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Non-alcoholic fatty liver disease (NAFLD) is a common liver condition marked by fat 

accumulation in the liver without significant alcohol consumption. It ranges from benign 

non-alcoholic fatty liver (NAFL) to non-alcoholic steatohepatitis (NASH), a more 

severe form involving inflammation and cell damage, which can progress to fibrosis, 

cirrhosis, and liver cancer. NAFLD is closely linked to metabolic syndrome, with key 

risk factors including obesity, type 2 diabetes, insulin resistance, dyslipidaemia, and 

sedentary lifestyle. Its pathophysiology involves increased free fatty acid delivery to the 

liver, insulin resistance, oxidative stress, and inflammation leading to liver damage and 

fibrosis. Diagnosis typically requires imaging or liver biopsy, while treatment focuses 

on lifestyle modifications such as weight loss and exercise. Pharmacological options 

include orlistat, pioglitazone, vitamin E, GLP-1 receptor agonists (e.g., semaglutide), 

and emerging agents like obeticholic acid and resmetirom. While these treatments can 

reduce liver fat and inflammation, only resmetirom has shown strong Phase III results 

for fibrosis improvement. Despite promising therapies, lifestyle change remains the 

cornerstone of NAFLD management.  
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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is 

currently one of the most prevalent causes of 

chronic liver disease globally. It encompasses a 

range of liver conditions marked by fat 

accumulation in the liver (hepatic steatosis) 

without identifiable secondary causes, such as 

significant alcohol intake. The disease spectrum 

spans from non-alcoholic fatty liver (NAFL), 

which is typically benign, to non-alcoholic 

steatohepatitis (NASH), the more severe form 

characterized by inflammation and hepatocyte 

injury. Over time, NAFLD can advance to liver 
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fibrosis and cirrhosis [1,2]. While NAFL is marked 

solely by hepatic steatosis, NASH features 

additional lobular inflammation and cell death, 

which increase the risk of fibrotic progression [3,4]. 

NASH can be classified from mild (F0–F1) to 

advanced fibrosis (≥F3, bridging) and finally 

cirrhosis (F4). Higher degrees of fibrosis influence 

survival and are related to more progressive 

disease states that may lead to liver cirrhosis, 

HCC, and eventually, a requirement for liver 

transplantation. [4] Prior to the mid-2010s, NASH 

was largely seen as a condition affecting primarily 

obese women, often with Type 2 Diabetes Mellitus 

(T2DM), and was believed to have a relatively 

mild course. However, these risk factors—T2DM, 

cardiovascular disease, and stroke—are now 

recognized as predictors of disease severity. 

NAFLD has shown a significant rise in prevalence 

in developed countries, currently affecting about 

25% of the global population. It is increasingly 

common in individuals with central obesity, 

metabolic syndrome, T2DM, and dyslipidaemia 
[5]. For diagnostic purposes, liver biopsy remains 

the gold standard for assessing liver inflammation 

and damage. In NAFLD and related disorders, 

histological findings can vary from simple fat 

droplets (triglyceride deposits) in hepatocytes to 

more complex features indicative of NASH, such 

as inflammation and varying degrees of fibrosis. 

While most individuals with hepatic steatosis do 

not experience disease progression, a subset may 

develop NASH, which can lead to end-stage liver 

disease and hepatocellular carcinoma [5,6]. 

According to U.S. clinical guidelines, NAFLD is 

defined by at least 5% hepatic fat accumulation as 

seen on imaging or histology, without evidence of 

alcohol abuse, drug-induced liver damage, or viral 

hepatitis. Some patients may also show elevated 

liver enzyme levels [6]. Individuals with NAFLD 

frequently exhibit one or more traits of metabolic 

syndrome, including insulin resistance, 

hypertension, dyslipidaemia, or T2DM [7]. Visceral 

obesity has been increasingly linked to the 

development of NAFLD. Notably, metabolic 

syndrome is also a known contributor to 

cardiovascular disease, which is the leading cause 

of mortality among NAFLD patients. While the 

exact mechanisms connecting cardiovascular 

disease and NAFLD remain unclear, insulin 

resistance is believed to play a central role in the 

shared pathophysiology [7]. Evaluating abnormal 

liver function tests in otherwise asymptomatic 

patients can be challenging. NAFLD is often 

responsible for elevated liver enzyme levels, such 

as alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST), in blood donors—

accounting for up to 90% of such cases when other 

liver diseases are excluded [8,9]. WHO Global 

Health Observatory data from 2014 reported 

global obesity rates of 15% among women and 

11% among men aged 18 and older. Studies 

estimate the prevalence of NASH in the U.S. to be 

between 5.7% and 17%. The diverse 

manifestations of NAFLD and its intricate link 

with metabolic syndrome present diagnostic and 

therapeutic challenges. This review seeks to 

provide a comprehensive overview of NAFLD, 

focusing on its pathophysiological basis, risk 

factors, diagnostic strategies, and both 

conservative and surgical management 

approaches. 

SIGN & SYMPTOMS: 
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PATHOPHYSIOLOGY: 

The pathophysiology of NAFLD involves adipose 

tissue dysfunction and increased supply of free 

fatty acids to the liver, dysregulation of 

adipokines, excessive free fatty uptake by the 

liver, problems in hepatic lipid production and 

processing, and decreased lipid clearance by the 

liver. [10] Increased free fatty acids in the blood 

have a role in the development of insulin 

resistance. [11] insulin resistance leads to changes 

in lipid metabolism which includes increased 

peripheral lipolysis causing increased blood-free 

fatty acids, Increased triglyceride synthesis, and 

increased hepatic uptake of the fatty acids which 

contribute to increased hepatocellular triglyceride 

accumulation. Apart from the supply of free fatty 

acids from the adipose Tissues, the liver also 

performs de novo lipogenesis and produces 

triacylglycerols that are stored within the 

hepatocytes as lipid droplets. In normal healthy 

individuals, this de-novo lipogenesis contributes to 

around 5% of triglyceride accumulation; however, 

in NAFLD, this share reaches upward Up to 

26%.[12] The triacylglycerol production in NAFLD 

is regulated by multiple factors like diet, hepatic 

insulin resistance, and genetics. The 

etiopathogenesis is demonstrated in the 

progression of non-alcoholic fatty liver disease to 

non-alcoholic steatohepatitis and cirrhosis the 

metabolism of free fatty acid by oxidation in the 

liver results in the production of reactive oxygen 

species which Are normally cleared by antioxidant 

pathways but get overwhelmed in nonalcoholic 

steatohepatitis (NASH) due to Excessive uptake 

and production. [13][14] The result is subsequent 

hepatocellular injury. there is recruitment of the 

hepatic stellate cells which are the resident 

fibroblastic cells of the Liver and key players 

involved in the progression to fibrosis. [15] Due to 

chronic hepatic injury and inflammation, a wound 

Healing process starts, and there is progressive 

deposition of extracellular matrix proteins which 

than later contribute to liver fibrosis.[16] 

Risk Factor: 

NAFLD is a multifactorial condition influenced by 

metabolic, genetic, lifestyle, and environmental 

factors. The primary risk factors include: 
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Metabolic Risk Factors: 

Obesity, particularly central (visceral) obesity, is 

strongly associated with hepatic steatosis. Type 2 

Diabetes Mellitus is a significant independent 

predictor of NAFLD and its progression to non-

alcoholic steatohepatitis (NASH). Dyslipidaemia, 

characterized by elevated serum triglycerides and 

low high-density lipoprotein (HDL) cholesterol 

levels, is commonly observed in NAFLD patients. 

Insulin Resistance is central to the pathogenesis of 

NAFLD, contributing to increased hepatic lipid 

accumulation. Metabolic Syndrome, a 

constellation of conditions including obesity, 

hypertension, insulin resistance, and 

dyslipidaemia, is closely linked to NAFLD 

development. 

Lifestyle and Dietary Factors: 

Sedentary Behaviour: Lack of physical activity has 

been independently linked to increased hepatic fat 

content. High-Calorie and Western-Type Diets: 

Diets rich in saturated fats, fructose, and refined 

carbohydrates contribute to lipid accumulation in 

hepatocytes. Rapid Weight Loss: Sudden and 

severe caloric restriction may paradoxically 

exacerbate hepatic steatosis. 

Hormonal and Endocrine Disorders: 

Polycystic Ovary Syndrome (PCOS): Frequently 

associated with insulin resistance, PCOS is 

recognized as a significant risk factor for NAFLD 

in women. Hypothyroidism: May contribute to 

lipid dysregulation and hepatic fat accumulation. 

Hypopituitarism and Hypogonadism: These 

conditions are linked to increased risk of metabolic 

disturbances, including NAFLD. [17] 

Other Medical Conditions: 

Obstructive Sleep Apnea (OSA): Intermittent 

hypoxia and systemic inflammation in OSA are 

believed to contribute to NAFLD pathogenesis. 

Chronic Kidney Disease: NAFLD is both a risk 

factor for and a consequence of renal dysfunction, 

indicating a bidirectional relationship. 

Pharmacological and Iatrogenic Factors: 

Certain Medications: Long-term use of drugs such 

as corticosteroids, amiodarone, methotrexate, 

tamoxifen, and some antiretrovirals has been 

associated with hepatic steatosis. [18] 

TREATMENT: 

Diet and Lifestyle Modification: 

Non-pharmacological interventions for NAFLD 

primarily focus on reducing calorie intake and 

increasing physical activity. Both weight loss and 

regular exercise have proven benefits not only for 

managing NAFLD but also for lowering 

cardiovascular disease (CVD) risk. Achieving a 

moderate weight loss of 7% to 10% and engaging 

in physical activity can lead to improvements in 

liver histology, insulin resistance, and overall 

quality of life, making these strategies 

fundamental to treatment [19][20]. While overall 

calorie reduction is key, growing evidence 

highlights the harmful impact of high fructose 

intake, which has been linked to greater liver 

fibrosis in NAFLD patients. In terms of physical 

activity, recent findings suggest that high-intensity 

exercise may lead to better liver-related outcomes 

compared to lower-intensity activity [20]. However, 

many individuals struggle to adopt and maintain 

these lifestyle changes long-term Therefore, 

incorporating behavioural strategies, such as 

cognitive behavioural therapy or support from a 

dietitian, is recommended. Additionally, patients 

at risk of cardiovascular issues should be assessed 

before beginning an intensive exercise regimen. 

[21][22] 

Pharmacological Therapy: 
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The current status of NAFLD therapy and an 

approach to its management is reviewed. While the 

evaluation of measures of response to treatment is 

beyond the scope of the present review, the 

primary objective of any NAFLD therapy is 

improvement in steatohepatitis and fibrosis, with 

the ultimate goal of preventing CVD- and liver-

related death. Pharmacological options include 

orlistat, pioglitazone, vitamin E, GLP-1 receptor 

agonists (e.g., semaglutide), and emerging agents 

like obeticholic acid and resmetirom. While these 

treatments can reduce liver fat and inflammation, 

only resmetirom has shown strong Phase III results 

for fibrosis improvement. 

Orlistat: 

Orlistat is an anti-obesity medication that works by 

inhibiting gastric and pancreatic lipases, enzymes 

responsible for breaking down dietary fats in the 

gastrointestinal tract. By blocking fat digestion, it 

prevents approximately 30% of ingested fat from 

being absorbed, leading to caloric deficit and 

gradual weight loss. It is indicated for the 

management of obesity in individuals with a body 

mass index (BMI) of 30 kg/m² or greater, or 27 

kg/m² with associated risk factors such as 

hypertension, type 2 diabetes, or dyslipidaemia. 

Orlistat is available in both prescription (Xenical, 

120 mg) and over-the-counter (Alli, 60 mg) 

formulations, typically taken three times daily 

with meals containing fat. The most common side 

effects are gastrointestinal in nature, including oily 

stools, flatulence with discharge, and faecal 

urgency, which are often reduced by adhering to a 

low-fat diet. Orlistat may also impair the 

absorption of fat-soluble vitamins and interact 

with medications such as cyclosporine and 

warfarin. Due to its mechanism, it is 

contraindicated in pregnancy, chronic 

malabsorption syndromes, and cholestasis. 

Despite its side effects, orlistat remains a useful 

adjunct in weight management when combined 

with dietary changes and exercise. [23][24] Orlistat 

has been investigated as a potential adjunct 

therapy for Non-Alcoholic Steatohepatitis 

(NASH), primarily due to its ability to promote 

weight loss, which is a key therapeutic goal in 

NASH management. Although not specifically 

approved for NASH, orlistat is used off-label in 

obese patients with NASH to support lifestyle 

interventions, such as a reduced-calorie, low-fat 

diet and increased physical activity. By inhibiting 

intestinal fat absorption, orlistat can help achieve 

significant weight loss, which is known to improve 

liver steatosis, reduce inflammation, and 

potentially slow fibrosis progression. Clinical 

studies have shown that orlistat use may lead to 

improvements in liver enzymes such as ALT and 

AST, as well as reductions in hepatic fat content. 

However, its effects on liver histology are mainly 

attributed to the extent of weight loss rather than a 

direct pharmacological action on the liver. 

Common gastrointestinal side effects, such as oily 

stools and flatulence, can limit adherence in some 

patients. Overall, orlistat serves as a supportive 

agent in the broader management of NASH, 

particularly in patients with obesity, but is not 

considered a primary treatment for reversing liver 

fibrosis or inflammation. [25] [26] 

Clinical trial: 

Several clinical studies have explored the role of 

orlistat in the management of Non-Alcoholic 

Steatohepatitis (NASH), focusing primarily on its 

weight-loss-mediated effects on liver health. In a 

randomized controlled trial by Zelber-Sagi et al. 

(2006), overweight and obese patients with non-

alcoholic fatty liver disease (NAFLD) were treated 

with orlistat alongside a calorie-restricted diet for 

six months. The study reported significant 

improvements in liver enzymes and reductions in 

hepatic fat content, assessed via ultrasound, in the 

orlistat group compared to diet alone, indicating 

the added benefit of pharmacological support for 
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weight loss. [27] Similarly, Harrison et al. (2009) 

conducted a prospective, randomized trial 

evaluating orlistat in patients with biopsy-proven 

NASH. The results demonstrated that patients who 

achieved significant weight loss with orlistat 

experienced modest histological improvements, 

including reductions in steatosis and lobular 

inflammation. However, the study also highlighted 

that these benefits were largely dependent on the 

degree of weight reduction, rather than a direct 

pharmacological action of orlistat on liver tissue. 

[28] Another pivotal study by Bugianesi et al. 

(2005) assessed the impact of orlistat-facilitated 

weight loss on liver histology in NASH patients 

and found that those who lost more than 10% of 

their body weight showed marked improvements 

in steatosis and necroinflammation on liver 

biopsy. Collectively, these trials suggest that while 

orlistat does not exert a direct anti-inflammatory or 

anti-fibrotic effect on the liver, it can serve as an 

effective adjunct in NASH management by 

enhancing weight loss outcomes and improving 

metabolic and hepatic parameters when used in 

conjunction with lifestyle interventions. [29] 

Pioglitazone: 

Pioglitazone is an oral antidiabetic medication 

belonging to the thiazolidinedione class, primarily 

used to manage type 2 diabetes mellitus. It works 

by enhancing insulin sensitivity in peripheral 

tissues, especially in adipose tissue, skeletal 

muscle, and the liver, through activation of the 

peroxisome proliferator-activated receptor-

gamma (PPAR-γ). By improving insulin action, 

pioglitazone helps lower blood glucose levels and 

reduces insulin resistance, which is a hallmark of 

type 2 diabetes. Beyond glycemic control, 

pioglitazone has shown beneficial effects on lipid 

profiles and may reduce liver fat content, making 

it of interest in conditions like non-alcoholic fatty 

liver disease (NAFLD). However, its use may be 

associated with side effects such as weight gain, 

fluid retention, risk of heart failure, and potential 

concerns about bladder cancer with long-term use. 

Therefore, while effective, its administration 

should be carefully considered, especially in 

patients with underlying cardiovascular or bladder 

conditions. [30] Pioglitazone has been studied 

extensively as a treatment option for non-alcoholic 

steatohepatitis (NASH), a progressive form of 

non-alcoholic fatty liver disease (NAFLD) 

characterized by liver inflammation, 

hepatocellular injury, and fibrosis. As a PPAR-γ 

agonist, pioglitazone improves insulin sensitivity, 

reduces hepatic glucose production, and promotes 

lipid metabolism, which collectively help decrease 

liver fat accumulation and inflammation. Clinical 

trials have demonstrated that pioglitazone can 

significantly improve histological features of 

NASH, including steatosis, ballooning, and 

inflammation, and in some cases, may even lead to 

fibrosis regression. It is particularly effective in 

patients with type 2 diabetes or prediabetes who 

have NASH. However, its use must be balanced 

against potential adverse effects, such as weight 

gain, fluid retention, and risk of bone fractures. 

Despite these concerns, pioglitazone remains one 

of the few pharmacologic agents with proven 

histological benefits in NASH and is 

recommended in certain clinical guidelines for 

patients with biopsy-proven NASH and metabolic 

risk factors. [31] 

Clinical trial: 

We randomly assigned 55 patients with impaired 

glucose tolerance or type 2 diabetes and liver 

biopsy-confirmed non-alcoholic steatohepatitis to 

6 months of treatment with a hypocaloric diet (a 

reduction of 500 kcal per day in relation to the 

calculated daily intake required to maintain body 

weight) plus pioglitazone (45 mg daily) or a 

hypocaloric diet plus placebo. Before and after 

treatment, we assessed hepatic histologic features, 

hepatic fat content by means of magnetic 
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resonance spectroscopy, and glucose turnover 

during an oral glucose tolerance test ([14C] 

glucose given with the oral glucose load and [3H] 

glucose given by intravenous infusion). Diet plus 

pioglitazone, as compared with diet plus placebo, 

improved glycemic control and glucose tolerance 

(P<0.001), normalized liver aminotransferase 

levels as it decreased plasma aspartate 

aminotransferase levels (by 40% vs. 21%, 

P=0.04), decreased alanine aminotransferase 

levels (by 58% vs. 34%, P<0.001), decreased 

hepatic fat content (by 54% vs. 0%, P<0.001), and 

increased hepatic insulin sensitivity (by 48% vs. 

14%, P=0.008). Administration of pioglitazone, as 

compared with placebo, was associated with 

improvement in histologic findings with regard to 

steatosis (P=0.003), ballooning necrosis (P=0.02), 

and inflammation (P=0.008). Subjects in the 

pioglitazone group had a greater reduction in 

necroinflammation (85% vs. 38%, P=0.001), but 

the reduction in fibrosis did not differ significantly 

from that in the placebo group (P=0.08). Fatigue 

and mild lower-extremity edema developed in one 

subject who received pioglitazone; no other 

adverse events were observed. [32] 

VITAMINE: 

Vitamin E is a fat-soluble antioxidant that plays a 

crucial role in protecting cells from oxidative 

damage. It exists in several forms, with alpha-

tocopherol being the most biologically active in 

humans. Vitamin E helps neutralize free radicals, 

which are harmful byproducts of cellular 

metabolism that can damage lipids, proteins, and 

DNA. This antioxidant activity is particularly 

important in tissues with high fat content, such as 

the brain and liver. In clinical settings, vitamin E 

has been studied for its potential benefits in a 

variety of conditions, including cardiovascular 

disease, eye disorders, and neurodegenerative 

diseases. In liver health, particularly non-alcoholic 

fatty liver disease (NAFLD), vitamin E has been 

shown to reduce inflammation and liver cell 

injury. Its anti-inflammatory and antifibrotic 

properties make it a promising therapeutic agent in 

certain cases, especially in non-diabetic 

individuals with biopsy-proven non-alcoholic 

steatohepatitis (NASH). However, high doses of 

vitamin E supplementation should be used 

cautiously, as excessive intake may pose risks such 

as increased bleeding tendency or, in some studies, 

all-cause mortality. Overall, vitamin E remains an 

important nutrient with therapeutic potential when 

used appropriately. [33] 

Clinical trial: 

The PIVENS trial (Pioglitazone, Vitamin E, or 

Placebo for NASH), conducted by the NASH 

Clinical Research Network, was a randomized, 

double-blind, placebo-controlled trial involving 

non-diabetic adults with biopsy-proven NASH. 

Patients received either vitamin E (800 IU/day), 

pioglitazone, or placebo for 96 weeks. The results 

showed that vitamin E significantly improved key 

histological features of NASH, including steatosis, 

lobular inflammation, and hepatocellular 

ballooning, when compared to placebo. 

Importantly, 43% of patients in the vitamin E 

group achieved a histological improvement in 

NASH without worsening fibrosis, compared to 

19% in the placebo group. However, the trial noted 

no significant improvement in fibrosis. Another 

important study was the TONIC trial (Treatment 

of Non-alcoholic Fatty Liver Disease in Children), 

which evaluated vitamin E in paediatric patients 

with NAFLD. Children were randomized to 

receive vitamin E, metformin, or placebo for 96 

weeks. The trial found that vitamin E significantly 

improved liver histology and reduced 

hepatocellular ballooning compared to placebo, 

although it did not lead to a significant reduction 

in ALT levels (a marker of liver injury). While 

these trials support the use of vitamin E in non-

diabetic patients with NASH, especially those with 
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biopsy-confirmed disease, its use remains 

controversial in diabetic patients or those with 

advanced fibrosis due to potential risks associated 

with long-term high-dose supplementation, such 

as increased all-cause mortality and haemorrhagic 

stroke in some meta-analyses. Therefore, vitamin 

E is currently recommended selectively, 

particularly in non-diabetic adults with biopsy-

proven NASH, as per guidelines from the 

American Association for the Study of Liver 

Diseases (AASLD). [34] 

GLP-1 RA: 

Glucagon-like peptide-1 receptor agonist (GLP-1 

RAs) are a class of medications primarily used in 

the treatment of type 2 diabetes mellitus and, more 

recently, obesity. These agents mimic the action of 

the endogenous hormone GLP-1, which is secreted 

by the intestines in response to food intake. GLP-

1 RAs enhance glucose-dependent insulin 

secretion, suppress glucagon release, slow gastric 

emptying, and promote satiety, leading to 

improved glycaemic control and significant 

weight loss. Commonly used GLP-1 RAs include 

liraglutide, semaglutide, dulaglutide, and 

exenatide. Recent studies have also shown that 

GLP-1 RAs may have beneficial effects on 

cardiovascular health and liver fat content, making 

them potentially useful in managing conditions 

like non-alcoholic fatty liver disease (NAFLD). 

These drugs are generally well-tolerated, though 

gastrointestinal side effects such as nausea, 

vomiting, and diarrhoea are common, especially 

during the initiation phase. [35] 

Clinical Trial: 

GLP-1 receptor agonists (GLP-1 RAs) are 

showing promise in clinical trials for treating non-

alcoholic steatohepatitis (NASH), a progressive 

liver disease.  These drugs, initially developed for 

diabetes and obesity, have demonstrated benefits 

in reducing liver fat, improving liver 

inflammation, and, in some cases, addressing 

fibrosis. In a 72-week Phase II trial, semaglutide 

achieved NASH resolution in up to 59% of 

patients without worsening fibrosis, compared to 

17% in the placebo group. However, 

improvements in fibrosis were not statistically 

significant.Similarly, liraglutide showed a 39% 

resolution rate of NASH over 48 weeks, though 

fibrosis improvements were modest. Emerging 

GLP-1 RA therapies are also under investigation. 

Tirzepatide, a dual GLP-1/GIP agonist, 

demonstrated a 62% NASH resolution rate in a 52-

week trial, with up to 55% of patients showing 

fibrosis improvement, though not always 

statistically significant.  Survodutide, a GLP-

1/glucagon receptor agonist, achieved MASH 

improvement in 83% of patients over 48 weeks, 

with significant fibrosis improvements.  

Efinopegdutide, another dual agonist, reduced 

liver fat by 72.7% over 24 weeks, outperforming 

semaglutide's 42.3% reduction. [36] While these 

findings are encouraging, most GLP-1 RAs are not 

yet approved for NASH treatment.  Ongoing Phase 

III trials, such as the ESSENCE trial for 

semaglutide, aim to confirm their efficacy and 

safety.  Common side effects include 

gastrointestinal symptoms like nausea and 

diarrhoea. In summary, GLP-1 RAs are a 

promising avenue for NASH therapy, offering 

potential benefits in liver health and weight 

management.  However, further research is 

necessary to establish their role in standard 

treatment protocols. [37] 

Obeticholic Acid: 

Obeticholic acid (OCA) is a semi-synthetic bile 

acid analogue that functions as a potent agonist of 

the farnesoid X receptor (FXR), a nuclear receptor 

involved in regulating bile acid, lipid, and glucose 

metabolism. Originally approved for the treatment 

of primary biliary cholangitis (PBC), OCA has 
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also been investigated as a potential therapy for 

non-alcoholic steatohepatitis (NASH), a 

progressive form of non-alcoholic fatty liver 

disease (NAFLD). By activating FXR, OCA 

reduces hepatic lipogenesis, enhances insulin 

sensitivity, and exerts anti-inflammatory and anti-

fibrotic effects, all of which are crucial in 

addressing NASH pathophysiology. Clinical 

trials, such as the REGENERATE trial, have 

demonstrated that OCA can improve liver 

histology in NASH patients, particularly by 

reducing fibrosis. However, its use has been 

associated with side effects like pruritus and 

changes in lipid profiles, including increased LDL 

cholesterol, which necessitates careful patient 

monitoring. Despite these concerns, OCA remains 

a promising pharmacological agent in the 

therapeutic landscape of chronic liver diseases. [38] 

Clinical trial: 

In the REVERSE study of 919 randomized 

subjects with compensated cirrhosis due to NASH, 

11.1% (p=NS) of subjects who were randomized 

to receive once-daily oral OCA 10 mg and 11.9% 

(p=NS) of subjects who were randomized to 

receive OCA 10 mg titrated to 25 mg (OCA 10-to-

25 mg) after three months achieved a ≥1-stage 

improvement in fibrosis with no worsening of 

NASH after up to 18 months of treatment, 

compared with 9.9% of subjects who received 

placebo. Though the REVERSE study did not 

succeed on the histological evaluation of the 

primary endpoint, a positive impact on liver 

stiffness as defined by transient elastography was 

noted in both OCA 10 mg and OCA 10-to-25 mg 

arms. Safety was evaluated in 916 subjects who 

took at least one dose of study drug (placebo, OCA 

10 mg or OCA 10-to-25 mg). Treatment-emergent 

adverse events (TEAEs), treatment-emergent 

serious adverse events (TESAEs) and deaths were 

balanced across all treatment groups in Reverse. 

The most common TEAE was pruritus (31% in 

placebo, 41% in OCA 10 mg and 57% in OCA 10-

to-25 mg) and pruritus was the most common 

reason for treatment discontinuation. Serious 

gallbladder-related events were balanced across 

arms (0.6% in placebo, 1.0% in OCA 10 mg, 1.0% 

in OCA 10-to-25 mg). Consistent with the known 

mechanism of action of FXR-agonists, the OCA 

10-to-25 mg arm had a higher incidence of 

gallstones. [39] 

Resmetirom: 

Resmetirom (brand name: Rezdiffra) is a first-in-

class, oral, liver-directed selective thyroid 

hormone receptor-β (THR-β) agonist developed 

for the treatment of non-alcoholic steatohepatitis 

(NASH), particularly in patients with significant 

fibrosis (stages F2–F3). Unlike systemic thyroid 

hormone therapies, resmetirom specifically targets 

THR-β, which is predominantly expressed in the 

liver, thereby minimizing off-target effects such as 

cardiovascular or skeletal side effects associated 

with THR-α activation. THR-β activation in the 

liver enhances mitochondrial biogenesis, fatty acid 

β-oxidation, and reduces lipogenesis, leading to 

decreased hepatic fat accumulation, improved 

insulin sensitivity, and anti-inflammatory effects. 

[40] In March 2024, resmetirom received FDA 

approval, marking a significant milestone as the 

first drug approved specifically for the treatment 

of NASH with fibrosis. Its approval is seen as a 

breakthrough in the management of a condition 

that has long lacked effective pharmacological 

therapies. Ongoing trials continue to evaluate its 

long-term safety, efficacy, and potential in 

combination regimens, further supporting its role 

as a cornerstone in the evolving landscape of 

NASH therapy. [42] 

MECHANISM OF ACTION:  
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Resmetirom selectively activates the THR-β subtype of thyroid hormone receptors, which are primarily 

found in the liver. This selectivity helps to avoid some of the side effects associated with non-selective 

thyroid hormone therapies. 

↓ 

By activating THR-β, resmetirom promotes the regulation of genes involved in lipid metabolism. This 

leads to reduced liver fat accumulation, decreased cholesterol levels, and improved overall lipid 

profiles. 

↓ 

Resmetirom also enhances insulin sensitivity, which can benefit metabolic health, particularly in 

conditions like non-alcoholic fatty liver disease (NAFLD) and metabolic syndrome. 

↓ 

The drug may exert anti-inflammatory effects, contributing to improvements in liver function and 

reducing hepatic inflammation 

Clinical trial: 

966 participants in total (322 in the 80 mg 

resmetirom group,323 in the 100 mg resmetirom 

group and 321 in the placebo group)made up the 

primary analytic population.in comparison to 

9.7% of patients in the placebo group, 25.9% of 

patients in the 80 mg resmetirom group 29.9% of 

patients in the 100 mg resmetirom group 

experienced NASH resolution with no progression 

of fibrosis (P<0.001 for both compression with 

placebo ).24.2% of patients in the 80 mg 

resmetirom group and 25.9% of patients in the 

100mg resmetirom group experienced fibrosis 

improvement of  at least one stage without a 

worsening of the NAFLD activity score ,compared 

to 14.2% of patients in placebo group (P<0.001 for 

both compression with placebo ). The 80 mg 

resmetirom group experienced 13.6% change in 

low density lipoprotein cholesterol level from 

baseline to week 24, while in the 100 mg 

resmetirom group experienced a-16.3% change. 

This was in contract to the 0.1% change in the 

placebo group (P<0.001 for both compression with 

placebo). compared to a placebo resmetirom was 

associated with high frequency of nausea and 

diarrhoea. The trial group saw comparable rates of 

significates adverse events:10.9% for the 80mg 

resmetirom group,12.7% for the 100mg 

resmetirom group and 11.5% for the placebo 

group. 

Table:1 Summarized of drug used in NAFLD 

Drug/Class Mechanism of Action Effect on Liver 

Histology 

FDA 

Approval 

for NASH 

Key Notes 

Orlistat Inhibits fat absorption 

(lipase inhibitor) 

Indirect benefit via 

weight loss; modest 

steatosis ↓ 

No GI side effects 

common; best used 

with lifestyle changes 

Pioglitazone 

(TZD) 

PPAR-γ agonist, 

improves insulin 

sensitivity 

Steatosis ↓, 

Inflammation ↓, 

Fibrosis ↓ 

No Effective in biopsy-

proven NASH, 

especially with 

diabetes 
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GLP-1 RAs 

(e.g., 

liraglutide, 

semaglutide) 

Enhances insulin 

secretion, promotes 

weight loss 

Steatosis ↓, 

Inflammation ↓, 

some fibrosis 

improvement 

No (under 

investigation) 

Dual benefit for 

obesity and T2DM; 

semaglutide promising 

Vitamin E Antioxidant Steatosis ↓, 

Inflammation ↓ 

No Recommended in non-

diabetic patients with 

biopsy-proven NASH 

Obeticholic 

acid 

FXR agonist – reduces 

bile acid synthesis and 

inflammation 

Fibrosis ↓ (primary 

endpoint met in 

REGENERATE 

trial) 

No 

(resubmitted 

to FDA) 

Pruritus and LDL 

elevation are side 

effects 

Resmetirom THR-β agonist – 

increases fat metabolism 

in liver 

Steatosis ↓, 

Fibrosis ↓ 

No (Phase 3 

positive) 

Seen as a promising 

emerging agent 

CONCLUSION: 

NAFLD is a common chronic liver disease linked 

to fat accumulation, potentially progressing to 

NASH, fibrosis, and cirrhosis. Risk factors include 

obesity, T2DM, and metabolic syndrome. 

Diagnosis often requires biopsy. Treatment 

focuses on lifestyle changes (diet and exercise) for 

weight loss. Pharmacological options like orlistat, 

pioglitazone, vitamin E, GLP-1 RAs, obeticholic 

acid, and the newly approved resmetirom aim to 

reduce liver fat, inflammation, and fibrosis. 

Resmetirom is the first drug with strong evidence 

of fibrosis improvement. 
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