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Introduction

Nonalcoholic fatty liver disease
(NAFLD) is a condition where there
is accumulation of fat in the liver'~.
Normally there is some fat in the
liver; however when the fat content
of the liver exceeds about 5-10% of
the liver weight then the condition is
called steatosis or fatty liver disease’.

While fatty liver disease
used to be noted in patients
who drank alcohol, patients with
NAFLD get such disease without
a history of any significant alcohol
intake. Interestingly, even under
a microscope NAFLD looks very
similar to liver disease noted in
patients with alcoholic intake*.

Of concern is that NAFLD is
becoming a global health problem,
with prevalence estimates at 20%
to 30% of the general population’.
In fact, NAFLD is now the most
common liver disease in children
today with an estimated prevalence
of 7 million affected children in the
US®. Reports of NAFLD in patients
as young as 2 years of age have been
documented. It tends to be more
common in children who are obese
but has been known to occur in
patients who have normal weight’.

Children with NAFLD are at
increased risk of early onset type 2
diabetes and NAFLD is estimated
to increase the risk of early
cardiovascular disease by almost five-
fold. Additionally in patients, NAFLD
is also closely associated with obesity,

lipid abnormalities, hypertension,

obstructive sleep apnea as well as
polycystic ovary syndrome. Recent
data also points to an alteration in
the gut microbiota® in patients with
NAFLD as a driver of liver injurys’g.
There is increasing evidence that the
gut microbiome which has a genomic
load almost 100 times of the host
can modulate nutrient and bile acid
signaling within the gut lumen'’

and thus influence gut originating
signaling which is known to regulate
hepatic health'"".

NAFLD has been reported in
people of all ethnicities and races.
While NAFLD is known to be less
common in African Americans it
occurs most commonly in Hispanic
patients. For reasons not completely
understood, Asian Americans are
more likely to get NAFLD than any
other ethnicity or race.

While in NAFLD there is
fat accumulation, when there is
accompanying inflammation in the
liver, then the condition is known as
Nonalcoholic steatohepatitis (NASH).
The drivers for progression of
NAFLD to NASH remains unknown
and research into mechanisms of such
injury and its progression is a major
focus in the field of gastroenterology
and hepatology'*". Additionally
the natural progression of NASH
in children also remains ill defined.
Many children with NASH can
develop fibrosis, which is a form of
liver scarring"*. Such fibrosis can
advance to cirrhosis and ultimately
result in liver failure and the need

for liver transplantation to sustain
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life. In fact, in adults NASH is the second most common
cause of liver transplantation. It is generally believed that
if this trend is not halted then NASH could fast become
the number one cause of liver transplantation in adults'®"”.
Addressing NASH in the pediatric world can have a major
impact in reducing complications as children grow to
become adults.

An additional concern in patients with NASH is
cancer, which is now the third leading cause of mortality
in patients with fatty liver disease'®"”. Primary liver tumors
have had a significant rise in patient populations and this
this thought to be driven at least in part due to NASH.

Clinical Features

A majority of patients with NAFLD / NASH do not
report clinical problems and are asymptomatic. Some
children can have nonspecific abdominal discomfort below

20 There can also

the rib cage or have increased fatigue
be dark pigmentation of the armpits, knees, knuckles,
elbows or neck, which we now know is a sign of insulin
resistance. While symptoms of aches and muscle pain, feel
of bloating, acid reflux and sleepiness have been reported
in patients with NAFLD/NASH, their relationship to

the disease process is uncertain and possibly represent
complications from obesity which is prominently seen in
patients with NAFLD*'.

On examination such patients may have liver or
splenic enlargement. Signs of liver failure like jaundice,
encephalopathy, ascites, abdominal wall angiomata or
palmar erythema are rarely noted at presentation in
children. However this is being increasing seen in adult

patientszz'u.

Diagnosing NAFLD/NASH

A liver biopsy remains the gold standard for
diagnosing NAFLD or NASH. Previous reliance on serum
aminotransferases as well as ultrasound of the liver has not
proven to stand the test of time or the rigors of reliability,
validity or objectivity. In fact patients with NAFLD and
NASH can have normal alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase,
and gamma glutamyl transpeptidase (GGT). Ultrasound
remains unreliable in diagnosing or estimating the hepatic
fat content or inflammation"**.
Nevertheless, with a paucity of a reliable surrogate

marker (other than an invasive liver biopsy), ALT is still
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widely used in clinical decision making. There has also
been recent literature to support the use of newer ALT
cutoffs, which lowers the ALT level to 26U/L for boys
and 22U/L for girls as a predictor for liver disease. Liver
transaminases and GGT remain useful in excluding other
causes for liver disease like primary sclerosing cholangitis
in pediatric patients25 . Thus patients presenting with ALT
elevation are routinely tested for a host of liver diseases
like autoimmune hepatitis, alpha 1 antitrypsin, Wilson
disease, infectious hepatitis to rule out other etiologies.
Rare diseases like inborn errors of metabolism, drug
toxicities and lysosomal acid lipase deficiency can also
present with fat accumulation in the liver and need to be
ruled out®.

Given this diagnostic dilemma a general approach
is that in the absence of other causes of liver disease,
NAFLD can be placed high on the differential diagnosis
in an obese patient with ALT elevation. As with any other
disease process a thorough history, review of systems,
physical examination and laboratory testing is mandatory.
Ccrtainly, a confirmation of NAFLD/NASH can be
undertaken with a subsequent liver biopsy, which can also
help in grading the severity of liver damage®'”.

The liver biopsy is scored based on the NAS (NAFLD
activity scoring) system. The degree of hepatic steatosis
as well as lobular inflammation is each graded from 0-3.
Similarly hepatocyte ballooning is graded from 0-2. The
final number is the sum of each of the final steatosis,
lobular inflammation and ballooning score, to derive a
NAS score. In addition there is grading for the degree of
fibrosis. The NAS score and fibrosis can help clinicians in
determining the severity of liver disease in patients with

NAFLD/NASH?***.

Laboratory Evaluation

Since in patients presenting with a high ALT and
obesity; while NAFLD would be a consideration, given
the low specificity and sensitivity of serological testing for
NAFLD it is generally recommended that the following
testing be performed to rule out other etiologies.
Complete Blood Count (CBC), Liver panel, GGT,
Prothrombin Time, INR, Lipid panel, TSH, Creatinine
Kinase and testing for celiac disease (total IgA and Tissue
transglutaminase)®’.

Additional testing to rule out other specific liver

disease would include a viral hepatitis panel. It is also



recommended to test serum ceruloplasmin levels and
possibly a 24 hour urinary copper screen if there is
suspicion for Wilson Disease (WD). Patients with WD
can also have hematological as well as neuropsychiatric
problems and a liver biopsy with copper estimation may
eventually be needed”*’.

As noted in recent literature, it is important to rule
out autoimmune hepatitis and thus a total IgG, anti-
nuclear antibody (ANA), liver kidney microsomal antibody
and anti-smooth muscle antibody is recommended. Most
hepatologists would also recommend testing for alpha 1
antitrypsin with a serum alpha 1 antitrypsin assay®*’. This
could be paired with phenotypic/genotypic typing“. Since
hepatic fat accumulation, advanced fibrosis as well as lipid
dysfunction is noted in lysosomal acid lipase deficiency
(LAL-D), some centers recommend an enzyme assay
for lysosomal acid lipase activity if the presentation is
suspicious for LAL-D*.

While, ultrasound as note above is poorly co-relative
of NAFLD/NASH it remains an important modality to
rule out hepatic cysts, intra or extra hepatic masses,
portal hypertension as well as biliary problems and thus a

baseline ultrasound is recommended?°.

Newer Diagnostic Modalities

Several diagnostic strategies are being developed
to non-invasively (without liver biopsy), diagnose and
longitudinally follow NAFLD / NASH?!. Estimation of the
hepatic fibrosis using a special ultrasound probe which
can track hepatic stiffness is increasingly being utilized
in research and clinical assessments. Proton Density Fat
Fraction (PDFF) which is a Magnetic Resonance Imaging
(MRI) based estimation of hepatic fat has also shown
signiﬁcant co-relation with liver biopsy in NAFLD/NASH.
Several other blood tests and imaging modalities continue

to push the research forward for better diagnostic tools*™.

Progression of NAFLD/NASH

Major lacunae in our understanding of fatty liver
disease stem from a lack of well-defined pathways that
drive fat accumulation and its subsequent culmination
in hepatic inflammation®. The earlier idea of a ‘two-hit
hypothesis’, where it was believed that there is triglyceride
accumulation as a first hit secondary to metabolic
syndrome which then leads to the second hit via oxidative

stress and progression to hepatitis via the Kupffer cells
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is increasingly being replaced by the ‘multiple or parallel
hit hypothesis*. This has taken greater significance due to
recent literature supporting the role of gut microbiota,
environmental factors, genetic factors and the
knowledge that NASH can occur in lean individuals.

It is thus now believed that inflammation may
precede steatosis, and that inflammatory changes are
driven due to an early Kupffer cell activation and release
of cytokines, via several mechanisms which propagate

liver injury, ultimately leading to fibrosis and cirrhosis®.
Treatment/Management

Weight Loss, Exercise and Lifestyle Change

In patients with NAFLD/NASH the only established
modality to drive improvement is weight loss and
exercise. While diet changes can lead to weight loss
and exercise are part of lifestyle modification, they
are traditionally very hard to achieve and sustain for
long periods. However, it is generally believed that
replacing trans and saturated fats with monounsaturated
and polyunsaturated fats can reduce cardiac disease in
patients with NAFLD?*. There has also been recent data
supporting the use of omega 3-fatty acids and avoidance
of processed foods and diets rich in simple sugars®.

Instead, a diet rich in plant based ingredients has
been recommended in several studies. In fact data
supports the consumption of whole grains, fruits
and vegetables, which are considered low glycemic
index foods for beneficial effects in patients with fatty
liver disease. Limiting portion sizes is also critically
important as part of lifestyle changes in patients with
fatty liver disease.

Weight loss has been consistently shown to help
patients with NAFLD/NASH. Most studies recommend
a gradual weight loss, in association with life style
changes. Paradoxically very rapid weight loss can have
detrimental side effects and is not encouraged. Several
studies have reported an improvement in serology as
well as histology upon sustained weight loss and exercise
regimen’!. A multispecialty family and patient centric
approach has been most effective in weight management

programs .
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Additional liver diseases may complicate NAFLD/
NASH. In fact data from adult studies supports that alcohol
consumption, especially heavy or binge drinking can drive
progressive liver disease and patients should be counseled
against alcohol consumption. The physician should review
the immunization records to verify vaccination against
hepatitis A and B**°.

Medications

Many medications have been trailed and continue to be
tested for NAFLD/NASH. One of the drugs that remains
in common use but has not shown to be effective for
treatment is Metformin??. Several studies have concluded
that Metformin is not superior to placebo in significantly
modifying histology or ALT in patients with NAFLD.
However Metformin has an important role in patients
with diabetes. Many researchers have evaluated the role of
antioxidant treatment. In fact some natural antioxidants
have been reported to have beneficial effects in NAFLD
preclinical models and small pilot clinical studies but none
of them are recommended for treatment of NAFLD/NASH
and their use needs further research.

Among the many other treatments that continue to be
used for NAFLD/NASH is Vitamin E*2. While some reports
have suggested that vitamin E may have important benefits
in modulating histology and serology in patients with
NAFLD, there have been recent concerns with regard to its
long term safety. Saint Louis University was closely involved
in trials of metformin as well as Vitamin E.

A recently trialed drug for use in pediatric NAFLD
is Cysteamine bitartrate. Given its antioxidant role it was,
tested in children with NAFLD as part of a multicenter
trial with Saint Louis University as a study site. Although
there was some reduction in hepatic inflammation as well
as a decrease in serum aminotransferase with Cysteamine
bitartrate, there was no significant improvement in the
severity of NAFLD histological markers against placebo
treatment?’,

There has also been an increased interest in the
role of probiotics and prebiotics as a therapeutic option
for patients with NAFLD/NASH?”. While probiotics are
organisms that can reside as commensals in the host to
modulate the intestinal microbiome and influence gut-
systemic signaling, prebiotics are ingredients that can
stimulate the growth and / or activity of gut bacteria
for the benefit of the host™. Given that both probiotics
and prebiotics have been used in patients with several
gastrointestinal diseases (like diarrhea, inflammatory bowel
disease, etc.), there is a large body of clinical expertise that
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affirms to their perceived safety for human use”. However
a unified approach to their dosing, selection and attestation
to their efficacy in patients with NAFLD remains a focus for

several research studies.

Bariatric Surgery

While bariatric surgery remains an opti0n40, it is
reserved for patients at significant risks of continued
morbidity and mortality in whom medical measures have
failed. It has been speculated that improvement in NAFLD/
NASH post bariatric surgery is not only due to weight loss
but also driven by an alteration of bile acid homeostasis due
to the renewed anatomy created via the bypass procedure.
It has been postulated that there is a significant influence
on liver histology via an alteration of gut derived signals in
patients post bypass surgery*"**. The surgery is also known
to induce adaptive changes in gut morphology as well as
changes in the absorption of micro and macronutrients™*.
In fact recently Saint Louis University physicians led an
NIH funded research workshop evaluating the role of
the gut in modulating disease in patients post bariatric

surgery®'.

Follow-up

It is generally recommended that patients with
NAFLD/NASH have close follow—up. Many physicians
routinely measure ALT levels as well as anthropometrics to
monitor patients every three to six month; however it is
well known that changes in ALT do not always track disease
severity. Some centers also recommend a repeat liver biopsy,
however protocols for such continue to be developed
based ongoing research and the increased availability or

noninvasive testing.

NIH NIDDK NASH CRN

To further our understanding of NAFLD / NASH,
the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) sponsored the creation of
the Clinical Research Network (CRN) in Nonalcoholic
Steatohepatitis (NASH). A major focus of the NASH CRN
is to collaboratively work on the etiology, the contributing
factors, natural history, associated complications, and
therapy of NAFLD and NASH***.

This consortium includes 12 pediatric centers,
including Saint Louis University. Figure 1, throughout the
US and several adult clinical sites throughout the country.

The NASH CRN has been at the forefront in our
understanding of NAFLD/NASH and the development of
both diagnostic and therapeutic modalities. Evaluating the



SCIENCE OF MEDICINE | FEATURE SERIES

Figure 1: Pediatric Clinical Centers — NASH CRN
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utility of Vitamin E, Metformin, as well as the anti-oxidant
Cysteamine bitartrate has been systemically tested in
children as part of NASH CRN funded studies. The NASH
CRN continues to work on developing diagnostics and
therapeutics to advance our understanding of pediatric fatty

liver disease’'*. Figure 1.
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