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Introduction

Abstract

Evidence-based management guidelines for non-alcoholic fatty liver disease (NAFLD) are
lacking in the Asia—Pacific region or elsewhere. This review reports the results of a
systematic literature search and expert opinions. The Asia—Pacific Working Party on NAFLD
(APWP-NAFLD) has generated practical recommendations on management of NAFLD in
this region. NAFLD should be suspected when there are metabolic risk factors and/or
characteristic changes on hepatic ultrasonography. Diagnosis by ultrasonography, assess-
ment of liver function and complications, exclusion of other liver diseases and screening for
metabolic syndrome comprise initial assessment. Liver biopsy should be considered when
there is diagnostic uncertainty, for patients at risk of advanced fibrosis, for those enrolled in
clinical trials and at laparoscopy for another purpose. Lifestyle measures such as dietary
restrictions and increased physical activity (aerobic exercise) should be encouraged,
although the best management strategy to achieve this has yet to be defined. Complications
of metabolic syndrome should be screened for regularly. Use of statins to treat hypercho-
lesterolemia is safe and recommended; frequent alanine aminotransferase (ALT) monitoring
is not required. Obese patients who do not respond to lifestyle measures should be referred
to centers specializing in obesity management; consideration should be given to bariatric
surgery or gastric ballooning. The role of pharmacotherapy remains investigational and is not
recommended for routine clinical practice. Non-alcoholic fatty liver disease should be
recognized as part of the metabolic syndrome and managed in a multidisciplinary approach
that addresses liver disease in the context of risk factors for diabetes and premature
cardiovascular disease. Lifestyle changes are the first line and mainstay of management.

liver enzymes. Ultrasonographic examination for bright hepatic
echotexture (compared with kidney and/or spleen), deep attenua-

Non-alcoholic fatty liver disease (NAFLD) is highly prevalent in
Asia.'? Some patients will develop histologic necroinflammation
and fibrosis, that is, non-alcoholic steatohepatitis (NASH), and this
may progress to cirrhosis and hepatocellular carcinoma (HCC). The
management of NAFLD includes accurate diagnosis of the condi-
tion, careful assessment of risk factors associated with advanced
liver disease, screening for metabolic syndrome and its complica-
tions, lifestyle modification (both physical activity and diet), con-
sideration of obesity management including bariatric surgery, and,
presently only in clinical trials, pharmacological treatment.

Diagnosis

Most patients are suspected to have NAFLD because of charac-
teristic appearance on hepatic ultrasonography and/or elevation of
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tion and vascular blunting' has adequate threshold for the detec-
tion of steatosis when more than 33% of hepatocytes contain fat, as
shown by liver histology.** Ultrasound is inexpensive and safe, but
its accuracy may be limited in obese patients and by the occasional
patchy distribution of steatosis through the liver. Computerized
tomography (CT) scan and magnetic resonance imaging (MRI) are
alternative imaging techniques for diagnosing fatty liver. These are
applicable to obese patients and detect focal fatty changes more
conclusively, but they are more expensive and access to them is
limited in some parts of Asia.

Liver biopsy is not usually needed for the diagnosis of NAFLD,
and is an invasive procedure with significant complications, par-
ticularly pain, some of which are occasionally dangerous, such as
bleeding.>® Conversely, the diagnosis of NAFLD cannot be based
solely on elevated serum aminotransferase (AT) levels, as AT
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values can be within the normal range among patients with
NAFLD.™ Congruent with this limitation, recent studies indicate
that the upper limit of normal for serum alanine aminotransferase
(ALT) may need to be lowered to =30 IU/L for men and =19 IU/L
for women. '

The major challenge in the diagnosis of NAFLD is the distinc-
tion from alcoholic fatty liver. A careful history of alcohol intake is
essential to exclude alcohol-induced fatty liver disease. None of
surrogate markers for alcohol intake, including serum AT, gamma-
glutamyl transpeptidase (GGT) or mean corpuscular volume are
sufficiently accurate for this purpose.'! The histologic features of
alcoholic fatty liver disease and NAFLD are indistinguishable.
Currently, it is not entirely clear whether there is a threshold of
alcohol intake that can cause liver damage.'" Alcohol intake less
than 70 g/week in women and less than 140 g/week in men is
generally regarded as non-hepatotoxic;'?> however, intakes some-
what higher than this but less than clearly toxic levels (more than
40 g/day for women, 60 g/day for men) comprise a gray zone in
which the diagnosis of NAFLD cannot be made, as alcohol may be
contributing to the symptoms. Abstinence of alcohol and repeated
assessment may be needed to confirm the diagnosis, but there is no
evidence in favor of (and there is some against) abstinence being
an important part of long-term management of people with
NAFLD. Whatever the difficulties in defining thresholds of
alcohol intake for definition and practical management, it has been
noted that a lifetime drinking history is more important in recog-
nizing a pathogenic role of alcohol in chronic liver disease than is
the recent history."

Serology tests (hepatitis B surface antigen [HBsAg] and third-
generation assay for hepatitis C antibodies [anti-HCV]) should be
performed to exclude chronic hepatitis B and C, which are preva-
lent in Asian countries. Patients with a history of systemic illnesses
known to cause NAFLD should be excluded,' as should those who
are receiving or have received drugs known to cause NAFLD or
raise ALT (this includes herbal and other non-prescribed medi-
cines). Before ascribing abnormal liver test results to NAFLD,
other less common liver diseases (autoimmune liver disease, celiac
disease, alpha-1-antitrypsin deficiency, Wilson’s disease), as well
as hepatic malignancy, infections and biliary tract disease, should
be excluded based on the local prevalence and clinical suspicion
for these disorders.

Assessment of severity

Patients who have steatohepatitis have an increased risk of liver
cirrhosis and liver-related death.! It is therefore important to deter-
mine the histologic severity of NAFLD." In one study in Hong
Kong, nine of 17 (53%) patients with NAFLD who underwent a
second liver biopsy had worsening of fibrosis stages over 6 years;
eight of these nine patients had steatohepatitis on the first biopsy.'>
Liver biopsy is the gold standard to assess the severity of NAFLD.
The presence of moderate to severe necroinflammation, ballooning
degeneration, Mallory hyaline and/or fibrosis indicates steatohepa-
titis.'® Although performing liver biopsy for all NAFLD patients is
ideal to assess liver damage for the purpose of risk stratification,
this is not feasible due to the large volume of NAFLD cases, the
invasive nature of liver biopsy, with its risks of pain and bleeding
complications, and the resultant unacceptability of this procedure
to patients. We therefore recommend liver biopsy to be considered
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when there is diagnostic uncertainty, for those with risk factors for
advanced hepatic fibrosis and for those who are enrolled in clinical
trials. Among patients who are subjected to laparoscopy for
another purpose (e.g. cholecystectomy or gastric banding), liver
biopsy is recommended as it provides valuable prognostic in-
formation without appreciably increasing the risks of these
procedures.

Clinical factors including obesity, diabetes mellitus and older
age are associated with advanced NAFLD."” In a long-term
follow-up study, diabetes mellitus was associated with increased
risk of non-alcoholic liver disease and HCC.'® Imaging techniques
including ultrasonography, CT scan and MRI cannot differentiate
steatohepatitis or fibrosis from simple steatosis.’ Various biomar-
kers have been studied to predict necroinflammatory activity
and/or liver fibrosis in NAFLD. Decreased platelet count may be
related to underlying portal hypertension and is an indicator of
severe liver fibrosis or early cirrhosis. Low serum albumin,
elevated serum bilirubin and prolonged prothrombin time may
indicate hepatic decompensation. Serum ALT level cannot accu-
rately reflect the severity of NAFLD; a significant proportion of
patients with normal ALT have bridging fibrosis and even cirrhosis
on histology. An AST to ALT ratio more than 1.0," increased
serum hyaluronic acid®® and high homeostasis model assessment—
insulin resistance (HOMA-IR) score, which is calculated by serum
glucose x serum insulin (both in mmol/L) divided by 22.5,*' are
the common biomarkers associated with liver fibrosis. Other inves-
tigators have adopted panels of biomarkers to predict steatosis
(Steatotest) and fibrosis (Fibrotest) among patients with NAFLD,
but the use of these tests needs further validation.”>?* As the diag-
nostic accuracy of all biomarkers used to identify liver fibrosis
seldom exceeds 75% to 80%, and these serum markers are not
available in all laboratories and may be expensive, they are cur-
rently regarded as research tools and cannot substitute for liver
biopsy in the management of NAFLD.*

Metabolic syndrome

As introduced in the first of this series of articles on NAFLD in
Asia!, and explored in more detail in the fourth article, insulin
resistance is pivotal in the pathophysiology of NAFLD, and meta-
bolic syndrome refers to the cluster of cardiovascular risk factors
associated with insulin resistance. Recently, metabolic syndrome
has been identified as a predictor for onset of NAFLD,* while
ethnic differences in susceptibility of Asian-Indians to NAFLD are
attributable to insulin resistance and its complications.?” Accord-
ing to the recommendation of the International Diabetes Federa-
tion (IDF), central obesity, hypertriglyceridemia, low high density
lipoprotein cholesterol (HDL-C), high blood pressure and high
fasting glucose are features of metabolic syndrome.?

The most important component of metabolic syndrome associ-
ated with liver disease is type 2 diabetes mellitus (T2DM).
Approximately 44% of patients with NAFLD give the history of
previously diagnosed diabetes mellitus,' while a similar proportion
have an affected first-degree relative.”” Therefore, personal and
family history of diabetes mellitus should be sought carefully from
all patients with NAFLD. Among patients who have no history
of diabetes, the minimal test is a fasting blood glucose (FBG)
level; FBG > 7.0 mmol/L is diagnostic of diabetes, whereas
FBG = 5.6 mmol/L may indicate glucose intolerance and is an
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indication for an oral glucose tolerance test (OGTT).? A study in
Hong Kong of 64 patients with no history of diabetes showed that
23% of patients were diagnosed with T2DM and 33% had
impaired glucose tolerance on OGTT.*® Moreover, in six of 15
patients with diabetes by OGTT, the diagnosis was based on an
isolated elevated 2-h glucose level (with normal FBG). Hence,
among patients who have NAFLD but no obvious feature of dia-
betes, OGTT with a standard 75 g glucose challenge is recom-
mended. Other tests for insulin sensitivity including C-peptide,
fasting and postprandial serum insulin levels (measured at 120 min
after 75 g glucose challenge in OGTT) are optional investigations
that give mechanistic insights into NAFLD; in clinical practice,
especially in countries with scant health-care resources, these tests
may be reserved for research purposes.

Body mass index (BMI), calculated as body weight (kg) divided
by the square of body height (m), is commonly used to measure
obesity; however, Asians have a higher percentage of adiposity at
a lower BMI than Caucasians, so that for the same percentage
adiposity, BMI is 3-5 units lower than Caucasian counterparts.’!
According to the latest criteria set by the World Health Organiza-
tion for Asians, BMI over 23 indicates overweight.!@ We recom-
mend using both waist circumference and BMI to define central
obesity and metabolic syndrome in the Asian population. Waistline
should be measured at the midpoint between the lower chest wall
and the iliac crest when the patient is standing. In general, a waist
circumference of >90 cm in male or >80 cm in female Asian
subjects indicates central obesity. With this lower waist circumfer-
ence cut-off, the prevalence of metabolic syndrome in Singapore-
ans, Chinese, Asian-Indians, Japanese and Koreans becomes
comparable to that in the Western population.’*’ Imaging by
dual-energy X-ray absorptiometry (DEXA) or abdominal CT can
quantify visceral fat, and these tests can be reserved for selected
patients or as research tools.

As metabolic syndrome and NAFLD can develop in non-obese
subjects, other components of metabolic syndrome should be
sought by careful investigations. Blood pressure should be mea-
sured and monitored. Fasting lipid profile should be included in
the initial assessment; patients who have metabolic syndrome and
NAFLD tend to have higher serum triglyceride and lower high
density lipoprotein (HDL) cholesterol concentrations.”*$3

Lifestyle modification

Diet

Obesity, particularly central obesity, is strongly associated with
hepatic steatosis. For this reason, lifestyle modification that
includes dietary restriction and exercise to achieve judicious
weight loss, in addition to the control of risk factors such as
T2DM, obesity and dyslipidemia, is recommended as the first and
most important approach to managing people with NAFLD.* The
diet often recommended is one low calories and low in saturated
fats. Unfortunately, however, little is known about effects of
changes in dietary composition on liver histopathology in
NAFLD. Few studies have addressed this issue, and for this reason
the best dietary approach for treatment of NAFLD has not been
established by experimental evidence. In the absence of such evi-
dence, approaches used for T2DM and ‘heart healthy’ dietary
composition seem prudent. These include some caloric restriction,
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a diet low in saturated fats with relative enrichment of unsaturated
fats, and low in rapidly absorbable carbohydrates (high glycemic
index) but high in slowly absorbable carbohydrates (especially
those high in dietary fiber).

In a study of 74 morbidly obese patients who had detailed
dietary evaluation and a liver biopsy, no association was found
between total caloric or protein intake and steatosis, inflammation
or fibrosis. A higher carbohydrate intake was associated with sig-
nificantly higher odds of inflammation, and a higher fat intake with
significantly lower odds of inflammation.*! If this finding can be
substantiated, the present recommendation of a low-fat diet could
actually worsen NAFLD histopathology. Another study found that
men with NASH had a significantly higher energy intake com-
pared with age-matched men with chronic HCV infection or
healthy controls.*? In this study, standardized nutritional counsel-
ing aimed at reducing insulin resistance included the following
recommendations for calorie intake: 40-45% from carbohydrates,
with emphasis on complex carbohydrates with fiber; 35-40% from
fat with emphasis on mono- and polyunsaturated fats; 15-20%
from protein. After 12 months, there was histologic improvement
in nine out of 15 patients with biopsy-proven NASH, as measured
by steatosis grade and NASH score.* In another study, a 500 kCal-
restricted diet for 6 months changed body fat deposits and
improved liver function tests in 10 patients with NAFLD, even
though the average reduction in body weight was only 4%.* Low-
carbohydrate diets (diets with a low glycemic index) have been
shown to cause more short-term weight loss, greater lowering of
BMI and greater improvement in insulin sensitivity than low-fat
diets but, surprisingly, have not been evaluated in NAFLD.*

Very few studies have investigated the effects of individual
dietary components on NAFLD. Oligofructans are short-chain
oligosaccharides containing D-glucose and D-fructose that are
resistant to digestion. They are found in a variety of foods, includ-
ing wheat, onions, garlic and bananas. A small cross-over study in
seven patients with NASH has shown that oligofructans given for
8 weeks significantly reduce serum insulin and AT levels com-
pared with placebo, but had no significant effect on plasma lipid
levels.*

Studies using an experimental rat model of hepatic steatosis
have suggested that diets rich in olive 0il*’ and fish oil (rather than
corn 0il)* and high-fiber diets,*’ but not fructose-enriched diets,
may be beneficial in hepatic steatosis. In the rat model, alternations
of high-fat and normal-fat diets were shown to cause the same
level of hepatic fat infiltration as a continuous high-fat diet;'
however, hepatic lipid content in rats seemed to increase in the
early stages of high-fat feeding, and the development of non-
alcoholic hepatic steatosis appears to be more linked to dietary fat
ingestion than to gain in body weight.’? The possible relevance of
these findings to humans remains to be investigated.

Physical activity

Physical activity (aerobic exercise) is beneficial in metabolic syn-
drome, T2DM, obesity, dyslipidemias and insulin resistance, all of
which are risk factors for NAFLD. Exercise reduces weight by
preferentially decreasing visceral obesity while preventing loss of
muscle mass.*® Aerobic exercise increases insulin sensitivity inde-
pendent of weight loss,*® and interferes with development of ste-
atosis probably by decreasing peripheral lipolysis, inhibiting
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hepatic lipid synthesis and stimulating fatty acid oxidation. A
number of studies suggest that NAFLD improves after weight loss.
Improvements in liver biochemistry and ultrasonographic appear-
ances have been found with modest weight reduction, but few
studies have evaluated the effects of weight reduction on hepatic
histology. >3

Increased physical activity together with dietary restriction and
control of risk factors appear to improve insulin sensitivity and
liver disease in NAFLD.% In a study of 25 obese Japanese
subjects, significant reductions were seen in BMI, serum AT and
hepatic steatosis on histology in the 15 subjects who underwent a
program of diet and exercise for a period of 3 months, but these
improvements were not evident in the 10 control subjects.” Effects
of physical exercise independent of diet are difficult to assess in
human studies, and there are no randomized controlled trials
addressing this issue. Despite this, maintaining weight loss and
continued exercise have been shown to be associated with
improvement or normalization of ALT.%*®! There is an inverse
association between NAFLD and cardiorespiratory fitness, and a
positive association between NAFLD and BML® In support of
improving fitness, a recent study showed that moderate aerobic
exercise helped normalize ALT in NASH; this normalization did
not occur in the 15 patients who failed to comply with the exercise
program.%

Animal studies have shown independent beneficial effects of
exercise in hepatic steatosis. Treadmill (exercise) training pre-
vented hepatic steatosis in rats on high-fat diets, an effect not seen
in sedentary rats.* Treadmill training introduced during a high-fat
diet protocol decreased hepatic fat accumulation, which, again,
was an effect not seen in sedentary rats. In addition, swimming,
especially in low temperatures (which results in more energy
expenditure), has been shown to stimulate lipid-lipoprotein
metabolism in fatty liver.%

In summary, there is level II evidence to support the benefi-
cial role of dietary restriction (mainly aimed at improving insulin
sensitivity) and exercise in the management of NAFLD;®
however, rigorously conducted randomized controlled trials,
especially with pre- and postintervention liver histology, are
lacking in this area. Insulin resistance is a core feature of
NAFLD, and dietary restriction and aerobic exercise have been
clearly shown to improve insulin resistance, independent of
weight loss. Therefore, lifestyle measures such as dietary modi-
fications based on the metabolic profile (obesity, T2DM, hyper-
lipidemia, hypertension) and increasing physical activity in the
form of aerobic exercise should be encouraged in all patients
with NAFLD. The weight loss needed to reverse metabolic
profile and fatty liver is only modest. In a large-scale,
population-based study in Japan, a weight loss of approximately
2.5kg over 1-2years was associated with disappearance of
ultrasonic features of fatty liver disease.”® In obese diabetic
patients, weight loss of 8% by a hypocaloric very-low-fat diet
has been shown to reverse insulin resistance and normalize basal
glucose production;* however, there is insufficient evidence to
make prescriptive recommendations on how much exercise, the
types of dietary modifications that are optimal, and how much (if
any) weight loss is necessary to reverse the disorder. It is also a
sobering reflection that many lifestyle regimens are successful at
weight reduction in the short term, but recidivism occurs in the
vast majority of cases. Thus, the most effective lifestyle regime
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to prevent or reverse NAFLD, and how to achieve long-term
adherence to it are crucial subjects for future research.

Pharmacological treatment

Emerging drug therapy for NASH is a hot topic of research.
Specific therapies aimed at inhibiting the various pathways pro-
posed for NASH pathogenesis have been studied. As NAFLD is
strongly associated with insulin resistance, insulin-sensitizing
drugs and those that affect hepatic lipid partitioning are the most
appealing candidates of research. Metformin has been shown to
consistently improve the ALT levels as compared with baseline in
several uncontrolled, pilot studies;’*”* however, improvement in
liver histology was rarely studied. In an open-label, randomized,
controlled study of metformin versus vitamin E or dietary treat-
ment, some improvement in hepatic steatosis, necroinflammation
and fibrosis was seen as compared with the baseline liver biopsy in
a small number of patients on metformin;™* however, histologic
improvement among patients on metformin and controls was not
compared. In a more recent study, less than half the 24 metformin-
treated subjects obtained histologic improvement, and these
were those who lost weight, at least partly as a side-effect of
metformin.”

The thiazolidinediones (pioglitazone and rosiglitazone) are per-
oxisome proliferator-activated receptor gamma (PPARY) agonists
that can improve insulin sensitivity, principally by acting on
preadipocytes. Several small, open studies have shown encourag-
ing results on the improvement of ALT levels as well as hepatic
histology.”*®® One recent double-blind, placebo-controlled, ran-
domized trial demonstrated that 6-month treatment with pioglita-
zone improved insulin resistance and glycemic control in 55
patients with NAFLD and glucose intolerance.®’ More patients on
pioglitazone than on placebo had improvement in hepatic steatosis
(65% vs 38%, respectively) and necroinflammation (85% vs 38%,
respectively), but the proportion of patients with improvement in
hepatic fibrosis was not different between the two study groups
(46% vs 33%, respectively). With encouraging results in this
proof-of-concept study, a long duration of therapy may be required
to see the true effect on liver fibrosis improvement.®? Another
randomized, placebo-controlled, double-blind study reported in
abstract form found that fewer than 50% of patients responded to
rosiglitazone; improvement in insulin sensitivity was the most
important correlate of a beneficial treatment response.*> Weight
gain (typically ~4% in first year) is a major unwanted effect of use
of ‘glitazones’, and issues such as cost, long-term efficacy and
other adverse effects need to be addressed before these agents can
be routinely recommended for NASH.?

Other agents including antioxidants (vitamin E, phlebotomy to
remove iron), anti-inflammatory agents (pentoxifylline,3*% etan-
ercept, infliximab, thalidomide, misoprostol), pro- or prebiotics (to
prevent bacterial overgrowth, which might increase endogenous
ethanol production, produce endotoxin and increase hepatic oxi-
dative stress), glutathione precursors (betaine®®), non-specific
hepatoprotectants (ursodeoxycholic acid) and pancaspase inhibi-
tors (prevent apoptosis) have also been studied. Despite many
clinical trials showing some degree of effect on ALT normaliza-
tion, or even histologic improvement in small, open studies, few of
these have been subjected to large-scale, placebo-controlled
studies powered to show significant clinical efficacy and long-term

Journal of Gastroenterology and Hepatology 22 (2007) 801-808 © 2007 The Authors

Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



HL-Y Chan et al.

benefit.’” In one randomized, placebo-controlled study including
166 patients with histologically diagnosed NAFLD, ursodeoxy-
cholic acid was proven to be inferior to placebo in biochemical or
histologic improvement.®® A recent large randomized controlled
trial of betaine also showed greater histologic improvement with
placebo.? Therefore, the role of pharmacotherapy should be
regarded as investigational and is not recommended for routine
clinical practice.®

Although the efficacy of pharmacological treatment for NASH
has not yet been confirmed, treatment directed at associated
comorbidity is important; these include overweight and central or
overall obesity, T2DM, hypertension and dyslipidemias. Lipid-
lowering drugs, that is, ‘statins’ (HMG-CoA reductase inhibitors),
are frequently indicated among patients with metabolic syndrome.
Many physicians are hesitant to use statins among patients with
NAFLD due to the elevated liver enzymes. Recent evidence,
however, shows that patients with raised liver enzymes are not at
increased risk of hepatotoxicity with standard dose of statins.”
Further, ALT monitoring is not effective at preventing rare
instances of significant hepatotoxicity: minor changes in ALT
levels are transient and of no clinical significance. It is therefore
recommended that statins should be prescribed to patients with
NAFLD whenever clinically indicated, and frequent monitoring of
liver enzymes is not required (level 1 evidence).

Surgery

In the severely obese, the best therapeutic modality is bariatric
surgery.” It has been successful in producing a 61% weight loss
overall. It is safe and improves diabetes mellitus, the metabolic
syndrome, and therefore should prevent its sequelae. Early
concern about deleterious effects of dramatic weight loss on aggra-
vation of liver inflammation and fibrosis has been resolved with
recent trials of more modest weight loss and less malnutrition.
Bariatric surgery reduces steatosis, inflammation and even fibrosis
in established NASH®>% (level III evidence). It is also effective in
ameliorating or resolving several of the most significant compli-
cations of obesity and metabolic syndrome, including T2DM,
hypertension, dyslipidemia, sleep apnea, gastroesophageal reflux
disease, degenerative joint disease, venous stasis, pseudotumor
cerebri, urinary incontinence and infertility.”” These promising
procedures will undoubtedly increase and constitute the major
therapeutic modality for those who are severely obese.

Follow up

Patients with NAFLD should be followed up to monitor progres-
sion of both liver disease and metabolic syndrome. Abdominal
ultrasonography cannot determine the severity of hepatic necroin-
flammation and fibrosis, and should not be used for this purpose.
Ultrasonography may be used for surveillance of HCC, particu-
larly among patients with cirrhosis possibly or probably due to
NASH (cryptogenic cirrhosis), but more data are needed to
confirm survival benefit and cost-effectiveness of cancer surveil-
lance in this patient population.

Although elevated ALT is a well-recognized feature of NAFLD,
ALT elevation can be present or absent in both simple steatosis and
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NASH. In most studies on lifestyle modification and phar-
macological treatment in NAFLD, improvement in ALT is
usually accompanied by improvement in histologic steatosis
grading.”7>7%77 The relationships between changes in ALT and
changes in necroinflammation or fibrosis are less consis-
tent. 76778098 In a study in Hong Kong comparing patients with
simple steatosis and NASH, patients with more advanced disease
tended to have lower ALT levels.” Lowering of ALT should not
therefore be considered a valid marker for improvement of liver
disease in the follow up of patients with NAFLD. At present, liver
biopsy is the gold standard for monitoring the progression of liver
diseases; however, follow-up or serial liver biopsies in NAFLD
can only be recommended in the setting of clinical trials because
they are unlikely to alter management. Other imaging techniques,
including hepatic triglyceride quantitation using proton magnetic
resonance spectroscopy, are research tools and not yet suitable for
routine clinical practice.

The follow up of NAFLD patients should also focus on the
components and complications of the metabolic syndrome; the
latter include hypertension, premature cardiovascular disease, dia-
betes and certain cancers (breast, colon). Waist circumference and
body weight should be measured regularly. Fasting blood glucose,
lipid profile and blood pressure should be monitored periodically.
The follow-up interval should be decided according to the per-
ceived risk (age, family history, extent of obesity, previous find-
ings), and management needs of the individual components of the
metabolic syndrome.”

Prevention

The worrying rise in the global prevalence of NAFLD/NASH and
the slow progress in identifying effective medical therapy for this
condition highlight the importance of preventive measures.
Screening for early detection and proper management of insulin
resistance is pivotal. Changes in lifestyle, which include an
increase in physical activity (regular aerobic exercise appropriate
for the age and health of the individual) and healthy dietary habits
should be encouraged. Those at risk should be closely monitored
to ensure the desired results, prevention of diabetes, cardiovascular
disease, cirrhosis and cancer.

Conclusions

In summary, The Asia—Pacific Working Party for NAFLD makes
the following recommendations on the management of NAFLD
(Table 1). Non-alcoholic fatty liver disease should be suspected
when there are metabolic risk factors or abnormal liver function
tests and/or strong evidence of steatosis on hepatic ultrasonogra-
phy. Diagnosis by abdominal ultrasonography, assessment of liver
function and liver-related complications, exclusion of alcohol tox-
icity and hepatitis B and C, and screening for insulin resistance and
metabolic syndrome are required for initial assessment. Liver
biopsy should be considered in cases where there is diagnostic
uncertainty, in patients at risk of advanced hepatic fibrosis (in the
absence of clinical or imaging evidence of cirrhosis), in those
enrolled in clinical trials, and in those subjected to laparoscopy for
another purpose (e.g. cholecystectomy, gastric banding). Lifestyle
measures such as dietary modification and increasing physical
activity through regular aerobic exercise should be encouraged and
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Table 1 Management algorithm for patients with non-alcoholic fatty
liver disease

Diagnosis of NAFLD
Ultrasound abdomen
Computerized tomography (if ultrasound not diagnostic)
Liver biopsy (if uncertain diagnosis)
Exclusion of secondary causes of fatty liver
Alcohol use (less than 70 g/week in women and 140 g/week in men
is acceptable)
Hepatitis B and C virus infections
Other liver and biliary diseases
Assessment of severity of NAFLD
Clinical factors: age, obesity (BMI = 25 kg/m?), glucose intolerance
or diabetes
Liver biopsy (diagnosis uncertain, or risk factors for advanced
NAFLD present)
Evaluation of liver function and complications of cirrhosis
Screening for metabolic syndrome
Waist circumference (Asian criteria), body height and weight (BMI)
Fasting blood glucose and serum lipids
Blood pressure
Oral glucose tolerance test (if fasting blood glucose =5.6 mmol/L,
no history of diabetes)
Lifestyle modification
Diet low in simple carbohydrates, enriched in complex
carbohydrates/dietary fiber, low in saturated fats, enriched in
unsaturates (diabetic or ‘heart healthy’ diet)
Reduction in waist circumference, modest weight loss
Aerobic physical exercise (at least 20 min each day)
Sustained changes (need for reinforcement)
Drug treatment
Specific pharmacological treatment not recommended for routine
practice
Treat metabolic syndrome, including the use of statins if clinically
indicated
Bariatric surgery for morbidly obese, and those who fail to adopt or
respond to lifestyle measures

NAFLD, non-alcoholic fatty liver disease.

sustained. Metabolic risk factors should be regularly screened for
and treated. Use of statins is safe and is recommended for usual
indications, and frequent ALT monitoring is not required. Obese
patients who do not respond to attempted lifestyle measures
should be referred to centers specializing in obesity management.
In those refractory to medical measures, consideration should be
given to bariatric surgery or gastric ballooning. The role of phar-
macotherapy is currently investigational and is not recommended
for routine clinical practice.

References

1 Chitturi S, Farrell GC, Hashimoto E et al. Non-alcoholic fatty liver
disease in the Asia—Pacific region: Definitions and overview of
proposed guidelines. J. Gastroenterol. Hepatol. 2007; 22:

778-87.

2 Chiturri S, Farrell GC, George J. Non-alcoholic steatohepatitis in the
Asia—Pacific region: future shock? J. Gastroenterol. Hepatol. 2004;
19: 368-74.

806

~

10

1

—_

12

13

18

19

20

2

—_

22

23

HL-Y Chan et al.

Saadeh S, Younossi ZM, Remer EM et al. The utility of radiological
imaging in nonalcoholic fatty liver disease. Gastroenterology 2002;
123: 745-50.

Sanyal AJ. AGA technical review on non-alcoholic fatty liver
disease. Gastroenterology 2002; 123: 1705-25.

Bravo AA, Sheth SG, Chopra S. Current concepts: liver biopsy.

N. Engl. J. Med. 2001; 344: 495-500.

van der Poorten D, Kwok A, Lam T et al. Twenty-year audit of
percutaneous liver biopsy in a major Australian teaching hospital.
Int. Med. J. 2006; 36: 692-9.

Wong VWS, Hui AY, Tsang SWC et al. Metabolic and adipokine
profile of Chinese patients with nonalcoholic fatty liver disease.
Clin. Gastroenterol. Hepatol. 2006; 4: 1154-61.

Omagari K, Kadokawa Y, Masuda J et al. Fatty liver in
non-alcoholic non-overweight Japanese adults: incidence and clinical
characteristics. J. Gastroenterol. Hepatol. 2002; 17: 1098—105.
Mofrad P, Contos MJ, Haque M et al. Clinical and histologic
spectrum of nonalcoholic fatty liver disease associated with normal
ALT values. Hepatology 2003; 37: 1286-92.

Prati D, Taioli E, Zanella A et al. Updated definitions of healthy
ranges for serum alanine aminotransferase levels. Ann. Intern. Med.
2002; 137: 1-10.

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.

McCullough AJ. The epidemiology and risk factors of NASH. In:
Farrell GC, Hall PM, George J, McCullough AJ, eds. Fatty Liver
Disease: NASH and Related Disorders. Malden, MA: Blackwell,
2005; 23-37.

Hayashi PH, Harrison SA, Torgerson S, Perez TA, Nochajski T,
Russell M. Cognitive lifetime drinking history in nonalcoholic fatty
liver disease: some cases may be alcohol related. Am. J.
Gastroenterol. 2004; 99: 76-81.

Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC,
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum of
clinical and pathological severity. Gastroenterology 1999; 116:
1413-19.

Hui AY, Wong VWS, Chan HLY e al. Histological progression of
nonalcoholic fatty liver disease in Chinese patients. Aliment.
Pharmacol. Ther. 2005; 21: 407-13.

Brunt EM. Nonalcoholic steatohepatitis. Semin. Liver Dis. 2004; 24:
3-20.

Guha IN, Parkes J, Roderick PR, Harris S, Rosenberg WM.
Non-invasive markers: associated with liver fibrosis in non-alcoholic
fatty liver disease. Gut 2006; 55: 1650-60.

El Serag HB, Tran B, Everhart JE. Diabetes increases the risk of
chronic liver disease and hepatocellular carcinoma. Gastroenterology
2004; 126: 460-68.

Angulo P, Keach JC, Batts KP, Lindor KD. Independent predictors
of liver fibrosis in patients with nonalcoholic steatohepatitis.
Hepatology 1999; 30: 1356-62.

Suzuki A, Angulo P, Lymp J ef al. Hyaluronic acid, an accurate
serum marker for severe hepatic fibrosis in patients with
non-alcoholic fatty liver disease. Liver Int. 2005; 25: 779-86.

Hui JM, Hodge A, Farrell GC, Kench JG, Kriketos A, George J.
Beyond insulin resistance in NASH. TNF-alpha or adiponectin?
Hepatology 2004; 40: 46-54.

Poynard T, Ratziu V, Naveau S et al. The diagnostic value of
biomarkers (SteatoTest) for the prediction of liver steatosis. Comp.
Hepatol. 2005; 4: 10.

Ratziu V, Massard J, Charlotte F et al. Diagnostic value of
biochemical markers (FibroTest-FibroSURE) for the prediction of
liver fibrosis in patients with non-alcoholic fatty liver disease
[Abstract]. BMC Gastroenterol. 2006; 6: 6.

Journal of Gastroenterology and Hepatology 22 (2007) 801-808 © 2007 The Authors
Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



HL-Y Chan et al.

24

25

26

27

28

29

30

32

33

34

35

36

37

38

39

40

4

—_

42

43

Journal of Gastroenterology and Hepatology 22 (2007) 801-808 © 2007 The Authors

Sebastiani G, Alberti A. Non-invasive fibrosis biomarkers reduce but
not substitute the need for liver biopsy. World J. Gastroenterol.
2006; 12: 3682-94.

Fan JG, Saibara T, Chitturi S ef al. What are the risk factors and
settings for non-alcoholic fatty liver disease in Asia—Pacific? J.
Gastroenterol. Hepatol. 2007; 22: 794-800.

Hamaguchi M, Kojima T, Takeda N et al. The metabolic syndrome
as a predictor of nonalcoholic fatty liver disease. Ann. Intern. Med.
2005; 143: 722-8.

Petersen KF, Dufour S, Feng J et al. Increased prevalence of insulin
resistance and nonalcoholic fatty liver disease in Asian-Indian men.
Proc. Natl. Acad. Sci. USA 2006; 103: 1827-7.

Alberti KG, Zimmet P, Shaw J, IDF Epidemiology Task Force
Consensus Group. The metabolic syndrome—a new worldwide
definition. Lancet 2005; 366: 1059-62.

Chitturi S, Abeygunasekera S, Farrell GC er al. NASH and insulin
resistance: insulin hypersecretion and specific association with the
insulin resistance syndrome. Hepatology 2002; 35: 373-9.

Wong VWS, Hui AY, Tsang SWC et al. Prevalence of undiagnosed
diabetes and post-challenge hyperglycemia in Chinese patients with
nonalcoholic fatty liver disease. Aliment. Pharmacol. Ther. 2006; 24:
1215-22.

WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention
strategies. Lancet 2004; 363: 157-63.

Tan CE, Chew SK, Ma S, Tai ES, Wai D. Can we apply the National
Cholesterol Education Program Adult Treatment Panel Definition of
the metabolic syndrome to Asians? Diabetes Care 2004; 27: 1182-6.
Misra AM, Wasir JS, Pandey RM. An evaluation of candidate
definitions of the metabolic syndrome in adult Asian Indians.
Diabetes Care 2005; 28: 398—403.

Fan JG, Zhu J, Li XJ et al. Fatty liver and the metabolic syndrome
among Shanghai adults. J. Gastroenterol. Hepatol. 2005; 20:
1825-32.

Oh JY, Sung YA, Hong YAS, Barrett-Connor E. Prevalence of the
metabolic syndrome among Korean adults according to the criteria
of the International Diabetes Federation. Diabetes Care 2006; 29:
933-4.

Park HS, Han JH, Lee SY, Kim DJ, Kim SE. Prevalence of the
metabolic syndrome among Korean adults according to the criteria
of the International Diabetes Federation. Diabetes Care 2006; 29:
933-4.

Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic
syndrome among US adults. JAMA 2002; 287: 356-9.

Jimba S, Nakagami T, Takahashi M et al. Prevalence of
non-alcoholic fatty liver disease and its association with impaired
glucose metabolism in Japanese adults. Diabet. Med. 2005; 22:
1141-5.

Chen CH, Huang MH, Yang JC et al. Prevalence and risk factors of
nonalcoholic fatty liver disease in an adult population of Taiwan:
metabolic significance of nonalcoholic fatty liver disease in
non-obese adults. J. Clin. Gastroenterol. 2006; 40: 745-52.

Wang RT, Koretz RL, Yee HF. Is weight reduction an effective
therapy for nonalcoholic fatty liver? A systematic review. Am. J.
Med. 2003; 115: 554-9.

Solga S, Alkhuraishe AR, Clark JM et al. Dietary composition and
nonalcoholic fatty liver disease. Dig. Dis. Sci. 2004; 49: 1578-83.
Capristo E, Miele L, Forgione A et al. Nutritional aspects in patients
with non-alcoholic steatohepatitis (NASH). Eur. Rev. Med.
Pharmacol. Sci. 2005; 9: 265-8.

Huang MA, Greenson JK, Chao C et al. One-year intense nutritional
counseling results in histological improvement in patients with
non-alcoholic steatohepatitis: a pilot study. Am. J. Gastroenterol.
2005; 100: 1072-81.

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

6

—_

62

NAFLD management in Asia

Thomas EL, Brynes AE, Hamilton G er al. Effect of counseling on
hepatic, muscle and adipose tissue fat content and distribution in
non-alcoholic fatty liver disease. World J. Gastroenterol. 2006; 12:
5813-19.

Gill HK, Wu GY. Non-alcoholic fatty liver disease and the metabolic
syndrome: effects of weight loss and a review of popular diets. Are
low carbohydrate diets the answer? World J. Gastroenterol. 2006;
12: 345-53.

Daubioul CA, Horsmans Y, Lambert P, Danse E, Delzenne NM.
Effects of oligofructans on glucose and lipid metabolism in patients
with non-alcoholic steatohepatitis: results of a pilot study. Eur. J.
Clin. Nutr. 2005; 59: 723-6.

Hernandez R, Martinez-Lara E, Canuelo A et al. Steatosis recovery
after treatment with a balanced sunflower or olive oil-based diet:
involvement of perisinusoidal stellate cells. World J. Gastroenterol.
2005; 11: 7480-85.

Lanza-Jacoby S, Smythe C, Phetteplace H, Tabares A. Adaptation to
a fish oil diet before inducing sepsis in rats prevents fatty infiltration
of the liver. J. Parenter. Enteral Nutr. 1992; 16: 353-8.

Lai HS, Lin WH, Chen PR, Wu HC, Lee PH, Chen WI. Effects of
high-fiber diet on hepatocyte apoptosis and liver regeneration after
partial hepatectomy in rats with fatty liver. J. Parenter. Enteral Nutr.
2005; 29: 401-7.

Ackerman Z, Oron-Herman M, Grosovski M et al. Fructose-induced
fatty liver disease: hepatic effects of blood pressure and plasma
triglyceride reduction. Hypertension 2005; 45: 1012—18.

Lavoie JM, Yasari S, Bdennadher M, Paquette A. Effects of
alternations (10 days) of high-fat with normal diet on liver lipid
infiltration, fat gain and plasma metabolic profile in rats. Physiol.
Behav. 2005; 86: 442-8.

Gauthier MS, Favier R, Lavoie JM. Time course of the development
of non-alcoholic hepatic steatosis in response to high-fat
diet-induced obesity in rats. Br. J. Nutr. 2006; 95: 273-81.

Stewart KJ, Bacher AC, Turner K e al. Exercise and risk factors
associated with metabolic syndrome in older adults. Am. J. Prev.
Med. 2005; 28: 9-18.

Clark JM. Weight loss as a treatment for nonalcoholic fatty

liver disease. J. Clin. Gastroenterol. 2006; 40 (3 Suppl. 1):

5$39-43.

Cinar K, Coban S, Idilman R ez al. Long-term prognosis of
non-alcoholic fatty liver disease: is pharmacological therapy actually
necessary? J. Gastroenterol. Hepatol. 2006; 21 (1 Pt 1): 169-73.

De Hewavisenthi SJ, Dassanayake AS, de Silva HJ. Clinical,
biochemical and histological characteristics of a Sri Lankan
population of non-alcoholic steatohepatitis (NASH) patients.

Ceylon Med. J. 2005; 50: 133-6.

Kugelmas M, Hill DB, Vivian B, Marsano L, McClain CJ. Cytokines
and NASH: a pilot study of the effects of lifestyle modification and
vitamin E. Hepatology 2003; 38: 413-19.

Nobili V, Marcellini M, Devito R ef al. NAFLD in children: a
prospective clinical-pathological study and effect of lifestyle advice.
Hepatology 2006; 44: 458-65.

Ueno T, Sugawara H, Sujaku K ez al. Therapeutic effects of
restricted diet and exercise in obese patients with fatty liver.

J. Hepatol. 1997; 27: 103-7.

Hickman 1J, Jonsson JR, Prins JB et al. Modest weight loss and
physical activity in overweight patients with chronic liver disease
results in sustained improvements in alanine aminotransferase,
fasting insulin, and quality of life. Gut 2004; 53: 413-19.

Suzuki A, Lindor K, St Saver J et al. Effect of changes on body
weight and lifestyle in non-alcoholic fatty liver disease. J. Hepatol.
2005; 43: 1060-66.

Church TS, Kuk JL, Ross R, Priest EL, Biltoff E, Blair SN.
Association of cardiorespiratory fitness, body mass index, and waist

807

Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



NAFLD management in Asia

63

64

65

66

67

68

69

70

7

—_

72

73

74

75

76

77

78

79

circumference to nonalcoholic fatty liver disease. Gastroenterology
2006; 130: 2023-30.

Sreenivasa Baba C, Alexander G, Kalyani B et al. Effects of exercise
and dietary modification on serum aminotransferase levels in patients
with nonalcoholic steatohepatitis. J. Gastroenterol. Hepatol. 2006;
21: 191-8.

Gauthier MS, Couturier K, Latour JG, Lavoie JM. Concurrent
exercise prevents high-fat-diet-induced macrovesicular hepatic
steatosis. J. Appl. Physiol. 2003; 94: 2127-34.

Gauthier MS, Couturier K, Charbonneau A, Lavoie JM. Effects of
introducing physical training in the course of a 16-week high-fat diet
regimen on hepatic steatosis, adipose tissue fat accumulation, and
plasma lipid profile. Int. J. Obes. Relat. Metab. Disord. 2004; 28:
1064-71.

Terao T, Fujise T, Uchiyama S, Yamashita Y, Nakano S. Effects of
swimming at two different water temperatures on hepatic lipid and
lipoprotein levels in experimental fatty liver rats. Tokai J. Exp. Clin.
Med. 1989; 14: 139-45.

Osland EJ, Powell EE, Banks M, Jonsson JR, Hickman IJ. Obesity
management in liver clinics: translation of research into clinical
practice. J. Gastroenterol. Hepatol. 2007; 22: 504-9.

St George A, Johnson A, Bauman A et al. Lifestyle intervention in
early liver disease: metabolic changes at 3 months. J. Gastroenterol.
Hepatol. 2006; 21 (Suppl. 4): A315.

Petersen KF, Dufour S, Befroy D, Lehrke M, Hendler RE,

Shulman GI. Reversal of nonalcoholic hepatic steatosis, hepatic
insulin resistance, and hyperglycemia by moderate weight

reduction in patients with type 2 diabetes. Diabetes 2005; 54:
603-8.

Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli M,
Melchionda N. Metformin in non-alcoholic steatohepatitis. Lancet
2001; 358: 893-4.

Magalotti D, Marchesini G, Ramilli S, Berzigotti A, Bianchi G,
Zoli M. Splanchnic haemodynamics in non-alcoholic fatty liver
disease: effect of a dietary/pharmacological treatment. A pilot study.
Dig. Liver Dis. 2004; 36: 406—11.

Schwimmer JB, Middleton MS, Deutsch R, Lavine JE. A phase 2
clinical trial of metformin as a treatment for non-diabetic paediatric
non-alcoholic steatohepatitis. Aliment. Pharmacol. Ther. 2005; 21:
871-9.

Nair S, Diehl AM, Wiseman M, Farr GH Jr, Perrillo RP. Metformin
in the treatment of non-alcoholic steatohepatitis: a pilot open label
trial. Aliment. Pharmacol. Ther. 2004; 20: 23-8.

Bugianesi E, Gentilcore F, Manini R ef al. A randomized controlled
trial of metformin versus vitamin E or prescriptive diet in
nonalcoholic fatty liver disease. Am. J. Gastroenterol. 2005; 100:
1082-90.

Loomba R, Lutrchman G, Kleiner D et al. Pilot study of metformin
in patients with nonalcoholic steatohepatitis [Abstract]. Hepatology
2006; 44 (Suppl. 1): 260A.

Promrat K, Lutchman G, Uwaifo GI et al. A pilot study of
pioglitazone treatment for non-alcoholic steatohepatitis. Hepatology
2004; 39: 188-96.

Neuschwander-Tetri BA, Brunt EM, Wehmeier KR, Oliver D,
Bacon BR. Improved non-alcoholic steatohepatitis after 48 weeks of
treatment with the PPAR-gamma rosiglitazone. Hepatology 2003;
38: 1008-17.

Bajaj M, Suraamornkul S, Pratipanawatr T et al. Pioglitazone
reduces hepatic fat content and augments splanchnic glucose uptake
in patients with type 2 diabetes. Diabetes 2003; 52: 1364-70.
Shadid S, Jensen MD. Effect of pioglitazone on biochemical indices

808

8

—_

82

83

84

85

86

87

88

89

90

9

—_

92

93

94

95

96

97

98

99

HL-Y Chan et al.

of non-alcoholic fatty liver disease in upper body obesity. Clin.
Gastroenterol. Hepatol. 2003; 1: 384-43.

Sanyal AJ, Mofrad PS, Contos MJ et al. A pilot study of vitamin E
versus vitamin E and pioglitazone for the treatment of non-alcoholic
steatohepatitis. Clin. Gastroenterol. Hepatol. 2004; 2: 1107-15.
Belfort R, Harrison SA, Brown K et al. A placebo-controlled trial of
pioglitazone in subjects with nonalcoholic steatohepatitis. N. Engl. J.
Med. 2006; 355: 2297-307.

McCullough AJ. Thiazolidinediones for nonalcoholic
steatohepatitis—promising but not ready for prime time. N. Engl. J.
Med. 2006; 355: 2361-3.

Ratziu V, Charlotte F, Jacqueminet S et al. A one year randomized,
placebo-controlled, double-blind trial of rosiglitazone in non
alcoholic steatohepatitis: results of the FLIRT pilot trial [Abstract].
Hepatology 2006; 44 (Suppl. 1): 201A.

Satapathy SK, Garg S, Chauhan R er al. Beneficial effect of tumor
necrosis factor inhibition by pentoxifylline on clinical, biochemical
and metabolic parameters of patients with nonalcoholic
steatohepatitis. Am. J. Gastroenterol. 2004; 99: 1946-52.

Adams LA, Zein CO, Angulo P, Lindor KD. A pilot trial of
pentoxifylline in nonalcoholic steatohepatitis. Am. J. Gastroenterol.
2004; 99: 2365-8.

Abdelmalek MF, Angulo P, Jorgensen RA, Sylvestre PB, Lindor
KD. Betaine, promising new agent for patients with nonalcoholic
steatohepatitis. Am. J. Gastroenterol. 2001; 96: 2711-17.

Adams LA, Angulo P. Treatment of non-alcoholic fatty liver disease.
Postgrad. Med. J. 2006; 82: 315-22.

Lindor KD, Kowdley KV, Heathcote EJ et al. Ursodeoxycholic acid
for treatment of nonalcoholic steatohepatitis: results of a randomized
tiral. Hepatology 2004; 39: 770-78.

Abdelmalek MF, Sanderson SO, Angulo P et al. Betaine for
treatment of nonalcoholic steatohepatitis: results of a randomized
placebo controlled study [Abstract]. Hepatology 2006; 44 (Suppl.
12): 200A.

Chalasani N. Statins and hepatotoxicity: focus on patients with fatty
liver. Hepatology 2005; 41: 690-95.

Shaffer EA. Bariatric surgery: a promising solution for nonalcoholic
steatohepatitis in the very obese. J. Clin. Gastroenterol. 2006; 40 (3
Suppl. 1): S44-50.

Dixon JB, Bhathal PS, Hughes NR, O’Brien PE. Nonalcoholic fatty
liver disease: improvement in liver histological analysis with weight
loss. Hepatology 2004; 39: 1647-54.

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.

Luyckx FH, Desaive C, Thiry A et al. Liver abnormalities in
severely obese subjects: effect of drastic weight loss after
gastroplasty. Int. J. Obes. Relat. Metab. Disord. 1998; 22: 222-6.
Silverman EM, Sapala JA, Appelman HD. Regressionof hepatic
steatossi in morbidly obese persons after gastric bypass. Am. J. Clin.
Pathol. 1995; 104: 23-31.

Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from
steatosis to cirrhosis. Hepatology 2006; 43 (2 Suppl. 1): S99-112.
Bouldin MJ, Ross LA, Sumrall CD, Loustalot FV, Low AK,

Land KK. The effect of obesity surgery on obesity. Am. J. Med. Sci.
2006; 331: 183-93.

Andersen T, Gluud C, Franzmann MB, Christoffersen P. Hepatic
effects of dietary weight loss in morbidly obese subjects. J. Hepatol.
1991; 12: 24-9.

American Diabetes Association. Standards of medical care in
diabetes—2006. Diabetes Care 2006; 29: S4-42.

Journal of Gastroenterology and Hepatology 22 (2007) 801-808 © 2007 The Authors
Journal compilation © 2007 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



