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Steatosis (fatty infiltration of the liver) or Non-Alcoholic Fatty Liver Disease (NAFLD)
is increasingly recognized as a ubiquitous cause of chronic liver disease. It re p resents a
spectrum of fatty liver without inflammation to steatosis accompanied by inflammation,
and fibrosis [NASH]. NAFLD/NASH is associated with obesity, hypertension hyperlipi-
demia, diabetes mellitus and insulin resistance—disorders collectively known as the
Metabolic Syndrome. NAFLD is potentially pro g ressive and may lead to NASH (non-
alcoholic steatohepatitis) which is a chronic disease characterized by diffuse fatty infil-
tration, lobular inflammation, with or without perisinusoidal fibrosis. NASH can lead to
c i r rhosis and end stage liver disease ultimately requiring liver transplantation. NASH
can be silent without any physical symptoms or lab abnormalities and be associated with
end stage “cryptogenic” cirrhosis as well as hepatic cancer. For that reason physicians
must be more alert in recognizing the clinical features of NASH so that earlier diagno-
sis, treatment and at least monitoring, can be initiated. Previous published a rticles 
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HISTOLOGY

In a thorough technical review of the subject for the
American Gastroenterology Association, Sanyal, et al
(1) categorized the microvesicular and macrovesicu-

lar steatosis as the two major histologic patterns of
hepatic steatosis and NAFLD. Lobular hepatitis with
necrosis or ballooning degeneration and/or fibrosis is
seen.The microscopic features of NAFLD and NASH
are indistinguishable from those of alcoholic fatty liver
disease. 

Based on these findings of steatosis, hepatocyte
ballooning degeneration, diffuse lobular acute and
chronic inflammation, a perivenular, perisinusoidal
collagen deposition, Mallory’s hyaline, vacuolated
nuclei in periportal hepatocytes, lobular lipogranulo-
mas, and PAS-diastase resistant Kupffer cells, bridging
septa and cirrhosis, a scoring system has been pro-
posed by Brunt, et al (2) to indicate the grade of
inflammation and assessment of perisinusoidal fibro-
sis, portal fibrosis, and bridging. 

EPIDEMIOLOGY
Ludwig, et al first described NASH(3), as a “hitherto
unnamed disease that mimics alcoholic hepatitis histo-
logically, and not related to alcohol consumption.”
NAFLD may be the most prevalent form of hepatic
disease in the United States (4,5) with a spectrum
ranging from relatively benign NAFLD/mild hepatic
steatosis to more severe NAFLD/NASH and ulti-
mately to end stage cirrhosis. The prevalence of
NAFLD ranges between 15% to 18% (6,7); whereas
the prevalence of histology proven NASH in the gen-
eral population is about 2%–4%(8). In adult patients
undergoing liver biopsies, presumably for abnormal
liver tests [LFTs], NASH was identified in 7%–9% in
Western countries (3,6) and in 1.2% of Japanese
patients (9). Zamir, et al (10) reports that more than
half of his obese patients in Israel had NAFLD.

The incidence of NAFLD/NASH is very high in
morbidly obese patients. Del Gaudio, et al (11) found
that obesity is an independent risk factor for liver dam-
age. The majority of cases are between the ages of 40
and 60, although there have been reports in children as
young as ten years of age (12,13). 

Feldstein and coworkers (14) reported on their
experience with 57 children with NAFLD seen at the
Mayo Clinic between 1986 and 2000, followed longi-
tudinally up to March 2003. Whereas most adults with
NAFLD are asymptomatic many of the children had
symptoms related to NAFLD. Abdominal pain was
reported in 53% and fatigue in 26% of patients. Phys-
ical examination, included hepatomegaly (26%) and
acanthosis nigricans (9%). Most patients were obese
(72%) and had dyslipidemia (78%). 

This problem is often found in adolescence, even in
n o n - Western countries. Nakao, et al (15) diagnosed 105
out of 1,202 university students with NAFLD in Japan.
Using multiple measurements the authors determined
that visceral fat distribution is a key risk factor for
NASH in young adults. Some maintain that NASH pro-
gresses to cirrhosis less frequently when compared with
alcoholic hepatitis (16–22) but firm evidence is lacking. 

NASH RELATED CIRRHOSIS AND 
CRYPTOGENIC CIRRHOSIS 
In a study by Bugianesi, et al (23), 73% of 70 consec-
utive patients with cryptogenic cirrhosis were found to
be obese, and 53% were diabetic. Indeed the above
study showed histologic proof of NAFLD, or NASH,
in about 65%–90% of patients with “cryptogenic”
hepatitis. Thus NASH may be slowly progressive or
may manifest as an acute exacerbation of previously
unrecognized liver disease. 

Al-Osaimi, et al (24) suggested that most, if not
all, patients with cryptogenic cirrhosis were represen-
tative of a late stage of NASH.
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dealing with the medical treatment of NAFLD/NASH mostly include drug studies that
have been open labeled, and not double blind placebo controlled studies. There is still no
evidence-based definitive medical treatment of NASH. However there is promising data
on some therapeutic measures. This article will objectively review what we know of the
recommendations and the standard of care in the medical treatment of NAFLD/NASH.
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OBESITY AND NAFLD/NASH
Ashraf, et al (25) analyzed liver biopsies of 40 asymp-
tomatic obese patients with BMI 47 ± 9 and found that
NASH and cirrhosis were present in 75% of patients
without any clinical or biochemical evidence. Cald-
well(26) reported on a small number of patients with a
history of obesity who developed a subacute course of
liver failure superimposed on undiagnosed NASH,
4–16 weeks from the onset of symptoms. 

Ratziu, et al (27) also documented that obesity
related cirrhosis can be progressive, resulting in liver
failure and death. The authors showed that survival of
patients with obesity-related cryptogenic cirrhosis was
lower than age and sex matched patients with hepatitis
C related cirrhosis. Hepatitis C related cirrhosis and
hepatocellular carcinoma [HCC] was detected in a
higher percentage of patients with obesity-related cir-
rhosis than in the matched hepatits C cirrhosis controls.

Ohata, et al (28) documents that hepatic steatosis
is an added risk factor for HCC in obese patients with
chronic HCV infection. Thus patients with chronic
HCV and hepatic steatosis should be monitored care-
fully for HCC.

CLINICAL ASSOCIATIONS 
Patt, et al (29) reported that 243 of 1,178 executives
undergoing routine assessments had elevated serum
aminotransferases suggestive of NAFLD. And about
half of patients with hyperlipidemia have been found
to have NAFLD (30–32). 

Liangounsakul, et al (33) report that there is an asso-
ciation between hypothyroidism and NAFLD/NASH. 

Some patients, particularly children may have
acanthosis nigricans, which has also been associated
with other insulin-resistant states. NAFLD is also
associated with several disorders characterized by
abnormal body fat distribution (lipodystrophies). 

NAFLD is also associated with Inflammatory
Bowel Disease [IBD]. Bargiggia, et al (34) reported
liver steatosis in 39.5% of patients with Crohn’s Dis-
ease and 35.5% of patients with Ulcerative Colitis; a
higher prevalence than among healthy controls. 

A third of patients, mostly adults with NAFLD,
are asymptomatic. More than half complain of fatigue
and about a third complain of abdominal right upper

quadrant [RUQ] discomfort. Less than half have
hepatomegaly and only a small minority have any stig-
mata of liver disease, such as edema, jaundice,
splenomegaly or ascites (35).

NASH is a significant cause of morbidity and mor-
tality in patients with obesity-related type 2 diabetes
(36). There is a strong association between hepatic
steatosis and insulin resistance in humans (37) as well
as experimental animals (38–41) in which evidence
suggests that insulin resistance is the link among all the
manifestations of the Metabolic Syndrome (38–41). 

Insulin resistance is critically involved in the
pathogenesis and progression from NAFLD to NASH.
The model of genetically obese, ob/ob C57BL-6 mice
was used in the Diehl study (42). This study provides
a well-characterized model of hyperinsulinemia and
insulin-resistance in which the animal’s hepatic steato-
sis mimics the evolution of fatty liver in obese human
beings. These animals similarly experience hyperinsu-
linemia and increased insulin resistance. Insulin resis-
tance is uniformly present in patients with NASH,
including patients without diabetes. Day, et al
describes “2 hits”[see below] in the pathogenesis of
steatohepatitis (43). Argulo explored further details of
NASH pathogenesis in his excellent review article in
the NEJM, 2002;346:1221.

NASH AND THE METABOLIC SYNDROME
As noted, patients with NAFLD have a greater likeli-
hood of developing NASH and hepatic fibrosis when
insulin resistance and the Metabolic Syndrome are 
present. 

Lopez-Canales, et al (44) believes that the Meta-
bolic Syndrome [Syndrome X] should be considered
when three or more of the following factors are pre-
sent: a) central obesity with waist circumference >102
cm. in men; or 88 cm in women; b) hypertriglyc-
eridemia levels >150 mg/dL; c) HDL cholesterol
under 40 mg/dL in men; and under 50 mg/dL in
women; d) hypertension with BP >135/85 mm/Hg
and; e) fasting glucose levels over 110 mg/dL. Many
of these obese patients have hypertension and other
abnormalities (45–49).

(continued on page 74)
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JIG-SAW PUZZLE OF OBESITY-INSULIN 
RESISTANCE-PROINFLAMMATORY STATE-
HORMONAL, METABOLIC AND INFLAMMATORY
PATHWAY INTERACTIONS AND NASH
How does obesity promote Insulin Resistance,
NAFLD AND NASH? In the etiology of NASH what
is the influence of the interplay between hormones and
other polypeptides? How does leptin, adiponectin,
ASP, ghrelin and other known (and unknown) hor-
mones and proteins interact in the Metabolic Syn-
drome, and insulin resistance? And what are their roles
in NAFLD and NASH? What factors or inflammatory
mediators turn NAFLD into NASH?

Are there any clues in this panorama of hormonal
events that will offer therapeutic option(s)? There are
many more questions than answers. But much appears
to be known mostly from animal studies. Human stud-
ies are not too far behind, mostly confirming (and
sometimes conflicting). See Table 1 [compiled from
references 50–71], and Table 2 [compiled from refer-
ences 72–81, 83–96]. Both tables outlines available
information in a condensed form.

CLINICAL PRESENTATION
While most patients with NAFLD are asymptomatic, a
variety of nonspecific symptoms such as right upper

(continued from page 72)

Table 1 [compiled from references #50–71]
The Pro-Inflammatory Role of Leptin?

PRO: Leptin plays an important role in the regulation
energy intake and expenditure, body weight and composi-
tion. There is a strong positive association between
higher leptin levels and BMI, TNF∝,insulin (56), and
NASH (57), and percentage of body fat (52). Evidence is
accumulating alleging leptin, in addition to all its other
actions, is not only profibrogenic, but may also modulate
the liver’s inflammatory response (68).

High plasma leptin levels in obese children were posi-
tively correlated with higher insulin levels, and insulin
resistance (58).

In hepatocytes, leptin promotes insulin resistance lead-
ing to increased intracellular fatty acids in hepatocytes,
and amplifies pro-inflammatory responses (59). 

Though smaller studies previously failed to demon-
strate a significant association between steatosis and 
leptin one study found that leptin levels increased as
hepatic fibrosis stage progressed, while TNF levels were
also found to be higher in patients with advanced stage 
of fibrosis suggesting that leptin may play a role in the
regulation of hepatic fibrosis (60,61). A recent large 
study found steatosis to be integral in chronic HCV 
infection (62). 

Leptin acts as a cytokine to mediate hepatic fibro-
genesis during chronic liver injury (63); associated with
hepatic satellite cells plays an important role in liver 
fibrosis (64–66); associated with advanced fibrosis in 
individuals with NASH (67); may be the second pathologi-
cal process that contributes to the progression from
benign, simple steatosis to steatohepatitis, and subse-
quently cirrhosis (69).

CON: Leptin’s role in the pathogenesis of NASH from
“simple steatosis” is complicated by these findings:

Most obese patients are insensitive to endogenous
leptin production (51).

Studies show no statistical difference in serum leptin
levels, hepatic leptin receptor mRNA expression in those
patients with NASH and simple steatosis.

Single point leptin measurements may not accurately
reflect actual leptin concentrations due to leptin’s pulsatile
and circadian rhythm (54). 

Chronic leptin treatment improves insulin resistance
via insulin-stimulated hepatic and peripheral glucose
metabolism in severely insulin-resistant lipodystrophic
patients (70). 

Studies in patients with congenital leptin deficiency dis-
orders and generalized lipodystrophy suggest that “leptin
reduces fat mass with a marked amelioration of insulin
resistance” (71).

Leptin improves insulin sensitivity in normal and obese
rodents, has antidiabetic effects in insulin deficient dia-
betic mice, and modulates insulin sensitivity (53).

Accumulation of intra-abdominal fat correlates with
insulin resistance, whereas subcutaneous fat deposition
correlates with circulating leptin levels, which may compli-
cate the studies showing insulin resistance and elevated
circulating leptin concentrations in lean and obese 
subjects (55). 

Subcutaneous abdominal fat liposuction decreases
plasma leptin concentrations but does not alter insulin
sensitivity nor are concentrations of inflammatory markers
[e.g. C-reactive protein, interleukin-6, and tumor necrosis
factors decreased. (NEJM, 2004;350:2542–2549)
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(continued from page 74) (continued on page 78)

Table 2 [compiled from references #72–81; 83–96]
Evidence for Hormonal and Inflammatory Mediators in 
Insulin Resistance Leading to NAFLD/NASH

1. Liver Free Fatty Acids [FFA] levels can increase from excessive
“importation” from adipose tissue [with rapid weight loss?],
excessive carbohydrate and protein conversion to FFA causing
triglyceride accumulation and steatosis [also with TPN?];
impaired beta-oxidation to ATP from Pantothenic acid [Vitamin
B5] deficiency, excessive alcohol intake, or coenzyme A defi-
ciency [with use of valproic acid, aspirin]. Increased FFA is a
risk factor for insulin resistance and type 2 diabetes and
inhibits insulin-stimulated glucose uptake in patients with type
2 diabetes (72).

2. Tumor necrosis factor-alpha (TNF∝) reduces insulin sensitivity
and has pro-inflammatory effects: 
A) A cytokine inhibits propagation of insulin receptor initiated

signals in hepatocytes and promotes insulin resistance in
ob/ob mice. Transgenic mice that are deficient in type-1
TNF receptors are completely protected from NASH (42).

B) Increased release of TNF∝ from adipocytes impairs insulin
action and increases insulin resistance which results in
accumulation of hepatocytes fat and in turn leads to a
vicious cycle of mitochondrial oxidation overload with fur-
ther fat accumulation and increased impairment of mito-
chondrial electron flow, which with reactive oxygen species
[ROS] causes expression of the Fas ligand which is associ-
ated with killing of hepatocytes (42,73–76). Furthermore
studies show:
1) Administration of anti-TNF∝ antibody leads to marked

improvement in glucose utilization in obese rats (73), 
2) Obese mice genetically lacking TNF∝ have more 

normal insulin sensitivity (74). 
3) Weight reduction in obese animals is associated with

both improved insulin activity and decreased TNF∝ gene
expression (75).

4) TNF∝ plasma levels are positively correlated with insulin
resistance (76).

5) TNF∝ is a key factor in the inflammatory process that
occurs in a variety of inflammatory disorders including
NASH (42) and cirrhosis (78); is associated with
increased mitochondrial oxidant production, and
induces expression of uncoupling protein-2 (79).

6 ) A fatty acid-binding protein in adipocytes, aP2, may pro-
vide the link by which FFA in obesity leads to increased
expression of TNF∝ in obesity. Targeted mutations in the
gene are associated with obesity, but not insulin resis-
tance or increased TNF∝ expression (76).

3. Uncoupling protein 2 (UCP2) is an inhibitor of insulin secre-
tion. Its role is uncertain but may increase fatty hepaocyte
injury in the presence of INF-alpha (80,81).

4. Resistin is an adipocyte-secreted hormone that decreases
insulin-mediated glucose uptake by adipocytes (83). 

5. Adiponectin another adipocyte-derived hormone has antili-
pogenic and anti-inflammatory effects. Reduced adiponectin

levels are associated with more extensive necroinflammation.
Deficiency of adiponectin, plays a role in the development of
insulin resistance as evidenced by: 
A) Low serum concentrations of adiponectin In humans are

associated with an increased risk of type 2 diabetes (84).
B) The degree of hypoadiponectinemia is more closely related

to the degree of insulin resistance and hyperinsulinemia
than to the degree of adiposity and glucose intolerance
(85).

C) Administration of thiazolidinediones increase serum adipo-
nectin concentrations without effecting body weight (86).

D) In obese or lipoatrophic mice, adiponectin administration
decreases the degree of insulin resistance (87).

E) In adiponectin-knockout mice, plasma and adipocyte con-
centrations of TNF∝ increase, which results in severe diet-
induced insulin resistance (88).

F) Adiponectin increases insulin sensitivity perhaps by increas-
ing tissue fat oxidation resulting in reduced circulating fatty
acid levels and reduced intramyocellular or liver triglyceride
content (89).

What is the evidence that adiponectin (or lack thereof) plays a role
in pro-inflammatory mechanisms?

A) Human studies show reduced adiponectin link between adi-
posity, inflammation, and type 2 diabetes (90).

B) Decreases in plasma adiponectin are associated with low-
grade chronic inflammation (91).

C) Low levels of adiponectin are associated with higher levels
of two inflammatory mediators, hs-CRP and IL-6 (92).

D) Modulation by adiponectin of adipocyte function may be
the mechanism by which thiazolidinediones (and not 
Metformin) influence insulin action (93).

6. Ghrelin is a hormone that is secreted primarily by the stomach
and duodenum, and may increase food intake. Ghrelin is nega-
tively correlated with leptin before gastric bypass surgery, but
increases after diet-induced weight loss, suggesting a role in
the compensatory (increasing) changes in appetite that make
sustained diet-induced weight loss difficult (94). Ghrelin may
play a role in determining the type of metabolic substrate [i.e.
fat vs. carbohydrate] used for energy balance. (PNAS, 2004;
101:8227)

7. Acylation-stimulating protein (ASP) acts as a paracrine 
signal to increase the efficiency of triglycerol synthesis in
adipocytes, which leads to increased postprandial lipid clear-
ance. Genetic knockout of ASP leads to improved insulin 
sensitivity in mice and reduced body fat and obesity. Prior 
to human Roux-en-Y gastric bypass surgery ASP, insulin 
and leptin are elevated and adiponectin and ghrelin are
decreased. After surgery, leptin and ASP decreases,
adiponectin increases and insulin resistance improves—
best predicted by an increase in adiponectin. These changes in
ASP and adiponectin, in humans are predictive of decreased
apolipoprotein B and improved insulin action, respectively
(95,96).
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quadrant or epigastric pain or discomfort, weakness,
fatigue, and malaise may be present (97). Hepatomegaly
is often the only suggestive physical finding (98). Lev-
els of liver enzymes do not necessarily correlate with
activity or severity of fat-induced liver disease (99). Sig-
nificant NASH can be present in patients with normal
liver enzymes and the only (if any) overt biochemical
evidence of NAFLD can be minimal elevation of AST
or ALT (100). 

Clinicians should also be sure to at least think
about other possible causes of NAFLD, such as rare
disorders like Mauriac syndrome; metabolic and lipid
disorders [e.g. abetalipoproteinemia, hypobetalipopro-
teinemia, Anderson’s Disease, Weber-Christian syn-
drome]; medication associated NAFLD [e.g. Amio-
darone,Dultiazem,Tamoxifen, Steroids, and antiretro-
viral therapy] and occupational/environmental associ-
ations with NAFLD [e.g. toxic exposures to organic
solvents and dimethylforamide]. NASH is also found
with administration of TPN, rapid weight loss, acute
starvation, excessive small bowel resection, gastro-
plasty, jejunal diverticlosis with bacterial overgrowth,
plus jejunal and biliary-pancreatic diversion.

ABNORMAL LIVER CHEMISTRIES 
Clark, et al (101) demonstrated that the prevalence of
aminotransferase elevations in the USA is 7.9%. This
is more common in Mexican-Americans (14.9%), and
non-Hispanic Blacks (8.1%) compared to non-His-
panic Whites (7.1%).

The majority (69%) of aminotransferase eleva-
tions in the USA are unexplained, but are strongly
associated with central adiposity and insulin resis-
tance. Elevated AST or ALT levels are thought to be
predictive of NAFLD if two basic criteria are met: 1)
exclusion of alternative chronic liver disease with the
most common being chronic hepatitis C and B, alco-
holic liver disease, and hemochromatosis and the less
common autoimmune hepatitis, primary biliary cirrho-
sis, primary sclerosing cholangitis, and 2) the presence
of the Metabolic Syndrome.

H o w e v e r, it should be noted again that the entire
histologic spectrum of NAFLD/NASH can be seen in
individuals with normal and elevated ALT lab val-
ues.Thus a low or normal ALT does not guarantee free-
dom from underlying steatohepatitis with advanced

fibrosis (102,105,106). The significance of iron accu-
mulation is unknown but it has been sporadically
reported in NASH. Most of these patients have elevated
levels of ferritin and approximately 6% have an ele-
vated transferrin saturation (103). 

Reddy, et al (104) found that antinuclear antibody
(ANA) titers are frequently detected in patients with
NAFLD/NASH (37%). Earlier it was thought that
ANA was not present in many patients. Thus it is
important to rule out autoimmune hepatitis by liver
biopsy where the clinical histories converge.

AST:ALT RATIO
The serum, AST:ALT ratio is usually <1 in fatty liver
disease whereas the ratio in patients with alcoholic
liver disease is usually >2 (107,105). Alkaline phos-
phatase is usually normal, but can be mildly raised
especially if the patient has some fibrosis. Bilirubin is
usually not abnormal except in late stages, as is albu-
min and the prothrombin time. Albumin, bilirubin and
prothrombin time are usually normal in fatty liver dis-
ease in the absence of cirrhosis (107,108). 

DIAGNOSTIC EVALUATION 
The important questions in the standard of medical
care for practicing physicians when evaluating patients
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Table 3
Causes of Chronically Elevated Aminotransferase Levels

Hepatic Causes
• Alcohol abuse
• Medication
• Chronic hepatitis B and C
• Steatosis and nonalcoholic steatohepatitis
• Autoimmune hepatitis
• Hereditary Hemachromatosis
• Wilson’s disease (in patients <40 years old)
• Alpha1-antitrypsin deficiency

Non-hepatic causes
• Celiac Sprue
• Inherited disorders of muscle metabolism
• Acquired muscle diseases
• Strenuous exercise

Adapted with permission from: Pratt DS, Kaplan MM. N Engl J Med,
2000;342:1266-1271 c.2000 MMM.



with chronically elevated liver chemistries (LFTs) are
as follows: 

1) In which patient is NAFLD and NASH suspect?
2) How is the diagnosis of NAFLD and NASH

established? 
3) When and how should one attempt to make a

definitive diagnosis?
4) How and when does one treat the disease? 
There is a wide spectrum of pathophysiologic

causes that can result in chronically elevated amino-
transferase levels. The more common non-NAFLD
disorders are seen in Table 3. We prefer an initial step-
wise diagnostic lab approach in patients with elevated
AST, ALT levels seen in Table 4. 

If these diagnostic tests are inconclusive one
should consider the presence of fat-induced liver
injury whose clinical findings are summarized in Table

5. Unfortunately, clinical symptoms as well as current
laboratory and imaging technology usually cannot
accurately differentiate between NASH and benign
NAFLD. 

IMAGING STUDIES
Ultrasonography has limited sensitivity and specificity
for diagnosing NAFLD, but may detect the character-
istic hypoechogenic areas. Unenhanced abdominal CT
can reveal isolated areas of hypodensity or diffuse
hypoechogenicity, often an “incidental finding” in a
diagnostic study. Siegelman found that Magnetic Res-
onance Imaging (MRI), adds little to CT findings of
diffuse steatosis (109). 

Brandhagen, et al (110) compared the accuracy of
ultrasound and CT scanning for the diagnosis of

PRACTICAL GASTROENTEROLOGY • SEPTEMBER 2004 79

A SPECIAL ARTICLE

Update on Current Standards of Care in the Diagnosis and Management of NAFLD and NASH

Table 4
Laboratory Tests that May Identify the Cause of Elevated Aminotransferase Levels in a Patient
with Few Symptoms and with Normal Alk.Phos.*

Tests Diagnosis

Initial tests:
Hepatitis A,B,C Serology
Hepatitis C antibody in serum Presence of hepatitis C antibody indicates chronic hepatitis C
Hepatitis B surface antigen, surface antibody and core Presence of hepatitis B surface antigen and core antibody indicates 
antibody in serum chronic hepatitis B 
Measurement of serum iron and total iron-binding capacity Iron overload. Decreased 
Serum protein electrophoresis Ceruloplasmin levels suggest Wilson’s disease (if patient is <40 years old)

Increase in polyclonal immunoglobulin suggests autoimmune hepatitis
Serum electrophoresis Marked decrease in ∝–globulin bands suggests alpha 1-antitrypsin 

deficiency

Additional tests (If the results of the initial tests are normal)
Reverse-transcriptase polymerase chain reaction for Presence of Viral RNA indicates chronic hepatitis C
hepatitis C virus RNA
Antinuclear antibody (ANA) and/or anti-smooth muscle antibody. Presence suggests autoimmune hepatitis
Alpha1-antitrypsin phenotyping Presence of ZZ phenotype indicates alpha 1-antitrypsin deficiency
Anti-endomysial and antigliadin antibodies in serum Presence of antibodies indicates celiac sprue
Measurements of creatinine kinase and aldolase Elevated enzyme levels indicate disorders of striated muscle

Adapted with permission from: Pratt DS, Kaplan MM. N Engl J Med, 2000; 342:1266-1271 c.2000 MMM.)
*For increased ALT,AST but with Alk.Phos.predominence do Ultrasound. F/U Dilated ducts with MRCP. F/U normal ultrasound with AMA to r.o. 
Primary Biliary Cirrhosis with Liver Bx. [R.O. other causes-e.g.drug toxicity, Prim.Sclerosing.Cholangitis, Sarcoid, infiltrative/neoplastic disorders]
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NAFLD. For ultrasound, the sensitivity was 50%,
specificity 100%, and accuracy 85.7%; for CT scan-
ning, the sensitivity was 17%, although specificity was
100%, and accuracy was calculated at 80.4%.

All imaging modalities, however, are limited by
their inability to distinguish between non- progressive
NAFLD, NASH and early fibrosis. The fact is that
none of the above imaging techniques can give a defin-
itive diagnosis of NASH. Indeed Saadeh, et al (111) in

the largest and most in depth study of patients with
pathologically proven NAFLD concluded from simul-
taneous radiological assessments taken shortly after
biopsy with three different modalities that differences
between NASH and non-progressive NAFLD were not
apparent with any radiological modality.

Oh, et al (112) evaluated the role of serum mark-
ers of fibrosis in the non-invasive diagnosis of NASH
vs. benign steatosis. Measurement of a marker desig-
nated as YKL40 showed a sensitivity and specificity
(75% and 90%, respectively).

Sheth and Chopra (113) believe that a liver biopsy
is indicated if any of the following clinical or labora-
tory features are present because of a higher likelihood
of finding hepatic fibrosis. These include:1) Peripheral
stigmata of chronic liver disease, 2) Splenomegaly, 3)
Cytopenia, 4)Abnormal iron studies, and/or 5) Dia-
betes in an individual over the age of 45. 

However Vardar, et al (114) and Ong, et al (115)
have concluded from their studies that there is no cor-
relation of the above clinical or laboratory predictors
of NASH or fibrosis. 

Thus, until improvements can be made to current
indirect marker techniques, there is no more accurate
way to definitively establish a diagnosis of NASH than
liver biopsy.

LIVER BIOPSY
Liver biopsy has become the most important diagnos-
tic and prognostic modality and despite its own prob-
lems is the “gold standard.” Liver biopsy currently is
the most sensitive and specific means for the accurate
diagnosis of the NAFLD/NASH spectrum. 

Clinically, the current standard of care is to per-
form liver biopsy for patients who have had undiag-
nosed consistently elevated LFTs for more than four to
six months and/or have a working diagnosis or clinical
factors favoring developing liver fibrosis. 

The histologic presence of necrosis and fibrosis of
NASH portends an adverse outcome of cirrhosis and
death. Fibrosis on liver biopsy is a worrisome biopsy
finding because it indicates increased risk of progres-
sion to cirrhosis. It is important to suspect NASH, and
to obtain a definitive diagnosis in patients with persis-
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(continued on page 82)

Table 5
Clinical Aspects of NASH [Non-alcoholic Steatohepatitis]
and NAFLD [Non-alcoholic Fatty Liver Disease]

Risk Factors
• Obesity
• Type 2 diabetes
• Drugs: corticosteroids, estrogens and tamoxifen
• Dietary deficiencies: protein, essential fatty acids and choline
• Dietary excesses: carbohydrate (e.g. overindulgence and 

total parenteral nutrition)

Symptoms
• None (most common)
• Fatigue
• Vague right upper quadrant abdominal discomfort

Signs
• Hepatomegaly may be present 

Laboratory Findings
• ALT and AST: normal to five times upper limit of normal 
• ALT >AST (AST >ALT suggests alcohol abuse or progression

to Cirrhosis)

Imaging
• “Bright” liver on ultrasound
• Low-density liver on abdominal CT imaging

Biopsy
• Macro vesicular or mixed micro- and macro vesicular fat

droplets in Hepatocytes
• Hepatocellular ballooning, often with Mallory Bodies
• Lobular mixed mononuclear and neutrophilic inflammatory

infiltrate
• Varying degrees of fibrosis in some patients: zone 3

(perivenular)
• “Chicken wire” fibrosis around hepatocytes to more extensive
• Fibrosis and cirrhosis

Adapted with permission from: Neuschwander-Tetri BA. Current 
Gastroenterology Reports 2002; 4:31-36.c.2002.Current Medicine.
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tently elevated LFTs. Once the diagnosis of NASH is
made, the standard of medical care calls for frequent
monitoring in an effort to possibly prevent, or at least
to detect earlier, NASH progressing to cirrhosis with
its major complications. 

Crespo, et al (116) analyzed 181 wedge liver biop-
sies at the time of bariatric surgery without knowledge
of the patient’s clinical or biochemical data. The study
authors found that no clinical nor biochemical abnor-
malities other than liver biopsy predicted progressive
hepatic fibrosis in patients with NAFLD. 

A study from researchers in Southwest England
described a number of patients with NASH and fol-
low-up liver biopsies (117). Interval histologic pro-
gression of NASH had occurred with development of
cirrhosis and hepatocellular carcinoma in about two
years. Harrison and colleagues (118) reported follow-
up results of patients with liver biopsies diagnostic of
NASH from 1985 and found that 30% of patients had
interval increases in fibrosis on repeat biopsy.

Overall, the risks of liver biopsy are low (119). A
retrospective study reviewed the mortality and mor-
bidity of over 9,000 liver biopsies performed over a
20-year period and showed a 0.11% fatality rate and
0.24% risk of non-fatal hemorrhage (82). Studies have
shown that image guided liver biopsies are associated
with even more marked reduction in bleeding and
hypotension episodes, compared to percutaneous liver
biopsy (120). 

Although percutaneous liver biopsy is sometimes
a painful procedure it has been shown that mild anxi-
olytic treatment plus local anesthetic infiltration seems
to produce sufficient analgesia (121). Smith, et al
(122) demonstrated the use of an automated core
biopsy needle via the transjugular approach in those
patients with contraindications to percutaneous hepatic
biopsy (coagulopathy and/or ascites). This study
yielded 98% of adequate tissue specimens and showed
a complication rate of 2.4% with one death in 371
patients who underwent 409 procedures.

Fibrosis may not be as irreversible as once was
thought (123). Perhaps early and effective diagnosis
and treatment of NASH will decrease the progression
of fibrosis as documented by Poynard, et al (124) in
therapeutic trials of patients with hepatitis C-induced
liver fibrosis. Early definitive recognition of NASH

and fibrosis by biopsy has the theoretical advantage of
providing the impetus for both the patient and the
physician for more intensive medical monitoring and
aggressive treatment aimed to improve histology and
prevent progressive liver disease. This will hopefully
decrease the number of patients who develop decom-
pensated cirrhosis and have to be considered for liver
transplantation.

An important incentive for early diagnosis and
aggressive treatment of NASH has been documented
by Bugianesi, et al (125). Features suggestive of
NASH were more frequently observed in hepatocellu-
lar carcinoma (HCC) arising in patients with crypto-
genic cirrhosis than in age- and sex-matched HCC
patients of well-defined viral or alcoholic etiology.
According to these authors, HCC may represent a late
complication of NASH-related cirrhosis.We have no
evidenced based data,however, to prove that any treat-
ment will prevent cancer nor even that NAFLD can be
prevented from progressing to NASH and cirrhosis. ■
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