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Abstract

Nonalcoholic fatty liver disease (NAFLD), ranging from
simple steatosis to nonalcoholic steatohepatitis (NASH),
and eventually cirrhosis and liver failure, is seen to
be increasing amongst Western children. NAFLD rates
are rising in parallel with the epidemic of childhood
obesity, and in particular, fatty liver evolves more
easily in NASH when poor dietary habits and sedentary
lifestyle are combined. In fact, its general prevalence
in the child population varies between 2.6% and 10%,
but increases up to 80% in obese children. Since
NASH is expected to become the most common cause
of pediatric chronic liver disease in the near future,
there is broad interest amongst clinical researchers
to move forward, both in diagnosis and treatment.
Unfortunately, to date, the expensive and invasive
procedure of liver biopsy is seen as the gold standard
for NASH diagnosis and few noninvasive diagnostic
methods can be applied successfully. Moreover, there
are still no approved pharmacological interventions
for NAFLD/NASH. Therefore, current management
paradigms are based upon the presence of associated
risk factors and aims to improve an individual’s quality
of life, thus reducing NAFLD-associated morbidity
and mortality. Today, lifestyle intervention (diet and
exercise) is the treatment of choice for NAFLD/
NASH. Thus far, no study has evaluated the potential
preventive effect of lifestyle intervention on children at
risk of NAFLD/NASH. Future studies will be required in
this area with the perspective of developing a national
program to promote nutrition education and increase
physical activity as means of preventing the disease in
individuals at risk. Here, we outline the clinical course,

pathogenesis and management of NAFLD in children,
highlighting the preventive and therapeutic value of
lifestyle intervention.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD), a worldwide
health problem principally affecting millions of people
in Western countries, ranges from simple steatosis to
nonalcoholic steatohepatitis (NASH), and eventually
cirthosis and liver failure. A few population-based studies
have reported that NAFLD/NASH prevalence has been
increasing over the past three decades, both in children
and adolescents, presenting a worldwide problern““ﬂ. The
rate of prevalence, ranging from 2.6% to 10%, increases
with age and the number of risk factors associated
with NAFLD. The most prominent risk factor for
NAFLD/NASH is overweight/obesity and the disease
is most common in male adolescents™. Studies of the
ptevalence of NAFLD in overweight/obese children
have reported values which range from 8% to 80%>1,
Discrepancies in prevalence data reported in these
studies depend on the methods used for diagnosis[()’“]. In
fact, although definitive diagnosis of NASH and fibrosis
staging and grading requires liver biopsy, most studies
have been limited to the use of indirect measures, such
as elevated serum alanine transaminase (ALT) and
ultrasound to predict histological outcome'™'?,
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The clinical course of NAFLD, as well as the manage-
ment of fatty liver and steatohepatitis, is complicated by
limited knowledge of the natural history and pathogenesis
of the disease, and the paucity of safe and effective
treatment modalities™"”. Most NAFLD children are
asymptomatic and the few signs and symptoms that are
observed are often nonspecific. NAFLD is a multifactorial
disease that clinically may or may not comprise elevated
serum ALT levels, hyperlipidemia, hyperglycemia
and insulin resistance, associated with increased body
weight and echogenic liver that is suggestive of hepatic
steatosis'” . Over the initial period of disease, many
patients progress to the more advanced form of NAFLD,
which combines the mentioned dysmetabolic pattern
with severe liver injury, including steatohepatitis, necro-
inflammation and fibrosis"”.

In contrast to the past, there is today, a widespread
and growing recognition of the disease, but some aspects
of its pathogenesis and multi-causality still remain

W18 As a consequence, currently, it is only the

obscure
presence of associated risk factors that contributes to
updating the management program of pediatric NAFLD,
which is essentially focused on improving the individual’s
quality of life, thus reducing NAFLD-associated
morbidity and mortality. In this management program,
lifestyle intervention (diet and exercise) is the best
choice of treatment for NAFLD/NASH in children"™",
However, the potential preventive effect of lifestyle
intervention on children at risk of NAFLD/NASH has
still not been evaluated.

Here, we outline the clinical course, pathogenesis
and management of pediatric NAFLD in children,
and highlight the preventive and therapeutic impact of
lifestyle intervention. In addition, we suggest further
studies in the area of NAFLD prevention in children,
but we also presume that soon a national program will
be undertaken to promote nutrition education and
increase the physical activity for preventing the disease
in individuals at risk.

CLINICAL COURSE AND PATHOGENESIS

OF PEDIATRIC NAFLD

Pediatric NAFLD, as in adults, is defined as fat accumula-
tion in the liver that exceeds 5%-10% by wet weight, in the
absence of excessive alcohol consumption®. Although,
the natural history of NAFLD is pootly understood in
children, it is a multifactorial liver disease that comprises
a large spectrum of clinical features: simple fatty liver
accumulation (hepatic steatosis); steatosis accompanied
by inflammation and other evidence of cellular injury,
including various degrees of fibrosis (NASH); and end-
stage liver disease, such as rare cases of cirrhosis and
hepatocellular carcinoma'>*.

All genetic and environmental factors responsible
for fatty liver and its progression to NASH are still
obscure. The most widely accepted model is a “multiple
hits” process (Figure 1), during which a first hit induces
accumulation of fat in the liver, which causes hepatic
steatosis, and renders hepatocytes more susceptible to

additional cofactors (i.e. oxidative stress, mitochondrial
dysfunction, overproduction and release of pro-inflam-
matory cytokines, adipocytokine imbalance, and stellate
cell activation), which induce persistent liver injury that
leads to NASH""**,

Causes of hepatic steatosis

Hepatic steatosis is caused by imbalance between the
delivery of fat in the liver and its subsequent secretion
or metabolism. Fat accumulates in the liver for different
reasons, in particular because of: excessive intake of
dietary free fatty acids (FFAs), de novo hepatic lipo-
genesis, and great liver FFA influx caused by insulin
resistance™", Interestingly, Donnelly ez al”" have
demonstrated that liver FFA accumulation in NAFLD
subjects derives from non-esterified fatty acids for about
60%-80%; de novo lipogenesis for 26%, and originates
from diet for about 15%. These findings reinforce
the hypothesis that several intracellular pathways
may contribute to the accumulation of hepatic fat in
NAFLD. These pathways include deregulation of [
oxidation, decreased hepatic lipid export via very low-
density lipoproteins, incteased lipogenesis due to insulin-
resistance-dependent activation of sterol regulatory
element-binding protein (SREBP-1c¢), and glucose-
regulated activation of carbohydrate response element-

binding protein (ChREBP)™",

Steatohepatitis and fibrosis

Several factors play central roles in the second-hit
progression from simple steatosis to NASH. Various
mechanisms have been proposed, including increased
oxidative stress, inflammation, hepatocellular apoptosis
and ﬁbrogenesism’zg’m. There is accumulating evidence
that oxidative stress and mitochondrial dysfunction are
relevant in the pathogenesis of steatohepatitis, whatever
its initial cause”"’”. Moreover, oxidative stress and
mitochondrial dysfunction, with insulin resistance, form
a complex network of interactions, which promotes
progressive liver injury (fibrosis), which causes chronic
accumulation of liver FFA, antioxidant depletion,
enhanced cytokine-mediated hepatoxicity, and promotion
of stellate cell activation and proliferation™ ), This
last event ultimately results in increased inflammation,

apoptosis and liver fibrosis"™.

MANAGEMENT OF PEDIATRIC NAFLD/
NASH: FIRST-LINE TREATMENT AND
PROMISING THERAPEUTIC AGENTS

Significantly high levels of triglycerides, glucose, insulin,
serum ALT, increased body mass index (BMI) and waist
circumference (central adiposity) are all possible clinical
features of pediatric NAFLD, which suggests that
interventions on these variables can help to cure fatty
liver, as well as to prevent progression to NASH"". On
the other hand, resolution of histological abnormalities
revealed by liver biopsy, is, at this time, the main target
of NASH treatment™,

Several recent studies have been carried out to
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Figure 1 Nonalcoholic fatty liver disease (NAFLD)/nonalcoholic steatohepatitis (NASH) pathogenesis.

examine the effects of dietary composition on NAFLD/
NASH in children®™*". However, some others have also
looked at the effects of energy restriction combined
with physical activity and pharmaceutical treatments (i.c.

vitamin E) t24]

Diet and exercise

As most NAFLD children are overweight/obese, weight
loss may help to reduce pediatric NAFLD prevalence.
Weight loss can be achieved through diet and proper
exercise, it leads to significant improvement in serum
ALT and liver histology in adults with NAFLD"*),
Studies on pediatric subjects have shown that moderate
weight loss can improve serum BMI and levels of ALT,
and reduce fatty liver infiltration and necro-inflammation,
although no change has been demonstrated in degree of
fibrosis*.

Based upon knowledge of NAFLD pathogenesis, a
proper diet might be a low-glycemic index diet; in fact,
a similar diet may lead to reduction in serum ALT and
hepatic steatosis'”’
caloric restriction and weight loss is not recommended
because it might potentially increase dysmetabolism and
liver injury'.

48 . .
# Nevertheless, a rapid and excessive

Vitamin E

As oxidative stress play a pivotal role in NASH patho-
genesis, the use of natural antioxidants, such as vitamin
E, is under investigation as a therapeutic approach for
NASH patients. Vitamin E has been shown to improve
ALT and liver histology in adults with NAFLD"".
However, only one open-label study has demonstrated
that 2-4 mo treatment with vitamin E normalizes serum
ALT in obese children®™. The efficacy of vitamin E is
currently under investigation in a histology-based, double-
blind, randomized, placebo-controlled study conducted
by NASH Clinical Research Network, and its results
will be available in 2010 (ClinicalTrials.gov Identifier:
NCT00063635).

Insulin sensitizers

Most pediatric NAFLD patients present with insulin
resistance, therefore, another approach to decreasing
dysmetabolic and histological features associated with
this liver disease is treatment with insulin-sensitizing

agents. Metformin, a biguanide, is the only insulin-
sensitizing agent that has been evaluated for the
treatment of pediatric NAFLD. Metformin seems safe
and effective in treating type 2 diabetes in children®".,
In addition, metformin has been evaluated in several
pilot studies, which have demonstrated a significant
improvement in ALT and hepatic steatosis™. A pediatric,
randomized controlled trial with metformin as a
monotherapy in NAFLD is now underway (ClinicalTrials.
gov Identifier: NCT00063635). Also, thiazolidinediones,
such as pioglitazone and rosiglitazone, have been used
successfully for improving insulin resistance and possibly
liver histology in adults, but their use in children still
requires an accurate control study before they can be
considered for use in clinical practicelS}SSJ.

Ursodeoxycholic acid (UDCA)

UDCA may act as a cytoprotective and antioxidant
agent. It is able to reduce ALT levels and improve liver
histology in adults with NAFLD"". However, in a
randomized control trial, Vajro ez al’" have demonstrated
by ultrasound that UDCA is ineffective in improving
serum ALT or steatosis, both alone and in combination
with diet. On the other hand, another randomized
controlled trial has shown that UDCA in combination
with vitamin E may improve serum ALT and liver
histology, but also decrease hepatocellular apoptosis and

. . [58,59
restore serum levels of adiponectin®™,

PREVENTIVE AND THERAPEUTIC
EFFECTS OF LIFESTYLE INTERVENTION
ON SEVERITY AND OUTCOME OF NAFLD

Patients suffering early liver dysfunction, such as simple
hepatic steatosis, or at risk of developing a severe
disease, including NASH and cirrhosis, require early
diagnosis and intensive treatment. As already discussed,
treatment options are limited and dietary weight loss is
recommended. Although diets are often difficult to adhere
to, they also have an enormous preventive value. In fact,
a management program (Figure 2) that incorporates and
encourages an adequate diet and age-approptiate physical
activities may not only promote a healthy lifestyle, but also
prevent the development of NAFLD/NASH.
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Figure 2 Management flowchart for NAFLD/NASH treatment and prevention.
Elf: Enhanced liver fibrosis; BMI-WC: Body mass index-waist circumference;
LFTs: Liver function tests; MS: Metabolic syndrome; US: Ultrasonography.

NAFLD-preventive effects of diet and exercise

Weight loss has been, until now, the only proven therapy
for pediatric NAFLD. Thus, diet and exercise can be
considered the first-line of defense for preventing the
onset of NAFLD and progression to NASH in children
at high risk. As demonstrated by several recent studies,
the high-risk category comprises not only overweight/
obese subjects, but also children with insulin resistance,
metabolic syndrome, type 2 diabetes, and those with low
birth Weight[z’(’o’m].

However, recommendations for lifestyle modifications
should be chosen according to the patients’ general health
because very rapid weight loss might expose patients to
severe metabolic consequences and increased mortality
risk.

We recommend a hypocalotic diet of 25-30 cal/kg per
day in case of overweight/obese subjects, and isocalotic
diet (40-45 cal/kg per day) for normal-body-weight
children. The amount of calories prescribed also takes
into account physical activity and daily routines. Diet
composition consists of low gastrointestinal carbohydrate
(50%-60%), fat (23%-30%), and protein (15%-20%);
a fat composition of two-thirds unsaturated and one-
third saturated; and a ®6/®3 ratio of approximately 4:1,
in accordance with the Italian Recommended Dietary
Allowances. Diet is tailored to individual preferences
to improve compliance, which may be particularly
poor in children and adolescents. A moderate daily
exetcise program, consisting of 45 min/d of aerobic
physical activity, is also recommended. At each visit,
subjects or their parents fill out a 3-d dietary and
physical activity recall to evaluate adherence to lifestyle
recommendations. A multidisciplinary team including
dieticians, hepatologists, endocrinologists, psychologists,
and cardiologists evaluates and closely follows up the
patients. Participants and their parents are instructed
on how to exercise, and maintain adherence to the

Lifestyle Vitamin E  Metformin
intervention
n 29 25 28
Complete success 11 (38) 9 (36) 2(7)
(all endpoints)
Partial success
Serum ALT normalization 23 (79) 13 (52) 23 (75)
HOMA-IR < 1 restoration 11 (38) 9 (36) 2(7)
NAS amelioration 19 (65) 17 (68) 16 (57)
Complete failure 4 (14) 8 (32) 2(7)

NAFLD: Nonalcoholic fatty liver disease; HOMA-IR: Homeostatic model
assessment of insulin resistance; NAS: NAFLD activity score; ALT: Alanine
transaminase.

exercise program, by a skilled exercise physiologist
as part of our multidisciplinary program. Every
6 mo after treatment, children with NAFLD undergo
ultrasonography, laboratory analyses, dietician evaluation
and psychological tests. In Table 1, we report our success
and failure rates after therapeutic intervention in children
with biopsy-proven NAFLD.

Thus, recommendations for lifestyle intervention
in children at high risk and in subjects with fatty liver
should follow a program based on an integrated care
model that encourages patients, as well as family
members, to adopt diet and exercise goals to prevent

NAFLD/NASH development.

Integrated care model
NAFLD patients require a multidisciplinary approach
that involves health professionals with different areas of
expertise. This is even more crucial for pediatric patients,
whose care also involves their families and other care
providers, such as school personnel. In this respect, it is
necessary to identify clearly a case manager with a strong
leadership role, who can coordinate case management.
Case management is defined as the process of planning,
co-ordinating, managing and reviewing the care provided
in otder to ensure that it responds to the appraisal needs.
The challenge of this model is for different professionals
to work transversally and concurrently, placing the patient
at the core of the system. An effective case management
system should therefore be based on different stepsl(’zj.

The first step is the strategic planning and preparation
of services, which includes different activities, with the
integration of skills in a team of professionals who identify
and overcome individual and organizational barriers,
to guarantee timely access to health care. Coordination,
monitoring and evaluation of the results gained by the
effort of these integrated teams should be conducted on
a regular basis, because they are paramount to achieving
proper implementation.

The second step is the management of information.
In fact, in order to work in an integrated manner, it is
essential to achieve good communication among all the
professional specialties involved.

The third step of this model stems from the flow
of information between the various professionals and
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the patient. In this regard, there must be an educational
function towards the patients and their relatives, in order
that they may also become actively involved in the decisions
and in the implementation of required treatments.

At the Bambino Gesu Hospital, this integrated care
model is becoming the health-care model of choice.
Beginning in 2003, the Liver Unit implemented the
multidisciplinary outpatient clinic for the diagnosis and
monitoring of patients affected by NAFLD/NASH.
The hepatologist acts as case manager, establishes the
individual patient’s care program, and coordinates clinical
activities with the goal of ensuring that all of them are
conducted on the day of the outpatient visit.

In addition to the hepatologist, the multidisciplinary
team includes: the endocrinologist, because these
patients frequently present with metabolic syndrome,
with a predisposition to hyperinsulinism, to glucose
intolerance and to type 2 diabetes; the cardiologist, who
takes care of cardiovascular issues, ranging from arterial
hypertension to increased risk of cardiovascular diseases;
the radiologist, for the monitoring of hepatic lesions; the
dietician for following appropriate dietary changes and
increased physical activity prescribed on an individual
basis; and the psychologist to consider psychological
attitudes which may have preceded, and perpetuate an
unhealthy diet and sedentary life style.

As defined in the program, the results of health care
and clinical outcomes are evaluated by the team, and
are the object of collegial discussion in order to jointly
identify obstacles and the most appropriate way to ovet-
come them.

This organisational model, in which the case manager
has a central role, guarantees the quality and efficiency
of the multi-specialist care process, leading to a favorable
cost/benefit ratio, both at the individual and societal level.
In our hospital, this model has worked reasonably well.
In fact, it has allowed us to improve considerably patient
compliance and medication adherence, reaching values
close to 80%.

CONCLUSION
NAFLD/NASH has become the leading cause of

pediatric liver disease in westernized countries. Several
trials are ongoing to establish pharmacological treatment
of pediatric disease, but health and nutrition strategies,
such as better exercise habits and comprehensive app-
roach to weight management in the school and home
surroundings, can reduce the public health impact of
pediatric NAFLD. We believe that our integrated care
model not only provides an efficient and effective model
for the care management of NAFLD patients, who need
the intervention of health-care providers with different
background and expertise, but also offers a good starting
point for a national program of nutritional education and
exercise for preventing the disease in children at high risk
(i.e. overweight/obese children).
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