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11.1 Introduction

The epidemic of obesity has resulted in a parallel incremental burden of nonalco-
holic fatty liver disease (NAFLD) worldwide. Also, in children and adolescents,
NAFLD represents the most common cause of chronic liver disease in industrial-
ized countries [1]. NAFLD in children is now considered a metabolic condition,
which is strongly associated with the other metabolic features, such as hypertension
and insulin resistance, increasing the risk of developing type 2 diabetes mellitus,
metabolic syndrome, and cardiovascular disease at a young age [2, 3].

The exact prevalence of pediatric NAFLD is actually unknown, but available
data describe a prevalence ranging from 3 to 12% in the general pediatric popula-
tion, with peaks of 70% in obese children. In Western countries, the prevalence of
NAFLD is estimated to be around 20-46%, while in Asian children the prevalence
is lower, about 5-18%. Moreover, in Asia and Pacific Islands, significant differences
are reported between urban and rural populations with a prevalence of 16-32% in
urban areas versus a prevalence of 9% in rural populations. Obesity-related NAFLD
was reported in 77% of obese/overweight Chinese children. In Australia, the prev-
alence of pediatric NAFLD was estimated to be approximately 10% in the total
population and 27.6% among overweight and obese children [4]. These ethnic dif-
ferences may be related to genetic, environmental, or sociocultural factors as well
as differences in body composition, insulin sensitivity, and adipocytokine profile.
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As it is note, NAFLD is characterized by accumulation of fat in the hepatocytes
(>5%) in the absence of other causes of liver steatosis, such as Wilson’s disease,
deficiency of alfa-1-antitripsin, celiac disease, autoimmune hepatitis, HCV infec-
tion, metabolic disorders, and alcohol or drug consumption. The simple hepatic
steatosis is usually a benign condition, but in some cases, it may progress to more
advanced forms of liver injury, characterized by the presence of inflammation and
various degrees of fibrosis [nonalcoholic steatohepatitis (NASH)] up to cirrhosis,
predisposing to liver failure and/or hepatocellular carcinoma (HCC) [2].

The natural history of pediatric NAFLD remains to be fully understood, consid-
ering the paucity of data available at medium/long-term and the complex interplay
between liver involvement and other obesity-related metabolic impairments [5].
Several studies reported that children with NAFLD observed in a tertiary center
have a significantly shorter survival compared to the general population of the same
age and sex, and that, in some cases, NAFLD in children may progress to cirrhosis
and end-stage liver disease [5].

In this chapter, the clinical, diagnostic, and therapeutic strategies of NAFLD cur-
rently known will be discussed, with particular interest to novel future scenarios in
diagnosis and therapeutic approach to pediatric NAFLD.

11.2 Pathogenesis

In the last two decades, several advances have been made in the knowledge of
pathogenesis of NAFLD. The two-hit hypothesis has been exceeded by the multi-
hit theory, in which several agents have been identified as contemporary actors in
the onset and progression of liver damage. Also in this theory, the starting point is
represented by hepatic steatosis, which can be the result of several possible fac-
tors, such as dietary habits, environmental and genetic factors, insulin resistance,
obesity with adipocyte proliferation, and changes in the composition of intestinal
microbiota [6]. Subsequent noxae, such as pro-inflammatory cytokines, oxidative
stress, circulating endotoxins, and activation of hepatic stellate cells, contribute to
the progression of liver damage.

Adipose tissue is a metabolically active endocrine organ that causes the release
of pro-inflammatory cytokines, such as TNF-a and IL-6, whereas beneficial adipo-
kines are suppressed. This situation leads to the development of peripheral insulin
resistance and hyperinsulinemia and increased fatty acid delivery to the hepato-
cyte. The disruption of normal insulin signaling in the hepatocyte and increased
abundance of fatty acids leads to disordered lipid metabolism, characterized by the
over-activation of de novo lipogenesis (DNL) transcriptional factors, causing more
fatty acid and glucose products to be shunted into these lypogenetic pathways [7].

The role of intestinal microbiota has been recently considered within this
metabolic dysregulation. A bad “obesogenic” diet (rich in fats and lipids) and
increase of intestinal bacteria products (i.e., endotoxins, proteins, metabolites,
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lipopolysaccharides (LPS)) with the subsequent activation of the toll-like receptor
(TLR) pathway, may act as promoter of inflammation and progression of hepatic
steatosis to NASH and fibrosis. This process seems also be aggravated by the
increased intestinal permeability that has been demonstrated in subjects with liver
disease, where the gut seems to go through a tight junction disruption process that
could be reversed by changes in the microbiota composition.

These discoveries in the pathogenetic mechanisms are particularly relevant
because of the possible therapeutic implications of prebiotics/probiotics and dietetic
supplements in the treatment of NAFLD/NASH [8, 9].

11.3 Diagnosis

NAFLD is generally asymptomatic and the diagnosis is frequently made follow-
ing the incidental discovery of hypertransaminasemia and/or hepatic steatosis.
Hypertransaminasemia with a mild elevation of liver enzymes is a common finding
in pediatric NAFLD, even if it is clearly demonstrated that aminotransferases serum
levels may be in the normal range in several cases, independently from severity of
liver damage [10]. However, serum ALT and AST concentration remains a cheap
test for initial evaluation of NAFLD, even if its sensitivity is unsatisfactory. To make
diagnosis of NAFLD, it is important to exclude other possible causes of hepatic
steatosis and therefore an adequate screening panel should be done in all patients.
Moreover, considering the strict association between NAFLD and metabolic syn-
drome, evaluation of metabolic parameters such as lipid profile, glyco-insulinemic
status, uric acid concentrations, and blood pressure measurements are strongly rec-
ommended in patients with NAFLD [11].

A recent position paper by the ESPGHAN Hepatology Committee has clarified
the diagnostic approach to NAFLD in childhood. NAFLD is more frequent in chil-
dren aged more than 10 years and is usually present with overweight/obesity. As
previously stated, the diagnosis of NAFLD needs the recognition of fatty liver and
the exclusion of other causes of liver steatosis [2].

Liver biopsy remains the current gold standard for the diagnosis of NAFLD, and
it is the only way to distinguish between NASH and simple steatosis, and to deter-
mine the presence and characteristics of fibrosis and the severity of liver damage.
However, since liver biopsy is an invasive procedure, its use should be limited to
selected patients, as stated by ESPGHAN Hepatology Committee [2].

In the last two decades, several biomarkers have been tested as diagnostic tools
for NAFLD/NASH, but till now none of the markers evaluated is completely sat-
isfactory in the diagnostic work-up. The major limitation of all these tests is the
incapacity to estimate the severity of disease and the presence of fibrosis []. Higher
levels of C-reactive protein and pro-inflammatory cytokines, such as TNF-a, IL-1,
and IL-6, have been associated with progression of damage from NAFLD to NASH,
but these markers lack specificity for NAFLD.
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Recently cytokeratin-18, a marker of hepatocyte apoptosis, fragment levels,
and the cathepsin-D (a lysosomal protease) were identified as reliable markers of
NASH. In fact, it has been demonstrated that the cathepsin-D have a high diagnostic
value to distinguish pediatric patients with hepatic inflammation from children with
steatosis, while the cytokeratin-18 correlates significantly with hepatic fibrosis and
with NAFLD severity [12, 13].

Another new marker of liver disease is the cathepsin D (CATD). The CATD is a
proteolytic enzyme contained in the lysosomes of eukaryotic cells. The CATD are
involved in autolysis processes, causing cleavage of the protein cellular constitu-
ents into peptides and amino acids. They also have the function of eliminating the
extracellular proteins, such as the bacterial residues and the products of the anti-
gen—antibody reaction [14]. A pediatric study of 2015 has shown that the plasma
levels of CATD levels were significantly lower in patients with liver inflammation
than those with only steatosis [15]. Moreover, the levels of CATD have been pro-
gressively reduced and negatively correlated with severity of liver inflammation,
steatosis, hepatocellular ballooning, and the score of hepatic steatosis nonalcoholic
activities. In addition, the levels of CATD are better correlated with the progres-
sion of nonalcoholic hepatic steatosis pediatric compared to ALT and CK-18 [14].
CATD showed a high diagnostic accuracy, with AUROC = 0.94, for the differentia-
tion between hepatic steatosis and inflammation, and has reached nearly the high-
est precision (AUROC = 0.99) after addition of CK-18 [15]. The observation that
plasma CATD correlated with the development of NASH and regression is promis-
ing for NASH diagnosis, but especially for the liver inflammation, which proceeds
the onset of fibrosis.

Recently, genome-wide association studies (GWAS) have identified single-
nucleotide polymorphisms (SNPs) of genes implicated in NAFLD/NASH patho-
genesis capable to influence liver damage and fibrosis progression in adult and
pediatric patients. Firstly, the PNPLA3, also known as adiponutrin, is a member of
the patatin-like phospholipase family. The rs738409 C>G single-nucleotide poly-
morphism, encoding the Ile148Met variant protein of PNPLA3, is described as
genetic determinant of hepatic steatosis. Several studies have established a strong
link between PNPLA3 and the development of NAFLD [16]. PNPLA3 is associated
with an increased risk of advanced fibrosis among patients with a variety of liver dis-
eases and is an independent risk factor for hepatocellular carcinoma (HCC) among
patients with NASH [17]. Besides PNPLA3, combined GWAS datasets have identi-
fied other SNPs associated with liver fat content and other aspects of the NAFLD
phenotype, involving genes implicated in insulin resistance, oxidative stress, and
fibrogenesis. For diagnosis and risk stratification of NAFLD, genetic screening tests
are now available; these tests are easy to perform and have a low cost and can
assess the risk of the subject of developing severe forms of NAFLD. Currently, a
simple oral swab that searches for mutations in a combination of four genes (KLFO6,
PNPLA3, SOD2, and LPIN1), each of which is related to NAFLD, is able to esti-
mate the risk of development of severe form of hepatopathy [18, 19].
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The most used technique in the diagnostic work-up of NAFLD is abdominal
ultrasound. It is widely used because it is simple, economic, and widely available.
Unfortunately, US examination diagnose liver steatosis, only if fat is present in 30%
of hepatocytes, and it do not detect minor degree of steatosic infiltration (<30%).
Overall, the sensitivity of ultrasound in NAFLD ranges from 60 to 94%, with speci-
ficity from 84 to 100% [20]. The main limitation of liver ultrasound is represented
by the inability in distinguishing between NAFLD and NASH due to its incapacity
to detect liver fibrosis. This limitation is partially exceeded by transient elastog-
raphy, an ultrasonographic technique based on the evaluation of tissue elasticity
through ultrasound by measuring the propagation of specific elastic waves (shear
waves, S-waves) emitted by the probe. However, abdominal obesity may reduce its
utility in patients with NASH, and the detection accuracy of this method increases
with worsening grades of fibrosis. For these reasons, it is not standardized in pediat-
ric patients, and large studies are required to define normal values and the accuracy
of transient elastography in children [21, 22].

Acoustic force impulse imaging radiation (ARFI) is an integrated US elastog-
raphy method in US conventional machines in which a region of interest in the
liver is mechanically excited with an acoustic pulse that induce localized tissue
displacement, which translates in wave propagation. The wave propagation veloc-
ity correlates with liver stiffness and fibrosis. In a meta-analysis in patients with
NAFLD (n = 77), the ARFI imaging had AUROC of 0.86 for the diagnosis of
fibrosis [22].

Shear-wave elastography (SWE) are new methods that evaluate elasticity of the
tissues using conventional USA. They allow the operator to select a specific area of
the liver parenchyma, avoiding inclusion of focal lesions or large blood vessels and
overcome some limitations of transient elastography. Acoustic imaging radiation
impulse force showed good results in the differentiation stages of fibrosis in adults,
especially in adult patients with chronic viral hepatitis. A recent study tested the
SWE in 68 children with biopsy-proven NASH (37 males, age 8—17 years), dem-
onstrating that SWE showed a high correlation with hepatic fibrosis (rho = 0.84,
p < 0.001). The diagnostic accuracy in the determination of the presence of any
grade of fibrosis showed an AUC of 0.92 (cutoff = 5.1 kPa), whereas the presence
of significant fibrosis could be established with an AUC of 0.97 (cutoff = 6.7 kPa).
These results are in line with a previous study of those that evaluated the accuracy
of transient elastography in another pediatric NASH population [23].

Computed tomography (CT) and magnetic resonance imaging (MRI) are more
sensitive and specific than ultrasound in determining liver steatosis, but these tech-
niques have some limitations in pediatric setting. Firstly, both are expensive and
not always widely available in pediatric setting. Moreover, CT implies an unjusti-
fied radiation exposure and MRI in several cases needs of sedation of pediatric
patients. In addition, neither MRI nor CT are able to stage the disease and cannot
distinguish between NAFLD and NASH, given that they could not detect hepatic
fibrosis [2].
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11.4 Treatment

Considering the actual knowledge on natural history of NAFLD/NASH in adults
and children and health burden of metabolic comorbidities generally associated to
NAFLD, the effective treatment of these conditions is now become a public health
problem, mainly in children. The final goals of ideal treatments are to reverse
hepatic histological damage, reducing long-term hepatic and extrahepatic compli-
cations and improving patient’s quality of life and life expectation. Today, lifestyle
intervention, based on hypocaloric diet and regular physical exercise, continues to
be the basilar therapeutic approach, even if its results are often unsatisfactory, espe-
cially for the difficult compliance. Unfortunately, none of the drugs until now tested
in children have proven to be completely adequate in the treatment of liver disease
and therefore novel possible targets or pharmacological associations direct against
the novel pathogenetic mechanisms are now being evaluated.

11.4.1 Actual Therapeutic Approaches

Gradual weight loss, due to behavioral modifications based on balanced diet and
regular physical exercise, is still considered the first therapeutical approach to fatty
liver in children. The available data demonstrated in several adults and pediatrics
reports the effectiveness of this approach in terms of hepatic and extrahepatic insu-
lin sensitivity, inflammation, and oxidative stress.

The main problem of this therapeutic strategy in pediatric NAFLD is repre-
sented by the difficulty in maintaining compliance of children and their families
with the proposed programs, with disappointing results. Some reports described
an inacceptable success rates as low as 10% after 2 years of intervention [24].
No clear indications are established for diet in pediatric patients with NAFLD,
but a balanced diet containing low fat meats and fish, vegetables, legumes, and
fruits with reduction in sugar-sweetened beverages, saturated fat, starches, and salt
is generally recommended [25]. Moreover, in the last decade several data have
demonstrated the toxic effect of high fructose intake on metabolic status and liver
damage; therefore, a significant reduction of daily fructose intake is now strongly
recommended [26].

As for pharmaceutical armamentarium, till now none of the available drugs
has been revealed totally satisfactory per sé in the treatment of NAFLD. Starting
from the new information gradually emerging about pathogenetic mechanisms of
NAFLD, several molecules have been proposed, without however conclusive rec-
ommendation. The main limitations of many available studies are the frequent small
sample size and the heterogeneity of diagnostic tools used to detect NASH and the
different outcome measures. Only few randomized controlled clinical trials (RCTs)
have been made or are ongoing in pediatric population.
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e [Insulin-sensitizing agents. Based on the strict interplay between insulin resis-
tance and metabolic and liver damage typical of NAFLD/NASH, insulin sensi-
tizer have been the first drug evaluated in children. Metformin activates the
5’adenosine monophosphate (AMP)-activated protein kinase (AMPK) pathway,
which increases lipid and glucose catabolism. Recently, the large clinical TONIC
trial, which enrolled 173 patients, reported that metformin (500 mg twice daily)
caused only minor reductions in serum transaminase levels and had no signifi-
cant effect on liver histology [27].

e Antioxidants. In the pathogenetic mechanism of NAFLD, the reactive oxygen spe-
cies, generated by fatty acids oxidation, cause direct cellular damage and activate
pro-inflammatory cytokines. The main antioxidant tested in children has been vita-
min E (alpha-tocopherol), a fat-soluble vitamin. Initial small studies showing some
efficacy of vitamin E in reducing transaminases levels were not confirmed in the
TONIC trial, in which vitamin E was no better than placebo in attaining the pri-
mary end point, that is, a sustained decrease in ALT levels. Likewise, there was
only a limited effect on hepatocellular ballooning and NAFLD activity score [27].

e Dietetic supplementations. Polyunsaturated fatty acids (PUFA) are long-chain
fatty acids, distinguished in two groups: omega-3 PUFA, which are synthesized
from a-linolenic acid, and omega-6 PUFA, which derive from linoleic acid.
These acids are also defined “essential” fatty acids because they cannot be syn-
thesized de novo by cells of human body and therefore should be taken in ade-
quate amount with the diet. The omega-3 PUFA are important regulators of
hepatic gene transcription, with anti-inflammatory, insulin sensitizing, and anti-
steatotic effects [28]. On the contrary, the metabolites derived from omega-6
PUFA pathways induce pro-inflammatory and pro-thrombogenic activation.

As it is well-known, the actual Western diets are characterized by a higher con-
sumption of omega-6 fatty acid respect to omega-3 fatty acid, with a consequent
imbalance between omega-6/omega-3. Several data have demonstrated, in animal
and human studies, beneficial effects of omega-3 supplementation in hepatic and
metabolic features of NAFLD. Particularly, Nobili and coworkers have described
in well-conducted double-blind randomized controlled trial that oral administration
of docosahexaenoic acid (DHA) in pediatric NAFLD causes at 6 and 24 months an
amelioration of transaminases and triglycerides concentrations, insulin sensitivity
index, and hepatic steatosis [21].

Based on the new advances in NAFLD pathogenesis, mainly following the
development of “gut-liver axis theory,” probiotics have been proposed as a pos-
sible strategy for treatment of liver disease, such as NAFLD. As previously stated,
poor diet and slowed intestinal transit, frequent in obese patients, may induce small
intestinal bacterial overgrowth (SIBO) and thereby increase the release of endo-
toxins [mainly gut-derived lipopolysaccharides (LPS)] and tumor necrosis factor
(TNF)-a. These inflammatory mediators easily cross the intestinal barrier, which is
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more permeable in patients with NAFLD, and promote the progression of NAFLD
to NASH with a profibrogenic phenotype [29]. VSL#3, a mixture of eight probiotic
strains (Streptococcus salivarius subsp. thermophilus, Bifidobacterium [B. breve,
B. infantis, B. longum], Lactobacillus acidophilus, L. plantarum, L. casei, and
L. delbrueckii subsp. bulgaricus) has been tested in animal models and human stud-
ies that include children. These studies show a beneficial effect on the intestinal bar-
rier, reducing inflammation and permeability as well as liver damage, as measured
by hepatic steatosis and aminotransferase levels [30]. These results, in association
with optimal safety and tolerability, make probiotics a promising therapeutic tool
in pediatric NAFLD. However, to confirm these results, further larger randomized
studies are still needed.

11.4.2 Novel Therapies

Bile Acid. Bile acids are synthesized in hepatocytes from cholesterol through enzy-
matic pathways and then conjugated with glycine or taurine before secretion into
bile and release into the small intestine. In the small intestine, conjugated bile acids
are not only involved in lipid absorption and transport but have also been increas-
ingly recognized to function as nuclear receptor binders and to have a role in func-
tion of microbiota. Bacteria within the intestine can also chemically modify bile
acids and thereby alter the composition of the bile acids [31]. Besides the classic
role as detergents to facilitate fat absorption, bile acids have also been recognized
as important cell signaling molecules regulating lipid and carbohydrate metabo-
lism and inflammatory response. These molecular functions are mediated through
their binding and activation of the nuclear hormone receptor, farnesoid X recep-
tor (FXR), and the G-protein-coupled cell surface receptor TGRS. Intestinal FXR
activity upregulates endocrine FGF19 expression, which inhibits hepatic bile acid
synthesis via CYP7A1 signaling [32]. Recently, it was showed that hepatic FXR
protein content and plasma FGF19 concentrations in children and adolescents with
NASH were decreased compared to levels in children with “simple” fatty liver.
Hepatic FXR protein level was positively correlated with serum FGF-19 concentra-
tions, and both FXR and FGF19 concentration were inversely and independently
associated with NASH [18].

When activated, FXR migrates into the cell nucleus and modulates the transcrip-
tion of specific genes involved in the regulation of inflammation and glucose and
lipid metabolism. Numerous studies, mostly based on animal models, have shown
that the use of FXR agonists (e.g., obeticholic acid) could improve hepatic steatosis
and steatohepatitis [33].

Recently, ursodeoxycholic acid (UDCA) has been supposed to be involved in
several other mechanisms, such as glutathione synthesis and activation of gluco-
corticoid receptor, contributing to the antioxidants anti-inflammatory pathways.
Despite these effects, administration of UDCA does not result in concrete benefits in
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treating NAFLD [34]. In contrast, the FLINT study, conducted in an adult population
with NASH, showed that treatment with obeticholic acid (6-ethylchenodeoxycholic
acid), FXR agonist, was effective in about half of the treated patients. Obeticholic
acid improved the biochemical and histological characteristics of NASH compared
to placebo. All histological parameters of NASH (steatosis, hepatocellular swelling,
and lobular inflammation) and fibrosis have improved. The improvement of fibro-
sis, although limited, demonstrated that this therapy could be useful in preventing
progression to cirrhosis [35]. In pediatric age, this bile acid has not yet been tested.

Finally, Liraglutide is an analog of glucagone-like peptide 1 (GLP-1), a gut-
derived incretin hormone that induces weight loss and insulin sensitivity. In 2016,
the LEAN study, conducted on 52 adult patients with NASH, showed that liraglu-
tide led to histological resolution of steatohepatitis. The treatment was safe and well
tolerated by the patients, but today no information is available about liraglutide in
pediatric setting [36].

Many other trials must be done to understand the therapeutic role of these mol-
ecules in NAFLD, mainly in pediatric population.

Bariatric surgery. Bariatric surgery and non-surgical obesity treatments based
on minimally invasive intragastric balloons are emerging as therapeutic alterna-
tives that should be carefully considered in obese children with NAFLD, mostly in
patients with numerous, unsuccessful weight loss attempts [37]. In 2015, a position
paper of ESPGHAN has established eligibility criteria for bariatric surgery in pedi-
atric patients: selected obese patients with BMI >40 kg/m? and severe comorbidities
(including NASH with advanced fibrosis) or with BMI more than 50 kg/m? and mild
comorbidities (including NASH) [38].

In a recent pediatric trial, laparoscopic sleeve gastrectomy, a restrictive interven-
tion consisting in the removal of the gastric fundus, has proved to be more effective
than lifestyle approach, even when combined with intragastric devices, in reducing
NASH and fibrosis in obese patients after 1 year of treatment and in improving dys-
lipidemia, sleep apnea, and hypertension [39].

A novel technique used in children is the adjustable gastric banding (AGB). The
banding operation is characterized by an externally compressive device on the upper
portion of the stomach, which can be inflated or deflated with a subcutaneous port,
permitting adjustment of the degree of gastric compression to limit stomach disten-
tion and food intake. The main benefit of this technique is to be completely revers-
ible, with discrete efficacy pales in comparison with other bariatric operations. The
weight loss response with AGB is highly variable, and prospective studies in adults
show a body weight loss of about 20%. Currently the trials are underway in adoles-
cent populations [40].

Bariatric surgery should not be considered as a first-line therapy and a careful
evaluation of the patient, considering emotional, psychological, and clinical fea-
tures, should be performed before performing surgery. Moreover, further studies
are needed in order to evaluate long-term efficacy and safety of these procedures
(Fig. 11.1).
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Fig. 11.1 Therapeutic targets of pediatric NAFLD

11.5 Conclusion

NAFLD is often perceived by the patients as a “minor” disease compared to other
liver conditions, but recent studies stated that fibrotic potential of NAFLD is as
severe as that of chronic hepatitis C, with an average interval time of transition from
NASH to cirrhosis estimated around 8—10 years [41]. Prevalence data have decreed
NAFLD as the most widespread liver disease in Western countries. 30—40% and
3-5% of adult US population is affected by NAFLD and NASH, respectively: this
reflects the risk for millions of people to develop, over the years, end-stage liver
disease potentially requiring liver transplantation (LT). Over the past 25 years, in
the USA, the number of LTs performed for NASH cirrhosis has doubled from 5.5 to
11% of all reported LTs, and to date NAFLD is the third cause of LT preceded only
by alcoholic liver disease and hepatitis C virus. Considering the prevalence trend of
NAFLD, the delay of diagnosis due to the absence of non-invasive diagnostic tool,
the absence of effective treatments, NASH cirrhosis is expected to become the main
indication for LT by 2030 [42].

Because of its natural history, LT for NASH cirrhosis is a rare occurrence in the
pediatric context, in fact the average age of transplantation is around 58.5 + 8 years
old [43]. However, some reports of severe hepatic disease and HCC being to be
described now also in adolescents and young adults. Moreover, it is important to
consider that the worldwide prevalence of NAFLD in children is a worrying phe-
nomenon because this disease is closely associated with the development of both
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cirrhosis and cardiometabolic syndrome in adulthood. Therefore, the identification
of early disease markers and prompt therapeutic approach represents important
objectives of the research programs in this field in the next decades.
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