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Abstract- This review comprehensively explores the factors influencing the development, progression, and 

complications of liver steatosis and nonalcoholic fatty liver disease (NAFLD). This condition is characterized by 

hepatic fat accumulation, encompasses nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis 

(NASH). The rising global prevalence of obesity and insulin resistance has made these conditions leading 

causes of chronic liver disease. NASH can evolve into fibrosis, cirrhosis, and hepatocellular carcinoma, posing 

significant health risks. The pathophysiology of NAFLD is complex, involving a combination of genetic and 

environmental factors. The traditional "two hits" model has been replaced by "multiple-parallel hits" model, 

emphasizing the interplay of genetic predisposition, obesity, insulin resistance, and gut microbiota changes. The 

role of immune cells, particularly macrophages, NASH development is discussed, highlighting potential 

therapeutic targets. Drug-induced NAFLD is examined, focusing on mechanisms leading to steatosis and liver 

damage. Several drugs, including amiodarone, tamoxifen, and valproate, disrupt mitochondrial function and 

induce lipogenesis, contributing to drug-induced fatty liver. Pharmacological therapies for NAFLD, targeting 

insulin resistance, oxidative stress, and lipotoxicity, are reviewed. Insulin sensitizers such as thiazolidinediones 

and metformin, antioxidants like vitamin E and pentoxifylline, and drugs that decrease cholesterol are 

discussed. Additionally, agents activating nuclear transcription factors (e.g.FXR agonists and PPAR agonists) 

and cytokine modulation are explored as potential treatments. In conclusion, the review underscores the 

multifaceted nature of NAFLD and provides insights into current and emerging pharmacological therapies. 

Despite the challenges, ongoing research offers hope for effective treatments in the future, emphasizing need 

for a comprehensive approach considering individual patient profiles and disease stages. 
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 1. INTRODUCTION  

This review aims to provide information for a complete understanding of the factors that impact the development, 

progression, and complications of liver steatosis and nonalcoholic fatty liver disease (NAFLD), as well as the 

treatments that have been undergone for this disease. When there are no other factors that lead to secondary liver fat 

accumulation, hepatic steatosis—the ectopic buildup of fat in hepatitis defines nonalcoholic fatty liver disease 

(NAFLD). While a small accumulation of fat in the liver is normal for healthy adults, when fat deposits in at least 5% 

of liver cells, it's considered abnormal. This condition encompasses both nonalcoholic fatty liver (NAFL) and 

nonalcoholic steatohepatitis (NASH), the latter diagnosed when there's evidence of inflammation and liver cell 

damage alongside fat buildup. With the increasing global prevalence of obesity and insulin resistance, these 

conditions have become the primary causes of long-term liver issues. NASH can progress to liver scarring, cirrhosis, 

and even liver cancer, affecting around 30% to 40% of patients with fibrosis development.[1] Acute liver steatosis gives 

way to non-alcoholic steatohepatitis (NASH) and, in more advanced situations, liver cirrhosis and fibrosis. HCC is 

more likely to occur in NASH patients who already have fibrosis or cirrhosis. The histological features of the illness 

spectrum are unique to each stage. Fat droplet formation in hepatocytes is referred to as simple hepatic steatosis. 

Hepatocellular damage, ballooning, and inflammation appear when the condition advances to NASH. Cirrhosis 

eventually results from liver fibrosis brought on by the further deterioration of NASH [2]. NAFLD is typically 

associated with a variety of metabolic problems, particularly insulin resistance (IR), type 2 diabetes (T2DM), 

hyperlipidemia, and obesity, all of which are characteristics of the metabolic syndrome. 
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2. PATHOPHYSIOLOGY 

The etiology of non-alcoholic fatty liver disease (NAFLD) is intricate and multifaceted, including several systemic 

abnormalities. According to the classic "two hits" idea, there is an intrahepatic buildup of fatty acids as the first "hit," 

and other elements like oxidative stress or mitochondrial dysfunction are added in the second "hit. This idea has been 

deemed insufficiently complex to explain the pathophysiology of nonalcoholic fatty liver disease. Hence, it has been 

superseded by the "multiple-parallel hits" model, which appears to better accurately depict the course of NAFLD 

formation and progression. In this model, individuals with a genetic predisposition operate in concert with one another 

and in parallel.[3] The multiple hits theory postulates that obesity, the development of insulin resistance, and changes to 

the gut microbiota are caused by a combination of hereditary and environmental variables related to food patterns. 

Adipose tissue lipolysis and hepatic de novo lipogenesis is encouraged by insulin resistance, which increases the flow 

of fatty acids into the liver. Insulin resistance can also result in dysfunctional adipose tissue, which triggers the release 

of inflammatory cytokines.[4] 

 

Fig. 1: Progression of fatty liver disease 

 

3.MECHANISM INVOLVED IN NAFLD 

        3.1 OBESITY 

The excess fatty acids (TGs) in tissues are gathered by adipocytes, which play a crucial role in mediating systemic lipid 

storage and adipokine release. These TGs subsequently have an impact on several processes, such as lipid metabolism, 

glucose control, and inflammation.[5] The main source of fat in individuals with non-alcoholic fatty liver disease 

(NAFLD) is the free fatty acids (FFAs) produced by TG lipolysis. One typical consequence of NAFLD is the 

development of insulin resistance, which is facilitated by these FFAs.[6] The activity of lipolysis in visceral adipose tissue 

is higher than that in subcutaneous adipose tissue, which reasons sufferers with visceral fats accumulation-precipitated 

vital weight problems to be universally insulin resistant and much more likely to broaden NAFLD secondary to their 

growing FFA content. Adiponectin is a secretory adipokine that is unique to adipose tissue. It can limit fat-free 

buildup by inducing lipid transfer and FFA oxidation, both of which have a matching receptor in the liver.[7] The 

distinctive characteristic of non-alcoholic fatty liver disease (NAFLD), hypoadiponectinemia, implies that 

adiponectin, acting as a competitor of tumor necrosis factor α (TNF-α), has anti-lipogenic as well as anti-

inflammatory activities that may protect the liver from damage by maintaining the proper balance between both pro- 

and anti- inflammatory cytokines in hepatocytes. [8] 

3.2 DIABETES 

Generally, type 2 diabetes mellitus (T2DM), diabetes, and complications associated with obesity and diabetes share 

similarities with nonalcoholic fatty liver disease (NAFLD) concerning clinical presentation, underlying mechanisms, 

and treatment options. Hyperlipidemia and insulin resistance are outcomes of obesity and reduced production of 

adiponectin due to prolonged calorie excess.[9] A considerable proportion of middle-aged Japanese individuals, 

approximately 29%, have NAFLD, often coexisting with metabolic syndrome, as evidenced by research on health 

examinations in Japan.[10] Moreover, hepatic steatosis not only contributes to peripheral insulin resistance and 
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excessive endocrine responses, key features of type 2 diabetes, but also leads to an inherent defect causing an excess of 

nonesterified fatty acids.[11] 

3.3 T-cells in the development of NASH/ NAFLD 

Immune cells, including macrophages, Th1/Th2 cells, natural killer cells, and T regulatory cells (T regs), have been 

studied for their possible therapeutic value as well as their roles in the pathophysiology of non-alcoholic steatohepatitis 

(NASH). In particular, systemic insulin resistance and, eventually, the condition is triggered by inflammation-related 

substances produced primarily by hepatic macrophages, which can be made up of brought-in bone marrow-derived 

macrophages and resident Kupffer cells.[12] When provoked by different factors, macrophages in tissues develop and 

take on specific functional phenotypes. In general, ligands that bind to toll-like receptors (TLRs), such as LPS 

(lipopolysaccharide) and interferon beta (IFN-γ), cause classical M1 activation, while IL-4 and IL-13 generate 

alternative M2 activation.[13] The many forms of activation of macrophages are controlled through a network of 

molecules that signal transcription factors, epigenetic processes, and posttranscriptional regulators. NAFLD, obesity, 

as well as associated illnesses, cancer, infections, or persistent inflammation, may be caused by the deregulation and 

polarization of M1/M2 macrophages.M2 macrophages/Kupffer cells have been shown to protect against NAFLD and 

alcoholic fatty liver disease by inducing M1 macrophage/Kupffer cell death. As a result, specific medicines 

3.4 DRUGS INDUCED NAFLD 

It has been proposed that the primary processes in DIFLD development are lipogenesis and the production of free 

radicals, which induce oxidative stress in hepatocytes. [16,17] In the rat livers, amiodarone improved the levels of short, 

medium, and long-chain acylcarnitine’s; acetylcarnitine levels improved most significantly. The interruptions observed 

in healthy tissue due to amiodarone's effects on mitochondrial fatty acid oxidation (mtFAO) likely stem from its ability 

to block complexes I and II of the mitochondrial respiratory chain (MRC), consequently preventing the direct 

conversion of acyl-CoA to acetyl-CoA during mitochondrial β-oxidation.[18,19] Triggering de novo lipogenesis by 

upregulating the expression of genes associated with lipogenesis, including acyl-CoA desaturase, ATP-citrate 

synthesis, lipid synthase, thyroid hormone-inducible liver protein, and cholesterol regulatory element- binding protein 

1, is another established mechanism of amiodarone-induced DIFLD. Additionally, it was found that amiodarone 

treatment caused the genes perilipin-4 as well as adipose differentiation-related proteins, which are involved with the 

formation of lipid droplets, to become overexpressed in vitro.[20] Tamoxifen is a cationic amphiphilic chemical that 

accumulates in liver tissue and causes liver harm, just like amiodarone.[21] It also works by inhibiting mtFAO and 

inducing de novo lipogenesis to produce its toxic impact.[22] The elevation of SREBP-1c and its associated 

downstream lipid production gene targets is a possibility for the formation of steatosis in the liver.[23] Some of the 

drugs induced nafld and their mechanism are listed below in Table.1 

 

TABLE 1 - DRUG INDUCED NAFLD/NASH AND THEIR MECHANISM 

 

  Amiodarone 

A lower level in mtFAO, suppression of MRC I and II complexes, an increase in 

acetylcarnitine levels, and inhibition of CPT1 enzyme activity. A higher level of 

expression of the genes SREBP1, THRSP, ACLY, FASN, SCD1, PLIN4, and ADFP 

initiates de novo lipogenesis. This decrease in GSH concentrations. 

Tamoxifen 

De novo lipogenesis is induced by upregulating SREBP1c and its downstream 

genes, resulting in impairment of the mtFAO. MTP expression, as well as VLDL 

production and assembly, are stimulated. decrease in GSH concentration. 

 

Methotrexate 
Impact on mitochondrial function via impeding the entry of folate to mitochondria, 

producing reactive oxygen species, and damaging the intestinal epithelial barrier. 

5-Fluorouracil, 

irinotecan,asparaginase 
Hepatocytes with impaired mtFAO and increased ROS accumulation 

Valproate 
Reduced CoA levels and competition for mtFAO with other FFAs. Weight gain 

and the development of systemic insulin resistance. 

Tetracycline 

Reduction in the expression of the PAARα, CPTI, FABP1, and MTP enzymes—all 

of which are implicated in mtFAO. ROS production is increased when ATF4 is 

activated. 

NRTIs 
Inhibition of human DNA polymerase γ, reduction in mitochondrial DNA 

replication, and oxidative stress induction. 

 

Lipid accretion enhances the synthesis of the microsomal lipid transfer protein, which is linked to VLDL assembly and 

secretion.[24] Hepatocytes store methotrexate, a substance with toxic effects on the liver. It is especially true of its 
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polyglutamated derivative.[25] There are several theories regarding how methotrexate causes excessive liver damage. 

These include blocking folate's ability to enter mitochondria, creating a problem within the mitochondria and 

releasing reactive oxygen species (ROS), and finally inducing caspase-dependent death. [26,27] Fluorouracil, irinotecan, 

and L-asparaginase are examples of hepatosteatotic drugs that reduce mtFAO while increasing hepatocyte ROS 

production. [28,29] Triglycerides build up, and steatosis occurs when valproate, a branched-chain fatty acid, interferes with 

the mtFAO. As a substrate for mtFAO pathways, valproate in its free acid form might compete with other free fatty 

acids for binding sites. It binds with coenzyme A upon entry into the hepatic mitochondria, resulting in an enzyme 

deficit. [30] The well-known cause of DIFLD is tetracycline. Several factors contribute to the toxic effect of drug-

induced fatty liver disease (DIFLD), including inhibition of mitochondrial fatty acid oxidation (mtFAO), suppression 

of microsomal triglyceride transfer protein (MTP) enzyme leading to very low-density lipoprotein (VLDL) 

accumulation, downregulation of mtFAO-related genes such as carnitine palmitoyltransferase I and fatty acid-binding 

protein 1, and increased reactive oxygen species (ROS) production mediated by the transcription factor ATF4, which 

upregulates CYP2E1.[31-34] Additionally, drugs like doxycycline and minocycline exacerbate ROS generation through 

ATF4. Examples of nucleoside reverse transcriptase inhibitors like reversanosine, stavudine, tenofovir, zidovudine, 

and abacavir inhibit human DNA polymerase gamma, thereby reducing mitochondrial DNA replication. [35,36] 

 

4.PHARMACOLOGICAL THERAPY 

Most patients cannot be successfully or sustainably treated with diet and lifestyle modifications. Patients requiring 

pharmaceutical therapy primarily targeted at reducing hepatic inflammation, fibrosis, and steatohepatitis include those 

who do not respond well to lifestyle interventions or who have a very advanced illness (significant fibrosis). 

4.1 INSULIN SENSITIZERS 

Insulin resistance is a primary cause of an abnormal accumulation of fats in the liver and is essential for the 

development and progression of fibrosis and steatohepatitis. The following list of pharmaceuticals focuses on 

improving insulin resistance. 

Thiazolidinediones 

Glitazones, or thiazolidinediones (TZD), are the most strongly supported evidence- based medications studied for the 

treatment of nonalcoholic steatohepatitis (NASH).[37] Glitazone usage in NASH is advised by current 

recommendations. Insulin-resistant, large pre- adipocytes are encouraged to differentiate into tiny, proliferating, 

insulin-sensitive adipocytes by glitazones.[38] When lipogenic genes and lipoprotein lipase (LPL) are induced, fatty 

acid production and absorption in adipose tissue are increased. This causes the load of free fatty acids (FFA) to be 

directed towards adipocytes rather than the liver.[39] Insulin sensitivity improves as a result, even with a rise in fatty 

tissue. Glitazones enhance the production of adiponectin in the liver and muscles, which is an insulin-sensitizing and 

anti-steatogenic hormone promoting fatty acid beta-oxidation. [40,41] This action facilitates the transfer of fat from ectopic 

tissues to adipose tissue while increasing adiponectin levels. Additionally, glitazones upregulate glucose transporter 

type-4 (GLUT-4) and AMP-activated protein kinase expression in muscle and adipose tissue, leading to reduced insulin 

resistance. [42, 43] 

Metformin: 

Metformin is an oral biguanide that decreases hepatic glucose synthesis and raises peripheral glucose consumption.[44] 

It is another insulin-sensitizing drug. It is approved for people with type 2 T2D to use metformin. [45[ With a shift in 

redox state, it reduces the amount of glucose produced endogenously, activates AMP-activated protein kinase, and 

inhibits the mitochondrial glycerophosphate dehydrogenase shuttle.[46] Although metformin is regarded as a safe 

medication, its effectiveness in treating non-alcoholic steatohepatitis (NASH) is not established.[47] 

4.2 ANTIOXIDANTS 

The development of NASH and liver damage are thought to be facilitated by increased oxidative stress and impaired 

antioxidant defense systems, which have been thoroughly investigated throughout the various phases of non-alcoholic 

fatty liver disease (NAFLD). The following is a list of some of the antioxidant-active medications being utilized to 

treat NASH. 

Vitamin E 

Vitamin E is a fat-soluble substance that may be found in many different substances that are members of the 

tocopherol and tocotrienol families. The phospholipid bilayer of cell membranes contains vitamin E, a substance that 

helps prevent oxidative damage brought on by free radicals.[41] It guards against inflammation of the liver by preventing 

intrinsic pathways of apoptosis and mitigating mitochondrial toxicity. [47,48] Furthermore, it has been shown to possess 

non-antioxidant characteristics and can modify gene expression, cell-to-cell communication, and nuclear factor kappa 

B (NF-kB)-dependent inflammatory pathways. [49,50] 

Pentoxifylline 

Pentoxifylline, a non-selective phosphodiesterase inhibitor, is employed in the treatment of peripheral vascular 

disease.[51] According to research on animals, pentoxifylline has an antioxidant effect and prevents the release of 
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cytokines that promote inflammation.[52] These outcomes were validated in vivo, as pentoxifylline markedly reduced 

steatohepatitis in a dietary NASH model lacking in methionine and choline.[53] 

4.3 LIPOTOXICITY BASED TARGETS 

The progression from steatosis to nonalcoholic steatohepatitis (NASH) may be signaled by an accumulation of lipotoxic 

intermediates from triglyceride production or breakdown.[54] 

De novo lipogenesis (DNL), the biological process of synthesizing fatty acids from acetyl-CoA subunits, primarily 

occurring in the liver and often fueled by carbohydrate catabolism, plays a significant role in NASH. The rate-limiting 

step in DNL is catalyzed by acetyl-CoA carboxylase (ACC), which has two main isoforms in mammals: ACC1 and 

ACC2. Another appealing strategy to regulate fatty acid production in lipogenic tissues is the pharmacological 

suppression of ACC. GS-0976 inhibits the carboxylase acetyl-CoA. [55,56] 

4.4 DRUGS THAT DECREASE CHOLESTEROL: 

Certain pharmaceutical therapies may target cholesterol, a major toxic lipid mediator of liver disease. Stearoyl-CoA 

desaturase 1 (SCD-1) is an enzyme that catalyzes the formation of mono-unsaturated fatty acids, especially oleic 

acid.[57] Insulin sensitivity increases when SCD-1 is inhibited or deficient, which decreases hepatic steatosis. It has 

been noted that obese NASH patients exhibit increased SCD-1 activity. The SCD-1 inhibitor Aramchol was found to 

lower the amount of fat in the liver in 60 NAFLD patients in a double-blind, placebo-controlled clinical study.[58] Statins 

are a family of medications that decrease cholesterol; they are often referred to as HMG-CoA reductase inhibitors. It 

has been found that statins only slightly ameliorate steatosis.[59] To lower plasma cholesterol and lower the risk of 

cardiovascular disease (CVD), these are the first-choice medications.[60] When it comes to people with NAFLD and 

NASH, CVD is one of the main causes of mortality.[61] Statins have no positive effects on the histology of the liver in 

NASH patients.[62] As a result, statin therapy for NASH is not currently advised.[59] Statins are advised for 

cardiovascular endpoints in NAFLD patients due to concurrent metabolic comorbidities. Because statins are known to 

reduce aminotransferase levels in people with metabolic syndrome, several studies have examined their safety in cases 

of hepatotoxicity. [63,64] 

4.5 NUCLEAR TRANSCRIPTION FACTOR ACTIVATION 

Nuclear transcription factors are molecules that regulate the transcription of specific genes upon binding to their 

ligands. They hold promise as therapeutic targets for treating non- alcoholic steatohepatitis (NASH). 

Agonists for the farnesoid X receptor (FXR) 

FXR agonists, part of the nuclear receptor superfamily, play a crucial role in modulating metabolic pathways such as 

glucose homeostasis, inflammation, and fibrogenesis. In individuals with NASH, there's a correlation between disease 

severity and hepatic FXR expression levels.[65] FXR is expressed in various organs including the adrenal glands, liver, 

kidneys, and intestines, regulating liposomal metabolism and bile acid production and circulation.[66] Activation of 

FXR protects hepatocytes from bile acid-induced toxicity and influences hepatic lipogenesis, cholesterol synthesis, 

glucose homeostasis, and bile acid production.[67,68] Animal studies suggest that FXR deficiency coupled with a high-fat 

diet leads to liver steatosis, inflammation, and fibrosis.[69] FXR agonists have shown promise in promoting the 

resolution of steatohepatitis and fibrosis in rodent models of diet-induced NASH, potentially preventing its 

development.[70] Synthetic FXR agonists are under investigation for treating NASH and other liver diseases.[71] 

Agonists for the farnesoid X receptor (FXR) 

FXR agonists, part of the nuclear receptor superfamily, play a crucial role in modulating metabolic pathways such as 

glucose homeostasis, inflammation, and fibrogenesis. In individuals with NASH, there's a correlation between disease 

severity and hepatic FXR expression levels.[65] FXR is expressed in various organs including the adrenal glands, liver, 

kidneys, and intestines, regulating liposomal metabolism and bile acid production and circulation.[66] Activation of 

FXR protects hepatocytes from bile acid-induced toxicity and influences hepatic lipogenesis, cholesterol synthesis, 

glucose homeostasis, and bile acid production.[67,68] Animal studies suggest that FXR deficiency coupled with a high-fat 

diet leads to liver steatosis, inflammation, and fibrosis.[69] FXR agonists have shown promise in promoting the 

resolution of steatohepatitis and fibrosis in rodent models of diet-induced NASH, potentially preventing its 

development.[70] Synthetic FXR agonists are under investigation for treating NASH and other liver diseases.[71] 

Tropifexor (LJN-452): 

Tropifexor (LJN-452) is a highly strong non-bile acid FXR agonist that can activate target genes at extremely low 

doses. Preclinical NASH models have demonstrated the high efficacy of tropifexor.[72] Tropifexor and cenicriviroc's 

safety and effectiveness in treating individuals with fibrosis and biopsy-proven NASH are being assessed in the 

current phase 2 RCT FLIGHTFXR.[73] 

4.6PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORS (PPARS) 

Peroxisome proliferator-activated receptors (PPARs) belong to a class of nuclear receptors found in various tissues 

including the kidney, liver, adipose tissue, heart, and skeletal muscle. They regulate the transcription of metabolic 

processes such as gluconeogenesis, lipid transport, and β oxidation.[74] PPARs are divided into three isotypes: PPARα, 

PPARβ (also known as PPARδ), and PPARγ, with differing tissue distributions despite targeting the same DNA 
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region. PPARs form heterodimers with the retinoid X receptor (RXR) to control gene transcription. PPARα 

upregulates enzymes involved in fatty acid oxidation, microsomal ω- oxidation, and ketogenesis, shifting hepatic 

metabolism towards lipid oxidation.[75,76] Activation of PPARα increases triglyceride clearance by upregulating 

lipoprotein lipase (LPL) production and downregulating hepatic secretion of APOCIII, an LPL inhibitor.[77] 

Additionally, PPARα decreases the production of pro-inflammatory cytokines such as interleukin 1 (IL-1), IL-6, and 

tumor necrosis factor (TNF), as well as adhesion molecules like intercellular adhesion molecule 1 (ICAM1) and 

vascular cell adhesion molecule 1 (VCAM1).[78,79] These anti-inflammatory effects are hepatoprotective against 

inflammation and fibrosis induced by a methionine-choline-deficient diet and are independent of peroxisome 

proliferator response elements (PPRE).[80] 

Elafibranor: 

Elafibranor is an agonist of PPAR-alpha/delta (α/δ) that regulates insulin and lipid metabolism in NAFLD 

and NASH.[81] 

4.7 CYTOKINES 

Liver cells produce cytokines, essential signaling molecules involved in cellular communication and inflammation-

related diseases.[82] Subclasses of cytokines include transforming growth factors (TGF), interleukins (IL), tumor 

necrosis factor (TNF), colony- stimulating factors, and chemokines. In non-alcoholic fatty liver disease (NAFLD), 

characterized by lipid accumulation and inflammation, cytokines likely play a pivotal role, promoting hepatic 

inflammation, steatosis, cell apoptosis and necrosis, and fibrosis. Pro- inflammatory cytokines like TNFα and the IL 

family are thought to regulate key aspects of liver disease. 

Tumor necrosis factor-alpha (TNF-α) is a pro-inflammatory cytokine that is released by several tissues, including 

endothelium, adipose tissue, and neurons, as well as monocytes/macrophages, neutrophils, and T-cells. It is linked to 

insulin resistance, which is connected to obesity.[83] Insulin sensitivity was enhanced in genetic and dietary models of 

obesity in mice devoid of TNFα. [84] TNFα expression is shown to be elevated in obesity and to decrease with weight 

reduction, according to clinical trials [85,86] suggesting a role for TNFα in both metabolic dysregulation and obesity.[87] 

Transforming growth factor-beta (TGF-β): 

TGF-β is a cytokine known for its immunosuppressive effects and promotion of fibrosis.[88] TGF-β1, a major isoform, 

plays a significant role in hepatic fibrosis by inducing stellate cell activation.[89,90] Its expression is elevated in hepatic 

fibrosis models and in patients with liver fibrosis.[91] Given that liver fibrosis is a significant predictor of mortality in 

NAFLD patients, researchers are increasingly focusing on developing therapies targeting fibrogenesis-related 

components.[92] TGF-β, a crucial pro-fibrogenic cytokine, is implicated in liver fibrosis progression. Persistent liver 

injury leads to elevated TGF-β levels, which activate stellate cells into myofibroblasts and contribute to hepatocyte cell 

death, both promoting liver fibrosis. TGF- β signaling pathways, including TAK1- and Smad-dependent signaling, 

regulate processes such as carcinogenesis, fibrosis, cell survival, and proliferation.[93] 

 

CONCLUSION 

Obesity and insulin resistance are major contributors to the accumulation of triglycerides and free fatty acids in the 

liver, driving the increasing prevalence of non-alcoholic fatty liver disease (NAFLD) both in India and globally. While 

liver steatosis is often benign, the progression of fibrosis indicates a poor prognosis. Numerous risk factors for 

NAFLD development are linked to metabolic disturbances and insulin resistance. The expanding range of medications 

in development offers promising prospects for treating non-alcoholic steatohepatitis (NASH) in the future. In the 

meantime, first-line treatments such as vitamin E and pioglitazone remain effective for carefully selected individuals, 

regardless of diabetes status. 

 

FUTURE PROSPECTS: 

Precision Medicine: 

With advancements in genetic testing and understanding individual variations in disease susceptibility and response to 

treatment, personalized or precision medicine approaches for NAFLD/NASH are likely to become more prevalent. 

Tailoring treatments based on genetic makeup and other individual factors could improve efficacy and reduce side 

effects. 

Novel Therapeutics: 

Ongoing research is focused on developing new drugs targeting specific pathways involved in NAFLD/NASH 

pathogenesis, such as inhibitors of lipogenesis, antioxidants, and agents modulating nuclear transcription factors like 

FXR and PPARs. These novel therapeutics aim to provide more effective and targeted treatments with fewer adverse 

effects. 

Combination Therapy: 

Given the complex nature of NAFLD/NASH, combination therapies involving drugs targeting different aspects of the 

disease process are being explored. Combining insulin sensitizers, antioxidants, and agents affecting lipid metabolism 

or inflammation may offer synergistic effects and better outcomes for patients. 
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Non-Pharmacological Interventions: 

In addition to drug therapy, non-pharmacological interventions such as lifestyle modifications, dietary changes, and 

exercise regimens will continue to play a crucial role in managing NAFLD/NASH. Integrated approaches combining 

pharmacotherapy with lifestyle interventions may yield the best results. 

Biomarker Development: 

Identifying reliable biomarkers for diagnosing and monitoring NAFLD/NASH progression is an area of active 

research. Biomarkers reflecting disease activity, severity, and response to treatment could facilitate early detection, 

risk stratification, and treatment monitoring. 

Regenerative Medicine: 

Advancements in regenerative medicine, including stem cell therapy and tissue engineering, hold promise for 

repairing liver damage caused by NAFLD/NASH. Regenerative approaches aim to restore liver function and reverse 

fibrosis, offering potential long-term solutions for patients with advanced disease. 

Overall, the future of NAFLD/NASH management looks promising, with ongoing research efforts focused on 

developing more effective, personalized, and holistic treatment strategies to address this growing global health 

concern. 
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