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Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steato-
hepatitis (NASH) are increasingly relevant public health issues
owing to their close association with the worldwide epidemics
of diabetes and obesity. NAFLD/NASH is one of the most common
chronic liver diseases and increases the 5-year direct and indirect
health care costs by an estimated 26% [1]. Although evidence-
based clinical practice guidelines for this condition are badly
needed, currently not enough evidence is available to formulate
guidelines in an unbiased, responsible, and unequivocal way. This
position statement summarizes the proceedings of the 2009 EASL
Special Conference on NAFLD/NASH and proposes expert opinion
for different aspects of the clinical care of these patients.
Definition and classification of NAFLD/NASH

NAFLD designates a condition characterized by excessive fat
accumulation (steatosis). NASH defines a subgroup of NAFLD
where steatosis coexists with liver-cell injury and inflammation
(steatohepatitis).

Primary NAFLD/NASH is associated with insulin resistance (IR)
and its phenotypic manifestations. Secondary NAFLD/NASH is
rare in adults, is unrelated to insulin resistance or the metabolic
syndrome, and is due to a number of medical or surgical condi-
tions or drug intake. Historically, primary NAFLD/NASH required
the exclusion of other causes of liver disease (viral, autoimmune,
genetic, etc.) and a daily alcohol consumption 620 g in women
and 30 g in men, based on epidemiological studies showing that
alcohol-induced steatosis can occur above these thresholds [2].
Owing to its increasing prevalence and strong association with
the metabolic syndrome [3], it is now recognized that NAFLD/
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NASH can occur together with other chronic liver diseases and
that in some cases (chronic hepatitis C [4], hemochromatosis
[5], alcoholic liver disease [6]) this can exacerbate liver damage
[7]. This strongly argues for a change in nomenclature (such as
metabolic fatty liver disease and metabolic steatohepatitis)
which would drop the ‘‘negative” definition of ‘‘nonalcoholic”
and would recognize the likely causal role of IR in NAFLD/NASH.
Epidemiology of NAFLD

The prevalence of NAFLD in the general population assessed by
ultrasonography is 20–30% in Europe [8,9] and the Middle East
[10], 15% in the Far East [11,12], and 16% in some studies of nor-
mal weight subjects without metabolic risk factors [2]. A similar
prevalence of 15–25% was documented histologically by older,
post-mortem studies [13,14]. A surprisingly high prevalence of
histological NAFLD has been described in apparently healthy liv-
ing liver donors: 12–18% in Europe [15,16] and 27–38% in the US
[15,17,18]. With sensitive technique such as MR spectroscopy,
34% of US adults have NAFLD [19]. Interestingly, 39% of newly
identified cases of chronic liver disease in a US survey had NAFLD
[20] which makes NAFLD/NASH one of the top causes of liver dis-
ease in Western countries.

Recent studies in tertiary-care centers, using current histolog-
ical definitions, have shown a surprisingly high prevalence of
NASH among NAFLD cases: 43–55% in patients with increased
aminotransferases [21,22], as high as 49% in morbidly obese
patients [23,24], and 67% in a subset of patients with incident
chronic liver disease [20]. In apparently healthy, living liver
donors, the prevalence of NASH ranges from 3% to 16% in Europe
[15,16] and from 6% to 15% in the US [15,17,18].
Incidence

The incidence of primary NAFLD in Italy was estimated at 2/100/
year [25]; a Japanese study in a selected population reported
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10/100/year [26]. Secondary NASH due to tamoxifen use was esti-
mated at 0.2/100 women/year [27].

Risk factors

The prevalence of NAFLD increases with age, is highest in males
between 40 and 65 years [28–31] and is higher in Hispanics and
lower in African-Americans [19,20]. Family members of subjects
with NAFLD are also at increased risk, independent of age and
BMI [32,33]. The commonest cause of NAFLD/NASH is primary
NAFLD, associated with IR and its phenotypic manifestations,
mainly overweight/obesity, visceral adiposity, type 2 diabetes,
hypertriglyceridemia and arterial hypertension [3,34,35]. A causal
association has been suggested by longitudinal studies showing a
chronological association between the progression of the meta-
bolic syndrome and the occurrence of NAFLD [36,37].
Hepatic complications of NAFLD/NASH

Fibrosis and fibrosis progression

In retrospective series from tertiary referral centers, bridging
fibrosis is seen in 25–33% of NASH patients at diagnosis, includ-
ing cirrhosis in 10–15% [38]. NASH is by far the commonest cause
of fibrosis and cirrhosis in patients with unexplained increased
ALT [21]. A micromorphometry study has suggested that NASH
has a fibrotic potential similar to that of chronic hepatitis C after
adjustment for fibrotic confounders [39]. Independent predictors
of fibrosis are mainly age >45–50 and diabetes but also BMI >28–
30 kg/m2, hypertension, and the degree of IR [40–42]. Advanced
fibrosis can coexist with normal aminotransferases [43,44].

Progression of fibrosis has been demonstrated in retrospective
series, raising significant methodological issues [45], in particular
whether the observed changes are within the range of what can
be expected from mere sampling variability [46]. Pooled data
[47–51] have shown that improvement occurs in only 21% of
patients with progression in 38% (with some progressing by
two stages or more or towards cirrhosis). The strongest predictor
of fibrosis progression is necroinflammation on the initial biopsy
[52]. Rarely, progression of fibrosis may occur in steatosis only
[51,53], presumably due either to concurrent non-specific inflam-
mation (insufficient for a steatohepatitis diagnosis) [38] or to
missed lesions of steatohepatitis due to sampling variability.

End-stage NASH is an underecognized cause of cryptogenic
cirrhosis [54] mainly because steatosis and liver-cell injury can
disappear at this stage [39,55]. Past exposure to metabolic risk
factors (Table 1) is the key to diagnosis: at least one major risk
factor, being overweight or having diabetes, should be present
together with hypertension, dyslipidemia, or atheromatosis.
Using these criteria 30–75% of cryptogenic cirrhosis can be attrib-
uted to burned-out NASH [54,56–59].
Table 1. Metabolic risk factors.

� Body mass index >25 kg/m2 and/or
� Waist circumference >94 cm in men, 80 cm in women (Caucasians)
� Arterial hypertension >135/85 mmHg
� Fasting serum glucose >6.1 mmol/L
� Serum triglycerides >1.7 mmol/L
� HDL-cholesterol <1 mmol/L (men); <1.3 mmol/L (women)
� Serum ferritin >350 lg/L
� First degree relatives of individuals with obesity and/or diabetes
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Clinical outcomes

Cirrhosis complications. Liver failure is often (30–51%) the first
presentation of patients with cirrhotic NASH [60,61] and occurs
after 7–10 years in 38–45% of cirrhotic cases [61,62] although
available data, all retrospective, are subject to lead-time bias.
Causes of death are liver failure, sepsis and variceal hemorrhage,
or hepatocellular carcinoma (HCC) [60,61]. The latter is often
diagnosed at a late stage [51,59,61,63], and may occasionally
occur in non-cirrhotic NASH [64]. Obese or diabetic patients have
an increased risk of HCC [65,66] even in association with other
chronic liver diseases [67,68].

Survival. Isolated steatosis does not increase overall or liver-
related mortality [51,69]. Long-term follow-up studies have
shown that NASH increases overall mortality by 35–85% com-
pared to the age and sex-matched general population
[51,70,71]. Liver-related mortality is increased 9–10-fold
[51,71] with cirrhosis an independent cause of death ranking
3rd vs. 13th in the general population [22,70,71]. This has been
confirmed in pediatric series. Cardiovascular mortality is
increased two fold in NASH patients [51].

Liver transplantation. The proportion of patients with NASH
among those undergoing liver transplantation has steadily
increased over the recent past: from 0.1% between 1995 and
2000 to 3.5% in 2005 according to the UNOS database. Some of
the patients with cryptogenic cirrhosis should be added to these:
in one series one-third of these patients had histological signs of
NASH on a detailed histological review of the graft [56]. If half of
the patients with cryptogenic cirrhosis have burned-out NASH
(based on histology and exposure to metabolic risk factors), then
around 7% of liver transplants in the US are performed for NASH
[72]. Importantly, this is an underestimate of the proportion of
NASH progressing towards end-stage liver disease, as many
patients are no longer listed for liver transplantation because of
older age and associated comorbidities (mainly obesity, compli-
cations of diabetes, or malignancies) (see Tables 2–5).
Extra-hepatic complications of NAFLD/NASH

Beyond damage to the liver, steatosis can also worsen and/or
induce IR, worsen glycemic control in patients with type 2 diabe-
tes, and predict subsequent development of the metabolic syn-
drome; it is also associated with increased cardiovascular risk
and events and with essential arterial hypertension. In other
endocrine disorders (polycystic ovary syndrome, hypothyroid-
ism, and panhypopituitarism) liver fat is merely related to under-
lying IR [72–76] without worsening it.

Liver fat and IR

There is a strong relationship between the amount of hepatic fat
and impaired insulin action, independent of global or regional
adiposity [77–79]. Excessive liver fat is associated with hepatic
but also muscle and adipose tissue IR [77,78] and it correlates
with all components of the metabolic syndrome [80,81]. Even
in healthy, normal weight individuals, liver fat is associated with
several features of IR, independent of BMI and intra-abdominal
obesity [80]. Therefore the hepatic fat content could identify IR
patients who might not be detected by a standard clinical evalu-
ation [77].
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Table 2. Epidemiological burden and risk factors.

� NAFLD/NASH is strongly associated with hepatic and systemic insulin resistance and is one of the hepatic complications of the insulin resistance syndrome.
� In the general population of industrialized countries, NAFLD/NASH is present in at least 20% of individuals. The prevalence is much higher in patients with metabolic

risk factors. NAFLD/NASH is currently the most frequent cause of incident chronic liver disease. It can coexist with other chronic liver diseases, with some data
showing that the association increases fibrotic severity.

� The prevalence of NASH needs to be further defined. In selected groups of healthy individuals, such as living related donors, the prevalence of NASH is as high as 3–
16%. In tertiary-care centers the proportion of histologically defined NASH among NAFLD cases ranges from 40% to 55%.
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NAFLD as a precursor of the metabolic syndrome (MS)

Although steatosis could be a mere consequence of IR, a causal
role in the genesis or worsening of IR has been suggested. Liver
fat reduces insulin clearance resulting in hyperinsulinemia, a fea-
ture of pre-diabetes [82]. Ultrasonography-diagnosed NAFLD
independently increases the risk of incident diabetes 2.5-fold.
Follow-up of NAFLD patients showed that steatosis precedes
full-blown complications of IR such as diabetes, arterial hyper-
tension or dyslipidemia [70], although this might not be indepen-
dent of the level of IR or of visceral adiposity [83]. In the general
population, high aminotransferases (a surrogate marker for
NAFLD) increased the long-term risk of incident diabetes, MS
and cardiovascular events [84]. Finally, on a fat-enriched diet,
steatosis and hepatic IR occurred earlier than peripheral IR sug-
gesting that IR in the liver is the primary defect in the develop-
ment of IR associated with obesity [85,86]. Therefore,
monitoring of NAFLD patients for metabolic complications and
therapeutic interventions aimed at reducing liver fat should be
evaluated in future studies.

Liver fat and diabetes control

Even at the stage of full-blown diabetes, the amount of liver fat
influences the severity of IR. Patients with type 2 diabetes and
steatosis have substantially more IR than those without steatosis
[87]; they also have more dyslipidemia and circulating inflamma-
tory markers [87]. Steatosis predicts, to a large extent, the
amount of insulin needed for glycemic control [88]. Future stud-
ies need to specifically address whether reducing liver fat
improves glycemic control in patients with type 2 diabetes.

NAFLD and cardiovascular disease (CVD)

Steatosis is associated with an increased prevalence [89,90] and
incidence of cardiovascular disease (non-fatal CVD events [91]
and CVD mortality [92]). The association is usually independent
of classic cardiovascular risk factors and, in a few cases, of the
metabolic syndrome [93,94]. In biopsy-proven NAFLD, steatosis
was associated with increased carotid artery intima-media thick-
Table 3. Hepatic and extra-hepatic complications.

� Fibrosis progression is absent or minimal in isolated steatosis but has been docume
� End-stage NASH is a frequent cause of cryptogenic cirrhosis and should be diagnosed

lacking.
� NASH significantly increases overall and liver-related mortality; cirrhosis, neoplasia
� Hepatocellular carcinoma can occur in cirrhotic NASH, thereby justifying monitorin

documented as this could impact on patient monitoring.
� Steatosis could be a contributing factor to insulin resistance. Steatosis predicts the d

vascular disease. All patients with NAFLD should be screened for cardiovascular risk
clustering of risk factors.
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ness and with carotid plaques [93]; moreover, significant carotid
atherosclerosis occurred 5–10 years earlier in subjects with
NAFLD [95] than in those without. Biochemical surrogates of
NAFLD (GGT and ALT) predicted incident coronary artery disease,
stroke, and cardiovascular disease [94,96]. In diabetics NAFLD
further increases the risk of incident CVD and of diabetes compli-
cations [97,98]. Interestingly, endothelial dysfunction, an early
proatherogenic lesion is also associated with NAFLD, and is more
advanced in NASH than in bland steatosis [99].
Diagnostic procedures and strategies

Non-invasive diagnosis of liver injury

Non-invasive markers for liver injury in NAFLD should be devel-
oped to facilitate screening for at-risk patients and for follow-up
of treated or untreated patients. Future trials should optimize
non-invasive diagnostic strategies so that the selection of
patients for drug therapy becomes possible even when liver
biopsy is not routinely available.

Serum markers for liver injury

Fibrosis. Proprietary tests validated on larger cohorts (FibroTest
[100], ELF panel [101], and FibroMeter fatty liver [102]) as well
as more simple clinical scores are available [40,103,104]. Most
can be used to distinguish between advanced and minimal/no
fibrosis and a few provide a fibrosis stage equivalent [100,102].
The diagnostic performance appears to be similar to that in hep-
atitis C. Additional full reports of independent validation are
needed.

Steatohepatitis. Diagnosing steatohepatitis is useful for prog-
nosis and management: it identifies patients at risk for fibrosis
progression and therefore justifies more intensive counseling
on diet and lifestyle and allows the selection of patients for phar-
macological therapy [105]. Two serum markers, NASHTest [106]
and CK-18 [107] are validated on larger or on multicentric stud-
ies, and one in a smaller series, NASH Diagnostics [108]. CK-18 is
a promising marker but its diagnostic performance alone could
nted in retrospective series in more than one-third of NASH patients.
on past or present exposure to metabolic risk factors when histological signs are

, and cardiovascular disease are the main causes of death in NASH patients.
g strategies. Observations of HCC before the cirrhotic stage need to be further

evelopment of individual features of the metabolic syndrome and future cardio-
, and assessment should be periodically repeated (1–2 years) depending on the
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Table 4. Diagnostic strategies and screening.

� Screening for NAFLD/NASH is not recommended in the general population; it is recommended in patients with metabolic risk factors and/or well characterized insulin
resistance.

� NASH is consensually defined histologically by the association of steatosis, hepatocellular injury, and inflammation. Grading systems for longitudinal changes have
been proposed for follow-up and need to be validated in untreated and treated populations.

� There is a significant need for the non-invasive quantification of fibrosis in order to facilitate screening of the large number of patients at risk. The association of serum
markers with an imaging method (elastometry) is recommended in order to restrict biopsy to indeterminate or discordant results or those predicted to have advanced
fibrosis.

� A non-invasive diagnosis of steatohepatitis is warranted for the identification of patients at risk of progression. The relevance of the non-invasive quantification of
steatosis to patient management should be further studied.
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be suboptimal [108] and it is confounded by the amount of fibro-
sis [107].

Steatosis. Tests that predict steatosis would be useful if they
had a higher sensitivity than conventional imaging. Tests that
quantify steatosis might be clinically useful for monitoring early
changes induced by therapy and, although not proven, for pre-
dicting incident metabolic complications of steatosis or diabetes
control. Available tests cannot be compared for their diagnostic
performance as they have been validated against different stan-
dards: ultrasonography [109], liver biopsy [110], or MRI [82].
The FLI test predicts steatosis and could be useful for large-scale
screening instead of ultrasonography. SteatoTest [110] and the
NAFLD score [82] have a higher sensitivity than ultrasonography
and can also quantify steatosis. Only SteatoTest and the Fatty
Liver Index have been independently validated [109–112].

Imaging

Ultrasonography, computed tomography (CT), and MRI can iden-
tify histological steatosis higher than 20–30% [113] but not ste-
atohepatitis or the degree of fibrosis [114]. Despite lower
sensitivity and specificity than CT, ultrasonography is an accept-
able first-line screening procedure for NAFLD in clinical practice.
Quantification of steatosis by ultrasonography [115] is not reli-
able since it is operator-dependent and has a low reproducibility.
MRI and MR spectroscopy reliably quantify steatosis and measure
regional fat depots. However, they are sequence dependent hence
standardization for sequence characteristics between centers is
necessary, and cost and availability are limiting [116,117]. Other
techniques, especially for quantifying fibrosis, such as diffusion-
weighted imaging or MR elastography are promising but still
experimental.

In selected patients with NAFLD, measurement of liver stiff-
ness by transient elastography has a diagnostic performance for
fibrosis close to that in hepatitis C [118,119] although the cut-offs
for fibrosis stages are insufficiently defined. Steatosis marginally
increases stiffness (by 1 kPa) [120] as does inflammatory activity
[121]. Although attractive because of its simplicity, immediate
results and reduced sampling error, there are significant limita-
tions. BMI is a major predictor of failure rate (25% above 30 kg/
m2, 41% above 35 kg/m2) [122], usual values in non-obese
Table 5. Management of NAFLD/NASH.

� Weight-loss diet and exercise are first-line therapeutic measures in all overweight
resistance-related comorbidities are not contraindicated in patients with NAFLD/NAS
steatosis.

� In addition to diet and lifestyle measures and depending of the fibrosis stage, patien
slow progression of liver disease. To date there is some evidence for a beneficial e
although the benefit on fibrosis is unproven.

� Treatment of NASH is an unmet medical need; placebo-controlled trials with histol
Post-approval, long-term safety assessment is essential due to associated comorbid
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healthy individuals without the metabolic syndrome can be as
high as 8 kPa [122], and increased liver stiffness can be seen
without fibrosis in different conditions [123–125]. New probes
designed for obese individuals are currently being tested.

Measurement of IR

The gold standard for the quantitative measurement of insulin
sensitivity, the ‘‘euglycemic glucose clamp technique” [126], is
expensive and time-consuming, therefore surrogate markers are
useful. Waist circumference is well correlated with IR [127].
The product of glucose and insulin, calculated through the
Homeostasis Model Assessment (HOMA) [128] or the Quantita-
tive Insulin Sensitivity Check Index (QUICKI) [129] is a simple
method, although assay variability for insulin requires ‘‘normal”
values to be defined for each laboratory. Other methods are based
on fasting values, mainly indicative of hepatic sensitivity, or on
the dynamics of glucose and insulin in response to an oral glucose
tolerance test [130,131], indicative of hepatic and peripheral
insulin sensitivity. Finally, insulin sensitivity on lipid metabolism
may be assessed in the fasting state as the ratio of triglyceride to
HDL-cholesterol levels [132].

Liver biopsy

The histological definition of adult NASH is based on a combina-
tion of three lesions (steatosis, hepatocellular injury, and inflam-
mation) within a characteristic topographical distribution
(mainly centrilobular, zone 3 of the acini). Steatosis is a prerequi-
site for the diagnosis of NAFLD, with the exception of cirrhotic
disease where it can be absent. The minimal threshold is 5% of
hepatocytes containing fat droplets. Signs of hepatocellular injury
are cytoplasmic clarification and ballooning of liver cells (a cardi-
nal, required feature) with or without acidophil bodies or spotty
necrosis [133]. Inflammation, either lobular or portal is composed
of mixed inflammatory cells and is of mild intensity. Both are part
of the NASH spectrum with portal inflammation present in
severe/advanced cases of NASH and lobular inflammation nearly
universal [134]. Polymorphonuclear infiltrates and Mallory–Denk
bodies, which can be seen in NASH, are not required for the diag-
nosis. Isolated steatosis or steatosis with lobular inflammation
patients with NAFLD and insulin resistance. Statins and other drugs for insulin
H, as the risk for hepatotoxicity does not seem to be increased in patients with

ts with NASH might benefit from pharmacologic therapy in order to reverse or
ffect of glitazones and vitamin E on biochemical and histological parameters,

ogical end-points are recommended for registration purposes.
ities in many NASH patients.
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without signs of hepatocellular injury are both part of the wider
spectrum of NAFLD but do not qualify as NASH, mainly because of
their different outcome [53].

As in all chronic liver diseases, fibrosis may or may not yet be
present and therefore it is not part of the definition of NASH. Peris-
inusoidal fibrosis is a characteristic feature of NASH and current
staging systems incorporate both perisinusoidal and portal fibrosis
[135]. There is no widely accepted grading classification for NASH.
The NAS score is the unweighted sum of steatosis, ballooning and
lobular inflammation [135] and was designed primarily to capture
treatment-induced histological changes. It can be used for grading
purposes, but it should not be used for the diagnosis of NASH [135].
All these grading and staging systems have not yet been sufficiently
validated for use by general pathologists.

A distinct histological pattern has been described in two spe-
cific patient populations. In children, NASH is characterized by
portal inflammation and fibrosis, azonal steatosis and infrequent
ballooning or perisinusoidal fibrosis [136]. In bariatric surgery
patients NASH is characterized by isolated portal fibrosis and
azonal steatosis [42,133,137].

As in other chronic liver diseases sampling variability is a limita-
tion of liver biopsy in NAFLD [138]. Inflammatory lesions and bal-
looning are highly prone to sampling error as are fibrosis and
steatosis which can result in misdiagnosis or understaging
[138,139]. There is no safe threshold for eliminating sampling vari-
ability[140]; by analogy withother chronic liver diseases,a core frag-
ment of a minimum of 15 and preferably 25 mm is desirable [139].
Diagnostic strategies for NASH

Many individuals at risk for NAFLD/NASH seek medical attention
outside the Hepatology clinics and therefore it is important to
establish whether and in what settings screening or case finding
[141] for NASH is deemed necessary (see ‘‘Case finding”). Con-
versely, when patients with suspected NAFLD/NASH are
addressed for hepatological investigations, the procedures to be
performed need to be need to be defined on an individualized
basis (see ‘‘Individual diagnostic strategies in clinical practice”),
in particular the indications for liver biopsy.

Case finding

Screening or case finding of NASH [141] aims at diagnosing
advanced liver disease, defined as NASH with bridging fibrosis
or cirrhosis. Beyond the prognostic information it provides this
may also change patient management including specific monitor-
ing strategies, a stricter enforcement of diet and lifestyle mea-
sures, or the use of liver-targeted pharmacologic therapy.

Premises:

(1) In the general population, there are currently insufficient
data on the prevalence of NASH, NASH-related mortality
and on whether diagnosing NASH may change outcomes
and be cost-effective.

(2) NASH is strongly linked to IR and should be considered
part of the phenotypic complications of IR and the meta-
bolic syndrome. This implies that patients who come to
medical attention for IR (i.e. obesity, type 2 diabetes, dysl-
ipidemia polycystic ovarian syndrome, lipodystrophy, or
acanthosis nigricans) are at risk of NASH.
376 Journal of Hepatology 201
(3) Transaminases are not a sensitive test for NAFLD. However,
in patients with IR and increased ALT [142], the prevalence
of NASH and advanced fibrosis [21] may be higher than in
the overall obese or diabetic population.

(4) Due to its high prevalence, NAFLD can occur in patients
with other chronic liver diseases. In chronic hepatitis C,
and possibly alcoholic liver disease and hemochromatosis,
NAFLD (or at least its risk factors) can worsen fibrosis.

Based on the current literature and on what has been dis-
cussed during this conference, we suggest the following:

1. General population. Screening for advanced liver disease is not
recommended as per premise #1. Additional studies are
needed to delineate NAFLD risk factors, its potential as an
independent predictor of cardiovascular mortality and
NASH-related mortality.

2. In patients who come to medical attention because of IR (as
defined in premises #2–3) case finding of advanced liver dis-
ease may be performed based on the high prevalence of NASH,
the adverse clinical outcomes and the potential changes in
patient management. Liver function tests and liver ultrasound
may be performed. In patients with increased ALT or with ste-
atosis at ultrasound we suggest that non-invasive methods to
evaluate fibrosis be the first-line procedure. At best, a serum
and an imaging procedure may be used. Liver biopsy may be
restricted to cases where both non-invasive methods suggest
advanced fibrosis and to cases with indeterminate or discor-
dant results, thus deemed insufficient to exclude advanced
fibrosis. In patients with both increased ALT and steatosis at
ultrasound (at higher risk for advanced liver disease, premise
#3), liver biopsy could be the first-line procedure until exten-
sive independent validation of non-invasive methods becomes
available.

3. Patients with chronic liver diseases other than NAFLD may be
screened for metabolic risk factors, IR, and steatosis at ultra-
sound. If all these are present, we suggest that liver biopsy
be performed to assess concurrent NAFLD, as data on non-
invasive methods in patients with concurrent liver diseases
are lacking.

4. During elective surgical procedures, such as anti-obesity sur-
gery (high risk of NASH and of unsuspected cirrhosis) and cho-
lecystectomy (shared risk factors between NAFLD and
cholelithiasis), we suggest that a liver biopsy be performed.

Individual diagnostic strategies in clinical practice

In patients referred for probable NAFLD to the hepatologist, liver
biopsy should be performed based on an individualized decision
rather than rigid guidelines. Liver biopsy provides both diagnostic
and prognostic information on fibrosis and potential for progres-
sion. Liver biopsy should not be performed in patients with
recent weight change. In patients with stable weight and lifestyle,
a watchful period (4–6 months) is useful, aimed at enforcing diet
and lifestyle measures, unless previous structured attempts were
unsuccessful. If these measures result in weight loss with ALT
normalization and a reduction in IR, liver biopsy can be post-
poned while ALT and non-invasive markers of fibrosis are moni-
tored. If not, liver biopsy should be considered after balancing the
risk for advanced fibrosis (age, diabetes, degree of IR), patient
0 vol. 53 j 372–384
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motivation, and competing comorbidities. Non-invasive fibrosis
tests, ideally combining serum and imaging methods, may be
used to avoid the biopsy, when both suggest the absence of sig-
nificant fibrosis. New markers should be developed for early
identification of patients at risk of progression.
Pathogenesis

Is steatosis still the first hit?

The ‘two hit’ model of NASH pathogenesis, suggested that the
first ‘‘hit” is the development of steatosis sensitizing the liver to
the second ‘‘hit” – oxidative stress and cytokines – leading to
the development of necroinflammation and ultimately fibrosis
and cirrhosis [143]. This hypothesis has been challenged by
recent data suggesting that mechanisms that can drive disease
progression can also induce steatosis. Oxidative stress [144]
and gut flora/cytokines [145] can induce steatosis as well as necro-
inflammation and fibrosis. Free Fatty Acids (FFA) can initiate
hepatocyte apoptosis [146] in addition to being esterified to tria-
cylglycerols. Endoplasmic stress can also lead to steatosis, oxida-
tive stress and apoptosis [147]. Since all these mechanisms are
important in obesity and IR, it would seem likely that they are
the true ‘‘first hits” leading to increased hepatic FFA flux and oxi-
dative-, ER-, and cytokine-mediated stress that result in both ste-
atosis and progressive liver damage in susceptible individuals.
Steatosis should therefore be considered part of the liver’s early
‘‘adaptive” response to stress, rather than a first hit in disease
progression. Accordingly, while in some situations its severity
may act as a biomarker of ongoing injurious and fibrotic mecha-
nisms resulting in disease progression, it should not be consid-
ered a therapeutic target. Instead attention should be focused
on the mechanisms of cellular injury and fibrosis – the ‘‘second
hits”.

Mechanisms of fibrosis

Numerous hepatic and extra-hepatic mediators might play a role
in the pathogenesis of fibrosis in NAFLD. Hepatic mediators are:
(i) hepatocyte factors arising as a direct result of steatosis, hepa-
tocyte injury and apoptosis including IR, reactive oxygen species
and cytokines and (ii) Kupffer cell (KC), T cell, Hepatic stellate
cells (HSC), and other inflammatory cell-derived factors released
in response to hepatocyte injury and gut-derived bacterial prod-
ucts acting on toll-like pattern recognition receptors [148]. IR and
hyperglycemia may induce fibrosis directly or via up-regulation
of connective tissue growth-factor or the generation of advanced
glycation end-products [149,150]. Both HSC and KCs engulf apop-
totic cells to generate pro-fibrotic signals [151], with therapeutic
prospects for anti-apoptotic agents [152]. CD4 Th2-cell produc-
tion of IL-13 could contribute to fibrogenesis [153]. Hepatic pro-
genitor cells can undergo an epithelial-mesenchymal transition,
partly triggered by Shh, a hedgehog ligand [154]. This results in
a pro-fibrogenic myofibroblast-like cell population, controlled
by the hedgehog pathway [155] and amenable to pharmacologi-
cal modulation [156]. With respect to signalling pathways
involved in fibrogenesis, JNK1 signalling in KCs [157], NF-jB sig-
nalling in hepatocytes, KCs and HSC cells [158] and AMP-kinase
mediated signalling in HSC [159] are all potential therapeutic
targets.
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Extra-hepatic mediators of fibrosis in NAFLD, include the gut,
as a source of pro-inflammatory and pro-fibrogenic bacterial
products including lipopolysaccharide, and visceral adipose tis-
sue as a source of adipcytokines – many of which have direct
pro-fibrogenic effects on HSC including leptin, renin-angiotensin-
ogen and norepinephrine [160]. Equally important may be the
reduced secretion of adiponectin in obesity, an anti-steatotic,
anti-inflammatory and anti-fibrotic adipocytokine [161]. At least
some of the anti-NASH effects of adiponectin may be exerted
through the activation AMP-kinase which is also a target for met-
formin and glitazones [162].
Therapeutic management of NAFLD/NASH

Rationale for treatment choices

Therapy for NASH should prevent or reverse hepatic injury
induced by lipotoxicity. One strategy is to correct IR and hyperin-
sulinemia and to reduce fat mass, in particular visceral adiposity.
Weight loss and physical exercise, diet and lifestyle changes,
insulin-sensitizing agents and anti-obesity surgery are all aimed
at this objective. A second strategy is to prevent/reverse hepatic
cellular damage induced by lipotoxicity. This can be achieved
by inhibiting lipid peroxidation and oxidative stress, or through
the use of anti-inflammatory, anti-apoptotic or other hepatopro-
tective agents. These two strategies may be at best combined, and
future therapeutic research in NASH should focus on tailoring this
dual approach to the individual patient. The treatment and mon-
itoring of metabolic and cardiovascular comorbidities should be
implemented alongside the hepatologic management.

Non-pharmacologic measures

Weight loss, physical exercise, reduction of sedentary lifestyle
and dietary changes [163] should be implemented as first-line
therapy, ideally on a long-term basis, in all patients with
NAFLD/NASH, regardless of the severity of their liver disease.
The best results are obtained with a multidisciplinary yet person-
alized approach [164]. The efficacy of these measures should be
assessed after a 6-month period; if ineffective, additional thera-
peutic options such as pharmacologic therapy might then be con-
sidered. When earlier structured attempts had failed, additional
therapeutic options might be considered earlier. In patients with
steatosis alone or in young patients with NASH and no or mini-
mal fibrosis, these measures are sufficient, if efficiently imple-
mented and if clearly accompanied by a normalization of
aminotransferases.

Weight loss and dietary measures

The minimal amount of weight loss for improving NASH has not
been determined. A modest weight loss results in a significant
reduction in liver fat despite minimal reduction in body fat
[165,166]. A 5–10% weight loss can suffice for aminotransferase
normalization [167,168]. Data from a small series has determined
that a 9% weight loss improves steatosis significantly and inflam-
mation marginally but not fibrosis [169]. At present, aiming for a
weight loss of 7%, as proposed by International Societies on the
basis of an extensive body of literature, appears to be a reason-
able compromise in overweight and mildly obese patients.
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The optimal type of weight-loss diet for NASH improvement is

not known, as large controlled trials comparing different diets
with histological end-points are lacking. A comparison of 4
weight-loss diets has shown that weight loss is similar regardless
of macronutrient composition [170], so ultimately, any type of diet
is likely to be beneficial as long as the patient adheres to it. How-
ever long-term data indicate that only 15% of participants lose
more than 10% body weight, adherence drops after the first few
months and most regain weight [170]. Behavioral therapy [164]
could help and should be implemented whenever the required
resources, which are considerable, are available. Regardless of
weight loss, the consumption of certain dietary constituents
appears to increase the risk of NASH/NAFLD and should be
avoided. High fructose corn syrup contributes to IR and NAFLD
[171], and therefore the consumption of soft drinks should be kept
to a minimum as should the consumption of industrial trans-fats
(present in many processed foods) which are also associated with
the development of NAFLD and hepatic inflammation [172–174].
Finally there is a reduction of the omega-3/omega-6 polyunsatu-
rated fatty acids ratio in the diet of NASH patients [175–177]
and experimental and limited clinical data suggest that increasing
this ratio by omega-3 dietary supplementation may lead to both
metabolic and histological improvement [178–181].

There is no evidence that alcohol abstinence is beneficial for
patients with NAFLD/NASH. In fact studies have shown an inverse
association between modest wine drinking (less than a glass a
day) and biochemical [182,183], ultrasonographic [184] or histo-
logic [42] evidence of NAFLD/NASH with protective effects on
diabetes, IR, and features of the metabolic syndrome [185–187].

Physical exercise and sedentary time

Patients with NAFLD engage in less than half the amount of exer-
cise than age and sex-matched controls [112] and only 20–33% of
them meet current recommendations for physical activity [188].
Reasons for not exercising include fatigue [189], reduced cardio-
respiratory fitness [188,190], weight-related arthrosis, cardiovas-
cular disease, and psychological factors [191]. Physical activity
correlates inversely with intra-hepatic fat [192], increases insulin
sensitivity [193], and reduces abdominal fat [194]. In obese indi-
viduals, short-term (4 weeks) aerobic exercise reduces hepatic fat
and visceral adiposity even without a change in body weight or
dietary intake [195]. Longer-term exercise (3 months) improves
cardiorespiratory fitness, IR and liver enzymes independent of
weight loss [196]. Physical activity targets derived from diabetes
prevention trials and supported by International Societies could
be applied to adult patients with NAFLD/NASH: at least
150 min per week of moderate-intensity physical activity (brisk
walking) and at least 75 min per week of vigorous-intensity
physical activity (jogging), in addition to muscle strengthening
activities twice a week. However, individualized counseling is
preferable and even limited physical activity is better than none,
therefore any increase over baseline is preferable. Avoiding sed-
entary time outside the periods of physical exercise is equally
important [197].

Bariatric surgery

In some bariatric surgery series massive weight loss has benefi-
cial effects on steatohepatitis [198], and fibrosis [198–200], an
overall improvement which was dependent on the correction of
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IR [201], although some controversy exists regarding the long-
term histological benefits [202]. However, only highly selected
morbidly obese patients are eligible for anti-obesity surgery. If
otherwise indicated, anti-obesity surgery should be encouraged
from the perspective of liver disease, especially in patients with
advanced fibrotic NASH. We suggest that a systematic liver
biopsy during surgery be performed because liver injury is
asymptomatic even with advanced fibrosis or cirrhosis, steato-
hepatitis is frequent [23] and there is a high probability of rever-
sal of liver lesions.

Pharmacologic therapy

Indications. Pharmacologic therapy directed at the correction of
concurrent metabolic disorders (statins, antihypertensive
agents, antidiabetic drugs, etc.) should be given as needed, as
NAFLD does not increase hepatotoxicity or other side effects
of these drugs. Pharmacologic therapy specifically aimed at
improving the liver condition is indicated based on the poten-
tial for disease progression, the severity of fibrosis, and the
potency of drugs to reverse or stop the progression of liver
damage.

Steatosis. Pharmacologic therapy is not warranted for bland
steatosis. Efforts should aim at preventing extra-hepatic com-
plications of steatosis. Annual hepatic monitoring is warranted.
Indeed, the initial liver biopsy could have missed lesions of ste-
atohepatitis due to sampling error. Alternatively, additional
metabolic risk factors can occur or worsen during follow-up
(weight gain, occurrence of diabetes or dyslipidemia), which
might increase the individual’s risk of developing steatohepati-
tis. Optimal monitoring includes non-invasive follow-up of
fibrosis (ideally serum markers together with elastometry),
aminotransferases and markers of IR (fasting insulin and HOMA
score) and could be done in a primary care setting. If there is
fibrosis progression on repeated non-invasive assessment,
worsening of metabolic risk factors and/or an otherwise unex-
plained increase in serum aminotransferases, a repeat liver
biopsy, at least 5 years after the baseline biopsy, may be
indicated.

Steatohepatitis (NASH). The aim of therapy is to prevent pro-
gression of liver fibrosis towards cirrhosis and/or decompensa-
tion of cirrhosis. Given the current understanding of natural
history, NASH with no or minimal fibrosis (stages 0 or 1) does
not require hepatic-targeted pharmacologic therapy. Liver-
directed treatment could be indicated in NASH with intermedi-
ate fibrosis (Kleiner stage 2), high histological activity and risk
factors for advanced fibrosis (age >50, diabetes, arterial hyper-
tension or severe IR). NASH with bridging fibrosis (stage 3) and
maybe, cirrhosis requires hepatic treatment. Annual non-inva-
sive monitoring of fibrosis is warranted for all stages of disease
whether or not patients are on hepatic treatment. Until non-
invasive markers are fully validated, consideration should be
given to interval repeat biopsies in patients with stages 2 or
3 disease to identify those patients who have progressed to cir-
rhosis who will require surveillance for the development of
varices and HCC.

Specific liver-directed therapy

There are no approved medications for NASH, therefore the drugs
discussed below should still be considered as experimental.
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Glitazones are the only compounds having consistently shown
some benefit in patients with NASH. Five randomized controlled
trials are available [203–207], which are heterogenous for drugs
and dosages, duration of treatment, categories of patients included
and histological outcomes [208]. Almost all studies have shown a
reduction in aminotransferase levels and steatosis and most an
improvement in liver-cell injury and inflammation. None of them
have shown a convincing benefit for fibrosis. Longer treatment,
up to 3 years, does not confer additional histological benefit as
most of the improvement occurs in the first year [209]. In a
larger, multicentric US trial [207] pioglitazone significantly
improved all histological aspects of liver injury (including resolu-
tion of steatohepatitis) more often than placebo, but not fibrosis.
However, pioglitazone failed to achieve a predetermined primary
composite end-point. Metformin had a beneficial effect on ALT in
some [210,211] but not all [212] studies. Results on histology are
conflicting [211,213] with controlled studies showing no benefit
[214,215] possibly because the limited anti-steatogenic effect
and small or no increase in adiponectin, at least in the short-term
[216]. Other insulin-sensitizing agents such the weight-loss agent
orlistat [169,217] seem ineffective. Ursodesoxycholic acid alone
did not show a consistent biochemical and histological benefit
at the dose of 13–15 mg/kg [218,219]; higher doses (30 mg/kg)
induced a significant reduction in aminotransferase values,
although it is uncertain whether this translates into histological
improvement [220]. There are several small negative trials with
vitamin E [211,221,222]; however, in a larger randomized trial
800 IU/day improved all histological lesions except for fibrosis
[207]. In a small randomized trial, the combination of vitamin E
and ursodesoxycholic acid (13–15 mg/kg) induced biochemical
and histological improvement [223]. Other hepatoprotective
agents such as betaine [224], pentoxifilline [225], or probucol
were not convincingly effective in randomized trials. Only preli-
minary uncontrolled trial results are available for omega-3 poly-
unsaturated fatty acids and sartans. Given the current data and
what has been discussed during this conference, a recommenda-
tion for pharmacologic therapy of NASH could be either a 1–
2 year course of therapy with glitazones or vitamin E, preferably
in association with high-dose ursodesoxycholic acid.
Guidelines for future therapeutic trials

Since there are no approved drugs for NASH development pro-
grams should be designed to meet relevant but also achievable
end-points. For drug approval, histological end-points such as
improvement in the NAS score and/or disappearance of steato-
hepatitis are relevant, as steatohepatitis and necroinflammatory
lesions are clearly associated with progression of the disease
[52]. These end-points are most likely achievable with 1 or 2 year
trials with reasonably large sample sizes. Larger and longer trials
would be necessary for documenting an impact on fibrosis or a
reduction in incident cirrhosis or other hard end-points; there-
fore these end-points should be requested not for registration
but for outcome trials, an important but not an initial step in
the registration process. The type of patients to be included in
registration trials are those with NASH regardless of fibrosis
stage, as steatohepatitis is a potentially progressive condition in
regards to liver fibrosis. A key aspect will be the thorough assess-
ment for safety, as these drugs will be given to patients with
numerous comorbidities and concomitant treatments. Therefore
a long-term commitment from drug companies for carefully
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planned, post-marketing studies should be requested as part of
the development program for all approved drugs.
Conclusion

NASH is an increasingly prevalent liver disease which increases
overall and liver-related mortality. Steatosis might worsen insu-
lin resistance and predict the development of metabolic or car-
diovascular complications. Non-invasive diagnostic strategies
should be developed particularly for the screening of the large
number of individuals with metabolic risk factors. Collaboration
between hepatologists and specialists in the endocrine, nutri-
tional, and cardiology fields should be encouraged to optimize
clinical management. Research efforts should be enhanced
through a multinational European collaborative research
program.

Acknowledgments

We thank Drs. Pierre Bedossa, Elisabetta Bugianesi, Alastair Burt,
Steve Caldwell, Antoine Hadengue, Arun Sanyal, Lawrence Ser-
faty, Brent Tetri, Hannele Yki-Jarvinen, Shira Zelber-Sagi, who
critically reviewed sections of the manuscript.
We are indebted to Drs. Pierre Bedossa, Alastair Burt, Elisabetta
Bugianesi, Steven Caldwell, Naga Chalasani, Kenneth Cusi, Has-
hem El-Serag, Jian Gao Fan, Amalia Gastaldelli, Jacob George,
Giovanni Guaraldi, Antoine Hadengue, Paola Loria, Anna-Mae
Diehl, Jean-François Dufour, Isabelle Leclercq, Nicola Magrini, Fa-
bio Marra, Philippe Mathurin, Nahum Mendez-Sanchez, Gianluca
Perseghin, Massimo Pinzani, Stefano Del Prato, Helen Reeves,
Arun Sanyal, Lawrence Serfaty, Thorkild Sorensen, Simon Tay-
lor-Robinson, Brent Tetri, Hannele Yki-Jarvinen, Shira Zelber-Sagi,
who presented at the EASL Special Conference on NAFLD/NASH
held in Bologna, Italy, on September 25th and 26th 2009 and
whose presentations are the basis of this report.
We wish to acknowledge the EASL Secretary Generals Prof. Jean-
Michel Pawlotski and Prof. Heiner Wedemeyer for their support
with this project.
Conflicts of interest

The authors who have taken part in this study declared that they
do not have anything to disclose regarding funding or conflict of
interest with respect to this manuscript.

References

[1] Baumeister SE, Volzke H, Marschall P, John U, Schmidt CO, Flessa S, et al.
Impact of fatty liver disease on health care utilization and costs in a general
population: a 5-year observation. Gastroenterology 2008;134:85–94.

[2] Bellentani S, Saccoccio G, Masutti F, Croce LS, Brandi G, Sasso F, et al.
Prevalence of and risk factors for hepatic steatosis in Northern Italy. Ann
Intern Med 2000;132:112–117.

[3] Marchesini G, Brizi M, Bianchi G, Tomassetti S, Bugianesi E, Lenzi M, et al.
Nonalcoholic fatty liver disease: a feature of the metabolic syndrome.
Diabetes 2001;50:1844–1850.

[4] Moucari R, Asselah T, Cazals-Hatem D, Voitot H, Boyer N, Ripault MP, et al.
Insulin resistance in chronic hepatitis C: association with genotypes 1 and
4, serum HCV RNA level, and liver fibrosis. Gastroenterology
2008;134:416–423.

[5] Powell EE, Ali A, Clouston AD, Dixon JL, Lincoln DJ, Purdie DM, et al.
Steatosis is a cofactor in liver injury in hemochromatosis. Gastroenterology
2005;129:1937–1943.
0 vol. 53 j 372–384 379



Position Paper

[6] Naveau S, Giraud V, Borotto E, Aubert A, Capron F, Chaput JC. Excess weight

is a risk factor for alcoholic liver disease. Hepatology 1997;25:108–111.
[7] Powell EE, Jonsson JR, Clouston AD. Steatosis: co-factor in other liver

diseases. Hepatology 2005;42:5–13.
[8] Bedogni G, Miglioli L, Masutti F, Tiribelli C, Marchesini G, Bellentani S.

Prevalence of and risk factors for nonalcoholic fatty liver disease: the
Dionysos nutrition and liver study. Hepatology 2005;42:44–52.

[9] Lonardo A, Bellini M, Tartoni P, Tondelli E. The bright liver syndrome.
Prevalence and determinants of a ‘‘bright” liver echopattern. Ital J Gastro-
enterol Hepatol 1997;29:351–356.

[10] Zelber-Sagi S, Nitzan-Kaluski D, Halpern Z, Oren R. Prevalence of primary
non-alcoholic fatty liver disease in a population-based study and its
association with biochemical and anthropometric measures. Liver Int
2006;26:856–863.

[11] Fan JG, Zhu J, Li XJ, Chen L, Li L, Dai F, et al. Prevalence of and risk factors for
fatty liver in a general population of Shanghai, China. J Hepatol
2005;43:508–514.

[12] Nomura H, Kashiwagi S, Hayashi J, Kajiyama W, Tani S, Goto M. Prevalence
of fatty liver in a general population of Okinawa, Japan. Jpn J Med
1988;27:142–149.

[13] Hilden M, Christoffersen P, Juhl E, Dalgaard JB. Liver histology in a ‘normal’
population – examinations of 503 consecutive fatal traffic casualties. Scand
J Gastroenterol 1977;12:593–597.

[14] Ground KE. Liver pathology in aircrew. Aviat Space Environ Med
1982;53:14–18.

[15] Minervini MI, Ruppert K, Fontes P, Volpes R, Vizzini G, de Vera ME, et al.
Liver biopsy findings from healthy potential living liver donors: reasons for
disqualification, silent diseases and correlation with liver injury tests. J
Hepatol 2009;50:501–510.

[16] Nadalin S, Malago M, Valentin-Gamazo C, Testa G, Baba HA, Liu C, et al.
Preoperative donor liver biopsy for adult living donor liver transplantation:
risks and benefits. Liver Transpl 2005;11:980–986.

[17] Ryan CK, Johnson LA, Germin BI, Marcos A. One hundred consecutive
hepatic biopsies in the workup of living donors for right lobe liver
transplantation. Liver Transpl 2002;8:1114–1122.

[18] Tran TT, Changsri C, Shackleton CR, Poordad FF, Nissen NN, Colquhoun S,
et al. Living donor liver transplantation: histological abnormalities found
on liver biopsies of apparently healthy potential donors. J Gastroenterol
Hepatol 2006;21:381–383.

[19] Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD, Cohen JC,
et al. Prevalence of hepatic steatosis in an urban population in the United
States: impact of ethnicity. Hepatology 2004;40:1387–1395.

[20] Weston SR, Leyden W, Murphy R, Bass NM, Bell BP, Manos MM, et al. Racial
and ethnic distribution of nonalcoholic fatty liver in persons with newly
diagnosed chronic liver disease. Hepatology 2005;41:372–379.

[21] de Ledinghen V, Ratziu V, Causse X, Le Bail B, Capron D, Renou C, et al.
Diagnostic and predictive factors of significant liver fibrosis and minimal
lesions in patients with persistent unexplained elevated transaminases: a
prospective multicenter study. J Hepatol 2006;45:592–599.

[22] Soderberg C, Stal P, Askling J, Glaumann H, Lindberg G, Marmur J, et al.
Decreased survival of subjects with elevated liver function tests during a
28-year follow-up. Hepatology 2010;51:595–602.

[23] Campos GM, Bambha K, Vittinghoff E, Rabl C, Posselt AM, Ciovica R, et al. A
clinical scoring system for predicting nonalcoholic steatohepatitis in
morbidly obese patients. Hepatology 2008;47:1916–1923.

[24] Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology in obese
patients undergoing bariatric surgery. J Hepatol 2006;45:600–666, Epub
2006 Jul 25.

[25] Bedogni G, Miglioli L, Masutti F, Castiglione A, Croce LS, Tiribelli C, et al.
Incidence and natural course of fatty liver in the general population: the
Dionysos study. Hepatology (Baltimore, MD) 2007;46:1387–1391.

[26] Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Taniguchi H, Fujii K, et al.
The metabolic syndrome as a predictor of nonalcoholic fatty liver disease.
Ann Intern Med 2005;143:722–728.

[27] Bruno S, Maisonneuve P, Castellana P, Rotmensz N, Rossi S, Maggioni M,
et al. Incidence and risk factors for non-alcoholic steatohepatitis: prospec-
tive study of 5408 women enrolled in Italian tamoxifen chemoprevention
trial. BMJ 2005;330:932.

[28] el-Hassan AY, Ibrahim EM, al-Mulhim FA, Nabhan AA, Chammas MY. Fatty
infiltration of the liver: analysis of prevalence, radiological and clinical
features and influence on patient management. Br J Radiol
1992;65:774–778.

[29] Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tetri BA. Nonalcoholic
steatohepatitis: an expanded clinical entity. Gastroenterology 1994;107:
1103–1109.
380 Journal of Hepatology 201
[30] Powell EE, Cooksley WG, Hanson R, Searle J, Halliday RW, Powell LW. The
natural history of nonalcoholic steatohepatitis: a follow-up study of 42
patients follow for up to 21 years. Hepatology (Baltimore, MD)
1990;11:74–80.

[31] Frith J, Day CP, Henderson E, Burt AD, Newton JL. Non-alcoholic fatty liver
disease in older people. Gerontology 2009;55:607–613.

[32] Schwimmer JB, Celedon MA, Lavine JE, Salem R, Campbell N, Schork NJ,
et al. Heritability of nonalcoholic fatty liver disease. Gastroenterology
2009;136:1585–1592.

[33] Wagenknecht LE, Scherzinger AL, Stamm ER, Hanley AJ, Norris JM, Chen YD,
et al. Correlates and heritability of nonalcoholic fatty liver disease in a
minority cohort. Obesity (Silver Spring) 2009;17:1240–1246.

[34] Marchesini G, Brizi M, Morselli-Labate AM, Bianchi G, Bugianesi E,
McCullough AJ, et al. Association of nonalcoholic fatty liver disease with
insulin resistance. Am J Med 1999;107:450–455.

[35] Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, et al.
Nonalcoholic fatty liver, steatohepatitis, and the metabolic syndrome.
Hepatology 2003;37:917–923.

[36] Suzuki A, Angulo P, Lymp J, St Sauver J, Muto A, Okada T, et al. Chronological
development of elevated aminotransferases in a nonalcoholic population.
Hepatology 2005;41:64–71.

[37] Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Taniguchi H, Fujii K, et al.
The metabolic syndrome as a predictor of nonalcoholic fatty liver disease.
Ann Intern Med 2005;143:722–728.

[38] Argo CK, Caldwell SH. Epidemiology and natural history of non-alcoholic
steatohepatitis. Clin Liver Dis 2009;13:511–531.

[39] Charlotte F, Le Naour G, Bernhardt C, Poynard T, Ratziu V. A comparison of
the fibrotic potential of nonalcoholic fatty liver disease and chronic
hepatitis C. Hum Pathol 2010 [Epub ahead of print].

[40] Ratziu V, Giral P, Charlotte F, Bruckert E, Thibault V, Theodorou I, et al.
Liver fibrosis in overweight patients. Gastroenterology 2000;118:
1117–1123.

[41] Angulo P, Keach JC, Batts KP, Lindor KD. Independent predictors of liver
fibrosis in patients with nonalcoholic steatohepatitis. Hepatology 1999;30:
1356–1362.

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

[43] Fracanzani AL, Valenti L, Bugianesi E, Andreoletti M, Colli A, Vanni E, et al.
Risk of severe liver disease in nonalcoholic fatty liver disease with normal
aminotransferase levels: a role for insulin resistance and diabetes. Hepa-
tology 2008;48:792–798.

[44] Mofrad P, Contos MJ, Haque M, Sargeant C, Fisher RA, Luketic VA, et al.
Clinical and histologic spectrum of nonalcoholic fatty liver disease asso-
ciated with normal ALT values. Hepatology 2003;37:1286–1292.

[45] Ratziu V, Poynard T. NASH: a hidden and silent fibroser finally revealed? J
Hepatol 2005;42:12–14.

[46] Ratziu V, Bugianesi E, Dixon J, Fassio E, Ekstedt M, Charlotte F, et al.
Histological progression of non-alcoholic fatty liver disease: a critical
reassessment based on liver sampling variability. Aliment Pharmacol Ther
2007;26:821–830.

[47] Adams LA, Sanderson S, Lindor KD, Angulo P. The histological course of
nonalcoholic fatty liver disease: a longitudinal study of 103 patients with
sequential liver biopsies. J Hepatol 2005;42:132–138.

[48] Fassio E, Alvarez E, Dominguez N, Landeira G, Longo C. Natural history of
nonalcoholic steatohepatitis: a longitudinal study of repeat liver biopsies.
Hepatology 2004;40:820–826.

[49] Harrison SA, Torgerson S, Hayashi PH. The natural history of nonalcoholic
fatty liver disease: a clinical histopathological study. Am J Gastroenterol
2003;98:2042–2047.

[50] Hui AY, Wong VW, Chan HL, Liew CT, Chan JL, Chan FK, et al. Histological
progression of non-alcoholic fatty liver disease in Chinese patients. Aliment
Pharmacol Ther 2005;21:407–413.

[51] Ekstedt M, Franzen LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G,
et al. Long-term follow-up of patients with NAFLD and elevated liver
enzymes. Hepatology 2006;44:865–873.

[52] Argo CK, Northup PG, Al-Osaimi AM, Caldwell SH. Systematic review of risk
factors for fibrosis progression in non-alcoholic steatohepatitis. J Hepatol
2009;51:371–379.

[53] 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;116:1413–1419.

[54] Caldwell SH, Oelsner DH, Iezzoni JC, Hespenheide EE, Battle EH, Driscoll CJ.
Cryptogenic cirrhosis: clinical characterization and risk factors for under-
lying disease. Hepatology 1999;29:664–669.
0 vol. 53 j 372–384



JOURNAL OF HEPATOLOGY

[55] Powell EE, Cooksley WGE, Hanson R, Searle J, Halliday JW, Powell LW. The

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

[56] Ayata G, Gordon FD, Lewis WD, Pomfret E, Pomposelli JJ, Jenkins RL, et al.
Cryptogenic cirrhosis: clinicopathologic findings at and after liver trans-
plantation. Hum Pathol 2002;33:1098–1104.

[57] Ong J, Younossi ZM, Reddy V, Price LL, Gramlich T, Mayes J, et al.
Cryptogenic cirrhosis and posttransplantation nonalcoholic fatty liver
disease. Liver Transpl 2001;7:797–801.

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

[59] Marrero JA, Fontana RJ, Su GL, Conjeevaram HS, Emick DM, Lok AS. NAFLD
may be a common underlying liver disease in patients with hepatocellular
carcinoma in the United States. Hepatology 2002;36:1349–1354.

[60] Ratziu V, Bonyhay L, Di Martino V, Charlotte F, Cavallaro L, Sayegh-
Tainturier MH, et al. Survival, liver failure, and hepatocellular carcinoma in
obesity-related cryptogenic cirrhosis. Hepatology 2002;35:1485–1493.

[61] Sanyal AJ, Banas C, Sargeant C, Luketic VA, Sterling RK, Stravitz RT, et al.
Similarities and differences in outcomes of cirrhosis due to nonalcoholic
steatohepatitis and hepatitis C. Hepatology 2006;43:682–689.

[62] Hui JM, Kench JG, Chitturi S, Sud A, Farrell GC, Byth K, et al. Long-term
outcomes of cirrhosis in nonalcoholic steatohepatitis compared with
hepatitis C. Hepatology 2003;38:420–427.

[63] Ratziu V, Poynard T. Hepatocellular carcinoma in NAFLD. In: Farrell G,
George J, De la Hall P, McCullough AJ, editors. Fatty liver disease. NASH and
related disorders. Blackwell Publishing; 2005. p. 263–275.

[64] Paradis V, Zalinski S, Chelbi E, Guedj N, Degos F, Vilgrain V, et al.
Hepatocellular carcinomas in patients with metabolic syndrome often
develop without significant liver fibrosis: a pathological analysis. Hepatol-
ogy 2009;49:851–859.

[65] El-Serag HB, Hampel H, Javadi F. The association between diabetes and
hepatocellular carcinoma: a systematic review of epidemiologic evidence.
Clin Gastroenterol Hepatol 2006;4:369–380.

[66] Caldwell SH, Crespo DM, Kang HS, Al-Osaimi AM. Obesity and hepatocel-
lular carcinoma. Gastroenterology 2004;127 (5 Suppl. 1):S97–S103.

[67] Veldt BJ, Chen W, Heathcote EJ, Wedemeyer H, Reichen J, Hofmann WP,
et al. Increased risk of hepatocellular carcinoma among patients with
hepatitis C cirrhosis and diabetes mellitus. Hepatology 2008;47 (6):
1856–1862.

[68] Chen CL, Yang HI, Yang WS, Liu CJ, Chen PJ, You SL, et al. Metabolic factors
and risk of hepatocellular carcinoma by chronic hepatitis B/C infection: a
follow-up study in Taiwan. Gastroenterology 2008;135:111–121.

[69] Dam-Larsen S, Franzmann M, Andersen IB, Christoffersen P, Jensen LB,
Sorensen TI, et al. Long term prognosis of fatty liver: risk of chronic liver
disease and death. Gut 2004;53:750–755.

[70] Adams LA, Lymp JF, St Sauver J, Sanderson SO, Lindor KD, Feldstein A, et al.
The natural history of nonalcoholic fatty liver disease: a population-based
cohort study. Gastroenterology 2005;129:113–121.

[71] Ong J, Pitts A, Younossi Z. Increased overall mortality and liver-related
mortality in nonalcoholic fatty liver disease. J Hepatol 2008;49:608–612.

[72] Loria P, Carulli L, Bertolotti M, Lonardo A. Endocrine and liver interaction:
the role of endocrine pathways in NASH. Nat Rev Gastroenterol Hepatol
2009;6:236–247.

[73] Gambarin-Gelwan M, Kinkhabwala SV, Schiano TD, Bodian C, Yeh HC,
Futterweit W. Prevalence of nonalcoholic fatty liver disease in women with
polycystic ovary syndrome. Clin Gastroenterol Hepatol 2007;5:496–501.

[74] Cerda C, Perez-Ayuso RM, Riquelme A, Soza A, Villaseca P, Sir-Petermann T,
et al. Nonalcoholic fatty liver disease in women with polycystic ovary
syndrome. J Hepatol 2007;47:412–417.

[75] Adams LA, Feldstein A, Lindor KD, Angulo P. Nonalcoholic fatty liver disease
among patients with hypothalamic and pituitary dysfunction. Hepatology
(Baltimore, MD) 2004;39:909–914.

[76] Liangpunsakul S, Chalasani N. Is hypothyroidism a risk factor for non-
alcoholic steatohepatitis? J Clin Gastroenterol 2003;37:340–343.

[77] Korenblat KM, Fabbrini E, Mohammed BS, Klein S. Liver, muscle, and
adipose tissue insulin action is directly related to intrahepatic triglyceride
content in obese subjects. Gastroenterology 2008;134:1369–1375.

[78] Kotronen A, Juurinen L, Hakkarainen A, Westerbacka J, Corner A, Bergholm
R, et al. Liver fat is increased in type 2 diabetic patients and underestimated
by serum alanine aminotransferase compared with equally obese nondi-
abetic subjects. Diabetes Care 2008;31:165–169.

[79] Gastaldelli A, Cusi K, Pettiti M, Hardies J, Miyazaki Y, Berria R, et al.
Relationship between hepatic/visceral fat and hepatic insulin resistance in
Journal of Hepatology 201
nondiabetic and type 2 diabetic subjects. Gastroenterology 2007;133:
496–506.

[80] Seppala-Lindroos A, Vehkavaara S, Hakkinen AM, Goto T, Westerbacka J,
Sovijarvi A, et al. Fat accumulation in the liver is associated with defects in
insulin suppression of glucose production and serum free fatty acids
independent of obesity in normal men. J Clin Endocrinol Metab
2002;87:3023–3028.

[81] Kotronen A, Westerbacka J, Bergholm R, Pietilainen KH, Yki-Jarvinen H.
Liver fat in the metabolic syndrome. J Clin Endocrinol Metab 2007;92:
3490–3497.

[82] Kotronen A, Peltonen M, Hakkarainen A, Sevastianova K, Bergholm R, Johansson
LM, et al. Prediction of non-alcoholic fatty liver disease and liver fat using
metabolic and genetic factors. Gastroenterology 2009;137:865–872.

[83] Adams LA, Waters OR, Knuiman MW, Elliott RR, Olynyk JK. NAFLD as a
risk factor for the development of diabetes and the metabolic syndrome:
an eleven-year follow-up study. Am J Gastroenterol 2009;104:861–867.

[84] Goessling W, Massaro JM, Vasan RS, D’Agostino Sr RB, Ellison RC, Fox CS.
Aminotransferase levels and 20-year risk of metabolic syndrome, diabetes, and
cardiovascular disease. Gastroenterology 2008;135:1935–1944, 1944 e1.

[85] Kim SP, Ellmerer M, Van Citters GW, Bergman RN. Primacy of hepatic
insulin resistance in the development of the metabolic syndrome induced
by an isocaloric moderate-fat diet in the dog. Diabetes 2003;52:2453–2460.

[86] Samuel VT, Liu ZX, Qu X, Elder BD, Bilz S, Befroy D, et al. Mechanism of
hepatic insulin resistance in non-alcoholic fatty liver disease. J Biol Chem
2004;279:32345–32353.

[87] Kelley DE, McKolanis TM, Hegazi RA, Kuller LH, Kalhan SC. Fatty liver in
type 2 diabetes mellitus: relation to regional adiposity, fatty acids, and
insulin resistance. Am J Physiol Endocrinol Metab 2003;285:E906–E916.

[88] Ryysy L, Hakkinen AM, Goto T, Vehkavaara S, Westerbacka J, Halavaara J,
et al. Hepatic fat content and insulin action on free fatty acids and glucose
metabolism rather than insulin absorption are associated with insulin
requirements during insulin therapy in type 2 diabetic patients. Diabetes
2000;49:749–758.

[89] Lin YC, Lo HM, Chen JD. Sonographic fatty liver, overweight and ischemic
heart disease. World J Gastroenterol 2005;11:4838–4842.

[90] Volzke H, Robinson DM, Kleine V, Deutscher R, Hoffmann W, Ludemann J,
et al. Hepatic steatosis is associated with an increased risk of carotid
atherosclerosis. World J Gastroenterol 2005;11:1848–1853.

[91] Hamaguchi M, Kojima T, Takeda N, Nagata C, Takeda J, Sarui H, et al.
Nonalcoholic fatty liver disease is a novel predictor of cardiovascular
disease. World J Gastroenterol 2007;13:1579–1584.

[92] Jepsen P, Vilstrup H, Mellemkjaer L, Thulstrup AM, Olsen JH, Baron JA, et al.
Prognosis of patients with a diagnosis of fatty liver – a registry-based
cohort study. Hepatogastroenterology 2003;50:2101–2104.

[93] Targher G, Marra F, Marchesini G. Increased risk of cardiovascular disease
in non-alcoholic fatty liver disease: causal effect or epiphenomenon?
Diabetologia 2008;51:1947–1953.

[94] Schindhelm RK, Dekker JM, Nijpels G, Bouter LM, Stehouwer CD, Heine RJ,
et al. Alanine aminotransferase predicts coronary heart disease events: a
10-year follow-up of the Hoorn Study. Atherosclerosis 2007;191:391–396.

[95] Fracanzani AL, Burdick L, Raselli S, Pedotti P, Grigore L, Santorelli G, et al.
Carotid artery intima-media thickness in nonalcoholic fatty liver disease.
Am J Med 2008;121:72–78.

[96] Fraser A, Harris R, Sattar N, Ebrahim S, Smith GD, Lawlor DA. Gamma-
glutamyltransferase is associated with incident vascular events indepen-
dently of alcohol intake: analysis of the British Women’s Heart and Health
Study and Meta-Analysis. Arteriosc Thromb Vasc Biol 2007;27:2729–2735.

[97] Targher G, Bertolini L, Rodella S, Tessari R, Zenari L, Lippi G, et al.
Nonalcoholic fatty liver disease is independently associated with an
increased incidence of cardiovascular events in type 2 diabetic patients.
Diabetes Care 2007;30:2119–2121.

[98] Targher G, Bertolini L, Rodella S, Zoppini G, Lippi G, Day C, et al. Non-
alcoholic fatty liver disease is independently associated with an increased
prevalence of chronic kidney disease and proliferative/laser-treated reti-
nopathy in type 2 diabetic patients. Diabetologia 2008;51:444–450.

[99] Villanova N, Moscatiello S, Ramilli S, Bugianesi E, Magalotti D, Vanni E, et al.
Endothelial dysfunction and cardiovascular risk profile in nonalcoholic
fatty liver disease. Hepatology (Baltimore, MD) 2005;42:473–480.

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

[101] Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross R, Harris S, et al.
Noninvasive markers of fibrosis in nonalcoholic fatty liver disease:
0 vol. 53 j 372–384 381



Position Paper

validating the European liver fibrosis panel and exploring simple markers.
Hepatology 2008;47:455–460.

[102] Cales P, Laine F, Boursier J, Deugnier Y, Moal V, Oberti F, et al. Comparison
of blood tests for liver fibrosis specific or not to NAFLD. J Hepatol
2009;50:165–173.

[103] Harrison SA, Oliver D, Arnold HL, Gogia S, Neuschwander-Tetri BA.
Development and validation of a simple NAFLD clinical scoring system
for identifying patients without advanced disease. Gut
2008;57:1441–1447.

[104] Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, et al. The
NAFLD fibrosis score: a noninvasive system that identifies liver fibrosis in
patients with NAFLD. Hepatology 2007;45:846–854.

[105] Ratziu V, Martin L, Fedchuck L, Poynard T. Can nonalcoholic steatohep-
atitis be diagnosed without liver biopsy? Biomarkers Med 2009;3:
353–361.

[106] Poynard T, Ratziu V, Charlotte F, Messous D, Munteanu M, Imbert-Bismut F,
et al. Diagnostic value of biochemical markers (NashTest) for the prediction
of non-alcoholic steato hepatitis in patients with non-alcoholic fatty liver
disease. BMC Gastroenterol 2006;6:34.

[107] Feldstein AE, Wieckowska A, Lopez AR, Liu YC, Zein NN, McCullough AJ.
Cytokeratin-18 fragment levels as noninvasive biomarkers for nonalcoholic
steatohepatitis: a multicenter validation study. Hepatology 2009;50:
1072–1078.

[108] Younossi ZM, Jarrar M, Nugent C, Randhawa M, Afendy M, Stepanova M,
et al. A novel diagnostic biomarker panel for obesity-related nonalcoholic
steatohepatitis (NASH). Obes Surg 2008;18:1430–1437.

[109] Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A,
et al. The fatty liver index: a simple and accurate predictor of hepatic
steatosis in the general population. BMC Gastroenterol 2006;6:33.

[110] Poynard T, Ratziu V, Naveau S, Thabut D, Charlotte F, Messous D, et al. The
diagnostic value of biomarkers (SteatoTest) for the prediction of liver
steatosis. Comp Hepatol 2005;4:10.

[111] Gastaldelli A, Kozakova M, Hojlund K, Flyvbjerg A, Favuzzi A, Mitrakou A,
et al. Fatty liver is associated with insulin resistance, risk of coronary heart
disease, and early atherosclerosis in a large European population. Hepa-
tology 2009;49:1537–1544.

[112] Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Zvibel I, Goldiner I,
et al. Role of leisure-time physical activity in nonalcoholic fatty liver disease:
a population-based study. Hepatology 2008;48:1791–1798.

[113] Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, et al. The
utility of radiological imaging in nonalcoholic fatty liver disease. Gastro-
enterology 2002;123:745–750.

[114] Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;346:
1221–1231.

[115] Mancini M, Prinster A, Annuzzi G, Liuzzi R, Giacco R, Medagli C, et al.
Sonographic hepatic-renal ratio as indicator of hepatic steatosis: compar-
ison with (1)H magnetic resonance spectroscopy. Metabolism 2009;58:
1724–1730.

[116] d’Assignies G, Ruel M, Khiat A, Lepanto L, Chagnon M, Kauffmann C, et al.
Noninvasive quantitation of human liver steatosis using magnetic reso-
nance and bioassay methods. Eur Radiol 2009;19:2033–2040.

[117] McPherson S, Jonsson JR, Cowin GJ, O’Rourke P, Clouston AD, Volp A, et al.
Magnetic resonance imaging and spectroscopy accurately estimate the
severity of steatosis provided the stage of fibrosis is considered. J Hepatol
2009;51:389–397.

[118] Nobili V, Vizzutti F, Arena U, Abraldes JG, Marra F, Pietrobattista A, et al.
Accuracy and reproducibility of transient elastography for the diagnosis of
fibrosis in pediatric nonalcoholic steatohepatitis. Hepatology 2008;48:
442–448.

[119] Yoneda M, Mawatari H, Fujita K, Endo H, Iida H, Nozaki Y, et al. Noninvasive
assessment of liver fibrosis by measurement of stiffness in patients
with nonalcoholic fatty liver disease (NAFLD). Dig Liver Dis 2008;40:
371–378.

[120] Poynard T, Ingiliz P, Elkrief L, Munteanu M, Lebray P, Morra R, et al.
Concordance in a world without a gold standard: a new non-invasive
methodology for improving accuracy of fibrosis markers. PLoS One
2008;3:e3857.

[121] Kim KM, Choi WB, Park SH, Yu E, Lee SG, Lim YS, et al. Diagnosis of hepatic
steatosis and fibrosis by transient elastography in asymptomatic healthy
individuals: a prospective study of living related potential liver donors. J
Gastroenterol 2007;42:382–388.

[122] Roulot D, Czernichow S, Le Clesiau H, Costes JL, Vergnaud AC, Beaugrand M.
Liver stiffness values in apparently healthy subjects: influence of gender
and metabolic syndrome. J Hepatol 2008;48:606–613.
382 Journal of Hepatology 201
[123] Arena U, Vizzutti F, Corti G, Ambu S, Stasi C, Bresci S, et al. Acute viral
hepatitis increases liver stiffness values measured by transient elastogra-
phy. Hepatology 2008;47:380–384.

[124] Millonig G, Reimann FM, Friedrich S, Fonouni H, Mehrabi A, Buchler MW,
et al. Extrahepatic cholestasis increases liver stiffness (FibroScan) irrespec-
tive of fibrosis. Hepatology 2008;48:1718–1723.

[125] Lebray P, Varnous S, Charlotte F, Varaut A, Poynard T, Ratziu V. Liver
stiffness is an unreliable marker of liver fibrosis in patients with cardiac
insufficiency. Hepatology 2008;48:2089.

[126] DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for
quantifying insulin secretion and resistance. Am J Physiol 1979;237:
E214–E223.

[127] Wahrenberg H, Hertel K, Leijonhufvud BM, Persson LG, Toft E, Arner P. Use
of waist circumference to predict insulin resistance: retrospective study.
BMJ 2005;330:1363–1364.

[128] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from plasma fasting glucose and insulin concentrations in man. Diabeto-
logia 1985;28:412–419.

[129] Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, et al.
Quantitative insulin sensitivity check index: a simple, accurate method for
assessing insulin sensitivity in humans. J Clin Endocrinol Metab
2000;85:2402–2410.

[130] Bugianesi E, McCullough AJ, Marchesini G. Insulin resistance: a
metabolic pathway to chronic liver disease. Hepatology 2005;42:
987–1000.

[131] Mari A, Pacini G, Murphy E, Ludvik B, Nolan JJ. A model-based method for
assessing insulin sensitivity from the oral glucose tolerance test. Diabetes
Care 2001;24:539–548.

[132] McLaughlin T, Reaven G, Abbasi F, Lamendola C, Saad M, Waters D, et al. Is
there a simple way to identify insulin-resistant individuals at increased risk
of cardiovascular disease? Am J Cardiol 2005;96:399–404.

[133] Brunt EM. Histopathology of non-alcoholic fatty liver disease. Clin Liver Dis
2009;13:533–544.

[134] Brunt EM, Kleiner DE, Wilson LA, Unalp A, Behling CE, Lavine JE, et al. Portal
chronic inflammation in nonalcoholic fatty liver disease (NAFLD): a
histologic marker of advanced NAFLD-clinicopathologic correlations from
the nonalcoholic steatohepatitis clinical research network. Hepatology
2009;49:809–820.

[135] Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW,
et al. Design and validation of a histological scoring system for nonalco-
holic fatty liver disease. Hepatology 2005;41:1313–1321.

[136] Schwimmer JB, Behling C, Newbury R, Deutsch R, Nievergelt C, Schork NJ,
et al. Histopathology of pediatric nonalcoholic fatty liver disease. Hepatol-
ogy 2005;42:641–649.

[137] Abrams GA, Kunde SS, Lazenby AJ, Clements RH. Portal fibrosis and hepatic
steatosis in morbidly obese subjects: a spectrum of nonalcoholic fatty liver
disease. Hepatology 2004;40:475–483.

[138] Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, et al.
Sampling variability of liver biopsy in nonalcoholic fatty liver disease.
Gastroenterology 2005;128:1898–1906.

[139] Vuppalanchi R, Unalp A, Van Natta ML, Cummings OW, Sandrasegaran KE,
Hameed T, et al. Effects of liver biopsy sample length and number of
readings on sampling variability in nonalcoholic fatty liver disease. Clin
Gastroenterol Hepatol 2009;7:481–486.

[140] Bedossa P, Dargere D, Paradis V. Sampling variability of liver fibrosis in
chronic hepatitis C. Hepatology 2003;38:1449–1457.

[141] Adams PC, Arthur MJ, Boyer TD, DeLeve LD, Di Bisceglie AM, Hall M, et al.
Screening in liver disease: report of an AASLD clinical workshop. Hepatol-
ogy 2004;39:1204–1212.

[142] Prati D, Taioli E, Zanella A, Della Torre E, Butelli S, Del Vecchio E, et al.
Updated definitions of healthy ranges for serum alanine aminotransferase
levels. Ann Intern Med 2002;137:1–10.

[143] Day CP, James OF. Hepatic steatosis: innocent bystander or guilty party?
Hepatology (Baltimore, MD 1998;27:1463–1466.

[144] Pan M, Cederbaum AI, Zhang YL, Ginsberg HN, Williams KJ, Fisher
EA. Lipid peroxidation and oxidant stress regulate hepatic apolipo-
protein B degradation and VLDL production. J Clin Invest 2004;113:
1277–1287.

[145] Feldstein AE, Werneburg NW, Canbay A, Guicciardi ME, Bronk SF,
Rydzewski R, et al. Free fatty acids promote hepatic lipotoxicity by
stimulating TNF-alpha expression via a lysosomal pathway. Hepatology
(Baltimore, MD) 2004;40:185–194.

[146] Zou C, Ma J, Wang X, Guo L, Zhu Z, Stoops J, et al. Lack of Fas antagonism by
Met in human fatty liver disease. Nat Med 2007;13: 1078–1085.
0 vol. 53 j 372–384



JOURNAL OF HEPATOLOGY

[147] Ji C, Kaplowitz N. ER stress: can the liver cope? J Hepatol 2006;45:321–333.
[148] Marra F, Gastaldelli A, Svegliati Baroni G, Tell G, Tiribelli C. Molecular basis

and mechanisms of progression of non-alcoholic steatohepatitis. Trends
Mol Med 2008;14:72–81.

[149] Paradis V, Perlemuter G, Bonvoust F, Dargere D, Parfait B, Vidaud M, et al.
High glucose and hyperinsulinemia stimulate connective tissue growth
factor expression: a potential mechanism involved in progression to
fibrosis in nonalcoholic steatohepatitis. Hepatology (Baltimore, MD)
2001;34:738–744.

[150] Fehrenbach H, Weiskirchen R, Kasper M, Gressner AM. Up-regulated
expression of the receptor for advanced glycation end products in cultured
rat hepatic stellate cells during transdifferentiation to myofibroblasts.
Hepatology (Baltimore, MD) 2001;34:943–952.

[151] Canbay A, Taimr P, Torok N, Higuchi H, Friedman S, Gores GJ. Apoptotic
body engulfment by a human stellate cell line is profibrogenic. Lab Invest
2003;83:655–663.

[152] Witek RP, Stone WC, Karaca FG, Syn WK, Pereira TA, Agboola KM, et al.
Pan-caspase inhibitor VX-166 reduces fibrosis in an animal model of
nonalcoholic steatohepatitis. Hepatology (Baltimore, MD) 2009;50:
1421–1430.

[153] Shimamura T, Fujisawa T, Husain SR, Kioi M, Nakajima A, Puri RK. Novel
role of IL-13 in fibrosis induced by nonalcoholic steatohepatitis and its
amelioration by IL-13R-directed cytotoxin in a rat model. J Immunol
2008;181:4656–4665.

[154] Syn WK, Jung Y, Omenetti A, Abdelmalek M, Guy CD, Yang L, et al. Hedgehog-
mediated epithelial-to-mesenchymal transition and fibrogenic repair in
nonalcoholic fatty liver disease. Gastroenterology 2009;137:1478–1488, e8.

[155] Choi SS, Diehl AM. Epithelial-to-mesenchymal transitions in the liver.
Hepatology 2009;50:2007–2013.

[156] Von Hoff DD, LoRusso PM, Rudin CM, Reddy JC, Yauch RL, Tibes R, et al.
Inhibition of the hedgehog pathway in advanced basal-cell carcinoma. N
Engl J Med 2009;361:1164–1172.

[157] Kodama Y, Kisseleva T, Iwaisako K, Miura K, Taura K, De Minicis S, et al. c-
Jun N-terminal kinase-1 from hematopoietic cells mediates progression
from hepatic steatosis to steatohepatitis and fibrosis in mice. Gastroenter-
ology 2009;137:1467–1477, e5.

[158] Marra F. Selective inhibition of NF-kappaB in Kupffer cells: good, but not
for everything. Gut 2009;58:1581–1582.

[159] Adachi M, Brenner DA. High molecular weight adiponectin inhibits
proliferation of hepatic stellate cells via activation of adenosine mono-
phosphate-activated protein kinase. Hepatology (Baltimore, MD 2008;47:
677–685.

[160] Marra F, Bertolani C. Adipokines in liver diseases. Hepatology (Baltimore,
MD 2009;50:957–969.

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

[162] Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, Tobe K. Adiponectin and
adiponectin receptors in insulin resistance, diabetes, and the metabolic
syndrome. J Clin Invest 2006;116:1784–1792.

[163] Neuschwander-Tetri BA. Lifestyle modification as the primary treatment of
NASH. Clin Liver Dis 2009;13:649–665.

[164] Bellentani S, Dalle Grave R, Suppini A, Marchesini G. Behavior therapy for
nonalcoholic fatty liver disease: the need for a multidisciplinary approach.
Hepatology 2008;47:746–754.

[165] 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;54:603–608.

[166] Tiikkainen M, Bergholm R, Vehkavaara S, Rissanen A, Hakkinen AM,
Tamminen M, et al. Effects of identical weight loss on body composition
and features of insulin resistance in obese women with high and low liver
fat content. Diabetes 2003;52:701–707.

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

[168] Suzuki A, Lindor K, St Saver J, Lymp J, Mendes F, Muto A, et al. Effect of
changes on body weight and lifestyle in nonalcoholic fatty liver disease. J
Hepatol 2005;43:1060–1066.

[169] Harrison SA, Fecht W, Brunt EM, Neuschwander-Tetri BA. Orlistat for
overweight subjects with nonalcoholic steatohepatitis: a randomized,
prospective trial. Hepatology 2009;49:80–86.

[170] Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, et al.
Comparison of weight-loss diets with different compositions of fat, protein,
and carbohydrates. N Engl J Med 2009;360:859–873.
Journal of Hepatology 201
[171] Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Diehl AM, et al.
Fructose consumption as a risk factor for non-alcoholic fatty liver disease. J
Hepatol 2008;48:993–999.

[172] Tetri LH, Basaranoglu M, Brunt EM, Yerian LM, Neuschwander-Tetri BA.
Severe NAFLD with hepatic necroinflammatory changes in mice fed trans
fats and a high-fructose corn syrup equivalent. Am J Physiol Gastrointest
Liver Physiol 2008;295:G987–G995.

[173] Kechagias S, Ernersson A, Dahlqvist O, Lundberg P, Lindstrom T, Nystrom
FH. Fast-food-based hyper-alimentation can induce rapid and profound
elevation of serum alanine aminotransferase in healthy subjects. Gut
2008;57:649–654.

[174] Araya J, Rodrigo R, Videla LA, Thielemann L, Orellana M, Pettinelli P, et al.
Increase in long-chain polyunsaturated fatty acid n-6/n-3 ratio in relation
to hepatic steatosis in patients with non-alcoholic fatty liver disease. Clin
Sci (Lond) 2004;106:635–643.

[175] Lee S, Gura KM, Puder M. Omega-3 fatty acids and liver disease. Hepatology
2007;45:841–845.

[176] Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC, Camilo ME. How
different is the dietary pattern in non-alcoholic steatohepatitis patients?
Clin Nutr 2006;25:816–823.

[177] Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L, Halpern Z,
et al. Long term nutritional intake and the risk for non-alcoholic fatty liver
disease (NAFLD): a population based study. J Hepatol 2007;47:711–717.

[178] Levy JR, Clore JN, Stevens W. Dietary n-3 polyunsaturated fatty acids
decrease hepatic triglycerides in Fischer 344 rats. Hepatology 2004;39:
608–616.

[179] Sekiya M, Yahagi N, Matsuzaka T, Najima Y, Nakakuki M, Nagai R, et al.
Polyunsaturated fatty acids ameliorate hepatic steatosis in obese mice by
SREBP-1 suppression. Hepatology 2003;38:1529–1539.

[180] Capanni M, Calella F, Biagini MR, Genise S, Raimondi L, Bedogni G, et al.
Prolonged n-3 polyunsaturated fatty acid supplementation ameliorates
hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot
study. Aliment Pharmacol Ther 2006;23:1143–1151.

[181] Tanaka N, Sano K, Horiuchi A, Tanaka E, Kiyosawa K, Aoyama T. Highly
purified eicosapentaenoic acid treatment improves nonalcoholic steato-
hepatitis. J Clin Gastroenterol 2008;42:413–418.

[182] Dunn W, Xu R, Schwimmer JB. Modest wine drinking and decreased
prevalence of suspected nonalcoholic fatty liver disease. Hepatology
2008;47:1947–1954.

[183] Suzuki A, Angulo P, St Sauver J, Muto A, Okada T, Lindor K. Light to
moderate alcohol consumption is associated with lower frequency of
hypertransaminasemia. Am J Gastroenterol 2007;102:1912–1919.

[184] Gunji T, Matsuhashi N, Sato H, Fujibayashi K, Okumura M, Sasabe N, et al.
Light and moderate alcohol consumption significantly reduces the prev-
alence of fatty liver in the Japanese male population. Am J Gastroenterol
2009;104:2189–2195.

[185] Howard AA, Arnsten JH, Gourevitch MN. Effect of alcohol consumption on
diabetes mellitus: a systematic review. Ann Intern Med 2004;140:
211–219.

[186] Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S, Solomon CG, et al. Diet,
lifestyle, and the risk of type 2 diabetes mellitus in women. N Engl J Med
2001;345:790–797.

[187] Davies MJ, Baer DJ, Judd JT, Brown ED, Campbell WS, Taylor PR. Effects of
moderate alcohol intake on fasting insulin and glucose concentrations and
insulin sensitivity in postmenopausal women: a randomized controlled
trial. JAMA 2002;287:2559–2562.

[188] Krasnoff JB, Painter PL, Wallace JP, Bass NM, Merriman RB. Health-related
fitness and physical activity in patients with nonalcoholic fatty liver
disease. Hepatology 2008;47:1158–1166.

[189] Newton JL, Jones DE, Henderson E, Kane L, Wilton K, Burt AD, et al. Fatigue
in non-alcoholic fatty liver disease (NAFLD) is significant and associates
with inactivity and excessive daytime sleepiness but not with liver disease
severity or insulin resistance. Gut 2008;57:807–813.

[190] Church TS, Kuk JL, Ross R, Priest EL, Biltoft E, Blair SN. Association of
cardiorespiratory fitness, body mass index, and waist circumference to
nonalcoholic fatty liver disease. Gastroenterology 2006;130:2023–2030.

[191] Frith J, Day CP, Robinson L, Elliott C, Jones DE, Newton JL. Potential
strategies to improve uptake of exercise interventions in non-alcoholic
fatty liver disease. J Hepatol 2010;52:112–116.

[192] Perseghin G, Lattuada G, De Cobelli F, Ragogna F, Ntali G, Esposito A, et al.
Habitual physical activity is associated with intrahepatic fat content in
humans. Diabetes Care 2007;30:683–688.

[193] Mikines KJ. The influence of physical activity and inactivity on insulin
action and secretion in man. Acta Physiol Scand Suppl 1992;609:1–43.
0 vol. 53 j 372–384 383



Position Paper

[194] Ibanez J, Izquierdo M, Arguelles I, Forga L, Larrion JL, Garcia-Unciti M, et al.

Twice-weekly progressive resistance training decreases abdominal fat and
improves insulin sensitivity in older men with type 2 diabetes. Diabetes
Care 2005;28:662–667.

[195] Johnson NA, Sachinwalla T, Walton DW, Smith K, Armstrong A, Thompson
MW, et al. Aerobic exercise training reduces hepatic and visceral lipids in
obese individuals without weight loss. Hepatology 2009;50:1105–1112.

[196] St George A, Bauman A, Johnston A, Farrell G, Chey T, George J. Independent
effects of physical activity in patients with nonalcoholic fatty liver disease.
Hepatology 2009;50:68–76.

[197] Helmerhorst HJ, Wijndaele K, Brage S, Wareham NJ, Ekelund U. Objectively
measured sedentary time may predict insulin resistance independent of
moderate- and vigorous-intensity physical activity. Diabetes
2009;58:1776–1779.

[198] Dixon JB, Bhathal PS, Hughes NR, O’Brien PE. Nonalcoholic fatty liver
disease: improvement in liver histological analysis with weight loss.
Hepatology 2004;39:1647–1654.

[199] Klein S, Mittendorfer B, Eagon JC, Patterson B, Grant L, Feirt N, et al. Gastric
bypass surgery improves metabolic and hepatic abnormalities associated
with nonalcoholic fatty liver disease. Gastroenterology 2006;130:
1564–1572.

[200] Kral JG, Thung SN, Biron S, Hould FS, Lebel S, Marceau S, et al. Effects of
surgical treatment of the metabolic syndrome on liver fibrosis and
cirrhosis. Surgery 2004;135:48–58.

[201] Mathurin P, Gonzalez F, Kerdraon O, Leteurtre E, Arnalsteen L, Hollebecque
A, et al. The evolution of severe steatosis after bariatric surgery is related to
insulin resistance. Gastroenterology 2006;130:1617–1624.

[202] Mathurin P, Hollebecque A, Arnalsteen L, Buob D, Leteurtre E, Caiazzo R, et al.
Prospective study of the long-term effects of bariatric surgery on liver injury
in patients without advanced disease. Gastroenterology 2009;137:532–540.

[203] Sanyal AJ, Mofrad PS, Contos MJ, Sargeant C, Luketic VA, Sterling RK, et al. A
pilot study of vitamin E versus vitamin E and pioglitazone for the treatment
of nonalcoholic steatohepatitis. Clin Gastroenterol Hepatol 2004;2:
1107–1115.

[204] Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, et al. A
placebo-controlled trial of pioglitazone in subjects with nonalcoholic
steatohepatitis. N Engl J Med 2006;355:2297–2307.

[205] Ratziu V, Giral P, Jacqueminet S, Charlotte F, Hartemann-Heurtier A, Serfaty
L, et al. Rosiglitazone for nonalcoholic steatohepatitis: one-year results of
the randomized placebo-controlled fatty liver improvement with rosiglit-
azone therapy (FLIRT) trial. Gastroenterology 2008;135:100–110.

[206] Aithal GP, Thomas JA, Kaye PV, Lawson A, Ryder SD, Spendlove I, et al.
Randomized, placebo-controlled trial of pioglitazone in nondiabetic subjects
with nonalcoholic steatohepatitis. Gastroenterology 2008;135:1176–1184.

[207] Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM,
et al. Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis. N
Engl J Med 2010 [Epub ahead of print].

[208] Ratziu V, Zelber-Sagi S. Pharmacologic therapy of non-alcoholic steatohep-
atitis. Clin Liver Dis 2009;13:667–688.

[209] Ratziu V, Charlotte F, Bernhardt C, Giral P, Halbron M, Lenaour G, et al.
Long-term efficacy of rosiglitazone in nonalcoholic steatohepatitis: results
of the fatty liver improvement by rosiglitazone therapy (FLIRT 2) extension
trial. Hepatology 2010;51:445–453.
384 Journal of Hepatology 201
[210] Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli M, Melchionda M.
Metformin in nonalcoholic steatohepatitis. Lancet 2001;358:893–894.

[211] Bugianesi E, Gentilcore E, Manini R, Natale S, Vanni E, Villanova N, et al. A
randomized controlled trial of metformin versus vitamin E or prescriptive
diet in nonalcoholic fatty liver disease. Am J Gastroenterol 2005;100:
1082–1090.

[212] Nair S, Diehl AM, Wiseman M, Farr Jr GH, Perrillo RP. Metformin in the
treatment of non-alcoholic steatohepatitis: a pilot open label trial. Aliment
Pharmacol Ther 2004;20:23–28.

[213] Loomba R, Lutchman G, Kleiner DE, Ricks M, Feld JJ, Borg BB, et al. Clinical
trial: pilot study of metformin for the treatment of nonalcoholic steato-
hepatitis. Aliment Pharmacol Ther 2008.

[214] Uygun A, Kadayifci A, Isik AT, Ozgurtas T, Deveci S, Tuzun A, et al.
Metformin in the treatment of patients with non-alcoholic steatohepatitis.
Aliment Pharmacol Ther 2004;19:537–544.

[215] Haukeland JW, Konopski Z, Loberg EM, Haaland T, von Volkmann HL,
Raschpichler G, et al. A randomized placebo-controlled trial with metfor-
min in patients with NAFLD. Hepatology 2008;48:62A.

[216] Tiikkainen M, Hakkinen AM, Korsheninnikova E, Nyman T, Makimattila S,
Yki-Jarvinen H. Effects of rosiglitazone and metformin on liver fat content,
hepatic insulin resistance, insulin clearance, and gene expression in adipose
tissue in patients with type 2 diabetes. Diabetes 2004;53:2169–2176.

[217] Zelber-Sagi S, Kessler A, Brazowsky E, Webb M, Lurie Y, Santo M, et al. A
double-blind randomized placebo-controlled trial of orlistat for the
treatment of nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol
2006;4:639–644.

[218] Laurin J, Lindor KD, Crippin JS, Gossard A, Gores GJ, Ludwig J, et al.
Ursodeoxycholic acid or clofibrate in the treatment of non-alcohol-induced
steatohepatitis: a pilot study. Hepatology 1996;23:1464–1467.

[219] Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen R, Angulo P,
et al. Ursodeoxycholic acid for treatment of nonalcoholic steatohepatitis:
results of a randomized trial. Hepatology 2004;39:770–778.

[220] Ratziu V, De Ledinghen V, Oberti F, Mathurin P, Wartelle-Bladou C, Renou C,
et al. A multicentric, double-blind, randomised-controlled trial of high dose
ursodeoxycholic acid in patients with non-alcoholic steatohepatitis. J
Hepatol 2009;50:A7.

[221] Harrison SA, Torgerson S, Hayashi P, Ward J, Schenker S. Vitamin E and
vitamin C treatment improves fibrosis in patients with nonalcoholic
steatohepatitis. Am J Gastroenterol 2003;98:2485–2490.

[222] Nobili V, Manco M, Devito R, Di Ciommo V, Comparcola D, Sartorelli MR,
et al. Lifestyle intervention and antioxidant therapy in children with
nonalcoholic fatty liver disease: a randomized, controlled trial. Hepatology
2008;48:119–128.

[223] Dufour JF, Oneta CM, Gonvers JJ, Bihl F, Cerny A, Cereda JM, et al. Randomized
placebo-controlled trial of ursodeoxycholic acid with vitamin e in nonalco-
holic steatohepatitis. Clin Gastroenterol Hepatol 2006;4:1537–1543.

[224] Abdelmalek MF, Sanderson SO, Angulo P, Soldevila-Pico C, Liu C, Peter J,
et al. Betaine for nonalcoholic fatty liver disease: results of a randomized
placebo-controlled trial. Hepatology 2009;50:1818–1826.

[225] Rinella M, Koppe S, Brunt EM, Gottstein J, Elias M, Green RM. Pentoxifillin
improves ALT and histology in patients with NASH: a double-
blind, placebo-controlled trial. In: Digestive disease week, 2009. Chicago;
2009.
0 vol. 53 j 372–384


	A position statement on NAFLD/NASH based on the EASL 2009�special conference
	ssec1:Epidemiology of NAFLD
	ssec2:Risk factors

	ssec1:Hepatic complications of NAFLD/NASH
	ssec2:Fibrosis and fibrosis progression
	ssec2:Clinical outcomes

	ssec1:Extra-hepatic complications of NAFLD/NASH
	ssec2:Liver fat and IR


	tbl1
	Outline placeholder
	ssec2:NAFLD as a precursor of the metabolic syndrome \(MS\)
	ssec2:Liver fat and diabetes control
	ssec2:NAFLD and cardiovascular disease \(CVD\)

	ssec1:Diagnostic procedures and strategies
	ssec2:Non-invasive diagnosis of liver injury
	ssec3:Serum markers for liver injury�



	tbl2
	tbl3
	Outline placeholder
	Outline placeholder
	ssec3:Imaging�

	ssec2:Measurement of IR
	ssec2:Liver biopsy


	tbl4
	tbl5
	ssec1:Diagnostic strategies for NASH
	ssec2:Case finding
	ssec2:Individual diagnostic strategies in clinical practice

	ssec1:Pathogenesis
	ssec2:Is steatosis still the first hit?
	ssec2:Mechanisms of fibrosis

	ssec1:Therapeutic management of NAFLD/NASH
	ssec2:Rationale for treatment choices
	ssec2:Non-pharmacologic measures
	ssec2:Weight loss and dietary measures
	ssec2:Physical exercise and sedentary time
	ssec2:Bariatric surgery
	ssec2:Pharmacologic therapy
	ssec2:Specific liver-directed therapy
	ssec2:Guidelines for future therapeutic trials

	ssec1:Conclusion
	Acknowledgments
	ssec1:Conflicts of interest
	References
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29
	bib30
	bib31
	bib32
	bib33
	bib34
	bib35
	bib36
	bib37
	bib38
	bib39
	bib40
	bib41
	bib42
	bib43
	bib44
	bib45
	bib46
	bib47
	bib48
	bib49
	bib50
	bib51
	bib52
	bib53
	bib54
	bib55
	bib56
	bib57
	bib58
	bib59
	bib60
	bib61
	bib62
	bib63
	bib64
	bib65
	bib66
	bib67
	bib68
	bib69
	bib70
	bib71
	bib72
	bib73
	bib74
	bib75
	bib76
	bib77
	bib78
	bib79
	bib80
	bib81
	bib82
	bib83
	bib84
	bib85
	bib86
	bib87
	bib88
	bib89
	bib90
	bib91
	bib92
	bib93
	bib94
	bib95
	bib96
	bib97
	bib98
	bib99
	bib100
	bib101
	bib102
	bib103
	bib104
	bib105
	bib106
	bib107
	bib108
	bib109
	bib110
	bib111
	bib112
	bib113
	bib114
	bib115
	bib116
	bib117
	bib118
	bib119
	bib120
	bib121
	bib122
	bib123
	bib124
	bib125
	bib126
	bib127
	bib128
	bib129
	bib130
	bib131
	bib132
	bib133
	bib134
	bib135
	bib136
	bib137
	bib138
	bib139
	bib140
	bib141
	bib142
	bib143
	bib144
	bib145
	bib146
	bib147
	bib148
	bib149
	bib150
	bib151
	bib152
	bib153
	bib154
	bib155
	bib156
	bib157
	bib158
	bib159
	bib160
	bib161
	bib162
	bib163
	bib164
	bib165
	bib166
	bib167
	bib168
	bib169
	bib170
	bib171
	bib172
	bib173
	bib174
	bib175
	bib176
	bib177
	bib178
	bib179
	bib180
	bib181
	bib182
	bib183
	bib184
	bib185
	bib186
	bib187
	bib188
	bib189
	bib190
	bib191
	bib192
	bib193
	bib194
	bib195
	bib196
	bib197
	bib198
	bib199
	bib200
	bib201
	bib202
	bib203
	bib204
	bib205
	bib206
	bib207
	bib208
	bib209
	bib210
	bib211
	bib212
	bib213
	bib214
	bib215
	bib216
	bib217
	bib218
	bib219
	bib220
	bib221
	bib222
	bib223
	bib224
	bib225


