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Abstract
Purpose of review—Nonalcoholic fatty liver disease (NAFLD) is increasingly prevalent in
pediatric age individuals, in parallel with increasing obesity, and can lead to liver inflammation,
fibrosis and even cirrhosis. NAFLD appears tightly linked with features of the metabolic
syndrome (MetS). This review aims to review the clinical presentation, laboratory and pathologic
assessment, and treatment of NAFLD, with a focus on its relationship with the MetS.

Recent findings—NAFLD occurs with a high prevalence and severity in obese, insulin-resistant
adolescents, especially Hispanic males. Pediatric NAFLD may improve with lifestyle therapy and
agents that improve insulin sensitivity. In youth, NAFLD appears tightly correlated with
components of the MetS, especially visceral fat, which appears to predict fibrosis as well as liver
fat. In addition, noninvasive techniques such as transient elastography may help provide data on
fibrosis in youth with NAFLD and avoid biopsy.

Summary—The close association between NAFLD and the MetS supports screening for other
co-morbidities associated with the MetS. Further research is urgently required to best identify
effective therapies to prevent and treat NAFLD, but its close association with MetS argues for a
focus on strategies designed to improve insulin resistance and components of the MetS.
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Introduction
As obesity in the pediatric age group increases, nonalcoholic fatty liver disease (NAFLD)
has become increasingly prevalent and can lead to liver inflammation, fibrosis and even
cirrhosis. NAFLD is rapidly becoming the most common cause of liver disease in children
and adolescents. NAFLD is strongly associated with features of the metabolic syndrome
(MetS) and can be viewed as the hepatic manifestation of insulin resistance. In this review,
we will discuss the clinical presentation, laboratory and pathologic assessment, and
treatment of NAFLD, with a focus on its relationship with the MetS.
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The Metabolic Syndrome
The metabolic syndrome (MetS) encompasses a group of factors that together confers an
increased risk of cardiovascular disease and is associated with insulin resistance (IR) and
type 2 diabetes mellitus (T2D). Although standard definitions of MetS exist in adults, there
is currently no uniformly accepted pediatric definition. The most commonly used definition
was modified from the National Cholesterol Education Program (NCEP), Adult Treatment
Panel III1, where individuals must have at least 3 of the following criteria: elevated blood
pressure, low HDL cholesterol, high triglycerides, high fasting glucose level, and abdominal
obesity. NHANES data from 1988–1994 showed a 4% prevalence of MetS in adolescents
age 12–19, which increased to 29% if limited to obese adolescents1. A more recent analysis
of NHANES data from 1999–2002 showed a MetS prevalence of 7.8% in overweight and
44% in obese adolescents2. A study of 6,700 children ages 5–17 years, demonstrated that
39% had MetS, defined as obesity plus at least 2 additional MetS components. If only
subjects with a BMI >99% were included, MetS prevalence increased to 59%. Recently, Lee
et al. found MetS was present in 24–51% of 251 obese youth, depending on the MetS
criteria used3.

Non-Alcoholic Fatty Liver Disease (NAFLD)
Non-alcoholic fatty liver disease (NAFLD) is a clinicopathologic condition characterized by
abnormal lipid deposition in hepatocytes (steatosis) in the absence of excess alcohol intake
and is widely recognized as the most frequent etiology of chronically elevated
aminotransferases among adults and children in the United States 4–6. NAFLD comprises a
spectrum of diseases, ranging from simple hepatic steatosis to steatosis in association with
necro-inflammation and fibrosis (non-alcoholic steatohepatitis, NASH) to cirrhosis7.
Progression of NAFLD can cause liver failure and portal hypertension, leading to the need
for liver transplant, even in adolescents. Indeed, NAFLD is rapidly becoming the most
common etiology for liver failure in the US. NALFD also increases the risk of liver cancer.

Recent studies suggest that hepatic steatosis is present in greater than 60% of obese and 90%
of morbidly obese adults8,9. Progression to NASH occurs in 19% of obese, and nearly 50%
of morbidly obese adults, with subsequent progression to liver fibrosis and cirrhosis in
approximately 30%8–11. The exact prevalence of pediatric NAFLD is unknown. The
prevalence of elevated alanine aminotransferase (ALT) in obese youth is reported as 10–
14% in U.S. adolescents, 24% in Hispanic youth, 25% in Italian youth, 24% in Japanese
youth and 48% in youth with T2D4, 12–17. However, these figures likely underestimate the
true pediatric prevalence, which may be present despite normal serum aminotransferase
levels. Prevalence estimates of 18–53% have been derived using ultrasound and MRI.
Current imaging techniques, however, do not accurately identify all patients with
NAFLD18,19. A large pediatric autopsy study found a NAFLD prevalence of 9.6% after
adjustment for age, gender, and ethnicity, with 38% prevalence in obese youth. The
prevalence of fatty liver increased from 0.7% in 2–4 year olds to 17.3% in 15–19 year
olds20. Disturbingly, pediatric reports indicate a higher initial incidence of fibrosis and
cirrhosis than in adults21,22. A study of obese children with fatty liver and elevated
aminotransferases found NASH in 88% and fibrosis in 71%22.

Adult studies of NAFLD support a female preponderance23,24. In children, however, the
male to female ratio is 2:1 13, 17, 25–28. Most children are diagnosed between 11.5 –13.5
years of age, likely at the peak of pubertal IR, though increasing preschool obesity may alter
this demographic. Hispanic children have a higher prevalence and severity of fatty liver
disease and aminotransferase elevation than African Americans, with the prevalence in
Caucasians being intermediate14, 16, 24, 25, 29. Differences in IR, higher visceral fat and
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triglycerides (components of MetS) reported in Hispanics compared to African American
youth are possible explanations14, 30–32.

The Metabolic Syndrome and Non-Alcoholic Fatty Liver Disease
Although NAFLD is not traditionally part of the MetS definition, it is widely considered the
hepatic manifestation of the MetS. NAFLD is associated with obesity, IR,
hypertriglyceridemia, and MetS in adults33–35. A recent study of children with biopsy
proven NAFLD for MetS according to the NCEP guidelines reported that 66% had MetS.
More specifically, 63% had hypertryiglyceridemia, 45% low HDL cholesterol, 40%
hypertension, and 10% impaired glucose tolerance36. Moreover, there was an association
between the histologic severity of disease and some components of MetS. In addition, a
recent study found that increased ALT was associated with developing MetS over 20 years
of follow-up37. Finally, NAFLD independently increases the relative risk of cardiovascular
events29.

Waist circumference is a surrogate marker for visceral fat and visceral fat appears tightly
correlated with hepatic triglyceride content, elevated ALT, liver inflammation and fibrosis,
and African Americans have both lower visceral and hepatic fat content 13, 38–41. In a
pediatric study, every 1 cm increase in waist circumference was associated with a 1.97 fold
(95% CI 1.06–3.66) increased risk of nonalcoholic fatty liver disease in boys and a 2.08 fold
(95% CI 1.38–3.13) risk in girls42. Waist circumference may also independently predict
liver fibrosis on biopsy43. Serum triglyceride levels correlate positively with hepatic
triglyceride content and are lower in African Americans than in other races13, 41, 44.
Elevated ALT in obese adolescents is associated with low HDL, IR14, 16, 22, 45,
hyperglycemia and T2D17. Elevated ALT predicts the development of T2D in adults46. IR,
particularly T2D, appears to increase the risk of elevated ALT beyond that of obesity
alone17, 47, 48.

Overlap of Potential Pathophysiologic Mechanisms: MetS and NAFLD
The pathogenesis of MetS and NAFLD are incompletely understood. The overlap of
potential mechanisms, however, provides insights into their pathogenesis. NAFLD requires
an accumulation of hepatocyte lipid in the form of free fatty acids (FFA) and triglycerides.
IR suppresses glycogenesis, promotes gluconeogenesis and glycogenolysis and increases
FFA release from adipose tissue. Circulating FFA uptake by hepatocytes is unregulated,
resulting in increased triglyceride synthesis and impaired FFA oxidation, producing excess
hepatocyte lipid49–51. Hyperinsulinemia may also increase hepatic triglyceride synthesis by
over-stimulating steroid regulatory-element binding protein-1 (SREBP-1c)52, 53.
Progression to NASH involves increased hepatocyte susceptibility to oxidative stress,
generation of reactive oxygen species, and subsequent lipid peroxidation. By-products of
oxidative stress and lipid peroxidation are powerful chemoattractants of neutrophils and
stimulate the hepatic stellate cells responsible for fibrosis, along with the release of
inflammatory cytokines, including TNF-α. TNF-α, a pro-inflammatory cytokine, promotes
IR, is pro-apoptotic and is important in white blood cell recruitment. It is increased in
patients with NAFLD and the MetS. Adiponectin, an anti-inflammatory cytokine, typically
inhibits fatty acid uptake, stimulates fatty acid oxidation and lipid export and enhances
insulin sensitivity. Adiponectin is decreased in NAFLD and the MetS.

Clinical Presentation of NAFLD
Most children with NAFLD are asymptomatic and elevated aminotransferases are frequently
noted incidentally or after screening for obesity related co-morbidities. Children may also
complain of vague right upper quadrant or epigastric pain or fatigue. A thorough history
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often reveals co-morbid conditions related to MetS, including hypertension, T2D,
dyslipidemia, obstructive sleep apnea, and polycystic ovarian syndrome. Greater than 90%
of children with NAFLD are obese, with central adiposity54. Hepatomegaly, with or without
splenomegaly, can be detected in 33–51% of patients, though central adiposity can make
organomegaly difficult to appreciate22, 54. Acanthosis nigricans may be seen in 36–49% of
NAFLD patients22, 54.

Laboratory Evaluation of NAFLD
Serum aminotransferases are usually mild to moderately elevated (less than 1.5 times the
upper limit of normal), in NAFLD, but may be higher. The ALT:AST ratio is typically >122,
54–56. However, aminotransferases may remain normal, even with biopsy proven NASH56.
Total and direct bilirubin levels are typically normal, though GGTP and alkaline
phosphatase are mildly elevated in less than 50% of cases. Abnormal iron indices may occur
in adults, with 30% having high serum ferritin and 6–14% having elevated transferrin
saturation58. These indices, however, are not routinely measured in youth, as
hemochromatosis is rare in children.

A thorough evaluation and systematic exclusion of other etiologies of liver disease is
necessary, including Wilson’s disease, alpha-1-antitryspin deficiency, viral hepatitis,
autoimmune hepatitis, fatty acid oxidation defects and lipodystrophy. In addition,
medications that can induce hepatic steatosis (glucocorticoids, amiodarone, valproate,
methotrexate, and synthetic estrogens) should be considered. However, low titers of serum
auto-antibodies may occur in up to 3% of adults with NAFLD; the prevalence in pediatrics
is unknown59. Finally, alcohol use must be assessed, particularly in adolescents.

In patients experiencing right upper quadrant pain, imaging can help evaluate for hepatic
and biliary anatomic abnormalities. Abdominal imaging may also confirm hepatic fatty
infiltration consistent with NAFLD. Abdominal ultrasound is relatively inexpensive, non-
invasive, and easy to perform. Ultrasound, however, is not typically quantitative, requires a
minimum of 30% hepatic fat for detection60, and may be technically challenging to perform
with significant central obesity. CT scans have the disadvantage of radiation exposure. MRI,
though more costly, is more sensitive in detecting fat and allows for more definitive hepatic
fat quantification when performed using the modified Dixon technique or with magnetic
resonance spectroscopy19, 61. Importantly, none of the currently available imaging
modalities allow differentiation of benign steatosis from NASH, nor have the ability to
grade the severity of inflammation. Newer transient elastography imaging methods may
allow detection of fibrosis62.

Patients with NAFLD should also be screened for other co-morbid conditions associated
with IR and MetS, such as hyperglycemia, dyslipidemia, hypertension, and sleep apnea.
Girls should also be screened for menstrual irregularities and hirsutism, symptoms of
polycystic ovarian syndrome.

Pathologic Assessment of NAFLD
The distinction between simple hepatic steatosis and potentially progressive NASH can only
be made by liver biopsy, which can assess the presence and extent of necro-inflammation
and fibrosis. A liver biopsy should be performed in all patients who do not fit the classic
phenotype of NAFLD or have a chronic hepatitis (elevated aminotransferases for greater
than 3–6 months). A three-tiered grading and staging system for NASH is now widely used,
based on a semi-quantitative evaluation of multiple histologic features7, 63. The minimum
criteria for NASH are: 1) steatosis, with macrovesicular fat greater than microvesicular fat;
2) mixed, mild lobular inflammation with scattered polymorphonuclear leukocytes and
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mononuclear cells and 3) hepatocyte ballooning that is most apparent near steatotic liver
cells.

A unique histologic pattern, deemed Type 2 NASH, is reported in pediatrics. In this distinct
pattern, inflammation and fibrosis are accentuated in the portal areas, in contrast to the
perisinusoidal injury typically observed in adults with NASH (Type 1 NASH)28. A study of
100 pediatric patients demonstrated Type 2 NASH in 51%, Type 1 NASH in 17% and an
overlap pattern in 16% of subjects28. A recent Italian study demonstrated that 2.4% of
pediatric NASH patients had Type 1 NASH, 28.6% had Type 2 NASH, and majority
(52.4%) had an overlap of the 2 patterns64. Therefore, it is likely that a spectrum of disease
patterns exist in pediatric NASH.

Treatment of NAFLD/NASH
Currently, the best therapy for NAFLD is slow, progressive weight loss through dietary
modification and exercise. Approximately one pound per week is recommended, as more
rapid weight loss may exacerbate NAFLD. The optimal diet for treating NAFLD has not
been well established, though the importance of IR suggests that low glycemic diets may be
beneficial. Most patients, especially adolescents, however, have little success with lifestyle
modification, sparking interest in pharmacologic therapies for NASH. However, studies to
date have been limited by lack of placebo control, open-label design, small sample size, and
short duration of follow up.

Orlistat, an enteric lipase inhibitor, and sibutramine, a serotonin and noradrenaline reuptake
inhibitor, resulted in weight loss and some improvement of NAFLD parameters, but require
more rigorous study 65, 66. Studies using rimonabant, a cannabinnoid receptor antagonist, to
treat NASH were recently terminated because of safety concerns. Case series of bariatric
surgery, both gastric bypass and laparoscopic adjustable gastric banding, in adults with
NASH have also shown promise67–69. This treatment is controversial in pediatrics,
however, and cannot be routinely recommended.

Metformin, a biguanide, is a logical candidate as it improves hepatic IR and is well tolerated
in children70. Several small adult trials show promising results, and two pediatric studies
showed significant improvements in aminotransferases and steatosis14, 71–75. A recent meta-
analysis demonstrated that metformin leads to normalization of aminotransferases in
significantly more patients than dietary modifications alone and also improves steatosis on
radiologic imaging76. Adequate long-term studies including liver biopsy, however, are
lacking. Metformin monotherapy in pediatric NASH is currently undergoing evaluation as
part of the National Institutes of Health sponsored NASH Clinical Research Network (CRN)
TONIC trial.

Another potentially promising class of drugs are the thiazolidienediones (TZD), including
pioglitazone and rosiglitazone. These medications improve IR by acting as selective
peroxisome proliferator-activated receptor gamma (PPAR-gamma) agonists. Treatment with
TZD results in improved liver biochemistry and histology, though histologic improvements
were mainly in steatosis70, 77–80. These beneficial effects, however, do not persist when the
medications are stopped, suggesting that long term treatment may be necessary. Recent
concerns regarding increased fractures and possible increases in heart disease in adults may
ultimately limit the use of TZDs in pediatrics.

As dyslipidemia is a component of MetS and important in NAFLD physiology, lipid
lowering agents may have a potential role in the treatment of NASH. Gemfibrozil improved
biochemical parameters in NASH, though clofibrate failed to improve either biochemical or
histologic parameters81, 82. Several small pilot studies using HMG-CoA reductase inhibitors
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to treat NASH showed improvements in serum aminotransferases and hepatic
inflammation83, 84. However, the potential risk of hepatotoxicity has limited the use of these
medications in NAFLD.

The role of oxidative stress in the pathogenesis of NAFLD led to treatment trials of anti-
oxidants. A small open label pilot study of 11 youth with NASH who were treated with
Vitamin E for 2–4 months showed normalization of ALT85. Vitamin E monotherapy is also
currently being studied thorough the NASH CRN TONIC trial. A small randomized trial of
combined Vitamin E and C therapy in which all individuals received a tailored diet and
increased physical activity failed to demonstrate any added benefit compared to lifestyle
interventions alone86. A small pilot trial of betaine, a choline metabolite that increases S-
adenosylmethionine levels, demonstrated improvements in aminotransferases, steatosis, and
necro-inflammation in adult NASH patients87. A small open label pilot study of N-
acetylcysteine also showed improved aminotransferases in adult NASH patients88. Despite
significant initial enthusiasm, ursodeoxycholic acid, a cytoprotective bile acid, was
ineffective in normalizing aminotransferases or improving histologic parameters in
NASH89, 90. Given the central role of TNF-α in the development of necro-inflammation in
NASH, pentoxyfilline, a TNF-α inhibitor has also been studied. Two small adult pilot
studies demonstrated improvements in aminotransferases91, 92. An open label follow-up
study of 9 subjects with biopsy proven NASH also showed histologic improvement93. A
significant number of patients, however, experienced nausea, rendering this drug difficult to
tolerate.

Conclusions
The high prevalence of NAFLD and elevated aminotransferases in obese adolescents with
IR, and the implications for their health is concerning. The close associations between
NAFLD and MetS support screening for other co-morbidities associated with MetS. While
maintaining a healthy weight and exercising regularly are still critical to improving the
health of IR teens, behavioral interventions are especially difficult amidst the chaos of
adolescence. Therefore, additional therapies to improve liver health are urgently needed in
this high-risk population. Treatment strategies designed to improve IR and components of
MetS hold significant promise.
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