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ABSTRACT

Non-alcoholic fatty liver disease is considered
one of the most common causes of liver disease in
adultsand children, consistent with theincreased
prevalence of obesity in both populations
worldwide. It is a multifactorial condition
involvingabroad spectrum of liver diseases than
range from simple steatosis to steatohepatitis,
and characterized by histological findings of
inflammation and fibrosis. Its pathogenesis and
progression are not fully understood yet, and a
more complete understanding of liver disease
may aid in developing new therapies and non-
invasive diagnostic tools. Liver biopsy remains
the gold standard for disease staging. Although
lifestyle and diet modifications are the keys in
non-alcoholic fatty liver disease treatment, the
development of new drugs may be promising
for patients failing first-line therapy.
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INTRODUCTION

Non-alcoholic fatty liver disease
(NAFLD) is defined by hepatic
fat infiltration of more than 5% of
hepatocytes, in the absence of
alcohol intake, or viral, autoimmune,
metabolic, drug-induced or other type
of liver disease; whereas non-alcoholic
steatohepatitis (NASH) is also
characterized by an histopathological
pattern of inflammation or fibrosis."?

Epidemiology

Over the past three decades,
NAFLD has been considered one
of the most common causes of liver
disease in adults and children,
consistent with the increased
prevalence of obesity in both
populations.*

According to the World Health
Organization (WHO), obesity is a
multifactorial and complex chronic
disease occurring when calories
consumed exceed energy expenditure
over a long enough period. It usually

develops during childhood or
adolescence, and is characterized by
an increase in body fat, whose size
and distribution have an impact on
the subject’s health.

Obesity is the most common
nutritional disorder in developed
countries. Its overall prevalence is 16%
among children aged between 6 and
12 years old. Over the past decades, it
has increased two- to fourfold.

Preschool obese children are five
times more likely to be overweight
during adolescence. Forty percent
of 7-year-old children and 70% of
adolescents with obesity become
obese adults.’

The prevalence of NAFLD is
affected by the interaction of several
genetic and environmental factors. It
is strongly related to environmental
determining factors, especially in
the family environment, which is
where factors affecting energy
balance in young children originate.
Parents play a very important role
in obesity etiology: socioeconomic
level, education level, parental
employment status, overweight, intra-
familial relationships, intra-familial
communication, food choice, and
physical activity.

Overweight and obesity have
become a generalized problem
worldwide, especially in Latin
America, and above all, in North
America and the Caribbean, where
23% of adults and 7% of preschool
children are overweight.®

In that region, Caribbean countries
have the highest prevalence among
adults. The countries with the
highest obese population are Saint
Kitts and Nevis (40.9%), followed by
The Bahamas (35%), and Barbados
(33.4%). In Latin America, Mexico is
the country with the highest obesity
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rate, affecting 32.8% of adults; followed by
Venezuela with 30.8%, Argentina with 29.4%, and
Chile with 29.1%. In 2013, more than 42 million
children younger than 5 years of age worldwide
were overweight; of them, more than 80% lived
in developing countries.”

What is the cause of the increasing rates of childhood

overweight and obesity over the past years?

The worldwide increase in childhood obesity
is the result of multiple factors, especially the
following:

* There is an increased consumption of low-cost,
industrial food rich in fat, sugar and salt, but
poor in fiber and other nutrients.

* Fruit, fresh vegetables and other highly-
nutritious food are costly.

e Corporations implement strategies to increase
access to and availability of processed food
and marketing actions aimed at promoting
unhealthy food and sugar-sweetened
beverages consumption during childhood.

* The level of physical activity has decreased
due to a more sedentary lifestyle and urban
life characteristics.”

Due to the increase in obesity, between 20%
and 30% of adults and between 3% and 10% of
children, at a 2:1 male:female ratio (Occidental
countries), may develop NAFLD. They account
for approximately 70-80% of the obese child
population.?

In a study conducted in San Diego (USA), out
of 742 autopsies done between 1993 and 2003
in the 2- to 19-year-old population, 9.6% had
NAFLD, which increased to 38% among obese
children. In relation to ethnicity, the following
percentages were observed: Hispanic, 12%; Asian,
10.2%; Anglo-Saxon, 8.6%; and African American,
1.5%.

NAFLD prevalence increases with age; it is
more common among children aged 11 to 13 years
old, in association with hormonal changes and the
development of peripheral insulin resistance."

Feldstein et al., in a study on the natural
history of NAFLD conducted over a 20-year
period in a population of 66 children, whose
average age was 13.9 + 3.9 years old, found that
four children having NAFLD progressed to
cirrhosis and end-stage liver disease and required
a liver transplant.

Pathogenesis
NAFLD pathogenesis and progression are
not fully understood yet. It has been typically

considered a two-stage disease. During the first
stage, fat accumulates in the liver (steatosis),
resulting in hyperinsulinemia and insulin
resistance, influenced by genetic susceptibility,
epigenetic mechanisms, a sedentary lifestyle, and
a high-calorie diet. Steatosis is the consequence
of an increased release by adipose tissue, an
increased lipogenesis, and an altered fatty acid
metabolism. The accumulation of triglycerides
in the liver mostly results from adipose tissue
lipolysis (60%) and hepatic de novo lipogenesis
(26%), and their dietary contribution in terms of
chylomicrons is minimal (14%).

Lipid accumulation in the liver exacerbates
insulin resistance by interfering with the
phosphorylation of insulin receptors. This leads
to the second stage, which is characterized by
the production of oxidative stress, mitochondrial
dysfunction, altered proinflammatory cytokine
levels, and stellate cell activation. These processes
lead to necrosis, inflammation, and intrahepatic
fibrosis.

Recently, it has been proposed that an affected
microbiota and increased intestinal patency
deepen liver exposure to liver-derived bacterial
products, such as lipopolysaccharides. These
products stimulate innate immune system
receptors, leading to the activation of the
inflammatory process and hepatic fibrogenesis.

Hepatic stellate cells are considered the main
source of the extracellular matrix during NASH
development. In addition, the hepatic progenitor
cell compartment is expanded in children having
NAFLD, and its activation is involved in liver
response to oxidative stress, disease progression,
and fibrosis development.

Adipocytokines are involved in simple
steatosis progression to NASH. Adipocytes or
inflammatory cells (mainly macrophages), which
infiltrate adipose tissue during insulin resistance,
are responsible for adipocytokine secretion.
Adipose tissue expansion, particularly visceral
fat, is associated with a reduced release of anti-
inflammatory cytokines and an increased level of
proinflammatory molecules.

Over the past years, the pathophysiological
theories of NAFLD have been supplemented with
the discovery of new genetic polymorphisms,
which may promote the development of NAFLD
and its progression to NASH. Each polymorphism
is involved in a different stage and, in the future,
this disease pathophysiology may be considered
a “multiple stage hypothesis”.'#1>1



Clinical presentation

Most children with NAFLD have no
symptoms. Some have non-specific symptoms
such as abdominal pain and fatigue. The physical
exam shows an increased waist circumference,
stretch marks, and acanthosis nigricans on the
neck, armpit and in skin folds, a typical sign
of insulin resistance. Liver enlargement may
be detected in 50% of cases, whereas spleen
enlargement is less common and associated with
advanced liver disease.

Alanine transaminase (ALT), alkaline
phosphatase, and gamma-glutamyl transferase
levels may be high. Insulin resistance, dyslipemia,
and hyperuricemia may serve as guiding
parameters for metabolic syndrome.'>'>

Waist circumference measurement (measured
at the edge of the iliac crests) is an important
anthropometric parameter to identify central fat
accumulation and, if increased, it may predict the
risk of insulin resistance and metabolic syndrome.

Body mass index (BMI) is a simple, low-
cost, easily accessible tool to determine the
weight to height ratio commonly used to identify
overweight and obesity.?

The sophistication of this multifactorial process
and the variety in NAFLD histopathological
findings hinder efforts to design an adequate
therapeutic intervention.

Using a pediatric algorithm may help to
standardize diagnostic criteria and a timely
referral of these patients* (Figure 1).

Diagnosis

NAFLD should be suspected in overweight
or obese patients with compatible ultrasound
findings or a high ALT level (twice or thrice the
upper limit of normal). However, an ALT finding
is not sensitive or specific to NAFLD, given that
its value may fluctuate and even be normal in
patients with NAFLD, NASH, or cirrhosis.®'2"

Aliver biopsy is the gold standard for NAFLD
diagnosis and helps to differentiate simple
steatosis from NASH, establish the degree of
fibrosis, and make a differential diagnosis.
However, it is an invasive, relatively costly
procedure associated with an uncommon though
significant number of complications. In addition,
it is necessary to consider the sampling error
because it accounts for a minimal portion of the
organ (approximately 1/50 000), and an unevenly
distributed disease.'**

Given the high prevalence of NAFLD, and the
limitations and difficulties related to liver biopsy,
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it is necessary to develop non-invasive diagnostic
modalities. To this end, numerous biomarkers
have been studied, but none has been accurate
enough so far.”#1216

Liver ultrasound is one of the most commonly
diagnostic imaging tests used; it is the initial
test done in patients suspected of NAFLD. It
is a very attractive study because there is no
radiation involved. However, it is not effective
to detect mild steatosis (approximately < 20%
of fat infiltration), so a normal result does not
rule out NAFLD. In addition, it depends on
the operator and interpreter, with a suboptimal
intra- and inter-observer agreement. Ultrasound
effectiveness is limited in morbidly obese
patients.'*'¢

A computed tomography (CT) may help to
diagnose hepatic steatosis. A CT is more specific
than an ultrasound, but it is not recommended for
routine use because of radiation exposure.'>!>

A magnetic resonance imaging (MRI) may
provide a quantitative measure of infiltrated
fat, but few studies have investigated its use in
the pediatric population. An MRI may detect
up to 3% of steatosis and has a lower variability,
making it more sensitive than an ultrasound.
The limitations of an MRI include its high cost, a
prolonged scanning time, and the frequent need
for sedation in young children.'>!61820

The magnetic resonance spectroscopy is the
more accurate imaging technique for steatosis
detection and quantification. In adults, it has
demonstrated to have a 100% sensitivity and a
97% specificity. However, this method poses the
same limitations as an MRI, and requires specific
equipment, which is available only in specialized
facilities.'*1216

An elastography is a technique that has been
approved for adults by the US Food and Drug
Administration (FDA). It consists in measuring
the propagation speed of elastic waves through
the liver and helps to assess the degree of liver
fibrosis in a non-invasive manner. Ongoing
research studies will allow to establish their
usefulness in pediatric patients.'%'>!¢

Differential diagnosis

An increased transaminase level in an
overweight or obese patient does not account for
a NAFLD/NASH diagnosis. It is necessary to rule
out other muscle or liver diseases before making
such diagnosis in children or adolescents.

In general, NAFLD does not occur in very
young children (< 3 years old), and is rare in
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children younger than 10 years old. To make a
differential diagnosis, the clinical presentation
should be considered first of all, then humoral
findings, and finally, liver biopsy.

The presence of microvesicular steatosis
should be considered a warning sign of the
following potential diagnoses: mitochondrial
diseases, disorders of fatty acid oxidation, urea
cycle disorders, lysosomal acid lipase deficiency

FiGURE 1. Diagnostic algorithm. Alisi, A.,* adapted by authors

(Wolman disease and cholesteryl ester storage
disease), and hepatotoxicity caused by sodium
valproate. In the case of chronic liver disease
with hepatic steatosis that has to be differentiated
from NAFLD/NASH, it is necessary to consider
Wilson’s disease, autoimmune hepatitis, chronic
hepatitis C, cystic fibrosis, alpha-1 antitrypsin
deficiency, etc. Table 1 shows the most common
differential diagnoses in this condition.'*'%!8

*J Office visit |_+

Risk factors

- Obesity

- Overweight

- Insulin resistance

- Dyslipemia

- Arterial hypertension

Casual finding of increased ALT

Liver function tests

I
Normal ALT after a 6-month
treatment

Follow-up and education
to prevent a relapse

1
Persistent increase in ALT x 6 months

l

Ruling out other causes of increased ALT

/

+ Ultrasound
+ Serum biomarkers
* Elastography

;

[

Conflicting results

v

Liver biopsy

v

|

Consistent results

Multidisciplinary management of NAFLD

« Diet and lifestyle modifications

ALT: alanine transaminase; NAFLD: non-alcoholic fatty liver disease.




Treatment

Considering that NAFLD may progress to
advanced liver disease and cirrhosis, patients
should receive early treatment.

¢ Diet and lifestyle modifications

The main goal of treatment is implementing
lifestyle modifications for a progressive weight
loss. A fast weight loss may accelerate the liver
inflammatory process. By reducing food intake
and increasing physical activity, patients may lose
weight gradually. It has been demonstrated that
a 5% BMI reduction is associated with significant
changes in waist circumference and decreased
cholesterol, triglyceride, and insulin resistance
levels in children, and reduced liver enzymes
in adults. The impact on insulin resistance is
associated with improvements in NAFLD.
Also, after 24 months of sustaining lifestyle
modifications, histological findings improve
significantly.

A pediatric diet should be adequately
balanced to promote a harmonious development.
Recommendations include reducing the intake
of fast-release carbohydrates (fructose), not
only to improve insulin resistance and reduce
lipogenesis, but also to counteract the fibrogenic
and proinflammatory effects of fructose.

Parental involvement is critical for the successful
management of childhood obesity. It has been
demonstrated that modifying family behavior
should be the main goal in the treatment of obese
children.

Future studies will probably define the
necessary level of weight loss in children for a
significant histological improvement and the most
adequate diet to achieve such goal %!>!41721-23
¢ Drug treatment
Drug treatment for NAFLD has been under

TasLE 1. Causes of hepatic steatosis in children
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investigation for the past years. But none of the
studied drugs has proven useful in pediatrics.

Patients having NASH and diabetes are at a
higher risk for a more aggressive liver disease.
Among the drugs that increase insulin sensitivity
in pediatric patients, only metformin has been
studied, which has been safe and effective to
treat childhood diabetes. Metformin is not
recommended in non-diabetic patients, outside
the clinical research field.

Given that oxidative stress is considered to
play a potential role in NASH development,
a series of antioxidants has been studied as
possible treatments. A randomized, controlled
study conducted in pediatric patients comparing
vitamin C, vitamin E, and placebo treatments
demonstrated that treatment for two years in
NAFLD patients was not better than diet and
exercise in terms of histological improvement.

Considering the potential role of the microbial
flora in NAFLD pathogenesis, changes in the
gut microbiota may be useful for the prevention
and development of steatohepatitis. Preliminary
results from studies using prebiotics and
probiotics are promising.®!>141623
¢ Bariatric surgery
Bariatric surgery may reduce the level of
steatosis, liver inflammation, and fibrosis in
NAFLD. Roux-en-Y gastric bypass is a safe and
effective procedure for extremely obese adolescents.
It should be considered for selected patients who
have a BMI > 40 kg/m? and severe comorbidities,
such as NAFLD, or a BMI > 50 kg/m? and less
severe morbidities. In the pediatric field, its
indication should consider the patient’s physical
and emotional maturity, his/her personal desire
to have the procedure, prior weight loss attempts,
and his/her ability to comply with the necessary
follow-up care.*

Genetic/metabolic Nutritional Systemic Pharmacological
Alpha-1 antitrypsin deficiency Obesity Autoimmune hepatitis Glucocorticoids
Lysosomal acid lipase deficiency Total parenteral nutrition Celiac disease Methotrexate

Congenital disorder of glycosylation
Disorders of fatty acid oxidation
Galactosemia

Glycogen storage disease
Fructosemia

Type 1 tyrosinemia

Wilson’s disease

Cystic fibrosis
Type 1 diabetes
Hepatitis C
Inflammatory intestinal disease
Reye syndrome

Toxins (alcohol,
pesticides, etc.)
Valproate
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CONCLUSIONS

NAFLD is the most common cause of chronic
liver disease in children and adolescents.

Its early detection and management are critical to
prevent progression to end-stage liver disease.
Overweight and obesity have now become an
epidemic as a result of a basically sedentary
lifestyle, inadequate physical activity, and a
high-calorie, imbalanced diet.
Governments, international associations,
scientific societies, the civil society, non-
governmental organizations, and the private
sector play a crucial role in the prevention of
obesity and, therefore, NAFLD.
Pediatricians play a key role in the timely
recognition of this disease and in the
implementation of adequate measures aimed
at its prevention.
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