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Abstract: Nonalcoholic fatty liver disease (NAFLD) is the most common form of chronic liver disease in
the United States affecting 80-100 million Americans. NAFLD encompasses a spectrum of diseases ranging
from excess liver fat (nonalcoholic fatty liver or NAFL), to necro-inflammation (nonalcoholic steatohepatitis
or NASH), to fibrosis/ cirrhosis, and malignant transformation (hepatocellular carcinoma). Susceptibility to
NAFLD is highly variable and it remains unclear why some patients with NAFLD exhibit NASH, whereas
patients with known risk factors have NAFL only. The reasons for this variability can be a partially attributed
to differences in genetic background. In the last decade, there have been multiple genome wide association
studies, which have enriched our understanding of the genetic basis of NAFLD. The 1148M PNPLA3
(patatin-like phospholipase domain-containing protein 3) variant has been identified as the major common
genetic determinant of NAFLD. Variants with moderate effect size like TM6SF2, MBOAT7 and GCKR have
also been shown to have a significant contribution. New research has uncovered major pathways leading to
disease development and progression; therefore, multiple medications are being developed and tested for
the treatment of advanced NAFLD. These agents target metabolic mechanisms as well as inflammation
and fibrosis pathways. Several randomized clinical trials (RCTs) are evaluating the efficacy of these novel
agents on histological improvement of disease severity and decreasing liver-related outcomes. FDA-approved
medications for NASH and NASH-related fibrosis are expected by 2020.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
prevalent etiology of abnormal liver enzyme tests in the
United States (1). The term NAFLD ranges from the
relatively benign nonalcoholic fatty liver (NAFL) to the
aggressive nonalcoholic steatohepatitis (NASH) to fibrosis
and eventually cirrhosis, in the absence of excessive alcohol
consumption (2). NAFL is defined as the presence of
at least 5% hepatic steatosis (HS) without evidence of
hepatocellular injury or fibrosis. NASH is defined as the
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presence of HS with inflammation and hepatocyte injury
such as ballooning, with or without liver fibrosis (3).
By the year 2020, NASH is anticipated to be the most
common indication for liver transplantation among adults
in the USA (4).

In this article, we discuss the genetic and epigenetic
factors of NAFLD progression, the roles of proteins
encoded by the common risk variants in NAFLD
pathogenesis, and the potential to translate that into the
design of novel diagnostic and therapeutic approaches
to improve patient stratification and management.
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Figure 1 Different gene play a role in the development and
progression of NAFLD. PNPLA3 gene product plays a role in
lipid droplet remodeling; TM6SF2 product is involved in VLDL
secretion leading to lipid accumulation in the liver while decreasing
cardiovascular risk; GCKR gene is involved in de novo lipogenesis,
and MBOATY7 is involved in remodeling of phosphatidylinositol.
VLDL, very low-density lipoprotein.

Furthermore, we will examine medications that are
currently undergoing phase III randomized clinical
trials (RCTS) for the treatment of NASH as well as their
mechanisms of action.

Risk factors and epidemiology

HS is commonly associated with obesity, type 2 diabetes
mellitus (T2DM), and hyperlipidemia; all components
of the metabolic syndrome. In terms of epidemiology, a
recent meta-analysis of studies that involved more than
8.5 million persons from 22 countries showed that the
global prevalence of NAFLD diagnosed by imaging was
25.24% with highest prevalence in the Middle East at
31.8% and South America at 30.5% and lowest in Africa at
13.5%. It also showed that more than 50% of patients with
NAFLD were overweight or obese, 70% had dyslipidemia,
and 23% had T2DM (5).

Gender has an important influence on the prevalence
of NAFLD. Multiple manuscripts demonstrated higher
predominance of NAFLD in men compared to women (6-8).

The genetic risk of fatty liver disease

Hereditary modifiers have a significant impact on the
susceptibility to NAFLD and the risk for progression to
advanced disease. Significant inter-individual variability has
been observed. Some patients will have NAFL only, whereas
others might develop NASH, fibrosis and eventually
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cirrhosis. Studies have identified at least four genetic variants
in four distinct genes which are associated with the evolution
and progression of NAFLD. Their proteins are involved
in the regulation of hepatic lipid metabolism (Figure 1).
However, only two genetic variants (PNPLA3 and TM6SF2)
were replicated in different racial populations and geographic
areas indicating broader clinical significance. 7able 1 provides
a summary of genetic polymorphisms that are associated with
susceptibility to NAFLD.

Genes associated with susceptibility to NAFLD

PNPLA3 gene

The PNPLA3 is the most replicated modifier NAFLD
pathogenesis in different ethnicities (9). In this variant
cytosine substitutes guanine which changes codon 148
from isoleucine to methionine (rs738409 C>G encoding
for PNPLA3 1148M) (10). The wild type PNPLA3 has a
hydrolysis function for triglycerides and retinyl esters.
This enzymatic activity is lost with the substitution of the
1148M which consequently leads to an accumulation of
triglycerides and retinyl esters within hepatocytes (11).
Studies have suggested that the severity of steatohepatitis
and fibrosis related to the presence of rs738409 (1148M)
variant (12). Pirazzi et al. (13) demonstrated in his study
that PNPLA3 is highly prevalent in human hepatic stellate
cells (HSCs). The wild-type PNPLA3 hydrolyzes retinyl
palmitate into retinol and palmitic acid; however, the
1148M variant reduces this enzymatic activity significantly.
These findings indicate a possible association between
HSCs, retinoid metabolism, and PNPLA3 in defining the
tendency to hepatic fibrosis. Additional studies are required
before this mechanism can be determined as relevant. Some
researchers have also reported an association between the
1148 variant and hepatocellular carcinoma in alcoholic liver
disease (14) and chronic viral hepatitis (15).

Conflicting data has been reported iz vitro studies. One
study demonstrated the deletion of PNPLA3 did not lead to
triglyceride accumulation in the hepatic cells (16). In other
studies, expression of PNPLA3-1148M, but not wild type
PNPLA3, caused steatosis (17). More recent study revealed
that hepatic triglyceride content (HT'GC) was associated
with 40-fold increase in the PNPLA3-1148M which is
consistent with a predominant loss of function effect of 1148
polymorphism (18).

The association between NAFLD and PNPLA3 was
identified in the first genome wide association study

(GWAS) which evaluated North American population of
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Table 1 Genetic polymorphisms associated with susceptibility to NAFLD
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Gene Variant Function Phenotype Impact Effect

PNPLA3 rs738409 Lipid droplets TNAFLD, ffibrosis Loss-of-function p.1148M
remodeling

TM6SF2 rs12137855 VLDL secretion TNAFLD, ffibrosis Loss-of-function p.E167k

GCKR rs1260326 Regulation of de novo TNAFLD, tfibrosis Loss-of-function p.P446L
lipogenesis

MBOAT7 rs641738 Remodeling of TNAFLD, tfibrosis Loss-of-function Protein change

phosphatidylinositol

NAFLD, nonalcoholic fatty liver disease; VLDL, very low-density lipoprotein.

diverse ethnicity and used non-invasive proton magnetic
resonance spectroscopy (H-MRS) to measure the hepatic
triglyceride content (HTGC) accumulation (10). This
association was also validated in another GWAS that used
CT to measure HS (19). Two Japanese histologically-based
studies confirmed this association as well (20,21). A study
conducted in European and Indian-Asian populations (22)
and a cohort study of 61,089 individuals (23) revealed that
PNPLA3 was associated with elevated serum ALT levels.

TMG6SF2 gene

Within the hepatocytes, Transmembrane 6 superfamily
member 2 (TM6SF2) plays a crucial role in the enrichment
of triglycerides to apolipoproteins B 100 in the pathway
of very low-density lipoprotein secretion. The variant is
an adenine for guanine substitution in coding nucleotide
499, which subrogates glutamate at residue 167 with lysine.
"This substitution leads to a loss of activity and subsequently
causes an elevated liver triglyceride content and a decreased
serum lipoprotein level. Therefore, individuals who
carry this variant have higher risk of NAFLD but lower
risk for cardiovascular (CV) disease (24). Contrariwise,
overexpression of TM6SF2 decreases the number and
the size of lipid droplets and eventually lowers the liver
cell steatosis (21,25). Hence, the major allele is linked to
hyperlipidemia and increased CVD risk (21).

Although the TM6SF2 rs58542926 minor allele was
demonstrated in multiple large cohorts for NAFLD
phenotypes ranging from steatosis to fibrosis and cirrhosis
(26,27), some studies have failed to prove that due to
low minor allele frequency (28). In 2014, Kozlitina et a/.
identified a genetic variant in the TM6SF2, was associated
with H-MRS quantified HTGC (24). Another study in 2,300
individuals validated the association between PNPLA3 and
NAFLD, and identified a locus adjacent TM6SF2 (29).
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MBOAT7 gene

Phospholipids have numerous structural and functional
roles in cells and after they are formed, they undergo
modifications by a remodeling pathway called the
Lands cycle. Inside this cycle, the membrane-bound
O-acyltransferase domain containing 7 (MBOAT?7) plays
an essential role in remodeling the phosphatidylinositol
with arachidonic acid. The rs641738 C>T variant attached
to the 3’ untranslated region of MBOAT7 is a commonly
associated with reduced levels of phosphatidylinositol
containing arachidonic acid within the hepatocytes and
circulation through the down regulation of MBOAT7 at
an mRNA and protein level (30). This MBOAT7 variant
is associated with the risk of developing NAFLD among
Caucasians.

GCKR gene

The GCKR gene product, the glucokinase regulatory
protein (GCKRP), controls de novo lipogenesis by
regulating the flux of glucose into hepatocytes. A common
missense loss of function GCKR mutation (rs1260326)
encoding for the P446L protein variant results in hepatic
fat accumulation (31). Studies have demonstrated that the
GCKRP L1466 variant produces a protein that has reduced
regulation by physiological concentrations of fructose 6
phosphate, therefore causing a persistent raise in GCKR
activity. This increased activity in the liver will promote the
glycolytic influx, consequently enhancing hepatic glucose
metabolism and increasing the concentrations of malonyl-
CoA (22), which inhibits carnitine-palmitoyltransferase
blocking fatty acid oxidation (31) and increasing HTGC.

In the largest GWAS meta-analysis for NAFLD,
Speliotes et al. analyzed four cohort studies (Age/Gene/
Environment Susceptibility-Reykjavik Study, Old Order
Amish Study, Family Heart Study, and Framingham Heart
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Study) in European and American ancestry. CT was used to
measure steatosis. PNPLA3 and GCKR were identified and
associated with increased HTGC (23).

Epigenetic factors associated with NAFLD

Epigenetic factors cause heritable changes in gene
expression and phenotypic variation without directly
altering the DNA code itself. These modifications might be
caused by alterations in DNA methylation, remodeling of
chromatin and RNA based mechanisms, such as non-coding
RNAs. Their interaction with the hereditary factors defines
an individual’s susceptibility towards NAFLD (32). For
instance, animal studies demonstrated that exposure to high
fat diet inside the uterus causes demethylation of hepatic
DNA which eventually leads to NASH (33,34). DNA
methylation interposes the effect of ageing on an individual’s
susceptibility to NAFLD (35), and is also involved in the
regulation of PNPLA3 gene expression (36). Interestingly,
some epigenetic alterations could be reversible, as studies
revealed partial reversibility of the methylation of genes
associated insulin signalling and intermediate metabolism
after bariatric surgeries (37).

Down regulation of miRNA-122, the most abundant
hepatic miRNA, has been demonstrated in several
studies (38). Conversely, the levels of miR-122 in the plasma
are elevated in patients with NASH (39), which might
represent a new approach to estimate and noninvasively
monitor liver disease severity.

Interactions between gene variants and environmental
factors

The complicated interaction between the genetic
and environmental factors will influence the NAFLD
susceptibility and progression. A recent study evaluated the
influence of the major three genetic variants of NAFLD
(PNPLA3, TM6SF2 and GCKR) in individuals stratified for
adiposity. Interestingly ,the study demonstrated that the
effect size of the association between the variants and the
risk of NAFLD and cirrhosis is proportional to the body
mass index (40). Obesity might amplify the effects of the risk
alleles by altering their expression. For example, PNPLA3 is
a direct target of the insulin-regulated transcription factor
sterol regulatory element binding protein-lc (SREBP-
lc) and is regulated by fasting and re-feeding (41). GCKR
expression is also increased by glucose and insulin (42).
Therefore, the insulin resistance associated with obesity
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may increase expression of PNPLA3 and GCKR. However,
TM6SF2 does not respond to food intake (43).

PNPLA3, TM6SF2 and MBOAT7 were identified as
genetic variants for alcoholic liver cirrhosis (44). Adiposity
was also found to amplify the effect of alcohol consumption
on liver disease (45) by its actions on PNPLA3 (46), which
indicates that NAFLD and alcoholic liver disease have
similar mechanisms of disease development, which are
activated by obesity and insulin resistance on the one hand,
and excessive alcohol consumption on the other.

Clinical implications

The identified NAFLD risk loci might be helpful in
developing risk algorithms to improve patient stratification
and managements. Up until now, none of these variants
by itself has successfully translated into a clinical tool that
merits diagnostic application. However, the development
of a polygenic score of the cumulative effects of the genetic
loci in conjunction with clinical and laboratory factors
can offer new risk prediction models to screen high-risk
individuals (47). Hopefully, in the near future, we will be
able to identify new genetic loci, add more biomarkers such
as epigenetic and immunological factors that will increase
the tool’s precision.

Treatment
Current therapy

Currently, NAFLD is treated with life style modification
such as weight loss and exercise as there has not been an
approved pharmacologic therapy yet.

In a prospective study about the effects of weight loss on
NAFLD, 90% of patients had resolution of NASH and 45%
of patients had fibrosis retrogression when they achieved
weight loss >10%. However, only 30% of subjects were
able to lose >5% of their weight and only 10% were able
to lose >10% (48). Other current treatments for NAFL.D
focus on treating any associated metabolic comorbidities (3).
Vitamin E and pioglitazone are recommended for patients
with NASH, although there are concerns regarding side
effects (49), and treatment should be limited to patients
with biopsy-proven NASH.

Taking into consideration the role of intestinal microbiota
in the pathogenesis of NAFLD, probiotics, antibiotics and
prebiotics might play a therapeutic role in the NAFLD
via modulating the gut microbiota (50) but more evidence
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Table 2 New agents in phase III RCTs for the treatment of NASH and NASH fibrosis

Phase Il efficacy data

Effective dose

Planned interim analysis

Medication Mechanism (mg/day) Resolution of Decrease in fibrosis Phase Il RCT duration (weeks)
NASH stage
Obeticholic acid FXR agonist 10-25 No Yes REGENERATE 72
(NCT02548351)
Elafibranor PPARa/3 120 Yes No RESOLVE-IT 72
agonist (NCT02704403)
Cenicriviroc CCR2/CCR5 150 No Yes AURORA 52
antagonist (NCT03028740)
Selonsertib ASK1 inhibitor 6 and 18 No Yes STELLAR 3 48
(NCT03053050),
STELLAR-4
(NCT03053063)

NASH, nonalcoholic steatohepatitis; RCT, randomized clinical trial; FXR, farnesoid X receptors; PPAR, peroxisome proliferator-activated

receptor; CCR, C-C chemokine receptor.

is needed before making any recommendations. Genetic
screening for polymorphisms that identify individuals at
high risk for NASH and advanced fibrosis might further
improve allocation to the appropriate therapeutic agent (51).

Upcoming therapeutic targets

With increased understanding of the pathogenesis of
NAFLD, numerous therapeutic agents were developed.
Medications that inhibit recruitment of inflammatory cells/
block inflammatory signaling, reduce oxidative or cellular
stress, modulate bile acid signaling, and improve insulin
sensitivity in preclinical models are being tested in patients
with NASH. Elafibranor, obeticholic acid, cenicriviroc, and
selonsertib are four medications that are undergoing phase
III RCTs. Table 2 provides a concise summary about the
clinical development of these medications.

Peroxisome proliferator-activated receptor (PPAR)
agonist

PPARSs are a family of ligand-activated transcription factors
that regulate some metabolic processes, such as lipid and
glucose homeostasis (52,53). PPARa is expressed in the
liver and other metabolically active tissues (52); its activity
lowers lipid levels, and leads the expression of genes that
regulate fatty acid B-oxidation, lipid transport, and the
hormone fibroblast growth factor (FGF)-21 (53). PPARS
is highly expressed in hepatocytes, it participates in fatty
acid oxidation, decreases hepatic glucose production, and
improves insulin sensitivity (52,53).
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Elafibranor functions as a dual PPARa/8 agonist, thus
it improves glucose metabolism and insulin sensitivity and
decreases inflammation. A phase IIb RCT (NCT01694849,
GOLDEN-505), studied the effects of elafibranor
(120, 80 mg/day, or placebo) for 52 weeks. Its primary
endpoint was the reversal of NASH without worsening
fibrosis (54). By using a modified definition of NASH
resolution that emphasized the disappearance of hepatocyte
ballooning, NASH was resolved in 19% of patients in the
elafibranor high dose group compared with 9% in the
placebo group (P=0.045) (54).

A phase III RCT (NCT02704403, RESOLVE-IT)
is recruiting patients to assess the effects of elafibranor
(120 mg/day or placebo) for 72 weeks on liver histology.
Patients will also be followed for long-term outcomes,
including cirrhosis, mortality, and other liver-related
clinical events, over approximately 4 years. Additional novel
PPAR agonists that are being tested for NAFLD include

saroglitazar and lanifibranor.

Farnesoid X receptor agonist
Farnesoid X receptors (FXR) is a nuclear receptor that is
highly expressed in the liver and small intestine (55). Bile
acids (BAs) are the natural ligand of FXR (55) and together,
they regulate lipid/glucose homeostasis, promote insulin
sensitivity, and potentially modulate liver fibrosis (56).
Obeticholic acid (OCA, 6-ethylchenodeoxycholic acid)
is a synthetic bile acid and an activator of the Farnesoid
X receptors (57). In a phase IIb RCT (NCT01265498,
FLINT), OCA (25 mg/day or placebo) for 72 weeks was

HepatoBiliary Surg Nutr 2018;7(5):372-381
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evaluated for the treatment of patients with histological
evidence of NASH based upon a liver biopsy and a
histological NAFLD activity score (NAS) score of 4 or
greater. The primary outcome was a decrease in NAS by
2 points without worsening fibrosis (57).

A larger number of patients in the OCA group had a
histological improvement compared to those in the placebo
group (45% vs. 21%, P=0.0002); additionally, 35% of the
OCA group has achieved improvement in fibrosis compared
to 19% of the placebo (P=0.004). Despite the histological
improvement and improved fibrosis, there was no difference
in the resolution of NASH between the two groups 22% in
the OCA group vs. 13% in the placebo group, P=0.08) (57).
Although the FLINT study showed that OCA is effective,
long-term safety and tolerability need to be assessed.

A phase III RCT (NCT02548351, REGENERATE) is
currently recruiting patients with biopsy-proven NASH to
assess the effectiveness of OCA (10, 25 mg/day, or placebo)
for 72 weeks. Long-term effects, including histological
progression and liver-related morbidity and mortality, will
also be evaluated through a 7-year period. Several other
FXR agonists are being studied for the treatment of NASH
including GS-9674, which is currently in a phase II RCT
(NCT02854605).

CC chemokine receptor type 2/5 antagoni
The inflammatory cascade is activated after the hepatocyte
injury. It starts when the Kupffer cells (KCs) recruit
additional macrophages and monocytes to the site of
injury, which then produce pro-inflammatory cytokines
and chemokines. This leads to additional involvement
of inflammatory cells as well as the activation of hepatic
stellate cells (HSCs) (58). KCs, monocytes, and HSCs
all express C-C chemokine receptor types 2 (CCR2) and
CCRS5 which enhance the inflammatory response in hepatic
injury (58) and eventually leads to hepatic fibrogenesis.
Cenicriviroc (CVC) functions as a dual antagonist
of CCR2 and CCRS5. It demonstrated abilities to
decrease fibrosis in preclinical models. A phase IIb RCT
(NCT02217475, CENTAUR) evaluated the effectiveness of
CVC (150 mg/day or placebo) for the treatment of NASH
with liver fibrosis. The primary endpoint was histological
improvement of NAS without worsening fibrosis. The
study included 289 patients with NASH, liver fibrosis, and
diabetes mellitus/metabolic syndrome (38). There was no
significant improvement in terms of NASH resolution after
receiving CVC for twelve months. However, liver fibrosis
improved (least one stage) in 20% of patients in the CVC
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arm as compared to 10% in the placebo arm (P=0.02) (38).

These findings justify the rationale to directly target
inflammatory mechanisms of NASH separate from the
underlying metabolic liver disease. A phase III RCT is
recruiting patients with NASH to evaluate the effectiveness
of CVC (150 mg/day or placebo) on liver fibrosis
(NCT03028740, AURORA). Histological endpoints will
be assessed at 12 months, while long-term outcomes will be
evaluated over a 5-year period to determine the incidence
of cirrhosis, liver-related mortality and morbidity.

Apoptosis signal-regulating kinase 1 (ASK1) inhibitor
ASK1 is a member of the mitogen-activated protein
kinase (MAP3k) family that has a significant role in
stress responses, including cell death, differentiation, and
production of inflammatory cytokines (59). Hepatocyte
injury and apoptosis are both driven by tumor necrosis
factor (INF)-a signaling. The TNF-a, oxidative stress, and
endoplasmic reticulum stress all activate ASK1, which can
then lead to hepatic inflammation, hepatocyte apoptosis,
and fibrosis (53).

Selonsertib (SEL, (GS-4997) is an oral, selective inhibitor
of ASK1. A phase II RCT (NCT02466516) evaluated the
effects of SEL (6 or 18 mg/day) in patients with NASH and
fibrosis (60). Patients received SEL showed more fibrosis
improvement than the placebo arm with up to 43% of the
subjects in the 18 mg/day SEL arm showing improvement
by at least 1 fibrosis stage after 24 weeks of treatment (60).
The findings warrant additional studies to evaluate the
long-term effects of SEL on NASH fibrosis.

Two phase III studies recently completed recruiting
patients with NASH and bridging fibrosis (NCT03053050,
STELLAR-3) and compensated cirrhosis (NCT03053063,
STELLAR-4) to assess the effects of SEL (6, 18 mg/day, or
placebo). Both studies will evaluate patients for histological
improvement at week 48 and monitor for long-term
outcomes through week 240.

The future of NAFLD management

We anticipate that the clinical approach of NAFLD will
be similar to that of type 2 diabetes. Genetic testing and
noninvasive methods will help identify the severity of
NAFLD without the need for liver biopsy. Patients will be
divided into 3 categories and will be managed accordingly:
(I) patients with NAFL, the relatively benign form of the
disease, will be managed similar to those with pre-diabetes
with a focus on lifestyle modifications/weight loss through
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Pre-Diabetes Type 2
HbA1C 5.7-6.4 Diabetes
HbA1C >6.4
* Lifestyle * Pharmacologic
Modifications Rx
-Weight loss 7-10% - Elafibranor, OCA,
-Exercise CVC, SEL
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Figure 2 The future of NAFLD management. NAFLD patients will be divided into different disease stages and managed in a similar

fashion to the current management of individuals within the type 2 diabetes spectrum. OCA, obeticholic acid; CVC, cenicriviroc; SEL,

selonsertib; CAD, coronary artery disease; CKD, chronic kidney disease; HCC, hepatocellular carcinoma; EV, esophageal varices; NAFLD,

nonalcoholic fatty liver disease;

diet and exercise; (II) patients with NASH and fibrosis, the
aggressive form of the disease, will be managed similar to
those with established type 2 diabetes with pharmacologic
treatment with different classes of medications regardless
of weight loss; (III) patients with NASH cirrhosis, the final
stage of disease progression, will be managed similar to
those with diabetes complications such as chronic kidney
disease where the focus will be on preventing/treating
complications with liver transplantation as a last resort.
This approach to NAFLD management is summarized in
Figure 2.

Conclusions

NAFLD is a complicated disease in which genetic variations
and environmental factors interact to define disease
phenotype and progression. It is associated with adiposity,
T2DM, hyperlipidemia, and the metabolic syndrome. Gene-
adiposity interaction has a major role in the development
and progression of NAFLD. The identified NAFLD risk
loci might be helpful in developing algorithms to improve
patient stratification and management. However, the clinical
implications of the genetic and epigenetic discoveries are
still developing and GWAS performed for NAFLD have
been small in terms of participant number. Future studies
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should involve larger number patients at risk (obesity and
type 2 diabetes) might be more successful in identifying new
genetic variant.

Additional research is necessary to help develop
successful treatment for NASH. Currently, there is no
FDA-approved treatment for NASH. The recommendation
for lifestyle intervention, which includes weight loss, diet,
and exercise, has found positive, but short-lived results.
Dozens of medications are being tested in preclinical and
clinical trials and are focused on different mechanisms of
action including metabolic, anti-inflammatory, and anti-
fibrotics targets. However, additional studies are necessary
to identify the most effective treatment for NASH in
different patient populations as it is becoming more
prevalent in the world.
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