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Opinion statement

Nonalcoholic steatohepatitis (NASH) is an important medical condition and there is
great public health concern related to its increasing incidence and potential implica-
tions for the development of end-stage liver disease. NASH represents a progression
beyond simple lipid deposition in the liver parenchyma, requiring histologic evidence
for hepatocyte injury such as ballooning degeneration, Mallory bodies, and/or pericel-
lular fibrosis that can potentially lead to progressive liver injury and eventually cirrho-
sis. It is believed that several insults contribute to the evolution of hepatic injury
such as insulin dysregulation, lipid deposition, oxidative free radicals, and lipid peri-

oxidation. Initial treatment protocols for NASH focus on various aspects of injury in
an attempt to control insulin imbalances, improve lipid regulation, reduce free radi-
cals, and ameliorate the inflammatory process. No therapy is conclusively beneficial in
all individuals, but preliminary data suggest several approaches that hold promise.

Introduction

Nonalcoholic fatty liver disease (NAFLD) represents a
spectrum of clinicopathologic entities unified by charac-
teristic lipid deposition throughout the liver parenchyma
in individuals without a history of excessive alcohol
intake [1,2+<]. Nonalcoholic steatohepatitis (NASH)
describes the presence of steatosis in association with
hepatocyte injury (ballooning degeneration and Mallory
bodies or both) and in some cases evidence of significant
fibrosis [2e,3-5,6,7-10,11=,12—14,15<]. The ultimate
consequence of NASH may be cirrhosis or end-stage liver
disease (ESLD), as NASH has been identified as the main
cause of cryptogenic cirrhosis [16,17]. Liver biopsies
from patients with NASH show characteristics similar to
those of alcoholic steatohepatitis (ASH), manifesting ste-
atosis, Mallory hyaline, ballooning degeneration, and/or
sinusoidal fibrosis in zone three. Like its alcoholic coun-
terpart ASH, NASH is thought to be progressive and may
initially or eventually show evidence of necrosis, fibrosis,
or cirrhosis [2e¢].

NATURAL HISTORY

Several studies demonstrate that individuals with NASH
are more likely to progress to cirrhosis than those with
steatosis alone or steatosis and nonspecific inflamma-
tion (without NASH) [4,5]. Despite the risk for progres-

sion to end-stage liver disease in NASH, the accuracy of
noninvasive methods to detect this progression have
not been fully established [6<,7,18]. However, there are
some clinical variables that may help predict the likeli-
hood of progression. It has also been demonstrated that
early findings of Mallory’s hyaline, ballooning degener-
ation, or fibrosis (ie, signs of necrosis) are predictive of
cirrhosis and death [4,8,15<]. Furthermore, age over 45
years, type 2 diabetes mellitus, and transaminase eleva-
tion (with an aspartate aminotransferase (AST)/ alanine
aminotranferease (ALT) over 1) seem to confer an
increased risk for progression to fibrosis [7]. Another
study combined both clinical and laboratory data in a
graded scoring system (including age, body mass index,
serum ALT, and triglyceride levels) to define the likeli-
hood of fibrosis, but neither system has yet been vali-
dated [9]. Although iron does not appear to be
consistently associated with hepatic fibrosis, patients
with hepatitis C and NASH have seven times the likeli-
hood of developing significant hepatic fibrosis [10,11e].

EPIDEMIOLOGY PREVALENCE

The prevalence of NAFLD can range from 10% to 39% in
various populations around the globe, including the
United States, Europe, Japan, South America, Australia,
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and the Middle East [2=<]. Expert opinion based on pre-
vious population and autopsy studies suggests that the
prevalence of NAFLD in the United States is approxi-
mately 20% [2<=,12]. Accordingly, NAFLD is believed to
be the most common liver disease in the Western world
and its prevalence is increasing, especially as the rate of
obesity increases [1,2+<,6=,12]. The prevalence of the
subgroup of individuals with NASH is less clear but is
estimated to be between 1 % and 5 % [2<,8,15¢].

RISK FACTORS

Among the many risk factors described for the develop-
ment of NAFLD and NASH, the most prominent are
obesity, insulin resistance, and hyperlipidemia [1,2e<].
Additional risk factors include female gender and con-
ditions associated with the metabolic syndrome; fur-
thermore, NASH becomes increasingly prevalent as age
increases [7]. The reported predilection for NASH in
females has been challenged by several studies [3,14],
but patients have a threefold increased risk, obese
patients have a sixfold increased risk, and individuals
with morbid obesity are at the highest risk for the devel-
opment of NASH [13,15<]. On the other hand, some
patients who develop NASH have none of the common
risk factors and are not overweight [2e,3,4].

CLINICAL PRESENTATION

A troubling aspect of both NAFLD and NASH is that they
are often clinically silent [4]. Because this disease occurs in
both men and women and among all ethnicities, it must
be considered in all individuals with elevated liver
enzymes [2e+]. Patients may present with fatigue, malaise,
or mild abdominal pain, and the physical exam my reveal
hepatomegaly in a minority of patients [2,3,16]. Mild
elevations in the hepatic transaminases (up to two to three
times the upper limits of normal) are the most common
laboratory abnormalities, though many patients have nor-
mal enzymes [1,2#%,3-5,6=,7-10,11=,15<]. Ultrasound
and computed tomography (CT) scans can detect steatosis,
but they are not able to discriminate steatosis alone from
NASH [18]. Ultrasound defines increased echogenicity in
NAFLD, but fibrosis can have a similar sonographic
appearance [18]. One study suggested that a nonen-
hanced CT of the abdomen is the most accurate test for the
diagnosis of steatosis, but additional studies have not con-
firmed these findings [18,19<]. Magnetic resonance imag-
ing has also been used to define steatosis, and magnetic
resonance spectroscopy (MRS) offers the potential to
quantify hepatic lipids [19<]. Unfortunately, preliminary
studies show that MRS overestimates the degree of hepatic
steatosis, but the technology still holds promise for the
future use [19e].

DIAGNOSIS
A definitive diagnosis of NASH requires a liver biopsy.
In addition to making the diagnosis, liver biopsy can

determine presence of fibrosis (stage of liver disease)
and necrosis, and establishes a histologic baseline for
future monitoring [2=<]. As suggested previously, a
diagnosis of NASH requires a hepatic specimen demon-
strating diffuse parenchymal steatosis with at least bal-
looning degeneration of hepatocyte, as the presence of
focal inflammation is not sufficient to define NASH
[2=,20]. Several histologic findings are considered nec-
essary for the diagnosis of NASH, including steatosis
(generally macrovesicular), hepatocellular ballooning
(predominately in zone 3), and mixed lobular inflam-
mation [8,20,21]. Additional contributory findings are
fibrosis in the perisinusoidal regions, zone 1 hepato-
cytes with glycogenated nuclei, zone 3 hepatocytes with
Mallory’s hyaline, Kuppfer cells containing acidophilic
bodies, lipogranulomas in the lobules, and hepatocytes
containing megamitochondria [8,20,21]. A grading sys-
tem used to classify these histologic findings defines
four types of steatosis: type 1 is steatosis alone; type 2 is
steatosis plus inflammation; type 3 is steatosis with bal-
looning degeneration; and type 4 is steatosis with sinu-
soidal fibrosis and inflammatory infiltrates
(predominately leukocytes) with or without Mallory
hyaline [8,20,21]. When using this grading system, a
diagnosis of NASH requires the findings of type 3 or
type 4. Another grading system for hepatic fibrosis in
NASH has also been developed [21].

Histologically, ASH and NASH are indistinguishable,
so it is imperative to define the quantity of alcohol the
patient typically consumes [22]. Epidemiologic studies
report a range in alcohol intake associated with ASH, but
recent data suggest that consumption greater than 20 g
daily is considered excessive [23]. It is also important to
remember the gender differences in predisposition to
alcohol-related liver disease. To make the diagnosis of
NASH, female patients should not have consistently con-
sumed more than 20 g of alcohol daily and male patients
no more than 30 g daily [1,2=]. However, lesser
amounts of alcohol may accelerate the rates of progres-
sion in individuals with established steatosis or its risk
factors such as obesity. Unfortunately, obtaining accurate
alcohol intake history is often difficult, as patients usu-
ally underestimate their alcohol intake.

PATHOGENESIS

The pathogenesis of NASH is incompletely understood,
but experts support the notion of a “multi-hit” process
[24-29]. The initial hepatic insult, which may never
progress further, is thought to be the development of
macrovesicular steatosis, with accumulation of hepatic
fat resulting from increased uptake and synthesis of
fatty acids [1,2=]. The development of steatosis is
likely to be related to dysregulation of fatty acids asso-
ciated with elevated serum insulin levels from insulin
resistance [25]. Steatosis may predispose the liver to
oxidative stress, which is thought to be the second
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hepatic insult. Oxidative stress, in turn, promotes lipid
peroxidation in the membrane of hepatocytes thereby
initiating the secretion of proinflammatory cytokines
that activate stellate cells resulting in fibrosis [26].
Lipid peroxidation in the hepatocyte membrane from
circulating free radicals can cause cell death and
hepatic necrosis as well as producing toxic byproducts
[26]. Elevated levels of fatty acids and insulin can cata-
lyze lipid peroxisomes (either through CYP2E1 or
CYP4A) and inhibit lipid oxidation in the mitochon-
dria thus extending the process [27]. Mitochondria are
likely to play an important role in the generation of
reactive oxygen species and the acceleration of oxida-
tive stress [28]. There may be concomitant upregula-
tion of CYP2E1 or CYP4A that augments this cycle by
increasing oxidative stress through increased lipid per-
oxidation, regulated by the peroxisome proliferator-
activated receptor a (PPARa) [14,29]. Although peroxi-
somes play the largest role in oxidative stress, mito-
chondria, neutrophils, macrophages, and Kuppfer cells
can also release free oxygen radicals [24,26,29]. Addi-

Treatment

tionally, micronutrient malabsorption may reduce the
intake of intrinsic antioxidants that might otherwise
counterbalance this effect [30]. Furthermore, endotox-
emia may promote hepatic inflammation by enhancing
circulating cytokine, TNF-a [24,26].

Despite the potential role of each process, a com-
bination of several processes probably induces excess
oxidative stress, promoting inflammation and hepato-
cyte damage. These chronic hepatocyte insults induce
stellate cells, promoting fibrogenesis [24,26]. It is
important to remember that not all individuals with
steatohepatitis develop fibrosis. One important vari-
able in this process may be related to leptin that is
produced by stellate cells [31-33]. Leptin interacts
with inflammatory processes that may augment oxi-
dative stress and promote fibrogenesis [31]. Obese
individuals tend to have higher levels of leptin
because of leptin resistance [32]. Perhaps serum lep-
tin levels alter the balance in patients with steatosis,
promoting steatohepatitis and the development of
hepatic fibrosis [32,33].

< Despite recent advances in our understanding of the pathophysiology of
NASH, no single approach has convincingly been shown to prevent NASH
or change its potentially progressive course. Many clinical trials have been
conducted, but the quality of evidence is limited by insufficient numbers of
enrolled patients, the use of intermediate outcomes, brief therapy duration,
or suboptimal study design. In general, these treatment approaches have
attempted to address imbalances in lipid regulation, excesses in oxidative
stress, insulin homeostasis, or the inflammatory/fibrotic processes.

Efforts to improve the metabolic syndrome with weight reduction produce
some improvement in transaminases over short periods of time. Some
studies using weight reduction have used intermediate markers to demon-
strate decreased degrees of steatosis, but few studies have shown consistent
improvement in fibrosis [34—36]. There is no clear advantage to any partic-
ular approach to weight loss. In fact, a recent systematic review showed no
clear evidence that weight loss can improve any of the important outcomes
of NAFLD [37=]. Rapid weight reduction may initially increase inflamma-
tion and should not be encouraged [38]. Dietary intake of amino acid sup-
plements or the use of oral antibiotics after weight-reduction surgery may
decrease the likelihood of developing steatosis over time, but the efficacy of
these treatments has not been established [39].

Nearly two dozen studies have evaluated various pharmacologic agents to
treat patients with NAFLD or NASH. Unfortunately, most of the published
literature represents openlabel uncontrolled studies and only a few ran-
domized controlled clinical trials are reported [40-42,43e=,44ee 45—
54,55«« 62]. Several other studies have not been yet been published
beyond abstracts reported at meetings. Some of these investigated treat-
ment regimens and related data are summarized here.

Systematic review of the literature showed no conclusive benefit to weight
loss [37e<].
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Diet and lifestyle

« Caloric restriction to 25 cal/kg/d with exercise showed
biochemical improvement.

* Modest weight loss improved biochemical or histologic abnormalities [46].

Surgical therapy

Gastric and intestinal bypass

Although the old surgical techniques were associated with adverse outcomes and
increased risk for development of liver failure [47,48], more recent Bariatric surgi-
cal techniques are associated with biochemical and histologic improvement of
patients with NAFLD.

Not currently recommended.

Biliopancreatic diversion

Some improvement in liver fibrosis in a case series [49].

Gastroplasty

Overall reduction in steatosis, but an increased percentage with lobular hepatitis is
shown postoperatively [50].

Pharmacologic therapy

Insulin-modulating
Troglitazone

A thiazolidinedione and PPARg ligand that enhances insulin sensitivity [45,51].
Some biochemical and histologic improvement in patients with NASH. No longer
available due to reports of liver dysfunction and liver failure.

Rosiglitazone

A thiazolidinedione and PPARg ligand that enhances insulin sensitivity [52]. Some
improvement in liver enzymes and histology in open-label study of patients
with NASH.

Standard dosage 4 mg once or twice daily.

Main side effects Weight gain, edema, headache, hyper-/hypoglycemia, diarrhea, anemia, congestive
heart failure or pulmonary edema, increased transaminases or bilirubin, hepatitis,
hepatic failure, pulmonary edema.

Cost effectiveness Two 2-mg tablets cost $3.82.

Pioglitazone

A thiazolidinedione and PPARg ligand that enhances insulin sensitivity
[53,54,55«=]. Some improvement in liver enzymes and histology in open-label
study of patients with NASH.

Standard dosage 15 to 45 mg orally daily.

Main side effects Weight gain, edema, headaches, hypoglycemia, anemia, myalgias, decreased serum
triglycerides levels,congestive heart failure, elevated creatine phosphokinase
levels, increased transaminases, hepatic failure (rare), hepatitis.

Cost effectiveness Two 15-mg tablets cost $6.07 per day.
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Metformin

Standard dosage

Main side effects

Cost

Lipid-modulating therapy

Clofibrate

Gemfibrozil

Orlistat

Standard dosage
Main side effects

Special points

Standard dosage

Main side effects

Cost effectiveness

Standard dosage
Main side effects

Special points

Cost effectiveness

A biguanide that decreases hepatic glycolysis and intestinal absorption of glucose
and increases insulin peripheral tissue glucose uptake and utilization [56]. Some
improvement in liver enzymes and radiologic assessment of fat in an open-label
pilot study of NAFLD.

500 mg one to three times daily, unclear duration; maximum dose of 2550 mg daily
short duration or 2000 mg daily for extended release.

Lactic acidos is rare, but possible; nausea/vomiting, diarrhea, abdominal pain,
headaches, weakness; chest pain, flushing, palpitations, lightheadedness, rashes,
alteration in bowel habits, heartburn, myalgias, dyspnea, flu-like syndrome,
megaloblastic anemia.

Three 500-mg tablets cost $2.35.

A fibric acid that lowers lipids, probably by reducing cholesterol synthesis in the
liver and transfer of triglycerides from the liver [57]. Conflicting data regarding
biochemical improvement.

500 mg orally four times daily.

Nausea, diarrhea, less commonly headaches, dizziness, nausea/vomiting, diar-
rhea, abdominal pain, muscle cramping/pain, weakness, arrhythmias, Stevens-
Johnson syndrome, leukopenia, anemia, rhabdomyolysis, pancreatitis,
elevated transaminases.

Not available in the United States.

A fibric acid with lipid-lowering activity [41]. In a clinical trial, some biochemical
improvement in patients with NAFLD was reported.

1200 mg/d orally in two divided doses, take 20 to 30 minutes before morning and
evening meals.

Dyspepsia most common; less commonly: fatigue, vertigo, headache, eczema,
rash, nausea/vomiting, abdominal pain or diarrhea, constipation; rare but impor-
tant: anaphylaxis, angioedema, bone marrow hypoplasia, cholecystitis, depres-
sion, dermatomyositis, drug-induced lupus-like syndrome, exfoliative dermatitis,
leukopenia, myasthenia, myopathy, pancreatitis, peripheral neuropathy, photo-
sensitivity, Raynaud's, retinal edema, rhabdomyolysis, seizures, syncope,
thrombocytopenia, vasculitis.

Gemfibrozil: 1200 mg cost $0.57 a day. Lopid: (Pfizer, New York, NY) 1200 mg cost
$3.07 per day.

A reversible inhibitor of lipase that blocks fat digestions and induces steatorrhea
[59]. In patients with NAFLD, possible improvement of liver enzymes and
histology, most likely related to weight loss, were reported.

120 mg three times daily taken with meals.

Headache, stearrohea, abdominal pain/discomfort, flatus/discharge, fecal urgency
and incontinence, increased bowel movements, back pain, upper respiratory infec-
tions, menstrual irregularities, rectal pain, nausea and vomiting, arthritis/myal-
gias. Rare, but important are anaphylaxis, angioedema, pruritus, and rash.
Potential need for fat-soluble vitamin supplementation, not to be taken within 2
hours of taking Orlistat; substantial weight loss is possible; oxylate stones

can develop.

Three 120-mg tablets cost $3.57.
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Betaine
Standard dosage
Main side effects
Cost

Probucol

Standard dosage
Main side effects

Special points

Metabolite of choline thought to decrease hepatic steatosis [60]. Possible
biochemical improvement in NAFLD.

3 to 20 g in divided doses.
Nausea, gastrointestinal distress, and diarrhea.
Unknown.

Decreases bile acid resorption and, therefore, cholesterol levels [44]. Some
biochemical improvement in NASH.

500 mg orally twice daily taken with morning and evening meals.

(Minimal reported) QT prolongation, serious arrhythmias; dizziness, headache,
peripheral numbness, diarrhea, abdominal pain, nausea/vomiting.

Not available in the United States.

Fibrosis-modulating or cytoprotection

Ursodeoxycholic acid

Standard dosage
Main side effects

Cost

Oxidative stress-modulating
Vitamin E (a-tocopherol)

Standard dosage

Main side effects
Cost

A bile acid that may replace more hepatotoxic bile agents; may have cytoprotec-
tive effects [43+,53]. Randomized clinical trial did not show benefit of the rela-
tively low dose of ursodeoxycholic acid (13 to 15 mg/kg/d).

13 to 15 mg/kg/d in 4 divided doses with meals, unclear duration.

Headache, constipation, dizziness (approximately 15%), rashes, alopecia, diarrhea,
leukopenia, allergy, abdominal pain, fatigue, nausea/vomiting, pruritis.

Actigall (Novartis Pharmaceuticals, East Hanover, NJ), three 300-mg tablets cost
$11.48. Urso, three 250-mg tablets cost $6.10.

Fat-soluble vitamin with presumed antioxidant effects [61]. In open-label pilot
study, some biochemical improvement in children.

Recommended daily allowance is 15 mg; daily intake should not exceed
1000 mg/d.

Blurred vision, gonadal dysfunction.
Three 400-1U tablets (approximately 1000 mg) cost $0.18.

Vitamin E & Vitamin C (a-tocopherol and ascorbic acid)

Standard dosage
Main side effects
Cost effectiveness

N-Acetylcysteine
Standard dosage

Main side effects

Cost

Vitamin C is a water-soluble vitamin with presumed antioxidant effects [40].
Recommended daily allowance should not exceed 2000 mg/d.
Hyperoxaluria, dizziness/faintness/fatigue, flank pain, headache.

Three 400-1U tablets of vitamin E (approximately 1000 mg) cost $0.18.
Two 500-mg tablets of vitamin C is $0.04. Total of $0.22.

A prodrug of glutathione that can help modulate production of reactive oxygen
species in the liver [62]. Some biochemical improvement.

1 g daily, unclear duration.

(Most reported from intravenous administration or inhalation.) Drowsiness, fevers/
chills, nausea/vomiting, stomatitis.

Two 600-mg tablets cost $0.48.



Nonalcoholic Steatohepatitis Mulhall and Younossi 429

References and Recommended Reading

Papers of particular interest, published recently, have been highlighted as:

e  Of importance
= Of major importance

1.  Younossi ZM: Nonalcoholic fatty liver disease.
Curr Gastroenterol Rep 1999, 1:57—-62.

2.« Falck-Ytter Y, Younossi ZM, Marchesini G, et al.: Clinical
features and natural history of nonalcoholic steatosis
syndromes. Sem Liver Dis 2001, 21:17-26.

An excellent and informative review of NASH.

3. Bacon BR, Farahvash MJ, Janney CG, et al.: Nonalco-
holic steatohepatitis: an expanded clinical entity.
Gastroenterology 1994, 107:1103-1109.

4. Matteoni CA, Younossi ZM, Gramlich T, et al.: Nonalco-
holic fatty liver disease: a spectrum of clinical and patho-
logical severity. Gastroenterology 1999, 116:1413-1419.

5. Teli MR, James OF, Burt AD, et al.: The natural history
of nonalcoholic fatty liver: a follow-up study. Hepatol-
ogy 1995, 22:1714-1719.

6. ixon JB, Bhathal PS, O'Brien PE: Nonalcoholic fatty
liver disease: predictors of nonalcoholic steatohepati-
tis and liver fibrosis in the severely obese. Gastroenter-
ology 2001, 121:91-100.

Examines the epidemiologic association of obesity (metabolic
syndrome) and NAFL.

7. Angulo P, Keach JC, Batts KP, et al.: Independent predic-
tors of liver fibrosis in patients with nonalcoholic ste-
atohepatitis. Hepatology 1999, 30:1356-1362.

8. Gramlich T, Kleiner D, McCullough A, et al.: Pathologic
Features Associated with Fibrosis in Non-Alcoholic
Fatty Liver Disease. Hum Pathol 2004, 35:196-199.

9. RatziuV, Giral P, Charlotte F, et al.: Liver fibrosis in over-
weight patients. Gastroenterology 2000, 118:1117-23.

10. Younossi ZM, Gramlich T, Bacon BR, et al.: Hepatic iron
and nonalcoholic fatty liver disease. Hepatology
1999, 30:847-850.

11.» OngJP, Younossi ZM, Speer C, et al.: Chronic hepatitis
C and superimposed nonalcoholic fatty liver disease.
Liver 2001, 21:266-271.

Evaluated the significant prognostic impact of NAFL in

patients with hepatitis C.

12. Clark JM, Brancati FL, Diehl AM: Nonalcoholic fatty
liver disease. Gastroenterology 2002, 122:1649-1657.

13. Wanless IR, Lentz JS: Fatty liver hepatitis (steatohepati-
tis) and obesity: an autopsy study with analysis of risk
factors. Hepatology 1990, 12:1106-1110.

14. Weltman MD, Farrell GC, Hall P, et al.: Hepatic cyto-
chrome P450 2E1 is increased in patients with nonal-
coholic steatohepatitis. Hepatology 1998, 27:128-133.

15.» Younossi ZM, Gramlich T, Matteoni CA, et al.: Nonalco-
holic fatty liver disease in patients with type 2 diabe-
tes. Clin Gastroenterol Hepatol 2004, 2:262—-265.

Defines the epidemiologic association between diabetes

and NAFL.

16. Caldwell SH, Oelsner DH, lezzoni JC, et al.: Cryptoge-
nic cirrhosis: clinical characterization and risk factors
for underlying disease. Hepatology 1999, 29:664—669.

17.

18.

19.-

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

Saadeh S, Younossi ZM, Remer EM, et al.: The utility of
radiological imaging in nonalcoholic fatty liver
disease. Gastroenterology 2002, 123:745-750.
Siegelman ES, Rosen MA: Imaging of hepatic steatosis.
Semin Liver Dis 2001, 21:71-80.

Important considerations in radiologic tests to use and their
performance in NAFL.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

Younossi AM, Gramlich T, Liu YC: Nonalcoholic fatty
liver disease: assessments of variability in pathologic
interpretations. Mod Pathol 1998, 11:560-565.

Brunt EM, Janney CG, Di Bisceglie AM, et al.: Nonalco-
holic steatohepatitis: a proposal for grading and
staging the histological lesions. Am J Gastroenterol
1999, 94:2467-2474.

Diehl AM, Goodman Z, Ishak KG: Alcohol-like liver
disease in non-alcoholics. A clinical and histological
comparison with alcohol-induced liver injury. Gastro-
enterology 1988, 95:1056—1062.

Becker U, Gronbaek M, Johansen D, et al.: Lower risk
for alcohol-induced cirrhosis in wine drinkers. Hepa-
tology 2002, 35:868-875.

Day CP, James OFW: Steatohepatitis: a tale of two
"hits"? Gastroenterology 1998, 114:842—-845.

Paradis V, Perlemuter G, Bonvoust F, et al.: High glucose
and hyperinsulinemia stimulate connective tissue
growth factor expression: a potential mechanism
involved in progression to fibrosis in nonalcoholic
steatohepatitis. Hepatology 2001, 34:738—744.

Chitturi S, Farrell GC: Etiopathogenesis of nonalco-
holic steatohepatitis. Semin Liver Dis 2001, 21:27-41.5.
Leclercq IA, Farrell GC, Field J, et al.: CYP2E1 and
CYP4A as microsomal catalysts of lipid peroxides in
murine nonalcoholic steatohepatitis. J Clin Invest
2000, 105:1067-1075.

Pessayre D, Mansouri A, Haouzi D, et al.: Hepatotoxic-
ity due to mitochondrial dysfunction. Cell Biol Toxicol
1999,15:367-373.

Rao MS, Reddy JK: Peroxisomal beta-oxidation and
steatohepatitis. Semin Liver Dis 2001, 21:43-55.
Whelan G, Wood B: The metabolic consequences of
jejunoileal bypass for obesity. Aust N Z J Surg

1980, 50:520-524.

Giannini E, Barreca T, Testa R: Leptin in nonalcoholic
steatohepatitis: is it one of the "hits"? Am J Gastroen-
terol 2001, 96:2519-2520.

Kaplan LM: Leptin, obesity, and liver disease. Gastroen-
terology 1998,115:997-1001.

Uygun A, Kadayifci A, Yesilova Z, et al.: Serum leptin
levels in patients with nonalcoholic steatohepatitis.
Am J Gastroenterol 2000, 95:3584—9.



430 Liver Disease

34. Palmer M, Schaffner F: Effect of weight reduction on
hepatic abnormalities in overweight patients. Gastro-
enterology 1990, 99:1408-1413.

35. Anderson T, Gluud C, Franzmann MB, et al.: Hepatic
effects of dietary weight loss in morbidly obese
patients. Gastroenterology 1991, 12:224—229.

36. 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.

37.e=\Wang RT, Koretz RL, Yee HF, Jr: Is weight reduction an
effective therapy for nonalcoholic fatty liver? A sys-
tematic review. Am J Med 2003, 115:554-559.

Important study showing the impact of weight loss on liver

histology in obese individuals.

38. Rozental P, Biava C, Spencer H, et al.: Liver morphology
and function tests in obesity and during total starva-
tion. Am J Dig Dis 1967, 12:198-208.

39. Drenick EJ, Fisler J, Johnson D: Hepatic steatosis after
intestinal bypass. Prevention and reversal by metron-
idazole, irrespective of protein-calorie malnutrition.
Gastroenterology 1982, 82:535-548.

40. Harrison SA, Torgerson S, Hayashi P, et al.: Vitamin E
and vitamin C treatment improves fibrosis in patients
with nonalcoholic steatohepatitis. Am J Gastroenterol
2003, 98:2485-2490.

41. Basaranoglu M, Acbay O, Sonsuz A: A controlled trial of
gemfibrozil in the treatment of patients with nonalco-
holic steatohepatitis. J Hepatol 1999, 31:384.

42. Miglio F, Rovati LC, Santoro A, et al.: Efficacy and safety
of oral betaine glucuronate in non-alcoholic steato-
hepatitis. A double-blind, randomized, parallel-
group, placebo-controlled prospective clinical study.
Arzneimittelforschung 2000, 50:722-727.

43.=<Lindor KD, Kowdley KV, Heathcote EJ, et al.: Ursodeoxy-
cholic acid for treatment of nonalcoholic steatohepa-
titis: results of a randomized trial. Hepatology
2004, 39:770-778.

Randomized trial for therapy of fatty liver disease.

44 ..« Merat S, Malekzadeh R, Sohrabi MR, et al.: Probucol in
the treatment of non-alcoholic steatohepatitis: a
double-blind randomized controlled study. J Hepatol
2003, 38:414-418.

Randomized trial for therapy of fatty liver disease.

45. Katoh S, Hata S, Matsushima M, et al.: Troglitazone pre-
vents the rise in visceral adiposity and improves fatty
liver associated with sulfonylurea therapy--a random-
ized controlled trial. Metabolism 2001, 50:414—417.

46. Eriksson S, Eriksson KF, Bondesson L: Nonalcoholic ste-
atohepatitis in obesity: a reversible condition. Acta
Med Scand 1986, 220:83-88.

47. Campbell M, Hunt TK, Karam JH, et al.: Jejunoileal
bypass as a treatment of morbid obesity. Arch Intern
Med 1977, 137:602—610.

48. Rogus J, Blumenthal SA: Variations in dietary intake
after bypass surgery for obesity. Possible relation to
development of fatty liver after jejunoileal bypass.

J Am Diet Assoc 1981, 79:437—-440.

49. Kral JG, Thung SN, Biron S, et al.: Effects of surgical
treatment of the metabolic syndrome on liver fibrosis
and cirrhosis. Surgery 2004, 135:48-58.

50. DixoniB,PrithiSB,HughesNR,O’BrienPE: Non-alcoholic
fatty liver disease: Improvement in liver histological anal-
ysis with weight loss.Hepatology 2004, 39:1647—-1654.

51. Caldwell SH, Hespenheide EE, Redick JA, et al.: A pilot
study of a thiazolidinedione, troglitazone, in
nonalcoholic steatohepatitis. Am J Gastroenterol
2001, 96:519-25.

52. Neuschwander-Tetri BA, Brunt EM, Wehmeier KR, et al.:
Improved nonalcoholic steatohepatitis after 48 weeks
of treatment with the PPAR-gamma ligand rosiglita-
zone. Hepatology 2003, 38:1008-1017.

53. Itoh S, Kanazuka A, Akimoto T: Combined treatment
with ursodeoxycholic acid and pioglitazone in a
patient with NASH associated with type 2 diabetes
and psoriasis. Dig Dis Sci 2003, 48:2182—-2186.

54. Promrat K, Lutchman G, Uwaifo Gl, et al.: A pilot study
of pioglitazone treatment for nonalcoholic steatohep-
atitis. Hepatology 2004, 39:188-196.

55.=«Shadid S, Jensen MD: Effect of pioglitazone on bio-
chemical indices of non-alcoholic fatty liver disease in
upper body obesity. Clin Gastroenterol Hepatol
2003, 1:384-387.

One of the first descriptions of a potentially effective therapy.

56. Marchesini G, Brizi M, Bianchi G, et al.: Metformin in
non-alcoholic steatohepatitis. Lancet 2001, 358:893—-894.

57. Laurin ], Lindor KD, Crippin JS, et al.: Ursodeoxycholic
acid or clofibrate in the treatment of nonalcohol-
induced steatohepatitis: a pilot study. Hepatology
1996, 23:1464-1467.

58. Sabuncu T, Nazligul Y, Karaoglanoglu M, et al.: The
effects of sibutramine and orlistat on the ultrasono-
graphic findings, insulin resistance and liver enzyme
levels in obese patients with non-alcoholic steatohep-
atitis. Rom J Gastroenterol 2003, 12:189-192.

59. Harrison SA, Ramrakhiani S, Brunt EM, et al.: Orlistat in
the treatment of NASH: a case series. Am J Gastroenterol
2003, 98:926-930.

60. Abdelmalek MF, Angulo P, Jorgensen RA, et al.: Betaine,
a promising new agent for patients with nonalcoholic
steatohepatitis: results of a pilot study. Am J Gastroen-
terol 2001, 96:2711-2717.

61. Lavine JE: Vitamin E treatment of nonalcoholic
steatohepatitis in children: a pilot study. J Pediatr.
2000, 136:734-738.

62. Gulbahar O, Karasu ZA, Ersoz G, et al.: Treatment of
nonalcoholic steatohepatitis with N-acetylcysteine.
[abstract]. Gastroenterology 2000, 118:A1444.



	Nonalcoholic Steatohepatitis
	Nonalcoholic Steatohepatitis
	Brian P. Mulhall, MD, MPH
	Brian P. Mulhall, MD, MPH

	Zobair M. Younossi, MD, MPH
	Zobair M. Younossi, MD, MPH

	Address
	Address
	Center for Liver Diseases, Department of Medicine, Inova Fairfax Hospital, 3300 Gallows Road, Fal...
	Center for Liver Diseases, Department of Medicine, Inova Fairfax Hospital, 3300 Gallows Road, Fal...
	E-mail:

	Current Treatment Options in Gastroenterology
	Current Treatment Options in Gastroenterology
	2004,

	Current Science Inc. ISSN
	Copyright © 2004 by Current Science Inc.

	<TABLE>
	Opinion statement
	Opinion statement

	<TABLE BODY>
	<TABLE ROW>
	Nonalcoholic steatohepatitis (NASH) is an important medical condition and there is great public h...
	Nonalcoholic steatohepatitis (NASH) is an important medical condition and there is great public h...



	Nonalcoholic fatty liver disease (NAFLD) represents a spectrum of clinicopathologic entities unif...
	NATURAL HISTORY
	NATURAL HISTORY
	Several studies demonstrate that individuals with NASH are more likely to progress to cirrhosis t...

	EPIDEMIOLOGY PREVALENCE
	EPIDEMIOLOGY PREVALENCE
	The prevalence of NAFLD can range from 10% to 39% in various populations around the globe, includ...

	RISK FACTORS
	RISK FACTORS
	Among the many risk factors described for the development of NAFLD and NASH, the most prominent a...

	CLINICAL PRESENTATION
	CLINICAL PRESENTATION
	A troubling aspect of both NAFLD and NASH is that they are often clinically silent [

	DIAGNOSIS
	DIAGNOSIS
	A definitive diagnosis of NASH requires a liver biopsy. In addition to making the diagnosis, live...
	Histologically, ASH and NASH are indistinguishable, so it is imperative to define the quantity of...

	PATHOGENESIS
	PATHOGENESIS
	The pathogenesis of NASH is incompletely understood, but experts support the notion of a “multi-h...
	Despite the potential role of each process, a combination of several processes probably induces e...


	Treatment
	Treatment
	<TABLE>
	<TABLE BODY>
	<TABLE ROW>


	• Despite recent advances in our understanding of the pathophysiology of NASH, no single approach...
	• Despite recent advances in our understanding of the pathophysiology of NASH, no single approach...
	• Despite recent advances in our understanding of the pathophysiology of NASH, no single approach...

	• Efforts to improve the metabolic syndrome with weight reduction produce some improvement in tra...
	• Efforts to improve the metabolic syndrome with weight reduction produce some improvement in tra...

	• Nearly two dozen studies have evaluated various pharmacologic agents to treat patients with NAF...
	• Nearly two dozen studies have evaluated various pharmacologic agents to treat patients with NAF...


	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Diet and lifestyle



	• Systematic review of the literature showed no conclusive benefit to weight loss [
	• Systematic review of the literature showed no conclusive benefit to weight loss [
	• Systematic review of the literature showed no conclusive benefit to weight loss [

	• Caloric restriction to 25 cal/kg/d with exercise showed biochemical improvement.
	• Caloric restriction to 25 cal/kg/d with exercise showed biochemical improvement.

	• Modest weight loss improved biochemical or histologic abnormalities [
	• Modest weight loss improved biochemical or histologic abnormalities [


	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Surgical therapy



	Gastric and intestinal bypass
	Gastric and intestinal bypass
	Gastric and intestinal bypass
	Although the old surgical techniques were associated with adverse outcomes and increased risk for...
	Not currently recommended.

	Biliopancreatic diversion
	Biliopancreatic diversion
	Some improvement in liver fibrosis in a case series [

	Gastroplasty
	Gastroplasty
	Overall reduction in steatosis, but an increased percentage with lobular hepatitis is shown posto...


	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Pharmacologic therapy



	Insulin-modulating
	Insulin-modulating
	Insulin-modulating
	Troglitazone
	Troglitazone
	A thiazolidinedione and PPARg ligand that enhances insulin sensitivity [

	Rosiglitazone
	Rosiglitazone
	A thiazolidinedione and PPARg ligand that enhances insulin sensitivity [
	Standard dosage
	4 mg once or twice daily.
	Main side effects
	Weight gain, edema, headache, hyper-/hypoglycemia, diarrhea, anemia, congestive heart failure or ...
	Cost effectiveness
	Two 2-mg tablets cost $3.82.

	Pioglitazone
	Pioglitazone
	A thiazolidinedione and PPARg ligand that enhances insulin sensitivity [
	Standard dosage
	15 to 45 mg orally daily.
	Main side effects
	Weight gain, edema, headaches, hypoglycemia, anemia, myalgias, decreased serum triglycerides leve...
	Cost effectiveness
	Two 15-mg tablets cost $6.07 per day.

	Metformin
	Metformin
	A biguanide that decreases hepatic glycolysis and intestinal absorption of glucose and increases ...
	Standard dosage
	500 mg one to three times daily, unclear duration; maximum dose of 2550 mg daily short duration o...
	Main side effects
	Lactic acidos is rare, but possible; nausea/vomiting, diarrhea, abdominal pain, headaches, weakne...
	Cost
	Three 500-mg tablets cost $2.35.


	Lipid-modulating therapy
	Lipid-modulating therapy
	Clofibrate
	Clofibrate
	A fibric acid that lowers lipids, probably by reducing cholesterol synthesis in the liver and tra...
	Standard dosage
	500 mg orally four times daily.
	Main side effects
	Nausea, diarrhea, less commonly headaches, dizziness, nausea/vomiting, diarrhea, abdominal pain, ...
	Special points
	Not available in the United States.

	Gemfibrozil
	Gemfibrozil
	A fibric acid with lipid-lowering activity [
	Standard dosage
	1200 mg/d orally in two divided doses, take 20 to 30 minutes before morning and evening meals.
	Main side effects
	Dyspepsia most common; less commonly: fatigue, vertigo, headache, eczema, rash, nausea/vomiting, ...
	Cost effectiveness
	Gemfibrozil: 1200 mg cost $0.57 a day. Lopid: (Pfizer, New York, NY) 1200 mg cost $3.07 per day.

	Orlistat
	Orlistat
	A reversible inhibitor of lipase that blocks fat digestions and induces steatorrhea [
	Standard dosage
	120 mg three times daily taken with meals.
	Main side effects
	Headache, stearrohea, abdominal pain/discomfort, flatus/discharge, fecal urgency and incontinence...
	Special points
	Potential need for fat-soluble vitamin supplementation, not to be taken within 2 hours of taking ...
	Cost effectiveness
	Three 120-mg tablets cost $3.57.

	Betaine
	Betaine
	Metabolite of choline thought to decrease hepatic steatosis [
	Standard dosage
	3 to 20 g in divided doses.
	Main side effects
	Nausea, gastrointestinal distress, and diarrhea.
	Cost
	Unknown.

	Probucol
	Probucol
	Decreases bile acid resorption and, therefore, cholesterol levels [
	Standard dosage
	500 mg orally twice daily taken with morning and evening meals.
	Main side effects
	(Minimal reported) QT prolongation, serious arrhythmias; dizziness, headache, peripheral numbness...
	Special points
	Not available in the United States.


	Fibrosis-modulating or cytoprotection
	Fibrosis-modulating or cytoprotection
	Ursodeoxycholic acid
	Ursodeoxycholic acid
	A bile acid that may replace more hepatotoxic bile agents; may have cytoprotective effects [
	Standard dosage
	13 to 15 mg/kg/d in 4 divided doses with meals, unclear duration.
	Main side effects
	Headache, constipation, dizziness (approximately 15%), rashes, alopecia, diarrhea, leukopenia, al...
	Cost
	Actigall (Novartis Pharmaceuticals, East Hanover, NJ), three 300-mg tablets cost $11.48. Urso, th...


	Oxidative stress-modulating
	Oxidative stress-modulating
	Vitamin E (a-tocopherol)
	Vitamin E (a-tocopherol)
	Fat-soluble vitamin with presumed antioxidant effects [
	Standard dosage
	Recommended daily allowance is 15 mg; daily intake should not exceed 1000 mg/d.
	Main side effects
	Blurred vision, gonadal dysfunction.
	Cost
	Three 400-IU tablets (approximately 1000 mg) cost $0.18.

	Vitamin E & Vitamin C (a-tocopherol and ascorbic acid)
	Vitamin E & Vitamin C (a-tocopherol and ascorbic acid)
	Vitamin C is a water-soluble vitamin with presumed antioxidant effects [
	Standard dosage
	Recommended daily allowance should not exceed 2000 mg/d.
	Main side effects
	Hyperoxaluria, dizziness/faintness/fatigue, flank pain, headache.
	Cost effectiveness
	Three 400-IU tablets of vitamin E (approximately 1000 mg) cost $0.18.
	Two 500-mg tablets of vitamin C is $0.04. Total of $0.22.

	N-Acetylcysteine
	N-Acetylcysteine
	A prodrug of glutathione that can help modulate production of reactive oxygen species in the liver [
	Standard dosage
	1 g daily, unclear duration.
	Main side effects
	(Most reported from intravenous administration or inhalation.) Drowsiness, fevers/ chills, nausea...
	Cost
	Two 600-mg tablets cost $0.48.




	References and Recommended Reading
	References and Recommended Reading
	Papers of particular interest, published recently, have been highlighted as:
	Papers of particular interest, published recently, have been highlighted as:
	• Of importance
	•• Of major importance

	1. Younossi
	1. Younossi
	1. Younossi
	ZM:
	Nonalcoholic fatty liver disease.
	Curr Gastroenterol Rep
	1999,
	1:
	57–
	62.


	2. •• Falck-Ytter
	2. •• Falck-Ytter
	2. •• Falck-Ytter
	Y,
	Younossi
	ZM,
	Marchesini
	G,
	et al.


	An excellent and informative review of NASH.
	3. Bacon
	3. Bacon
	3. Bacon
	BR,
	Farahvash
	MJ,
	Janney
	CG,
	et al.


	4. Matteoni
	4. Matteoni
	4. Matteoni
	CA,
	Younossi
	ZM,
	Gramlich
	T,
	et al.


	5. Teli
	5. Teli
	5. Teli
	MR,
	James
	OF,
	Burt
	AD,
	et al.


	6. • ixon
	6. • ixon
	6. • ixon
	JB,
	Bhathal
	PS,
	O'Brien
	PE:
	Nonalcoholic fatty liver disease: predictors of nonalcoholic steatohepatitis and liver fibrosis i...
	Gastroenterology
	2001,
	121:
	91–
	100.


	Examines the epidemiologic association of obesity (metabolic syndrome) and NAFL.
	7. Angulo
	7. Angulo
	7. Angulo
	P,
	Keach
	JC,
	Batts
	KP,
	et al.


	8. Gramlich
	8. Gramlich
	8. Gramlich
	T,
	Kleiner
	D,
	McCullough
	A,
	et al.


	9. Ratziu
	9. Ratziu
	9. Ratziu
	V,
	Giral
	P,
	Charlotte
	F,
	et al.


	10. Younossi
	10. Younossi
	10. Younossi
	ZM,
	Gramlich
	T,
	Bacon
	BR,
	et al.


	11. • Ong
	11. • Ong
	11. • Ong
	JP,
	Younossi
	ZM,
	Speer
	C,
	et al.


	Evaluated the significant prognostic impact of NAFL in patients with hepatitis C.
	12. Clark
	12. Clark
	12. Clark
	JM,
	Brancati
	FL,
	Diehl
	AM:
	Nonalcoholic fatty liver disease.
	Gastroenterology
	2002,
	122:
	1649–
	1657.


	13. Wanless
	13. Wanless
	13. Wanless
	IR,
	Lentz
	JS:
	Fatty liver hepatitis (steatohepatitis) and obesity: an autopsy study with analysis of risk factors.
	Hepatology
	1990,
	12:
	1106–
	1110.


	14. Weltman
	14. Weltman
	14. Weltman
	MD,
	Farrell
	GC,
	Hall
	P,
	et al.


	15. • Younossi
	15. • Younossi
	15. • Younossi
	ZM,
	Gramlich
	T,
	Matteoni
	CA,
	et al.


	Defines the epidemiologic association between diabetes and NAFL.
	16. Caldwell
	16. Caldwell
	16. Caldwell
	SH,
	Oelsner
	DH,
	Iezzoni
	JC,
	et al.


	17. Ong
	17. Ong
	17. Ong
	J,
	Younossi
	ZM,
	Reddy
	V,
	et al.


	18. Saadeh
	18. Saadeh
	18. Saadeh
	S,
	Younossi
	ZM,
	Remer
	EM,
	et al.


	19. • Siegelman
	19. • Siegelman
	19. • Siegelman
	ES,
	Rosen
	MA:
	Imaging of hepatic steatosis.
	Semin Liver Dis
	2001,
	21:
	71–
	80.


	Important considerations in radiologic tests to use and their performance in NAFL.
	20. Younossi
	20. Younossi
	20. Younossi
	AM,
	Gramlich
	T,
	Liu
	YC:
	Nonalcoholic fatty liver disease: assessments of variability in pathologic interpretations.
	Mod Pathol
	1998,
	11:
	560–
	565.


	21. Brunt
	21. Brunt
	21. Brunt
	EM,
	Janney
	CG,
	Di Bisceglie
	AM,
	et al.


	22. Diehl
	22. Diehl
	22. Diehl
	AM,
	Goodman
	Z,
	Ishak
	KG:
	Alcohol-like liver disease in non-alcoholics. A clinical and histological comparison with alcohol...
	Gastroenterology
	1988,
	95:
	1056–
	1062.


	23. Becker
	23. Becker
	23. Becker
	U,
	Gronbaek
	M,
	Johansen
	D,
	et al.


	24. Day
	24. Day
	24. Day
	CP,
	James
	OFW:
	Steatohepatitis: a tale of two "hits"?
	Gastroenterology
	1998,
	114:
	842–
	845.


	25. Paradis
	25. Paradis
	25. Paradis
	V,
	Perlemuter
	G,
	Bonvoust
	F,
	et al.


	26. Chitturi
	26. Chitturi
	26. Chitturi
	S,
	Farrell
	GC:
	Etiopathogenesis of nonalcoholic steatohepatitis.
	Semin Liver Dis
	2001,
	21:
	27–
	41.5.


	27. Leclercq
	27. Leclercq
	27. Leclercq
	IA,
	Farrell
	GC,
	Field
	J,
	et al.


	28. Pessayre
	28. Pessayre
	28. Pessayre
	D,
	Mansouri
	A,
	Haouzi
	D,
	et al.


	29. Rao
	29. Rao
	29. Rao
	MS,
	Reddy
	JK:
	Peroxisomal beta-oxidation and steatohepatitis.
	Semin Liver Dis
	2001,
	21:
	43–
	55.


	30. Whelan
	30. Whelan
	30. Whelan
	G,
	Wood
	B:
	The metabolic consequences of jejunoileal bypass for obesity.
	Aust N Z J Surg
	1980,
	50:
	520–
	524.


	31. Giannini
	31. Giannini
	31. Giannini
	E,
	Barreca
	T,
	Testa
	R:
	Leptin in nonalcoholic steatohepatitis: is it one of the "hits"?
	Am J Gastroenterol
	2001,
	96:
	2519–
	2520.


	32. Kaplan
	32. Kaplan
	32. Kaplan
	LM:
	Leptin, obesity, and liver disease.
	Gastroenterology
	1998,
	115:
	997–
	1001.


	33. Uygun
	33. Uygun
	33. Uygun
	A,
	Kadayifci
	A,
	Yesilova
	Z,
	et al.


	34. Palmer
	34. Palmer
	34. Palmer
	M,
	Schaffner
	F:
	Effect of weight reduction on hepatic abnormalities in overweight patients.
	Gastroenterology
	1990,
	99:
	1408–
	1413.


	35. Anderson
	35. Anderson
	35. Anderson
	T,
	Gluud
	C,
	Franzmann
	MB,
	et al.


	36. Ueno
	36. Ueno
	36. Ueno
	T,
	Sugawara
	H,
	Sujaku
	K,
	et al.


	37. •• Wang
	37. •• Wang
	37. •• Wang
	RT,
	Koretz
	RL,
	Yee
	HF, Jr:
	Is weight reduction an effective therapy for nonalcoholic fatty liver? A systematic review.
	Am J Med
	2003,
	115:
	554–
	559.


	Important study showing the impact of weight loss on liver histology in obese individuals.
	38. Rozental
	38. Rozental
	38. Rozental
	P,
	Biava
	C,
	Spencer
	H,
	et al.


	39. Drenick
	39. Drenick
	39. Drenick
	EJ,
	Fisler
	J,
	Johnson
	D:
	Hepatic steatosis after intestinal bypass. Prevention and reversal by metronidazole, irrespective...
	Gastroenterology
	1982,
	82:
	535–
	548.


	40. Harrison
	40. Harrison
	40. Harrison
	SA,
	Torgerson
	S,
	Hayashi
	P,
	et al.


	41. Basaranoglu
	41. Basaranoglu
	41. Basaranoglu
	M,
	Acbay
	O,
	Sonsuz
	A:
	A controlled trial of gemfibrozil in the treatment of patients with nonalcoholic steatohepatitis.
	J Hepatol
	1999,
	31:
	384.


	42. Miglio
	42. Miglio
	42. Miglio
	F,
	Rovati
	LC,
	Santoro
	A,
	et al.


	43. •• Lindor
	43. •• Lindor
	43. •• Lindor
	KD,
	Kowdley
	KV,
	Heathcote
	EJ,
	et al.


	Randomized trial for therapy of fatty liver disease.
	44. •• Merat
	44. •• Merat
	44. •• Merat
	S,
	Malekzadeh
	R,
	Sohrabi
	MR,
	et al.


	Randomized trial for therapy of fatty liver disease.
	45. Katoh
	45. Katoh
	45. Katoh
	S,
	Hata
	S,
	Matsushima
	M,
	et al.


	46. Eriksson
	46. Eriksson
	46. Eriksson
	S,
	Eriksson
	KF,
	Bondesson
	L:
	Nonalcoholic steatohepatitis in obesity: a reversible condition.
	Acta Med Scand
	1986,
	220:
	83–
	88.


	47. Campbell
	47. Campbell
	47. Campbell
	JM,
	Hunt
	TK,
	Karam
	JH,
	et al.


	48. Rogus
	48. Rogus
	48. Rogus
	J,
	Blumenthal
	SA:
	Variations in dietary intake after bypass surgery for obesity. Possible relation to development o...
	J Am Diet Assoc
	1981,
	79:
	437–
	440.


	49. Kral
	49. Kral
	49. Kral
	JG,
	Thung
	SN,
	Biron
	S,
	et al.


	50. Dixon
	50. Dixon
	50. Dixon
	JB,
	Prithi
	SB,
	Hughes
	NR,
	O’Brien
	PE
	: Non-alcoholic fatty liver disease: Improvement in liver histological analysis with weight loss.
	Hepatology 2004,
	39:
	1647–
	1654.


	51. Caldwell
	51. Caldwell
	51. Caldwell
	SH,
	Hespenheide
	EE,
	Redick
	JA,
	et al.


	52. Neuschwander-Tetri
	52. Neuschwander-Tetri
	52. Neuschwander-Tetri
	BA,
	Brunt
	EM,
	Wehmeier
	KR,
	et al.


	53. Itoh
	53. Itoh
	53. Itoh
	S,
	Kanazuka
	A,
	Akimoto
	T:
	Combined treatment with ursodeoxycholic acid and pioglitazone in a patient with NASH associated w...
	Dig Dis Sci
	2003,
	48:
	2182–
	2186.


	54. Promrat
	54. Promrat
	54. Promrat
	K,
	Lutchman
	G,
	Uwaifo
	GI,
	et al.


	55. •• Shadid
	55. •• Shadid
	55. •• Shadid
	S,
	Jensen
	MD:
	Effect of pioglitazone on biochemical indices of non-alcoholic fatty liver disease in upper body ...
	Clin Gastroenterol Hepatol
	2003,
	1:
	384–
	387.


	One of the first descriptions of a potentially effective therapy.
	56. Marchesini
	56. Marchesini
	56. Marchesini
	G,
	Brizi
	M,
	Bianchi
	G,
	et al.


	57. Laurin
	57. Laurin
	57. Laurin
	J,
	Lindor
	KD,
	Crippin
	JS,
	et al.


	58. Sabuncu
	58. Sabuncu
	58. Sabuncu
	T,
	Nazligul
	Y,
	Karaoglanoglu
	M,
	et al.


	59. Harrison
	59. Harrison
	59. Harrison
	SA,
	Ramrakhiani
	S,
	Brunt
	EM,
	et al.


	60. Abdelmalek
	60. Abdelmalek
	60. Abdelmalek
	MF,
	Angulo
	P,
	Jorgensen
	RA,
	et al.


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


	62. Gulbahar
	62. Gulbahar
	62. Gulbahar
	O,
	Karasu
	ZA,
	Ersoz
	G,
	et al.





