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Abstract: Nonalcoholic fatty liver disease (NAFLD), as a multisystemic disease, is the most prevalent chronic liver disease
characterized by extremely complex pathogenic mechanisms and multifactorial etiology, which often develops as a consequence of
obesity, metabolic syndrome. Pathophysiological mechanisms involved in the development of NAFLD include diet, obesity, insulin
resistance (IR), genetic and epigenetic determinants, intestinal dysbiosis, oxidative/nitrosative stress, autophagy dysregulation, hepatic
inflammation, gut-liver axis, gut microbes, impaired mitochondrial metabolism and regulation of hepatic lipid metabolism. Some of
the new drugs for the treatment of NAFLD are introduced here. All of them achieve therapeutic objectives by interfering with certain
pathophysiological pathways of NAFLD, including fibroblast growth factors (FGF) analogues, peroxisome proliferator-activated
receptors (PPARs) agonists, glucagon-like peptide-1 (GLP-1) agonists, G protein-coupled receptors (GPCRs), sodium-glucose
cotransporter-2 inhibitors (SGLT-21i), farnesoid X receptor (FXR), fatty acid synthase inhibitor (FASNi), antioxidants, etc. This review
describes some pathophysiological mechanisms of NAFLD and established targets and drugs.
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Introduction
The global prevalence of nonalcoholic fatty liver disease (NAFLD) is 25% and is the leading cause of cirrhosis and
hepatocellular carcinoma.! NAFLD is defined as the presence of steatosis and metabolic risk factors (especially obesity and
type 2 diabetes) in more than 5% of liver cells and the absence of excessive alcohol consumption (=30 g per day for men and >
20 g per day for women) or other chronic liver diseases.” NAFLD is a series of histopathological changes. It can be divided
into nonalcoholic simple fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH). NAFL can be considered present when
there is more than 5% steatosis in the liver. The presence of steatosis, hepatic ballooning, and hepatic lobular inflammation can
be considered NASH. NASH is characterized by necrotic inflammation and faster fibrotic progression than nonalcoholic fatty
liver disease. Both two of these stages have the potential to progress to cirrhosis.> NAFLD is bidirectionally associated with
components of metabolic syndrome.* Type 2 diabetes increases the risk of cirrhosis and related complications. Although the
leading causes of death in patients with NAFLD are cardiovascular disease and extrahepatic malignancy, advanced liver
fibrosis is a key prognostic indicator for liver-related outcomes and overall mortality.” The degree of fibrosis can be assessed
by a variety of non-invasive tests. Although several drugs to treat NAFLD are currently in the advanced stages of
development, there are currently no approved NAFLD treatments. Due to the complex pathophysiology and heterogeneity
of the disease phenotype, many patients with NAFLD may require combination therapy. A healthy lifestyle and weight loss
remain important in the prevention and treatment of NAFLD.®

In this review, we discuss NAFLD, the underlying molecular mechanisms of NASH pathogenesis and the develop-
ment of novel drugs associated with it.
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Pathogenesis of Nonalcoholic Fatty Liver Disease
NAFLD Development Mechanism

The pathogenic mechanism of NAFLD’s development and progression to NASH is quite complex and has not been fully
understood by scientific research over the past decade. Once the two-factor theory is replaced by the multifactorial
hypothesis, it will show that more than just one or two mechanisms can explain the pathogenesis of NAFLD and
progression to NASH. It is more likely that multiple factors play a role in the same time.’

The main feature of hepatic steatosis is excessive fat accumulation in liver cells, which is formed due to the breakdown of
the liver’s homeostasis between lipid acquisition and breakdown. There are two main sources of liver lipids in the form of free
fatty acids (FFA), namely lipolysis of triglycerides (TG) in adipose tissue and synthesis by de novo lipogenesis (DNL)
pathways. Lipids are broken down by mitochondrial fatty acid oxidation (FAO) and production of very low-density lipoprotein
(VLDL). If the injury occurs somewhere on the way, it can lead to the production of toxic lipid metabolites that further induce
hepatocellular stress, in other words, lipotoxicity. This is the first step in the pathway from simple steatosis to NASH.®

Multiple parallel hypotheses promote several factors that collectively contribute to the development of NAFLD, such as diet,
obesity, insulin resistance (IR), genetic and epigenetic determinants and intestinal dysbiosis. The key factor in this theory may be
IR. IR dysregulation causes fat breakdown in adipose tissue, thereby increasing the accumulation of FFAs in the liver. On the other
hand, in obese patients, adipose tissue dysfunction eventually occurs, which also leads to increased uptake of FFAs by the liver,
inducing lipid synthesis and gluconeogenesis, which further promotes insulin resistance in the liver.” Animal studies have shown
that obesity in mice stimulate the secrets of dipeptidyl peptidase 4 (DPP4), which promotes insulin resistance and liver
inflammation. ' Studies have shown higher levels of advanced glycation end products (AGEs) in NASH compared with healthy
controls or patients with simple steatosis.'' These findings suggest that AGEs are associated with inflammation. Whether IR was
before or after NAFLD occurred is difficult to say, but the link between them is undeniable. Recently, studies have shown that
eradication of HCV infection (with direct-acting antivirals) improves IR and thereby reduces the chance of developing diabetes
and cardiovascular disease.'>”'* This new observation indirectly confirms the role of IR in the relationship between NAFLD and
atherosclerotic disease. In summary, IR is the most associated common causative feature of NAFLD and metabolic syndrome, as
well as a common clinical feature of these disorders.'*'> In addition, results reported by Masarone suggest that liver injury is
associated with progressive clinical manifestations of IR, and the histological features of NASH are observed on liver biopsy in
98% of T2DM patients, suggesting that NASH may be one of the early complications of T2DM, as they are both pathophysiologic
associated with IR."

Dysfunction of the endocannabinoid system (ES) has been found to be associated with metabolic disorders related to
nonalcoholic fatty liver disease (NAFLD). Studies show both of ES and cannabinoid receptor type 1 (CB1) are associated with
oxidative/nitrosative stress and may also play a role in modulating liver inflammation, ultimately promoting disease progression
toward steatohepatitis.''® Studies have shown that endocannabinoids can contribute to oxidative stress in NAFLD through CB1
receptors. Oxidative stress and inflammation are linked bidirectionally. Additionally, liver cell injury and apoptosis can be
promoted by lipid peroxidation, increased production of cytokines and ROS, as well as induction of Fas ligand, ultimately
accelerating the transition to NASH.'” CBI receptors are expressed in low amounts in normal liver, but they are significantly
upregulated in stellate cells, hepatic vascular endothelial cells, and monocytes during hepatic pathology due to endocannabinoid
system activation. Animal studies showed that high fat diet (HFD) increases hepatic levels of CB1 density which prove CB1 might
lead to hepatic steatosis when linked to a high fat diet, obesity, and alcohol.'® In relation to, hepatic fat production can be reduced
by lowering CB1 receptors in the liver, thereby improving dyslipidemia and slowing down the progression of liver cell damage.*
In this approach, CB1 receptor antagonists may be effective in the treatment of NAFLD. CB1 receptor antagonists have been
found to possibly improve hepatocellular damage to iron-related oxidative stress by improving disorders of iron metabolism."’

Autophagy dysregulation is related to the progression of NASH, with studies showing that upregulation of hepatic
TXNIP (thioredoxin interacting protein) genes in both NAFLD patients and mice fed MCD diets is positively associated
with autophagy dysregulation. Mechanistically, TXNIP regulates the inactivation of mechanistic target of rapamycin
kinase complex 1 (MTORCI1), thereby promoting autophagy. Inhibition of MTORCI and induction of autophagy by
rapamycin has been shown to attenuate diet-induced steatosis, inflammation, and fibrosis in MCD. Therefore, targeting
TXNIP may be a potential approach for treating NASH.?'
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Nonalcoholic fatty liver disease (NAFLD) associated with type 2 diabetes mellitus (T2DM) is frequently characterized
by decreasing gut barrier function and a disturbed gut-liver axis, perhaps due to exposure to hazardous chemicals such as
antigens, metabolites, and gut microorganisms. This may worsen hepatic inflammation, eventually leading to severe liver
disease characterized by cirrhosis and portal hypertension.?**® Bacterial endotoxin-induced metabolic endotoxemia can
result in intestinal barrier dysfunction, which has been identified as a cause of systemic inflammation.>* Self-maintaining
macrophages, immune cells that help maintain intestinal homeostasis and regulate intestinal motility and secretion, rely
heavily on the presence of intestinal microbiota.?**® Research has demonstrated that the gut microbiota can contribute to
diet-induced obesity by affecting FXR signaling and bile acid profiles, ultimately promoting hepatic steatosis.?’

Progression to NASH-Lipotoxicity, Organelle Distress, and Inflammasome Activation
There is a strong correlation at the cellular and organ levels in the pathogenesis of NASH, especially given the fat-liver and gut-
liver axis relationships. Once toxic lipids are metabolized, hepatocytes enter different types of states, which then trigger cascading
processes that lead to the development of NASH. In addition to saturated fatty acids such as palmitate and stearate, these toxic
lipid molecules include diacylglycerol, ceramides, lysophosphatidylcholine (LPC), and free cholesterol. At the molecular level,
lipotoxicity leads to organelle stress and dysfunction, inflammasome activation, and ultimately cell death and activation of
inflammatory responses.>*® Hepatic lipotoxicity may occur because the accumulated liver lipids stimulate the secretion and
increase the activity of IL-11 protein, which upregulate NOX4 expression to increase the production of reactive oxygen species.
Hepatocytes mitochondria and fatty acid metabolism could be damaged by reactive oxygen species, which accelerate the
progression of hepatic steatosis. IL-11 can also promotes fibrosis in hepatic stellate cells.>’ Given the major role of hepatic lipid
balance in the pathogenesis of NASH, treatment strategies can be considered in terms of reducing fat inflow into the liver or
enhancing fat metabolism in the liver. This can be achieved, for example, by increasing fatty acid oxidation (FAQ), inhibiting de
novo lipogenesis (DNL), increasing fatty acid desaturation, and improving IR. Hepatocyte injury will lead to macrophage-
mediated inflammation and hepatic stellate cell activation, which constitute a key triad for the development of NASH. Lipotoxic
substances may activate the mechanism of apoptosis in hepatocytes through intrinsic or extrinsic (death receptor) pathways.
Major molecular signaling occurs via c-Jun-N terminal kinase (JNK).*® The INK pathway is known to be stimulated by oxidative
stress (OS) and endoplasmic reticulum (ER) stress. At the organelle level, FFA and its derivatives induce mitochondrial
hyperfunction, followed by mitochondrial dysfunction, leading to elevated levels of reactive oxygen radicals (ROS), the culprit
of oxidative stress.”' Saturated FFAs, especially lipoprotein complexes (LPCs) derived from them, can also accumulate in the
endoplasmic reticulum (ER) and trigger ER stress, which stimulates an unfolded protein response (UPR), an attempt by ER to re-
establish its homeostasis. However, prolonged activation of UPR leads to activation of INK, glycogen synthase kinase 3 (GSK3),
and transcription factor CCA AT/enhancer-binding homologous protein (CHOP), all of which upregulate pro-death proteins such
as p53 up-regulation of apoptosis regulators (PUMA) and extrinsic pathways including tumor necrosis factor (TNF)-associated
apoptosis-inducing ligands (TRAIL) to induce cell death through transcriptional upregulation of TRAIL receptor 2 (TRAIL-R2)
expression. When the outer mitochondrial membrane is permeabilized, both pathways converge at the mitochondrial level,
resulting in cytochrome C release, caspase activation, and apoptosis®> (Figure 1).

The Latest Therapeutic Targets and Representative Drugs of NAFLD

FGF Analogues
FGF21
FGF21 is one of the members of the FGF family. Because of its insulin-sensitizing and hepatoprotective properties, it has
become one of the therapeutic hormones for NAFLD.** In addition, FGF21 has shown its triglyceride-lowering effect in
animal models as well as human studies.** The latter increases the morbidity and mortality of NASH by increasing
cardiovascular events. In addition, FGF21 increases the level of adiponectin, which is a kind of adipokine with insulin
sensitization, anti-fat, anti-inflammatory and anti-fibrotic effects.>>3°

Pegbelfermin, the FGF21 analog, demonstrated by a recent Phase Ila clinical trial, that it can reduce hepatic fat
content in patients with NASH. However, in chronic treatments with pegbelfermin, there is a high chance that anti-

pegbelfermin and anti-FGF21 antibodies will form, which have been raised concerns about immunogenicity issues.**
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Figure | Pathogenesis of nonalcoholic fatty liver disease. The pathogenesis of NAFLD is complex and currently considered to be associated with insulin resistance,
mitochondrial damage, oxidative stress and intestinal dysbiosis, etc.

Abbreviations: AGEs, advanced glycation end products; ER, endoplasmic reticulum; HCYV, hepatitis C virus; JNK, c-Jun N-terminal kinase; MTORCI, mechanistic target of
rapamycin kinase complex |; ROS, reactive oxygen species; TXNIP, thioredoxin interacting protein; UPR, unfolded protein response; VLDL, very-low-density lipoprotein.

Besides, NGMBio is developing a once-monthly formulation, the antibody NGM313, which reduces liver fat content,
HbAlc, and transaminases in non-diabetic NAFLD patients by activating the B-Klotho-FGFR1c¢c complex.

Finally, some safety issues for long-term treatment of FGF21 analogues, such as cardiovascular side effects and bone
loss, remain unresolved.?’

FGFI9

FGF19 is a regulator of bile acid synthesis produced by intestinal cells after meals in response to farnesoid X receptor
(FXR) stimulation. Because this nutritionally regulated hormone is positively correlated with food intake and there is
insufficient evidence that this effect still works in the fasted state, its target population is the NAFLD patients with
metabolic syndrome or insulin resistance.*® In addition, FGF19 also has the effect of regulating energy homeostasis,
stimulating sugar production, and inhibiting gluconeogenesis. It also reduces lipogenesis by blocking insulin signaling,
thereby reducing fat accumulation in the liver.***°

Recent FGF19-targeted drug developments related to NAFLD include the FGF19 analogue NGM282 and FXR

agonists. Obeticholic acid (OCA) is the most reported one as a member of FXR agonists.*'

PPARs

There are three different isoforms of peroxisome proliferator-activated receptors (PPARs), namely a, /3, and y. They
have the effect of regulating lipid and carbohydrate metabolism.
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In NASH, PPARa not only improves lipid metabolism by controlling lipid flux, regulating fatty acid transport, and 8
oxidation,** but also reduces liver inflammation by reducing visceral inflammation and intestinal permeability. In the case of
cirrhosis, PPARa can reduce portal pressure glucose and lipoprotein metabolism and insulin resistance in skeletal muscle.

PPARP/S is highly expressed in human sinusoidal endothelial cells and hepatic macrophages, regulating the expres-
sion of key genes involved in innate immunity and inflammation.*?

PPARY regulates insulin sensitivity in adipose tissue, prevents activation of hepatic stellate cells, and thus reduces the
incidence of liver fibrosis.** In addition, against the background of cirrhosis, PPARy reduces portal venous pressure,
visceral inflammation, angiogenesis, and portosystemic shunting.

Pioglitazone is a PPAR gamma agonist (thiazolidinedione) that has been shown to reduce the occurrence of hepatic steatosis
and lobular inflammation® and has cardiometabolic benefits.***” However, long-term use has been reported to alter bone
metabolism and increase fracture risk*® and increase mortality in patients with heart failure due to its fluid retention effects.*

GLP-I

Glucagon-like peptide-1 (GLP-1) is a naturally occurring hormone secreted by enteroendocrine cells (EEC) of the
gastrointestinal tract (GIT) and affected by dietary intake. It can regulate glucose metabolism and energy homeostasis by
regulating the secretion of islet hormones and glucagon, and can also achieve weight loss by delaying gastric emptying
and inhibiting small intestinal peristalsis leading to decreased appetite and delayed food absorption.”® GLP-1R analogues
mimic the effects of glucagon-like peptide-1 (GLP-1)>' GLP-1 also regulates the immune system by suppressing
inflammation.>” This suggests that GLP-1 analogues can improve insulin sensitivity in NAFLD patients.

Studies®*? have shown GLP-1 analogues, liraglutide, and exenatide, to reduce the levels of liver enzymes in the serum
of NAFLD patients.>* It has also been shown to reduce liver enzymes in patients with diabetes and obesity.>> Not only that,
but they have also been found to improve the histological characteristics of the liver by promoting the oxidation of fatty
acids,’® steatosis of the liver,”” significantly reducing liver fat content (LFC),® effectively regulating inflammation caused
by fat accumulation in the liver.’* Finally, exenatide treatment appears to be more effective than liraglutide treatment in
improving liver enzymes and weight loss.>”

GPCRs

G protein-coupled receptors (GPCRs) are an umbrella term for a large class of membrane proteins that mediate a variety
of extracellular ligands, including hormones, neurotransmitters, and chemokines.®

Many GPCRs affect NAFLD metabolism by being activated by short-chain fatty acids (SCFAs) and bile acids (BAs).
SCFAs activate intestinal cells and regulate intestinal immune responses by activating GPCRs (for example, GPR41/
FFAR3 and GPR43/FFAR2) and inhibiting histone deacetylase.®' In addition, GPCRs regulate SCFA-mediated inflam-
matory responses. SCFAs have also been associated with fructo-oligosaccharides for the improvement of steatohepatitis
and chronic inflammation.®> BAs may reduce the incidence of liver and gastrointestinal inflammation by activating
nuclear FXR and GPCR signaling.®*** GPCRs are also members of the intestinal-hepatic axis and regulate the secretion
of intestinal hormones (for example, GLP-1) to improve lipid accumulation and fibrosis.®>¢

Compared with other NAFLD therapies, targeted GPCRs have outstanding advantages in the treatment of NAFLD.
Functional selection of GPCR ligands helps reduce side effects of treatment. GPCRs act on the entire process of NAFLD
development, such as lipid accumulation, inflammation and fibrosis. Therefore, targeted GPCRs can be applied to
different stages of NAFLD treatment, such as steatosis, NASH, liver fibrosis, and liver cancer.

SGLT-2i

Sodium-glucose co-transporter-2 (SGLT-2) is highly expressed in the proximal tubular cells of the kidneys and is
responsible for filtering glucose reabsorption.®”

In animal study, Nasiri-Ansari et al found empagliflozin, SGLT-2 inhibitor can attenuate the progress of NAFLD in
apoE((-/-)) mice by activating autophagy and reducing ER stress and apoptosis.®®

SGLT2i lowers blood glucose by inhibiting glucose reabsorption and increasing the excretion of glucose in the urine.
In addition, they can reduce blood volume, reduce body weight and fat mass, and lower blood pressure through osmotic
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diuresis.®"**7% They have also been shown to have cardioprotective properties for the heart and kidneys.”'”* And it is
currently approved for use in patients with T2DM.

More than half of patients with T2DM also have NAFLD. This seems to prove a bidirectional pathological relation-
ship between type 2 diabetes and NAFLD. In other words, having one disease increases the probability of the other.”*
This may be due to their pathophysiologic association with insulin resistance.

Several studies have shown that SGLT2i can reduce the incidence of NAFLD in patients with T2DM, improve liver
aminotransferases, blood lipids, blood glucose, insulin resistance and reduce body weight.”>’® And it further attenuates
liver fat deposition, liver inflammation and liver fibrosis.®>”” However, YAN H reported that it shows no apparent effect
in improving IR in NAFLD compared with GLP-1 RAs.”®

FXR

The farnesoid X receptor (FXR) belongs to the gene family of nuclear receptors and is highly expressed in the
gastrointestinal tract. As an endogenous ligand for bile acids, FXR regulates bile acid production and integrates and
regulates glucose, lipid, and energy metabolism.”>* The FXR nuclear receptor plays a key role in preserving hepatic
homeostasis. By blocking de novo lipogenesis via SREBP-1c, this receptor is engaged to lessen lipotoxicity while also
boosting mitochondrial B-oxidation and cholesterol excretion. These activities slow the growth of fibrosis, inflammation,
and insulin resistance. In addition, Bile acids can stimulate the production of antimicrobial peptides by binding to FXR.
These peptides can inhibit the growth of intestinal probiotics and disrupt intestinal barrier function.®!

Obeticholic acid (OCA), the natural agonist of the farnesoid X receptor, could decreases insulin resistance and hepatic
steatosis in preclinical research. In a Phase 2 trial, patients with type 2 diabetes mellitus and nonalcoholic fatty liver
disease were randomly assigned to given placebo, 25 or 50 mg OCA for 6 weeks, it shows increased insulin sensitivity
(by 28.0% from baseline with 25 mg OCA (P=0.019) and 20.1% from baseline with 50 mg OCA (P=0.060)), and
decreased biological indicators of liver inflammation and fibrosis (NCT00501592).%2

In a multicentre, randomised trial, 282 patients with biopsy evidence of non-alcoholic steatohepatitis, 25 mg OCA or
placebo was randomly assigned to patients once a day. Patients given obeticholic acid showed improvement in fibrosis,
hepatocellular ballooning, steatosis, lobular inflammation, the mean change in the NAFLD activity score (change from
baseline=—1-7 vs —0-7; p<0.0001) and biochemical markers for the liver, like serum alanine aminotransferase and aspartate
aminotransferase, when compared to placebo. Although there have been improvements in the individual histological
features of nonalcoholic steatohepatitis (NASH), the proportion of patients with resolution of NASH remained unchanged.
Pruritus was the only adverse event occurring more frequently with obeticholic acid than with placebo. Overall, the drug

was well-received with no other significant adverse events reported (NCT01265498).%

FASN Inhibitor

Fatty acid synthase (FASN) is a multi-enzyme protein that catalyzes the synthesis of palmitate from acetyl-
CoA and malonyl-CoA in the de novo lipogenesis (DNL) pathway. There are studies confirmed that those with
NAFLD have higher levels of FFA due to hepatic DNL which promotes liver fibrosis in various ways.** Additionally,
it was confirmed that the level of FASN gene is significantly higher in the NAFLD patients compared with healthy
individuals.®® Therefore, FASN may be a potential therapeutic target for NAFLD treatment.

There is a a randomized, placebo-controlled trial, showing TVB-2640, a fatty acid synthase inhibitor, can significantly
reduce excessive hepatic fat production, reduce insulin resistance, inflammation and reactive oxygen species production,

and improve liver fibrosis in a dose-dependent manner (NCT03938246).5¢

Antioxidant Treatment for NAFDL
The antioxidant activity of vitamins C and E reduces liver cell damage, and changes in serum vitamin D, vitamin B12,
and folate levels are strongly associated with the severity of NAFLD.
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Vitamin E

Vitamin E is a fat-soluble and powerful chain-breaking antioxidant in the human body that has the most significant
evidence of therapeutic benefits in liver disease.®” Vitamin E has the ability to reduce oxidative stress and slow the onset
of NASH.*® Vitamin E reduces the inflammatory response by increasing the expression of adiponectin and inhibits the
expression of a variety of cytokines, including tumor necrosis factor-o. (TNF-a), IL-1, IL-2, IL-4, IL-6, and IL-8. It also
acts as a scavenger of hydroxyl, peroxyl, and superoxide radicals and stimulates superoxide dismutase (SOD) production.
The proportional relationship between BCL2-associated with X (BAX) and Bcl-2 proteins is a key factor in determining
the strength of inhibition of apoptosis. Vitamin E exerts an anti-apoptotic effect by enhancing levels of the anti-apoptotic
protein, BCL-2, and reducing BCL2-associated with X (BAX) protein and p53 BCL-2. Although there is no standard
regimen for the treatment of NAFLD/NASH, patients with NAFLD often require vitamin E supplementation.®

Vitamin C

Vitamin C (ascorbic acid) is a powerful antioxidant that keeps the body healthy, slowing the progression of liver
fibrosis by scavenging free oxygen radicals’ to reduce inflammation and activation of hepatic stellate cells (HSCs).
Vitamin C treatment reduces oxidative stress in the liver. Ascorbic acid has also been suggested to modulate
adiponectin to reduce lipid accumulation in the liver, systemic insulin resistance and inflammation, and to prevent
NAFLD.?"*? In addition, ascorbic acid supplementation inhibits hepatic steatosis and stress by increasing mRNA
levels in the liver (Figure 2).
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Figure 2 The latest therapeutic targets and representative drugs of NAFLD. This article lists a series of pathophysiological pathways of NAFLD, including fibroblast growth
factors (FGF) analogues, peroxisome proliferator-activated receptors (PPARs) agonists, glucagon-like peptide-1 (GLP-1) agonists, G protein-coupled receptors (GPCRs),
sodium-glucose cotransporter-2 inhibitors (SGLT-2i), farnesoid X receptor (FXR), fatty acid synthase inhibitor (FASNi) and antioxidants.
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Conclusion

NAFLD, the most prevalent chronic liver disease in the world, places a significant burden on the world’s healthcare
system because mortality and morbidity are not only connected to the liver but also to a number of extrahepatic organ
systems. This article lists a series of pathophysiological pathways of NAFLD, including fibroblast growth factors (FGF)
analogues, peroxisome proliferator-activated receptors (PPARs) agonists, glucagon-like peptide-1 (GLP-1) agonists,
G protein-coupled receptors (GPCRs), sodium-glucose cotransporter-2 inhibitors (SGLT-2i), farnesoid X receptor
(FXR), fatty acid synthase inhibitor (FASNi), antioxidants, etc. Recent studies have continued to provide new evidence
strongly indicating that the gut microbiota may be a key link in the pathogenesis of NAFLD and its progression to NASH
and cirrhosis. This is in addition to the previously established links between the various signaling pathways involved in
the development of NAFLD. New treatments and targets are now being created concurrently with the rapid appearance of
new data, which includes certain targets and pathways that are the subject of the aforementioned drug development.
A multidisciplinary approach is needed for the evaluation of NAFLD in order to detect and treat this multisystem disease
early and lessen the effects of this important public health issue. However, regardless of the progress of drug therapy in
the treatment of NAFLD, maintaining a healthy lifestyle and losing weight remains important measures to prevent the
onset of NAFLD and slow its progression.
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