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Elevated Liver Enzymes: Figuring It Out

Chief Complaint

Tomas G., a 12-year-old obese male, was referred to the Bambino Gesù Children's Hospital in Rome for evaluation 

of elevated liver enzyme levels. Tomas had previously sustained a knee injury, and routine preoperative laboratory 

work had been notable for elevated liver enzyme levels. Blood glucose and lipid status were not evaluated at that 

time.

Medical History

Tomas had no history of blood transfusion, drug abuse, or hypertension. He had undergone tonsillectomy and 

adenoidectomy, performed at another hospital, at 6 years of age. The boy denied alcohol intake, and close family 

members and the family physician, who knew the child well, confirmed this information.

Review of Systems

Review of systems was positive for occasional vomiting: fewer than 2 episodes a month that had begun within the 

last 3-4 months. The child reported occasional episodes of abdominal pain, described as aching right upper-

quadrant pain that was treated with over-the-counter antidiarrheals or antispasmodics as indicated. Both he and his 

parents were uncertain of when the pain first began but felt that it was "a long time" ago and that it only occurred 

sporadically.

Family History

The family history was negative for liver disorders. The child's father had hypertension. Both mother and father 

described themselves as being "somewhat overweight." Tomas had no siblings.

Physical Examination

The child's body weight was 66.5 kg, greater than the 97th percentile for age and 176% above ideal body weight. 

Height was 150 cm, and body mass index (BMI) was 29.3 kg/m
2
; both of these values were also greater than the 

97th percentile.

On physical examination, Tomas was obese. Blood pressure was 97/58 mm Hg, and heart rate was 115 beats/min. 

The abdomen was obese but soft. The liver was palpable, 2 cm below the right costal margin, with a firm edge. 

There was no appreciable spleen tip. His mental status was age-appropriate. The remainder of his physical 

examination was unremarkable.

Diagnostic Evaluation

The Table shows the patient's laboratory data:

Table. Laboratory Results and Normal Ranges

Substance Result Normal Range

Aspartate aminotransferase 61 U/L 15-45 U/L
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Alanine aminotransferase 54 U/L 15-45 U/L

Gamma-glutamyltransferase 23 U/L 7-28 U/L

Alkaline phosphatase 283 U/L 79-205 U/L

Total bilirubin 0.6 mg/dL 0.3-1.2 mg/dL

Albumin 4.6 g/dL 3.2-5.1 g/dL

Total cholesterol 193 mg/dL < 170 mg/dL

Triglycerides 134 mg/dL 33-111 mg/dL

Fasting blood sugar 80 mg/dL 60-100 mg/dL

A1c 5.4% 5.0%-7.5%

Immunoreactive insulin 28 μU/mL 2-15 μU/ml after 8 hours of fasting

Fasting insulin 31 μU/ml 5-25 μU/ml

Leukocyte count 4460 cells/μL 4500-13,500 cells/μL

Hemoglobin 13.2 g/dL 13.5-14.5 g/dL

Platelet count 14.7 × 104 cells/μL 150-350 × 103 cells/µL

Prothrombin time 87% 11 - 13.5 seconds

Serologic testing for viral hepatitis (hepatitis B surface antigen, hepatitis B surface antibody, hepatitis B core 

antibody, hepatitis C virus antibody, and hepatitis C virus RNA) were all negative. Antinuclear antibody was 

negative.

Ultrasonography and CT were done; results are shown in Figures 1 and 2.
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Figure 1. Ultrasonography in hepatic steatosis. Arrow shows an hyperechoic liver parenchyma comparing to kidney 

parenchyma Image courtesy of Valerio Nobili, MD
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Figure 2. CT findings in hepatic steatosis. In this contrast unenhanced scan, the liver appears darker than the 

spleen and the hepatic vessels appear bright. The increased brightness of the vessels relative to the liver 

parenchyma may erroneously suggest the use of contrast.

Image courtesy of Valerio Nobili, MD

Both imaging studies revealed marked hepatomegaly with fat deposition and no splenomegaly. Liver biopsy was 

performed, and histologic examination showed severe steatosis, inflammatory change, and ballooning degeneration 

(Figure 3a). Zone 3 fibrosis, prominent pericellular fibrosis, and bridging fibrosis were seen (Figure 3b).
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Figure 3. Liver histology.

Images courtesy of Valerio Nobili, MD

On the basis of the information provided, which of the following diagnoses would you consider to be 

most likely?

Viral hepatitis

Autoimmune liver disease

Iron overload

Metabolic liver disorders (eg, Wilson disease)

Nonalcoholic steatohepatitis (NASH)

Save and Proceed

Diagnosis

From these histologic features, NASH with advanced fibrosis was diagnosed.

Pediatric Nonalcoholic Fatty Liver Disease

Overview. The term "nonalcoholic fatty liver disease" (NAFLD) encompasses a broad spectrum of diverse liver 

conditions. The histologic features of NAFLD vary from fat accumulation in more than 5% of hepatocytes (simple 

hepatic steatosis) to NASH with necroinflammation (sometimes associated with fibrosis), which in turn can progress 

to cirrhosis and hepatocellular carcinoma.[1]

The prognosis of pediatric NAFLD with advanced fibrosis, or cirrhosis, remains unknown, owing to the limited 

numbers of studies with long-term follow-up.
[2]

Children with the cirrhotic stage of NAFLD have been documented, 

but children with any stage of NAFLD often develop cirrhosis in adulthood.[3,4]
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Epidemiology. Over the past 2 decades, NAFLD has reached epidemic proportions, becoming one of the most 

frequent causes of chronic liver disease worldwide.[5] An estimated 20%-30% of adults and 3%-10% of children in 

Western countries are thought to be affected by NAFLD.
[6,7]

. Moreover, the increased incidence of NAFLD matches 

the annual increase in the number of individuals who are overweight or obese.[8] The latest surveys estimate the 

prevalence of pediatric NAFLD at close to 70%-80% in obese individuals, with a male-to-female ratio of 2:1.
[7,9]

Epidemiologic data on NAFLD in childhood are difficult to extrapolate because no distinctive and 100% sensitive 

blood tests, imaging techniques, or histologic variables exist for assessing the real prevalence of pediatric NAFLD. 

Pediatric NAFLD is widely distributed worldwide, and estimates of prevalence in all persons from South and North 

America, Europe, Asia, and Australia range from 3%-10%.
[10]

This wide variability depends on the diagnostic 

approach and is also influenced by age, sex, race, and ethnicity of the sampled population, as well as differences in 

metabolic risk factors.

The increasing daily consumption of foods that are high in sugar and calories, such as fast foods and soft drinks, 

and inactive leisure activities, such as watching television or playing video games, has contributed to a growing 

prevalence affecting a wider range of children. Besides social trends and tendencies, a general lack of attention 

from the family and related institutions are responsible for this globally emerging discrepancy.

Pathophysiology

Despite the influence of some secondary causes on adolescents and adults (such as alcohol or drug abuse), the 

etiopathogenesis of NAFLD is similar in children and adults. Although initially considered a 2-hit process, NAFLD is 

now widely recognized as a multispectrum disease in which many factors affect disease development and 

progression.[11,12]

At disease onset, primary NAFLD is characterized by 2 main features:

• Presence of 5%-10% fat content in the liver, which is defined as steatosis, and

• Insulin resistance.

The pathophysiologic mechanisms leading to liver steatosis in NAFLD are still unclear. However, as the reciprocal 

interplay between NAFLD and the metabolic syndrome (MetS) is widely described, it is conceivable that initial steps 

in the development of both of these diseases are common and are influenced by genetic background, epigenetic 

programming, and intrauterine environment.
[13,14]

Several studies from the past few years have demonstrated the existence of different gene polymorphisms 

associated with liver damage in pediatric NAFLD, including genes encoding several proteins:

• Phosphatidylethanolamine N-methyltransferases that catalyze phosphatidylcholine synthesis;

• Kruppel-like factor 6 (a transcription factor with numerous biological roles);

• UGT1A1 (which influences bilirubin levels);

• Patatin-like phospholipase domain-containing protein 3 (also known as adiponutrin)with acyl hydrolase 

activity;

• Insulin receptor substrate-1; and

• Manganese-dependent superoxide dismutase.
[15-17]

Of note, in addition to these gene polymorphisms, NAFLD susceptibility could also be correlated with variants of 

genes controlling lipid metabolism, inflammation, and oxidative stress, which have already been found to be 

associated with MetS.[14,18]

Steatosis develops when free fatty acid (FFA) uptake and synthesis, with subsequent esterification to triglycerides 

(termed "input"), are greater than FFA oxidation and secretion (termed "output").[19] But what are the potential 
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triggers of the steatogenic imbalance between FFA input and output? It is now widely accepted that several factors 

can act in concert, or with a yet-unknown sequence, to promote intrahepatic accumulation of FFA and changes in 

insulin mechanisms; such environmental factors include high caloric intake due to poor diet, daily consumption of 

junk food, and low levels of physical activity.[14,20]

However, the initial step of NAFLD development is not limited to liver involvement. Extrahepatic tissues and organs 

(adipose tissue and the gut), under the pressure of such triggering factors as genetics and diet, contribute to the 

production and release of circulating endotoxins, adipokines, and proinflammatory cytokines. These circulating 

factors contribute to insulin resistance and FFA accumulation in a network of interactions that cause oxidative stress 

and damage in the liver.
[21,22]

Finally, this complex cluster of features and interactions provides crucial molecular mechanisms that activate hepatic 

stellate cells, leading to liver fibrosis, and promote the severe multiorgan damage that characterizes cardiometabolic 

syndrome (type 2 diabetes mellitus, dyslipidemia, hypertension and cardiovascular disease).
[23,24]

Owing to the complexity of these mechanisms and their interplay, the "multiple-hit hypothesis" is now the most 

popular theory to explain the development and progression of NAFLD, both in adults and children. However, 

uncertainty still exists about which of the above-mentioned factors are the primary cause of NAFLD or occur as a 

result of NAFLD. A 2011 review of the causal role of intrahepatic insulin resistance and fat accumulation during 

development of fatty liver provided evidence that insulin resistance induces triglyceride accumulation in the liver, 

which reinforces the already widespread opinion that NAFLD is the hepatic manifestation of MetS and not vice 

versa.[25]

How Do Kids With NAFLD/NASH Present?

NAFLD/NASH is insidious; most children have no symptoms or signs of liver disease despite the presence of 

significant inflammation and fibrosis and possibly severe derangement of the liver structure. Some patients 

experience fatigue, malaise, and vague abdominal pain. Hepatomegaly is frequently observed, and in children, fatty 

liver is often found incidentally by ultrasonography.

Children with NAFLD are overwhelmingly likely to be insulin resistant (96%), and clinical features of MetS are found 

in almost 60% of patients; 8% of these children have diabetes.
[26,27]

Most are dyslipidemic, with abnormal levels of 

circulating triglycerides or low levels of high-density lipoprotein cholesterol. Up to 40% of children with NAFLD are 

hypertensive.

Aminotransferase levels may range from normal to severely increased (6-7 times the normal level), although up to 

20% of patients with NAFLD have normal levels at the time of liver biopsy.
[28]

In the presence of increased 

aminotransferase levels, ultrasonography is required to confirm the presence of a fatty "bright" liver. Other laboratory 

values related to liver function are usually within the normal range. A clinical presentation with signs and symptoms 

of advanced chronic liver disease is very uncommon.

As is the case in adults, increased abdominal adipose tissue in children with a normal BMI may also be associated 

with insulin resistance and other features of MetS, including NAFLD/NASH.
[29]

Accordingly, waist circumference has 

been identified as an independent predictor of liver fibrosis in many studies of patients with NAFLD.[30] A recent 

study from our institution showed that waist circumference is a surrogate measure of visceral fat and may predict the 

development of NAFLD in children and is a predictor of liver fibrosis, independent of the other components of MetS, 

BMI, and body fat.
[31]

Making the Diagnosis
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Suspected NAFLD is one of the most common reasons why patients visit gastroenterologists and hepatologists in 

an ambulatory setting. Although some patients may have attributable abdominal symptoms and tender 

hepatomegaly, in the majority of children, liver disease is identified incidentally by routine blood tests or abdominal 

imaging. The initial assessment should exclude competing and coexisting etiologies and identify clinically important 

comorbidities.

NAFLD/NASH is insidious, with most children having no symptoms or signs of liver disease despite a severe 

derangement of the liver structure that may already be established. Acanthosis nigricans, regarded as a cutaneous 

marker of insulin resistance, has been reported in 30% of children with NAFLD, but it is very uncommon in our 

experience.
[32]

Various case series have reported a similar experience.
[33]

In children, the importance of waist circumference measurement is well established. It is a practical anthropometric 

marker of central adiposity, and it may predict an increased risk for insulin resistance and MetS.[30] A study of obese 

children and adolescents found that every 5-cm increase in waist circumference was associated with an increased 

odds ratio of 1.4 for predicting liver steatosis, but no details on percentiles were given.[34] Increased waist 

circumference is also associated with increased hepatic fibrosis.
[30]

Percentiles for specific populations of children 

have been developed[35]; however, standardized international waist circumference charts are needed.

Laboratory Evaluation of a Child With Suspected NAFLD

Baseline measurements in a patient with suspected NAFLD or NASH should include AST, ALT, total and direct 

bilirubin, and fasting serum glucose, as well as a lipid panel. Aminotransferase levels may range from normal to a 6-

to 7-fold increase from normal. Liver enzyme levels are normal in a large percentage of children, but this finding 

does not exclude the possibility of advanced disease.

Most commonly, mild to moderate elevation in AST and ALT levels is found (mean range, 100-200 IU/L). Their 

course may fluctuate over time, and 20% of patients with NAFLD will have normal levels at the time of the liver 

biopsy. Generally, the ratio of AST to ALT is less than 1, but this ratio increases as fibrosis advances. Serum 

alkaline phosphatase and gamma-glutamyltransferase levels may also be mildly abnormal.

Given that more than 80% of patients with NAFLD have some components of MetS, serum fasting cholesterol, 

triglycerides, glucose, and insulin levels should be determined. Albumin, bilirubin, and platelet levels are usually 

normal, unless the disease has evolved to cirrhosis. Some patients with NAFLD have low titers of autoimmune 

antibodies (antinuclear and anti-smooth muscle antibody) and elevated ferritin levels. The role of these markers is 

still unclear.

Imaging

Liver ultrasonography is useful for confirming steatosis. Fatty infiltration of the liver produces a diffuse increase in 

echogenicity and vascular blurring. Unfortunately, ultrasonography cannot rule out steatohepatitis or fibrosis, and its 

sensitivity drops sharply when less than 30% of hepatocytes contain fat droplets.

CT and MRI, especially the new technique of magnetic resonance spectroscopy, are more sensitive modalities for 

quantifying steatosis. However, none of these imaging techniques has sufficient sensitivity and specificity for staging 

the disease and cannot distinguish between simple bland steatosis and NASH with or without fibrosis.

Recently, we proposed an algorithm to guide the assessment of children with suspected primary NAFLD (Figure 4).
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Figure 4. Algorithm for assessment and management of children with suspected nonalcoholic fatty liver disease.

Management of NAFLD

Lifestyle Changes

Especially for children, no current consensus exists on the therapeutic strategy to be adopted after a diagnosis of 

NAFLD. The goals of all therapeutic approaches are to increase patients' quality of life and protect them from severe 

liver damage and long-term cardiovascular disease.

To date, therapy for pediatric NAFLD is based on the presence of associated risk factors. Because many children 

with NAFLD are obese, weight loss and increased physical activity are the first line of treatment.
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No data are available on the effect of weight loss on histologic damage observed in pediatric NAFLD, although 

studies on pediatric patients have shown that moderate weight loss can improve BMI and reduce elevated serum 

ALT levels, fatty liver infiltration, and necroinflammation.[36,37] Aerobic exercise has been demonstrated to reduce 

intrahepatic triglyceride levels, visceral adiposity, and insulin resistance in obese adolescents.
[38]

Although more 

evidence-based recommendations are required, these findings sustain the idea that lifestyle changes are an 

effective therapeutic option in pediatric NAFLD.

Information on optimal dietary measures for NAFLD treatment, both in adults and children, mainly derive from the 

comparative analysis of observational studies because currently, no large controlled trials have compared the 

effects of different diets on liver histology. The quantity and the quality of nutrients consumed might contribute to 

increasing the risk for NAFLD in adults and children. Unfortunately, no evidence-based guidelines are currently 

available on the proper diet to reverse some features of fibrosis.

A 2011 review, however, discussed the association between dietary intake and NAFLD and suggested some dietary 

interventions that seem to be beneficial in the disease.
[39]

These dietary regimens include, at a minimum, reductions 

in intake of fat (saturated and unsaturated) and sugar, avoidance of fructose-rich soft drinks, and an increased 

intake of polyunsaturated fat and fiber.

Is Surgery an Option?

Gastric bypass surgery is a common procedure in obese adults. The surgery both limits the amount of food a person 

can eat and alters the way in which the body absorbs food. The success of this procedure in adults has led to the 

question of whether gastric bypass surgery is safe for younger children or teenagers.

Research has yet to establish whether the immediate improvements seen after surgery justify altering a child's 

digestive system, probably for life. Moreover, a child's body does not stop developing until early adulthood. Gastric 

bypass surgery limits the amount of food and nutrients in the stomach, and it is unknown whether children who have 

undergone bypass surgery retain the proper amounts of calcium, iron, or vitamin B. Serious health risks, including 

bone loss and anemia, can occur.

Despite these unanswered questions, the procedure is increasingly being performed in children. Prudence would 

suggest that at present, gastric bypass surgery should be limited to adolescents with extremely elevated BMIs.

Is There a Pill for That?

Because lifestyle changes are often difficult for children and their parents and a substantial amount of time typically 

elapses before results become visible, pharmacologic therapies are needed to avoid severe organ damage. A few 

clinical trials have been launched to investigate pharmacologic agents that can prevent hepatic damage and its 

related complications in pediatric NAFLD in a safe and effective manner.
[37,40]

During the past 10 years, several studies have evaluated the effects of insulin sensitizers (such as metformin) and 

antioxidant agents (such as vitamin E) on development and progression of NAFLD. Metformin is an oral antidiabetic 

drug in the biguanide class that lowers hepatic glucose production and promotes glucose uptake in the muscles. 

Despite its mechanism of action, metformin in both adults and children did not seem to be more effective than 

lifestyle intervention in ameliorating elevated aminotransferase levels, steatosis, and liver histology in a 24-month 

observational study.[41] In pediatric studies of NAFLD, neither vitamin E alone or vitamin E plus vitamin C had a 

major effect on the grade of steatosis, lobular inflammation, hepatocyte ballooning, NAFLD activity score, or 

aminotransferase levels.[37,40]

The inability of metformin, vitamin E, or placebo to improve hepatic damage in children with NAFLD has also been 

confirmed by a large clinical trial (TONIC) that tested these drugs in a pediatric population.[42] This noteworthy study 
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demonstrated, however, that treatment with vitamin E markedly improved hepatocellular ballooning degeneration in 

children with biopsy-proven definite or borderline NASH.[42,43]

Among the more recent studies of pharmacologic agents for NAFLD, those examining docosahexaenoic acid (DHA) 

require particular attention. One study found that after 6 months of follow-up, DHA supplementation ameliorated liver 

fat content, insulin sensitivity index, serum levels of ALT and triglycerides, and BMI.
[44]

These encouraging 

preliminary data were confirmed at 16 months by liver biopsy, which clearly revealed that DHA supplementation 

substantially improved the histologic appearance of the liver in children with NAFLD (Figure 5a and 5b).

Figure 5. Liver histology before (a) and after (b) treatment with docosahexaenoic acid.

Images courtesy of Valerio Nobili, MD

Prognosis for Children With NAFLD

The prognosis of NAFLD in children is not clearly defined. Feldstein and colleagues assessed the natural history 

and long-term prognosis of NAFLD in 66 adolescents who were followed for up to 20 years (total of 410 person-

years).[4] This is the largest natural history study in children to date. MetS was present in 29% of children at the time 

of diagnosis of NAFLD, and 83% had at least one feature of MetS. The average BMI was 31.2 kg/m
2
. At baseline, 

60% of patients had some degree of fibrosis, mainly mild.

Liver fibrosis is the most worrisome histologic feature of NAFLD, and early identification of fibrosis in children may 

play a significant role in preventing development of advanced liver disease. Liver biopsy specimens were obtained in 

52 of the children over a mean of 41 months; 80% of these children showed progression of fibrosis. During follow-

up, 2 of this group of children who had received biopsies died and 2 underwent liver transplant for decompensated 

cirrhosis.

The observed survival free of liver transplant was significantly shorter in the NAFLD cohort than was the expected 

survival of the general US population of children the same age and sex. NAFLD recurred in the allograft of both 

children, with 1 case progressing to cirrhosis and requiring retransplant.

These striking data confirm our concern that NAFLD in children is associated with significantly shorter survival. 

Compared with age- and sex-matched controls, the odds ratio of dying or needing liver transplant over 20 years 

among children with NAFLD was 13.6.This study is also important because it adds to the limited information on the 

natural history of NAFLD.

Back to the Case
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Tomas was referred to a weight management program, and he and his family were educated about a tailored diet 

program. At his 6-month follow up, he had had modest weight loss and his laboratory tests were slightly improved, 

although the increased aminotransferase values persisted.

What step would you consider next?

Recommend that Tomas continued with diet program and return for follow up in 6 months

Initiate therapy with metformin

Continue diet program and begin therapy with DHA

Repeat liver biopsy

Save and Proceed

Case Conclusion

Tomas was started on DHA supplementation. Six months after initiation of therapy, he and his family returned for 

follow-up. They reported that he had been adherent to both the prescribed DHA therapy and the lifestyle 

modifications, consisting of a hypocaloric diet and increased physical activity. His liver function tests showed 

substantial improvement. Insulin resistance according to homeostasis model assessment had decreased, and an 

improvement in cholesterol level was observed. On ultrasonography, his liver was less hyperechogenic.

A Frightening Look to the Future

It is increasingly clear that pediatric NAFLD and NASH, with or without associated obesity and diabetes, represent a 

worldwide health concern. NAFLD/NASH is a manifestation of the inadequacy of humans to cope with overfeeding 

and lack of physical exercise. The increasing incidence in children and adolescents reinforces the severity of the 

problem.

The research reported by Feldman and colleagues demonstrates that NAFLD in children is associated with 

significantly shorter survival compared with children of the same age and sex in the general population.[4] NAFLD in 

children may progress to cirrhosis and end-stage liver disease, with the consequent need for liver transplant. Even 

transplant, however, is not a guarantee of a cure, because NAFLD with severe NASH may recur in the allograft.[4]

What we are facing for the future, besides the obvious consequences of diabetes and MetS acquired at young age, 

is generations of young adults who are more vulnerable to acute or chronic liver damage due to toxic or infectious 

causes.

According to the British Liver Trust, the 2 fastest-growing causes of liver damage among younger people are obesity 

and alcohol use. The number of young people who die of alcoholic liver disease has increased 8-fold in the past 10 

years. It is likely that other globally expanding trends seen in the younger generation -- binge drinking and the use of 

recreational drugs -- will contribute to liver damage.[45] Taken as a whole, this worrying picture calls for major 

sociopolitical, educational, and scientific efforts aimed at preserving the integrity of future generations.
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