
279© Springer Nature Switzerland AG 2019
L. D’Antiga (ed.), Pediatric Hepatology and Liver Transplantation, https://doi.org/10.1007/978-3-319-96400-3_17

Nonalcoholic Fatty Liver Disease 
and Steatohepatitis in Children

Antonella Mosca, Silvio Veraldi, Andrea Dellostrologo, 
Mariateresa Sanseviero, and Valerio Nobili

17.1  Introduction

NAFLD represents the most common cause of chronic liver 
disease in children and adolescents; it 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 alpha-1-antitripsin, celiac disease, autoimmune 
hepatitis, HCV infection, metabolic disorders, and alcohol or 
drug consumption [1].

The simple hepatic steatosis is usually a benign condi-
tion, but in some cases, it progresses to more advanced 
forms of liver injury, characterized by the presence of 
inflammation and various degrees of fibrosis up to cirrho-
sis, predisposing to liver failure and/or hepatocellular car-
cinoma (HCC) [2].

NAFLD is closely associated with insulin resistance; 
obesity and metabolic syndrome are common underlying 
factors [3].

From the first studies, it emerged that the main cause of 
the accumulation of liver fat is visceral adipose tissue. In 
fact, the adipose tissue fulfils important endocrine functions, 
producing pro-inflammatory adipocytokines, such as tumor 
necrosis factor- α (TNF-α), interleukin 6 (IL-6), leptin, and 
adiponectin, which are implicated in the clinical manifesta-
tion of NAFLD and its progression to NASH and cirrhosis 
[4]. However, in the last years, other several causes of 
NAFLD were showed, such as gut-liver axis derangements. 
In this chapter the epidemiology, pathogenesis, and clinical, 
diagnostic, and therapeutic strategies of NAFLD currently 
known will be discussed.

17.2  Epidemiology

The exact prevalence of pediatric NAFLD is actually unknown, 
but available data report a prevalence ranging from 3 to 12% 
in the general pediatric population, with peaks of 70% in obese 
children. Clinical series of NAFLD children demonstrate the 
predominance of boys versus girls, with a male to female ratio 
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of 2:1 [5]. In addition to gender, race and ethnicity also play an 
important role in the development of NAFLD. Fatty liver is 
more prevalent in children and adolescents of Hispanic ethnic-
ity and less prevalent among black children and adolescents 
[6]. Ethnic differences may be related to genetic, environmen-
tal, or sociocultural factors as well as differences in body com-
position, insulin sensitivity, and adipocytokine profile. In 
Western countries, the NAFLD prevalence is estimated to be 
around 20–46%, while in Asian children, the prevalence is 
5–18%. In Asia and Pacific islands, significant difference is 
reported between urban and rural populations with a preva-
lence of 16–32% in urban areas versus 9% in rural populations 
for the prevalence of NAFLD. Obesity-related NAFLD was 
reported in 77% of Chinese children. In Australia, the preva-
lence of pediatric NAFLD was estimated to be approximately 
10% in the total population and 27.6% among overweight and 
obese children.

Age is another striking factor: one postmortem study in 
the USA showed that 17% of teenagers had NAFLD com-
pared to 0.7% of 2–4-year-olds, owing both to a longer 
period to accumulate steatosis and an increased incidence in 
adolescents. Despite the diversity of diagnostic criteria used 
in population-based studies, obesity is the main risk factor 
for pediatric NAFLD [7]. In fact, the prevalence of NAFLD 
in obese children increases up to 80% in several obesogenic 
countries, including the USA, Europe, and Japan. Recent 
studies reported that in a population of schoolchildren aged 
6–12  years, the rates of NAFLD were 3% in the normal 
weight range, 25% in the overweight range, and 76% in 
obese children.

NAFLD in children represents a metabolic condition, 
which is strongly associated with other metabolic features, 
such as waist circumference >95th percentile, hypertension 
and insulin resistance increasing the risk of developing type 
2 diabetes mellitus, metabolic syndrome, and cardiovascular 
disease at a young age.

17.3  Pathophysiology

17.3.1  Multiple-Hit Hypothesis

Several mechanisms may lead to steatosis: dietary habits, 
environmental and genetic factors, development of insulin 
resistance, obesity with adipocyte proliferation, and changes 
in the composition of intestinal microbiota.

Adipose tissue is a metabolically active endocrine organ 
that causes the release of proinflammatory cytokines, such as 
TNF-α and IL-6, whereas beneficial adipokines are sup-
pressed. This situation leads to the development of periph-
eral insulin resistance and hyperinsulinemia and increased 
fatty acid delivery to the hepatocyte. The disruption of 
 normal insulin signaling in the hepatocyte and increased 

abundance of fatty acids leads to disordered lipid metabo-
lism, characterized by the over-activation of de novo lipo-
genesis (DNL) transcriptional factors, causing more fatty 
acid and glucose products to be shunted into these lypoge-
netic pathways. Beta-oxidation in the mitochondria is also 
inhibited, as well as very-low-density lipoprotein (VLDL) 
packaging and export, leading to buildup of triglycerides in 
the hepatocytes. Gluconeogenesis is not suppressed despite 
hyperinsulinemia in the insulin-resistant hepatocyte, and 
increased glucose levels provide more substrate for DNL in 
a positive feedback loop [8].

The role of intestinal microbiota has been recently con-
sidered within this metabolic dysregulation. A bad diet (rich 
in fats and lipids) and increase of intestinal bacteria products 
(i.e., endotoxins, proteins, metabolites, lipopolysaccharides 
(LPS)) with the subsequent activation of the Toll-like recep-
tor pathway (TLR) may act as inductors 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 junc-
tion disruption process that could be reversed by changes in 
the microbiota [9].

17.3.2  Lipogenesis and Lipotoxicity

The role of DNL in the development of hepatic steatosis is a 
common element in patients with metabolic syndrome and 
with high consumption of fatty acid. Specific dietary compo-
sitions may have different effects. The carbohydrates in the 
diet will positively influence the amount of DNL in the liver. 
Simple sugars are converted to fatty acids more easily than 
complex carbohydrates, and fructose is a more potent inducer 
of DNL than glucose [10]. Diets rich in saturated fat stimu-
late DNL by upregulating SREBP-1 (sterol-responsive 
element- binding protein-1), a key regulator of the lipogenic 
genes in the liver. Moreover, not all individuals with hepatic 
steatosis had increased DNL nor upregulated expression of 
SREBP-1; in fact paradoxical dissociation between hepatic 
DNL and hepatic fat content due to the PNPLA3 148M allele 
has been proved [11].

In the pathogenesis of NASH, multiple mechanisms are 
operative to produce hepatic damage by short-chain fatty 
acids (SFAs) and free cholesterol from de novo synthesis. 
The long-chain saturated fatty acids (LCFAs) are trans-
ported to mitochondria for 𝛽-oxidation or to be esterified 
for either excretion in the form of VLDL (very low density 
lipoproteins) or storage as lipid droplets. Free cholesterol 
accumulation causes liver injury due to activation of intra-
cellular signaling pathways in Kupffer cells (KCs), hepatic 
stellate cells (HSCs), and hepatocytes. The activation of 
KCs and HSCs promotes inflammation and fibrogenesis. 
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Moreover, free cholesterol and SFAs can activate a variety 
of intracellular responses that causes mitochondrial death 
pathway activation, resulting in lipotoxic stress in the endo-
plasmic reticulum and mitochondria. The Toll-like receptor 
4 (TLR4) is a receptor that activates a proinflammatory sig-
naling pathway in response to excessive SFAs. This path-
way is initiated by recruiting adaptor molecules such as 
toll/IL-1 receptor domain containing adaptor protein 
(TIRAP) and myeloid differentiation factor 88(MyD88) 
that ultimately lead to activation of nuclear factor 𝜅B with 
production of TNF-𝛼 [12].

Insulin Resistance. Studies have highlighted the fact that 
insulin resistance is a characteristic feature of NAFLD and is 
caused by a variety of factors, including release of soluble 
mediators derived from immune cells and/or adipose tissue, 
such as TNF-𝛼 and IL-6 [2].

Insulin-resistant subjects with NAFLD show reduced 
insulin sensitivity mainly in the muscles, liver, and adipose 
tissue, which can lead to a far more complex metabolic dis-
order. Serine phosphorylation of insulin receptor substrates 
by inflammatory signal transducers such as c-jun N-terminal 
protein kinase 1 (JNK1) or inhibitor of nuclear factor-𝜅B 
kinase-𝛽 (IKK-𝛽) is considered one of the key aspects that 
disrupt insulin signaling [13]. It is worth noting that insulin 
resistance is characterized not only by increased circulating 
insulin levels but also by increased hepatic gluconeogenesis, 
impaired glucose uptake by the muscle, and increased release 
of free fatty acids (FFAs) and inflammatory cytokines from 
peripheral adipose tissues, which are the key factors promot-
ing accumulation of liver fat and progression of hepatic 
steatosis.

17.3.3  Oxidative Stress

In the presence of high concentrations of FFAs in hepato-
cytes, oxidative stress is due to lipid peroxidation and high 
levels of reactive oxygen/nitrogen species (ROS/RNS) that 
are generated during the metabolism of FFAs in micro-
somes, peroxisomes, and mitochondria [14]. Peroxidation 
of plasma and intracellular membranes causes direct cell 
necrosis or apoptosis, while ROS-induced expression of 
Fas ligand on hepatocytes may induce fratricidal cell death. 
Recent studies support the idea that oxidative stress may be 
a primary cause of liver fat accumulation and subsequent 
liver damage, and ROS may play a part even in fibrosis 
development. Importantly, these species can initiate lipid 
peroxidation by targeting polyunsaturated fatty acids 
(PUFAs), resulting in the formation of highly reactive alde-
hyde products. These reactive lipid derivatives have the 
potential to amplify intracellular damage by mediating the 
diffusion of ROS/RNS into the extracellular space, thus 
causing tissue injury [15].

17.3.4  Gut Microbiota

The data of the close connection between the liver and the 
intestine has been known for a long time. In the intestine 
occurs the absorption of the nutrients ingested with the diet 
(vitamins, proteins, carbohydrates, and lipids). These ele-
ments reach the liver, through the portal vein and the hepatic 
artery, where they are metabolized in order to guarantee the 
main cellular and metabolic functions. Other nutrients such 
as fats, fat-soluble vitamins, and trace elements (copper, 
zinc, etc.) need the presence of bile to be absorbed. Finally, 
the intestine secretes a series of hormones, neuropeptides, 
and growth factors that influence hepatic functions. The liver 
receives more than 70% of its blood supply from the intes-
tine, via the portal vein and hepatic artery; therefore, it is the 
main organ exposed to toxic factors of intestinal origin [16].

In the interaction between the intestine and the liver, a key 
role is played by the microbiota. A “dysmicrobiosis” or bacte-
rial overgrowth influences the absorption of nutrients and 
alters the structure of the intestinal walls, compromising their 
permeability. This favors the passage of macromolecules, bac-
teria, and bacterial products in the portal and systemic circula-
tion. Probably increased intestinal permeability is the principal 
pathogenic step in the alteration of the intestinal liver axis, 
thus favoring the onset or progression of liver diseases [17].

Recent studies have suggested that the intestinal micro-
biota is responsible for the synthesis of various hepatotoxic 
bacterial substances (i.e., ammonia, phenols, and ethanol). 
The main bacterial product involved in the pathogenesis of 
NASH/NAFLD is lipopolysaccharide (LPS), an active com-
ponent of bacterial endotoxin. The endogenous production 
of LPS due to bacterial death induces its translocation 
through the intestinal capillaries thanks to the TLR4- 
dependent mechanism [18]. The LPS, through a complex 
process of association with LPS-binding protein and CD14, 
activates TLR-4 located on different inflammatory cells, 
increasing the expression of target genes involved in the 
synthesis of inflammatory cytokines such as TNF-α and 
interleukins 1 and 6, promoting thus insulin resistance, 
hepatic steatosis, hepatic inflammation, and fibrogenesis. In 
fact, it is now known that TNF-α and tumor growth factor-
b1 (TGF- b1) are strongly linked to the progression of 
NAFLD. The hepatic expression of TNF-α is significantly 
increased in children with NASH.  At the same time, the 
TGF-b1 concentrations correlate with HSC activation, pro-
moting TLR-4- mediated fibrogenesis. In one of the first 
pediatric studies, it was shown that the permeability (mea-
sured by the lactulose/mannitol ratio) is increased in chil-
dren with NAFLD compared to healthy controls. This 
association between increased permeability and NAFLD 
suggests that bacterial translocation expounds the liver to 
endotoxins that influence the development of NAFLD and 
progression in NASH [19, 20].
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On the other hand, the microbiota is influenced by many 
other factors, including bile acids and diet (choline, fructose, 
etc.). It is possible that changes to the microflora composi-
tion alter the intestinal barrier, allowing the intestinal con-
tents to enter in the liver, influencing the development of 
steatosis and its progression to NASH.

17.3.5  Bile Acid

Bile acids are synthesized in hepatocytes from cholesterol 
through enzymatic pathways and then conjugated with gly-
cine 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 increasingly recognized to function as nuclear 
receptor binders and to have a role in function of microbiota. 
Bacteria within the intestine can also chemically modify bile 
acids and thereby alter the composition of the bile acid [21]. 
Besides the classic role as detergents to facilitate fat absorp-
tion, bile acids have also been recognized as important cell 
signaling molecules regulating lipid and carbohydrate metab-
olism and inflammatory response. These molecular functions 
are mediated through their binding and activation of the 
nuclear hormone receptor, farnesoid X receptor (FXR), and 
the G protein-coupled cell surface receptor TGR5. Intestinal 
FXR activity upregulates endocrine FGF19 expression, which 
inhibits hepatic bile acid synthesis via CYP7A1 signaling 
[22]. Recently, it was showed that hepatic FXR protein con-
tent and plasma FGF19 concentrations in children and ado-
lescents with NASH were decreased compared to levels in 
children with “simple” NAFLD. Hepatic FXR protein level 
was positively correlated with serum FGF-19 concentrations, 
and both FXR and FGF19 concentrations were inversely and 
independently associated with NASH. This suggests that fur-
ther studies are needed on the role of FXR in NAFLD [23].

17.3.6  Genetic

Single nucleotide polymorphisms (SNPs) in the genes 
involved in lipid metabolism (Lipin 1 (LPIN1), patatin-like 
phospholipase domain containing protein 3 (PNPLA3)), oxi-
dative stress (superoxide dismutase 2 (SOD2)), insulin sig-
naling (insulin receptor substrate 1 (IRS-1)), and fibrogenesis 
(Kruppel-like factor 6 (KLF6)) have been associated with the 
severity of liver damage in NAFLD patients. Moreover, an 
interesting interaction has recently been reported between 
genetic risk factors (PNPLA3 I148M), dietary components, 
and the severity of steatosis [24].

The PNPLA3, also known as adiponectin, is a member of 
the patatin-like phospholipase family. The rs738409 C>G 
single-nucleotide polymorphism (SNP), encoding the Ile 

148Met variant protein of PNPLA3, is described as genetic 
determinant of hepatic steatosis. Several studies have estab-
lished a strong link between PNPLA3 and the development of 
NAFLD.  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 car-
cinoma among patients with NASH [25]. Moreover, the 
polymorphism rs738409 is not only associated with NASH 
but also with the severity of necroinflammatory changes inde-
pendent of metabolic factors. NASH was more frequently 
observed in GG than CC homozygous; in fact rs738409 GG 
genotype versus the CC genotype was associated with a 28% 
increase in serum ALT levels and had 3.24- fold greater risk of 
higher necroinflammatory scores and 3.2-fold greater risk of 
developing fibrosis compared to CC homozygous [26].

Recently, additional SNPs of genes implicated in NASH 
pathogenesis have been shown to influence liver damage and 
fibrosis progression in patients. These include genetic vari-
ants regulating insulin receptor activity, ectoenzyme nucleo-
tide pyrophosphate phosphodiesterase 1 (ENPP1), and the 
insulin receptor substrate-1 (IRS-1), thus underscoring the 
causal role of IR in the progression of liver damage in 
NAFLD.  The manganese superoxide dismutase (SOD2), 
regulating SOD2 mitochondrial import and antioxidant 
activity, and the Kruppel-like factor 6 (KLF6), regulating 
alternative splicing isoforms of the transcription factor 
KLF6, are involved in the regulation of metabolism in hepa-
tocytes and fibrogenesis in hepatic stellate cells [11].

The investigation of relevant genetic variants associated 
with pediatric NAFLD can be useful for the disease both in 
childhood and in adulthood to better understand their role in 
the pathogenesis of NAFLD.

17.4  Diagnosis

NAFLD is the most common liver disease in children, so it is 
essential to identify it as soon as possible in order to inter-
vene promptly, changing the natural evolution of the disease 
and preventing complications.

The main problem in the diagnostic approach to the dis-
ease is represented by the poverty of suggestive clinical signs. In 
fact, diagnosis of NAFLD is often posed following the occa-
sional finding of hypetransaminasemia and/or ultrasound abnor-
malities when these exams are performed for other reasons.

The categories most at risk of developing NAFLD are:

 – Obese (BMI > 95th percentile) or overweight (BMI > 85th 
percentile) children

 – Children with cardiometabolic risk factors (insulin- 
resistance, hypertension, dyslipidemia, cardiac and respi-
ratory complications, and elevated waist circumference)

 – Children with familiarity for NAFLD

A. Mosca et al.
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In literature, there is a lack of uniformity on what 
screening tool is more effective to identify the pathology 
in subjects at risk. The European Society of Pediatric 
Gastroenterology Hepatology and Nutrition (ESPGHAN) 
suggests using both the measurement of serum alanine 
aminotransferase (ALT) concentration and liver ultrasound 
(US) as a screening method; the North American Society 
of Pediatric Gastroenterology Hepatology and Nutrition 
(NASPGHAN) indicates the use of ALT and not US. The 
National Institute for Health and Care Excellence (NICE) 
suggests using US and not ALT. Regardless of the method 
used, the finding of ALT > 30–40 IU/L or a US score ≥2 
guarantees a specificity ≥90%, but the sensitivity of these 
tests, individually, does not exceed 50%, with an intrinsic 
risk of false negatives. It is also useful to remember that 
these methods do not provide any information on the 
degree of inflammation and liver fibrosis. Screening should 
be initiated between 9 and 11 years of age in obese or over-
weight children with a cardiometabolic risk factor and 
repeated every 2–3  years if the risk factors remain 
unchanged [1, 27, 28].

Hepatic steatosis is not synonymous for NAFLD: there 
are other pathologies that can lead to an increase in liver 
fat content (Table  17.1). The differential diagnosis of 
these conditions must take into account the patient’s 
anamnestic and clinical characteristics, as well as the out-
come of laboratory tests, imaging studies, and liver 
biopsy.

17.5  Clinical Features

Diagnostic work-up starts with the evaluation of patient’s 
medical history followed by physical examination.

Medical History. A complete collection of data on the 
patient’s past and present clinical history is required. Two 
aspects need to be focused:

 – Familiar history of NAFLD or other liver diseases, meta-
bolic syndrome, and obesity.

 – Evaluation of patient’s dietary habits, physical activity, 
lifestyle, and drug consumption.

Physical Examination. As previously stated, specific 
signs and symptoms do not characterize NAFLD, but it is 
possible to look for signs of comorbidity.

 – Measurement of waist circumference and calculation of 
BMI permit diagnosis and staging of overweight/obesity.

 – Blood pressure should be measured in all children and 
compared with age and sex-matched centiles.

 – The presence of striae rubrae or striae albae (atrophic 
purple or white linear bands of skin) is common in obese 
patients. Acanthosis nigricans is a hyperpigmentation of 
the flexural areas of the body (mainly cervical, axillary, 
and inguinal) suggesting of insulin resistance.

 – Hepatomegaly (palpable liver edge 2 cm below the right 
costal margin) is a common feature in patients with 

Table 17.1 Causes of hepatic steatosis in pediatrics

Systemic diseases Genetic or metabolic disease Drugs Toxics
Protein energy malnutrition
Total parenteral nutrition
Rapid weight loss
Anorexia nervosa
Cachexia
Metabolic syndrome
Polycystic ovary syndrome
Inflammatory bowel disease
Celiac disease
Hepatitis C
Nephrotic syndrome
Type 1 diabetes mellitus
Thyroid disorders
Hypothalamic-pituitary disorders

Cystic fibrosis
Wilson disease
a1-Antitrypsin deficiency
HFE (hemochromatosis)
Bile acids synthesis defects
Organic acidosis
Citrin deficiency
Galactosemia
Fructosemia
Tyrosinemia type 1
Cholesteryl ester storage disease
Glycogenosis
Madelung lipomatosis Lipodystrophies
Familial hyperlipoproteinemias
A- or hypo-betalipoproteinemia
ß-oxidation defects
Porphyria
Homocystinuria
Congenital disorders of glycosylation
Dorfman-Chanarin syndrome
Turner syndrome
Alström syndrome
Bardet-Biedl syndrome
Prader-Willi syndrome
Cohen syndrome
Weber-Christian disease

Nifedipine
Diltiazem
Estrogens
Corticosteroids Amiodarone
Tamoxifen
Methotrexate
Valproate
Vitamin A
L-asparaginase
Zidovudine
Acetaminophen

Ethanol
Ecstasy
Cocaine
Solvents
Pesticides
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NAFLD, while signs of chronic hepatic disease (e.g., spi-
der nevi, ascites, and splenomegaly) are rare in pediatric 
NAFLD. Some children with NAFLD suffer from fatigue 
or discomfort in the right upper abdomen quadrant.

17.6  Laboratory Tests

In the laboratory assessment of children with suspected 
NAFLD/NASH, it is possible to identify two test 
categories:

• Routine laboratory test: widespread and accessible tests 
that allow an initial assessment and exclusion of other 
major liver disease

• Novel biomarkers: second-level tests that allow, once 
diagnosed with NAFLD, a noninvasive estimation of the 
severity of the disease

Routine Laboratory Test:
 – Liver function: alanine transaminase (ALT), aspartate 

transaminase (AST), and gamma-glutamyltransferase 
(GGT). Increase in transaminases or GGT should be con-
sidered a warning sign for hepatic disease, but it is note-
worthy that advanced liver fibrosis may have normal or 
mild elevation of these enzymes. Moreover, they do not 
correlate with NAFLD severity. Measurement of blood 
albumin, INR, and coagulation tests should be included in 
liver evaluation.

 – Glucose metabolism: fasting insulin and glucose should 
be assessed in all children. HOMA-IR is an index of insu-
lin resistance and can be calculated as follows: fasting 
insulin (mU/L) × fasting glucose (μmol/L)/22.5. A value 
≥2.5 is suggestive of insulin resistance. In selected 
patients (obese, presence of acanthosis nigricans, abnor-
mal fasting insulin or glucose), oral glucose tolerance test 
(OGTT) and hemoglobin A1c dosage should be 
considered.

 – Lipid metabolism: triglycerides; total, LDL-, and HDL- 
cholesterol; and lipoproteins should be performed. The 
severity of liver disease is associated with a more athero-
genic lipid profile.

 – Uric acid: a diet rich in fructose may increase uric acid 
concentrations. Hyperuricemia (UA ≥5.9  mg/dL) is an 
independent factor associated with a higher risk to develop 
NASH in NAFLD patients.

 – Others: blood counts, urea, electrolytes, thyroid function 
tests, and morning cortisol.

 – Differential diagnosis: depending on history and clinical 
information, it is possible to request specific test for pos-
sible causes of hepatic steatosis/hypertransaminasemia 
other than NAFLD (Table 17.2).

Novel Biomarkers. Once the diagnosis of NAFLD is 
made, one of the most difficult challenges is to estimate the 
severity of the disease in a noninvasive manner. Higher levels 
of C-reactive protein and proinflammatory cytokines, such as 
TNF-α, IL-1, and IL-6, have been associated with evolution 
from NAFLD to NASH, while two adipokines (adiponectin 
and retinol-binding protein 4) have been inversely correlated 
to the degree of liver damage; however all these markers lack 
of specificity for NAFLD.

Recently Citokeratin-18 (a marker of hepatocyte apopto-
sis) fragment levels and Cathepsin-D (a lysosomal protease) 
were identified as reliable markers of NASH. In fact, it has 
been demonstrated that Cathepsin-D has a high diagnostic 
value to distinguish pediatric patients with hepatic inflamma-
tion from children with steatosis, while Citokeratin-18 corre-
lates significantly with hepatic fibrosis and with NAFLD 
severity. Actually, the main limitation of these markers is the 
applicability in community-based practices [29, 30].

17.7  Imaging Techniques

17.7.1  Ultrasonography

Because of its availability, security, and relatively low cost, 
ultrasound (US) is the most common imaging technique 
used to diagnose NAFLD. Hepatic steatosis is characterized 
by a liver echotexture more reflective (hyperechoic) when 
compared to that of the right kidney (“bright liver”); more-
over the liver may appear increased in size. The assessment 
of hepatic echogenicity and liver vessels and diaphragm 
visualization allow the US grading of steatosis (Table 17.3).

US has some limitations: it is unable to distinguish 
NAFLD from NASH and to detect liver fibrosis. Moreover, it 
may be unreliable in evaluating severely obese patients 
(BMI ≥  40  kg/m2) or when liver fatty liver infiltration is 
<30%. Finally, US is an operator- and machine- dependent 
technique, so its results may change depending on the opera-
tor’s experience and training [31].

Table 17.2 Causes of hypertransaminasemia other than NAFLD and 
diagnostic tests

Differential diagnosis Test
Cystic fibrosis Sweat test
Hemocromatosis Iron, ferritin
Wilson disease Serum copper, ceruloplasmin levels, 

24-h urinary copper
Alpha-1 antitrypsin 
deficiency

a1-Antitrypsin levels

Viral hepatitis Specific serology
Autoimmune hepatitis ANA, ASMA, LKM1, LC-1
Screening for metabolic 
diseases

Amino and organic acids
Plasma-free fatty acids and acyl 
carnitine profile
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17.7.2  Elastography

The term elastography refers to a series of imaging tech-
niques that allow the estimation of liver tissue rigidity by 
measuring the propagation of specific elastic waves (shear 
waves, S-waves) emitted by the probe.

Elastography imaging can be US-based (e.g., transient 
elastography, FibroScan®) or magnetic resonance-based 
(magnetic resonance elastography, MRE).

These methods have proven to be effective in distinguish-
ing NAFLD from NASH and in highlighting the presence 
and severity of fibrotic infiltration in the liver, especially in 
studies conducted in the adult population. The absence of 
certain cutoff values and the relatively poor diffusion of the 
equipment currently limit their use. Moreover, MRE is an 
expensive exam, and to date its application is limited mainly 
for clinical research purposes.

17.7.3  Other Imaging Techniques

Computed tomography (CT) should not be routinely used 
for the assessment of NAFLD in pediatrics because it has a 
 nonacceptable cost-effectiveness ratio due to unjustified 
exposure to ionizing radiation in relation to information that 
can be obtained. Moreover, CT is unable to identify mild ste-
atosis  (sensitivity for steatosis detection estimated between 
46 and 72%).

Magnetic resonance imaging (MRI) is actually consid-
ered the most accurate imaging technique to assess liver fat 
storage in NAFLD patients because it can differentiate tis-
sues containing only water from those containing both fat 
and water.

MR spectroscopy (MRS) is a novel variant of classical 
MRI which quantifies triglycerides accumulation within 
hepatocyte through the measurement of acyl groups within 
the selected liver region of interest. MRS can discriminate 
healthy patients from those with NAFLD with a sensitivity 
of 92.6% and a specificity of 95.7% [32].

In younger children the correct execution of MR requires 
sedation of the patient. This element, associated with rela-
tively high cost and the need of specific expertise for MRS, 
limits the application of MRI in everyday clinical practice.

17.8  Liver Biopsy

Liver biopsy (LB) is actually considered the gold standard 
for NAFLD diagnosis as it is the only method which can 
distinguish NAFLD from NASH and provide a reliable scor-
ing system designed to estimate the severity of the disease. 
In addition, it may help in the differential diagnosis work-up 
and in detecting coexisting liver diseases. LB should not be 
performed in all children. In 2015 the ESPGHAN Hepatology 
Committee defined indications for LB in NAFLD pediatric 
patients (Fig.  17.1): it is important to highlight that LB 
should not be considered a screening method [33].

Before performing LB, a careful coagulation study is 
required because abnormal coagulation and/or thrombocyto-
penia may preclude LB execution. Furthermore, LB is con-
traindicated in case of ascites, biliary dilatation, peliosis, 
hemangioma, and anatomic variation such as abdominal 
situs inversus.

Table 17.3 US-based grading of NAFLD

Grading US image
No steatosis—grade 0 Normal hepatic echogenicity, liver 

vessels, and diaphragm visualization
Mild steatosis—grade 1 Slightly increased echogenicity with 

normal liver vessels and diaphragm 
visualization

Moderate steatosis—grade 2 Markedly increased echogenicity of 
liver parenchyma with reduction of 
liver vessel and diaphragm 
visualization

Severe steatosis—grade 3 Severely increased echogenicity of 
liver parenchyma, with poor or no 
visualization of diaphragm and 
intrahepatic vessels

Obesity or Metabolic Syndrome

Age, history, family history and physical examination

LFTs and Hepatic ultrasound

Normal

Elevated AST/ALT and/or Steatosis US

Consider liver biopsy

Follow for central obesity

Exclude other causes:
Viral Infection (HCV, CMV, EBV, 
HBV, HAV) 
Drugs: methotrexate, valproate, 
steroids 
Alcohol consumption

Exclude other disease:
Genetic disease
Metabolic disease 
Endocrine disease
Wilson disease
Deficit a-1AT
Celiac disease

If persistent 
Obesity and Insulin-resistance

Hypertransaminasemia 
Hyperechogenicity at US

Fig. 17.1 Diagnostic work-up of patient’s with NAFLD
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LB is burdened with some limitations: it is an invasive 
technique with minor and major complication risks. Pain and 
bleeding are the most common complications (84% and 
2.8%, respectively); other reported complications are infec-
tions, visceral perforation, arteriovenous fistula, pneumotho-
rax, hemothorax, and death (0.6%). Another limitation of LB 
is represented by sampling errors; in fact biopsy specimen 
could not be representative of whole-liver status. Finally, LB 
is an operator-dependent technique.

Due to limitations and invasiveness in recent years, new 
research strands have been developed to identify safe and 
equally effective methods for diagnosing and staging 
NAFLD, but to date the biopsy remains the “imperfect refer-
ence standard.”

17.9  Histopathology

By definition, NAFLD is characterized by the presence of 
hepatic steatosis in at least 5% of hepatocytes.

In relation to the histological features, NASH can be clas-
sified into three subtypes [34]:

• Type 1: steatosis with ballooning degeneration and/or 
perisinusoidal fibrosis, without

• portal involvement
• Type 2: steatosis with portal inflammation and/or fibrosis, 

in the absence of ballooning degeneration or perisinusoi-
dal involvement

• Overlap type: coexisting elements from both type 1 and 2

17.9.1  Steatosis

In children, steatosis is most prominent in the zone 1 (peri-
portal zone) of the hepatic acinus, with a decreasing trend of 
fatty hepatocyte presence from zone 1 to zone 3. In adoles-
cents and adults, the steatosis pattern is opposite. In NAFLD 
hepatocellular steatosis is mainly macrovescicular (single fat 
lipid droplet in the cytoplasm shifting the nucleus to periph-
ery) rather than microvescicular (multiple small drops not- 
displacing nucleus), but mixed macro-microvescicular 
steatosis is often observed [35].

17.9.2  Ballooning

Ballooning degeneration of the hepatocyte is the histological 
lesion indicatives of cell damage due to fat droplet accumu-
lation, cytoskeletal injury, and intracellular fluid retention. 
Cells lose their original polygonal shape and become 
enlarged; cytoplasm is vacuolated and Mallory-Denk bodies 
(MDB) could be found. MDB are intracellular protein 

 aggregates (mainly intermediate filaments) which are a 
 typical feature of NASH even if they may be present in other 
chronic liver diseases (e.g., alcoholic steatohepatitis, Wilson 
disease, chronic cholestasis, and metabolic disorders) [36].

17.9.3  Inflammation

Inflammation in NAFLD, when present, is usually mild. 
Evidence of severe, confluent inflammation should raise 
suspicion for other liver diseases. The major type of 
inflammation highlighted in NASH is lobular inflamma-
tion; portal inflammation may be present and represents 
the stigma of type 2 NASH. Cells mainly involved in the 
inflammatory process are lymphocytes, histiocytes, and 
PMN leukocytes. These last can surround ballooned hepa-
tocytes containing MDB, forming a complex known as sat-
ellitosis. Histiocytes instead are responsible for the 
formation of lipogranulomas [35].

17.9.4  Fibrosis

Fibrosis is the result of collagen and other extracellular 
matrix fiber depositions due to hepatic stellate cell activa-
tion. Fibrosis distribution pattern varies with age: in adults 
and older adolescents, onset of fibrosis is typically observed 
in acinar zone 3 (perisinusoidal/pericellular fibrosis), and as 
NASH progresses, portal areas are involved. In advanced 
diseases, bridging fibrosis and cirrhosis may develop [37]. 
On the other hand, in children and younger adolescents, 
fibrosis may begin from the acinar zone 1 with bridging 
fibrosis connecting portal areas [35]. Cirrhosis is rarely 
observed in pediatric subset, and when it’s present, it is most 
commonly macronodular or mixed. At the cirrhotic stage, the 
whole hepatic architecture may be subverted.

Other microscopic findings can be found in NAFLD as 
megamitochondria, acidophilic bodies, and vacuolated 
glycogen- filled nuclei, but they are nonspecific elements 
with little diagnostic significance.

17.9.5  Scoring Systems

In recent years, in parallel with the rise of pediatric obesity, 
an exponential increase in NAFLD frequency was observed 
in children, and consequently a greater number of LBs have 
been performed. This has imposed the need to design a stan-
dardized approach for assessing the severity of the disease; 
three principal scoring systems are used in clinical and 
research activities: the Brunt system, the NASH Clinical 
Research Network (CRN) system, and the Pediatric NAFLD 
Histological Score (PNHS). The Brunt system was described 
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for the first time in 1999 and takes account of steatosis, 
 ballooning, lobular and portal inflammation, and cell infil-
trates to classify NAFLD in three categories (mild or grade 1, 
moderate or grade 2, severe or grade 3) [38].

The NASH CRN validated a histological score (NAFLD 
Activity Score or NAS) based on the evaluation of three 
parameters each of which is assigned a score (steatosis, 0–3; 
lobular inflammation, 0–3; and ballooning, 0–2). NAS results 
from the unweighted sum of these parameters for a total 
score ranging from 0 to 8. A NAS ≥5 is suggestive of NASH, 
while a NAS ≤2 excludes NASH [39].

PNHS was designed with the aim of developing a new 
scoring system that included portal inflammation. PNHS 
results from the weighted sum of steatosis, ballooning, and 
lobular and portal inflammation scores; a PNHS value of 85 
has a sensitivity of 77% and a specificity of 98% for the pre-
diction of NASH [40] (Fig. 17.2).

17.9.6  Genetic Tests

Genetic screening tests are now available: they 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 combina-
tion of four genes (KLF6, PNPLA3, SOD2, LPIN1), each of 
which is related to NAFLD, is able to estimate the risk of 
severe hepatopathy [41].

17.10  Therapy

The main objective of the NAFLD therapy is to halt the pro-
gression of liver damage and possibly restore the hepatic 
original histology, with the ultimate goal of improving the 
patient’s quality of life and reducing NAFLD-related mor-
bidity and mortality. The cornerstone of therapy is repre-
sented by lifestyle changes, with hypocaloric diet and regular 
physical exercise, aimed at weight loss although this 
approach is burdened with a high failure rate due to poor 
adherence often associated with a low perception of disease. 
Pharmacological approaches for treating NAFLD are limited 
by the small number of randomized, controlled trials con-
ducted in pediatric population, but recent studies have shown 
promising results.

17.11  Non-pharmacological Treatment

The first step in the treatment of pediatric NAFLD is lifestyle 
intervention, based on a healthy and balanced diet and physi-
cal activity.

In literature, no specific dietary regimens are described 
for children with NAFLD; however intervention must always 
take into account the state of health, comorbidity, and degree 
of activity of the child. As a general rule, caloric intake 
should be around 25–30  kcal/kg/day for overweight/obese 
patients and 40–45 kcal/kg/day for normal weight patients 

a b

c d

Fig. 17.2 The histological features of NAFLD/NASH in children (Histological features of pediatric NAFLD/NASH. Steatosis is evident in (a) 
(40× magnification; EE (eosin hematoxylin)) and (b) (10× EE); ballooning and lipogranulomas are present in (c) and (d), respectively (40× EE))
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with macroelements respecting the following proportions: 
50–60% carbohydrates, 25–30% fat, and 15–20% protein. 
Unsaturated fatty acids (ideally 2/3 of total lipid intake) 
should be preferred than saturated fatty acids (1/3 of total 
lipid intake), with a ω3–ω6 ratio equal to 1:4. The dietary 
program should encourage consumption of food with low 
glycemic index, in order to improve insulin sensitivity; it is 
therefore necessary to reduce the quantity of simple sugars, 
white rice, and white bread in favor of fruit, vegetables, and 
legumes.

As previously stated, fructose may play a central role in 
NAFLD pathogenesis, so it is crucial to avoid foods and bev-
erages with high fructose content including soft drinks and 
energy drinks.

The dietary regimen should be accompanied with an 
active lifestyle, with regular physical activity preferring aer-
obic exercise, and restriction of time spent in front of the 
screens (TV, PC, smartphone, and tablet).

In patients with NAFLD, a gradual loss of weight is desir-
able since a rapid weight loss may be associated with a para-
doxical effect resulting in worsening of the liver damage and 
increase in metabolic comorbidities. For these reasons, a 
weight reduction not exceeding 10% in 6  months is 
recommended.

LS intervention can improve liver histology, mainly ste-
atosis, and other metabolic features as insulin resistance and 
dyslipidemia, but it is limited by the high failure rate, due to 
the poor and non-lasting compliance of patients and their 
families with a success rate estimated <10% 2 years after the 
onset of treatment [42].

Bariatric surgery (BS) and nonsurgical obesity treatments 
based on minimally invasive intragastric balloons are emerg-
ing as therapeutic alternatives to be carefully considered in 
obese children with NAFLD, mostly in patients with numer-
ous, unsuccessful weight loss attempts. In 2015 a position 
paper of ESPGHAN has established eligibility criteria for 
BS in pediatrics: selected obese patients with BMI >40 kg/
m2 and severe comorbidities (including NASH with advanced 
fibrosis) or with BMI more than 50 kg/m2 and mild comor-
bidities (including NASH) [43].

In a recent pediatric trial, laparoscopic sleeve gastrec-
tomy (a restrictive intervention 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 dyslipidemia, 
sleep apnea, and hypertension [44]. Despite encouraging 
results, BS should not be considered as a first-line therapy, 
and a careful evaluation of the patient, considering emo-
tional, psychological, and clinical features, should be per-
formed before performing surgery. Moreover, further 
studies are needed in order to evaluate long-term efficacy 
and safety of these procedures.

17.11.1  Pharmacological Treatment

In recent years, numerous studies have contributed to eluci-
date new aspects of the pathogenesis of NAFLD, which 
remains partially unknown. Understanding the pathogenic 
mechanisms is crucial to identify molecular targets in order 
to change the natural history of the disease. Limited knowl-
edge of the pathogenesis and the low number of uniform 
RCTs available in pediatrics currently limit the use of phar-
macological approaches in NAFLD.

17.11.2  Insulin Sensitizers

Insulin resistance is a common feature in obese patients with 
NAFLD. Metformin is a biguanide that acts both on lipid 
metabolism (inhibition of lipogenesis) and on glucose metab-
olism (reduction of gluconeogenesis and improvement of 
insulin sensitivity). The TONIC trial, conducted in 173 chil-
dren with biopsy-proven NAFLD, showed that metformin 
(500 mg twice daily) was not superior to placebo in decreas-
ing ALT level and/or in improving any histological lesion but 
ballooning degeneration [45]. To date metformin is not rec-
ommended for treating NAFLD in nondiabetic children.

Thiazolidinediones are agonists of peroxisome 
proliferator- activated receptors-gamma (PPAR-G), a group 
of nuclear receptors that improves insulin sensitivity and 
reduce hepatic fat content. Although promising results in 
adult studies, their applicability in pediatrics is limited by the 
risk of cardiotoxicity associated with the use of these drugs.

17.11.3  Antioxidants

Oxidative stress is implicated in NAFLD pathogenesis and 
acts a key role in the progression from steatosis to steato-
hepatitis mainly through the release of ROS (reactive oxygen 
species) from mitochondria. Vitamin E is the most studied 
antioxidant agent, but its real therapeutic value has not been 
fully clarified. In the TONIC trial, an arm of patients was 
treated with vitamin E (400 UI/day), but this group did not 
benefit from the treatment. Recently, other antioxidants, such 
as polyphenols (e.g., resveratrol, silymarin, epigallocatechin 
gallate, anthocyanin, curcumin, and quercetin), have been 
studied, but despite encouraging findings observed on murine 
models, human studies have not provided solid results and 
therefore require further investigations.

17.11.4  Ursodeoxycholic Acid

Ursodeoxycholic acid (UDCA) is a secondary bile acid, 
endogenously produced by the gut microbiota, which 
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 regulates cholesterol absorption, and it is largely used in bili-
ary diseases in order to prevent formation of cholesterol gall-
stones. Recently UDCA was speculated to be involved in 
several other mechanisms, as glutathione synthesis and acti-
vation of glucocorticoid receptor, contributing to the antioxi-
dant and anti-inflammatory pathways. Despite these effects, 
administration of UDCA does not result in concrete benefits 
in treating NAFLD [46].

17.11.5  Omega-3 Fatty Acids

Omega-3 fatty acids are a variety PUFAs. The most studied 
omega-3  in humans are eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) which can be found in fish, 
algae, and fish oil. Omega-3 are modulators of the transcrip-
tion of genes regulating lipid metabolism and provide anti- 
inflammatory and insulin-sensitizing systemic activity.

Several trials evaluated the efficacy of omega-3 supple-
mentation, alone or in combination with other compounds 
(e.g., vitamin D, Colin, and vitamin E), in improving the bio-
chemical and histological parameters of NAFLD.  DHA is 
effective in reducing liver steatosis, and, when combined 
with vitamin D, it ameliorates insulin resistance and lipid 
profile [47].

17.11.6  Probiotics

Considering the recent findings regarding the central role of 
intestinal dysbiosis in the pathogenesis of NAFLD through 
the so-called gut-liver axis, probiotics have been suggested 
as a possible therapeutic option for the treatment of the dis-
ease. In 2016, a triple-blind trial, conducted among 64 obese 
children with sonographic NAFLD, who were randomly 
allocated to receive probiotic capsule (containing 
Lactobacillus acidophilus, Bifidobacterium lactis, B. bifi-
dum, and L. rhamnosus) or placebo for 12 weeks, showed 
that the probiotic group improved their lipid profile and waist 
circumference, decreased levels of AST and ALT, and had a 
higher percentage of subjects with remission of steatosis to 
US evaluation compared to placebo group [48].

17.11.7  Vitamin D

Vitamin D deficiency is frequently reported in obese patients 
with NAFLD: it is estimated that about 80% of children with 
steatosis present with Vitamin D insufficiency (≤20 ng/mL) 
or deficiency (≤10 ng/mL). Vitamin D is not only responsi-
ble for the calcium-phosphorus metabolism but is involved 
in different immunoregulatory processes (pleiotropic action). 
The combination of DHA and Vitamin D has proved to be 

effective in reducing the activation of hepatic stellate cells 
(involved in fibrotic accumulation) and fibrillary collagen 
deposit with the prospect of being able to revert the already 
existing fibrotic lesions [47].

17.11.8  Novel Treatments

The increase in the prevalence of NAFLD, associated with 
the absence of effective pharmacological treatments, has led 
to the study of new molecules to counteract NAFLD.

The farnesoid X receptor (FXR) is a nuclear receptor, 
expressed primarily in the liver and intestine, which binds to 
bile acids. When activated, FXR migrates into the cell 
nucleus and modulates the transcription 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 steato-
hepatitis [49].

Liraglutide is an analogue of glucagone-like peptide 1 
(GLP-1), a gut-derived incretin hormone that induces weight 
loss and insulin sensitivity. In 2016, the LEAN study, con-
ducted 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 [50].

Among the various molecules under investigation, cyste-
amine bitartrate (an antioxidant) and pentoxifylline (PTX, a 
xanthine derivative with anti-inflammatory effects) are 
showing promising results, but further studies are needed to 
assess their efficacy and safety in pediatrics.

17.12  Implication for Liver Transplantation

NAFLD is often perceived by the patients as a “minor” dis-
ease 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 transi-
tion from NASH to cirrhosis estimated around 8–10 years 
[51]. Prevalence data have decreed NAFLD as the most 
widespread liver disease in Western countries. 30–40% and 
3–5% of adult US population are affected by NAFLD and 
NASH, respectively: this reflects the risk for millions of peo-
ple to develop, over the years, end-stage liver disease poten-
tially 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 noninvasive diagnostic tool, 
the absence of effective treatments, and new antiviral drugs 
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for HCV infections, NASH cirrhosis is expected to become 
the main indication for LT by 2030 [52].

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 [53].

According to data extracted from the Scientific Registry 
of Transplant Recipients (SRTR) and United Network for 
Organ Sharing (UNOS) databases, the survival outcomes of 
NASH recipients at 1, 3, and 5 years after transplant were 
similar to LTs performed for other causes and were 87.6%, 
82.2%, and 76.7%, respectively [54]. The principal cause of 
death after LT for NASH cirrhosis is attributable to sepsis 
and cardiovascular events. The latter account for 11% of 
death at 1 year in LT recipients, and it’s important to high-
light that NAFLD patients have, per se, a higher cardiovascu-
lar risk because they often suffer from comorbidities such as 
insulin resistance, dyslipidemia, and high blood pressure. In 
fact, a BMI ≥ 40 kg/m2 and/or the diagnosis of diabetes mel-
litus type 2 are considered the principal risk factors for 
increased mortality after LT.  In this perspective, a careful 
stratification of patients’ risk before transplantation is essen-
tial to predict the possibility of cardiovascular complications 
and to implement specific precautions.

A pathological entity that may occur in the follow-up of 
LT is posttransplant NAFLD, which may be a recurrence of 
disease or a first manifestation in patients previously not 
affected by NAFLD (de novo NAFLD). The posttransplant 
NAFLD is caused by the coexistence of both host and graft 
risk factors. In patients with NASH-related LT, the risk of 
recurrence is also due to the fact that transplantation does not 
improve the metabolic alterations (e.g., insulin resistance, 
dyslipidemia, intestinal dysbiosis) which predispose to 
NAFLD and can act on transplanted organ. Moreover, there 
are genetic factors that increase the odds of recurrence (e.g., 
the presence of specific polymorphisms of the PNPLA3 gene) 
which is why these patients should be identified before trans-
plantation and subjected to more stringent controls over time.

Another issue regarding LT and NAFLD is the impact of 
NAFLD on liver donors. The decreasing liver quality could 
compromise LT volume; in fact a recent analysis has hypoth-
esized that liver utilization could fall from 78 to 44% by 
2030 because of NAFLD [55].

To date, there are no standardized protocols for the assess-
ment of donor liver. A liver with a fat content <30% can be 
safely used for transplantation, while if the percentage is 
>60%, the organ cannot be used because of high risk of pri-
mary nonfunctioning due to the intrinsic reduced tolerance 
to ischemic stress and the greater possibility of reperfusion 
injury. To date, there are no univocal approaches when the 
steatosis is between 30 and 60% [56].

NAFLD is a pathology of public interest with health and 
economic implications. Actually the main obstacles in clini-
cal practice are represented by the absence of a noninvasive 

method capable of diagnosing and staging the disease and 
the need to identify an effective treatment in reversing the 
natural history of the disease. Epidemiological data and pro-
jections on the future are not reassuring, so much so that 
NAFLD is expected to become the first cause of liver trans-
plantation in the next 15 years.

Considering all these elements, it is essential to undertake 
national and international prevention policies in order to halt 
the “NAFLD epidemic” and to protect the health of children 
and adolescents.
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