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Abstract
The metabolic syndrome as a consequence of the obesity pandemic resulted in a 
substantial increase in the prevalence of metabolic-associated fatty live disease 
(MAFLD) and type 2 diabetes mellitus (T2DM). Because of the similarity in 
pathobiology shared between T2DM and MAFLD, both disorders coexist in many 
patients and may potentiate the disease-related outcomes with rapid progression 
and increased complications of the individual diseases. In fact, awareness about 
this coexistence and the risk of complications are often overlooked by both 
hepatologists and diabetologists. Management of these individual disorders in a 
patient should be addressed wholistically using an appropriate multidisciplinary 
team approach involving both the specialists and, when necessary, liaising with 
dieticians and surgeons. This comprehensive review is to compile the current 
evidence from a diabetologist's perspective on MAFLD and T2DM and to suggest 
optimal management strategies.
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Core Tip: The prevalence of metabolic-associated fatty live disease (MAFLD) and type 2 diabetes mellitus 
(T2DM) has increased exponentially as a consequence of the obesity pandemic across the globe. The 
pathobiology of T2DM and MAFLD are similar because both these disorders occur as a consequence of 
metabolic syndrome, and often coexist in many patients potentiating adverse outcomes and progression of 
individual diseases. However, the awareness about this coexistence is still inadequate even among hepato-
logists and diabetologists. A multidisciplinary team approach involving both the specialists is crucial in 
the optimal and wholistic management of both the disorders which is the theme of this comprehensive 
review.
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INTRODUCTION
The global prevalence of obesity is increasing daily because of adverse lifestyles such as overcon-
sumption of a high-energy diet and lack of adequate physical activity. This is associated with various 
metabolic disorders, particularly metabolic-associated fatty liver disease (MAFLD) and type 2 diabetes 
mellitus (T2DM). MAFLD, previously termed as nonalcoholic fatty liver disease (NAFLD), is now 
identified as the most common cause of chronic liver disease in the world, affecting more than 30% of 
the global population[1].

Due to the similarity in pathogenesis, MAFLD is often associated with other lifestyle-related 
disorders such as hypertension, dyslipidemia, and most importantly T2DM, which significantly 
increases cardiovascular disease (CVD). MAFLD has also been found to be associated with excess risk of 
extrahepatic cancers, gallstones, gastro-oesophageal reflux disease, hypothyroidism, urolithiasis, 
chronic kidney disease (CKD), depression and worse maternal and foetal outcomes during pregnancy
[2]. MAFLD is also associated with a substantial increase in cardiovascular morbidity and mortality, 
with a 3.5 times higher risk of heart failure and 1.93 times excess risk of all-cause CVD mortality as per 
recent study data in patients with T2DM[3].

In fact, the new definition for disease (MAFLD) was proposed in 2020 by replacing the old 
terminology NAFLD to reflect its highly remarkable link to metabolic syndrome (MetS) and the 
consequences such as T2DM[4]. While NAFLD was originally defined based on the imaging and/or 
histological evidence of steatosis in the absence of significant alcohol consumption and the exclusion of 
hepatitis from other etiologies, MAFLD diagnosis requires only the presence of metabolic dysfunction in 
persons with steatosis, and does not need excluding other etiologies of hepatitis. When MAFLD/ 
NAFLD only involves liver steatosis without significant damage to the hepatocytes, nonalcoholic steato-
hepatitis (NASH) involves inflammation of liver cells with varying degrees of hepatocyte destruction, 
which may lead on the cirrhosis and end stage liver failure[5].

The prevalence of MAFLD in patients with T2DM varies widely in the published literature, with a 
recent study reporting a rate of 68% among those with obesity and T2DM[4]. The global epidemiologic 
data suggests that the pooled prevalence of T2DM in those with MAFLD is 22.5%, with 43.6% of those 
with advanced disease (NASH)[5]. Therefore, management strategies for each disease entity should 
definitely address the coexistence of MAFLD and T2DM, for optimal disease outcomes. In this evidence-
based review, we update the management of MAFLD with due consideration of the interlink between 
MAFLD and diabetes to enable physicians to approach patients having better diagnostic and 
therapeutic perspectives.

To compile the best and most up-to-date evidence, we performed a PubMed search using the MeSH 
terms/key words: “metabolic-associated fatty liver disease/MAFLD”, “nonalcoholic fatty liver 
disease/NAFLD”, “type 2 diabetes mellitus/T2DM/T2D”, “diabetes/diabetology/ diabetologist”, 
“obesity” “nonalcoholic steatohepatitis/NASH”, “metabolic syndrome/ MetS”, “fatty liver”, 
“steatosis”, “pathophysiology”, “lifestyle intervention”, “exercise”, “diet”, “pharmacotherapy”, 
“bariatric/metabolic surgery”, “pregnancy”, “children”, and “elderly/ old age”. The last date of search 
was 25th November 2022 and we used a Boolean search strategy using terms ‘AND’ or ‘OR’ where 
necessary to limit the search output. We limited the use of published literature in English language 
preferably from the most recent clinical guidelines, systematic reviews, randomised controlled trials, 
and high-quality review articles to procure the best available evidence on the topic of discussion while 
writing this narrative review paper.

https://www.wjgnet.com/1007-9327/full/v29/i1/126.htm
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MAFLD AND DIABETES: THE PATHOBIOLOGICAL INTERLINK
MetS, which encompasses central adiposity, insulin resistance, hypertension and atherogenic dyslip-
idemia, is the common consequence of obesity. MAFLD is considered as the hepatic manifestation of 
MetS, and has a bidirectional and solid relationship with other comorbidities[6]. T2DM, the 
predominant sequel of MetS, is therefore commonly associated with MAFLD and vice versa because of 
the similarity in pathogenesis. Various genetic predisposing factors, insulin resistance (IR), proath-
erogenic dyslipidemia [low levels of high-density lipoprotein cholesterol (HDL-C) as well as elevated 
concentrations of very low-density lipoproteins, triglycerides, and apolipoprotein B100], and alterations 
in gut microbiota resulting in intestinal dysbiosis are implicated in the development MAFLD[7].

IR, the key factor in the development of both disorders, grossly alters the hepatic glucose and lipid 
metabolism[7-9]. Fasting hyperglycemia as a consequence of IR and postprandial hyperglycemia from 
the inability of the liver to store glucose as glycogen are both implicated in the development of hepatic 
steatosis. IR also increases the de novo lipogenesis and triglyceride production in the liver as a result of 
carbohydrate-rich diet in experimental models[10]. Increased liver fat, in turn, reduces hepatic insulin 
clearance, insulin sensitivity and augments total body insulin resistance[11]. These factors aggravate the 
risk of T2DM, and in those with pre-existing T2DM, a worsening of the disease. Advanced stages of 
MAFLD such as NASH and cirrhosis can increase the risk of development and worsening of T2DM[5,
12-14]. Therefore, without addressing both the disease states, we cannot manage patients with MAFLD 
and T2DM. Figure 1 demonstrates the pathobiological interlink between T2DM and MAFLD.

DIAGNOSTIC EVALUATION FOR MAFLD IN THE PRESENCE OF METS AND DIABETES 
By definition, MAFLD is associated with the accumulation of fat in > 5% of hepatocytes on histological 
evaluation or using imaging evidence of > 5.6% of liver fat on magnetic resonance spectroscopy[12-14]. 
Various professional bodies such as the American Association for the Study of Liver Diseases (AASLD)
[13], European Association for the Study of the Liver (EASL)[12], the American Association of Clinical 
Endocrinology (AACE)[14], and the American Diabetes Association (ADA)[15], recommend screening 
for MAFLD in patients with diabetes. While the EASL guideline recommends screening patients using 
liver function tests (LFT) and/or ultrasound scan in all cases with obesity/MetS/T2DM, the AASLD 
suggests screening only those with a high index of suspicion for MAFLD or NASH because of the 
uncertainties about the diagnosis, treatment, and the natural history of the disease. The AASLD also 
recommends non-invasive screening strategies like NAFLD fibrosis score, fibrosis-4 (FIB-4) score, or 
transient elastography (TE) for the evaluation of risk of liver fibrosis.

Based on grade B, intermediate/high strength of evidence, the latest guideline by AACE in 2022 
recommends that more rigorous screening strategy should be considered for patients with T2DM using 
FIB-4 score, even if they have normal LFTs[14]. This guideline also advises that clinicians should 
consider screening for MAFLD and advanced fibrosis in those with obesity and/or features of MetS, 
prediabetes, and those with liver steatosis on imaging study and/or high liver transaminase levels > 6 
mo as they have "high risk" for advanced fibrosis. Those with intermediate to high FIB-4 scores are 
considered "high risk" and should be recommended a liver stiffness measurement by TE or enhanced 
lifer fibrosis (ELF) test[14].

The most validated and cost-effective screening test to assess the risk of fibrosis, to identify advanced 
disease and liver-related outcomes in MAFLD is the vibration controlled transient elastography[14]. The 
most accurate imaging technique, magnetic resonance elastography, should be reserved for selected 
cases because of the cost implications. Alternative tests such as shear wave elastography and steatosis, 
activity and fibrosis (SAF) score and NAFLD activity scoring (NAS) system are also useful for screening 
and risk stratification. The AACE guidelines (2022) also suggests considering screening for patients with 
type 1 diabetes mellitus (T1DM), using FIB-4 to exclude MAFLD with clinically significant fibrosis 
(stages F2-F4) in presence of obesity, features of MetS, deranged LFTs with transaminase levels (> 30 
U/L), or liver steatosis on imaging studies.

Because of the close association of MAFLD with diabetes and the risk of worsening of either condition 
among the sufferers, all patients with one of these disease entities should be evaluated for the other 
disease and regularly monitored using clinical and biochemical markers for each condition. Patients 
with either T2DM or T1DM and cardiometabolic risk factors and/or elevated transaminases (> 30 U/L) 
should be further risk stratified using the FIB-4 scoring, TE, and/or ELF test to exclude advanced liver 
disease related to MAFLD[14]. Those with persistently elevated liver transaminases and/or the presence 
of steatosis upon imaging evaluation and categorized as intermediate or high risk based on 
biochemistry and/or imaging should be referred to a hepatologist for further assessment. Liver biopsy 
is now considered only rarely in the diagnostic evaluation of MAFLD because of the invasiveness of the 
test, the high risk of complications, and the availability of high quality non-invasive diagnostic 
strategies in recent years for all categories of patients[14,16-18]. Sequential testing for MAFLD using 
blood test and non-invasive testing does reduce the number of liver biopsies required for the 
confirmation. In the data from the STELLAR studies, sequential testing alone had a reasonable 



Jeeyavudeen MS et al. Management of MAFLD: Diabetology perspective

WJG https://www.wjgnet.com 129 January 7, 2023 Volume 29 Issue 1

Figure 1 Pathobiological link between metabolic-associated fatty live disease and type 2 diabetes mellitus. Metabolic-associated fatty live 
disease (MAFLD) may increase the risk for hyperglycemia and dyslipidemia and cause β-cell dysfunction leading to insulin resistance and type 2 diabetes which in 
turn may aggravate MAFLD progression to nonalcoholic steatohepatitis and fibrosis. IR: Insulin resistance; MAFLD: Metabolic-associated fatty live disease; TG: 
Triglycerides.

specificity and sensitivity with area under the curve between 0.75 to 0.80 to discriminate advanced 
fibrosis in MAFLD patients[19]. Our recommendations are in line with AACE/AASLD 2022 guidelines 
where liver biopsy is required only for intermediate to high-risk fibrosis patients or NASH diagnosis or 
exclude other coexisting diseases[14]. Bariatric surgery provides an opportunity to perform liver biopsy 
and can be potentially utilised, if the diagnosis of MAFLD is uncertain (with the other non-invasive 
tests) prior to the procedure, while being performed for the management of obesity.

MANAGEMENT APPROACH TO MAFLD
Lifestyle interventions
Being a metabolic disorder having significant pathogenic association with adverse lifestyles, including 
dietary energy imbalance and sedentary behaviors, main strategies in the management of MAFLD 
should be tailored around lifestyle interventions and behavioral adaptations. However, the likelihood of 
success with these measures is often modest because of lack of adherence and therefore, physicians are 
often forced to opt for pharmacotherapeutic interventions. Considering the lack of availability of many 
approved therapeutic agents for the treatment of MAFLD, and the well-proven additional benefits such 
as improvement of prediabetes/diabetes, cardiometabolic risks, and the improvement physical and 
emotional quality of life, the importance of lifestyle interventions cannot be underscored.

The most recent AACE guidelines (2022) reinforces the importance of lifestyle interventions as part of 
the standard care for patients with MAFLD and obesity, MetS, diabetes/prediabetes, hypertension, 
dyslipidemia, and CVD[14]. Lifestyle intervention-related weight loss of 3%-5% has shown to improve 
steatosis[13], with a reversal of hepatic IR[20]. The resolution of NASH in a proportion of cases with 
improved liver inflammation has been observed with 7%-10% weight reduction[21]. Further, fibrosis 
regression has been observed in those losing > 10% body weight by lifestyle changes[21,22]. However, 
approximately 70% of these clinical trials only achieved the target weight loss of 5% from lack of 
compliance and poor adherence to these weight management strategies.

Dietary interventions
Various nutritional interventions targeting a weight loss ≥ 5% has shown to be effective in the 
management of MAFLD[14,23,24]. Aim of all forms of nutritional interventions for MAFLD is to reduce 
the proportion of macronutrient content of the diet to achieve total energy deficit by restricting intake of 
simple carbohydrates, saturated fat, and added sugars, along with adoption of healthier eating options 
like a Mediterranean diet. Recent research data also suggests that intermittent fasting and time-
restricted eating behavior are associated with improvement of MAFLD[25,26].

Nutritional intervention with energy restricted anti-inflammatory diets are also associated with 
reduction of inflammation along with better MAFLD outcomes in a recent randomized controlled trial
[27]. The trial also showed significant improvements in body weight (-7.1%), visceral adiposity (-22.3%), 
metabolic parameters [homeostatic model assessment of IR (HOMA-IR): 15.5%; cholesterol: -5.3%; low-
density lipoprotein cholesterol (LDL-C): -4.6%; and triglycerides: -12.2%], and various biomarkers of 
inflammation. Strict nutritional interventions for MAFLD have also been found to be associated with 
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improvements of CVD risk (blood pressure and QRISK2), metabolic health [fasting glucose, glycated 
hemoglobin (HbA1c), and insulin levels], body composition and quality of life along with improved 
liver-related outcomes[18,28]. However, the long-term effects and the sustainability of these nutritional 
interventions are still not clear in the absence of sufficiently long-term follow-up scientific research data. 
Although various dietary regimens are available starting from low carbohydrate/very low 
carbohydrate diet, ketogenic diet and Mediterranean diet, the ultimate goal for all these dietary 
regimens is to aim for calorie deficiency due to restriction of macronutrient (sugar and saturated fat). Of 
all the dietary regimens, the evidence base is strongest for the low glycaemic index Mediterranean diet 
which has shown to reduce the NAFLD score (median score: -4.14, 95%CI; -6.78, -1.49) when compared 
to the regular diet within six months duration[29]. Mediterranean diet also has cardiovascular 
protection property. Due to multiple health benefits with the Mediterranean diet, several professional 
societies recommend it as the preferred first line approach for MAFLD patients[12,14].

Exercise interventions
Physical activity is associated with improved muscle metabolism, resulting in energy dissipation and 
negative energy balance, especially with a calorie-restricted dietary intake. Exercise interventions have 
been demonstrated to significantly improve the liver transaminases regardless of the age, although 
more profound benefits have been observed in younger adults[30]. Along with improvements in 
MAFLD, various exercise programs have also been associated with improvements in metabolic 
parameters such as plasma levels of glucose, insulin, HbA1c, LDL-C, triglycerides, and HOMA-IR[31,
32].

Apart from improvements in metabolic parameters, exercise interventions are also expected to 
improve all-cause morbidity and mortality associated with MAFLD. Both aerobic exercise and resistance 
training exercise result in reduction in the intrahepatic triglycerides (IHTG) content. In a randomised 
control trial from Thailand, a 12-wk regimen of moderate intensity aerobic exercise resulted in similar 
reduction of intrahepatic fat and improvement of insulin resistance in MAFLD patients when compared 
with resistance exercise and dietary modification[33]. A metanalysis involving six studies with 94 
participants suggest that having a structured regimen results in greater reduction of IHTG and body 
weight[34]. Hence regular aerobic physical activity for 150-300 min/week of moderate-intensity or 75-
150 min/week of vigorous-intensity coupled with some resistance training, aiming for a weight loss of > 
5% in patients with MAFLD, can improve other comorbidities such as hypertension, diabetes, 
obstructive sleep apnea, dyslipidemia, CVD and possibly mortality[14,18,35]. Exercise interventions 
should ideally be coupled with nutritional changes to achieve hypocaloric energy balance to improve all 
these benefits. However, a recent Cochrane review concluded that there is considerable uncertainty in 
the evidence for benefits achieved by such interventions as the trials were of short follow-up duration of 
2-24 mo[36]. Patients should be followed up for at least eight years to arrive at meaningful conclusions 
from these trials. Finally maintaining compliance in any chronic disorder is always challenging, 
different models like health behavioural model and protectional motivation theory have been proposed 
to improve the compliance, but all the models highlight the importance of explaining the effectiveness 
of the lifestyle changes to the patient and emphasising the importance of maintaining the target 
achieved for prevention of progression of MAFLD[37].

PHARMACOTHERAPY FOR MAFLD
Although multiple clinical trials on the pharmacotherapy for MAFLD have been completed to date, 
there are no drugs approved by the United States Food and Drug Administration (FDA) for the 
management of the disease. Most of the therapeutic agents used currently in clinical practice are based 
on low-moderate certainty of evidence or expert recommendations though we can expect some very 
promising molecules soon. Figure 2 shows the major sites of action of the drugs currently used in the 
management of MAFLD.

Insulin sensitizers 
Pioglitazone: Pioglitazone belongs to the thiazolidinedione group of antidiabetic drugs, and acts as a 
peroxisome proliferator-activated receptor gamma agonist which modulates the insulin sensitivity in 
liver, muscles, and adipose tissues, having a marked improvement of IR[38]. Based on grade A and high 
strength evidence, pioglitazone is currently recommended for treatment of MAFLD when there is 
evidence of NASH (raised transaminases and/or suggestive non-invasive tests) in presence of T2DM[14,
18,39]. Significant improvement in NASH without worsening of fibrosis was seen with the use of 
pioglitazone dose of 45 mg daily (relative risk: 2.64, 95%CI: 1.36; 5.12). An HbA1c reduction ranging 
from 1%-1.6% has been observed with neutral cardiovascular (CV) safety profile in patients with T2DM 
treated with pioglitazone though the use of the molecule is now less common owing to the availability 
of newer antidiabetic medications with better CV benefits[40]. Weight gain potential, probable risks of 
worsening heart failure and diabetic maculopathy from fluid retention and elevated fracture risk are the 
hindrances for widespread use of pioglitazone in clinical practice. The association between pioglitazone 
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Figure 2 Major sites of action of drugs currently used in the treatment of metabolic-associated fatty live disease. Various medications 
targeting comorbidities that coexist with metabolic-associated fatty live disease are used to treat symptomatic patients. The asterisk indicates adipocyte action is not 
shown. GLP-1RA: Glucagon-like insulinotropic peptide-1 receptor agonist; SGLT-2: Sodium glucose cotransporter-2.

and bladder cancer is controversial. FDA has issued safety warning and advise against the use of 
pioglitazone in patients with active bladder cancer and to exercise caution when used in patient with 
previous history of bladder cancer[41]. In a meta-analysis of 26 studies, the hazard ratio for developing 
bladder cancer in patient with type 2 diabetes with pioglitazone exposure was 1.07 (95%CI: 0.96-1.18) 
and was not statistically significant with the number needed to treat for one patient to develop bladder 
cancer was 899 to 6380 individuals[42]. Hence detailed history about the bladder symptoms if present, 
warrants further investigation before the start of the medication.

Metformin: Historically, metformin has been the drug of first choice in managing patients with T2DM 
over the past few decades and continues to be the first-line agent even today. By reducing hepatic 
gluconeogenesis and increasing skeletal muscle uptake of glucose, metformin improves insulin 
sensitivity and ameliorates IR. Metformin therapy in patients with MAFLD has been associated with 
therapeutic benefits such as alanine transaminase (ALT) and aspartate transaminase (AST) reductions of 
-2.84 (95%CI: -11.09 to 5.28) and -2.39 (95%CI: -7.55, 2.49), respectively, along with improvements in 
other biological indicators like lipid abnormalities and body mass index (BMI)[43]. In patients with 
T2DM and MAFLD, metformin therapy and lifestyle intervention were associated with a mean weight 
loss of 4.3%-7.9%, leading to improvements in hepatic IR and glycemic control[44], though the drug had 
no efficacy in improving NASH histology[7,45]. Due to the lack of evidence for benefits, the AACE 
guidelines (2022) do not recommend metformin therapy for patients with NASH though the treatment 
for diabetes with the drug may be continued in patients with MAFLD and NASH. In the absence of 
sufficient clinical data on the use of the drug in T1DM and MAFLD, metformin therapy may not be 
recommended in such patients though the drug may be continued in those already using it.

Incretin mimetics 
Incretins are gastrointestinal (GI) mucosal hormones secreted in response to the presence of nutrient 
stimuli in the GI lumen. Glucagon-like insulinotropic peptide-1 (GLP-1) and glucose-dependent 
insulinotropic polypeptide (GIP) are the two gut hormones in this class, and both these molecules 
possess profound multisystemic effects on human energy balance, insulin pharmacokinetic and 
dynamic equilibrium, and metabolic homeostasis. Pharmacological manipulation of incretin physiology 
has been an area of immense global scientific research input over the past three decades that revolu-
tionized not only diabetes therapeutics but also the knowledge regarding mechanisms of origin and 
evolution of a variety of metabolic and multiorgan disorders affecting human health[46,47].

The endogenously secreted GLP-1 is rapidly degraded by the gastrointestinal luminal protease 
enzyme dipeptidyl peptidase-4 (DPP-4) with the termination of its biological effects soon after secretion
[48], with a very short elimination half-life of ≈2 min[49]. To augment the biological effects (incretin 
effects), and thereby improve the actions of incretin hormones, several drug molecules (incretin 
mimetics) belonging to GLP-1 receptor agonist (GLP-1RA) and DPP-4 inhibitor classes were 
subsequently developed in the early part of twenty-first century making a major paradigm shift in the 
management of T2DM. By augmenting the endogenous insulin production and modulating satiety, 
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these molecules alter the pathobiology of T2DM with weight loss potential (GLP-1RAs) or weight 
neutrality (DPP-4 inhibitors) making them favorite drug choices to diabetologists. Cardiovascular 
morbidity and mortality benefits of some of the GLP-1RAs make them more attractive choices than 
other antidiabetic molecules, especially because of the CVD risks associated with diabetes.

GLP-1RAs: There are several molecules of this class currently available in the market, and newer drug 
molecules are under development. Exenatide, Liraglutide, Lixisenatide, Dulaglutide, Semaglutide, and 
Albiglutide are the widely available molecules in the GLP-1RA class. The new recent agent added to this 
group is Tirzepatide which also possesses GIP agonist property in addition to much higher weight loss 
potential and improvement of HbA1c in individuals with T2DM[50]. The mean HbA1c reduction 
achieved with different GLP-1RAs ranges from 0.66%-2.3%[50,51], while the mean weight loss attained 
varies from 2.0-11.4 kg (with Tirzepatide having maximum effect)[51,52].

Along with significant improvements in body weight and glycemic control, treatment with GLP-
1RAs is also associated with improvement of cardiometabolic parameters like reduction of blood 
pressure, positive changes in adverse lipid profile (reduction of LDL-C and triglyceride and increase in 
HDL-C) and reduction of proteinuria, making this antidiabetic medication class a very desirable option 
for physicians[53]. Many of these benefits are also highly useful in managing patients with MAFLD, 
especially with diabetes.

Weight loss and the improvements in diabetes control and lipid abnormalities associated with GLP-
1RA therapy may be the reasons for improvement of MAFLD. Based on grade A, high strength of 
evidence, the 2022 AACE guidelines recommends GLP-1RA therapy for patients with T2DM and 
biopsy-proven NASH, encouraging clinicians to consider the drug when there is high suspicion of 
NASH (high transaminases and positive non-invasive tests) and to offer these molecules for 
cardiometabolic benefits in presence of T2DM and MAFLD[14]. Judicious use of GLP-1RAs, in 
particular the long acting, once weekly molecules such as Dulaglutide and Semaglutide, are expected to 
improve the composite outcomes such as the activity scores, transaminases and progression of disease. 
A recent meta-analysis showed improvements in AST [weight mean difference (WMD) = -3.29 IU/L, 
95%CI: -5.98, -0.61 IU/L, P = 0.02) , ALT (WMD = -9.92 IU/L, 95%CI: -19.89, 0.05 IU/L, P = 0.05), and 
GGT (WMD = -12.38 IU/L, 95%CI: -15.69, -9.07 IU/L, P < 0.00001) and reduction in FIB-4 score (WMD = 
-0.15, 95%CI: -0.29, 0.00, P = 0.05) when compared to placebo favoring use of GLP-1RAs for treatment of 
MAFLD[54]. Even though there is not enough data on the benefit of Tirzepatide in managing MAFLD, 
the drug must be associated with more profound effects considering remarkable improvements in 
cardiometabolic parameters, BMI, and diabetes control with this agent. Although GLP-1RA therapy is 
associated with improvements in body weight, total insulin requirements and cardiometabolic 
parameters in patients with T1DM[55], which might potentially benefit coexisting MAFLD, recommend-
ations cannot be made in the absence of adequate scientific proof. GI intolerance in the form of nausea, 
vomiting and constipation (occasionally diarrhea and abdominal pain) are common side effects of this 
class of medications, with a discontinuation rate of 5%-10% within a few weeks of therapy (though 
clinical trials report only < 5%) observed in clinical practice[56]. Higher discontinuation rates of up to 
47% being reported after 12 mo and 70% by 24 mo of treatment in some reports, mostly from lack of 
adequate benefit and cost implications[57].

DPP-4 inhibitors: DPP-4 inhibitors are useful for the management of T2DM with the added advantage 
of weight neutrality when compared to many other oral hypoglycemic agents. A recent meta-analysis 
showed an overall HbA1c reduction of -0.53% compared to placebo with slightly better benefit in Asians 
compared to Whites (-0.62% vs -0.49%) when this drug class was used as monotherapy in T2DM[58]. 
However, this class of medications is not recommended by the recent AACE guidelines for MAFLD 
because of lack of evidence on benefits except in managing patients with coexistent T2DM. Reinforcing 
these recommendations, a recent meta-analysis also did not show beneficial effects on the biochemical 
and imaging parameters of MAFLD in patients treated with DPP4 inhibitors[54].

Sodium glucose cotransporter-2 inhibitors
Sodium glucose cotransporter-2 inhibitors (SGLT-2i) are available for the management of T2DM for 
nearly a decade. Noninsulin dependent glucose lowering effect with the added advantage of energy 
deficit induced by glycosuria make this class of drugs unique with positive cardiometabolic outcomes 
and modest weight loss potential. Empagliflozin, Canagliflozin, Dapagliflozin and Ertugliflozin are the 
common agents in this class available widely in the global market, with few other molecules available in 
Asia and several ones under development now. Although the AACE guidelines (2022) suggested a lack 
of evidence of benefit in treating steatohepatitis[14], a more recent systematic review showed 
remarkable benefits with the use of SGLT-2i[54]. They observed improvements in AST (WMD = -2.31 
IU/L, 95%CI: -3.16, -1.47 IU/L, P < 0.00001), ALT (WMD = -5.93 IU/L, 95%CI: -7.70, -4.16 IU/L, P < 
0.00001), and GGT (WMD = -6.49 IU/L, 95%CI: -11.09, -1.89 IU/L, P = 0.006) and reduction in FIB-4 
score (WMD = -0.21, 95%CI: -0.40, -0.03, P = 0.02) when compared to placebo favoring the use of SGLT-
2i in the management of MAFLD especially in the presence of T2DM and cardiometabolic disease.
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Other antidiabetic agents
The AACE guidelines (2022) do not recommend treatment of NASH patients with antidiabetic agents 
such as metformin, DPP-4 inhibitors, acarbose, and insulins because of the lack of evidence for their use 
on improving hepatocyte necrosis and inflammation[14]. However, these agents may be continued to 
manage T2DM optimally in these patients. Sulphonylureas are to be used with caution as some of these 
medications are metabolized by the liver.

Lipid lowering drugs
Dyslipidemia, whether it is primary or secondary, is associated with a significantly higher risk of 
worsening of MAFLD because of metabolic dysregulation and abnormal lipid handling by the liver. 
Hence, the treatment of dyslipidemia is part of the routine management of MAFLD. Statins are useful in 
patients for the improvement of cardiometabolic outcomes, and treatment may also slow down the 
disease process[59,60]. Most recent data suggests that statin treatment is associated with a reduction in 
the steatosis grade and NAS score[61]. Therefore, statin therapy should be considered in all patients, 
including those with compensated cirrhosis, except when the transaminase levels are > 3 times the 
upper limit of normal[60]. Although Omega-3 fatty acids and fenofibrate were found to offer potential 
benefits in patients with hypertriglyceridemia and MAFLD in a recent small clinical trial[62], firm 
conclusions cannot be reached without large-scale studies. Pro-protein convertase subtilisin/kexin type 
9 inhibitors are used to treat hypercholesterolemia in patients with statin intolerance or in those unable 
to achieve target reduction of LDL-C with tolerated doses of statins. Although these drugs are very 
useful for CVD protection in patients with uncontrolled dyslipidemia on conventional therapy without 
affecting diabetes management[63], there is not enough data on their use in patients with MAFLD to 
suggest recommendations for use.

Vitamin E
α-tocopherol has been found to be useful in reducing liver transaminases with improvements in 
histological parameters of NASH, including ballooning, inflammation, and steatohepatitis in adults[64]. 
PIVEN study utilised a two by two factorial study design to evaluate the efficacy of α-tocopherol, at a 
dosage of 800 international units daily and pioglitazone in patients with biopsy proven NASH without 
diabetes[64]. At the end of 96 wk, patients on vitamin E therapy showed improvement in NASH as 
assessed by liver biopsy when compared to placebo (43% vs 19%, P = 0.001). The long-term efficacy of 
vitamin E to delay the progression of NASH is yet to be determined and there are some reports of 
increased all-cause mortality with high dose vitamin E but this is not proven and a meta-analysis have 
failed to confirm this association[65]. Also, we have to bear in mind that high dose vitamin E is 
associated with worsening insulin resistance; therefore, the drug is not recommended in patients with 
T2DM and those with advanced fibrosis[14].

Anti-obesity pharmacotherapy
Orlistat: Orlistat is a pancreatic and gastric lipase inhibitor that reduces dietary fat absorption and 
consequently causes energy malabsorption. The efficacy and side effects depend on the dietary fat 
content, and the discontinuation rate is high because of steatorrhea in those consuming high-fat diets. 
Conflicting results were observed in the review of clinical trials examining the efficacy of orlistat in a 
recent meta-analysis which showed improvements in transaminases and steatosis (on ultrasonographic 
imaging) in a few trials where drug use resulted in weight loss, between 5%-10%, with improvements in 
insulin resistance also[65]. The common drug dose is 120 mg three times daily, and steatorrhea may 
result in discontinuation in up to 25% of patients.

A meta-analysis of 330 patients with MAFLD treatment with orlistat showed marked improvements 
in the BMI (mean difference = -1.97; P = 0.02), reduction of ALT, and improvement of insulin resistance 
but with no significant changes to the liver fibrosis score[66]. A randomized, placebo-controlled clinical 
trial from Israel noted a higher reversal rate of fatty liver (24% vs 17%) in orlistat-treated group for 24 
wk compared to the control group[67]. Similarly, orlistat treatment for 24 wk significantly reduced liver 
fat content as compared to the routine treatment. In an open label parallel group study of 170 patient 
who were either enrolled into orlistat or conventional care in 1:1.5 proportion, showed that the level of 
fat content decreased to a greater extent in the orlistat treated patients compared to the conventional 
care, which was [-5.45% vs -1.96%, where < 0.001 [intention to treat (ITT) analysis] and -6.66% vs -2.68%, 
P < 0.001 [per-protocol (PP) analysis][68]. Higher rates of improvement in steatosis grades were seen in 
the orlistat treatment group [45.6% vs 22.5% (ITT analysis), 57.4% vs 30.3% (PP analysis), both P < 0.001]
[68]. In the same study, multivariate logistic regression analysis showed that the benefit of orlistat 
treatment was an independent source of improvement of steatosis. In experimental animal models, 
orlistat has shown protective and therapeutic effects against high-fat diet-induced MAFLD via 
modulation of signaling pathways involved in improved metabolism, especially the Nrf2 signaling 
pathway[69]. In experimental studies, orlistat treatment in high fat diet-fed rats up-regulated several 
antioxidant enzymes, down-regulated cell death and inflammation and apoptosis in the testis and thus, 
ameliorated testicular dysfunction[70]. Overall, these data suggest that orlistat could influence the 
metabolism of patients, and this may offer therapeutic benefits against MAFLD.
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Lesser studied anti-obesity medications: The less studied anti-obesity medications in MAFLD are 
phentermine-topiramate, naltrexone-bupropion and lorcaserin. These agents have predominant central 
action on pathways to control appetite and craving for food. Although weight loss benefit with these 
agents is similar or, in some cases, more than orlistat but these agents are fraught with cardiovascular 
complication. Hence, these agents are less preferred compared to the recent GLP-1RAs which have a 
better cardiovascular safety profile. In a post-hoc analysis, extended-release naltrexone-bupropion 
combination promoted improvement in FIB-4 score with no statistical change in the ALT when treated 
for six months[71]. In another study, lorcaserin treatment for six months improved fatty liver index and 
reduced energy intake without affecting lean mass[72]. More studies are needed specifically in MAFLD 
patients to clarify these agents' efficacy across various stages of MAFLD.

Other drugs used in the management of MAFLD 
Obeticholic acid: Obeticholic acid (OCA), or 6α-ethyl-chenodeoxycholic acid, is a semisynthetic 
chemical compound that mimics bile acid (BA), chenodeoxycholic acid (CDCA) and is the first farnesoid 
X receptor (FXR) agonist to be approved by the FDA and European medicine agency (EMA) for primary 
biliary cholangitis also known as "Ocaliva"[73]. BA binds through G-protein-coupled BA receptor 
(TGR5/Gpbar-1) and activates the nuclear receptor (FXR), which regulates lipid and glucose 
metabolism. Hence, FXRs showcase an ideal target for managing MAFLD by modulating the 
homeostasis of cholesterol, triglyceride, glucose, energy, and BA synthesis[74]. OCA binds FXR with 
100-fold affinity compared to its natural ligand CDCA and proves to be a practical analog of BA[75]. A 
phase 2 study on 64 humans showed that OCA administration (dose of 25 or 50 mg) for 6 wk increased 
insulin sensitivity, and reduced liver inflammation and fibrosis biomarkers in patients with MAFLD 
and T2DM[76]. In this double-blind, placebo-controlled, proof-of-concept study, patients were treated 
with either placebo (23 people), 25 mg OCA (20 people), or 50 mg OCA (21 people) once daily for 6 wk. 
Insulin sensitivity was measured by a 2-stage hyperinsulinemic-euglycemic insulin clamp before and 
after the 6-wk treatment period along with liver enzymes, fibroblast growth factor 19, lipid analytes, 7α-
hydroxy-4-cholesten-3-one (a BA precursor), endogenous BAs, and markers of liver fibrosis. The insulin 
sensitivity increased by 28.0% and 20.1% from baseline in the group (20 people) treated with 25 mg 
OCA (P = 0.019) and in the group (21 people) treated with 50 mg OCA (P = 0.060) respectively. In the 
combined OCA groups, insulin sensitivity increased by 24.5% (P = 0.011) with a decrease of 5.5% in the 
placebo group[76]. In animal models, OCA treatment resulted in increased weight loss and improved 
insulin sensitivity in rabbits[77]. Similarly, OCA treatment improved the metabolic profile in MAFLD 
rats [Zucker (fa/fa) rats], while reducing visceral adiposity and hepatic steatosis[78]. Along similar 
lines, OCA treatment markedly affected the gene expression profile involved in hepatic lipotoxicity, 
including fatty acid synthesis, lipogenesis and gluconeogenesis genes[78]. In the FLINT trial, which 
involved 283 patients randomly assigned to receive OCA 25 mg daily or placebo for 72 wk showed 35% 
of patients treated with OCA showed marked reduction in fibrosis compared to 19% of patients treated 
with placebo[79]. These findings indicate that OCA would be a potential treatment option for patients 
with MAFLD, considering that OCA treatment improves the metabolic profile and reduces fatty liver 
and fibrosis. It should be noted that OCA is effective in obesity and type 2 diabetes patients, but the 
long-term safety data and also head-to-head comparison with other newer antidiabetic agents are still 
awaited.

Aldafermin: Aldafermin, also known as M70 or NGM282, is an analog of fibroblast growth factor 19 
(FGF19), a human gut hormone secreted from the ileum in response to activation of FXR. This hormone 
is essential for bile acids, carbohydrates, and energy metabolism[80,81]. Elevations of primary and 
secondary bile acid in circulation are linked with primary liver disease[82]. It has been reported that 
FGF19, upon FXR activation, acts on the FGFR1c-KLB and FGFR4-KLB receptor complex on hepatocytes 
to block bile acids synthesis. Aldafermin, the FGF19 analog, acts similar way on this receptor complex. 
Upon activation, FGFR1c-KLB receptor suppresses the CYP7A1 expression. This gene encodes an 
enzyme, cholesterol 7a-hydroxylase, which is the first and a rate-limiting enzyme for the de novo 
synthesis of bile acids. In the phase 2 study of 176 patients with NASH and fibrosis (biopsy-confirmed) 
and increased fat in the liver (> 8% by magnetic resonance imaging-proton density fat fraction), it has 
been shown to have a significant reduction in the serum bile acid level[83]. These patients were 
administered with aldafermin 0.3 mg (23 patients), 1 mg (49 patients), 3 mg (49 patients), 6 mg (28 
patients) or placebo (27 patients) for 12 wk. Similarly, 62 patients with PSC and > 1.5× upper limit of 
normally increased alkaline phosphatase were administered with 1 mg (21 patients), 3 mg (21 patients) 
aldafermin, or placebo (20 patients) for 12 wk. Serum bile acid profile and neoepitope-specific N-
terminal pro-peptide of type III collagen or Pro-C3 (a direct measure of fibrogenesis) were measured for 
metabolic and cholestatic liver diseases. The results suggested that treatment with aldafermin caused 
dose-dependent reductions in serum bile acids, including deoxycholic acid, lithocholic acid, glycodeoxy-
cholic acid, glycochenodeoxycholic acid, and glycocholic acid in patients with metabolic and cholestatic 
liver diseases[84]. In addition, the treatment of aldafermin resulted in the reduction of glycine-
conjugated bile acids but not the taurine-conjugated bile acids. Overall, these findings suggest the 
possibility of using aldafermin for 24 wk as a treatment option for fatty liver disease, fibrosis regression, 
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and resolution of NASH and stage 2 or stage 3 fibrosis.

Silymarin: Silymarin, extracted from the medicinal plant Silybum marianum, is a complex mixture of 
different flavonolignan isomers. Silymarin possesses an antioxidative effect and is mainly due to an 
isomer silybin diastereomers that is 50% of the mixture. Silybin undergoes biotransformation, forming 
glucuronide derivatives[85]. The mechanism of action of this drug on MAFLD involves antioxidative, 
choleretic, antifibrotic, regenerative, anti-inflammatory, and immunomodulatory effects[86]. Silymarin 
is now known as an antioxidant for reducing lipogenesis by downregulating the fatty acid synthase, 
peroxisome proliferator-activated receptor γ, and acetyl-CoA carboxylase[87,88]. MAFLD-induced 
insulin resistance and steatosis can be reduced by Silymarin which has shown the potential to restore 
the insulin action pathway through insulin receptor substrate-1/PI3K/Akt[89]. In a metanalysis 
involving 587 patients mostly from randomized controlled trials, results showed that Silymarin 
significantly decreased the AST and ALT levels more than the control group[90]. In a randomized, 
double-blind, placebo-controlled trial in NASH patients who had NAFLD activity scores of 4 or more, 
an intake of 700 mg per day of Silymarin for 48 wk caused a significant reduction in liver fibrosis[91]. 
Collectively, these studies have demonstrated that Silymarin is a safe drug, even at high doses, well 
tolerated, and it improves the functions of liver enzymes, activates liver metabolism, reduces oxidative 
stress, total cholesterol synthesis, and endothelial dysfunction in patients with MAFLD, but long-term 
data on different MAFLD stages are yet to come[92].

BARIATRIC PROCEDURES AND MAFLD
Metabolic surgery
One of the effective means of obtaining durable weight loss is through surgical intervention in obese 
people. It aims not only for weight loss but includes improvements in incretin profiles, insulin secretion, 
and insulin sensitivity; hence it is a promising tool for MAFLD management. Two commonly used 
bariatric or metabolic surgeries are Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG). The 
fundal portion of the stomach is surgically removed during SG, whereas RYGB entails making a small 
pouch; this new pouch is then connected to the small intestine. While both surgical procedures result in 
decreased stomach volume, decreased production of acid, and changed gut hormones, RYGB involves 
architectural reorganization of the gastrointestinal tract, potentially impacting bile acid reabsorption
[93]. As the primary bile acids (PBA) are made and conjugated in the liver, excreted in the intestine, 
deconjugated and/or transformed to secondary bile acids (SBA) by the gut microbiota, and recycled 
through reabsorption in the terminal ileum, changes in stomach due to the RYGB leads reorganization 
of the microbiota leading to change in PBA and SBA composition[94]. It was shown that MAFLD 
patients' serum had more PBA/SBA ratio compared to healthy people[94]. According to the AACE 
recent guidelines, metabolic surgeries are reserved for patients with MAFLD and BMI 35 kg/m2 

especially if they have type 2 diabetes mellitus (level of recommendation grade B)[14]. It can be used as 
an opportunity for liver biopsy for histologic staging of liver fibrosis for further prognosis.

Endo-barrier treatment
Many bariatric surgeries come with certain complications and limitations, including anastomotic 
disruption leading to leaks and fistulae, stomal stenosis, dumping syndrome, etc. The endoscopically 
implanted and removably attached duodenal-jejunal sleeve bypass (DJSB) or EndoBarrier® (GI 
Dynamics Inc., Lexington MA) can also be used for the same purpose. It is anchored in the initial section 
of the duodenum, where it is connected to a 60-cm long polymer sleeve by a nitinol stent anchor. The 
sleeve shields the proximal upper small intestine's mucosa from food that has been swallowed. DJSB 
offers functional similarities with RYGB as it mimics some of the physiological effects. These include 
food excluded from the proximal small intestine, and pancreatic and biliary secretions mixed together 
after food has passed through the sleeve. Endo-barrier treatment has been shown to promote significant 
weight loss in a patient with obesity and type 2 diabetes who are otherwise eligible for bariatric surgery 
but declined due to personal choice. Over the 12-mo study period, the weight loss was 15 kg (95%CI: 
0.62-29.38; P < 0.05) and BMI 4.9 kg/m2 (95%CI: 1.1-8.7; P < 0.005), the confidence intervals are wide as 
expected for a small sample size of forty five patients[95]. The major limitation of the endo-barrier 
therapy is the attended complication like gastrointestinal intolerance, bleeding, and liver abscess. 
Although this can be reduced by improving the dietary compliance following the procedure and there 
are ongoing trials on how these complications can be effectively reduced so that endo-barrier can be a 
safe option for MAFLD management who fail medical therapy and decline surgery.

Bariatric endoscopy 
Obese patient who undergoes bariatric surgery may need to demonstrate initial weight loss for pre-
operative surgery optimization of metabolic profile for safe surgical outcome. Most of these patients can 
get benefit from endoscopic therapy. In a study of individuals with obesity and MAFLD, bariatric 
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endoscopy improved analytical and ultrasound parameters of insulin resistance, hepatic fat, and 
hypertriglyceridemia[96]. It can be suggested during short-term follow-up as an efficient and secure 
option, but the long-term benefits are yet to come as these are relatively newer modalities.

A broad approach for the management and referral system pathway for patients with MAFLD is 
shown in the Figure 3.

SPECIAL POPULATIONS WITH MAFLD
Pregnancy and MAFLD
Pregnancy-related liver diseases occur in a trimester-specific fashion, as there is biotransformation of 
almost the whole body in pregnant women throughout the pregnancy. Developments of primary liver 
diseases are common during pregnancy. MAFLD in pregnancy can result in the development of various 
health issues in the mother, such as complications of hypertension, postpartum hemorrhage, and 
premature birth of the baby[97]. In a multicentric prospective study from Korea, Lee et al[98] showed 
that 18.4% (112/608) women had MAFLD during their early pregnancy, and MALFD is an independent 
risk factor in the development of gestational diabetes mellitus (GDM; 36/608). The participants with 
GDM development showed higher prevalence of radiological steatosis (55.6% vs 16.1%; P < 0.001) and 
higher fatty liver index (40.0 vs 10.7; P < 0.001) and hepatic steatosis index (35.5 vs 29.0; P < 0.001)[98]. In 
utero, MAFLD exposed children have a greater risk of obesity at an early age and pediatric MAFLD 
development[99].

Management of MAFLD during pregnancy is a multi-model approach to control complications, 
which should recognize the population at high risk and control hyperglycemia, prevent excessive 
weight gain, and avoid the development of GDM. To our best knowledge, there is no single specific 
medication for the treatment of MAFLD during pregnancy. Managing weight and lifestyle during the 
postpartum period is mandatory for reversing the MAFLD effects and avoiding complications during 
the next pregnancy. Study conducted in 316 individuals (not only pregnant women), exercise without 
loss of weight significantly lowered intrahepatic lipid content (SMD: -0.76, 95%CI: -1.04, -0.48) and ALT 
concentration (SMD: -0.52, 95%CI: -0.90, -0.14), AST content (SMD: -0.68, 95%CI: -1.21, -0.15), LDL-C 
concentration (SMD: -0.34, 95%CI: -0.66, -0.02), and triglycerides content (SMD: -0.59, 95%CI: -1.16, -0.02)
[100]. Hence, pregnant women with MAFLD should be encouraged to exercise regularly within the safe 
limit to improve the metabolic profile with proper guidance from the expert obstetric team.

Children and MAFLD
Due to a lack of recognition, screening, and appreciation of complications associated with MAFLD, the 
disease often remains undiagnosed among children. In a study of 2256 children with 715 children 
overweight, MAFLD was diagnosed in 23% among 715 with overweight (P < 0.01)[101]. As pediatric 
treatment options are limited due to inadequate number of clinical trials and insufficient knowledge, the 
overall goal is to improve the life quality of children and reduce liver morbidity and mortality. Lifestyle 
management is one of the best ways to manage MAFLD in children. In a study of 84 children of the age 
group between 3 and 18.8 years, over two years, with proper diet and physical exercise, participants 
who lost 5% or more of body weight had more significant improvements in the level of ALT when 
compared with the participants with < 5% weight loss (-35 ± 33 vs -20 ± 20 IU/L, respectively; P < 0.05)
[102].

Elderly individuals and MAFLD
Between 40-50 years of age in males and 60-69 years in females, the prevalence of fatty liver is high and 
seems slightly low in older (> 70 years) cohorts. Hypertension, diabetes, hyperlipidemia, and obesity 
risk factors for MAFLD development are higher in elderly individuals. The diagnosis and management 
strategies are challenging in the elderly with other age-related comorbidities[103]. For the management 
of MAFLD, the underlying etiology must be treated parallel to other diseases including obesity, 
hyperlipidemia, and IR. Lifestyle modifications and pharmacological treatment are the two methods 
considered safe for managing MAFLD in elderly individuals. In a study with 261 elderly individuals for 
52 wk, 72 (25%) achieved steatohepatitis resolution, 138 (47%) reduced NAS score, and 56 (19%) 
achieved fibrosis regression. During last week, 88 subjects (30%) reduced ≥ 5% of their weight. Degree of 
weight loss and improvements in all NASH-related histologic parameters are independently associated 
(odds ratios = 1.1-2.0; P < 0.01). A major proportion of participants with ≥ 5% loss in weight had [51 of 
88 (58%)] NASH resolution and a 2-point reduction in NAS [72 of 88 (82%)] than participants with < 5% 
of loss in their weight (P < 0.001)[104]. In some elderly patients, these modifications might be 
incompatible. So, it is necessary to ensure that the introduced dietary instructions are not excessively 
aggressive and provide adequate nutrition to the elderly. Currently, no particular drug is approved for 
the treatment of MAFLD in the elderly. Therefore, there are no specific recommendations for drug usage 
in elderly individuals with MAFLD alone, but if they have concomitant T2DM, metformin, GLP-1RAs 
and SGLT-2i are the best available options.
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Figure 3 Management and referral system pathway for patient with metabolic associated fatty liver disease. Multidisciplinary treatment 
approach involving dietician, physiotherapist, psychologist, diabetologist and hepatologist. In resource constrained setting, referral to individual specialist based on 
the predominant effect due to metabolic-associated fatty live disease as per the pathway. GLP-1RA: Glucagon-like insulinotropic peptide-1 receptor agonist; SGLT-2i: 
Sodium glucose cotransporter-2 inhibitors; CVD: Cardiovascular disease; HF: Heart failure; BMI: Body mass index.

EMERGING CONCEPTS
MAFLD is a significant cause of chronic liver disease with reported increase in hepatocellular carcinoma 
(HCC), and a leading contributor to various systemic complications such as T2DM, CVD, and CKD. A 
certain degree of uncertainty is present regarding the natural history and prognosis of MAFLD. In some 
patients, the long evolution time for MAFLD progression from steatohepatitis to fibrosis is noted, but 
some progress faster from cirrhosis to hepatocellular carcinoma[105]. The exact reason for the 
development of HCC among MAFLD patients remains uncertain to date. When compared with chronic 
hepatitis C infection, the cumulative incidence of MAFLD patient developing HCC is lower (4% vs 2.5%) 
at 1 year and (30% vs 11%) at 5 years[106]. Moreover, patients with MAFLD has a tendency to develop 
HCC even without cirrhosis and the risk is five times when compared those with chronic hepatitis C 
infection[107]. As these patients without cirrhosis are not in the surveillance program, they tend to 
present with bigger tumours with reduced median survival[108]. Recent data suggest that patients who 
develop HCC due to MAFLD cirrhosis live longer than hepatitis C related HCC after curative treatment
[109]. Liver transplantation is used either for end stage liver disease or HCC due to MAFLD. The 
transplant related mortality and morbidity is high compared to the HCC due to other aetiologies such as 
very high BMI and MAFLD related cardiovascular complications[110]. But it is interesting to note that 
post-transplant 5-year survival rate is not different between MAFLD and non-MALFD aetiology 
because the lower risk of graft failure balances the higher risk of sepsis and cardiovascular disease in 
MAFLD patients when compared to other aetiology[111].

More clinical trials involving different ethnicity having divergent gene pools are required to get 
insights into the contribution of the genetic basis of MAFLD and the genetic basis of successful 
treatment outcomes and failure in treatment. The effect of environmental factors should also be a 
primary focus of work in the next decade. The growing human population and the environmental 
impact have dramatically changed human life. Especially lifestyle diseases are emerging in this decade 
due to the impact of the environment on human life. Future studies also need to be focused on 
understanding this phenomenon.
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Table 1 Management of metabolic-associated fatty liver disease directed against the risk factors

No Disease/condition Directed therapy Supportive therapies

1 Overweight and 
obesity

Anti-obesity drugs, Bariatric surgery, lifestyle intervention 
(Calorie-restriction, dietary pattern, etc.)

MAFLD: Newer agents targeting on cellular inflammation 
and oxidative stress.

2 T2DM Hypoglycemic agents like Metformin, GLP-1RAs, SGLT-2i, 
Thiazolidinediones and DPP-4 inhibitors

Fibrotic MAFLD: Potential future anti-fibrotic agents.

3 > 2 metabolic risks Modulators of metabolism (Farnesoid X receptor agonsit, 
Peroxisome proliferator-activated receptor, fibroblast growth 
receptors, statins, aspirin)

Cirrhosis Complications: Control portal hypertension and 
bacterial peritonitis prophylaxis. End-stage liver diseases: 
Liver transplantation.

T2DM: Type 2 diabetes mellitus; GLP-1RA: Glucagon-like insulinotropic peptide-1 receptor agonist; SGLT-2i: Sodium glucose cotransporter-2 inhibitors; 
DPP-4: Dipeptidyl peptidase-4; MAFLD: Metabolic-associated fatty live disease.

Different pharmacological approaches are tried to reduce the risk of MAFLD. However, current 
strategies remain ineffective. The asymptomatic time intervals in MAFLD and NASH progression to 
cirrhosis and ultimately a liver failure and gaps in knowledge regarding modifiers of the disease 
contribute to significant challenges in the drug design for the clinical trials. The application of 
nanoparticles for drug delivery demonstrated potentially promising for enhancing drug bioavailability 
for MAFLD treatment. Various types of liver-targeting nanoparticles are exploited for MAFLD 
management[112].

Table 1 shows a summary of therapeutic strategy for MAFLD targeting risk factors.

CONCLUSION
MAFLD is a growing global health burden among the population with high susceptibility to obesity and 
insulin resistance. Notably, MAFLD is the most common cause of chronic liver disease in children and 
adolescents, exhibited by fatty liver disease and severe fibrosis. The most effective prevention strategy 
for MAFLD is lifestyle modification. Considering the prevalence and its impact, several novel therapies, 
including several novel therapeutic and surgical approaches, are currently under investigation. Pharma-
cological interventions, including treatment with antidiabetic medications, and anti-obesity drugs, can 
be considered for MAFLD patients but should be chosen wisely on a case-to-case basis. In addition, 
bariatric surgeries aimed to obtain durable weight loss are options for MAFLD patients who either fail 
medical management or have associated comorbidities. Novel approaches in drug delivery would be 
ideal for managing MAFLD in the future. We need to improve the knowledge of the personalized 
treatment options with targeted drugs, which would be effective in that subset of patients who fail or 
have difficulty adhering to the routine management pathways.
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