagnostic accuracy study. The Lancet Gastroenterology & Hepatology. 2023 
Aug 1;8(8):714-25.  

296. World Health Organization. Guidelines for the prevention, diagnosis, care and treatment 
for people with chronic hepatitis B infection. World Health Organization; 2024 Mar 28.  

297. Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, Sun Y, Xuan SY. 
Performance of the aspartate aminotransferase‐to‐platelet ratio index for the staging of 
hepatitis C‐related fibrosis: an updated meta‐analysis. Hepatology. 2011 
Mar;53(3):726-36. 

Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, Lok 298. 
AS. A simple noninvasive index can predict both significant fibrosis and cirrhosis in 
patients with chronic hepatitis C. Hepatology. 2003 Aug 1;38(2):518-26. 

299. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, Enders F, Saksena 
S, Burt AD, Bida JP, Lindor K. The NAFLD fibrosis score: a noninvasive system that 
identifies liver fibrosis in patients with NAFLD. Hepatology. 2007 Apr;45(4):846-54. 

300. Treeprasertsuk S, Björnsson E, Enders F, Suwanwalaikorn S, Lindor KD. NAFLD 
fibrosis score: a prognostic predictor for mortality and liver complications among NAFLD 
patients. World journal of gastroenterology: WJG. 2013 Feb 2;19(8):1219. 

301. Miele L, De Michele T, Marrone G, Isgrò MA, Basile U, Cefalo C, Biolato M, Vecchio 
FM, Rapaccini GL, Gasbarrini A, Zuppi C. Enhanced liver fibrosis test as a reliable tool 
for assessing fibrosis in nonalcoholic fatty liver disease in a clinical setting. The 
International journal of biological markers. 2017 Oct;32(4):397-402. 

302. Glen J, Floros L, Day C, Pryke R. Non-alcoholic fatty liver disease (NAFLD): summary 
of NICE guidance. Bmj. 2016 Sep 7;354. 

303. Vali Y, Lee J, Boursier J, Spijker R, Löffler J, Verheij J, Brosnan MJ, Böcskei Z, Anstee 
QM, Bossuyt PM, Zafarmand MH. Enhanced liver fibrosis test for the non-invasive 
diagnosis of fibrosis in patients with NAFLD: a systematic review and meta-analysis. 
Journal of hepatology. 2020 Aug 1;73(2):252-62. 

304. Mózes FE, Lee JA, Selvaraj EA, Jayaswal AN, Trauner M, Boursier J, Fournier C, 
Staufer K, Stauber RE, Bugianesi E, Younes R. Diagnostic accuracy of non-invasive tests 
for advanced fibrosis in patients with NAFLD: an individual patient data meta-analysis. 
Gut. 2022 May 1;71(5):1006-19. 

305. Siddiqui MS, Vuppalanchi R, Van Natta ML, Hallinan E, Kowdley KV, Abdelmalek M, 
Neuschwander-Tetri BA, Loomba R, Dasarathy S, Brandman D, Doo E. Vibration-
controlled transient elastography to assess fibrosis and steatosis in patients with 



112 
 

nonalcoholic fatty liver disease. Clinical Gastroenterology and Hepatology. 2019 Jan 
1;17(1):156-63. 

306. Hsu C, Caussy C, Imajo K, Chen J, Singh S, Kaulback K, Le MD, Hooker J, Tu X, 
Bettencourt R, Yin M. Magnetic resonance vs transient elastography analysis of patients 
with nonalcoholic fatty liver disease: a systematic review and pooled analysis of individual 
participants. Clinical Gastroenterology and Hepatology. 2019 Mar 1;17(4):630-7. 

307. Gidener T, Ahmed OT, Larson JJ, Mara KC, Therneau TM, Venkatesh SK, Ehman RL, 
Yin M, Allen AM. Liver stiffness by magnetic resonance elastography predicts future 
cirrhosis, decompensation, and death in NAFLD. Clinical gastroenterology and 
hepatology. 2021 Sep 1;19(9):1915-24. 

308. Ajmera V, Kim BK, Yang K, Majzoub AM, Nayfeh T, Tamaki N, Izumi N, Nakajima 
A, Idilman R, Gumussoy M, Oz DK. Liver stiffness on magnetic resonance elastography 
and the MEFIB index and liver-related outcomes in nonalcoholic fatty liver disease: a 
systematic review and meta-analysis of individual participants. Gastroenterology. 2022 
Oct 1;163(4):1079-89.  

309. Hobeika C, Ronot M, Guiu B, Ferraioli G, Iijima H, Tada T, Lee DH, Kuroda H, Lee 
YH, Lee JM, Kim SY. Ultrasound-based steatosis grading system using 2D-attenuation 
imaging: an individual patient data meta-analysis with external validation. Hepatology. 
2024 Apr 23:10-97. 

310. Kang SH, Lee HW, Yoo JJ, Cho Y, Kim SU, Lee TH, Jang BK, Kim SG, Ahn SB, Kim 
H, Jun DW. KASL clinical practice guidelines: management of nonalcoholic fatty liver 
disease. Clinical and molecular hepatology. 2021 Jul;27(3):363. 

311. Fernandez T, Vinuela M, Vidal C, Barrera F. Lifestyle changes in patients with non-
alcoholic fatty liver disease: A systematic review and meta-analysis. PloS one. 2022 
Feb 17;17(2):e0263931. 

312. Koutoukidis DA, Koshiaris C, Henry JA, Noreik M, Morris E, Manoharan I, Tudor K, 
Bodenham E, Dunnigan A, Jebb SA, Aveyard P. The effect of the magnitude of weight 
loss on non-alcoholic fatty liver disease: a systematic review and meta-analysis. 
Metabolism. 2021 Feb 1;115:154455. 

313. Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-
Oramas B, Gonzalez-Fabian L, Friedman SL, Diago M, Romero-Gomez M. Weight 
loss through lifestyle modification significantly reduces features of nonalcoholic 
steatohepatitis. Gastroenterology. 2015 Aug 1;149(2):367-78. 

314. Yasutake K, Nakamuta M, Shima Y, Ohyama A, Masuda K, Haruta N, Fujino T, Aoyagi 
Y, Fukuizumi K, Yoshimoto T, Takemoto R. Nutritional investigation of non-obese 
patients with non-alcoholic fatty liver disease: the significance of dietary cholesterol. 
Scandinavian journal of gastroenterology. 2009 Jan 1;44(4):471-7. 

315. Meng G, Zhang B, Yu F, Li C, Zhang Q, Liu L, Wu H, Xia Y, Bao X, Shi H, Su Q. Soft 
drinks consumption is associated with nonalcoholic fatty liver disease independent of 
metabolic syndrome in Chinese population. European journal of nutrition. 2018 
Sep;57:2113-21. 

316. Vilar‐Gomez E, Nephew LD, Vuppalanchi R, Gawrieh S, Mladenovic A, Pike F, Samala 
N, Chalasani N. High‐quality diet, physical activity, and college education are 



113 
 

associated with low risk of NAFLD among the US population. Hepatology. 2022 
Jun;75(6):1491-506. 

317. Abdelmalek MF, Suzuki A, Guy C, Unalp‐Arida A, Colvin R, Johnson RJ, Diehl AM, 
Nonalcoholic Steatohepatitis Clinical Research Network. Increased fructose 
consumption is associated with fibrosis severity in patients with nonalcoholic fatty liver 
disease. Hepatology. 2010 Jun;51(6):1961-71. 

318. Ishimoto T, Lanaspa MA, Rivard CJ, Roncal‐Jimenez CA, Orlicky DJ, Cicerchi C, 
McMahan RH, Abdelmalek MF, Rosen HR, Jackman MR, MacLean PS. High‐fat and 
high‐sucrose (western) diet induces steatohepatitis that is dependent on fructokinase. 
Hepatology. 2013 Nov;58(5):1632-43. 

319. Hansen CD, Gram-Kampmann EM, Hansen JK, Hugger MB, Madsen BS, Jensen JM, 
Olesen S, Torp N, Rasmussen DN, Kjærgaard M, Johansen S. Effect of calorie-
unrestricted low-carbohydrate, high-fat diet versus high-carbohydrate, low-fat diet on 
type 2 diabetes and nonalcoholic fatty liver disease: a randomized controlled trial. 
Annals of Internal Medicine. 2023 Jan;176(1):10-21. 

320. Kawaguchi T, Charlton M, Kawaguchi A, Yamamura S, Nakano D, Tsutsumi T, Zafer 
M, Torimura T. Effects of Mediterranean diet in patients with nonalcoholic fatty liver 
disease: a systematic review, meta-analysis, and meta-regression analysis of 
randomized controlled trials. InSeminars in Liver Disease 2021 Aug (Vol. 41, No. 03, 
pp. 225-234). Thieme Medical Publishers, Inc. 

321. Meir AY, Rinott E, Tsaban G, Zelicha H, Kaplan A, Rosen P, Shelef I, Youngster I, 
Shalev A, Blüher M, Ceglarek U. Effect of green-Mediterranean diet on intrahepatic fat: 
the DIRECT PLUS 113andomized controlled trial. Gut. 2021 Nov 1;70(11):2085-95. 

322. Chen YP, Lu FB, Hu YB, Xu LM, Zheng MH, Hu ED. A systematic review and a dose–
response meta-analysis of coffee dose and nonalcoholic fatty liver disease. Clinical 
Nutrition. 2019 Dec 1;38(6):2552-7. 

323. Bhurwal A, Rattan P, Yoshitake S, Pioppo L, Reja D, Dellatore P, Rustgi V. Inverse 
Association of Coffee with Liver Cancer Development: An Updated Systematic Review 
and Meta-analysis. Journal of Gastrointestinal & Liver Diseases. 2020 Sep 1;29(3). 

324. Kim D, Vazquez‐Montesino LM, Li AA, Cholankeril G, Ahmed A. Inadequate physical 
activity and sedentary behavior are independent predictors of nonalcoholic fatty liver 
disease. Hepatology. 2020 Nov;72(5):1556-68. 

325. Baker CJ, Martinez‐Huenchullan SF, D’Souza M, Xu Y, Li M, Bi Y, Johnson NA, 
Twigg SM. Effect of exercise on hepatic steatosis: are benefits seen without dietary 
intervention? A systematic review and meta‐analysis. Journal of Diabetes. 2021 
Jan;13(1):63-77. 

326. Hatziagelaki E, Paschou SA, Schön M, Psaltopoulou T, Roden M. NAFLD and thyroid 
function: pathophysiological and therapeutic considerations. Trends in Endocrinology 
& Metabolism. 2022 Nov 1;33(11):755-68. 

327. Ritter MJ, Amano I, Hollenberg AN. Thyroid hormone signaling and the liver. 
Hepatology. 2020 Aug;72(2):742-52. 

328. Alonso-Merino E, Martin Orozco R, Ruíz-Llorente L, Martínez-Iglesias OA, Velasco-
Martín JP, Montero-Pedrazuela A, Fanjul-Rodríguez L, Contreras-Jurado C, Regadera 
J, Aranda A. Thyroid hormones inhibit TGF-β signaling and attenuate fibrotic 



114 
 

responses. Proceedings of the National Academy of Sciences. 2016 Jun 
14;113(24):E3451-60. 

329. Kelly MJ, Pietranico-Cole S, Larigan JD, Haynes NE, Reynolds CH, Scott N, 
Vermeulen J, Dvorozniak M, Conde-Knape K, Huang KS, So SS. Discovery of 2-[3, 5-
dichloro-4-(5-isopropyl-6-oxo-1, 6-dihydropyridazin-3-yloxy) phenyl]-3, 5-dioxo-2, 3, 
4, 5-tetrahydro [1, 2, 4] triazine-6-carbonitrile (MGL-3196), a highly selective thyroid 
hormone receptor β agonist in clinical trials for the treatment of dyslipidemia. 

330. Harrison SA, Bedossa P, Guy CD, Schattenberg JM, Loomba R, Taub R, Labriola D, 
Moussa SE, Neff GW, Rinella ME, Anstee QM. A phase 3, randomized, controlled trial 
of resmetirom in NASH with liver fibrosis. New England Journal of Medicine. 2024 
Feb 8;390(6):497-509. 

331. Harrison SA, Taub R, Neff GW, Lucas KJ, Labriola D, Moussa SE, Alkhouri N, Bashir 
MR. Resmetirom for nonalcoholic fatty liver disease: a randomized, double-blind, 
placebo-controlled phase 3 trial. Nature medicine. 2023 Nov;29(11):2919-28. 

332. Vilar‐Gomez E, Vuppalanchi R, Gawrieh S, Ghabril M, Saxena R, Cummings OW, 
Chalasani N. Vitamin E improves transplant‐free survival and hepatic decompensation 
among patients with nonalcoholic steatohepatitis and advanced fibrosis. Hepatology. 
2020 Feb;71(2):495-509. 

333. Bril F, Biernacki DM, Kalavalapalli S, Lomonaco R, Subbarayan SK, Lai J, Tio F, 
Suman A, Orsak BK, Hecht J, Cusi K. Role of vitamin E for nonalcoholic 
steatohepatitis in patients with type 2 diabetes: a randomized controlled trial. Diabetes 
care. 2019 Aug 1;42(8):1481-8. 

334. Gaziano JM, Sesso HD, Christen WG, Bubes V, Smith JP, MacFadyen J, Schvartz M, 
Manson JE, Glynn RJ, Buring JE. Multivitamins in the prevention of cancer in men: the 
Physicians’ Health Study II randomized controlled trial. Jama. 2012 Nov 
14;308(18):1871-80. 

335. Neuhouser ML, Barnett MJ, Kristal AR, Ambrosone CB, King IB, Thornquist M, 
Goodman GG. Dietary supplement use and prostate cancer risk in the Carotene and 
Retinol Efficacy Trial. Cancer epidemiology, biomarkers & prevention. 2009 Aug 
1;18(8):2202-6. 

336. Gastaldelli A, Cusi K. From NASH to diabetes and from diabetes to NASH: 
mechanisms and treatment options. JHEP reports. 2019 Oct 1;1(4):312-28. 

337. Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, Balas B, Gastaldelli A, 
Tio F, Pulcini J, Berria R. A placebo-controlled trial of pioglitazone in subjects with 
nonalcoholic steatohepatitis. New England Journal of Medicine. 2006 Nov 
30;355(22):2297-307. 

338. Majzoub AM, Nayfeh T, Barnard A, Munaganuru N, Dave S, Singh S, Murad MH, 
Loomba R. Systematic review with network meta‐analysis: comparative efficacy of 
pharmacologic therapies for fibrosis improvement and resolution of NASH. Alimentary 
pharmacology & therapeutics. 2021 Oct;54(7):880-9. 

339. Tang H, Shi W, Fu S, Wang T, Zhai S, Song Y, Han J. Pioglitazone and bladder cancer 
risk: a systematic review and meta‐analysis. Cancer medicine. 2018 Apr;7(4):1070-80. 

340. Viscoli CM, Inzucchi SE, Young LH, Insogna KL, Conwit R, Furie KL, Gorman M, 
Kelly MA, Lovejoy AM, Kernan WN, IRIS Trial Investigators. Pioglitazone and risk 



115 
 

for bone fracture: safety data from a randomized clinical trial. The Journal of Clinical 
Endocrinology & Metabolism. 2017 Mar 1;102(3):914-22. 

341. Francque SM, Bedossa P, Ratziu V, Anstee QM, Bugianesi E, Sanyal AJ, Loomba R, 
Harrison SA, Balabanska R, Mateva L, Lanthier N. A randomized, controlled trial of 
the pan-PPAR agonist lanifibranor in NASH. New England Journal of Medicine. 2021 
Oct 21;385(17):1547-58. 

342. Gawrieh S, Noureddin M, Loo N, Mohseni R, Awasty V, Cusi K, Kowdley KV, Lai M, 
Schiff E, Parmar D, Patel P. Saroglitazar, a PPAR‐α/γ agonist, for treatment of NAFLD: 
a randomized controlled double‐blind phase 2 trial. Hepatology. 2021 Oct;74(4):1809-
24. 

343. Newsome PN, Ambery P. Incretins (GLP1 r agonists and dual, triple agonists) and the 
liver. Journal of Hepatology. 2023 Aug 9. 

344. Drucker DJ. GLP-1 physiology informs the pharmacotherapy of obesity. Molecular 
metabolism. 2022 Mar 1;57:101351. 

345. Nogueiras R, Nauck MA, Tschöp MH. Gut hormone co-agonists for the treatment of 
obesity: from bench to bedside. Nature Metabolism. 2023 Jun;5(6):933-44. 

346. Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, Hazlehurst JM, Guo K, 
Abouda G, Aldersley MA, Stocken D. Liraglutide safety and efficacy in patients with 
non-alcoholic steatohepatitis (LEAN): a multicentre, double-blind, 115andomized, 
placebo-controlled phase 2 study. The Lancet. 2016 Feb 13;387(10019):679-90. 

347. Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu V, Sanyal AJ, 
Sejling AS, Harrison SA. A placebo-controlled trial of subcutaneous semaglutide in 
nonalcoholic steatohepatitis. New England Journal of Medicine. 2021 Mar 
25;384(12):1113-24. 

348. Loomba R, Hartman ML, Lawitz EJ, Vuppalanchi R, Boursier J, Bugianesi E, Yoneda 
M, Behling C, Cummings OW, Tang Y, Brouwers B. Tirzepatide for Metabolic 
Dysfunction–Associated Steatohepatitis with Liver Fibrosis. New England Journal of 
Medicine. 2024 Jun 8. 

349. Tahrani AA, Barnett AH, Bailey CJ. SGLT inhibitors in management of diabetes. The 
lancet Diabetes & endocrinology. 2013 Oct 1;1(2):140-51. 

350. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M, Devins 
T, Johansen OE, Woerle HJ, Broedl UC. Empagliflozin, cardiovascular outcomes, and 
mortality in type 2 diabetes. New england journal of medicine. 2015 Nov 
26;373(22):2117-28. 

351. Eriksson JW, Lundkvist P, Jansson PA, Johansson L, Kvarnström M, Moris L, Miliotis 
T, Forsberg GB, Risérus U, Lind L, Oscarsson J. Effects of dapagliflozin and n-3 
carboxylic acids on non-alcoholic fatty liver disease in people with type 2 diabetes: a 
double-blind randomised placebo-controlled study. Diabetologia. 2018 Sep;61:1923-34. 

352. Cusi K, Bril F, Barb D, Polidori D, Sha S, Ghosh A, Farrell K, Sunny NE, Kalavalapalli 
S, Pettus J, Ciaraldi TP. Effect of canagliflozin treatment on hepatic triglyceride content 
and glucose metabolism in patients with type 2 diabetes. Diabetes, Obesity and 
Metabolism. 2019 Apr;21(4):812-21. 

353. Vilar‐Gomez E, Vuppalanchi R, Desai AP, Gawrieh S, Ghabril M, Saxena R, Cummings 
OW, Chalasani N. Long‐term metformin use may improve clinical outcomes in diabetic 



116 
 

patients with non‐alcoholic steatohepatitis and bridging fibrosis or compensated 
cirrhosis. Alimentary Pharmacology & Therapeutics. 2019 Aug;50(3):317-28. 

354. Fujiwara N, Friedman SL, Goossens N, Hoshida Y. Risk factors and prevention of 
hepatocellular carcinoma in the era of precision medicine. Journal of hepatology. 2018 
Mar 1;68(3):526-49. 

355. Zhang X, Harmsen WS, Mettler TA, Kim WR, Roberts RO, Therneau TM, Roberts LR, 
Chaiteerakij R. Continuation of metformin use after a diagnosis of cirrhosis 
significantly improves survival of patients with diabetes. Hepatology. 2014 
Dec;60(6):2008-16. 

356. Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen R, Angulo P, Lymp 
JF, Burgart L, Colin P. Ursodeoxycholic acid for treatment of nonalcoholic 
steatohepatitis: results of a randomized trial. Hepatology. 2004 Mar;39(3):770-8. 

357. Leuschner UF, Lindenthal B, Herrmann G, Arnold JC, Rössle M, Cordes HJ, Zeuzem S, 
Hein J, Berg T, NASH Study Group. High‐dose ursodeoxycholic acid therapy for 
nonalcoholic steatohepatitis: a double‐blind, randomized, placebo‐controlled trial. 
Hepatology. 2010 Aug;52(2):472-9. 

358. Adorini L, Pruzanski M, Shapiro D. Farnesoid X receptor targeting to treat nonalcoholic 
steatohepatitis. Drug discovery today. 2012 Sep 1;17(17-18):988-97. 

359. Sanyal AJ, Ratziu V, Loomba R, Anstee QM, Kowdley KV, Rinella ME, Sheikh MY, 
Trotter JF, Knapple W, Lawitz EJ, Abdelmalek MF. Results from a new efficacy and 
safety analysis of the REGENERATE trial of obeticholic acid for treatment of pre-
cirrhotic fibrosis due to non-alcoholic steatohepatitis. Journal of hepatology. 2023 Nov 
1;79(5):1110-20. 

360. Lai JC, Tandon P, Bernal W, Tapper EB, Ekong U, Dasarathy S, Carey EJ. Malnutrition, 
frailty, and sarcopenia in patients with cirrhosis: 2021 practice guidance by the 
American Association for the Study of Liver Diseases. Hepatology. 2021 
Sep;74(3):1611-44. 

361. Montano‐Loza AJ, Angulo P, Meza‐Junco J, Prado CM, Sawyer MB, Beaumont C, 
Esfandiari N, Ma M, Baracos VE. Sarcopenic obesity and myosteatosis are associated 
with higher mortality in patients with cirrhosis. Journal of cachexia, sarcopenia and 
muscle. 2016 May;7(2):126-35. 

362. Meena BL, Taneja S, Tandon P, Sahni N, Soundararajan R, Gorsi U, De A, Verma N, 
Premkumar M, Duseja A, Dhiman RK. Home‐based intensive nutrition therapy 
improves frailty and sarcopenia in patients with decompensated cirrhosis: A 
randomized clinical trial. Journal of Gastroenterology and Hepatology. 2023 
Feb;38(2):210-8. 

363. Tsai PC, Kuo HT, Hung CH, Tseng KC, Lai HC, Peng CY, Wang JH, Chen JJ, Lee PL, 
Chien RN, Yang CC. Metformin reduces hepatocellular carcinoma incidence after 
successful antiviral therapy in patients with diabetes and chronic hepatitis C in Taiwan. 
Journal of hepatology. 2023 Feb 1;78(2):281-92. 

364. Zhang X, Wong GL, Yip TC, Tse YK, Liang LY, Hui VW, Lin H, Li GL, Lai JC, Chan 
HL, Wong VW. Angiotensin‐converting enzyme inhibitors prevent liver‐related events 
in nonalcoholic fatty liver disease. Hepatology. 2022 Aug;76(2):469-82. 



117 
 

365. Yip TC, Chan RN, Wong VW, Tse YK, Liang LY, Hui VW, Zhang X, Li GL, Chan HL, 
Wong GL. Association of metformin use on metabolic acidosis in diabetic patients with 
chronic hepatitis B‐related cirrhosis and renal impairment. Health Science Reports. 
2021 Sep;4(3):e352. 

366. Hsiang JC, Wong VW. SGLT2 inhibitors in liver patients. Clinical Gastroenterology and 
Hepatology. 2020 Sep 1;18(10):2168-72. 

367. Loomba R, Abdelmalek MF, Armstrong MJ, Jara M, Kjær MS, Krarup N, Lawitz E, 
Ratziu V, Sanyal AJ, Schattenberg JM, Newsome PN. Semaglutide 2· 4 mg once 
weekly in patients with non-alcoholic steatohepatitis-related cirrhosis: a 117andomized, 
placebo-controlled phase 2 trial. The Lancet Gastroenterology & Hepatology. 2023 Jun 
1;8(6):511-22. 

368. Harrison SA, Loomba R, Dubourg J, Ratziu V, Noureddin M. Clinical trial landscape in 
NASH. Clinical Gastroenterology and Hepatology. 2023 Jul 1;21(8):2001-14. 

369. Sanyal AJ, Friedman SL, McCullough AJ, Dimick‐Santos L. Challenges and 
opportunities in drug and biomarker development for nonalcoholic steatohepatitis: 
findings and recommendations from an American Association for the Study of Liver 
Diseases–US Food and Drug Administration Joint Workshop. Hepatology. 2015 
Apr;61(4):1392-405. 

370. Harrison SA, Bedossa P, Guy CD, Schattenberg JM, Loomba R, Taub R, Labriola D, 
Moussa SE, Neff GW, Rinella ME, Anstee QM. A phase 3, randomized, controlled trial 
of resmetirom in NASH with liver fibrosis. New England Journal of Medicine. 2024 
Feb 8;390(6):497-509. 

371. FDA U, US Food and Drug Administration. FDA approves first treatment for patients 
with liver scarring due to fatty liver disease. 

372. Francque S, Ratziu V. Future treatment options and regimens for nonalcoholic fatty liver 
disease. Clinics in Liver Disease. 2023 May 1;27(2):429-49. 

373. Younossi ZM, Ratziu V, Loomba R, Rinella M, Anstee QM, Goodman Z, Bedossa P, 
Geier A, Beckebaum S, Newsome PN, Sheridan D. Obeticholic acid for the treatment of 
non-alcoholic steatohepatitis: interim analysis from a multicentre, randomised, placebo-
controlled phase 3 trial. The Lancet. 2019 Dec 14;394(10215):2184-96. 

 


