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Nonalcoholic fatty liver disease (NAFLD) is one of the main
chronic noncommunicable diseases in Westernized soci-
eties; its worldwide prevalence has doubled during the last
20 years. NAFLD has serious health implications not only
for adults, but also for children. However, pediatric NAFLD
is not only an important global problem in itself, but it is
likely to be associated with increases in comorbidities,
such as metabolic syndrome and cardiovascular diseases.
There are several differences between NAFLD in children
and adults, and it is not clear whether the disease observed
in children is the initial phase of a process that progresses
with age. The increasing prevalence of pediatric NAFLD has
serious implications for the future adult population
requiring appropriate action. Studies of NAFLD progres-
sion, pathogenesis, and management should evaluate dis-
ease phenotypes in children and follow these over the
patient’s lifetime. We review the similarities and differ-
ences of NAFLD between children and adults.

Keywords: Nonalcoholic Fatty Liver Disease; Nonalcoholic
Steatohepatitis; Children; Adults.

C oncurrent with the sharp increase in obesity rates,
nonalcoholic fatty liver disease (NAFLD) has become
one of the main chronic noncommunicable diseases among
children and adults in Westernized societies." The mini-
mum criterion for the diagnosis of NAFLD is >5% of he-
patocytes with macrovesicular steatosis, with no excessive
alcohol intake and no evidence of viral, autoimmune,
metabolic, or drug-induced liver disease. However, NAFLD
encompasses a spectrum ranging from hepatocellular fat
accumulation (isolated steatosis) to an advanced form of
liver injury known as nonalcoholic steatohepatitis (NASH),
which refers to distinct histologic features, including hepa-
tocellular steatosis and injury, necroinflammation, and
eventually fibrosis.* Since the first evidence of pediatric

NAFLD in 1983, reported by Moran et al,®> we have devel-
oped an understanding of its features in children and its
potential long-term effects on health status. Adult and pe-
diatric NAFLD share some common features, but also have
several important differences. NAFLD is a multisystem dis-
ease, with dysregulation of several biological pathways
affecting diverse extrahepatic organs, including adipose
tissue and intestines.” Although a few studies have
demonstrated that NAFLD can progress more rapidly in
children than in adults, there is evidence to suggest that
low-grade chronic tissue inflammation leads more
frequently to fibrosis and end-stage liver disease after
children become young adults.® There is also some diver-
gence between children and adults with NAFLD in terms of
differential diagnostic and therapeutic management. In this
article, we reviewed key differences and similarities in the
pediatric and adult forms of NAFLD.

Epidemiology

Epidemiologic studies reveal that, globally, the preva-
lence of NAFLD in adults ranges between 20% and 30% in
Western nations, and between 5% to 18% in Asia,”’® and the
global prevalence of NASH has been estimated to be be-
tween 2% and 3%.” Interestingly, it has been reported that
countries with higher economic status exhibit a higher
prevalence of NAFLD among adults."’

Abbreviations used in this paper: ALT, alanine aminotransferases; HCC,
hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver disease;
NHANES, National Health and Nutrition Examination Survey; NAS, NAFLD
Activity Score; NASH, nonalcoholic steatohepatitis; SNP, single nucleotide
polymorphism.
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The prevalence of NAFLD in both children and adults
varies widely across the world in terms of ethnicity and
population studied. In addition, it is important to consider
that the methodology used for assessing prevalence can
profoundly affect the estimate. Most epidemiologic studies
have used surrogate measures, such as serum alanine ami-
notransferases (ALT) or liver sonography, to estimate the
prevalence of NAFLD, although liver biopsy remains the
diagnostic standard. Based on a threshold of serum ALT
>30 U/L, a prevalence of NAFLD of 8% was estimated for
adolescents (aged 12-19 years) within the United States
from the National Health and Nutrition Examination Survey
(NHANES).*" Using multiple cross-sectional measures over
time from NHANES, the number of American adolescents
with NAFLD has nearly doubled during the last 20 years."?
In adults, the rate of ALT >43 U/L was similar to the rate of
ALT >30 U/L reported for adolescents."*'* In contrast, a
population-based study on 1543 Korean adolescents (aged
10-19 years) reported a prevalence of ALT >40 U/L of only
3.2%." It is unknown how close the estimates of prevalence
would be if they reported the same thresholds for ALT.

In the 1990s, based on ultrasound, a study reported a
2.6% prevalence of NAFLD among 810 Japanese children
aged between 2 and 12 years old."® This is in contrast with
the prevalence of NAFLD estimated by ultrasound in a cohort
of 35,519 Japanese adults, which increased from 13% in the
1990s to 30% 12 years later.'” More recently, it was re-
ported that the prevalence of NAFLD in healthy European
adolescents was estimated to be 2.5% based on evaluation
with ultrasound.'® Multicenter population studies in Europe
estimated a higher prevalence of NAFLD based on ultrasound
evaluation in adults than that observed in children (Spain:
33.4% men and 20.3% women; Italy: 33% in men and 20%
in women)."”? It is important to acknowledge that there are
limitations to both ALT and ultrasound, which can under
diagnose NAFLD because of inadequate sensitivity for
detecting NAFLD and over diagnose NAFLD because
abnormal findings are not specific for NAFLD.

General population prevalence rates in adults recently
reported in a systematic review are shown in Figure 1, the
macrogeographical regions of Europe, Asia, Middle East,
North America, and South America are represented by
different colors.?! In children, estimates for the prevalence
of NAFLD range from 5.0% to 25.1% in different pop-
ulations, including North American, South American, Euro-
pean, Asian, Middle Eastern, and Oceanian individuals.?? In
aggregate, based on the overall comparison of data from
general population studies, it emerges that prevalence of
NAFLD in children is lower than observed in adults.

Interestingly, the prevalence of NAFLD varies according
to age in both pediatric and adult populations. The Study of
Child and Adolescent Liver Epidemiology (SCALE) reviewed
the records and liver histologic features of 742 children
aged 2 to 19 years who died from unnatural causes between
1993 and 2003, reporting a 38% prevalence of NAFLD in
obese individuals.”® From this study also emerged an esti-
mated prevalence for NAFLD of 17% in teenagers compared
with 0.7% in children aged 2-4 years old, highlighting that
the prevalence of pediatric disease increases with age. In
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adults, prevalence of NAFLD increases with age until peak-
ing during middle age, and decreases among the elderly.**
The changes in the prevalence of NAFLD associated with
age in both children and adults is likely to be modified by
numerous additional risk factors. Unfortunately, much less
is known about NAFLD in young adults aged from 20 to 39
years old.

In addition to age, there are differences in prevalence by
sex; the prevalence of NAFLD is higher in males than females
in both adults and children overall, but differences by sex are
more pronounced in the pediatric population. In the pedi-
atric age range, males are approximately 40% more likely to
have NAFLD than females.”” In adults, clinical populations of
NAFLD have more women than men. However, in
population-based studies, men are slightly more likely to
have NAFLD than women; in NHANES, the reported preva-
lence was 5.7% in men vs 4.6% in women.'“*® Reasons for
this difference may include sex differences in seeking health
care and greater use of alcohol among men. In addition,
studies have consistently reported that Hispanic subjects
have the highest and non-Hispanic blacks have the lowest
prevalence of NAFLD independent of age and sex.'**>®

Histology

NAFLD in both children and adults is defined as >5%
macrovesicular steatosis in hepatocytes after exclusion of
other causes of steatosis, however, the distribution pattern
of this steatosis along with NASH-associated liver injury is
frequently different (Table 1).%”

NASH in adults is characterized by hepatic steatosis,
lobular inflammation consisting of a mixed inflammatory
cell infiltrate (infiltration by mononuclear cells or poly-
morphonuclear cells, or both) and hepatocyte injury
(ballooning), with or without fibrosis. Other histologic
sublesions include Mallory-Denk bodies; iron deposition
within hepatocytes and/or the cells of the reticulo-
endothelial system; ductular reaction; megamitochondria
observed in hepatocytes; and glycogenated hepatocyte and
vacuolated nuclei.”®

In 2005, a study evaluated the histologic appearance of
100 children with NAFLD, and categorized 2 prevalent
phenotypes of pediatric NASH: an adult-type (type 1 NASH),
in which the steatosis of mild to moderate grade and zonal
distribution in zone 3 was associated with lobular inflam-
mation, ballooning, and perisinusoidal fibrosis; and a pedi-
atric type (type 2 NASH), in which steatosis of moderate or
high grade was associated with portal inflammation and
portal fibrosis in the absence of ballooning degeneration.”’
In particular, type 1 and type 2 NASH were reported to be
present in 17% and 51% of children, respectively. In the
remaining cases (32%), an overlap pattern with a variable
combination of features of the type 1 and type 2 NASH was
found, which was confirmed in subsequent clinicopathologic
series.”’? ! Notably, children with portal-based NASH have
more severe fibrosis.

In an attempt to standardize and grade the histologic
criteria for the diagnosis of NAFLD and NASH, different
methods have been elaborated. Currently, the most widely
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Figure 1. Estimated general population prevalence of NAFLD is shown for children (A) and adults (B).

used comprehensive histologic scoring system for grading
histologic features in NASH is the NASH Clinical Research
Network scoring system, which includes staging/grading of
steatosis, ballooning, inflammation, and fibrosis.** The
NAFLD Activity Score (NAS) is derived from the NASH
Clinical Research Network scoring system, and is meant for
use in clinical trials, and not for directing patient care. The
score is based on features most likely to be amenable to
change with pharmacologic therapy, and is a composite of
steatosis, inflammation, and ballooning. One key aspect
pertaining to the use of the NAS in pediatric populations is
that the NAS takes into account lobular but not portal
inflammation. Although chronic portal inflammation may be

present in adults, where it has been proposed as a marker of
disease severity or of NASH improvement,33 in children,
chronic inflammation in the portal tract is more frequent
and might also be the only site of inflammation.”* Further-
more, the NAS includes ballooning, which is a major dis-
tinguishing feature of NASH that confers an increased risk of
disease progression in adults, however, the significance of
ballooning in children is less clear, as children can develop
meaningful fibrosis in the absence of ballooning.””*°
Similar to other forms of chronic hepatitis, the response
to the insult of NASH is fibrosis. Generally, in adult NASH,
the initial deposition of collagen and other extracellular
matrix fibers occurs along the sinusoids of zone 3 and
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Table 1.Similarities and Differences Between Adult and Pediatric Nonalcoholic Fatty Liver Disease

Adults

Histologic features

Children

Typically mild to moderate. Location

typically zone 3 or panacinar
Common
Mainly lobular
Pericellular chicken wire

Steatosis

Ballooning
Inflammation
Fibrosis

Typically moderate to severe.

Location panacinar, zone 1, or zone 3

Uncommon
Mainly portal
Predominantly portal-periportal

Molecular markers

Gut microbiota dysbiosis
Adipocytokines and hepatokines
Macrophage activation

Fecal
Circulating
Tissue-specific

Gut microbiota dysbiosis
Adipocytokines and hepatokines
Macrophage activation

Activation of hepatic progenitors

Activation of hepatic progenitors

Genetic variants

Strongly associated with NAFLD and NASH PNPLA3 Associated with NAFLD,
association with NASH unclear

Associated with NASH GCKR Associated with NASH

No correlation with NAFLD APOC3 No correlation with NAFLD

Not investigated LPIN1 Inverse association with NASH
Outcome

5%-10% Cirrhosis 1%-2%

Strong clinical evidence HCC Rare

Strong clinical evidence
Strong clinical evidence

Metabolic syndrome
Cardiovascular disease

Strong clinical evidence
Increased risk

around the hepatocytes, distinctive of pericellular chicken
wire fibrosis. Fibrosis in children reflects the prevalent zone
1 damage and dominant portal-periportal pattern of
fibrosis, even if pericellular and perisinusoidal fibrosis may
be also found.*®

In summary, the heterogeneity of the patterns of the
histologic lesions found in pediatric NAFLD/NASH may be
an early pathology that starts in zone 1 and after various
steps resembles the adult pattern or, alternatively, NAFLD/
NASH in children may be a different pathology from that
observed in adults. It is also possible that both scenarios are
true; this topic needs focused investigation.

Pathogenesis

It is unclear whether differences between and adults and
children are due to different mechanisms in the pathogen-
esis of NAFLD or they represent 2 sides of the same coin
along a spectrum of advancing age. The knowledge gap is
due in part to a paucity of studies about pathogenetic
mechanisms in models that may resemble pediatric NAFLD.
Therefore, we provide an overview of NAFLD pathogenesis
as experimental studies and clinical studies have shown to
date, discussing what is known about children (Table 1).

Molecular Factors

The mechanisms driving NAFLD onset and outcomes
involve several molecular factors and pathways, which
require a continuous and dynamic crosstalk between the

liver and at least 1 other organs: the gut and adipose
tissue.>’ > A few clinical studies have suggested that the
role of the gut microbiome and adipose tissue in inducing
endotoxemia and chronic systemic inflammation, respec-
tively, and consequent liver tissue necroinflammation, could
be crucial for pediatric NAFLD as well as for the adult form
of disease.””"** During the past 5 years, there has been a
growing understanding of the role of gut microbiome in
NAFLD pathogenesis. Notably, some difference have been
shown in the gut microbiota composition that differ in
children with NASH compared with healthy and obese
subjects.41 In adults, there is an association between the
severity of NAFLD and the condition of gut dysbiosis with a
shift in metabolic function of intestinal microbes.****
During the last several years, a growing body of evidence
has demonstrated that among different factors, adipocyte-
derived soluble cell signaling proteins, known as adipocy-
tokines, may play a key role in NAFLD pathogenesis and
define disease progression in adults.*>*® Some released
adipocytokines, including tumor necrosis factor-a (TNFa),
interleukin (IL) 6, leptin, adiponectin, retinol-binding pro-
tein-4, and resistin play a major role in both liver inflam-
mation and insulin resistance. Accordingly, clinical studies
have reported an association between pediatric NAFLD and
the altered expression of some adipocytokines, including
leptin, resistin, and adiponectin, suggesting these molecules
as potential biomarkers of disease severity.*’ °° Recently,
systemic and hepatic levels of IL18 were found strongly
correlated to inflammation and fibrosis in children with
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NAFLD.”" During NAFLD pathogenesis, adipocytokines can
establish a network of communication with the liver, which
can respond with the production of specific circulating
molecules referred to as hepatokines. Hepatokines can affect
lipid and glucose metabolism, exerting several roles also in
NAFLD.”* Among the hepatokines, fetuin-A, fibroblast
growth factor 21, and insulin-like growth factors I and II,
could be important as potential noninvasive biomarkers and
have been suggested as promising therapeutic targets for
NAFLD in children, as already reported in adults.”* "
Several lines of evidence indicated that in both adult and
pediatric patients with NAFLD, the activation of hepatic
stem/progenitor cells is associated with inflammation and
NASH development.”®>”

Genetics

The differences in disease distribution by race and
ethnicity observed in adults and children with NAFLD
indicate that genetic susceptibility can play a role in the
development and progression of NASH. Several of the ge-
netic variants reported in adults have been studied also in
children with NAFLD (Table 1). These single nucleotide
polymorphisms (SNPs) include the SNP of a gene coding for
PNPLA3 that has been found to be associated with the
severity of disease; the SNP of the glucokinase regulatory
protein (GCKR) gene that was associated with higher fat
content in the liver among all ethnic groups; the SNP of a
gene coding for the Kruppel-like factor 6 (KLF6) that was
associated with fibrosis; the SNP of a gene coding for
manganese-dependent superoxide dismutase (SOD2), that
was associated with liver fibrosis.”®

The SNP on LPIN1 gene (coding for Lipin-1) that dis-
played an inverse association with disease severity was only
investigated in children.”® The relevance of several other
genetic variants, such as apolipoprotein C3 gene (APOC3),
has not been confirmed or validated in either children or
adults.* Conversely, very recently, 2 novel gene variants,
including the transmembrane 6 superfamily member 2 gene
(TM6SF2) and membrane bound O-acyltransferase domain-
containing 7 gene (MBOAT?7), were found associated with
NAFLD in both children and adults.®>*®

Outcomes

The natural history of NAFLD is not yet fully elucidated
in children or adults, but it seems that the prognosis varies
based on disease spectrum. Adults with isolated steatosis
generally have an uncomplicated course, and adults with
NASH have a greater long-term mortality with respect to
general population.”” The natural history of progression
from NAFLD to NASH remains unclear in both children and
adults. It has been reported that approximately 15%-20%
of adult patients with NASH will subsequently develop liver
fibrosis and cirrhosis, but there are no equivalent long-term
follow-up studies in children.®®

In the past 10 years, we have seen an increase in the
percentage of liver transplantations associated with NASH.
Using the United Network for Organ Sharing database, it was
reported that approximately 7.7% of all adult liver recipients
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exhibited NASH-related cirrhosis during the period from 2007
to 2010.°” In US adults, NASH-associated cirrhosis is the sec-
ond most common indication for liver transplantation.”’

In the only long-term outcomes study in 66 children,
there was a standardized mortality ratio of 13.6, which
included 3% requiring liver transplantation for decom-
pensated cirrhosis.” More recently, a study including chil-
dren and young adult patients with NASH cirrhosis who
underwent liver transplantation in the United States from
1987 to 2012, showed that NASH can progress to end-stage
liver disease requiring transplantation in childhood and
young adults.”*

Several cross-sectional studies suggest that NAFLD is
also a major risk factor for hepatocellular carcinoma (HCC)
in the adult setting. In fact, recent studies demonstrate that
HCC is also frequently associated with a background of
obesity and insulin resistance, and can occur in NAFLD
patients.”” In addition, since 2004, there has been a rapidly
growing body of literature that has reported HCC in
histologically confirmed adults with NAFLD without
cirrhosis.”*’* Although NAFLD is quite prevalent in chil-
dren, little is known about the risk for HCC in children, and
only 2 cases have been described to date, in both a cirrhotic
and noncirrhotic background.75'76 In addition, the extent
that NAFLD in childhood increases risk for HCC in adulthood
is also not yet known.

Associated Comorbidities of
Nonalcoholic Fatty Liver Disease

During the last decade, there has been increased interest
in the determination of possible pathogenic and clinical as-
sociations between NAFLD and other obesity-related comor-
bidities, including metabolic syndrome features and
cardiovascular disease.”””® For example, Ekstedt et al”’
showed an increased risk for death from cardiovascular dis-
ease in a cohort of adult patients with biopsy-proven NAFLD.

However, although there is abundant literature on
adults, the pediatric population has not been as well char-
acterized. A case-control study in children confirmed that
NAFLD is strongly associated with dysregulated glucose
metabolism, dyslipidemia, and hypertension, and that the
association is independent of obesity itself.?° In addition, the
importance of central obesity was shown in Caucasian
children with NAFLD, including that waist circumference
>90™ percentile is correlated with the risk for fibrosis.”’
The association between NAFLD and metabolic syndrome
in children has also been shown in several different ethnic
groups.SZ’87

There are several lines of evidence suggesting that
NAFLD is an independent risk factor for cardiovascular
disease in adults, because the disease pattern has been
found to be associated with impaired endothelial function,
increased carotid intima-media thickness, and a higher
prevalence of coronary plaques and atherosclerosis.?® %!
The cardiovascular risk assessment in children with
NAFLD before the expression of overt cardiovascular end
points has been achieved via other methods, such as the
assessments of vascular structure mainly by evaluation of
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intima-media thickness and function. However, some data
are controversial. Manco et al®” reported no association
between intima-media thickness and liver histology in obese
children and adolescents with NAFLD and more recent
studies based on surrogate biomarkers of NAFLD or liver
biopsy found an increased interventricular septum thick-
ness at end diastole and at end systole.”>”* However, both
adult and pediatric studies have shown that NAFLD has
been associated with impaired left ventricular function and
adverse changes in cardiac geometry, which are well-
established risk factors for cardiovascular events.”>”®
Recent studies highlighted that NAFLD can also affect
quality of life of patients.”’ '°° Adults with NAFLD had
worse physical and mental health scores compared with the
US population with and without chronic illness.”” In addi-
tion, among adults with NAFLD, those with NASH reported
lower physical health, but not mental health, compared with
subjects with fatty liver disease without NASH. Similar to
the data in adults, children with NAFLD had worse total,
physical, and psychosocial health compared with healthy
children.'°* However, unlike in adults, quality of life scores
did not differ significantly by histologic severity of NAFLD.
Notably, impaired quality of life was present in nearly 40%
of children with NAFLD. Another study on 48 children and
adolescents with NAFLD between 8 and 18 years found
higher levels of depression compared with obese children
and adolescents without NAFLD.'°? In addition, more
frequent emotional and behavioral problems have been
noted in children with NAFLD compared with healthy con-
trols.”” There are important questions that remain about
how much the psychosocial problems observed are due to
NAFLD itself vs the role of obesity and/or other unmea-
sured factors. However, these data support a need for
clinical management to integrate caregivers who can
address the psychosocial needs of children with NAFLD.

Management

Diagnosis

Despite the high prevalence of NAFLD, well-defined
diagnostic recommendations remain a work in prog-
ress.'’® Clinical practice guidelines are much better devel-
oped for adult NAFLD than for pediatric NAFLD.'%*"'%°
Notably, screening has not been recommended in adults,
but has been recommended for children. In the United
States, the American Academy of Pediatrics recommends
screening children for NAFLD who are >10 years and
overweight with risk factors or obese regardless of other
risk factors."'° In Europe, the European Society for Paedi-
atric Gastroenterology Hepatology and Nutrition recom-
mends that NAFLD should be suspected in children who are
>3 years and overweight or obese, especially if they have a
high waist circumference and/or a family history of
NAFLD.'® There is still some controversy surrounding
screening children for NAFLD. However, the use of serum
ALT for screening overweight children for NAFLD in pri-
mary care was validated in a study of 347 children identi-
fied with suspected NAFLD.'*!
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As screening is based on laboratory results, it is impor-
tant to define what is normal. The Screening ALT for
Elevation in Today’s Youth (SAFETY) study demonstrated
that conventional ALT cutoff values of normal used in chil-
dren’s hospital in the United States vary widely and are too
high for reliable detection of chronic liver disease."'” The
median upper limit of normal ALT used was found to be 53
U/L, with a range from 30 to 90 U/L. Using data from
NHANES, the 95th percentiles for ALT levels for healthy
weight, metabolically normal children without liver disease
were 26 U/L in boys and 22 U/L in girls.

Once a patient is known to have suspected NAFLD, it is
important to keep in mind that there is a differential diag-
nosis of other hepatic and nonhepatic conditions that might
yield elevated serum aminotransferase activity and/or he-
patic steatosis. These conditions include significant alcohol
consumption, hepatitis C, autoimmune liver disease, Wil-
son’s disease, parenteral nutrition, medications, inborn er-
rors of metabolisms (eg, cholesterol ester storage disease,
al-antitrypsin deficiency, and Wolman disease) and severe
malnutrition; however, some of them, such as Wilson’s
disease, parenteral nutrition, and genetic-metabolic dis-
eases are more relevant for children. In a retrospective re-
view of 155 children with steatosis, Hourigan et altt?
reported that etiologies other than NAFLD were common,
including metabolic diseases (9%), oncologic causes (8%),
and viral hepatitis (7%). Of note, the role of alcohol con-
sumption as a confounding factor, although well docu-
mented in adults, has been understudied in adolescents.''*

Liver imaging is an increasingly important component to
the evaluation of NAFLD. Ultrasound is the most widely
used imaging technique for the evaluation of hepatic stea-
tosis. Changes due to scattering and attenuation of the
soundwave are used to infer hepatic steatosis. In children,
liver ultrasound for fatty liver has a sensitivity of 70%-85%
and specificity of 50%-60%.""° This limitation of traditional
ultrasound to accurately classify whether or not a child has
fatty liver stems in part from an inherent property of
ultrasound; it does not measure fat directly, instead, the
relation between ultrasound-derived images and liver fat is
intrinsically subjective and nonquantitative. Importantly,
there is a new generation of ultrasound-based technologies,
such as controlled attenuation parameter, that are more
promising for the detection of steatosis.''® In addition,
magnetic resonance imaging proton density fat fraction is a
reliable measure of hepatic steatosis in children.''”

Therefore, magnetic resonance imaging proton density
fat fraction is increasingly used in clinical research and
additional studies will address issues such as availability
and cost of magnetic resonance imaging, as well as the
validation of specific proton density fat fraction threshold
values required to integrate this tool into clinical use.

In addition to evaluation of steatosis, progress has been
made in the noninvasive imaging of hepatic fibrosis. For
example, imaging techniques based on elastography assess
liver stiffness by the analysis of propagation of shear waves
within the liver. Some of these techniques, such as transient
elastography, have been shown to detect advanced fibrosis
in both children and adults."***"?
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The diagnosis of NASH requires liver biopsy to perform
microscopic evaluation of hepatic damage. Histologic eval-
uation is a comprehensive assessment of numerous aspects
of liver disease, including patterns of hepatic fibrosis and
vascular remodeling.

Liver histology, in both children and adults, still has an
important role in the assessment of NAFLD-associated he-
patic damage and diagnosis of NASH. Controversy remains
about who should have a liver biopsy and when in the
diagnostic evaluation liver biopsy should be used, particu-
larly in children. The European Society for Paediatric
Gastroenterology, Hepatology and Nutrition has suggested
that biopsy should be performed when diagnosis is uncer-
tain, in the presence of ultrasonographic evidence of stea-
tosis, or in cases of persistent elevation of ALT levels after
3-6 months of lifestyle intervention.’” The clinical practice
guideline on NAFLD from American Association for the
Study of Liver Diseases, American College of Gastroenter-
ology, and the American Gastroenterological Association
states that, “liver biopsy in children with suspected NAFLD
should be performed in those where the diagnosis is un-
clear, where there is possibility of multiple diagnoses, or
before starting therapy with potentially hepatotoxic medi-
cations. A liver biopsy to establish a diagnosis of NASH
should be obtained prior to starting children on pharma-
cologic therapy for NASH.”'*°

Treatment

The mainstay of therapy for NAFLD in both children and
adults is optimization of lifestyle, with focus on nutrition
and exercise. In addition, for many patients with NAFLD,
weight loss is also an important goal. Clinical studies have
demonstrated that hypocaloric diets and regular physical
exercise have the potential to induce weight loss with an
improvement of both metabolic effects and liver health
status, mainly steatosis, in adult and pediatric obese sub-
jects with NAFLD."*"'?2 However, in children, there are not
sufficient data to make any conclusions regarding the
optimal dietary intervention or program of exercise. Most of
the available studies have been conducted in small series of
children, often without a control group, and with substantial
variations in duration of follow-up and in clinical end
points.*??7*2* In addition, there are numerous challenges in
achieving persistent lifestyle modification with sustained
long-term results, some of which are unique to the popu-
lation of children with NAFLD.'*

The overall goal of treatment of NAFLD with pharma-
cologic interventions, both in children and adults, is to stop
and eventually reverse liver damage. Therefore, current
therapeutic approaches are focused on established mecha-
nisms that are involved in the pathogenesis of disease,
including insulin resistance, oxidative stress, and dyslipi-
demia. The pharmacologic approaches used in pediatric
trials are shown in Table 2.

Metformin, the insulin sensitizer that is most often used,
exerts its action by increasing hepatic lipid and glucose
catabolism. Several studies have been conducted in adults
and children with good safety profile, but with conflicting
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results. Although previous studies performed in small series
of children seemed to demonstrate a beneficial role of
metformin on laboratory and imaging features of
NAFLD,"*®'?” subsequent clinical trials reported no signif-
icant histologic effect of metformin with respect to placebo
in the treatment of NAFLD.'*® Conversely, in the TONIC
(Treatment of Nonalcoholic Fatty Liver Disease in Children)
trial, there was improvement in ballooning in 38% of chil-
dren taking metformin, however, there was not an
improvement in steatosis, inflammation or fibrosis.'??
Similarly, there was a beneficial effect of metformin on
ballooning reported in adult patients."*’

Nutritional supplements have also been an active area
for therapeutic trials in NAFLD, including vitamin E, omega-
3 fatty acids, and probiotics. Vitamin E, with its potent
antioxidant capacity, has been considered a good candidate
for NAFLD therapy. In children in the TONIC study, there
was improvement in hepatocyte ballooning in 37% of chil-
dren taking vitamin E.'?° However, in several clinical trials,
vitamin E was not better than lifestyle interventions
only.'*#*3%132 Data on vitamin E treatment in adults with
NAFLD were more positive; in fact, in the PIVENS (Piogli-
tazone vs Vitamin E vs Placebo for Treatment of Non-
Diabetic Patients With Nonalcoholic Steatohepatitis) trial, a
96-week course of natural vitamin E was associated with a
marked decrease of ALT, improvements in steatosis,
inflammation, and ballooning during the period of
treatment.'**

Data regarding omega-3 fatty acids have been inconsis-
tent in adults and children with NAFLD. In a large study of
adults with NASH, ethyl-eicosapentaenoic acid had no sig-
nificant effect on liver histology."** In another study in
adults with NASH and type 2 diabetes, omega-3 fatty acids
(eicosapentaenoic acid [2160 mg] and docosahexaenoic
acid) were inferior to placebo with respect to liver histology
and insulin resistance.'®” In contrast, a study of children
with NAFLD reported that the lack of fish intake was asso-
ciated with portal inflammation and, after applying adjust-
ment factors, the lack of dietary long-chain omega-3 fatty
acid intake was associated with lobular inflammation."*® In
addition, in children, a double-blind, placebo-controlled
clinical trial reported that dietary supplementation with
docosahexaenoic acid may improve liver steatosis, insulin
sensitivity, and inflammation.'*”*3® However, recently,
Janczyk et al’*” reported no effect of omega-3 fatty acid on
ALT, liver steatosis, or insulin resistance, and only marginal
effects on aspartate aminotransferase and vy-glutamyl-
transpeptidase levels. Therefore, more data are needed to
understand the effect of specific omega-3 fatty acids and
how and why they may differ between adults and children.

There have also been promising results observed in
adults and children with NAFLD in response to treatment
with probiotics."*” A randomized controlled trial reported
that 4 months of treatment with VSL#3, a proprietary
mixture of 8 probiotic strains, resulted in reduced body
mass index, improvement in abdominal ultrasound score,
and no improvement in serum ALT compared with pla-
cebo.'*! Another study found that 8 weeks of Lactobacillus
improved serum ALT but not liver ultrasound.'** Additional



Table 2.Completed and Ongoing Clinical Trials In Children With Nonalcoholic Fatty Liver Disease

Trials Drug Age range, y Type of study Intervention End points
Completed
Reference no.
127 Metformin 8-17 Single-arm, open label Metformin, 500 mg twice daily Improvement of liver chemistry, liver fat, insulin
sensitivity, and quality of life
129 Metformin 9-18 Open-label, preliminary ~ Metformin, 1500 mg daily Improvement of inflammation and NAS from
baseline
130 TONIC 8-17 Double-blind RCT Metformin, 500 mg twice daily Improvement of ALT similar to placebo
Vitamin E, 400 IU twice daily Improvement of ballooning
132 Vitamin E 6-15 Single-blind RCT Vitamin E, 400 mg/d ALT normalization similar to lifestyle intervention
133 Vitamin E + 3-20 Double-blind RCT a-tocopherol 600 1U/d + ascorbic Improvement serum levels of aminotransferases
ascorbic acid acid 500 mg/d Improvement liver histology
138,139 DHA 4-16 Double-blind RCT First experimental arm: 250 mg/d Improvement of levels of ALT and triglycerides,
Second experimental arm: 500 mg/d improvement of liver steatosis and inflammation
140 Omega-3 11-16 Double-blind RCT Docosahexaenoic acid and Improvement of aspartate aminotransferase and
eicosapentaenoic acid, y-glutamyltranspeptidase levels
450-1300 mg/d
141 VSL#37 9-12 Double-blind RCT 1 sachet/d <10y Improvement of steatosis and BMI
2 sachet/d >10y
142 Lactobacillus GG 8-13 Open label, preliminary 12 billion CFU/d Reduction of ALT serum levels
No modifications in TNF« levels and liver
ultrasound
Ongoing
ClinicalTrials.gov ID
NCT01913470 Losartan 12-19 Double-blind RCT 0.4 mg/kg/d (max 25 mg) for 1 wk Change in ALT from baseline
and then increased to 0.8 mg/kg/d
(max 50 mg) for 7 additional wk
NCT01529268 Cysteamine bitartrate, 8-17 Double-blind RCT 600 mg/d for patients <65 kg Histologic end points:
delayed-release 750 mg/d for patients 65-80 kg decrease in NAS of >2
900 mg/d for patients >80 kg No worsening of fibrosis
NCT02098317 DHA + vitamin D 4-16 Double-blind RCT DHA 500 mg/d Histologic end points:
Vitamin D 800 Ul/d Improvement in NAS score
Improvement of clinical
NCTO01934777 DHA + choline + 4-16 Double-blind RCT DHA 500 mg/d Histologic end points:

vitamin E

Choline 400 mg/d
Vitamin E 78 Ul/d

Improvement in NAS score

BMI, body mass index; CFU, colony-forming unit; DHA, docosahexaenoic acid; RCT, randomized controlled trial.

4A proprietary mixture of 8 probiotic strains.
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studies are needed to know whether probiotics are a safe
and effective long-term therapy for NAFLD.

To date, in children, none of the tested drugs has proved
entirely satisfactory per se in treating liver damage in
NAFLD. Therefore, as shown in Table 2, many newer trials
use combination approaches, which include different mole-
cules directed toward specific pathogenic targets, or drugs
that have shown sulfficient potential in adults with NAFLD.

Future Directions

The burden of pediatric NAFLD could reduce life ex-
pectancy in countries with a high prevalence of childhood
obesity. Diagnosis and treatment of pediatric NAFLD
represent major challenges for physicians. In order to
address these challenges, hepatologists, pediatricians, and
researchers must collaborate to gain insight into the
mechanisms of NAFLD development and progression in
children. The dissection of NAFLD pathophysiology, in both
children and adults, is needed in order to develop tools to
improve early detection and treatment of disease as soon as
possible. Furthermore, primary prevention of obesity is vital
in children because the likelihood of obese youth becoming
obese young adults with NASH is expected to increase. In
this case, age-appropriate diets may provide children with
adequate nutrition for child’s development as well as help to
prevent childhood obesity and its comorbidities.
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