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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of

chronic liver disease in children and adolescents in the United States, and

most probably also in the rest of the industrialized world. As the prevalence

of NAFLD in childhood increases with the worldwide obesity epidemic,

there is an urgent need for diagnostic standards that can be commonly used

by pediatricians and hepatologists. To this end, we performed a PubMed

search of the adult and pediatric literature on NAFLD diagnosis through May

2011 using Topics and/or relevant Authors as search words. According to the

present literature, NAFLD is suspected based on the association of fatty liver

combined with risk factors (mainly obesity), after the exclusion of other

causes of liver disease. The reference but imperfect standard for confirming

NAFLD is liver histology. The following surrogate markers are presently

used to estimate degree of steatosis and liver fibrosis and risk of progression

to end-stage liver disease: imaging by ultrasonography or magnetic

resonance imaging, liver function tests, and serum markers of liver fibrosis.

NAFLD should be suspected in all of the overweight or obese children and

adolescents older than 3 years with increased waist circumference especially

if there is a NAFLD history in relatives. The typical presentation, however, is
exclusion of other liver diseases. Overweight/obese children with normal

ultrasonographic imaging and normal liver function tests should still be

monitored due to the poor sensitivity of these tests at a single assessment.

Indications for liver biopsy include the following: to rule out other

treatable diseases, in cases of clinically suspected advanced liver disease,

before pharmacological/surgical treatment, and as part of a structured

intervention protocol or clinical research trial.
Key Words: children, histology, imaging, liver biopsy, nonalcoholic fatty

liver disease, nonalcoholic steatohepatitis, noninvasive biomarkers, obesity-

related liver disease

(JPGN 2012;54: 700–713)
O besity is a major public health concern. The rise in the
incidence of obesity diffusion is paralleled by that of its

comorbidities, including nonalcoholic fatty liver disease (NAFLD)
(1). The latter includes a spectrum of clinicopathological entities
ranging from simple steatosis through nonalcoholic steatohepatitis
(NASH) to cirrhosis and end-stage liver disease (Table 1).
The nomenclature is inconsistent, with NAFLD being both the
summarizing term for the entire spectrum of the condition and the
descriptor of the more benign forms of simple steatosis and mild
inflammation in contrast to NASH. The histopathological definition
of steatohepatitis requires at least 5% of liver cells with micro- or
macrovesicular fatty infiltration. NAFLD has become the most
common chronic hepatopathy both in adults and children. Its
histologically proven prevalence in children in the United States
(as revealed at autopsy after accidents) ranges from 9.6% in normal-
weight individuals up to 38% in obese ones (2). Due to its tendency
to progress through this spectrum in childhood (3) or after transition
into adulthood (4), early diagnosis and treatment are important
issues at all ages (5). Treatment should address not only the liver
disease itself but also the entire spectrum of comorbidities to
improve overall survival and quality of life (6).

Available diagnostic procedures include a set of clinical
signs and symptoms, laboratory and radiological imaging tests,
and a combination of clinical parameters and blood test results (7,8).
Although several of these markers are commonly used for the
diagnostic evaluation of a patient with suspected NAFLD, none
of them seems to have a high specificity and sensitivity capable
of definitely excluding another underlying liver disease. With the
rising prevalence of childhood obesity, the proportion of children
with both an underlying primary liver disease, such as autoimmune
liver disease or Wilson disease, and additional NAFLD increases,
so it becomes essential not to miss a treatable condition. Also,
duction of this article is prohibited.

distinguish simple steatosis or mild inflam-
ASH and determine the presence and stage
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TABLE 1. Definitions of the spectrum of clinicopathological entities of nonalcoholic fatty liver

Simple steatosis At least 5% of liver cells with micro- or macrovesicular fatty infiltration

NAFLD The more benign form of simple steatosis and mild inflammation
or
The summarizing term for the entire spectrum of the condition

NASH ‘‘Adult type’’: steatosis with ballooning degeneration and lobular inflammation,
with or without perisinusoidal fibrosis, and without portal inflammation

‘‘Pediatric type’’: macrovesicular hepatocellular steatosis with portal inflammation,
with or without portal fibrosis, in the absence of ballooning degeneration and
perisinusoidal fibrosis

Cirrhosis The most advanced stage of fibrosis (stage 3¼ bridging fibrosis, stage 4¼ cirrhosis)

NAFLD¼ nonalcoholic fatty liver disease; NASH¼ nonalcoholic steatohepatitis.
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of fibrosis (9). At present, liver biopsy remains the ‘‘imperfect’’
reference standard for NAFLD diagnosis (10), but it represents
an impractical screening procedure because it is both expensive
and invasive.

METHODS
We performed a PubMed search by Topics and/or relevant

Authors up to May 2011 of the adult and pediatric literature
on NAFLD diagnosis using the following terms: ‘‘fatty liver,
NAFLD, NASH, obesity-related liver disease, liver steatosis’’ with
‘‘diagnosis, genetics, obesity, imaging, liver biopsy, histology,
noninvasive biomarkers, liver tests.’’ We selected articles examin-
ing conventional and novel diagnostic options in both adults and
children. When pediatric data were not available, adult studies were
reviewed. The data were written and reviewed by panelists of the
European Society for Pediatric Gastroenterology, Hepatology, and
Nutrition NAFLD working group and by the members of the
European Society for Pediatric Gastroenterology, Hepatology,
and Nutrition Hepatology Committee.

GENETIC FACTORS
NAFLD is considered a multifactorial disease with a sub-

stantial genetic component. Several studies have shown that
some single-nucleotide polymorphisms of genes involved in
insulin sensitivity, lipid metabolism, and inflammation/fibrosis
may influence both the mechanism and the extent of hepatic
steatosis and its progression to NASH and cirrhosis (11). A non-
synonymous single-nucleotide polymorphism (rs738409) in the
gene PNPLA3 (the gene for adiponutrin, an insulin-regulated
phospholipase) is associated with hepatic steatosis but not with
insulin sensitivity or inflammatory changes at histology in adult
and pediatric populations. The 148-mol/L variant has been reported
to be associated early in life with increased levels of alanine
transaminase (ALT)/aspartate aminotransferase (AST) in a cohort
of obese children, with liver steatosis more prevalent in carriers of
two 148-mol/L alleles (12–14).

Polymorphisms of interleukin-6 (174G/C) (15) and tumor
necrosis factor (TNF)-a (16), both involved in inflammation
and insulin resistance, have been associated with NASH. A splice
mutation in the tumor suppressor gene Kruppel-like factor 6
(KLF 6) has been identified in patients with NAFLD with liver
fibrosis (17). It has been shown that variants in the UGT1A1 gene
pyright 2012 by ESPGHAN and NASPGHAN. Un

(Gilbert syndrome) contribute to increased bilirubin levels, thus
reducing the risk for NAFLD onset or development (18).
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Executive Summary

A combination of genetic and environmental factors is likely
responsible for both the development of NAFLD and its progression
from simple steatosis to NASH. Several genes involved in lipo-
genesis and inflammation have been found to have significantly
altered expression levels in adults and children with NAFLD, and
some polymorphisms in regulatory cascades may be pathogenic.
Presently, genetic factors are not relevant in the clinical approach
to children with NAFLD.

RISK FACTORS AND CLINICAL AND
LABORATORY FEATURES

NAFLD is a diagnosis of exclusion requiring careful
consideration of demographic, anthropometric, clinical, and labora-
tory features. Table 2 illustrates the large spectrum of causes of fatty
liver in children (7,19,20).

Risk Factors

NAFLD prevalence is higher in overweight (sex- and age-
specific body mass index [BMI] >85th percentile) or obese
(>95th percentile) peripubertal male children compared with
normal-weight age-matched pairs, and higher in male compared
with female age-matched individuals of the same BMI (2,21).
Although studies support the association between obesity and
NAFLD, rates of obesity and overweight among children with a
clinical diagnosis of NAFLD remain variable: Hispanic origin is a
risk factor (2,21,22), whereas black race seems to be protective (23).

Familial clustering of obesity, insulin resistance, NAFLD, or
type 2 diabetes mellitus is frequent and should raise suspicion of
NAFLD in children from such families (24,25). The prevalence of
NAFLD is higher in children older than 10 years than it is in
younger ones (2), although they do not seem more prone to NASH/
fibrosis (22). Unlike in NAFLD, male sex is not a risk factor for
NASH (26). Rapid weight increase may be a risk factor for NAFLD
in obese children (27).

Low birth weight combined with early catch-up growth is
associated with early obesity and is a risk factor for NAFLD (28),
whereas breast-feeding seems to reduce the risk (29). Consumption
of (rich in fructose) soft drinks seems to be associated with NAFLD,
independent of the metabolic syndrome (30). Obstructive sleep
apnea (OSA) is associated with insulin-resistant NAFLD, but
authorized reproduction of this article is prohibited.

it does not seem to be related to the severity of steatohepatitis
(NASH) (31).
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TABLE 2. Causes of fatty liver disease in children

General or systemic Genetic-metabolic causes
Other rare hereditary

genetic disorders Drugs’ hepatotoxicity

Acute systemic disease Cystic fibrosis and Shwachman
syndrome

Alström syndrome Ethanol

Acute starvation Wilson disease Bardet-Biedl syndrome Ecstasy, cocaine
Protein energy malnutrition a1-Antitrypsin deficiency Prader-Willi syndrome Nifedipine
Total parenteral nutrition Galactosemia Cohen syndrome Diltiazem
Obesity/metabolic syndrome Fructosemia Cantu syndrome (1p36 deletion) Estrogens
Polycystic ovary syndrome Cholesteryl ester storage disease Weber-Christian disease Corticosteroids
Obstructive sleep apnea Glycogen storage disease

(types I and VI)
Amiodarone

Rapid weight loss Mitochondrial and peroxisomal
defects of fatty acid oxidation

Perhexiline

Anorexia nervosa Madelung lipomatosis Coralgil
Cachexia Lipodystrophies Tamoxifen
Inflammatory bowel disease Dorfman-Chanarin syndrome Methotrexate
Celiac disease Abeta or hypobetalipoproteinemia Prednisolone
Hepatitis C a- and b-oxidation defects Valproate
Nephrotic syndrome Porphyria cutanea tarda Vitamin
Type 1 diabetes mellitus

and Mauriac syndrome
Homocystinuria L-asparaginase

Thyroid disorders Familial hyperlipoproteinemias Zidovudine and
HIV treatments

Hypothalamo-pituitary disorders Tyrosinemia type 1 Solvents
Blind loop (bacterial overgrowth) Bile acids synthesis defects Pesticides

Congenital disorders of glycosylation
Turner syndrome
Organic acidosis
Citrin deficiency
HFE (hemochromatosis)

Modified from (7,19,20). Exclusions should be adjusted to age and clinical presentation. In infants and young children, NAFLD is hardly to be expected,
whereas genetic, metabolic, syndromic, and systemic causes should be primarily considered guided by clinical signs and symptoms. In children older than
10 years, NAFLD is expected when�1 features of the metabolic syndrome are present; still, Wilson disease and a1-antitrypsin deficiency should be excluded

Vajro et al JPGN � Volume 54, Number 5, May 2012
Clinical Features

Clinically, most pediatric patients with NAFLD/NASH
have nonspecific symptoms. Some complain of fatigue, malaise,
or vague abdominal pain (42%–59% of cases), especially in the
right upper quadrant, which has been associated with the more
progressive form of NASH (2). Acanthosis nigricans is a clinical
marker of hyperinsulinemia and has been observed in one-third to
half of the children with biopsy-proven NAFLD (23). Hepatome-
galy can be frequently detected (up to 50% of cases) (21,22).

Anthropometric Features

Visceral adiposity, which may be related to a state of insulin
resistance, is a major contributor to fatty liver, representing a more
influential component than BMI in predicting liver steatosis.
Unfortunately, indirect measurements of visceral adiposity used
in adult studies such as waist-to-hip ratio are not appropriate for
childhood because they change with age and have poor correlation
with measures of adiposity measured by DEXA (32,33). In children,

and autoimmune hepatitis should be considered.
pyright 2012 by ESPGHAN and NASPGHAN. Un

waist circumference alone represents a practical anthropometric
parameter to identify central adiposity and it may predict increased
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risk for insulin resistance and the metabolic syndrome (34). Specific
percentiles have been developed for children ages 5 to 16 years (35)
and 11 to 18 years (36). The importance of waist circumference
measurement in childhood NAFLD is well established (37).
Lin et al (37) showed that in obese children and adolescents, for
every 5-cm increase in waist circumference, there was an odds ratio
of 1.4 for predicting ultrasonographic liver steatosis, but no details
on percentiles were given. Increased waist circumference is also
associated with increased hepatic fibrosis (38). There is a need for
standard international waist circumference charts.

Laboratory Tests

In clinical practice the diagnosis of NAFLD is usually
suggested by finding elevated serum hepatobiliary enzymes
(mostly ALT and g-glutamyl transpeptidase [GGT]), and/or evi-
dence of a bright liver on ultrasound (US), most frequently among
overweight/obese children (27,39,40).

Serum ALT activity is a widely available and inexpensive test
for the screening and initial evaluation of NAFLD. The sensitivity of
authorized reproduction of this article is prohibited.

this biochemical marker, however, remains low because a number of
adult and pediatric patients may present ALT values in the normal
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range (41). In fact, determining an ALT cutoff for NAFLD has been
the subject of some debate. In a study involving 72 obese children
with NAFLD, an ALT >35 IU/L had a sensitivity of 48% and
specificity of 94% for detecting steatosis >5% as measured by
magnetic resonance imaging (MRI) (42). More recently, the Screen-
ing ALT for Elevation in Today’s Youth (SAFETY) study has shown
that in American laboratories conventional ALT cutoff values are set
too high for the reliable detection of pediatric chronic liver disease,
including NAFLD. In the National Health and Nutrition Examination
Survey (NHANES) study, the 95th percentile levels for ALT in
healthy weight, metabolically normal, liver disease–free patients
were 25.8 U/L (boys) and 22.1 U/L (girls) (43). Comparable con-
clusions were also reached in the European pediatric population (44).

It is now widely accepted that the degree of ALT elevation
does not correlate with the presence (42,45) or severity of histo-
logical findings of NAFLD (40). A number of children with normal
ALT or minimal serum ALT elevation may have advanced fibrosis
on liver biopsy. The natural history of the disease is not yet well
determined in children, but at times ALT tends to fluctuate and may
even normalize (22,41). High serum levels of GGT represent a risk
factor for advanced fibrosis in NAFLD (46).

NAFLD may be considered the hepatic manifestation of the
metabolic syndrome, which is defined by the presence of visceral
obesity, hypertension, insulin resistance or diabetes, dyslipidemia,
and hyperuricemia. Hyperinsulinemia, due to insulin resistance,
most probably represents the first pathogenetic hit of NAFLD (47).
It is a sensitive but nonspecific predictor of NAFLD (48), and hence
unsuitable as a single indicator of NAFLD; however, it may be a
predictor for progressive hepatic fibrosis (21,26). Abnormalities in
the oral glucose tolerance test also may suggest NAFLD (49).

Hypertriglyceridemia is another biochemical marker fre-
quently reported in obese children with NAFLD (21). Oliveira
et al (50) showed a positive correlation between ALT and trigly-
ceride values among pediatric patients. Others showed that among
patients with suspected steatohepatitis, ALT concentration was
significantly higher in subjects with elevated triglycerides (51).
Finally, in children with NAFLD, an atherogenic lipid profile

JPGN � Volume 54, Number 5, May 2012
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correlates with severity of liver injury (52). High levels of serum
uric acid have been reported in the majority of subjects with the

TABLE 3. Laboratory workup in children with suspected NAFLD

Metabolic function and liver tests
Basic profile: blood counts, standard liver function tests, fasting glu

ALT/AST ratio
Lipid profile (cholesterol, triglycerides, HDL-cholesterol, LDL-chol
Glucose tolerance test (OGTT), glycosylated hemoglobin
Calculation of HOMA-IR, ISI-gly as markers for insulin resistance
Thyroid function tests

Tests for exclusion of other main causes of hepatic steatosis
Serum lactate, uric acid, iron, ferritin, pyruvate
Serum copper, ceruloplasmin levels, 24-hour urinary copper
Sweat test
Antibodies against tissue transglutaminase IgA and total IgA
a1-Antitrypsin levels and phenotype when indicated
Amino and organic acids
Plasma-free fatty acids and acyl carnitine profile
Urinary steroid metabolites
Other specific tests as suggested by history and examination (eg, vi

Modified from (7,8). ALT¼ alanine aminotransferase; AST¼ aspartate am
model assessment; INR¼ international normalized ratio; ISI-gly¼ insulin s
tolerance test.

www.jpgn.org
metabolic syndrome, and has been proposed as an independent
predictor of NAFLD both in adults (53) and children (49), probably
as a marker of high fructose consumption that correlates with the
progression of fibrotic changes (30). Serum IgA level is elevated
in about 25% of cases of NAFLD-NASH, but its meaning and
diagnostic value are still not clear. High levels of IgA antibodies
against tissue transglutaminase have been reported in several chronic
liver diseases, including NAFLD (54). Silent celiac disease and fatty
liver have been reported to coexist in unrecognized obese children
(55).

Increased titers of serum nonorgan-specific autoantibodies
(particularly anti-nuclear antibody and anti-smooth muscle anti-
body) have been reported in up to one-third of all of the investigated
patients, both in adults (56) and children (26), and may require
immediate definitive further investigation to rule out associated
autoimmune hepatitis. Table 3 summarizes the biochemical
markers routinely performed in clinical practice in suspected
pediatric NAFLD (7,8).

Executive Summary

The panel agreed that careful consideration of a series of
anthropometric, demographic, clinical, and laboratory features
may offer a clue to the identification of NAFLD risk. Acanthosis
nigricans and increased waist circumference are warning signs for
NAFLD. ALT in combination with liver ultrasound is an indicator
of NAFLD, but normal ALT does not exclude liver steatosis or
its progression to severe fibrosis and cirrhosis. Insulin resistance
and increased triglyceride concentration are additional risk factors
of NAFLD. These factors were identified based on observational
studies that associated NAFLD with clinical, anthropometric, and
laboratory parameters.

DIFFERENTIAL DIAGNOSIS
Abnormal serum aminotransferases in overweight or obese

patients are not diagnostic of NAFLD/NASH. Other causes of

Diagnosis of NAFLD in Children and Adolescents
authorized reproduction of this article is prohibited.

muscle (57) and treatable liver disease should be ruled out, with
special emphasis on celiac disease–related hepatopathy (55),

cose and insulin, urea and electrolytes, coagulation, INR,

esterol), lipoproteins

ral hepatitis panel, serum immunoglobulins, liver autoantibodies)

inotransferase; HDL¼ high-density lipoprotein; HOMA-IR¼ homeostatic
ensitivity index; LDL¼ low-density lipoprotein; OGTT¼ oral glucose
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Wilson disease (58), and autoimmune hepatitis (56,26). ALT serum
levels alone are a useful tool, but they are not adequate as a single
marker for diagnosing NAFLD. The presence of hepatomegaly or
splenomegaly is suggestive of advanced liver disease, which calls
for a rapid and complete assessment, including early liver biopsy to
exclude other etiologies (19).

The differential diagnosis of NAFLD/NASH is detailed in
Table 2 and the proposed workup is outlined in Table 3. NAFLD
usually does not occur in extremely young children (younger than
3 years) and is rare in children younger than 10 years. Differential
diagnosis should be based first on clinical features, then on blood
tests, and finally liver biopsy must be considered (Fig. 1).

Executive Summary

The panel indicates a high suspicion of metabolic disorders
as cause of fatty liver in young children. NAFLD hardly occurs in
children younger than 3 years and is rare in children younger than
10 years. Thus, young children require a detailed diagnostic work-
up to exclude other etiologies. In older children and teenagers, some
metabolic disorders should also be considered for differential
diagnosis. Obesity per se does not justify making the diagnosis
of NAFLD in patients with increased transaminase activity.

THE REFERENCE STANDARD: LIVER BIOPSY

Vajro et al
pyright 2012 by ESPGHAN and NASPGHAN. Un

Liver biopsy is the test with the highest discrimination for
excluding other potentially treatable conditions. It is also the only

Obese children and adol

Perform LFTs and sonogra

If US hyperec

Consider age,

Infants & children <3 y
(NAFLD less probable)

NA
b
vi

If 

Consider liver biopsy after completion
of laboratory diagnostic workup C

Suspect first other disease: genetic/
metabolic, syndromic, systemic

causes workup
NAFLD diagnosis must be critically

questioned

If normal

Follow for central obesity &
consider fatty liver at MRI if clinical

signs of insulin resistance (IR)

Nonobese children
adolescents
with hyper-

transaminasemia
and hyperechogenic

liver

FIGURE 1. Overall management algorithm for children with sus
disease; LFTs¼ liver function tests; MRI¼magnetic resonance im
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single test that can reliably distinguish between simple steatosis
(NAFLD) and NASH. As summarized in Table 1, it provides
important information regarding the degree of liver damage,
changes in the liver architecture, and severity of inflammatory
activity and fibrosis (59). Normal liver function tests do not exclude
any degree of NAFLD-related liver injury (41). Furthermore,
evaluation of liver biopsy may be essential for detecting coexisting
diseases (eg, for diagnosis of autoimmune hepatitis).

The principal histological features of NASH include the
presence of macrovesicular fatty changes of hepatocytes with
displacement of the nucleus to the edge of the cell, ballooning
degeneration of hepatocytes, and a mixed lobular inflammation.
Other features, such as perisinusoidal-pericellular fibrosis, Mallory
hyaline, megamitochondria, acidophil bodies, and glycogenated
nuclei, can be present but are not mandatory to establish the
diagnosis of NASH (60).

In an effort to standardize the histological criteria, the
National Institute of Diabetes and Digestive and Kidney Disease
sponsored the NASH Clinical Research Network to develop
the NAFLD activity score (NAS) (59). This score is based on
the classification proposed earlier by Brunt et al (61) and consists
of an unweighted sum for each of the following lesions: steatosis
(0–3), lobular inflammation (0–3), and hepatocellular ballooning
(0–2). A score�5 is strongly suggestive of NASH, whereas a score
<3 is largely consistent with the absence of NASH; however, the
NAS cannot replace a pathologist’s diagnosis of steatohepatitis.

JPGN � Volume 54, Number 5, May 2012
authorized reproduction of this article is prohibited.

Furthermore, its utility in assessing the response to therapeutic
intervention remains to be determined.

escents

phy in all

hogenicity or increased AST/ALT

 history, and physical examination

Children >10 y
(NAFLD more probable)

Children 3-10 y
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The histopathological features of NASH in children
differ from those found in adults. In a study by Schwimmer et al
(22), 100 consecutive liver biopsies of children with NASH,
mostly overweight or obese, were analyzed. Based on their analysis,
the authors suggested 2 distinct pathological subtypes. Type 1
resembling the adult pattern, characterized by steatosis with
ballooning degeneration and lobular inflammation, with or without
perisinusoidal fibrosis and without portal inflammation, was seen
in 17% of cases. Type 2 was the predominant pattern described in
51% of children, and was defined by macrovesicular hepatocellular
steatosis with portal inflammation, with or without portal fibrosis,
in the absence of ballooning degeneration and perisinusoidal
fibrosis. Studies from Europe (62) and North America (63) have
verified that the minority of children have the adult (type 1) pattern
of NAFLD. In both of these studies, biopsy findings were more
often in an ‘‘overlap’’ category (51% and 82%, respectively) than in
the type 2 category (60). It is presently unknown what underlies the
different histological patterns and whether they represent the hall-
mark of differences in natural history, etiopathogenesis, prognosis,
or response to treatment (22,60).

Considering that percutaneous liver biopsy samples only
1:50,000th of the liver, sampling error is an obvious limitation,
which can lead to misdiagnosis and staging inaccuracies. In a
study of 51 adult patients with NAFLD, 2 consecutive liver
biopsies of the right and left hepatic lobes revealed a statistically
significant discordance in steatosis measurements (>20% of
hepatocytes affected), inflammation (>1 grade), and fibrosis
(>1 stage) in 18%, 41%, and 43% of the patients, respectively
(10). Multiple biopsy passes seem to lead to a more accurate
diagnosis (64).

Liver biopsy may not be proposed as a screening procedure
because it is an invasive technique associated with life-threatening
complications in both adults and children; however, it has recently
been shown that this procedure can be carried out safely in obese
children with no increase in complication rate compared with
nonobese children (62,65,66). Its high cost is also a problem.

Another consideration is the timing for liver biopsy. Some
investigators recommend performing liver biopsy before starting
any type of pharmacological treatment (62). A practical approach
could be to wait 6 months while awaiting the results of dietary and/
or exercise as intervention. If no response on biochemical and/or
ultrasonographic NAFLD surrogate markers is obtained, then
one should consider histological evaluation (26,67). The European
Association for the Study of Liver suggests performing a biopsy in
adult patients in whom advanced fibrosis is suspected and avoiding
biopsies in patients who are actively undergoing lifestyle modifi-
cations (68).

It seems reasonable that in pediatrics liver biopsy should
be indicated to exclude treatable disease, in cases of clinically
suspected advanced liver disease, before pharmacological/surgical
treatment, and as part of a structured intervention protocol or
clinical research trial. No evidence-based recommendation,
however, exists in this regard. Roberts et al (19) proposed biopsy
criteria for children affected by NAFLD. These included young age
(<10 years), family history of severe NAFLD, presence of hepa-
tosplenomegaly at physical examination, and abnormal laboratory
results. The latter include marked and persistent hypertransamina-
semia, severe insulin resistance, presence of nonorgan-specific
autoantibodies, and inconclusive results from biochemical tests
for other liver pathologies such as Wilson disease. Children
with hypothalamic dysfunction have been shown to be at risk for
a rapid rate of NAFLD progression, and therefore may justify
a liver biopsy. There is no present consensus or evidence base to
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advise on the timing of or necessity for subsequent histological
monitoring.
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Executive Summary

Liver biopsy is required for definitive diagnosis of NAFLD.
Due to its invasive nature and high cost, liver biopsy is not proposed
as a screening procedure. Indications for liver biopsy are still
discussed and there is no present consensus or evidence base to
formulate guidelines. Indications for liver biopsy are based on
expert opinions and take into consideration differential diagnosis
and the risk of progression of liver disease to cirrhosis.

The panel accepted in general the criteria of Roberts et al
and summarized indications for liver biopsy as follows: to exclude
other treatable disease, in cases of clinically suspected advanced
liver disease, before pharmacological/surgical treatment, and as
part of a structured intervention protocol or clinical research trial.
For differential diagnosis, liver biopsy should be considered the last
test after noninvasive biochemical and metabolic tests.

IMAGING METHODS
Table 4 shows a comparison of the main available imaging

techniques versus liver biopsy. Most of these studies refer to adult
NAFLD because there are no studies performed on large samples of
children with NAFLD (69,70).

Ultrasonography is the most common imaging technique
used for NAFLD screening because it is safe, widely available,
relatively inexpensive, and can detect any evidence of portal
hypertension (69). Steatosis appears as a bright or hyperechoic
liver as compared with the adjacent right kidney or spleen. The
degree of fatty infiltration is visually assessed by degree of echo-
genicity. Echogenicity is measured as a progressive increase in fine
echoes of liver parenchyma (grade 0–3 compared with intrahepatic
vessel borders). Posterior attenuation and/or skip areas are closely
related to steatosis >30%. As shown in Table 4, when compared
with liver biopsy in the adult population, this technique has a
sensitivity ranging from 60% to 96% and a specificity ranging
from 84% to 100% (71,72). When the percentage of steatosis
is �20%, sensitivity and specificity increase to 100% and
90%, respectively (72); however, early studies reported a lower
sensitivity when fat content was<30% (73). In children its accuracy
has been evaluated only in 1 study that reported comparable
results (74). Other limitations of US are that it is operator dependent
and that it does not easily distinguish liver steatosis from fibrosis.
More recently, Palmentieri et al (75) reported that in their hands a
bright liver echo pattern is associated only with steatosis and not
with fibrosis. US hepatic-renal ratio has been shown to accurately
measure fat content compared with magnetic resonance spectro-
scopy (MRS) (76) and has not been fully validated in children (77).
Finally, it is evident that when fatty liver is suspected by US, a wide
series of causes of liver steatosis other than NAFLD need to be
excluded on clinical and laboratory bases (Table 2).

Unenhanced computed tomography (CT) is a more
specific technique than US for the quantitative detection of fatty
liver. The CT diagnosis of hepatic steatosis is made by measuring
the difference in liver and spleen attenuation values expressed in
Hounsfields units. In a study in adults with NAFLD, CT sensitivity
and specificity compared with liver biopsy were 82% and
100%, respectively (78) (Table 4). The authors concluded that
the diagnostic performance of unenhanced CT in the quantitative
assessment of macrovesicular steatosis is not clinically accepted.
This feature, together with unnecessary exposure to ionizing
radiations, limit the potential use of CT in longitudinal studies,
especially in children.

MRI, using the double-gradient echo chemical shift

JPGN � Volume 54, Number 5, May 2012
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imaging technique, increasingly has been shown to reliably measure
fat infiltration of the liver. This method differentiates tissues
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containing only water from those containing both fat and water.
This noninvasive and nonirradiating technique is of great interest
for use in children. At the moment, limited data are available
regarding the utility of hepatic fat quantification in pediatric
NAFLD (79). A study involving 50 obese children with NAFLD
showed good correlation between MRI and US (P< 0.0001),
especially in patients with moderate and severe steatosis (80).
In that study, however, there was no comparison with liver biopsy.
In adults, sensitivity and specificity of MRI compared with
histopathological findings are 100% and 90.4%, respectively
(81) (Table 4). Furthermore, MRI is not subject to interobserver
variation and may be more useful than US for monitoring children
with fatty liver. It can prove useful in identifying fat regression
or progression, especially when the grade is mild (82). Novel
approaches have been proposed to improve the accuracy of the
technique (83).

An emerging imaging modality for the quantitative assess-
ment of hepatic steatosis is 1H-MR spectroscopy (1H-MRS).
This technique grades hepatic triglyceride content by directly
measuring protons in the acyl groups of the liver tissue triglycerides.
Sensitivity and diagnostic precision in adults range from 87% to
100% and from 80% to 85%, respectively (84). MRS has been
applied successfully in a pediatric pilot study to measure hepatic fat
content in patients with biopsy-proven NASH before and after
pharmacological treatment (85). At present, it is the most accurate
method in which fat content is <10%, and a recent meta-analysis
confirmed that MRI and 1H-MRS are the techniques of choice for
accurate evaluation of steatosis (86); however, MRS is not widely
performed because it is time-consuming and requires off-scan
analysis by an expert. Because of these limitations, MRS at present
seems to be most appropriate for research studies at specialized
centers and is not suitable for widespread use.

The fibroscan is a new medical device using transient
elastography to evaluate liver fibrosis based on stiffness in a
noninvasive, rapid, painless, and reproducible way. Promising
results were first shown in adults with chronic hepatitis C (87).
Fibroscan has correlated well with hepatic histology both in adults
(88) and in children (70) with chronic liver disease including
NAFLD. In adults, sensitivity ranges from 81% to 85%, and
specificity from 74% to 78%. (89) (Table 4). The limitation of
this technique is that fibrosis may be mistaken for steatosis in adult
patients with a BMI >28 (89). In addition, this technique is not yet
performed in everyday clinical practice. Finally, its resolution is not
sufficient to detect changes in fibrosis over time and after treatment.

A few studies have demonstrated the accuracy of this tech-
nique in assessing hepatic fibrosis in children with NAFLD.
Unfortunately, at the present time, the probe size is not appropriate
for smaller children (70,88). Most recently normal values of liver
stiffness in children ages 7.5 to 8.6 years, using a pediatric probe,
have been proposed (90). The results showed that a wide difference
exists between values obtained using adult and pediatric probes.
Further validation of transient elastography is necessary before it
can be adopted for the stratification of NAFLD in childhood either
alone or in association with other noninvasive approaches.

Magnetic resonance elastography (MRE) uses a modified
phase-contrast MRI sequence to visualize propagating share
waves in tissues. It could be a convenient complement to MRS
to estimate noninvasively the degree of steatosis and degree of liver
stiffness; however, further studies are required before MRE can be
introduced in clinical practice. Its association with laboratory
tests (eg, AST/platelet ratio index, GGT levels) may improve the
specificity and sensitivity of the noninvasive estimation of liver
fibrosis (46,91). At the moment there are no data concerning the

JPGN � Volume 54, Number 5, May 2012
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use of MRE in children. Therefore, we consider this technique to
be experimental.
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Executive Summary

Diagnosis of NAFLD in Children and Adolescents
mon
au

has
adu
Accurate noninvasive imaging techniques to diagnose and
itor NAFLD are being developed, as follows:
1. U
ltrasounds are safe, but they are limited by the inability to
quantify steatosis or fibrosis.
MRI is not cost-effective, even if with certain modifications
2.
i
t could enable rapid, reproducible measurements of steatosis
and fibrosis.
Fibroscan has been used in children with NAFLD, but in its
3.
present state of development it is not yet suitable for widespread
use in these patients.

NOVEL NONINVASIVE LABORATORY
ASSESSMENT OF NAFLD STAGES AND GRADES

Despite the high prevalence of pediatric NAFLD, few
studies have evaluated noninvasive markers for the prediction of
hepatic steatosis and progression to steatohepatitis in children.
Logical markers would reflect the most common pathogenic
mechanisms underlying NAFLD. Some of these are highlighted
here.

Serum Markers of Hepatic Inflammation

An imbalance between several proinflammatory (TNF-a;
resistin, interleukin-6) and anti-inflammatory cytokines (adipo-
kines [eg, adiponectin]) seems to be involved in the progression
from simple steatosis to NASH (92). Therefore, a variety of
biomarkers of hepatic inflammation have been proposed as
surrogate markers for diagnosing NASH both in adult and pediatric
ages.

Low serum levels of adiponectin have been reported in
pediatric patients with NASH with normal levels of proinflam-
matory cytokines, suggesting that adiponectin may play a role in
both the pathogenesis and disease progression (93). As such, it may
serve as a noninvasive biomarker.

Serum leptin has been implicated in disease progression
because of a direct profibrotic effect (94). High levels of serum
TNF-a (a major inflammatory cytokine that is also secreted by
adipose tissue, and antagonizes the effects of adiponectin) and
serum leptin correlated well with histological features of steato-
hepatitis in a cohort of histologically proven NAFLD in children
(95).

Retinol-binding protein 4, another adipokine that is associ-
ated with insulin resistance, has been shown in a pediatric cohort of
59 children with biopsy-proven NAFLD to be inversely correlated
to degree of liver damage (96).

A recent study in a pediatric cohort with biopsy-proven
NAFLD showed that serum levels of endotoxin and plasminogen
activator inhibitor-1 may serve as a reliable marker of NASH,
suggesting that endotoxin may participate in the progression from
NAFLD to NASH (97).

Although several groups have investigated circulating
cytokine levels and their correlation with disease severity, there
are no data at the present time supporting their generalized use in the
diagnosis of NASH in adults and children.

Another inflammatory biomarker that seems involved in
NAFLD progression is C-reactive protein, an acute-phase reactant
synthesized in the liver. This marker is frequently elevated in
subjects with metabolic syndrome and represents an independent
predictor of NAFLD (32). High-sensitivity C-reactive protein
thorized reproduction of this article is prohibited.

been reported as a potential marker of severity of fibrosis in
lt NASH (98).
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Increased plasma ferritin levels are seen in 20% to 50% of
adults with NAFLD and elevated transferrin saturation in 5% to
10% (99). These data also have been reported in pediatric patients
with NAFLD as a marker of systemic inflammation rather than a
marker of iron overload (32). An association with a heterozygosity
for human hemochromatosis (HFE) gene has been described both in
adults (100) and in children (32).

Another important mediator of hepatic insulin resistance,
fetuin-A, has been described in children with metabolic syndrome
and fatty liver. Fetuin-A was significantly higher in obese children
with NAFLD versus controls and decreased considerably in those
who lost weight, suggesting its role as a potential biomarker for
diagnosis and assessment of treatment response (101).

Markers of Oxidative Stress

Enhanced oxidative stress (OS) has long been recognized as a
mechanism involved in liver damage and disease progression in
human and animal models of NASH. Several oxidation pathways
may play a role in the overproduction of reactive oxygen species.
A number of studies have attempted to elucidate whether measure-
ment of systemic markers of OS may reflect the levels of OS present
in the liver (102).

Chalasani et al (103) measured circulating levels of lipid
peroxidation products and their metabolic and nutritional correlates
in 21 adults with NASH and 19 matched controls. Although patients
with NASH had higher serum levels of oxidized low-density
lipoprotein and thiobarbituric acid–reacting substance, these
differences were not significant in multivariate analyses and total
antioxidant status did not differ between groups. In 59 children
with NAFLD versus controls and hepatitis C virus, hepatic lipid
peroxidation (studied as hepatic malondialdehyde) was increased,
but without differences in NAFLD versus NASH (104). In another
study involving 36 children with NAFLD, increased serum levels of
protein glutathionylation were detected, showing a correlation of
this OS marker with histological steatohepatitis and liver fibrosis
(105). Similar results were seen in 40 children with biopsy-proven
NAFLD in which OS was evaluated with serum protein carbonyls,
hepatic expression of 8-hydroxy-2-deoxyguanosine, and circulating
antibody against malondialdehyde-adducted human serum albumin
(106).

Bilirubin has known antioxidant properties, and variants
in the UGT1A1 gene (Gilbert syndrome) contribute to increased
bilirubin levels and reduced risk for onset or development of
NAFLD (16).

Markers of Apoptosis

Several groups have reported that serum markers of
hepatocyte apoptosis can discriminate NASH from benign steatosis.
Cytokeratin 18 (CK18) is an intracellular intermediate filament
protein expressed at high levels by hepatocytes. Caspase-cleaved
CK18 fragments represent an indirect measure of cell death; high
serum levels have been reported in adults with NASH and these
levels correlate well with disease stage on biopsy (107). In a
pediatric study, Vos et al (108) showed that CK18 levels are
elevated in patients with NAFLD compared with normal-weight
controls and obese individuals without liver involvement. Levels
in NASH were higher than in simple steatosis without reaching
statistical significance. A more recent work showed instead
that CK18 M30 levels were significantly higher in patients with
NAFLD than in controls (median 288 vs 172 IU/L) and in those
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with steatohepatitis (median 347 IU/L) versus simple steatosis
(NAS <3; median 191 IU/L). Significant fibrosis (�F2) could be
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differentiated from no/minimal fibrosis (<F2) (median 393 vs
243 IU/L) (109). Further studies in the pediatric population are
necessary to confirm the usefulness of this marker in stratifying
disease severity with its potential use in the longitudinal monitoring
of disease progression in pediatric NAFLD.

Markers of Hepatic Fibrosis

The increasing number of children with NAFLD is anti-
cipated to lead sooner or later to the increased prevalence of
liver cirrhosis and hepatocellular carcinoma. Several noninvasive
approaches have been proposed as a replacement for, or to be used
with, the histopathological analysis of liver biopsy.

A combination of several demographic, anthropometric,
and laboratory features has been assessed both in adults and
children as predictors of liver fibrosis. Among demographic factors,
age was significantly associated with the presence of fibrosis in
a pediatric study (62), but it was not in a previous study (21).
In these studies, children with (perisinusoidal) fibrosis tended to be
more obese than children without fibrosis. Children with moderate
fibrosis may have a greater degree of insulin resistance than those
with mild fibrosis (22,26).

Nonspecific Markers of Liver Fibrosis

An AST/ALT ratio >1 may indicate advanced fibrosis,
but sensitivity is poor (26). High AST/platelet ratio index is
promising in adults (110) but requires further validation in children
with NAFLD. As previously mentioned, high levels of GGT are
associated with histological findings of advanced fibrosis (22,26).
Recently, waist circumference is the only component of the meta-
bolic syndrome to have been shown to contribute to liver fibrosis in
children with NASH (38).

An increasing number of serum fibrosis markers panels
have been introduced in the last several years, reflecting the lack
of validated noninvasive measures of hepatic fibrosis in NAFLD
(111). Most of the studies were conducted in adults. The most
widely validated fibrosis marker panel is the FibroTest (including
total bilirubin, GGT, a2 macroglobulin, apolipoprotein A1,
haptoglobin, corrected for age and sex; Biopredictive, Paris,
France) (112). This panel, originally described in patients with
chronic hepatitis C virus, has shown good correlation with liver
biopsy results in patients with NAFLD (89). Another panel, the
FIB4 index (based on age, AST and ALT levels, and platelet
counts), has been shown to be superior to 7 other noninvasive
markers of fibrosis in adult patients with NAFLD (113). A non-
invasive index called the pediatric NAFLD fibrosis index calculated
based on age, waist circumference, and triglycerides seems to
predict the presence of fibrosis in children with NAFLD, but still
needs to be cross-validated, especially for longitudinal assessment
of fibrotic changes (114,115) (Table 5).

Fibrosis Markers

The European liver fibrosis (ELF) panel, which includes
hyaluronic acid (HA), amino-terminal propeptide of type III
collagen, and tissue inhibitor of metalloproteinase I, has been pro-
posed as a screening test for progressive fibrosis, with a good
predictive capability. A study assessed ELF score in predicting
liver fibrosis in children with NAFLD. It showed a high degree
of sensitivity and specificity, compared with liver biopsy (115)
(Table 5). The combination of ELF panel and NAFLD fibrosis index
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in children was significantly better in differentiating any fibrosis from
no fibrosis with an AUC of 0.944 (95% CI 0.917–0.99) (116).
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TABLE 5. Fibrosis markers panels evaluated in children with NAFLD

Test (reference) Age Components Proprietary
AUROC for

F2–4 vs F0–1 Sensitivity Specificity Comparison

PNFI in pediatric
age (114)

P Age, waist circumference,
triglycerides

No 0.85 (0.80–0.90) PPV 98.5%
(PNFI >9)

NPV 44.5%
(PNFI >9)

Histology

ELF in pediatric
age (115)

P Hyaluronic acid, TIMP-1,
PIII-NP

No 0.98 (0.96–1.00) 94% 93% Histology

AUROC¼ area under receiver operator curve; ELF¼European liver fibrosis; P¼ pediatric patients; PNFI¼ pediatric NAFLD fibrosis Index; PIII-NP¼
rote
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In children, serum HA and/or laminin has already been
shown to be promising for the prediction of hepatic fibrosis in
children with other chronic hepatopathies (117). It has been shown
that the serum levels of HA alone are predictors of the degree of
hepatic fibrosis in children with NAFLD (118). If these data are
confirmed by further studies, HA may allow a simple and efficient
screening of patients at risk for progressive liver disease needing
further investigation, including the execution of liver biopsy, in
specialized centers. The combination of HA and tissue inhibitor of
metalloproteinase I with clinical variables (age) seemed to represent
a reliable noninvasive serum marker of fibrosisþ inflammation that
predicted the presence of NASH in a pilot cohort of adults with
NAFLD (119).

OTHER BIOCHEMICAL PREDICTORS
Poynard et al (120) reported a combination of markers for

steatosis referred to as the Steatotest. This test combines 10 blood
components readily available in every laboratory (cholesterol,
triglycerides, glucose, AST, ALT, GGT, bilirubin, haptoglobin,
a2 macroglobulin, and apolipoprotein A1) with age, sex, and
BMI. Concordance of this test with biopsy for steatosis detection
has been demonstrated to be higher than US (P¼ 0.02) and more
sensitive for the follow-up of treated patients. Recently, the same
group also developed the NashTest, which includes AST in addition
to the components of the SteatoTest. This panel has demonstrated
good sensitivity and high specificity in a large cohort of adult
patients for the diagnosis of NASH versus no NASH or borderline
cases as compared with the NAS (121). A study with 2 concomitant
percutaneous liver biopsies in patients with NAFLD showed a high
risk of misdiagnosis of NASH and fibrosis staging with a lack of
accuracy versus liver biopsy, probably also because the histological
lesions could be unevenly distributed throughout the liver parench-
yma (10). Finally, the FibroMax Test (FibroTestþSteato-
SteatoTestþNashTest) (122) has been introduced in adults as a
simple, noninvasive marker that indirectly estimates histological
findings. At the moment it needs further investigation to establish
its accuracy, especially in the pediatric age group. These predictive
tests (generally reaching an AUC of approximately 0.80 � 0.10 in
adults) could limit the need for liver biopsy (115) because of its
inherent risk of sampling error.

Executive Summary

Development of noninvasive methods is needed to identify
children with NAFLD and predict those at increased risk for
progression to NASH.

Markers of inflammation, OS, apoptosis, and fibrosis have
been reported from several groups trying to discriminate NASH

N-terminal peptide of procollagen III; TIMP I¼ tissue inhibitor of metallop
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from benign steatosis. The panel agreed that larger groups are
needed to validate these reported diagnostic test characteristics in
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pediatric fatty liver disease before they can be applied in clinical
practice.

FUTURE RESEARCH DIRECTIONS
Any future research direction should take account of

proteomic methodologies that include the isolation, identification,
and quantification of proteins by means of surface-enhanced laser
desorption/ionization time-of-flight mass spectrometry (123). The
identification of novel proteins (eg, related to double-charged ions
of a- and b-hemoglobin subunits) by proteomic profiling predictive
of NASH in obesity will probably be helpful for the definition of
NAFLD disease subphenotypes and for the response to therapy. In a
study involving 69 patients with varying stages of NAFLD among
>1700 identified serum proteins, expression levels of 55 and
15 proteins changed significantly between the simple steatosis
and NASH F3/F4 group and the overall NASH plus NASH
F3/F4 group, respectively. Classification of proteins with signifi-
cant changes showed an involvement in immune system regulation
and inflammation, coagulation, cellular and extracellular matrix
structure and function, and roles as carrier proteins in the blood.
Furthermore, many of these proteins are synthesized exclusively by
the liver and could serve as diagnostic biomarkers for identifying
and staging NAFLD (124).

It is hoped that growing information on the underlying
susceptibility of genetic factors to NASH and/or type of prognosis
in affected individuals will lead to a reduction in the rate of
liver biopsies to screen for NASH and will probably prove useful
in the management of at-risk obese children for early diagnosis,
monitoring, and tailored treatments.

Executive Summary

NASH is a complex multifactorial metabolic disease as a
consequence of a wide variety of insults. Improved understanding
of pathogenesis through genetic and familial studies is a
challenge for the near future. Strategic information will come from
large population-based epidemiological studies ongoing around
the world. Newly developed techniques in the proteomic field may
help us to identify validated criteria in the selection of children
who should undergo more extensive evaluation.

CONSIDERATIONS AND CONCLUSIONS
NAFLD is still underdiagnosed in children. Its recognition is

based on detection of fatty liver combined with risk factors (mainly
central obesity/overweight) and exclusion of other liver diseases.
The reference but imperfect standard for confirming liver steatosis
and/or NASH is liver biopsy, which has important limitations,
including its risks/complications, cost, and possible sampling error.

inase I.
authorized reproduction of this article is prohibited.

Some noninvasive surrogate markers have been developed aimed at
assessing the degree of steatosis, inflammation and fibrosis, and the
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risk of progression to end-stage liver disease. Among these,
liver imaging (ultrasonography or MRI), liver function tests
(ie, transaminases ratio, GGT levels), and specific or nonspecific
markers of liver fibrosis are used increasingly. Their diagnostic
accuracy compared with liver biopsy has been evaluated in children
rarely and further studies are needed to establish the sensitivity
and specificity of these methods in this age range. In the future, the
increasing understanding of the pathogenic mechanisms underlying
disease progression of NAFLD will, it is hoped, result in the
development of new, specific markers. Such a development could
represent a valid alternative to liver biopsy at initial assessment
and during follow-up, and should facilitate individualized medical
treatment.

For clinical purposes, the diagnosis of NAFLD is at present
usually based on presence of�1 features of the metabolic syndrome
(mostly in children older than 10 years), ultrasound imaging of the
liver showing liver brightness, and eventually increased trans-
aminase activity. Exclusions of other steatotic or nonsteatotic liver
diseases are mandatory in pediatrics, and the performed tests and
procedures should be adjusted to age and clinical presentation.
Therefore, it is difficult to create a simple diagnostic algorithm as it
was proposed for adults (69,125). Still, some major indications
should be provided to pediatricians taking care of obese/overweight
children. A stepwise diagnostic approach based on the hitherto
examined studies is proposed below.

Diagnostic Algorithm

NAFLD should be suspected in overweight/obese children
and adolescents, especially if there is familial clustering, if they
consume drinks with high fructose content, and if their waist
circumference is >>95th percentile for age and sex. Abdominal
US and liver function tests should be performed in this group of
children. Finding increased transaminase activity and/or bright liver
on US mandate further investigations to exclude other major causes
of liver disease, including infectious hepatitis, autoimmune
hepatitis, liver toxic injury, Wilson disease, and a1-antitrypsin
deficiency. Increased serum ALT and GGT raise the suspicion
of NAFLD in children at risk for more severe disease. Overweight/
obese children with normal US imaging and normal liver function
tests still should be studied in obesity clinics, and any abnormal
findings on physical examination indicating liver disease,
appearance of other complications of obesity, and increasing
obesity should be considered for further investigation for NAFLD.
Although NAFLD is less common at younger ages, US imaging and
liver function tests should also be performed in obese children
ages 3 to 10 years. Because severe liver injury due to NAFLD is
rare at this age, abnormal imaging or liver function tests warrant
thorough workup and exclusion of age-specific diagnoses.

Overweight/obesity below 3 years of age usually does not
produce liver steatosis. Consequently, it is our opinion that
children in this age group do not need to be screened for NAFLD.
Still, brightness of the liver or increased aminotransferases in
this age group requires a detailed workup including the many rare
metabolic or systemic diseases presenting with fatty liver (the so-
called NASH trash bin) (20,126,127). The proposed diagnostic
approach to children with overweight/obesity and/or abnormal liver
function tests is presented in a flowchart (Fig. 1).

The major consideration of a clinician is the right time and
indications for liver biopsy, which were also described in the
flowchart. We recommend following the indications of Roberts
et al (19) for liver biopsy in children possibly affected by NAFLD.

Vajro et al
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These included young age (younger than 10 years), family history of
severe NAFLD, presence of hepatosplenomegaly at physical
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examination, and abnormal laboratory results. Among these are
persistent hypertransaminasemia, insulin resistance (measured by
HOMA-IR), nonorgan-specific autoantibodies, and inconclusive
results from biochemical tests for severe/progressive liver diseases
such as Wilson disease. Among the other criteria warranting liver
biopsy, one may consider the association of other liver diseases
such as chronic viral hepatitis and a1-antitrypsin deficiency. Further-
more, hypothalamic expansive processes have been shown to be
associated with a rapid rate of NAFLD progression and therefore may
justify a liver biopsy. Finally, it is accepted that biopsies should be
performed before initiating pharmacological treatment.

Fibrosis markers evaluated at the same time as liver biopsy
may be useful in the near future to follow-up fibrotic changes
without the need for repeating histology.
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