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ONALCOHOLIC FATTY LIVER DISEASE
(NAFLD), unknown only 2 decades ago, is

now ubiquitous, especially among the obese,
and the prevalence is expected to increase as
our nation gets fatter.1–8

We review current thinking about how
NAFLD develops, its link with the metabolic
syndrome, how to diagnose it, how to decide if
a patient needs a liver biopsy, and how to man-
age it.

■ A NEWLY RECOGNIZED DISORDER

In 1980, Ludwig et al9 published the first sys-
tematic description of what was then an
“unnamed and poorly understood” condition.
On liver biopsy, findings resembled those of
alcoholic hepatitis, but because the patients did
not have a history of heavy drinking, the condi-
tion was named “nonalcoholic steatohepatitis.”

Nonalcoholic steatohepatitis is now
believed to be part of a spectrum of disorders
that comprise NAFLD,1 ie:
• Simple steatosis (fat accumulation within

liver cells)
• Steatosis with nonspecific inflammation
• Steatohepatitis (fat accumulation and

liver cell injury)
• Cirrhosis (fibrosis, scarring, and nodule

formation)
• Hepatocellular carcinoma.

■ NAFLD IS COMMON

According to radiologic surveys, postmortem
studies, and evidence from the third National
Health and Nutrition Examination Survey
(NHANES III), the prevalence of NAFLD of
any type is from 16% to 23% and the preva-

ROCHELLE COLLANTES, MD, MPH
Research Associate, Center for Liver Diseases at Inova
Fairfax Hospital, Falls Church, VA

Nonalcoholic fatty liver disease
and the epidemic of obesity

REVIEW

■ ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is common in
patients with the metabolic syndrome, and it is expected
to become more common in countries where obesity, one
of the components of the metabolic syndrome, is
increasing.

■ KEY POINTS

NAFLD is a spectrum of disorders that range from simple
hepatic steatosis to steatohepatitis, cirrhosis, and
hepatocellular carcinoma.

The most common—and often the only—laboratory
abnormalities of patients with NAFLD are mild to
moderate elevations of aspartate aminotransferase,
alanine aminotransferase, or both.

The diagnosis of NAFLD requires that the patient have no
history of significant alcohol intake, no other liver disease,
and findings on liver biopsy that are compatible with the
disorder.

Biopsy should be reserved for patients at risk of more
serious disease, eg, those with persistently elevated liver
enzyme levels and other risk factors.

No therapy for NAFLD has been proven effective, but
preliminary studies of lipid-lowering agents, insulin-
sensitizing agents, antioxidants, and other cytoprotective
agents are intriguing.
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lence of steatohepatitis is from 2% to 6%,
depending on the diagnostic methods
used.5–7,10–14

Men and women are equally affected.15

African Americans appear to have a lower
prevalence of NAFLD, although it may simply
be underdiagnosed in this group.16

NAFLD has also been reported in 2.6% of
the general pediatric population,17 and in
22.5% to 52.8% of children who are
obese.17,18 Some children develop the serious
forms of NAFLD, such as cirrhosis.19,20

■ NAFLD AND THE METABOLIC SYNDROME

NAFLD is commonly associated with ele-
ments of the metabolic syndrome—obesity,
diabetes mellitus, and hypertriglyc-
eridemia.21–24 From 60% to 95% of patients
with NAFLD are obese.1,25,26 In the morbidly
obese, the prevalence of NAFLD is more than
95%, while the prevalence of nonalcoholic
steatohepatitis may be as high as 25%.24 From

21% to 55% of patients with NAFLD have
diabetes mellitus, and 20% to 92% have
hypertriglyceridemia.1,2,25–27

According to data from NHANES III,
21% of men and 27% of women 25 years or
older are obese, and 7.3% of adults have dia-
betes mellitus.28 Both obesity and diabetes are
on the rise in the United States,28,29 and the
prevalence of NAFLD is therefore expected to
increase as well.

TABLE 1 lists other conditions associated
with NAFLD. Some experts consider NAFLD
to be “secondary” when it is associated with
conditions other than the metabolic syndrome
and “primary” when associated with the meta-
bolic syndrome.30

■ PATHOGENESIS:
GENES AND ENVIRONMENT

NAFLD and steatohepatitis probably result
from a complex interplay between genes and
environment.

A genetic predisposition is suggested by
an observed clustering of nonalcoholic steato-
hepatitis and cryptogenic cirrhosis within
families.31,32 Also suggestive are polymor-
phisms of genes that encode proteins such as
tumor necrosis factor-alpha promoter, micro-
somal triglyceride transfer protein (involved
in the export of triglycerides from the liver),
and HFE (involved in hemochromatosis).33–35

Multiple ‘hits’ to steatohepatitis
The “two-hit” hypothesis is the leading theo-
ry of the pathogenesis of nonalcoholic steato-
hepatitis (FIGURE 1).36

First hit: Insulin resistance. Insulin resis-
tance is believed to lead to the accumulation
of triglycerides in hepatocytes as a result of
more fatty acids being synthesized, more free
fatty acids being delivered to the liver, less
fatty acids being degraded, and less triglyc-
erides being released from the liver.

This link is supported by findings that
many patients with NAFLD have hyperinsu-
linemia, insulin resistance, and the metabolic
syndrome,37–39 even if they do not have dia-
betes mellitus and are not obese.37–41 NAFLD
has also been reported in patients with severe
insulin resistance, such as those with congen-
ital and acquired lipodystrophies.42,43

From 60% to
95% of patients
with NAFLD are
obese

FATTY LIVER COLLANTES AND COLLEAGUES

Factors associated with
nonalcoholic fatty liver
disease (NAFLD)
Metabolic syndrome

Obesity
Hypertriglyceridemia
Diabetes mellitus

Total parenteral nutrition

Lipodystrophy

Wilson disease

Starvation

Jejunoileal bypass

Abetalipoproteinemia

Hypobetalipoproteinemia

Industrial toxins

Weber-Christian syndrome

Medications
Amiodarone
Corticosteroids
Diltiazem
Methotrexate
Nifedipine
Tamoxifen
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Excessive fat in the hepatocytes may set
the stage for the necroinflammation and
fibrosis seen in nonalcoholic steatohepatitis.

Second hits: Oxidative stress, cytokines.
A variety of second hits could account for the
progression from simple steatosis to steatohep-
atitis.

Oxidative stress occurs when more oxi-
dant substances are produced than the antiox-
idant processes of the liver can handle.
Oxidative stress can cause lipid peroxidation,
leading to activation of hepatic stellate cells
and hepatocyte death, contributing to hepato-
cellular injury and fibrosis. Sources of oxida-
tive stress in steatohepatitis include reactive
oxidative species that leak from the mito-
chondria during oxidation of fatty acids;
cytochrome P450 enzymes (CYP2E1 and
CYP4A); and hepatic iron.35,44–47

Cytokine production is increased in
nonalcoholic steatohepatitis and is believed
to play a role in its pathogenesis. In the
liver, tumor necrosis factor-alpha can con-
tribute to oxidative stress48 and may con-
tribute to insulin resistance through activa-
tion of the inhibitor of kappa kinase beta
(IKK beta).49

Increased free fatty acid levels, in addition
to mediating insulin resistance and causing
oxidative stress, can be directly hepatotoxic,
leading to cellular injury.15

Leptin: A possible third hit. Leptin, a
protein primarily derived from adipocytes,
regulates appetite and energy expenditure.50,51

It also promotes insulin resistance, contributes
both to oxidative stress and to enhanced
secretion of inflammatory cytokines,52–54 and
may play a role in causing fibrosis.

Produced by activated hepatic stellate
cells, leptin can contribute to fibrosis either
directly or indirectly through transforming
growth factor-beta-1.55–57 However, while
patients with nonalcoholic steatohepatitis
have elevated leptin levels, leptin levels do
not correlate with the severity of fibrosis.52,58

Although separation of steps involved in
the multiple-hit hypothesis of nonalcoholic
steatohepatitis provides a convenient scheme,
there are probably significant overlaps among
these steps. Future research can elucidate the
importance of each step in the pathogenesis of
this disease.

■ CLINICAL FEATURES OF NAFLD

No specific signs or symptoms
Most patients with NAFLD have no specific
signs or symptoms, although some complain of
fatigue, malaise, and right upper quadrant
abdominal pain. Hepatomegaly, found in
about half of patients, is sometimes the only
physical finding.26 Jaundice, ascites, gyneco-
mastia, and spider angiomas suggest advanced
disease.

Mildly elevated AST, ALT
The most common—and often the only—lab-
oratory abnormalities of patients with
NAFLD are mild to moderate (twofold to
threefold) elevations  of aspartate aminotrans-
ferase (AST), alanine aminotransferase
(ALT), or both.26 Levels can be as high as 10
to 15 times normal, but this is rare.

In 65% to 90% of patients, the ratio of
AST to ALT is less than 1. However, as fibro-
sis advances, this ratio can reverse and lose its
diagnostic value in assessing steatohepatitis.25

Other liver enzymes (alkaline phos-
phatase or gamma-glutamyltransferase) may
be elevated two to three times above the nor-
mal range.

Hypoalbuminemia, prolonged prothrom-
bin time, and hyperbilirubinemia are less
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About half of
patients with
NAFLD have
hepatomegaly
—often the
only sign

Pathogenesis of NAFLD:
The ‘multiple-hit’ hypothesis

Normal liver
First “hit”:

Insulin resistance

Simple steatosis
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Cytokines
Fatty acids
Oxidative stress

Nonalcoholic steatohepatitis
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Cirrhosis, hepatocellular carcinoma

FIGURE 1
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common and, when present, suggest advanced
disease.

Serum ferritin levels and transferrin satu-
ration may be elevated, but the hepatic iron
index and hepatic iron quantitative levels are
usually normal.

Imaging can detect NAFLD,
but not tell the severity
Ultrasonography is sensitive in detecting
steatosis.59 Noncontrast computed tomogra-
phy and magnetic resonance imaging can also
detect fatty infiltration. However, none of
these three imaging methods is especially good
for diagnosing steatohepatitis or detecting
fibrosis. While all three can detect significant
grades of steatosis, none can distinguish
between steatohepatitis and the other types of
NAFLD.60

■ DIAGNOSIS

A diagnosis of NAFLD or nonalcoholic
steatohepatitis requires that:
• The patient have no history of significant

alcohol intake (no more than 1–2 drinks
per day15)

• Other liver diseases (especially hepatitis C
and Wilson disease) be ruled out (howev-
er, NAFLD may coexist with other liver
diseases60)

• The histologic features be compatible
with NAFLD.

Biopsy is the definitive test
Because the clinical and laboratory features of
NAFLD are not specific and imaging studies
cannot reliably distinguish nonalcoholic
steatohepatitis from other forms of NAFLD,
liver biopsy is the only way to accurately diag-
nose NAFLD, particularly steatohepatitis.
Histologic features include steatosis, lobular
inflammation, ballooning degeneration, peri-
sinusoidal fibrosis, and Mallory bodies.15,61,62

While pathologists agree that fatty liver
disease can be defined as fat accumulation in
more than 5% of hepatocytes, there is no con-
sensus regarding steatohepatitis. In general,
nonalcoholic steatohepatitis is defined as lob-
ular inflammation and liver cell injury (ie, bal-
looning degeneration) in association with fat.

Who should undergo liver biopsy?
The role of liver biopsy in routine clinical
practice is controversial. Although most
experts believe that a biopsy is important for
determining both diagnosis and prognosis, few
would recommend biopsy for all patients sus-
pected to have NAFLD.63 Arguments against
liver biopsy include its cost and risk, the lack
of effective therapy for NAFLD, and
NAFLD’s generally good prognosis.

Dixon et al24 found that hypertension,
elevated ALT, and insulin resistance predicted
steatohepatitis.

Angulo et al25 found older age, obesity, an
AST/ALT ratio greater than 1, and diabetes
predicted advanced fibrosis.

We recommend that patients undergo biop-
sy only if they are at risk of having advanced dis-
ease and if liver enzymes remain chronically ele-
vated despite lifestyle changes (TABLE 2).

How to evaluate suspected NAFLD

Clinical evaluation
Exclude significant alcohol consumption
Assess risk factors

Obesity
Diabetes mellitus
Hypertriglyceridemia
Insulin resistance syndrome (eg, polycystic ovary syndrome)

Exclude drugs and other conditions that can cause
nonalcoholic fatty liver disease (see TABLE 1)

Laboratory evaluation
Measure serum levels of:

Aspartate aminotransferase (AST)
Alanine aminotransferase (ALT)
Gamma-glutamyltransferase

Exclude other causes of liver disease by assessing:
Hepatitis B or C serologies
Autoimmune markers
Ceruloplasmin
Alpha-1 antitrypsin level and phenotype
Iron studies

Imaging studies
Ultrasonography, computed tomography, or magnetic
resonance imaging for hepatic steatosis (< 33% fat may
be normal)

Liver biopsy
Determine need based on risk (persistently abnormal liver
enzymes, obesity, diabetes mellitus, or older age)

T A B L E  2
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■ PROGNOSIS

Data about the natural course of NAFLD are
limited. Patients with simple steatosis appear
to have a good prognosis, while those with
nonalcoholic steatohepatitis may be at risk of
their disease progressing to cirrhosis.1 There is
less information on steatosis with nonspecific
inflammation.

Simple steatosis is generally benign
Teli et al3 evaluated 12 patients with simple
steatosis diagnosed by biopsy who had a sec-
ond liver biopsy more than a decade later, and
found no histologic evidence that their liver
disease had progressed. Despite its limited
sample size and relatively short follow-up, this
study confirmed the benign nature of simple
steatosis.

However, a recent study describes progres-
sion of simple steatosis to steatohepatitis in
three patients, which is consistent with the
multiple-hit hypothesis.64

Steatohepatitis is likelier to progress
Matteoni et al1 histologically categorized 132
cases of NAFLD as either simple steatosis,
steatosis with nonspecific inflammation, or
steatohepatitis. On follow-up at least a decade
later, cirrhosis and liver-related deaths were
almost exclusively confined to patients with
steatohepatitis.

Few patients with nonalcoholic steato-
hepatitis have undergone sequential liver
biopsies, however. A review of the literature
reveals only 30 patients with a documented
diagnosis of nonalcoholic steatohepatitis who
had sequential liver biopsies over 1 to 9
years.65 The disease progressed to cirrhosis in
about 20% of these patients. A recent study
evaluated 22 patients with NAFLD who
underwent a second biopsy an average of 5.7
years after the first, and found that 32% had
higher fibrosis scores the second time.64

Cryptogenic cirrhosis:
The end stage of steatohepatitis?
Patients with cirrhosis of unknown origin
account for 15% of those waiting for liver
transplantation. With sophisticated serologic
testing, some of these patients have been
reclassified as having viral, autoimmune, or

other metabolic liver diseases. However, no
clear etiology has been found for many.

Caldwell et al66 described a cohort of
patients with cryptogenic cirrhosis that
resembled NAFLD and suggested that crypto-
genic cirrhosis may actually be “burned-out”
nonalcoholic steatohepatitis. A subsequent
case-control study of patients with crypto-
genic cirrhosis reported similar findings.67

Furthermore, many patients who received
liver transplants because of cryptogenic cir-
rhosis in two case series subsequently devel-
oped NAFLD and nonalcoholic steatohepati-
tis.68,69 Posttransplant steatohepatitis was
associated with the patient profile typical of
NAFLD (obesity and type 2 diabetes melli-
tus).

Hepatocellular carcinoma part of spectrum
Patients with hepatocellular carcinoma and
cryptogenic cirrhosis also have clinical pro-
files similar to those of patients with NAFLD,
suggesting that carcinoma may also be a part
of this liver disease spectrum.70 These data
also suggest that nonalcoholic steatohepatitis
may be an important cause of cryptogenic cir-
rhosis and hepatocellular carcinoma.68

■ TREATMENT:
MANAGE ASSOCIATED CONDITIONS

There currently is no proven effective therapy
for nonalcoholic steatohepatitis. Early efforts
focused on modifying the associated condi-
tions such as obesity, hypertriglyceridemia,
and diabetes mellitus. More recent efforts
have targeted theoretical aspects of the patho-
genesis, such as insulin resistance and oxida-
tive stress.

Weight loss, particularly of 10% or more,
can lead to improvements in liver enzyme
abnormalities71 and in hepatic steatosis as
observed on ultrasonography.72

There has been, however, very little histo-
logic follow-up in obese patients who lost
weight. In 1986, Eriksson et al73 reported that
two patients with nonalcoholic steatohepatitis
who lost weight had significant histologic
improvement on follow-up liver biopsies.
Ueno et al74 also reported significant improve-
ment on serial biopsies in patients who lost
weight.74
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Very rapid weight loss, however, may lead to
increased portal inflammation and fibrosis.75,76

While the optimum rate of weight loss is not
clear, gradual loss of 10% of baseline weight
seems to be a reasonable recommendation.77

Lipid-lowering agents have been evaluat-
ed in patients with nonalcoholic steatohepati-
tis. Patients did not appear to benefit from 12
months of clofibrate.78 On the other hand,
atorvastatin for 1 year produced significant
improvement in ballooning degeneration and
inflammatory scores in seven patients.79 A
randomized controlled trial of short-term gem-
fibrozil in 46 patients demonstrated a signifi-
cant decrease in serum aminotransferase lev-
els, but histologic data were unavailable.80

Ursodeoxycholic acid may help patients
with nonalcoholic steatohepatitis. Improve-
ments in serum aminotransferase levels and in
steatosis occurred in small-scale pilot stud-
ies.78,81,82 However, a recent trial found no bio-
chemical or histologic improvement in
patients treated with low-dose ursodeoxycholic
acid compared with placebo.83

Increase insulin sensitivity
Blood sugar levels of patients with NAFLD
should be controlled. Agents that improve
insulin sensitivity have been tested.

Metformin 500 mg three times a day for 4
months was given to 14 patients with NAFLD
in a pilot study.84 Their serum aminotrans-
ferase levels declined significantly. Histologic
follow-up was not available.

Thiazolidinediones. Troglitazone, rosigli-
tazone, and pioglitazone are antidiabetic
agents that improve insulin sensitivity.

Troglitazone was given for 6 months to 10
patients who had biopsy-proven nonalcoholic
steatohepatitis.85 Serum aminotransferase lev-
els normalized in seven patients by the end of
the treatment period, but histology on follow-
up liver biopsies did not significantly improve.
Troglitazone has now been withdrawn from
the market because of hepatotoxicity.

Rosiglitazone was given to a larger num-
ber of patients for 12 months, with biochemi-

cal and histologic improvement.86 Similar
results were noted in a separate study with
pioglitazone.87

While the results of these studies are
promising and warrant further evaluation, the
thiazolidinediones are potentially hepatotox-
ic, and their use in NAFLD should be restrict-
ed to clinical trials at this time.

Antioxidants and other cytoprotective agents
Vitamin E may improve nonalcoholic

steatohepatitis because it protects cellular struc-
tures against damage from oxygen free radicals
and reactive products of lipid peroxidation.

In a pilot study, 11 obese children with
NAFLD all showed normalization of their
liver enzyme levels after taking vitamin E 400
to 1,200 IU/day.88

In another study, 12 patients with nonal-
coholic steatohepatitis and 10 with simple
steatosis took vitamin E 300 IU/day for 12
months.89 Liver enzyme levels declined signif-
icantly. Inflammation and fibrosis also
improved in 6 of 9 patients with nonalcoholic
steatohepatitis who underwent liver biopsy at
the end of the treatment period.

Betaine, a metabolite of choline that
increases S-adenosylmethionine levels,
reduced serum aminotransferase levels and
improved histologic findings in 10 patients
with nonalcoholic steatohepatitis.90

N-acetylcysteine given for 3 months
resulted in biochemical improvement in
patients with nonalcoholic steatohepatitis in a
small study.91

■ CONTROLLED STUDIES NEEDED

Preliminary studies have generated intriguing
results, but randomized, placebo-controlled
clinical trials that target specific pathogenic
mechanisms would be preferable. This will not
be possible until the pathogenesis of nonalco-
holic steatohepatitis is better understood.
Advances in clinical investigative methods,
laboratory medicine, functional genomics, and
pharmacogenomics will further this effort.

Gradual loss of
10% of weight
seems to be
reasonable to
control NAFLD

FATTY LIVER COLLANTES AND COLLEAGUES

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 71 •  NUMBER 8       AUGUST  2004 663

of nonalcoholic fatty liver: a follow-up study. Hepatology 1995;
22:1714–1719.

4. El-Hassan AY, Ibrahim EM, Al-Mulhim FA, Nabhan AA, Chammas
MY. Fatty infiltration of the liver: analysis of prevalence, radio-
logical and clinical features and influence on patient manage-
ment. Br J Radiol 1992; 65:774–778.

5. Araujo LMB, DeOliveira A, Nunes DS. Liver and biliary ultra-
sonography in diabetic and non-diabetic obese women. Diabetes
& Metab 1998; 24:458–462.

6. Ballentani S, Saccoccio G, Masutti F, et al. Prevalence of and risk
factors for hepatic steatosis in northern Italy. Ann Intern Med
2000; 132:112–117.

7. Nomura H, Kashiwagi S, Hayashi J, Kajiyama W, Tani S, Goto M.
Prevalence of fatty liver in a general population of Okinawa,
Japan. Jpn J Med 1988; 27:143–149.

8. Nonomura A, Mizukami Y, Unoura M, Kobayashi K, Takeda Y,
Takeda R. Clinicopathologic study of alcohol-like liver disease in
non-alcoholics; non-alcoholic steatohepatitis and fibrosis.
Gastroenterol Jpn 1992; 27:521–528.

9. Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steato-
hepatitis: Mayo Clinic experiences with a hitherto unnamed dis-
ease. Mayo Clin Proc 1980; 55:434–438.

10. Lonardo A, Bellino M, Tartoni P, Tondelli E. The bright liver syn-
drome: prevalence and determinants of a “bright” liver echo
pattern. Ital J Gastroenterol Hepatol 1997; 29:351–356.

11. Hilden M, Christoffersen P, Juhle E, Dalgaard JB. Liver histology
in a “normal” population—examinations of 503 consecutive fatal
traffic casualties. Scand J Gastroenterol 1977; 12:593–597.

12. Ground KEU. Liver pathology in aircrew. Aviat Space Environ
Med 1982; 53:14–18.

13. Clark JM, Brancati FL, Diehl AM. Nonalcoholic fatty liver disease.
Gastroenterology 2002; 122:1649–1657.

14. Ruhl CE, Everhart JE. Determinants of the association of over-
weight with elevated serum alanine aminotransferase activity in
the United States. Gastroenterology 2003; 124:71–79.

15. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepati-
tis: summary of an AASLD Single Topic Conference. Hepatology
2003; 37:1202–1219.

16. Caldwell SH, Harris DM, Patrie JT, Hespenheide EE. Is NASH
underdiagnosed among African Americans? Am J Gastroenterol
2002; 97:1496–1500.

17. Tominaga K, Kurata JH, Chen YK, et al. Prevalence of fatty liver
in Japanese children and relationship to obesity. An epidemio-
logical ultrasonographic survey. Dig Dis Sci 1995; 40:2002–2009.

18. Franzese A, Vajro P, Argenziano A, et al. Liver involvement in
obese children. Ultrasonography and liver enzyme levels at diag-
nosis and during follow up in an Italian population. Dig Dis Sci
1997; 42:1428–1432.

19. Rashid M, Roberts EA. Nonalcoholic steatohepatitis in children. J
Pediatr Gastroenterol Nutr 2000; 30:48–53.

20. Baldridge AD, Perez-Atayde AR, Graeme-Cook F, Higgins L,
Lavine JE. Idiopathic steatohepatitis in childhood: a multicenter
retrospective study. J Pediatr 1995; 127:700–704.

21. Kemmer NM, Xiao SY, Singh H, et al. High prevalence of NASH
among Mexican American females with type II diabetes mellitus
[abstract]. Gastroenterology 2001; 120:A117.

22. Daniel S, Ben-Menachem T, Vasudevan G, Ma CK, Blumenkehl M.
Prospective evaluation of unexplained chronic liver transaminase
abnormalities in asymptomatic and symptomatic patients. Am J
Gastroenterol 1999; 94:3010–3014.

23. Garcia-Monzon C, Martin-Perez E, Iacono OL, et al.
Characterization of pathogenic and prognostic factors of nonal-
coholic steatohepatitis associated with obesity. J Hepatol 2000;
33:716–724.

24. Dixon JB, Bhathal PS, O’Brien PE. Nonalcoholic fatty liver disease:
predictors of nonalcoholic steatohepatitis and liver fibrosis in the
severely obese. Gastroenterology 2001; 121:91–100.

25. Angulo P, Keach JC, Batts KP, Lindor KD. Independent predictors
of liver fibrosis in patients with nonalcoholic steatohepatitis.

Hepatology 1999; 30:1356–1362.
26. Powell EE, Cooksley WG, Hanson R, Searle J, Halliday JW, Powell

LW. The natural history of nonalcoholic steatohepatitis: a follow-
up study of forty-two patients for up to 21 years. Hepatology
1990; 11:74–80.

27. Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tetri BA.
Nonalcoholic steatohepatitis: an expanded clinical entity.
Gastroenterology 1994; 107:1103–1109.

28. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP.
The continuing epidemics of obesity and diabetes in the United
States. JAMA 2001; 286:1195–1200.

29. Must A, Spadana J, Coakley EH, Field AE, Colditz G, Dietz WH.
The disease burden associated with overweight and obesity.
JAMA 1999; 282:1523–1529.

30. Falck-Ytter Y, Younossi ZM, Marchesini G, McCullough AJ. Clinical
features and natural history of nonalcoholic steatosis syndromes.
Semin Liver Dis 2001; 21:17–26.

31. Struben VM, Hespenheide EE, Caldwell SH. Nonalcoholic steato-
hepatitis and cryptogenic cirrhosis within kindreds. Am J Med
2000; 108:9–13.

32. Willner IR, Waters B, Patil SR, Reuben A, Morelli J, Riely CA.
Ninety patients with nonalcoholic steatohepatitis: insulin resis-
tance, familial tendency, and severity of disease. Am J
Gastroenterol 2001; 96:2957–2961.

33. Bernard S, Touzet S, Personne I, et al. Association between
microsomal triglyceride transfer protein gene polymorphism and
the biological features of liver steatosis in patients with type II
diabetes. Diabetologia 2000; 43:995–999.

34. Valenti L, Fracanzani AL, Dongiovanni P, et al. Tumor necrosis
factor alpha promoter polymorphisms and insulin resistance in
nonalcoholic fatty liver disease. Gastroenterology 2002;
122:274–280.

35. George DK, Goldwurm S, MacDonald GA, et al. Increased hepatic
iron concentration in nonalcoholic steatohepatitis is associated
with increased fibrosis. Gastroenterology 1998; 114:311–318.

36. Day CP, James OFW. Steatohepatitis: a tale of two “hits”?
Gastroenterology 1998; 114:842–845.

37. Marchesini G, Brizi M, Bianchi G, et al. Nonalcoholic fatty liver
disease: a feature of the metabolic syndrome. Diabetes 2001;
50:1844–1850.

38. Pagano G, Pacini G, Musso G, et al. Nonalcoholic steatohepatitis,
insulin resistance, and metabolic syndrome: further evidence for
an etiologic association. Hepatology 2002; 35:367–372.

39. Chitturi S, Abeygunasekera S, Farrell GC, et al. NASH and insulin
resistance: insulin hypersecretion and specific association with
the insulin resistance syndrome. Hepatology 2002; 35:373–379.

40. Sanyal AJ, Campbell-Sargent C, Mirshahi F, et al. Nonalcoholic
steatohepatitis: association of insulin resistance and mitochondri-
al abnormalities. Gastroenterology 2001; 120:1183–1192.

41. Sonsuz A, Basaranoglu M, Bilir M, Senturk H, Akin P.
Hyperinsulinemia in nondiabetic, both obese and nonobese
patients with nonalcoholic steatohepatitis. Am J Gastroenterol
2002; 97:495.

42. Powell EE, Searle J, Mortimer R. Steatohepatitis associated with
limb lipodystrophy. Gastroenterology 1989; 97:1022–1024.

43. Arioglu E, Duncan-Morin J, Sebring N, et al. Efficacy of safety of
troglitazone in the treatment of lipodystrophy syndromes. Ann
Intern Med 2000; 133:263–274.

44. Pessayre D, Berson A, Fromenty B, Mansouri A. Mitochondria in
steatohepatitis. Semin Liver Dis 2001; 21:57–69.

45. Weltman MD, Farrell GC, Hall P, Ingelman-Sundberg M, Liddle C.
Hepatic cytochrome P450 2E1 is increased in patients with nonal-
coholic steatohepatitis. Hepatology 1998; 27:128–133.

46. Leclercq IA, Farrell GC, Field J, Bell DR, Gonzalez FJ, Robertson
GR. CYP2E1 and CYP4A as microsomal catalysts of lipid peroxides
in murine nonalcoholic steatohepatitis. J Clin Invest 2000;
105:1067–1075.

47. Younossi ZM, Gramlich T, Bacon BR, et al. Hepatic iron and non-
alcoholic fatty liver disease. Hepatology 1999; 30:847–850.

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


48. Tilg H, Diehl AM. Cytokines in alcoholic and nonalcoholic steato-
hepatitis. N Engl J Med 2000; 343:1467–1476.

49. Yuan M, Konstantopoulos N, Lee J, et al. Reversal of obesity-
and diet-induced insulin resistance with salicylates or targeted
disruption of Ikkbeta. Science 2001; 293:1673–1677.

50. Kaplan LM. Leptin, obesity and liver disease. Gastroenterology
1998; 1154:997–1001.

51. Anania FA. Leptin, liver, and obese mice—fibrosis in the fat lane.
Hepatology 2002; 36:246–248.

52. Chitturi S, Farrell G, Frost L, et al. Serum leptin in NASH corre-
lates with hepatic steatosis but not fibrosis: a manifestation of
lipotoxicity? Hepatology 2002; 36:403–409.

53. Bouloumie A, Marumo T, Lafontan M, Busse R. Leptin induces
oxidative stress in human endothelial cells. FASEB J 1999;
13:1231–1238.

54. Loffreda S, Yang SQ, Lin HZ, et al. Leptin regulates proinflamma-
tory immune responses. FASEB J 1998; 12:57–65.

55. Potter JJ, Womack L, Mezey E, Anania FA. Transdifferentiation of
the rat hepatic stellate cells results in leptin expression. Biochem
Biophys Res Commun 1998; 244:178–182.

56. Saxena NK, Ikeda K, Rockey DC, Friedman SL, Anania FA. Leptin
in hepatic fibrosis: evidence for increased collagen production in
stellate cells and lean littermates of ob/ob mice. Hepatology
2002; 35:762–771.

57. Honda H, Ikejima K, Hirose M, et al. Leptin is required for fibro-
genic responses induced by thioacetamide in the murine liver.
Hepatology 2002; 36:12–21.

58. Uygun A, Kadayifci A, Yesilova Z, et al. Serum leptin levels in
patients with nonalcoholic steatohepatitis. Am J Gastroenterol
2000; 95:3584–3589.

59. Saadeh S, Younossi ZM, Remer EM, et al. The utility of radiologi-
cal imaging in nonalcoholic fatty liver disease. Gastroenterology
2002; 123:745–750.

60. Ong JP, Younossi ZM, Speer C, Olano A, Gramlich T, Boparai N.
Chronic hepatitis C and superimposed nonalcoholic fatty liver
disease. Liver 2001; 21:266–271.

61. Younossi ZM, Gramlich T, Liu YC, et al. Nonalcoholic fatty liver
disease: assessment of variability in pathologic interpretations.
Mod Pathol 1998; 11:560–565.

62. Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA,
Bacon BR. Nonalcoholic steatohepatitis: a proposal for grading
and staging the histological lesions. Am J Gastroenterol 1999;
94:2467–2474.

63. Younossi ZM, Diehl AM, Ong JP. Nonalcoholic fatty liver disease:
an agenda for clinical research. Hepatology 2002; 35:746–752.

64. Harrison SA, Torgerson S, Hayashi PH. The natural history of
non-alcoholic fatty liver disease: a clinical histopathologic study.
Am J Gastroenterol 2003; 98:2042–2047.

65. Ong JP, Younossi ZM. Nonalcoholic fatty liver disease (NAFLD)—
two decades later: are we smarter about its natural history? Am
J Gastroenterol 2003; 98:1915–1917.

66. Caldwell SH, Oelsner DH, Iezzoni JC, Hespenheide EE, Battle EH,
Driscoll CJ. Cryptogenic cirrhosis: clinical characterization and
risk factors for underlying disease. Hepatology 1999; 29:664–669.

67. Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity and
diabetes in patients with cryptogenic cirrhosis: a case-control
study. Hepatology 2000; 32:689–692.

68. Ong J, Younossi ZM, Reddy V, et al. Cryptogenic cirrhosis and
posttransplantation nonalcoholic fatty liver disease. Liver Transpl
2001; 7:797–801.

69. Contos MJ, Cales W, Sterling RK, et al. Development of nonalco-
holic fatty liver disease after orthotopic liver transplantation for
cryptogenic cirrhosis. Liver Transpl 2001; 7:363–373.

70. Bugianesi E, Leone N, Vanni E, et al. Expanding the natural his-
tory of nonalcoholic steatohepatitis: from cryptogenic cirrhosis
to hepatocellular carcinoma. Gastroenterology 2002;
123:134–140.

71. Palmer M, Schaffner F. Effect of weight reduction on hepatic
abnormalities in overweight patients. Gastroenterology 1990;

99:1408–1413.
72. Nomura F, Ohnishi K, Ochiai T, Okuda K. Obesity-related nonal-

coholic fatty liver: CT features and follow-up studies after low-
calorie diet. Radiology 1987; 162:845–847.

73. Eriksson S, Eriksson KF, Bondesson L. Nonalcoholic steatohepati-
tis in obesity: a reversible condition. Acta Med Scand 1986;
220:83–88.

74. Ueno T, Sugawara H, Sujaku K, et al. Therapeutic effects of
restricted diet and exercise in obese patients with fatty liver. J
Hepatol 1997; 27:103–107.

75. Luyckx FH, Desaive C, Thiry A, et al. Liver abnormalities in
severely obese subjects: effect of drastic weight loss after gastro-
plasty. Int J Obes Relat Metab Disord 1998; 22:222–226.

76. Andersen T, Gluud C, Franzmann MB, Christoffersen P. Hepatic
effects of dietary weight loss in morbidly obese subjects. J
Hepatol 1991; 12:224–229.

77. Sanyal AJ. AGA technical review on nonalcoholic fatty liver dis-
ease. Gastroenterology 2002; 123:1705–1725.

78. Laurin J, Lindor K, Crippin J, et al. Ursodeoxycholic acid or clofi-
brate in the treatment of non-alcohol-induced steatohepatitis: A
pilot study. Hepatology 1996; 23:1464–1467.

79. Horlander J, Kwo P. Atorvastatin for the treatment of NASH
[abstract]. Hepatology 1997; 26:544A.

80. Basaranoglu M, Acbay O, Sonsuz A. A controlled trial of gemfi-
brozil in the treatment of patients with nonalcoholic steatohep-
atitis [abstract]. J Hepatol 1999; 31:384.

81. Ceriani R, Brunanti S, Morini L, Sacchi E, Colombo G. Effect of
ursodeoxycholic acid plus diet in patients with non-alcoholic
steatohepatitis [abstract]. Hepatology 1998; 26:386A.

82. Guma C, Viola L, Thome M, Galdame O, Alvarez E.
Ursodeoxycholic acid in the treatment of non-alcoholic steato-
hepatitis: results of a prospective clinical controlled trial
[abstract]. Hepatology 1997; 26:387A.

83. Lindor KD, Kowdley KV, Heathcote EJ, et al. Ursodeoxycholic
acid for treatment of nonalcoholic steatohepatitis: results of a
randomized placebo-controlled trial. Hepatology 2004;
39:770–778.

84. Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli M,
Melchionda N. Metformin in non-alcoholic steatohepatitis.
Lancet 2001; 358:893–894.

85. Caldwell SH, Hespenheide EE, Redick JA, Iezzoni JC, Battle EH,
Sheppard BL. A pilot study of a thiazolidinedione, troglitazone,
in nonalcoholic steatohepatitis. Am J Gastroenterol 2001;
96:519–525.

86. Neuschwander-Tetri BA, Brunt EM, Wehmeier KR, Oliver D,
Bacon BR. Improved nonalcoholic steatohepatitis after 48 weeks
of treatment with the PPAR-gamma ligand rosiglitazone.
Hepatology 2003; 38:1008–1017.

87. Promrat K, Lutchman G, Uwaifo GI, et al. A pilot study of piogli-
tazone treatment for nonalcoholic steatohepatitis. Hepatology
2004; 39:188–196.

88. Lavine JE. Vitamin E treatment of nonalcoholic steatohepatitis in
children: a pilot study. J Pediatr 2000; 136:734–738.

89. Hasegawa T, Yoneda M, Nakamura K, Makino I, Terano A.
Plasma transforming growth factor-beta1 level and efficacy of
alpha-tocopherol in patients with non-alcoholic steatohepatitis:
a pilot study. Aliment Pharmacol Ther 2001; 15:1667–1672.

90. Abdelmalek MF, Angulo P, Jorgensen RA, Sylvestre PB, Lindor
KD. Betaine, a promising new agent for patients with nonalco-
holic steatohepatitis: results of a pilot study. Am J Gastroenterol
2001; 96:2711–2717.

91. Gulbahar O, Karasu Z, Ersoz G, Akarca UAM. Treatment of non-
alcoholic steatohepatitis with N-acetylcysteine [abstract].
Gastroenterology 2000; 118:A1444.

ADDRESS: Zobair M. Younossi, MD, MPH, Center for Liver Diseases,
Department of Medicine, Inova Fairfax Hospital, 3300 Gallows Road, Falls
Church, VA 22042-3300.

664 CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 71 •  NUMBER 8      AUGUST  2004

FATTY LIVER COLLANTES AND COLLEAGUES

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

