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Abstract

In the last years new evidence has accumulated on
nonalcoholic fatty liver disease (NAFLD) challenging
the paradigms that had been holding the scene
over the previous 30 years. NAFLD has such an
epidemic prevalence as to make it impossible to
screen general population looking for NAFLD cases.
Conversely, focusing on those cohorts of individuals
exposed to the highest risk of NAFLD could be a more
rational approach. NAFLD, which can be diagnosed
with either non-invasive strategies or through liver
biopsy, is a pathogenically complex and clinically
heterogeneous disease. The existence of metabolic
as opposed to genetic-associated disease, notably
including “lean NAFLD"” has recently been recognized.
Moreover, NAFLD is a systemic condition, featu-
ring metabolic, cardiovascular and (hepatic/extra-
hepatic) cancer risk. Among the clinico-laboratory
features of NAFLD we discuss hyperuricemia, insulin
resistance, atherosclerosis, gallstones, psoriasis
and selected endocrine derangements. NAFLD is a
precursor of type 2 diabetes (T2D) and metabolic
syndrome and progressive liver disease develops in
T2D patients in whom the course of disease is wor-
sened by NAFLD. Finally, lifestyle changes and drug
treatment options to be implemented in the individual
patient are also critically discussed. In conclusion, this
review emphasizes the new concepts on clinical and
pathogenic heterogeneity of NAFLD, a systemic disorder
with a multifactorial pathogenesis and protean clinical
manifestations. It is highly prevalent in certain cohorts
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of individuals who are thus potentially amenable to
selective screening strategies, intensive follow-up
schedules for early identification of liver-related and
extrahepatic complications and in whom earlier and
more aggressive treatment schedules should be carried
out whenever possible.

Key words: Nonalcoholic fatty liver disease; Biomarkers;
Clinical correlates; Diagnosis; Epidemiology; Genetics;
Liver histology; Management; Metabolic Syndrome;
Pathogenesis; Screening; Type 2 diabetes

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is
a pandemic disease. Recent evidence highlights new
concepts in clinical and pathogenic heterogeneity
of NAFLD, a systemic disorder with a multifactorial
pathogenesis and protean clinical manifestations.
Other than the classical obese phenotype of NAFLD, a
lean though metabolically abnormal variant has been
recognized. Simple steatosis is no more considered a
benign condition; insulin resistance is necessary but
not sufficient for the disease progression, and NAFLD
is not only a mere hepatic manifestation of metabolic
syndrome, but may forerun the development of
metabolic syndrome and cardio-renal complications.
Several non-invasive diagnostic tests are now available
and new drug treatment options are coming.

Lonardo A, Nascimbeni F, Maurantonio M, Marrazzo A, Rinaldi
L, Adinolfi LE. Nonalcoholic fatty liver disease: Evolving
paradigms. World J Gastroenterol 2017; 23(36): 6571-6592
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i136/6571.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
136.6571

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) features
excess intrahepatic ectopic triglyceride deposition™
in patients who are free of competing etiologies of
liver disease™. It is the most frequent liver disease
and is associated with a wide spectrum of hepatic
disorders ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH), cirrhosis and hepatocellular
carcinoma (HCC)™'. Moreover, frequent co-morbidities
of NAFLD include specific cardio-renal-metabolic
conditions and increased hepatic/extrahepatic cancer
risk™.

NAFLD is a pandemic disease worldwide, which has
been paralleling the ongoing epidemics of obesity, type
2 diabetes (T2D), and metabolic syndrome (MetS)™.
The prevalence of NAFLD approaches 25%-30% in
the Europe and United States general populations;
but this figure surges to 80%-90% in selected cohorts
of dysmetabolic individuals®™”. Patients with NAFLD
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have an increased risk of premature cardiovascular as
well as of liver-related mortality®’. Of concern, up to
50% of cases NAFLD-HCC may occur in the absence of
cirrhosis, a circumstance which will often worsen the
outcome™ %,

Knowledge accumulated since 1980, when Ludwig
named and described NASH™, has challenged most
of the paradigms that had been holding the scene
over the previous 30 years. For example, NAFLD is
now considered a multifaceted complex systemic
condition™*" which exhibits a sexual dimorphisms™*
and follows a variable hepatic and extra-hepatic
course!™'®l, In addition, recent evidence suggests that
simple steatosis may progress to NASH and advanced
liver fibrosis!'”! challenging the previous dogma that
“steatosis is a benign condition”.

Insulin resistance (IR) is often associated with
NAFLD but it is “necessary but not sufficient” for
the disease to progress!'®. Moreover, NAFLD may
occur in lean individuals'®*® and it is not only a mere
“hepatic manifestation of MetS”, but may forerun the
development of MetS®"??, NAFLD is associated with
secretion of diabetogenic hepatokines and inflammatory
biomarkers that increase the risk of incident T2D by
adversely affecting glucose homeostasis'®. Of concern,
NAFLD and T2D are linked by a “vicious circle” which
carries to accelerated worsening of liver disease®”,
more difficult metabolic control and earlier appearance
of T2D complications'*?°,

The historical “two-hit” pathogenic theory'*! has
been replaced by a multi-factorial model, which more
incisively recapitulates the complexity of the patho-
genesis of the disease™ by emphasizing the myriads
of pathways leading to the same hepatic phenotype'™'.
A better definition of the role played by genetics in the
development of NAFLD™" has led to the notion that,
probably, two different NAFLD types exist: NAFLD
associated with and NAFLD dissociated from MetS, and
that each may differentially affect cardio-metabolic
risk®"*?, In addition, the declining gradient of risk of
NAFLD in Hispanic patient populations compared to non-
Hispanic whites and African Americans may potentially
be accounted for by polymorphisms in genes that
control metabolism®*. The impressive amount of data
implicating gut microbiota in the development of NAFLD
may well illustrate the role of diet in increasing NAFLD
risk®*?* and significantly impact our understanding of
NAFLD pathogenesis and treatment™.

Over time, the diagnostic approach has also und-
ergone substantial changes. Non-invasive physical
and chemical biomarkers are now available®”, Liver
biopsy is reserved to selected NAFLD cases in clinical
practice and is more extensively performed and
repeated to evaluate novel drug agents®****%, Finally,
new histological classifications have recently been
proposed™®”! and the pros and cons of each system must
be carefully evaluated™.,

Within the complex frame of pathogenic and
clinical heterogeneity of different NAFLD populations
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Figure 1 Nonalcoholic fatty liver disease as a pathogenically and clinically heterogeneous condition. Schematic representation of the pathogenic and clinical
heterogeneity of different NAFLD populations. Left: “Metabolic” NAFLD is associated with adipose tissue dysfunction and IR and may progress towards hepatic and
extrahepatic complications. Right: “Genetic’ NAFLD seems to be disconnected from adipose tissue dysfunction and IR, is associated with an increased risk of liver
disease progression but is probably spared from extrahepatic complications. NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; HCC:

Hepatocellular carcinoma.

synthesized in Figure 1, this review aims at disse-
minating the most updated paradigms on NAFLD and
the possible implications for both clinical practice and
research purposes.

NAFLD: TO SCREEN OR NOT TO
SCREEN. PRINCIPLES OF EPIDEMIOLOGY

An ongoing debate regards whether any screening
campaigns should be ever conducted to identify NAFLD
individuals®®**%, Those supporting screening would
argue that NAFLD patients are prone to excess liver-
related morbidity/mortality and cardiovascular risk
and thus in need of intensive follow-up schedules;
those against would reply that there is no point in
identifying NAFLD, a condition for which no licensed
drug treatment schedule is available. At any rate,
given the overwhelming prevalence of NAFLD in the
general population worldwide, any sensitive approach
should best be conducted based on our understanding
of which specific cohorts of individuals are exposed to
the highest risk of disease.

In the general population, the prevalence of
NAFLD has been reported to widely range from 6.3%
to 51% related to the different population/ethnicity
evaluated as well as to the diagnostic methods utilized
to assess the amount of intrahepatic fat content!*?.
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In particular, the diagnostic technique used to capture
cases of NAFLD has undoubtedly affected the results.
For example, liver enzymes are far less sensitive than
ultrasonographic scanning; in its turn, MR spectroscopy
is the most sensitive although this technique is
expensive and not universally available®!. Based on
meta-analytic data, Younossi et af®! have reported that,
in Europe and in United States, the overall prevalence
of NAFLD in the general population approximates
25%. However, there are areas of the world, such
as south America and middle East, wherein the
average prevalence peaks > 30%; conversely, Africa
has the minimum prevalence of NAFLD worldwide'®!,
These impressive data clearly imply that no society
worldwide can invest so many resources as to screen
the general population for NAFLD. It is of interest,
therefore, that modifiers of risk might assist health
authorities as well as practicing physician in identifying
individuals who are particularly prone to developing
NAFLD. For example: male gender, middle age and
Hispanic ethnicity, all reinforce the risk of NAFLD and,
conversely, young women of Afro-American descent
have the lowest risk of this disease'”’. Further to the
above physiological modifiers, a set of metabolic
modifiers have also been identified. They include
arterial hypertension and the MetS (whose pre-
sence doubles the prevalence of NAFLD up to 50%
of individuals); obesity, dyslipidemia and T2D"". In
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Figure 2 Nonalcoholic fatty liver disease pathogenesis: from two to
multiple parallel hits. Schematic representation of the increasing grade
of complexity gained in moving from earlier theories”” to more updated
pathogenic paradigms®. Top: Former “two hits” hypothesis: steatosis, the
first ‘hit', sensitizes the liver to the second “hits”: oxidative stress, endotoxin,
ATP depletion and adduct formation*?. Bottom: The "multiple hits" hypothesis
considers multiple insults acting together on genetically predisposed subjects
to induce NAFLD and provides a more accurate explanation of NAFLD
pathogenesis. Such hits include IR, hormones secreted from the adipose tissue,
nutritional factors, gut microbiota and genetic and epigenetic factors™. NAFLD:
Nonalcoholic fatty liver disease; TLRs: Toll-like receptors.

the general population, women are protected from
developing NAFLD owing to their hormonal profile
and/or set of chromosomes. Conversely, women with
T2D are exposed to the same risk of NAFLD as men,
indicating that T2D abrogates such a gender-related
protectiont”*4,

PATHOGENESIS OF NAFLD: FROM TWO
TO MULTIPLE HITS

In recent years, it has increasingly become evident
that what had initially been called the NAFLD “two
hit hypothesis”, in which IR acted as the “first hit”
by inducing lipid accumulation in the hepatocytes
and increasing the vulnerability of the liver to further
insults, referred to as the “second hit”, that, in their
turn, promoted hepatic injury, inflammation and fibr-
osis, is probably over-simplistic®*4, Human NAFLD
is rather a multi-factorial, non-communicable disease
resulting from a complex interaction between multiple
environmental and metabolic “hits” and a predisposing
genetic background™' (Figure 2). A “multiple par-
allel hits hypothesis” seems more appropriate to
recapitulate the complexity of NAFLD pathogenesis™™,
which results from numerous events originating within
liver, adipose tissue, gastrointestinal tract and the
muscle™®,

An unhealthy lifestyle, characterized by seden-
tariness and high-calorie diet, is crucial for NAFLD
development and progression. The unbalance between
caloric intake and expenditure determines the ex-
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pansion of fat depots, which become inflamed and
insulin resistant, and release increased amounts of
free fatty acids into the bloodstream, leading to ectopic
fat accumulation in the liver, skeletal muscles and
pancreas*l. The hepatic lipid content mainly derives
from the increased lipolysis of triglycerides in the
adipose tissue and, to a lesser extent, from dietary fats
and sugars, and from de novo lipogenesis'*’”’. Moreover,
the dysfunctional adipose tissue overproduces pro-
inflammatory cytokines, such as leptin and resistin,
whereas the release of anti-inflammatory adipokines,
such as adiponectin, is reduced, so further enhancing
NAFLD progression!*®, The role of intra-hepatocytic
accumulation of specific toxic lipids, via lipotoxicity
and inflammation, has emerged as a key player
in the pathogenesis of NASH and its systemic com-
plications*®!, Saturated fatty acids have been found
elevated in NASH patients and induce inflammation
and hepatocyte apoptosis through activation of JNK/
endoplasmic reticulum stress and oxidative stress/
mitochondrial dysfunction®™. The accumulation of
diacylglycerol and ceramide in the liver impairs hepatic
insulin signaling, fuels gluconeogenesis and promotes
the development of persisting hyperglycemia and,
eventually, T2D"Y,

Unhealthy lifestyle also results in dysbiosis, i.e.
quantitative and qualitative changes of gut microbiota
composition™, In NAFLD an increased Firmicutes/
Bacteroidetes ratio and changes in metagenomic-
based functional aspects of gut microbiota have all
been described'™!. Gut microbiota may contribute
to the development and progression of NAFLD by
triggering (both directly or via end-products of bacterial
metabolism) different signaling pathways, by increasing
the efficiency of caloric extraction from the food, and by
inducing translocation of bacterial products via increased
gut permeability™*>", Circulating pathogen-associated
molecular pattern (PAMPs) and damage-associated
molecular patterns (DAMPs) interact with the family of
pattern recognition receptors (toll-like receptors, TLRs)
within the liver and induce several pro-inflammatory
pathways, including over-expression of cytokines/
chemokines, production of reactive oxygen species
and activation of the inflammasome!®®*?. Of note,
activation of Nod-like receptor protein 3 inflammasome,
upregulated by TLRs in response to the presence of
PAMPs and DAMPs, has been associated with a novel
cell death mechanism, referred to as hepatocyte
pyroptosis®®,

Several nuclear receptors with their molecular
cascades are promising pharmacological targets for
the treatment of NAFLD, given their pivotal role in
the regulation of energy homeostasis and metabolic
pathways. Owing to the development of specific
targeted drugs, peroxisome proliferator-activated
receptors (PPARs), farnesoid X receptor (FXR) and
liver X receptors (LXRs), now deserve full attention.
The PPARs superfamily includes PPAR-a, PPAR-B/§
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and PPAR-y. PPAR-o, mainly expressed in liver and
muscle, modulates the rates of fatty acids catabolism,
lipogenesis and ketone body synthesis by acting as
a nutrient sensor. PPAR-y, abundantly expressed in
the adipose tissue, promotes adipocyte differentiation
and storage of triglycerides, and regulates glucose
homeostasis. PPAR-B/3, universally expressed in
all organ tissues, regulates glucose and lipoprotein
metabolism and exerts an anti-inflammatory role.
FXR, mainly expressed in the liver and gut, acts as a
sensor of bile acids and mediates the signaling effects
exerted by bile acid on glucose and lipid metabolism.
LXRs serve as lipid sensors in the liver and participate
in regulating the metabolism of cholesterol and
fatty acids. The role of nuclear receptors in NAFLD
pathophysiology has been comprehensively reviewed
elsewhere!™,

The role of skeletal muscle in the pathogenesis of
NAFLD is a matter of increasing research®®, Intra-
myocellular lipid storage is an early step of ectopic
fat accumulation and systemic IR, leads to increased
delivery of glucose to the liver, where it becomes
substrate for hepatic de novo lipogenesis, and has
been associated with NAFLD!®®, Accordingly,
sarcopenia, a pathological condition featured by gen-
eralized loss of skeletal mass and strength, has
recently been proposed as an additional key factor in
the pathogenesis of NAFLD'®*®l, The myokines, such
as irisin, which is produced in response to physical
activity and exerts several beneficial metabolic effects,
may partly account for these associations!®*®”.,

NAFLD AS A HETEROGENEOUS DISEASE
ENTITY: THE ROLE OF GENETICS

NAFLD is a complex disorder with a variable natural
history. Subtle inter-patient genetic variation and
environmental factors combine to determine variation
in disease progression'®®, Several clinical features
are clues to genetics playing a major role in NAFLD.
First, up to a quarter of the general population are at
risk of progressive disease; however only a minority
will experience associated liver-related morbidity™.
Second, both the development and the progression of
disease tend to cluster as distinct traits among “NAFLD
families””’°\. Third, among non-diabetics, NAFLD will
typically affect men more often than women!”’ which,
further to hormonal variations, may mirror genetic
factors. Fourth, although NAFLD is strictly linked with
obesity!”! not all obese subjects will develop NAFLD
and, more importantly, NAFLD can also be found in
non-obese individuals®®®”. On these grounds, in the last
few years scientific attention has focused on NAFLD
genetic features.

Role of PNPLA3, TM6SF2 and MBOAT7
Among all analyzed genes patatin-like phospholipase
domain-containing protein 3 (PNPLA3, also called
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adiponutrin) and trans-membrane 6 super family 2
(TM6SF2) are deemed to play the most significant
role. More recently, membrane bound O-acyltransferase
domain-containing 7 gene (MBOAT7) has also gained
attention. They are all involved in the process of intra-
hepatic accumulation of triglycerides.

PNPLA3 gene encodes for a 481-aminoacid pro-
tein expressed in the liver and adipose tissues, with
function of triglyceride hydrolase and acetytil-CoA-
indipendent transacylase, suggesting a double role
of catabolic lipase activity and anabolic lipogenic
activity” ", The nonsynonymous variant rs738409 of
PNPLA3 is a genetic polymorphism characterized by
the substitution of isoleucine to methionine at position
148 (1148M). Studies consistently show a strong
association between 1148M variant and hepatocellular
triglycerides accumulation”*”®, 1148M variant is a loss
of function allele that determines an altered hepatic
lipid metabolism, eventually leading to hepatic droplet
lipid accumulation, lower hepatic VLDL secretion
and lower adiponectin productiont””’. Adiponectin is
a protein with anti-inflammatory activity and onco-
suppressive properties; lower circulating levels of
adiponectin can account for the propensity of 1148M
variant to the progression from NAFLD to NASH and
the increased risk of HCC"”"®,

TM6SF2, also known as KIAA 1926, is a gene at the
19p13.11 locus, with unknown biological function that
encodes a protein high expressed in the small intestine,
kidney and liver. It is involved in the pathophysiology of
NAFLD by modifying hepatic lipid secretion; a decreased
hepatic expression of this protein is associated with
an increased size and number of hepatocytic lipid
droplets™ .. In particular, studies have shown that a
variant of TM6SF2, rs58542926 c.449 C>T (E167K), is
associated with NAFLD evolution, also with dyslipidemia
and cardiovascular risk. The minor variant allele (T) is
linked with a reduction of the excretion of hepatic VLDL
and a lower level of circulating triglyceride and LDL-
cholesterol. Conversely, C-allele is associated with a
higher hepatic excretion of VLDL, serum triglyceride and
cholesterol. Thus, the minor allele exhibits a higher risk
of advanced hepatic disease, though protecting from
metabolic and cardiovascular disease'®®. Conversely,
increased metabolic risk is associated with C-allele™".
Morris et al'®”. based on their large meta-analysis
have hypothesized a correlation with T-allele variant
and risk developing T2D, but this theory remains to be
confirmed®™®, Recently, it has been shown that TM6SF2
(E167K) gene variant is associated with an altered
lipidomic profile featuring deficiency of polyunsaturated
phosphatidylcholine and excess of polyunsaturated
free fatty acids in the liver. This lipidomic profile leads
to decreased concentrations of circulating VLDL and
increased liver fat content'®). Moreover, the same
polymorphism has been found to modulate postprandial
lipidmetabolism, nutrient oxidation and glucose
homeostasis in response to dietary fat®". These findings
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are compatible with the above reported notion that
carriers of TM6SF2 polymorphisms may be specifically
exposed to liver-related as opposed to vascular
manifestations of NAFLD.

Finally, it has been recently shown that the rs641738
C>T variant in MBOAT7 gene, which is involved in phos-
phatidylinositol acyl-chain remodeling, increases the risk
of developing NAFLD; inflammation and fibrosis™®>®,

Lean NAFLD

As previously reported in this review, genetic factors
play a major role in development and progression of
NAFLD. Such a role of genetics is further reinforced
when lean NAFLD patients are taken into consideration.
It is well-known that NAFLD is often found in obese and
dysmetabolic patients. Accordingly, the “Lean NAFLD"”
phenotype has attracted interest among researchers
in as much as it features selectively expanded visceral
adiposity though preserving a normal body mass
index and, sometimes, even a normal waist circumfer-
ence. Worryingly, these individuals develop IR and
atherogenic dyslipidemia similarly to obese patients
and have, therefore, in the past been alluded to as
“metabolically obese, normal weight™®, Lean NAFLD
cases have been described among different ethnic
population, mainly among Asians, who tend to develop
the metabolic complications of obesity for BMI values
inferior to those of Caucasians™®. The mechanism(s)
through which lean NAFLD develop(s) is/are poorly
characterized and the disease goes often under-
recognized. Though the role of genetic factors is likely
to be more substantial in “lean NAFLD” than that found
in “obese NAFLD"™, a recent statistically sophisticated
study has suggested that both lean and obese NAFLD
patients share cardio-metabolic risk commonalities
and that the former, despite normal body weight,
nonetheless have excess of abdominal adiposity and
other MetS features™™. Accordingly, also lean NAFLD
patients may benefit from increased physical activity
which is effective in reducing visceral fat®, Of note,
the findings of a very recent study confirm that NAFLD
development and progression derive from a complex
interplay between genetic and environmental factor,
by clearly demonstrating the presence of a synergy
between adiposity and the genetic risk of NAFLD

conferred by multiple loci®?.

DIAGNOSTIC STRATEGIES

Diagnosis and staging of NAFLD fully rely on liver
biopsy. Histological examination of liver tissue speci-
mens is the gold-standard for quantitating steatosis,
diagnosing NASH and staging fibrosis. The last of
these three tasks bears major prognostic significance
given that fibrosis is associated with long-term liver-
related and, probably, cardiovascular outcomes!®*®,
Over the past two decades, different criteria have
been suggested for scoring and staging histological
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lesions, and different definitions of NASH have been
used*****?! Besides discrepancies and subjectivity in
interpretation, liver biopsy has additional limitations
such as cost, invasiveness and sampling variability
which limit the feasibility of this procedure in all the
patients with suspected NAFLD and have called for the
development of alternative non-invasive diagnostic and
staging procedures. Despite some intrinsic and specific
drawbacks™®'°!!, these non-invasive tools, especially
if used in combination or sequentially, may help in
restricting the number of and assist in a better selection
of potential candidates to liver biopsy™®.

Histological classification: what’s new?

Steatosis, namely a minimal threshold of 5% of hepat-
ocytes containing fat droplets in biopsy specimen, is a
prerequisite for the diagnosis of NAFLD. The histological
definition of adult NASH is based on a combination of
three elementary lesions, i.e., steatosis, hepatocellular
ballooning and lobular inflammation™*"*”’,

Four main pathologic classifications of NAFLD have
been proposed: Matteoni’s, Brunt’s, Kleiner’s classifi-
cation with the NAFLD Activity Score (NAS) and the
recent Fatty Liver Inhibition of Progression (FLIP)
algorithm with the Steatosis, Activity, and Fibrosis (SAF)
score[40,96-99].

In 2005 the NASH Clinical Research Network
designed and validated a histological feature scoring
system that addressed the full spectrum of lesions
of NAFLD. Currently, NAS is the most widely used his-
tological classification for NAFLD/NASH and its use is
recommended for defining and quantifying disease
activity in clinical trials®®. NAS, ranging from 0 to 8,
is derived from the sum of steatosis (0-3), ballooning
(0-2) and lobular inflammation (0-3). However, at least
two out of its three components show a high variability
among pathologists; and data increasingly suggest
that NAS is poorly correlated with metabolic risk
factors!®, is unable to predict fibrosis progressiont®"
and to prognosticate liver-related and overall mortality
in NAFLD patients®>**1%,

More recently, Bedossa and the FLIP Consortium
created a simple histological algorithm (FLIP algorithm)
based on a scoring system, the SAF score (Steatosis,
Activity, Fibrosis) intended for pathologists to reliably
diagnose NASH, assess disease severity and limit
interobservervariation'*>®®!, The SAF score separately
assesses steatosis, activity and fibrosis. Activity, which
ranges from 0 to 4, is derived from the combination
of the semi-quantitative values of hepatocellular
ballooning (0-2) and lobular inflammation (0-2). NASH
according to the FLIP algorithm is diagnosed when
steatosis, ballooning and lobular inflammation are all
scored = 1. The main discrepancy between NAS and
SAF scores is that SAF does not include steatosis in
the activity score, owing to the questionable role of
steatosis per se as a marker of disease progression
and prognosis. Moreover, fibrosis stage, the strongest
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Table 1 Main features and differences between Nonalcoholic Steatohepatitis Activity score and Steatosis, Activity, and Fibrosis

score

NAS

SAF

Scoring system
Details of scoring Steatosis
0:<5%
1:5%-33%
2: 34%-66%
3:>67%
Lobular inflammation
0:00
1:<2/20X
2:2-4/20X
3:>4/20X
Ballooning (number of ballooned hepatocytes)
0: None
1: Few
2: Many
Fibrosis stage
FO: None
Fla: zone 3 perisinusoidal, delicate
F1b: perisinusoidal, dense
Flc: portal only
F2:1a or 1b + portal
F3: bridging
F4: cirrhosis

Steatosis + Lobular Inflammation + Ballooning: 0-8  Steatosis, Activity (Lobular Inflammation + Ballooning), Fibrosis: Sos, Ao+, Fos

Steatosis
0:<5%
1: 5%-33%

2: 34%-66%
3:>67%
Lobular inflammation
0:00
1:<2/20X
2: = 2/20X

Ballooning (size and shape of hepatocytes)
0: normal hepatocytes
1: clusters, reticulated cytoplasm
2: enlarged hepatocytes
Fibrosis stage
F0: 0
F1: zone 3 perisinusoidal (all), or portal only
F2: zone 3 + portal

F3: bridging

F4: cirrhosis

NAS: NASH activity score; SAF: Steatosis, Activity, and Fibrosis score; NASH: Nonalcoholic steatohepatitis.

predictor of outcomes in chronic liver disease, was not
included in the NAS. This novel histological classification
has shown excellent applicability and reproducibility
among pathologists for the assessment of liver lesions
in morbidly obese patients and in NAFLD patients with
MetS%?%1 However, it will have to undergo further
validation in clinical practice. Table 1 shows the main
features of NAS and SAF scores and highlights the
main differences between these scoring systems.

Role of imaging techniques
Imaging methods are the most commonly used non-
invasive tools for the diagnosis of steatosis. The main
advantages of ultrasonography are its safety, low
cost, wide availability and the overall scanning of
abdominal organs. Traditionally, ultrasonography has
been considered a technique with a low sensitivity in
identifying fatty liver infiltration when less than 30% of
hepatocytes are steatotic. Of note, a recent study has
demonstrated that ultrasonography, especially when
implemented with standardized measurements and
semi-quantitative scores, is sensitive for an amount of
steatosis as low as 10%% and may predict metabolic
derangements and liver histology changes!®%,
Further studies are necessary to confirm these novel
findings. The main limitations of ultrasonography are
its inability in differentiating steatosis from fibrosis, the
issues with morbid obese individuals, and its operator
and machinery dependency.

The controlled attenuation parameter (CAP) is a
new promising screening method that measures ultras-
ound attenuation in the liver using signals obtained
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by the Vibration Controlled Transient Elastometry
(TE) (Fibroscan®). Interestingly, CAP appears to be
more sensitive in detecting lesser degrees of steat-
osis compared to other widely available imaging
methods. Moreover, being coupled with liver stiffness
measurements, it has the advantage of simultaneously
estimating liver fibrosis™® %, However, the underlying
disease, BMI and T2D may affect the findings and thus
must be taken into consideration in the interpretation
of CAP results™",

Over the last 10 years, several ultrasound ela-
stographic techniques have been implemented,
including TE, acoustic radiation force impulse (ARFI)
elastography, 2D shear-wave elastography and real-
time strain elastography. TE, is the most studied
elastographic method for the estimation of liver fibrosis
in chronic liver disease; in NAFLD, TE can be used
to confidently rule out severe fibrosis and cirrhosis
(with a nearly 90% negative predictive value) and
for monitoring disease progression!''*%, Of note,
the amount of steatosis has emerged as a significant
factor affecting the performance of liver stiffness
measurements with TE!*>*3 For this reason, it has
been suggested that taking into account CAP values
may improve the prediction of liver fibrosis by TE™",

Magnetic resonance imaging techniques, and
particularly magnetic resonance spectroscopy, are
able to accurately quantify liver fat content; the
advantages include high sensitivity for assessing small
amounts of intrahepatic triglycerides and sampling
a large liver volume!**. More recently, magnetic re-
sonance elastography and multiparametric magnetic
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resonance offer the possibility of performing a thorough
characterization of liver tissue by assessing steatosis,
fibrosis and haemosiderosis at the same time™****®!, and
have been shown to be able to predict clinical outcomes
in patients with various chronic liver disease, notably
including NAFLD™”, Cost and limited availability, how-
ever, restrict their use to research purposes.

Performance and limitations of biomarkers

Several serum biomarker panels have been deve-
loped for predicting steatosis, diagnosing NASH
and estimating fibrosis**®! which are, in theory, the
preferred diagnostic tool for large-scale screening
and epidemiological studies on NAFLD™?®®, For
example, Bedogni’s Fatty Liver Index (FLI) has been
largely used to capture steatosis in epidemiological
studies!*®!. The strength of FLI as a surrogate marker
comes from the demonstration that it can predict
clinical outcomes related to the MetS, such as risk of
T2D, accelerated atherosclerosis and cardiovascular
risk, as well as hepatic, cardiovascular and cancer-
related mortality™***?1, While clinically relevant, these
associations might be conveyed independently of
steatosis per se since FLI incorporatesvariables that are
part of the MetS phenotype™., In fact, recent studies
have found only a limited correlation between FLI
and the amount of liver fat per se, as defined by liver
biopsy or magnetic resonance spectroscopy!®*?**%],
As for the FLI, other steatosis biomarkers, such as the
NAFLD liver fat score, the Hepatic Steatosis Index and
the Lipid Accumulation Product, generally show good
performance in identifying steatosis, though they are
unable to predict liver fat content and are confounded
by hepatic histological changes other than steatosis,
mainly necro-inflammation and fibrosis**"*?*,

With regard to the possibility of non-invasively
differentiating NASH from simple steatosis, several
biomarkers (acute-phase proteins, cytokines, markers
of oxidative stress and apoptosis, as is the case of
cytokeratin-18 fragments) and multiple complex models
have been investigated, but the majority of them lack
external validation, have only been tested among
selected populations and have been inconsistent in their
performance of detecting NASH!%>8,

Several simple non-invasive fibrosis scoring sys-
tems, notably including NAFLD Fibrosis Score and
Fib-4 can, however, reliably exclude advanced fibro-
sis in a high proportion of NAFLD patients, allowing
a more targeted use of liver biopsy™**. Their use in
clinical practice is recommended by updated hepa-
tological guidelines**®, and they reliably predict liver-
related and cardiovascular complications and death in
NAFLD patients!***), However, they were principally
developed and validated in patients aged < 65 years
of age, hence their cut-offs need to be adapted in the
elderly™*®®, It has been shown that the combination
or the sequential use of different scoring systems or
different non-invasive techniques (TE plus biomarker)
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improve the diagnostic accuracy in detecting severe
liver fibrosis, thus further reducing the need for liver
biopsy[129'13°].

Recently, several miRNAs!"*"), epigenetic biomar-
kers™, lipidomict™*****, metabolomics™® and prote-
omic**®! profiles have been found differently expressed
in NAFLD patients and could be used as surrogate
markers of progressive liver injury. Probably, a multi-
domain, multi-component approach which integrates
variables from a diverse set of data sources deriving
from phenotypic, genomic, lipidomic, metabolomic
and proteomic domains will be the avenue for fut-
ure investigations in the noninvasive assessment of
NAFLD[136,137] .

NAFLD: CLINICO-LABORATORY

FEATURES

Usually asymptomatic, NAFLD is a phenotypically
polymorphic disease which, owing to its systemic
nature, has a variable clinical presentation, a multitude
of potentially associated disease and a rich spectrum
of laboratory features™'*"*®1, Understanding this re-
markable phenotypic polymorphism is key in guiding
the diagnostic process in the individual patient.

Most patients will seek medical advice on the
grounds of otherwise inexplicably deranged liver
tests/ultrasonographic findings compatible with fatty
changes. Collectively, these laboratory/ultrasonographic
abnormalities tend to be often discovered either during
routine medical check-up performed by asymptomatic
individuals or by patients who have nonspecific and
causally unrelated complaintst*****%,

Insulin resistance, hyperuricemia and atherogenic
dyslipidemia
The association of NAFLD with IR and its close
connection with the MetS was independently reported
by three unrelated groups of investigators as early
as 1999™**3 1n particular, Marchesini et al**" by
comparing 46 patients with NAFLD to 92 age and sex-
matched healthy controls with the homeostasis model
assessment method found that NAFLD was associated
with IR and hyperinsulinemia even in lean subjects
with normal glucose tolerance. Consistently, Cortez-
Cortez-Pinto et a/***! in 30 patients with NAFLD found
that 80% were either obese or dyslipidemic; 50% had
arterial hypertension and 33% T2D; moreover, glucose
metabolism was altered in 69% and hyperinsulinemia
and hyperleptinemia were common. Along the same
line, Lonardo, based on his systematic search of the
available literature, concluded that fatty liver most
commonly affected middle-aged men with obesity,
altered glucose metabolism, hyperlipidemia, and hyp-
ertension™*,

Over time, these pioneer studies suggesting an
intimate connection of NAFLD with IR and the MetS
have extensively been confirmed and carried further.
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For example Ballestri et a'***! have recently shown that
HOMA-IR, a widely used index of IR, along with serum
uric acid concentrations, is an independent predictor
of both steatosis and ballooning; waist circumference
predicts both ballooning and hepatic fibrosis!***.
Moreover, the same group of investigators, also found
that baseline NAFLD predicts the development of
incident T2D and MetS over a median 5-year follow-
up'!. Taken collectively, these findings strongly
support the notion that NAFLD should no longer be
considered a mere “hepatic manifestation of the MetS”
but rather, and more appropriately, both a precursor
and a consequence of the MetS!?314147],

Lonardo et a/"**' were first in reporting that both
fasting insulin (a sensitive marker of IR) and uric
acid were independent predictors of NAFLD. These
findings have been independently confirmed by
several studies****?, including two meta-analytic
reviews!>**¥, Of interest, although serum uric acid
concentrations are associated with indices of IR, both
parameters are independently associated with NASH,
at least in children and adolescents!**”, suggesting that
each probably carries an independent contribution to
the development of progressive liver disease.

NAFLD is typically characterized by atherogenic
dyslipidemia featuring larger and triglyceride over-
enriched circulating very-low-density lipoproteins
(VLDLs), small dense low-density lipoproteins (LDLs)
and low and dysfunctional high-density lipoproteins
(HDLs). Of note, when NAFLD progresses to severe
fibrosis and cirrhosis, dyslipidemia will apparently
improve, probably owing to failing hepatic synthetic
Capacity[144,156-159].

Liver tests, parameters of iron metabolism and non-
organ specific autoantibodies

Liver tests are typically nhormal or mildly elevated in
NAFLD. Gamma-glutamyltransferase (GGT) may be
slightly elevated and is increasingly recognized as a
marker of metabolic disturbances and cardiovascular
risk™*”, Aminotransferases do not identify progressive
disease, given that patients with normal liver enzy-
mes are spared neither from NASH nor significant
fibrosis! ¢!,

The diagnostic process followed to investigate a
suspect liver disease may include the determination of
parameters of iron metabolism and non-organ specific
autoantibodies (NOSA). Elevated serum ferritin, closely
associated with hepatic iron deposition, is common
in NAFLD and is strongly correlated with IR, more
advanced disease and increased mortality!®*'®,
Whether therapeutic strategies aimed at correcting
iron metabolism may be beneficial in NAFLD remains
controversial.

It is important to highlight that the positivity of
NOSA, in the appropriate clinical and epidemiological
context, is compatible with NAFLD. Loria et a/*®!, in
their pilot study, were first in reporting that NOSA
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positivity in NAFLD was more prevalent than in the
general population and that high-titer ANA was
associated with IR. Bringing this line of research
further, the clinical research network, in a multicenter
study including a total of 864 NAFLD patients found
that NOSA are frequently positive in NAFLD in the
absence of autoimmune hepatitis and their occurrence
is not associated with more advanced histological

features®®.

NAFLD AS A MULTISYSTEM DISEASE:

CARDIO-METABOLIC AND CANCER RISK

As early as 1995, was it first suggested that NAFLD
was a systemic condition with a specific cardio-
metabolic involvement*®”], a notion which is now
universally accepted!***#,

In particular, our understanding of the close and
mutual relationship of NAFLD with the MetS has
evolved and the bidirectional relationship among the
two conditions is now largely acknowledged (Figure
3)#A3L16147 1R in its turn, will drive the course of
liver disease to progressively fibrosing liver disease
culminating with cirrhosis, but also promote the
development of T2D!®°), NAFLD almost doubles the risk
of incident T2D™?, However, NAFLD patients usually die
of extra-hepatic causes, frequently for cardiovascular
diseases, which underpins the importance to early
diagnose and aggressively treat CVD risk factors, as
extensively discussed elsewhere!*’®. A meta-analysis
of 27 cross-sectional studies has shown a robust
association between NAFLD and several markers of
subclinical atherosclerosis burden, such as an increased
risk, independent of classical CVD risk factors, of
coronary artery calcification, carotid intima-media
thickness, impaired flow-mediated vasodilatation and
arterial stiffness™’". Moreover, studies have shown that
NAFLD is also associated with increased risk of atrial
fibrillation and aortic valve sclerosis™’* ",

While cardiovascular mortality is the leading
cause of death in NAFLD patients, malignancies,
mainly affecting the gastrointestinal tract (liver, colon,
esophagus, stomach, and pancreas) and extra-
intestinal sites (kidney in men, and breast in women)
rank second!”’®””), The association between NAFLD
and colorectal cancer (CRC) has been investigated:
some studies have shown a higher prevalence of CRC
in NAFLD population than patients without, and this
association is increased in presence of NASH!"®,

NAFLD AND T2D: A DANGEROUS
COMBINATION

T2D accounts for more than 90% of those 415 million
people worldwide who live with diabetes; T2D may
lead to micro-macrovascular complications that cause
profound sufferings and put a heavy burden on health-
care systems worldwide!"”.
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Figure 3 The closed loop nonalcoholic fatty liver disease-metabolic syndrome circuit. Schematic representation illustrating the mutual cause-and-effect
relationship of NAFLD with the Metabolic syndrome™*"**"* NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

The common soil and the mutual relationship

The prevalence of NAFLD is increased among those with
T2D and T2D rescinds the typical gender dimorphism
of NAFLDY 88! Conyersely, NAFLD is associated with
a 2-to-5-fold risk of developing T2D after adjustment
for several metabolic confounders?®>**1¢2],

Common features in the epidemiology, risk fac-
tors and natural history of NAFLD and T2D can be
identified: overweight and obesity™®****l; a hypercaloric
diet coupled with a sedentary behaV|or leading to
weight gain*®***®); IR and MetS components, including
combined dyslipidemial**’*%®,

As previously highlighted, NAFLD is not only a
consequence, but also a cause of T2D and MetS
generating a “vicious circle” and worsens the course
of T2DP4#4311%] 1t js mandatory to interrupt this circle
and in this regard, it is encouraging that even transient
remission/improvement of NAFLD is independently
associated with reduced incidence of T2D™%**",

The consequences of the association

T2D and NAFLD interact in enhancing the risk of
promoting endothelial dysfunction, atherosclerosis,
cardiovascular diseases, chronic kidney disease and
advanced retinopathy™*¢%1921%1 The coexistence of
T2D and NAFLD predicts the development of hepatic
fibrosis***'*8l, Treatment of NAFLD, by affecting
those pathogenic factors linking fatty liver with ather-
osclerosis (hence the so called “atherogenic liver”) was
predicted to be able to reduce cardiovascular risk a
few years ago'®”. Consistent with such a prediction, a
recent study reported that reduced CIMT progression
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in the entire cohort of 92 patients was independently
associated with decreased liver fat content assessed
with magnetic resonance spectroscopy™®.

T2D and NAFLD are also associated with an incr-
eased incidence and mortality from several cancer types
and, similarly, mortality for malignancies is the second
cause of mortality in patients with NAFLM82012%3],
Similar to NAFLD, T2D enhances the risk of developing
HCC and may aggravates HCC outcomes?®*%®,

NAFLD in those with T2D will follow a worse pro-
gnosis via hastened progression to NASH, liver cirrhosis
and its complications and increased risk of developing
NAFLD-HCC**?7%1 gpecularly, concurrent NAFLD will
often worsen the course of T2D%',

Diagnostic issues

An early diagnosis and treatment of NAFLD may
potentially increase life expectancy of T2D patients®®,
Conversely, in subjects with NAFLD, periodical screening
for T2D is encouraged, given that poor metabolic
control will lead to progressive liver disease which,in

its turn, is associated with enhanced cardiometabolic
risk[38’193'212]

NAFLD: A LARGE SPECTRUM OF
CLINICAL ASSOCIATIONS

An impressively heterogeneous spectrum of clinical
conditions have been associated with NAFLD spanning
from carotid atherosclerosis through polycystic
ovarian syndrome®!. Some will be shortly reviewed
here; others have recently been covered in detail
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elsewhere!*#3214]

Atherosclerosis and gallstones

A pioneer study by Lonardo et a/***! evaluated the
triangular association of NAFLD, gallstones and
atherosclerosis. A decade later, we now know that the
most severe NAFLD forms are strongly associated with
excess cardiovascular mortality, probably as a direct/
indirect result of hepatic fibrosis!*****?\. Concerning the
NAFLD-gallstone duo, a systematic review and meta-
analysis conducted in 12 observational studies (9
cross-sectional studies, 2 cohort studies and 1 case-
control study) found that gallstones are significantly
associated with NAFLD™'*®), Further studies should be
conducted regarding the underlying mechanism of this
association. However, it is now clear that bile acids are
no longer “a detergent which facilitates the absorption
of fatty foodstuffs” such as it was deemed in the
past; but rather, they must be regarded as signaling
molecules, which coordinately regulate metabolism
and inflammation acting not only in entero-hepatic
tissues, but in peripheral organs as well®',

Psoriasis

This line of research was almost anecdotally inau-
gurated by a report of three cases from the POLI.
ST.E.N.A study™®. Several systematic studies have
subsequently confirmed this novel association and a
recent systematic review and meta-analysis supports
an association between psoriasis and NAFLD suggesting
that screening for NAFLD may be warranted among
those with psoriasist®*.

Endocrine derangements

Again, this topic was originally initiated by pioneer
clinical observations. First, it was reported that
endocrine derangements may eventually be con-
ducive to NAFLD as a result of hormones being
master regulators of body fat distribution and cell
metabolism*?®’. Next, endocrine pathways specifically
leading to NASH were identified’®®, Among these,
hypothyroidism has been associated to the whole
NAFLD spectrum, steatosis to NASH-HCC!®8 221-224],

A large Rotterdam population-based survey, aimed
at investigating the association between variations in
thyroid function and NAFLD, prospectively, in 9419
adults with a median follow-up time of 10 years; the
presence of fibrosis in those with NAFLD was assessed
with TE'*?’!, Data have shown that, compared to
euthyroid individuals, hypothyroid ones were exposed
to a higher risk of NAFLD and of clinically relevant
fibrosis; consistently, on the opposite side of the
spectrum, hyperthyroidism was associated with a
protection from developing NAFLD™**!, These findings
may potentially disclose novel treatment strategies.

NAFLD: PRINCIPLES OF TREATMENT

It is widely accepted that lifestyle changes, namely diet
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and physical exercise are the mainstay of treatment of

NAFLD, a condition no drugs are specifically licensed
fort=,

Diet

A 3%-5% weight loss will improve steatosis; however,
5%-7% reductions are necessary to decrease hepatic
inflammatory changes and 7%-10% to obtain remission
of NAFLD/NASH and regression of fibrosis. Calorie
restriction per se rather than specific diets are deemed
to be beneficial®®. In particular, despite emphasis
is usually put in restricting dietary carbohydrates,
moderate-carbohydrate diets do not induce a more
profound reduction in liver enzymes (a non-validated
surrogate index of NAFLD severity) than low/moderate-
fat diets™®”,

Physical exercise

Exercise effectively reduces visceral and perhaps liver
fat. A recent meta-analysis found that aerobic exercise
but not resistance training exercise was effective
in reducing visceral fat in overweight/obese adults
with T2D™*®!, The benefits of exercise in reducing
intrahepatic triglyceride content will typically occur
with minimal or no body weight loss®"**!, suggesting
that diet and physical exercise will improve NAFLD and
should be associated whenever possible given that
they act via different pathways. Indeed, diet combined
with exercise is associated with improvement in NAFLD
activity scorel®”),

Drugs

Drug treatment (better if within the frame of a clinical
trial) should be reserved to those NASH individuals
who do not respond to lifestyle changes. Drugs used
to treat concurrent metabolic disorders (e.g., statins
and antidiabetics) should be differentiated from drugs
aimed at treating NASH per se.

Statins, glitazones and liraglutide belong to the
first group. Our appreciation of the role of statins in
hepatology has undergone a dramatic evolution from
under-prescription based on fears of hepatotoxicity™>"
to their identification as potentially protectors from
the full spectrum of liver damage in NASH, notably
including liver fibrosis and HCC?**%,

As regards the oral antidiabetic agents glitazones,
a meta-analysis of five eligible randomized con-
trolled trials showed that these drugs improved
neither fibrosis nor IR; however, lobular inflammation
decreased in NASH patients who received TZD
treatment®**!, However, a more recent meta-analytic
review was specifically aimed at investigating
the role of thiazolidinediones in advanced hepatic
fibrosis in those with NASH analyzed 8 RCTs (5 eva-
luating pioglitazone and 3 evaluating rosiglitazone)
enrolling 516 patients with biopsy-proven NASH for
a duration of 6 to 24 mo. Among all studies com-
bined, thiazolidinedione therapy was associated with
improved advanced fibrosis, fibrosis of any stage
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Table 2 Drugs useful in treating nonalcoholic steatohepatitis - A neck-to-neck comparison of findings from two different meta-

analytic studies

Sawangjit er al***

Singh er al***!

Fibrosis OCA improves fibrosis.

PTX' and OCA' improve fibrosis

PTX?, TZDs plus Metformin®, TZDs plus Losartan” might

potentially be effective.

Resolution of NASH TZDs' and Vitamin E' use is associated with resolution of

NASH

NAS PTX', OCA', vitamin E', and TZDs' improve NAS

Steatosis
Lobular inflammation

Vitamin E', TZDs', and OCA' improve ballooning degeneration

PTX', Vitamin E?, TZD' and OCA’ significantly improve steatosis
PTX!, TZDs' and OCA* significantly improve lobular Inflammation

'High quality of evidence; “Moderate quality of evidence. NASH: Nonalcoholic steatohepatitis; NAS: NASH activity score; OCA: Obeticholic acid; PTX:

Pentoxyphylline; TZDs: Thiazolidinediones.

and NASH resolution. Analyses restricted to RCTs
enrolling patients without diabetes yielded similar
results. All effects were accounted for by pioglitazone
use®?, Weight gain and lower limb edema occurred
more frequently with thiazolidinedione therapy™*®.
These novel data indicate that pioglitazone improves
advanced fibrosis in NASH, even in patients without
diabetes.

A phase 2 randomized study conducted on 52
patients (26 per arm) tested the efficacy of liraglutide
(1.8 mg/daily via subcutaneous route) vs placebo. The
use of liraglutide was associated with a 39% NASH
resolution rate vs 9% in the placebo arm (RR = 4.3,
95%CI: 1.0-17.7, P = 0.019). This study was funded
by the manufacturers of liraglutide™®*,

A few drugs, such as vitamin E and obeticholic
acid (OCA) have specifically been tested against
NASH. Based on a meta-analysis of five RCTs vitamin
E significantly reduced liver enzymes (AST, ALT,
ALP); steatosis, inflammation and hepatocellular
ballooning compared to the control group. Vitamin
E treatment in adult NASH was also associated with
reduction of fibrosis®**, Concerns have been raised,
however, on the long-term safety of Vitamin E and
the lack of data in patients with T2D and cirrhosis.
A network meta-analysis found that pentoxyphylline
and OCA improve fibrosis, and vitamin E, TZDs, and
OCA improve ballooning degeneration in patients
with NASHP*1, A subsequent network meta-analysis
substantially confirmed these findings by showing
that OCA significantly improves fibrosis, while vitamin
E and TZDs result in a significant increase in NASH
resolution®**), Table 2 compares the findings from the
above two meta-analytic studies®***4,

Thinking out of the box. Innovative treatment strategies
Further to the above discussed notions on the rela-
tionship of the entire NAFLD spectrum with endocrine
and metabolic derangements, a line of innovative
treatment options can be envisaged. For example,
administration of thyroid receptor agonists (GC-1 and
KB2115) improves NAFLD in a ob/ob mouse model and
a xantine oxidase inhibitor (febuxostat) antagonizes the
development of disease in a rodent NASH model*>%*,
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Also our understanding of the role of nuclear
receptors in the pathogenesis and natural course of
NAFLD may lead to novel treatments!®. The above-
mentioned OCA exerts its effects by agonizing FXR.
Elafibranor, a dual PPAR-a/8 agonist, has been shown
to resolve NASH without fibrosis worsening and to
improve the cardiometabolic profile in a recent phase
2 randomized trial of patients with NASH™*1, Oltipraz
is a synthetic inhibitor of LXR-a. whose antisteatosic
properties have previously been shown in a mouse
model. A recent phase 2 randomized controlled trial
found that, in patients with NAFLD, a 24-wk course of
oltipraz significantly reduced intrahepatic fat content
assessed with magnetic resonance spectroscopy in a
dose-dependent manner; however IR, liver enzymes,
lipids and cytokines were unaltered®®*®,

CONCLUSION

NAFLD is an emerging multifaceted systemic disease
with a heavy epidemiological burden. Further to
hepatic risks, NAFLD also affects cardiovascular,
metabolic, renal and endocrine systems as well as
cancer development with a significant hepatic and
extra-hepatic impact on morbidity and mortality™. The
bi-directional relationship between NAFLD and MetS-
T2D is an important emerging topic underpinning the
mutual influence and the need to interrupt the vicious
circle associating liver and dysmetabolism. However,
we now know that IR is a necessary though not
sufficient requisite of the development of NAFLD and
that gender, genetic background and microbiota also
play a major role™**¥, It is anticipated that pathogenic
complexity and multi-factoriality will have to be
translated into more finely tailored diagnostic and
treatment strategies. This implies that "ad hoc” studies
are necessary to more precisely identify the individual
target populations to be addressed. Presently, lifestyle
changes effected via dietary restrictions and physical
exercising remain the only recommended treatment
of NAFLD; in all overweight/obese patients, weight
loss is mandatory™. However, given that only a small
minority of such individuals will succeed in maintaining
their ideal body weight, and that no currently marketed
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drugs are specifically licensed for NASH, data of ongoing
studies are eagerly awaited to offer these numerous
and heterogeneous patients effective and safe tailored
drug treatment options.
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