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Preface

Fatty liver disease including nonalcoholic steatohepatitis (NASH) involves the accu-
mulation of triglycerides in hepatocytes with necrosis, inflammation, and often fibro-
sis with progression to cirrhosis. The two-hit model summarizes the important early
metabolic events leading to hepatocellular necrosis in NASH. In these proceedings,
we present various new findings and a review of NASH. The liver has an important
role in nutritional homeostasis, and liver diseases lead to abnormalities in nutrient
metabolism and to subsequent malnutrition, especially in patients with liver cirrho-
sis. Protein-energy malnutrition (PEM) is a common finding in cirrhotic patients; it
may be present in 20% of patients with well-compensated disease and in more than
60% of patients with severe liver insufficiency. Therefore, special attention is required
in the management of those patients; proper nutritional assessment and support for
cirrhotic patients is essential. This volume also includes new findings on the nutri-
tional aspects of the treatment of liver cirrhosis, which we hope will contribute to a
better understanding of NASH and nutritional treatment.
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Summary. Nonalcoholic fatty liver (NAFL) or nonalcoholic fatty liver disease
(NAFLD) as it is often called, is increasingly recognized as a common and potentially
severe condition often associated with obesity, type 2 diabetes, and hyperlipidemia.
The spectrum of disorders which fall under the term ‘NAFL’ include simple steatosis,
steatosis with mild inflammation, and steatosis with inflammation and varying
degrees of fibrosis. Most investigators reserve the term ‘NASH’ (nonalcoholic steato-
hepatitis) for those patients who have some degree of fibrosis, usually associated 
with increased numbers of ballooned hepatocytes. The prognosis varies, but it is 
now evident that a substantial portion of patients, especially those with NASH, will
progress to cirrhosis with all of the attendant complications, and some may ultimately
develop hepatocellular cancer. Well-developed cirrhosis may lose its fat content and
appear as ‘cryptogenic cirrhosis’. Lipid peroxidation of the excess oil in the liver
appears to be the major pathogenic mechanism. The process appears to alter mito-
chondrial form and function. Initial treatment usually involves exercise and dietary
modifications. Patients who fail this approach or who have more advanced conditions
initially may be candidates for more aggressive measures, including drug therapy.
Many agents have been reported in small series but all remain investigational.

Key words. Nonalcoholic fatty liver, Nonalcoholic steatohepatitis, Cryptogenic 
cirrhosis, Obesity, Type 2 diabetes

Introduction

The histologic findings in patients with NAFL vary widely in the degree of micro-
scopic injury from none or minimal to cirrhosis. Although still somewhat controver-
sial, the natural history and prognosis is variable between simple steatosis (sometimes
referred to as ‘pure’ fatty liver), steatosis with inflammation, and steatosis with fibro-



sis. These forms of NAFL have been united into a classification system [1]. Predictive
factors of more severe histology have also been determined and, to a lesser extent, the
prevalence of NAFL types within different high-risk groups (obesity, diabetes, hyper-
lipidemia) has come into focus. Insulin resistance (IR) appears to be a common con-
dition in NAFL, but it appears not to be uniformly present. Recently, Cotrim et al. [2]
in Brazil have described NASH in petrochemical workers without an elevated index
of IR. In addition, it seems likely that some forms of NAFL involve primary problems
with lipoprotein metabolism, raising concerns about the potential toxicity of ‘statin’
drugs, which has been very little investigated. Thus, NAFL probably exists as a spec-
trum of disorders, although that seen with obesity and type 2 diabetes is the most
common form.

Historical Perspective

The association between obesity and liver injury has been known since the 1800s [3,
4]. Several papers in the mid-1900s further reported a relationship between steatosis,
progressive liver injury, and obesity [5]. Later, the association between intestinal
bypass and progressive steatohepatitis further raised awareness of this disease [6].
However, even after the publication of several landmark papers in the 1980s (includ-
ing that of Ludwig et al. [7], which provided the disease with its most common appel-
lation ‘NASH’), it became commonly taught that ‘fatty liver’ was a benign condition
warranting little concern. While these misconceptions have largely given way to a
much broader concept of fatty liver, there remains a good deal of lingering doubt
about the overall prognosis and treatment of this condition.

Defining Terms in NAFL

In spite of recent progress, the nomenclature in NAFL has remained controversial and
a consensus on working terminology has emerged largely by default [8]. Although the
term ‘NAFLD’ is commonly used, we have elected to use the term ‘NAFL’ or ‘nonalco-
holic fatty liver’ rather than ‘NAFLD’ or ‘nonalcoholic fatty liver disease’ since the
disease portion of the latter term is variable and is not yet established for all of the
forms of NAFL. We have reserved the term ‘NASH’ or ‘nonalcoholic steatohepatitis’
for more severe forms of NAFL (type 3–4), as described below.

The diagnosis of NAFL depends on the presence of an abnormal amount of fat in
the liver. Prior studies demonstrated that the normal liver contains less than 5% fat
by weight [9]. Since weight measurements are clinically impractical and most imaging
modalities lack sensitivity (see below), fatty liver is most accurately diagnosed by 
light microscopy of biopsy specimens, although sampling error remains a potential
problem. The cutoff level for significant steatosis has varied in the literature, but
steatosis can be said to be present when the percentage of fat-laden hepatocytes
exceeds a minimum of 5%–10% of the hepatocytes. The other major criterion implied
in the term ‘NAFL’ is the issue of what constitutes ‘nonalcoholic’. Levels defined as
insignificant are also variable in the literature. Recently, some measure of agreement
has been reached, allowing approximately 20 g per day (14 units per week) as a cutoff
below which steatosis is ‘nonalcoholic’ [10].

2 S.H. Caldwell et al.



‘Presumptive’ NAFL

A number of studies have utilized noninvasive studies to estimate the prevalence of
steatosis in large populations wherein biopsy is impractical [11–13]. Most of these
studies have utilized ultrasound examination of the liver for exclusion of other known
diseases to make the diagnosis of ‘presumed’ NAFL. The noninvasive approach pro-
vides a practical means of assessing the prevalence of hepatic steatosis in a popula-
tion under investigation, has utility in detecting other lesions, and finds clinical use
as a screening for patients and potential living liver donors in the field of transplan-
tation [14]. In addition, imaging can provide relevant information about body fat 
distribution by measuring indices of central adiposity [15]. However, no imaging 
technique has emerged which is capable of determining the presence or absence of
histological injury.

This limitation was clearly demonstrated in a study by Saadeh et al. [16], in which
25 patients underwent biopsy (8 had mild NAFL and 17 had NASH), ultrasound,
computed tomographic (CT) and magnetic resonance (MR) imaging. Steatosis of at
least 33% was optimal for noninvasive imaging and values less than this were associ-
ated with substantial loss of sensitivity. None of the imaging modalities were useful
in detecting histological features of NASH, such as balloon degeneration, Mallory
hyaline, or fibrosis. Thus, although radiologic criteria exist to help guide the nonin-
vasive diagnosis of NAFL [17–20], biopsy remains the gold standard for grading and
staging of the disease. A possible exception is the use of MR spectroscopy, which has
been shown to detect a physiological defect in ATP homeostasis in patients with NAFL
[21]. Whether this modality or some combination of standard imaging and surrogate
markers of histological injury will emerge as viable substitutes for biopsy remains to
be seen (see below).

Histological Classification of NAFL

In their original study of 132 patients with NAFL, Matteoni et al. [1] grouped the biop-
sies into four groups: type 1 NAFL or simple steatosis, type 2 or steatosis with inflam-
mation, and types 3 and 4, which were characterized by steatosis, inflammation and
fibrosis, balloon cells, or Mallory bodies. There is a high degree of correlation between
types 3 and 4, such that these should probably be put together as one group repre-
senting ‘NASH’ with several different stages of fibrosis. With a median follow-up of 8
years, cirrhosis developed much more commonly in the combined type 3–4 group
(25%) than in the combined type 1–2 group (3%), and the crude liver-related mor-
tality rate was also higher in the combined type 3–4 group. Other studies, by Hilden
et al. [22] and Teli et al. [23], have supported the long-term stability of milder (types
1, 2) forms of NAFL. However, a transition from simple steatosis to a more aggressive
form of NASH has been observed [24].

A close association between NAFL and cryptogenic cirrhosis has also been
observed in a number of studies [25–28]. Similar to the histologic classification of
NAFL, cryptogenic cirrhosis can be classified into several histological categories,
including NASH with cirrhosis, cirrhosis with features of NASH (steatosis and glyco-
genated nuclei), and bland cirrhosis [29, 30].

NAFL: Overview 3



These broad categories of NAFL and cryptogenic cirrhosis provide an important
conceptual framework and attain a greater degree of importance by providing a basis
on which to interpret clinical investigations and therapeutic trials through the use of
a common set of terms. However, this system is based largely on only a few retro-
spective clinical studies and remains to be validated in additional prospective studies.
The distinction between the various types of NAFL is not always clear-cut. In our
experience, it is not uncommon to find a few scattered balloon cells (characteristic of
type 3–4 NAFL) in a specimen with no fibrosis and only mild inflammation suggest-
ing type 2 NAFL [31]. These and similar issues of precise histological definition are
coming into sharper focus with increasing experience and refinements in the histo-
logical criteria [32, 33]. Of perhaps greatest importance is that investigators carefully
define their terms in all reports to facilitate communications, whether or not they are
using this classification scheme.

Epidemiology

NAFL is one of the most common of all liver disorders, but is among the most likely
of liver disorders to be overlooked by primary care physicians [34]. The prevalence
of all forms of NAFL has been estimated to be as high as 15%–20% of the adult pop-
ulation in the United States, Japan, and Italy [35]. Only about 20%–30% of these are
thought to have the more severe form (NASH) but this is still quite a large fraction of
the population in developed countries. Among obese people in western countries,
about 60% have simple steatosis, 20%–25% have NASH, and 2%–3% have cirrhosis
(see also below under ‘Physical Findings’) [36]. From the same publication, it was
noted that at least 70% of type 2 diabetic patients have some form of fatty liver, and
it has also been estimated that about 60% of hyperlipidemic patients have this disor-
der, although detailed histologic data have not, to our knowledge, been reported in
these high-risk groups [37]. Among adults with NAFL, the metabolic syndrome
(defined as three or more markers, including waist circumference, fasting hyper-
glycemia, elevated high-density lipoprotein [HDL], elevated triglycerides, or hyper-
tension) is present in 88% of NASH patients and 54% of simple steatosis patients (see
reference [30]). These figures are of even greater concern when considering the pedi-
atric patient, where it is now estimated that more than 1%–2% of adolescents in the
United States have some form of fatty liver (see reference [31]). The spectrum of his-
tologic disease in the pediatric population can be severe [38].

History, Symptoms, and Physical Findings

As noted above, a history of obesity, diabetes, and/or hyperlipidemia is common,
although not invariable. A family history of NASH or cryptogenic cirrhosis is frequent
and warrants concern for a more progressive course [39, 40]. Other features of the
‘metabolic syndrome’ may be seen, such as hypertension, hyperuricemia, and the poly-
cystic ovary syndrome [insulin resistance, diabetes, obesity, hirsutism, dysmenorrhea]
[41–44]. Although widely associated with obesity (defined as body mass index [BMI]
>30 kg/m2 in people of primarily European or African descent) [45, 46], an increasing
number of patients have been described with normal BMI, although most have central
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adiposity and latent or overt insulin resistance [47–50]. Waist circumference or the
hip-waist ratio is probably the best anthropometric indicator of this sort of central
obesity [51, 52], although use of special calipers to measure ‘abdominal height’ has
been advocated. Changes in body composition due to aging and cirrhosis may mask
a history of prior, severe, and longstanding obesity [53]. Thus, inquiry regarding past
weight should be incorporated into the clinical evaluation.

Among obese individuals, the prevalence of NAFL and the expected frequency of
different degrees of histologic injury can be estimated from past studies. Although
much has to be conjectured because of the lack of common terminology, it can be
approximated from a number of series that about 60% of obese individuals have rel-
atively stable ‘simple steatosis’ or at most type 2 NAFL, while about 20%–25% have
type 3–4 NAFL or frank NASH with fibrosis [54–58]. Only about 5% of such individ-
uals have normal histology and about 5% have previously unrecognized cirrhosis.
Whether or not these prevalence figures also apply to diabetic and hyperlipidemic
patients is unknown, but warrants additional study. It is known that a substantial frac-
tion of type 2 diabetic patients and hyperlipidemic patients have fatty infiltration by
noninvasive testing [59, 60].

Common symptoms include fatigue and right upper quadrant pain, although the
disorder even in the presence of cirrhosis may be silent. Associated conditions
warrant consideration, including signs or symptoms of mitochondrialopathy-
associated neuromuscular disease [61], gut motility [62, 63], lipodystrophy (fat
atrophy) [64], lipomatosis [65], and Weber-Christian disease (panniculitis) [66]. A
history of possible aggravating factors should be sought, including use of certain med-
ications such as methotrexate, amiodarone, and tamoxifen [67–69], and solvent expo-
sure [70]. Whether these variables aggravate a preexisting condition or cause a
separate form of steatohepatitis (secondary NAFL) remains uncertain [71], but
increasingly there appears to be a separate form of NAFL related to toxin exposure.
Rarely, previously unrecognized NASH with silent cirrhosis may present as subacute
liver failure [72]. More often these patients are discovered incidentally during some
other evaluation [73], while up to 50% present initially with a major complication of
cirrhosis such as ascites, variceal bleeding, or hepatocellular carcinoma [74].

Laboratory Findings in NAFL

Serum aminotransferase elevation, usually less than 1.5¥ normal [75], is perhaps the
most common cause for patient referral [76–79]. The pattern of aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) elevation carries some addi-
tional prognostic significance (see below), but these values may be significantly
altered in patients receiving medications for comorbidities such as diabetes and
hyperlipidemia. NAFL is the most common cause of unexplained aminotransferase
elevation in asymptomatic people [80]. Elevation appears to approximate the degree
of inflammation, but less so for fibrosis. This is supported by early drug trials in
NASH, which showed normalization of transaminases, reduced indices of inflamma-
tion, but no change in fibrosis with troglitazone therapy [81]. More recent studies
using extended courses have, however, shown improvement in fibrosis scores (see
below, under ‘Current Therapy of NAFL: Antidiabetic and insulin sensitizing agents’).
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However, liver enzymes may be normal in spite of underlying disease [82]. This may
represent the effects of ‘burned-out’ disease, the effects of drug therapy, as noted
above, or an upward drift of the normal reference range over the past few years—a
phenomenon, now being corrected, that is thought to have resulted from the unrec-
ognized inclusion of NAFL and hepatitis C patients in the reference controls [83].

Other abnormalities include elevated iron indices, although usually without frank
hemochromatosis [84–88],positive anti-nuclear antibody (ANA) in about 30% [89,90],
elevation of serum IgA [91, 92], and mild abnormalities of alkaline phosphatase and
gamma glutamyl transpeptidase (GGTP). Among patients with positive ANA, there
does not appear to be any worsening of histology [93]. Slightly low ceruloplasmin
levels without frank Wilson’s disease are seen in about 10% of patients (unpublished
observation). Markers of insulin resistance and sensitivity based on fasting insulin and
glucose levels (Homeostasis Model Assessment [HOMA] and Quantitative insulin-
sensitivity check index [QUICKI] tests) are increasingly being utilized in the clinical
setting to assess these patients and their response to therapy [94]. These tests are essen-
tially mathematical models referenced to the more elaborate and complicated hyper-
insulinemic euglycemic clamp test. Markers of exercise tolerance and conditioning,
such as the lactate threshold, will also likely find a role in clinically evaluating these
patients but remain to be more thoroughly investigated. Recent studies have also
begun to more carefully tease out the lipid profiles associated with NAFL [95].

The Role of Biopsy in the Diagnosis of NAFL

The biopsy remains the gold standard and serves to confirm the diagnosis and to stage
the extent of injury in NASH. It is used early when the clinical evaluation is suspicious
for more advanced disease or when there is a question of medication-induced injury.
For those in whom the disease is not suspected to have significantly progressed, the
biopsy is often deferred and a conservative course of exercise and diet is prescribed.
Predictors of biopsy findings have been studied, although these should be regarded
cautiously due to a high number of exceptions. Age more than 40–50 years, the degree
of obesity, the degree of diabetes or insulin resistance, hypertriglyceridemia, hyper-
tension, family history of NASH or cryptogenic cirrhosis, complete abstinence from
ethanol, transaminase elevation, and an AST/ALT ratio of more than 1 are all predic-
tive of more advanced histology on the initial biopsy [96–101]. Scores have been devel-
oped which include several parameters, but these remain to be validated. Whether
these variables also predict the longterm course remains to be proven but seems likely.
Female sex has not been a consistent predictor; however, the increasing prevalence of
females with increasing fibrosis scores [102], and the preponderance of older females
in most series of cryptogenic cirrhosis leave the issue unresolved. The discovery of
unexpected cirrhosis at biopsy for NAFL is of obvious importance,as it casts the overall
management of the obese, diabetic patient into a new light. Important considerations
emerge if cirrhosis is discovered, such as avoidance of certain medications, and sur-
veillance issues for varices or hepatocellular cancer.

Imaging studies (with the possible exception of MR spectroscopy) provide only
limited information on the underlying pathophysiology. Markers of collagen and
extracellular matrix metabolism have not been adequately studied, but may provide
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limited information [103]. Whether some combination of imaging such as contrast
ultrasound [104] and collagen marker profiles [105] will emerge to replace some 
biopsies remains to be seen. Although biopsy is likely to remain the gold standard 
for establishing the diagnosis, advantages possessed by these noninvasive markers
include a viable means of easily tracking treatment response and the potential avoid-
ance of sampling error inherent with biopsy. The latter issue reflects the suspected
existence of geographic variation within the NAFL—it is estimated that left and right
lobe biopsies can vary in grade of activity in about 20% of patients [106]. Further pro-
pelling the field of noninvasive testing is the fact that liver biopsy is not without risk,
and the lack of definitive therapy based on the results warrants caution in applying
biopsy.

Fatal complications, usually hemorrhage, are estimated to occur in 1 : 10 000 biop-
sies. Predicting this result is difficult, as the major problem is transgression of a vessel
and bleeding risk correlates poorly to tests of coagulation [107]. Ultrasound guidance
does not alter the risk of bleeding, which depends to a greater extent on the needle
type (increased with larger needles and the cutting style) and the number of passes
made [108]. However, the use of narrower gauge needles results in substantially 
less specimen and may compromise interpretation of the biopsy. Pain requiring 
intravenous analgesia occurs in 30%–50% of patients regardless of the use of ultra-
sound guidance [109], while more severe pain occurs in 1%–5% [110]. The body
habitus of the patients most often afflicted with NAFL poses additional problems.
While those with more central adiposity generally pose no significant problems for a
percutaneous biopsy, those with more peripheral adipose tissue may require ultra-
sound guidance.

Prognosis: General

Although it is one of the most common of all liver disorders [111, 112], the natural
history of NAFL remains a subject of active study. A substantial fraction of these
patients will ultimately develop severe liver injury, presenting with new-onset ascites
or variceal bleeding many years after the diagnosis of ‘fatty liver’. Furthermore, it has
become common to see older patients with ‘cryptogenic cirrhosis’ in the setting of
prior known fatty liver, longstanding obesity, and type 2 diabetes. Advanced liver
disease may become the dominant clinical problem in these patients, overtaking 
diabetes-related vascular disease. Not uncommonly, these patients eventually develop
hepatocellular cancer.

The Prognosis of NAFL Based on Initial Histologic Classification

As mentioned earlier, a prognosis-related classification of NAFL has been proposed,
although it remains to be validated in additional studies [113]. Some additional dis-
cussion of this work is warranted. Matteoni et al. [1] ascertained 132 patients with
long-term follow-up and whose baseline biopsy, performed between 1979 and 1987,
revealed NAFL. The biopsies were grouped into classes as follows: type 1 NAFL or
simple steatosis, type 2 or steatosis with inflammation, and types 3 and 4, character-
ized by steatosis, inflammation and fibrosis, balloon cells, or Mallory bodies. Another

NAFL: Overview 7



recent paper has shown a high degree of correlation between types 3 and 4, such that
these can be put together as one group representing ‘NASH’ [114]. The primary out-
comes of cirrhosis, mortality, and liver-related mortality were determined with an
average follow-up of 8 years.

The groups consisted of 49 type 1, 10 type 2, 19 type 3, and 54 type 4 subjects.
Testing for hepatitis C virus (HCV) by polymerase chain reaction (PCR) in a subset
of the biopsies excluded hepatitis C as a significant factor in most patients. No age or
sex differences were noted between these groups. Combining types 1 and 2 and com-
paring these to the combined type 3 and 4 groups, the authors noted no difference 
in overall mortality, but a substantial difference in the frequency of cirrhosis was
observed. Clinically defined cirrhosis developed much more commonly in the com-
bined type 3–4 group (25%) than in the combined type 1–2 group (3%). In the com-
bined type 3–4 group, the crude liver-related mortality rate was also higher than that
in the combined type 1–2 group, and it was also substantially higher than the pub-
lished crude death rate from United States census data.

The age of the patients with different types of NAFL warrants some additional
comment. The similar age between the two major groups (type 1–2 versus type 3–4)
suggests that these groups do not represent different stages in the evolution of NAFL,
but rather, that they represent two distinct groups. In other words, it is unlikely 
that there is progression from type 1–2 over time to type 3–4. If there was such a pro-
gression, it can be reasoned that there would be either an age difference between 
the two groups (the more severely afflicted would be older) or there would be no
detectable difference in the prognosis between the two groups. Thus, it is more likely
that the individual who develops fatty infiltration of the liver, soon thereafter either
controls the problem (through as yet inadequately understood mechanisms) and
remains stable indefinitely, or the individual develops cellular injury manifested his-
tologically as steatohepatitis.

Other studies support the validity of this classification scheme and its associated
prognosis. Hilden et al. [115] reported on 58 patients with mild fatty liver followed
for up 33 years. The study antedated the proposed classification scheme, but appears
to have largely consisted of type 1 and 2 patients, since the presence of Mallory bodies
was used as an exclusion criterion. Only one of these patients was known to have 
progressed to cirrhosis. In another retrospective study, Teli et al. [116] demonstrated
similar results. They studied 40 patients with nonalcoholic steatosis and absent
inflammation or fibrosis on the index biopsy (similar to type 1 NAFL). Although the
inclusion of 6 patients with cancer-related cachexia and secondary steatosis limits the
interpretation, the overall results were very similar to those noted above. None of
the patients developed clinical cirrhosis. About one-half had persistent liver enzyme
abnormalities, but among those undergoing repeat biopsy, only 1 showed the devel-
opment of mild perivenular fibrosis after almost 10 years.

Lee [117] reported follow-up biopsy on 13 patients over an average of 3.5 years
(1.2–6.9 years) after the baseline biopsy. Among these, 12 patients with features of
NASH did not have cirrhosis at baseline. Follow-up histology revealed increased fibro-
sis in 5 and the development of cirrhosis in 2 patients. Similarly, Powell et al. [118]
reported follow-up biopsy in 13 NASH patients with a median follow-up of 4.5 years.
Repeat biopsy revealed worsening fibrosis in 3, progression to cirrhosis in 3, absent
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change in 6, and decreased fibrosis in 1. Of note, this study also demonstrated the 
progression of NASH with fibrosis or cirrhosis to cryptogenic cirrhosis with loss 
of the histological hallmarks of steatohepatitis. Bacon et al. [119] reported serial 
biopsy in 2 patients studied over approximately 5 years. One of these developed 
cirrhosis. Finally, Ratziu [120] reported serial biopsy in 14 patients with NAFL.
Four of these had NASH at baseline, while 10 had only steatosis with minimal or no
necroinflammatory activity or fibrosis. Among the 4 with baseline NASH (necroin-
flammatory activity and some degree of fibrosis), 1 progressed to cirrhosis over
approximately 5 years, whereas none of the 10 patients without fibrosis progressed to
cirrhosis.

Recent work has questioned some of the findings of older studies and raised new
concerns. Harrison et al. [121] reported on 22 patients with NAFL followed with
repeat biopsy over a mean of 5.7 years. Two patients with baseline biopsies showing
simple steatosis were noted to develop mild degrees of fibrosis in follow-up biopsies
performed 3–15 years after the baseline. Another interesting point from this work was
that some patients had a relatively rapid change of fibrosis score between biopsies
only several years apart. This suggests the possibility that NASH can remain stable
for a long period of time and then show relatively rapid progression. Similar to prior
studies, these authors noted a doubling in the percentage of patients with baseline
fibrosis scores of stage 3 or 4 (bridging or cirrhosis) from 9% at baseline to 19% on
follow-up.

Overall, it can be estimated that a substantial portion of NASH patients will remain
stable or even improve, but about 40% will have worsening histology over approxi-
mately 5–7 years. As many as 20% develop worsening fibrosis, and up to 15%–20%
progress to cirrhosis. Infrequently, the time over which the disease progresses will be
considerably shorter than what we typically think. Possible explanations include rapid
weight loss or possibly dietary composition, changes of which could precipitate dele-
terious changes in the fat-laden hepatocyte.

Mortality in NAFL

Among people with major risks for NAFL such as obesity and type 2 diabetes, liver-
related mortality has largely been overshadowed by the high rate of cardio- and cere-
brovascular death [122]. Nonetheless, obesity is a risk factor for cirrhosis-related
death and hospitalization [123] and cirrhosis has been shown to be a common cause
of death among type 2 diabetics [124]. In the latter study, the authors reported on
mortality in 1939 type 2 diabetic patients followed for over 9 years. Not unexpectedly,
vascular disease was the most common cause of death, with heart disease accounting
for 19% of deaths, cerebrovascular disease for 16%, and renal disease for 13%. Cir-
rhosis was determined to be the cause of death in 6% of these patients, but the
observed/expected ratio was actually higher (O/E = 2.67) for cirrhosis than for
cerebro-cardiovascular disease overall (O/E = 2.12). This indicates a substantial risk
for liver-related mortality in these patients, and suggests that liver-related morbidity
is also likely to be an under-recognized factor in the management of diabetes and
obesity.
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Silent Morbidity of Advanced NASH in the Metabolic Syndrome

Cirrhosis is commonly recognized during the evaluation of some other problem in
patients with longstanding obesity, type 2 diabetes, or hyperlipidemia [125]. The sur-
prise discovery may occur during gallbladder surgery, during the evaluation of throm-
bocytopenia, or during the evaluation of new-onset gastrointestinal (GI) bleeding 
or ascites. Because cirrhosis fundamentally changes the physiology of the individual
to that of the low systemic resistance (hyperdynamic) state, medication response is
potentially altered; thus, common interventions may have unexpected side-effects.
For instance, angiotensin-converting enzyme (ACE) inhibitors can promote salt reten-
tion and ascites formation. In addition, aspirin and other anti-thrombotic medications
can promote fluid retention and/or GI bleeding (often from gastric antral vascular
ectasia or ‘GAVE’). The silent development of cirrhosis may also provide an alterna-
tive and potentially treatable explanation for certain symptoms. For instance, fatigue
in the obese, diabetic patient with occult cirrhosis may actually reflect subclinical
encephalopathy, treatable with typical ammonia-lowering regimens. Gut dysmotility,
either as a result of associated diabetes or as part of NAFL [126], may contribute to
constipation, making these patients especially prone to bouts of encephalopathy.
Dyspnea may reflect the development of hepatopulmonary syndrome rather than
intrinsic lung disease.

Given the potential role of the mitochondria in NASH (see below) [127, 128], it is
interesting to further speculate upon the potential role of systemic mitochondrial dys-
function in the manifestations of NAFL. The existence of variation in mitochondrial
integrity in different tissues offers a possible explanation. Mitochondrial hetero-
plasmy [129] could explain the susceptibility of different organs (such as the liver) to
oxidative stress. A little-described ocular gaze disorder (intermittent disconjugate
gaze or ‘IDG’—seen in about 15% of NASH patients) lends support to the hypothesis
[130]. Vision impairment is typically absent in IDG, but simple examination demon-
strates disconjugate left or right lateral gaze that fluctuates in severity and may at
times be undetectable, suggesting easy muscle fatigue as the likely mechanism.

Disease Modifiers and Confounding Variables

There are a number of variables which may alter the natural course of NAFL and
which likely play some role in patients encountered day to day with this condition.
Anti-diabetic agents, anti-lipidemic agents, dietary plans, exercise, over-the-counter
herbal remedies, and modest ethanol use (which may actually be protective) are vari-
ables which have not been very well studied. Some of these have a potential role as
therapy, but this is incompletely known (see below). Other agents, such as tamoxifen
for breast cancer, amiodarone for cardiac dysrythmias, or methotrexate for psoriasis
may accelerate cellular injury, and require careful consideration of the risk-benefit
ratio. Coexisting NASH with other liver disease further introduces uncertainty into
the evaluation of the fatty liver. Hepatitis C, especially genotype 3, is associated with
some fatty infiltration, but frank NASH usually indicates the existence of risk factors
for NAFL such as obesity and probably accelerates fibrosis [131]. We have also noted
the development of NAFL in patients receiving steroids for autoimmune hepatitis. Its
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presence can be misleading, as it requires biopsy to differentiate from residual autoim-
mune inflammation.

Cryptogenic Cirrhosis

Cryptogenic cirrhosis—defined as cirrhosis of unknown cause after exhaustive diag-
nostic evaluation—remains a common problem, accounting for 5%–15% of cirrhosis
patients in different series. While there are clearly a number of disease processes
involved with the development of cryptogenic cirrhosis (including NASH, occult
ethanol, subclinical autoimmune hepatitis, and non-B, non-C hepatitis), several
studies have demonstrated a close association between NASH and cryptogenic cir-
rhosis. Based on the studies discussed below and a recent detailed histological analy-
sis of explanted livers by Ayata et al. [132], it is estimated that NASH constitutes the
underlying disease process in 30%–70% of cryptogenic cirrhosis patients.

The seminal observation linking cryptogenic cirrhosis and NASH was that of Eliz-
abeth Powell and colleagues [133] in a 1990 report, in which serial biopsy of NASH
patients demonstrated the loss of steatosis over years as the disease progressed from
steatohepatitis with bridging fibrosis or cirrhosis to a stage of bland cirrhosis. The
loss of steatosis in the regenerating nodules may result from altered blood flow from
portosystemic shunting [134], capillarization of the sinusoids with loss of fenestra-
tions, and secondary impairment of lipoprotein delivery, or a more fundamental alter-
ation in hepatocyte fat metabolism.

Contos et al. [135] have published a useful descriptive scheme which divides
patients with cryptogenic cirrhosis into two categories: those with inconclusive but
suggestive features of NASH and those with ‘bland’ cirrhosis. Among 30 liver explants
from [patients with] cryptogenic cirrhosis, 6 had absence of steatosis, but 24 had vari-
able and patchy fatty infitration (mostly in the mild or 1+ range.) Twenty had Mallory
hyaline and 21 had balloon cells. Seventeen of 30 had balloon degeneration, Mallory
hyaline, and steatosis; 10 more had at least two of these features. Inflammatory
changes were mild and mostly limited to the septae. Twenty-six of 30 had glyco-
genated nuclei (a finding considered corroborative of underlying and antecedent
NASH.) The high prevalence of risk factors for NASH in these patients and the high
recurrence rate following transplantation (nearly 100% by 5 years) supports the asser-
tion that the majority of these cases represented progression of NASH.

We reported on a series of 70 consecutive patients with cryptogenic cirrhosis
including both transplant and nontransplant candidates. Among these patients, 70%
were female and 73% had a history of obesity and/or diabetes. These patients had an
average age of 60 years, compared to 50 years for a control group of consecutive NASH
patients, suggesting a 10-year interval of disease progression between NASH and cir-
rhosis. The prevalence of obesity and/or diabetes among the cirrhosis patients was
not different from that in the NASH patients, but was significantly greater than that
of age-matched patients with cirrhosis from hepatitis C or primary biliary cirrhosis
(PBC). In many patients with cryptogenic cirrhosis, a past history of obesity may be
hidden, due to weight loss associated with either aging or cirrhosis. A striking finding
among the patients with cryptogenic cirrhosis was the fact that over half lacked major
symptoms of portal hypertension; i.e., the cirrhosis was both cryptogenic and clini-
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cally silent. We also noted the common presence among both NASH and cryptogenic
cirrhosis patients of a family history of unexplained liver disease—an association
further supported by two additional publications [136, 137]. It was further noted that
serum IgA was commonly elevated out of proportion to IgG. Serum IgA elevation,
possibly as a result of lipid peroxidation and neoantigen formation, has long been
associated with alcohol-induced steatohepatitis. A histologic study has also demon-
strated deposition of IgA in liver tissue of both nonalcoholic and alcohol-related
steatohepatitis [138]. Further studies are underway to examine serum and liver IgA
as a marker of prior NASH in patients with cryptogenic cirrhosis.

Poonwalla et al. [139] published a report of 65 consecutive patients with crypto-
genic cirrhosis awaiting liver transplantation. Each patient was compared to two age-
matched control subjects with advanced cirrhosis from other etiologies and awaiting
transplantation. The prevalence of obesity (55% versus 24%) and diabetes (47%
versus 22%) was twice as high in the cryptogenic group as in the control group. Inter-
estingly, the authors found no difference in the prevalence of hypercholesterolemia
between the groups. Ong et al. [140] also reported on a series of 51 cryptogenic cir-
rhosis patients undergoing orthotopic liver transplantation (OLT). Similar to other
series, the patients were commonly overweight females, and one-third had diabetes.
Among the 25 patients undergoing post-transplant biopsy, 13 developed NAFL. Of
these, 5 developed type 1 NAFL (simple steatosis) and 8 developed type 3–4 NAFL
(NASH). Predictors of more severe histology post-OLT included diabetes, hyper-
triglyceridemia, and greater BMI. Possible interactions include the promotion of
hepatic steatosis by glucocorticoids and the effects of cyclosporin A on the mito-
chondrial permeability transition pore.

Another perspective on this issue was provided by a report from Nair et al. [141],
which demonstrated cryptogenic cirrhosis as the second most common cause of cir-
rhosis (after hepatitis C) among obese patients awaiting transplantation. However,
because NASH patients who progress to cirrhosis often are much older (the median
age in our series was 63 years) and frequently have comorbid conditions due to
obesity, diabetes, and hyperlipidemia, their candidacy for transplantation is likely to
be compromised. Thus, assessment of the significance of cryptogenic cirrhosis based
on transplant lists is probably an underestimation, since many such patients are not
considered for this intervention.

Cryptogenic Cirrhosis: Prognosis

The prognosis of obesity-related cryptogenic cirrhosis remains somewhat uncertain.
However, grounds for increased concern regarding the development of complications
of portal hypertension and hepatocellular cancer are slowly emerging. Ratziu et al.
[142] recently compared the course of 27 overweight patients with cryptogenic cir-
rhosis to that of 10 lean patients with cryptogenic cirrhosis and 391 patients with hep-
atitis C-related cirrhosis in a retrospective follow-up cohort study. The prevalences of
diabetes and hyperlipidemia were significantly higher in the obese cryptogenic com-
pared to the lean cryptogenic cirrhosis group and the hepatitis C group. This differ-
ence persisted even when controlling for body mass index in the hepatitis C group.
The mean age of the obese cryptogenic cirrhosis group was 62 years compared to 45
years for the lean cryptogenic group.
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Most striking in this report was the fact that 9 of 27 obese cryptogenic patients were
initially diagnosed with cirrhosis at the time of a major complication of portal hyper-
tension, and 3 more had hepatocellular cancer at or near the time of the initial diag-
nosis of cirrhosis. After a mean follow-up of 22 months, 2 of the 15 patients presenting
only with abnormal liver tests developed major complications of portal hypertension
and 5 developed hepatocellular cancer. The authors concluded that obesity-related cir-
rhosis often diverges from the slow, indolent process characteristic of NASH and it
may behave as aggressively as hepatitis C-related cirrhosis. The explanation for this
observation remains uncertain, since loss of an active steatohepatitis would, intu-
itively, suggest a slowing of the process. Older age or perhaps accelerated parenchy-
mal extinction [143] (a microvascular process) may offer an explanation.

Hepatocellular Cancer and NAFLD

The incidence of hepatocellular cancer has been increasing in the United States [144].
Although much of this has been attributed to hepatitis C, several papers have recently
been published linking NAFL, insulin resistance, cryptogenic cirrhosis, and hepato-
cellular cancer [145]. Obesity itself has been implicated as a risk for various neoplasms
[146]. Insulin resistance, associated hepatocyte hyperplasia, and decreased apoptosis
have been implicated as factors in the development of hepatocellular cancer in ob/ob
mice [147]. Diabetes has also been implicated as a factor in patients with viral hepa-
titis or alcoholic liver disease [148]. The observations in two recent case reports indi-
cating hepatocellular cancer as a possible natural progression of NASH-related
cirrhosis have subsequently been supported by larger studies (in addition to that of
Ratziu et al. [142], noted above) [149, 150]. These two case reports (of one male, age
62, and one female, age 58—both with obesity and diabetes) described the develop-
ment of hepatocellular cancer 6–10 years after the diagnosis of NASH was established
by serological evaluation and biopsy.

Bugianesi et al. [151] reported on 23 patients with cryptogenic cirrhosis and hepa-
tocellular cancer and compared this cohort to 115 age-matched controls from a reg-
istry of 641 cirrhosis-related hepatocellular cancers. A history of obesity (BMI > 30)
was significantly more common in the cryptogenic group (41% versus 16%), as was a
history of diabetes (50% versus 20%). The authors did not detect a difference in the
duration of disease, the prevalence of genetic markers for hemochromatosis, or the
character of the tumor (whether multifocal or metastatic). Compared to the overall
group of hepatocellular cancer patients (n = 641), the cryptogenic cirrhosis group was
older. However, in contrast to past series of cryptogenic cirrhosis patients, but similar
to the paper of Ratziu et al. [142], there was a preponderance of males, suggesting an
increased risk of hepatocellular cancer in males with cryptogenic cirrhosis.

In another report, Marrero et al. [152] reported the results of a prospective study
on cirrhosis-related hepatocellular cancer. Among 105 patients with cirrhosis and
hepatocellular cancer, 51% had hepatitis C as the underlying disease, but cryptogenic
cirrhosis was the second most common association, accounting for 29% of the cases.
The majority (58%) of these had a history of obesity, and 6 (20%) had documented
prior steatohepatitis by biopsy performed an average of 4.5 years before the diagno-
sis of hepatocellular cancer. In contrast to the patients noted in prior series, these
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patients were mostly females, the tumors were often more advanced, and the patient
was less likely to have undergone prior screening.

Pathogenesis of NAFL and NASH

Human fatty liver is a multifactorial disorder. Most likely, there are several different
pathways by which one can arrive at a NASH, including the common metabolic syn-
drome patient with insulin resistance, toxin-induced fatty liver, such as Cotrim [2] has
described in petrochemical workers, and possibly primary disorders of lipoprotein
metabolism; for example, the fatty liver seen in kwashiorkor. Once fatty liver devel-
ops, there is some trigger that produces inflammation. Most likely this is lipid perox-
idation, which serves as the ‘second hit’ proposed by James and Day [153]. However,
further damage probably depends on additional variables, including genetic predis-
position, nutritional status, exposure to toxins, exercise, and perhaps other less well-
understood variables such as cold-exposure. Central to many of these variables is the
functional status of the mitochondrion.

The Mitochondrion in NAFLD

Classically, mitochondrial disorders have included primarily neuromuscular diseases,
many of which have been extensively characterized both clinically and physiologically
[154]. Although cryptogenic cirrhosis has been described in patients with mitochon-
drial disease [155], liver disease in general or fatty liver in particular is rarely men-
tioned in the context of typical mitochondrial diseases. Nonetheless, a substantial
body of literature has developed implicating mitochondrial dysfunction in various
forms of hepatic steatosis [156]. The peculiar evolution of the mitochondrion from a
free-living organism to an integral component of cell function may explain its rela-
tionship to cell death through apoptotic pathways [157]. Its role in fat metabolism and
oxidative phosphorylation explains its role as both a source of free radicals and as a
target for injury in oxidative stress [158].

The normal mitochondrion is a double-membrane organelle, numbering typically
in the thousands per cell, with invaginations of the inner membrane which form
cristae [159, 160]. The mitochondrial matrix contains enzymes responsible for the
metabolism of amino acids (much of the AST elevation in steatohepatitis is mito-
chondrial in origin and presumably reflects injury to the organelle), as well as com-
ponents of the tricarboxylic acid cycle, urea cycle, and heme synthesis pathway. In
addition, the matrix contains 1–5 copies (up to 100 copies if replicating) of the mito-
chondrial genome organized into mitochondrial nuclei known as nucleoids [161].
Certain shapes are characteristic of different tissues—in liver, the tubular form is most
common, while complex branching mitochondria are seen in skeletal muscle [162].
Variation in cristae (tubular in hepatocyte mitochondria, stacked in brown fat cells)
and matrix density is seen between cell types.

The mitochondrial respiratory chain uses energy from the transport of electrons
to generate an electrochemical gradient of protons (proton motive force, or PMF)
across the inner mitochondrial membrane. Translocation of protons along the elec-
trochemical gradient from the intermembrane space to the matrix through complex
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V (ATP synthase) drives production of ATP. Uncoupling of oxidative phosphorylation,
as in brown-fat mitochondria, results in the production of heat rather than ATP—an
important function in thermogenesis. Opening of the mitochondrial transition pore
also dissipates the electrochemical gradient, resulting in decreased ATP production.
One percent to 2% of oxygen consumed during oxidative phosphorylation is only par-
tially reduced, resulting in the formation of reactive oxygen species (ROS). These are
primarily formed around ubiquinone of the respiratory chain (RC) and include super-
oxide anion and hydrogen peroxide (which can be converted to reactive hydroxyl ion).
Mitochondrial superoxide dismutase and the selenium-dependant glutathione perox-
idase serve to contain the ROS [163].

The Mitochondria in NAFL: Adaptation and Injury

Impaired oxidative phosphorylation and morphological changes of mitochondria in
experimental steatosis were described roughly 50 years ago by Dianzani [164, 165].
Structural mitochondrial abnormalities characterized by enlargement and develop-
ment of crystalline inclusions have been described in several forms of human fatty
liver, including Wilson’s disease [166], alcoholic steatohepatitis (where they were felt
to be markers for early or less severe alcohol-related injury [167]), and nonalcoholic
steatohepatitis (NASH) [168, 169]. Sanyal et al. [169] correlated the presence of these
crystalline mitochondrial inclusions indirectly to oxidative stress. Once described as
‘para’-crystalline, optical diffraction studies have demonstrated that the inclusions are
in fact true crystals, although their composition remains uncertain [170]. From
studies of NAFL patients in which we counted the number of megamitochondria in
graded sections of electron microscope fields, we estimated that crystal-containing
megamitochondria were seen in approximately 5%–15% of hepatocytes in NASH
patients and in 5%–10% of the mitochondria within an afflicted cell [171]. The 
crystals occur as long parallel strands, each approximately 10 nm in diameter, with 
20-nm spaces between strands. The ‘sometimes seen’ continuity with more normal-
appearing cristae and the similarity of these structures to reversible lipid bilayers
occurring in plants (etioplasts—precursors of chloroplasts) [172] and stress-induced
structures in Amoeba mitochondria [173] suggests that these structures represent
morphological or conformational changes in the cristae [174]. Similar structures con-
taining bacterial DNA and a ferritin-like substance have also been observed in
Escherichia coli exposed to a stress-induced protein (Dps) [175]. In spite of their
pathological appearance, we were unable to demonstrate a relationship between the
distribution of these structures and light microscopic changes, suggesting that they
represent an adaptive response to oxidative injury [176].

These structural abnormalities are mirrored by disturbed ATP homeostasis, a likely
result of impaired function of the mitochondrial electron transport chain. Dianzani
[177] described decreased ATP and increased ADP in isolated mitochondria from rats
with experimental fatty liver due to choline deficiency, CCL4 exposure, or white phos-
phorous exposure, and later demonstrated evidence of impaired oxidative-phospho-
rylation in experimental fatty liver. Rats fed choline-deficient diets developed fatty
liver with increased mitochondrial lipid peroxides (Thiobarbituric reactive sub-
stances [TBARS] assay), decreased mitochondrial ATP, decreased ATP synthase 
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activity, and markedly increased susceptibility to hepatic injury from starvation due
to decreased glutathione levels [178]. The ability of betaine, an antioxidant, to reduce
mitochondrial changes in CCL4-induced steatosis and the ability of gene delivery of
superoxide dismutase in experimental fatty liver transplantation to likewise reduce
injury further point to an association between mitochondrial morphological abnor-
malities, impaired ATP synthesis, and lipid peroxidation [179, 180].

The susceptibility of fatty livers to injury from ischemia-reperfusion also points to
impaired ATP homeostasis [181]. Dysfunction for all components of the respiratory
chain in hepatic mitochondria was demonstrated in a study of 38 NASH patients by
Perez-Carrera et al. [182]. Respiratory chain activity was reduced to roughly 60%
compared to identically processed controls in liver tissue homogenates normalized
for volume to citrate synthase activity. Using an in vivo approach, Cortez-Pinto et al.
[183] showed delayed recovery of hepatic ATP in patients with NAFL compared to
controls following an intravenous fructose challenge using MR spectroscopy. Fruc-
tose, unlike glucose, requires an initial energy investment in the form of ATP prior to
its subsequent metabolism. The authors of this study postulated that the intravenous
bolus of fructose uncovered an energy deficit in the liver of patients with hepatic
steatosis.

The physiological abnormalities in fatty liver include the expression of uncoupling
protein 2 (UCP-2), which has been demonstrated experimentally in obese mice [184].
Uncoupling of the mitochondrial electron transport chain (ETC) is characteristic of
thermogenic brown fat and shifts the energy of the ETC from ATP production to heat
production. It has been suggested that this process represents a physiologic adapta-
tion which reduces the formation of ROS [185], although the importance of this rela-
tionship has been questioned in terms of disease progression [186]. Mitochondrial
uncoupling may be a direct result of increased free fatty acids in the intermitochon-
drial space [187], but because UCP-2 is normally produced only in fat tissue, its expres-
sion in the steatotic liver suggests that the fat-laden hepatocyte may not only look
microscopically like an adipocyte but may also function essentially as such. We have
recently noted that these similarities extend to the ultrastructural level [188] and sug-
gested that the ballooned cell in NAFL is not always pathological but may be a form
of adaptation to overabundant fat stores. In support of this, a recent abstract from
Japan showed that markers for apoptosis, while seen in cells with microdroplet fat,
did not appear to be invariable, suggesting that some cells successfully make a tran-
sition to a more stable unilocular fat-storing cell [189].

Fatty infiltration of solid organs, including the heart and liver, does exist in nature
to meet the special metabolic demands imposed by migration, hibernation, or torpor.
The best example occurs in some species of migratory ducks and geese. These birds
undertake long migrations in a fasting state, and accumulate abundant fat in their
liver prior to migration. This trait has been exploited commercially by human beings
for the production of foie gras. Marked changes in apolipoprotein metabolism
(decreased secretion of very low density lipoprotein [VLDL]) are seen in species
which develop more substantial steatosis [190]. Rodents such as deer mice (genus Per-
omyscus) or ground squirrels that undergo periods of hibernation or daily torpor also
accumulate fat in both their livers and their hearts. The California Desert mouse,
adapted to the stressful conditions of desert life, develops steatosis and steatohepati-
tis in conditions of overabundant food availability [191]. It is speculated that these
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changes, adapted to feast and famine, provide both a ready source of metabolic fuel
and a means of heat production—an essential function in cold-adapted homeother-
mic organisms, but potentially pathological in the overfed state [192].

Recently, a link between dietary thermogenesis, obesity, sympathetic nervous
system activity, and cold exposure has been described [193, 194]. It is thought that the
balance between dietary intake and cold exposure (or some other stress) influences
both basal metabolic and facultative (in response to cold exposure) thermogenesis by
acting through the sympathetic nervous system, which influences the expression of
UCP in brown fat. The role of adrenergic stimulation in steatohepatitis in ObOb mice
seems relevant to this process [195]. A similar process may be present in some rudi-
mentary fashion in higher mammals, and could explain some of the familial [196, 197]
and ethnic [198] variation described in human NAFL.

Variation in mitochondrial DNA susceptibility to oxidative stress could also play a
role in variable tissue injury. Injury probably depends on a threshold effect depend-
ing on the energy needs of tissue [199–201]. The lack of substantial repair machin-
ery in the mitochondria is thought to contribute to their increased susceptibility to 
oxidative injury and the accumulation of mtDNA mutations and/or deletions that
eventually lead to impaired cellular respiration and cell death. In NASH patients, a 5-
kb gene deletion (the ‘common’ deletion associated with Kearns-Sayer mitochondri-
alopathy) was detected in liver tissue of 1 in 5 patients tested in one series and in 10
of 14 patients in another series [203]. Another patient in the latter series expressed
the 8344 mutation seen in the myoclonic epilepsy and ragged red fibers (MERRF) 
syndrome.

Hepatic steatosis and cryptogenic cirrhosis may be seen in specific mitochondrial
gene mutations and deletions [204, 205]. Symmetrical lipomatosis, or Madelungs
disease [206], which is characterized by obesity, lipomatosis, insulin resistance, and
dyslipidemia has been associated with mitochondrial DNA mutation 8344, which also
is evident in MERFF syndrome [207]. Another mitochondrial mutation (3243, seen
also in MELAS syndrome—mitochondrial encephalopathy, lactic acidosis, and stroke-
like episodes) has been associated with MIDD (maternally inherited diabetes and
deafness) [208]. Neither the prevalence of fatty liver in these patients nor the preva-
lence of these mutations in NASH are known. However, it has been estimated that
1%–2% of type 2 diabetes patients harbor the nt-3243 mutation [209].

Apoptotic bodies are occasionally seen in NASH at light microscopy and probably
represent the result of mitochondrial injury and imbalance of pro- versus anti-
apoptotic factors. Their infrequent presence by light microscopy,in comparison to their
presence in alcohol-related liver injury [210], is consistent with the typically slower rate
of clinical progression of NASH compared to alcoholic steatohepatitis (ASH). Mito-
chondrial swelling, outer membrane rupture, and extrusion of inner matrix material
have been observed in mouse hepatocytes after stimulation of apoptosis by FAS acti-
vation [211]. Recently, it was shown that more subtle signs of apoptosis (evident by
the terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin nick end
labeling [TUNEL] assay) were increased in patients with NASH relative to control
patients [212]. This was accompanied by increased activated caspase and FAS—both
factors in the cascade leading to apoptosis. Agents thought to potentiate or stimulate
the opening of the mitochondrial permeability transition (MPT) pore include reac-
tive oxygen species in oxidative stress, Bax, tumor necrosis factor (TNF), and
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ceramide. Both pro-apoptotic (Bax) and anti-apoptotic (Bcl-2, Bcl-xl) factors are
increased in experimental models of fatty liver [213].

The association of partial lipodystrophy, a disorder of peripheral fat metabolism,
and NAFL provides perhaps the most apparent clinical example of NAFL as a systemic
disorder of fat metabolism [214]. Mitochondrial heteroplasmy (the uneven dispersion
of weak and susceptible mitochondria in different tissues—see above) combined with
environmental influences (such as dietary composition, exercise levels, and aging) and
the metabolic demands of different tissues could explain the variable expression of a
latent systemic disorder. Degonl et al. [215] have suggested that genetic variation in
the trafficking of superoxide dismutase into the mitochondria may explain, to some
extent, individual variation in susceptibility to oxidative injury in alcohol-related liver
disease.

Skeletal muscle mitochondrial dysfunction was implicated, using MR spectroscopy,
in the development of age-related insulin resistance [216]. The authors further spec-
ulated that mitochondrial injury could play a role in the development of islet cell
failure associated with progression from silent hyperinsulinemia to frank type 2 dia-
betes in obese patients. Dietary fatty acid composition has also been implicated in
skeletal muscle insulin sensitivity [217]. The lipotoxicity hypothesis may explain some
aspects of cellular toxicity in conditions of excess body fat. Central to this hypothesis
is the potential role of ceramide, an acylated sphingosine (derived from palmitic acid)
and intermediate substance in the synthesis of sphingomyelin, which can activate
mitochondrial-stimulated apoptosis. Recent gene chip microarray assays examining
the hepatic expression of mRNA in NASH [218] indicated that potentially toxic fatty
acids and weak or senescent mitochondria, coupled with deficient mitochondrial anti-
oxidant systems (superoxide dismutase and catalase) could explain the development
of cellular failure in many different organs, especially those with high basal metabolic
rates.

Current Therapy of NAFL: General Considerations

Other than perhaps exercise and diet, there is no universally agreed upon treatment,
and therapeutic strategies have been largely empirical because the pathogenesis
remains uncertain in many respects. A number of papers have been published review-
ing current therapy. Below, we provide a summary of some of the salient points
regarding therapy [219–223]. Because NAFL is usually associated with the comorbid
conditions of type II diabetes, obesity, and/or hypertryglyceridemia, treatment of
these conditions is often a consideration. Other important general considerations
include the issue of alcohol prohibition versus moderation to levels less than 20 g/day.
Data indicating a protective effect of modest ethanol ingestion in both diabetes and
NAFL support a moderate position on this [224, 225]. A pragmatic recommendation
is to tailor the recommendation to the histology, with abstinence if significant fibro-
sis has already developed. The use of medications that may promote steatohepatitis
(e.g., glucocorticoids, amiodarone, methotrexate, or tamoxifen) also requires consid-
eration and the weighing of the risks and benefits of liver injury. Unfortunately, there
are often no clear guidelines when making these recommendations. We frequently
suggest the use of vitamin E, ursodiol, or ubiquinone in this setting, although data are

18 S.H. Caldwell et al.



also lacking. Another increasingly common but little-explored issue is workplace
exposure to solvents [226–228]. A part of treatment may necessitate measures 
to reduce or eliminate exposure, especially if fibrosis is evident on biopsy. Finally,
if cirrhosis is proven or suspected in a NAFL patient, a review of medica-
tions with potential adverse effects in the cirrhotic patient (e.g., aspirin, other non-
steroidal anti-inflammatory drugs, and angiotensin-converting enzyme inhibitors) is 
warranted.

Exercise, Diet, and Weight Loss

Exercise Alone

Exercise and diet form a cornerstone of therapy [229]. Although it is difficult to clearly
separate exercise from weight loss, the concept of the ‘fit fat’ individual (i.e., relatively
well conditioned but obese) suggests a benefit to exercise in the absence of weight loss
[230]. Further studies examining the lactate threshold and exercise oxygen consump-
tion are needed to assess the role of ‘conditioning’ exercise.

Exercise, Diet, and Weight Loss

There are a number of small reports of combined diet and exercise therapies in both
adults and children. These typically reveal improved biochemical parameters, but
variable changes in histology [231–243]. Some of these diets included unrealistic and
severe calorie restriction. It is also important to note that histological exacerbation
has been observed with rapid weight loss [244]. This is thought to result from an
increase in the flow of free fatty acids to the liver from the mesenteric fat stores, result-
ing in increased lipid peroxidation. Protein malnutrition with impaired export of
apoprotein fat from the liver and micronutrient deficiency could also play a role.
Recently, a more practical 15-month lifestyle modification plan, including dietary
changes and exercise in 31 patients showed success in loss of weight in 68% [245].
Among these patients, the authors noted a significant relationship between decreased
ALT and the degree of weight loss and reduction in fibrosis in 7 of 14 undergoing
repeat biopsy.

Exercise alters substrate utilization in skeletal muscle and insulin sensitivity,
although obese individuals may be resistant to these changes [246, 247], and only
about one-third of patients achieve target levels of exercise [248–250]. Higher inten-
sity exercise regimens are probably more effective in producing significant metabolic
changes [251]. Intermittent exercise also has been found to be as effective as daily
exercise in a randomized controlled study involving obese women [252]. Both aerobic
and resistance exercise have been shown to have some benefit in reducing weight
[253]. Another novel metabolic approach is the use of hyperthermia, which has been
noted to alter hepatic steatosis in patients undergoing experimental treatment for
hepatitis C [254]. A contrasting approach is that of cold exposure, popularly known
as ‘kniepering’. A physiologic basis for this approach may lie in experimental work
showing altered thermogenesis in cold-exposed animals [255, 256].
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Popular Diets

The effects on the fatty liver of many popular diets, such as the Zone or Atkins diet
[257, 258], are not known, although a recent abstract suggested that reduced carbo-
hydrate intake may be of benefit [259]. The metabolic changes induced by the low 
carbohydrate-high protein diet warrant some additional concern and perhaps 
precaution, as the fatty liver is prone to increased production of ketone bodies. A
pragmatic approach is to recommend a reduced calorie, balanced diet such as that
endorsed by the National Heart, Lung, and Blood Institute (NHLBI) and National
Institute of Diabetes, Digestive and Kidney Disease [NIDDK] [260], the American
Heart Association [261], the American Diabetes Association [262], or the low glycemic
index diet which emphasizes dietary composition [263].

Dietary Supplements

The effects on the liver of dietary supplements have been well investigated. Increased
polyunsaturated fatty acids (PUFA; fish, and flax seed oils) alter insulin sensitivity and
prostaglandin metabolism, may increase UCP (uncoupling protein) expression, and
may promote lipid peroxidation, but the net effect in steatohepatitis is not known
[264–272]. Dietary fructans, but not cellulose, decreased triglyceride accumulation in
the liver of obese Zucker rats [273], and, likewise, warrant further study. Appetite-
suppressing agents have lost favor due to their side-effects [274, 275]. However, a
potential role for orlistat (tetrahydrolipostatin), a lipase inhibitor, was noted in a study
of ten patients with proven NASH who underwent 6 months of orlistat therapy. Nor-
malization of transaminases in six patients, weight reduction, and mild but poten-
tially significant improvement in steatosis and fibrosis were seen [276]. Malabsorption
of vitamin E is a relevant concern with fat-malabsorbing agents. Phentermine and
sibutramine, possibly effective in achieving weight loss, are of uncertain benefit in
NAFL [277]. In light of the concept of the liver as a normal fat-storing organ (see
above), agents that produce lipoatrophy may be of particular safety concern.

Surgical Weight Loss

Increasingly, patients who fail diet and exercise-based regimens are turning to surgi-
cal therapy. Several studies have reported beneficial effects of bariatric surgery
[278–282]. Proximal gastric bypass has now largely replaced vertical-banded gastro-
plasty as well as the older jejunoileal bypass. Several of these studies have reported
benefits in both hepatic histology and general parameters of the metabolic syndrome,
and a recent report of post-transplantation NASH noted normalization of liver
enzymes, lipids, and glucose, with histological regression of steatosis after weight loss
from a Roux-en-Y gastric bypass [283]. Precipitous weight loss, however, has the
potential to severely exacerbate steatohepatitis. Preoperative treatment with cytopro-
tective or anti-oxidant agents has not been tested but is sometimes recommended.
Prior studies in the now discarded intestinal bypass procedure further support a role
for antibiotics and amino-acid supplementation for patients who experience decom-
pensation [284, 285].
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Cytoprotective and Antioxidant Agents

Ursodeoxycholic acid (ursodiol or UDCA) has been studied extensively in other liver
diseases and has shown promise in preliminary studies of its use in NAFLD [286–
290]. Laurin et al. [291] compared UDCA to clofibrate in 40 patients over a year 
of therapy. They showed improvement of the liver enzymes as well as histological
grade of steatosis in the UDCA group, but no change in fibrosis. The results of a 
randomized, multicenter trial (K.D. Lindor et al. [292]) are soon to be available.
Preliminary results suggest that UDCA alone will not be sufficient to cause regres-
sion of NASH, although, based on its safety and the results of earlier studies, further
investigation is warranted to assess its role as a co-factor with other agents such as
vitamin E.

Early reports have shown that taurine, given to rats with ethanol-induced hepatic
steatosis, normalized liver enzymes and improved steatosis [293–296]. The protective
effects of taurine were attributed to the potential of bile acids, especially taurine-
conjugated bile acids (taurocholic acid) to inhibit the activity of some microsomal
enzymes (CYP2E1). A small study of ten children with fatty liver noted improved 
ALT and steatosis measured on CT [297]. Triacetyl uridine is a potentially important
cytoprotective agent in experimental choline-deficient rats, but has not been 
tested in humans [298]. Lecithin increases plasma free choline and decreases hepatic
steatosis in patients on long-term total parenteral nutrition, and other patients 
[299, 300].

Vitamin E has had positive effects in both experimental and human fatty liver
[301–303]. Its excellent safety profile favors its use in NAFL, although caution is war-
ranted in patients with prior coronary artery disease, in whom vitamin E is associ-
ated with blunted efficacy of statin drugs [304]. Less impressive results were seen in
one study of combination antioxidants [305]. However, a recent controlled trial com-
pared vitamin E, given for 1 year in 22 patients with various degrees of NAFL. Therapy
was associated with reduction of ALT, modest improvement of steatosis and inflam-
mation, and a significant reduction in the level of plasma transforming growth factor-
b1, which has been implicated in the development of hepatic fibrosis [306]. Another
recent randomized, placebo-controlled, double-blind study of vitamin E (1000 U) and
vitamin C (1000 mg) demonstrated a significant reduction in fibrosis in the treated
group [307].

Agents that potentiate the transmethylation pathways and augment the synthesis
of glutathione (GSH) have undergone study. In animal studies with alcoholic-induced
hepatic steatosis, S-adenosyl-methionine (SAM) replenished mitochondrial reduced
GSH [308–310]. It was also shown that SAM significantly increased cytoslic and mito-
chondrial GSH in ischemic-reperfused steatotic rats [311–313]. Human studies with
SAM in chronic liver disease have also been encouraging [314–316]. Betaine, a natu-
rally occurring metabolite of choline, and a methyl donor in an alternative pathway
for re-methylation of homocysteine to methionine, was studied in a small trial involv-
ing 10 NASH patients for 1 year [317, 318]. Transaminase normalized in 3, decreased
in 3, and was unchanged in 1 of the 7 patients who completed the study. Improvement
in the degree of steatosis and in necroinflammatory grade was noted. Miglio et al.
[319] studied 191 patients with NAFL treated with an oral form of betaine glucuronate
combined with diethanolamine glucuronate and nicotinamide ascorbate. They 
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noted improvement in hepatic steatosis, hepatomegaly, and aminotransferases. N-
Acetylcysteine (NAC) has been studied in animal models with hepatic steatosis 
[320, 321]. A small human study of 11 NASH patients, managed initially with diet 
regulation followed by NAC therapy, showed improvement in aminotransferases
[322].

Other miscellaneous agents with purported or suspected antioxidant effects include
silymarin [323]; this is a milk thistle derivative commonly used by patients, although
we are not aware of published studies of its use in NAFL. Others in this category
include histamine, which possesses indirect antioxidant properties [324], and the 21-
aminosteroids, a group of substances known as lazaroids, which may warrant pilot
work [325]. Probiotics have shown promise in an animal model, in which Li et al. [326]
showed that treatment with VSL#3 (a probiotic preparation) reduced hepatic total
fatty content, and decreased serum ALT levels. The authors conjectured that these
results supported the concept that intestinal bacteria induce signals that play a role
in hepatic insulin resistance and NAFLD [326]. Less is known about the potential
effects of selenium, b-carotene, ubiquinone (Co-Q), ethanolamines, niacinamide, glu-
cosamine, chondroitin, vitamin B complexes, vitamin C, and lipoic acid, all agents with
purported antioxidant effects.

Anti-Diabetic and Insulin-Sensitizing Agents

All of these agents represent a step up in the level of therapy above the mild side-
effect profiles of the cytoprotective or antioxidant agents and thus will likely be
restricted to patients with type 3–4 NAFL. Insulin, sometimes recommended early in
the course of type II diabetes [327], and sulfonylureas have not been adequately
addressed for their effects on the liver in patients with NAFL.

The newer class of agents known as thiazolidinediones (TZD) have been studied to
some extent, and early work shows their promise as therapeutic agents in NAFL
[328–334]. These agents stimulate nuclear transcription factors [335], alter skeletal
muscle glucose uptake (through increased GLUT4 activity) [336], decrease central adi-
posity [337], promote adipocyte differentiation, alter mitochondrial mass [338], and
alter thermogenesis [339]. The efficacy of troglitazone in lipodystrophy suggests a
primary effect on lipid metabolism and basal metabolism, since the respiratory quo-
tient (RQ) is altered [340]. We previously demonstrated a reduction in inflammatory
and fatty infiltration after a short course (3–6 months) of troglitazone, with no change
in apoptosis markers. This agent has been withdrawn due to rare but potentially fatal
idiosyncratic hepatotoxicity. However, pioglitazone and rosiglitazone, in two con-
trolled studies, by Sanyal [341] and Tetri [342], have also shown reduction in inflam-
mation and steatosis, as well as fibrosis. The effect on adipocyte differentiation
probably explains the shift in adiposity from central solid-organ deposition (includ-
ing liver) to peripheral fat stores in all human studies to date. Although hepatic effects
subside after therapy is stopped, the effect on peripheral fat stores appears to be a
lasting effect, as weight gain during therapy appears to persist after discontinuation
of the medication [343]. This is of obvious concern and will limit the overall utility
of these agents.

Metformin has undergone limited but promising studies in experimental and
human NAFL [344–347]. It appears to divert fatty acids from triglyceride production
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to mitochondrial beta oxidation [348]. Data regarding histological response in human
NAFL is very limited, but one report, by Ahmet Uygen et al. (personal communica-
tion) has shown histological improvement in a necroinflammatory index, although
details of this report are not yet available. Other candidate agents include acar-
bose [an a-glucosidase inhibitor) [349], acipimox (inhibits lipolysis) [350], and d-
chiro-inositol [351].

Anti-Hyperlipidemic Agents

Fibrates altered lipoprotein activity through the PPAR-a receptor, but had no histo-
logical effects in an early report by Laurin et al. [352]. However, bezafibrate has since
shown benefit in tamoxifen-associated steatohepatitis in one very small pilot study
[353]. In addition, Basaranoglu et al. [354] showed improvement in liver enzymes in
a study of gemfibrozil, but histology was not measured. The hydroxymethylglutaryl-
Co-enzyme A (HMG-CoA) reductase inhibitors, commonly known as statins, are
becoming increasingly popular agents for the treatment of hypercholesterolemia, but
their risk-benefit profile in fatty liver remains ill-defined [355]. A pilot study has
shown improvement in biochemical and histological parameters in a small sample of
patients treated with atorvastatin, and another recent report showed no significant
histologic differences between controls and patients using various statin drugs [356,
357]. However, a report of these drugs, subclinical skeletal muscle toxicity, character-
ized by the formation of ragged red fibers and mediated by mitochondrial injury
[358], is justifiable cause for concern for their longterm use in NAFL and raises
concern for silent liver injury. The potential injurious effects of ‘statin’ drugs is empha-
sized by the potential role of apoprotein metabolism in NAFL [359, 360]. Other lipid-
lowering agents such as colesevelam or other resin-binding agents have not been
investigated. Dietary changes, such as supplementation with polyunsaturated fats, are
discussed above.

Treatment of Secondary Causes of Hepatic Steatosis

Abnormal iron indices without frank hemochromatosis have been reported (see
above). Iron deposition could be detrimental in NAFL due to the pro-oxidant effects
of iron. One study has shown improvement in liver enzymes and insulin sensitivity
in a group of HFE gene-negative patients treated with serial phlebotomy for iron
reduction [361]. Whether this form of therapy has general applicability or is better
reserved for patients with evidence of iron overload remains to be seen. Hepatitis C
has been associated with steatosis, especially in patients with genotype 3a [362–367].
Recent studies have shown improvement of steatosis in chronic hepatitis C patients
after successful antiviral therapy [368–370]. On the other hand, Hickman et al. [371]
showed improvement of liver histology in chronic hepatitis C patients after weight
reduction alone. This remains to be resolved. A secondary form of NASH may be seen
in steroid-treated patients—it can be confused with persistent autoimmune hepatitis.
This has resolved after the withdrawal of the medication. Other secondary forms of
NAFL, such as that associated with tamoxifen, may be ameliorated by the addition of
anti-oxidants or cytoprotective agents, as noted above, but this remains conjectural.
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Liver Transplantation

NAFL patients who progress to cirrhosis are often poor candidates for transplanta-
tion, due to comorbid conditions. However, in the United States, firm guidelines do
not exist to exclude these patients from transplantation, although it is known that the
results of transplantation in obese patients are not as good as those in relatively lean
patients [372]. Both the recurrence of NASH, in patients with previously established
NASH leading to cirrhosis [373–376], and the occurrence of NASH, following trans-
plantation for cryptogenic cirrhosis [377, 378], have been reported. Progression to
steatohepatitis and subsequently to cirrhosis in the graft may be seen, although pre-
dictive factors and treatment have not been well defined. Immunosuppression could
play a role, due to the promotion of fatty liver and diabetes with corticosteroid 
use, and could have more direct effects, such as the effect of cyclosporine on the 
mitochondrion [379].
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Summary. Increasing lines of evidence indicate that obesity is an important risk
factor for the exacerbation of alcoholic liver disease (ALD) and nonalcoholic steato-
hepatitis (NASH). Leptin, an obese gene product, is a cytokine-type hormone mainly
produced from adipose tissue. Recently, it has been demonstrated that serum leptin
levels are increased in patients with alcoholic cirrhosis. In this study, therefore, we
investigated the role of leptin in hepatic fibrogenesis. Activated hepatic stellate cells
(HSCs) produced leptin during hepatic fibrogenesis. Xenobiotic-induced hepatic
fibrogenesis was almost completely abolished in ob/ob mice and Zucker (fa/fa) rats,
which are inborn leptin- and leptin receptor (Ob-R)-deficient animals, respectively.
Further, leptin increased transforming growth factor (TGF)-b mRNA in isolated sinu-
soidal endothelial cells and Kupffer cells. Moreover, leptin augmented platelet-derived
growth factor (PDGF)-dependent proliferation of HSCs. Taken together, these find-
ings lead to the postulation that leptin acts as a profibrogenic cytokine in the 
sinusoidal microenvironment. In conclusion, leptin most likely plays a pivotal role in
the progression of hepatic fibrosis in a variety of chronic liver diseases, including
NASH.

Key words. NASH, Hepatic fibrogenesis, Leptin, Sinusoidal cells, TGF-b

Introduction

Accumulating lines of evidence suggest that alcoholic liver disease (ALD) and nonal-
coholic steatohepatitis (NASH) share a common pathophysiological basis, in terms of
inflammation and fibrogenesis. Because NASH is often associated with metabolic syn-
drome, comprising obesity, type-2 diabetes, and hypertension, it is hypothesized that
adipocytokines, insulin resistance, and autonomic nervous regulation play causative
roles in the disease progression of NASH. Leptin, an obese gene product mainly pro-
duced from adipocytes, is a cytokine-type hormone that regulates food intake and fat
metabolism through actions on the central nervous system [1]. Recently, McCullough
et al. [2] reported that serum leptin levels were increased in patients with alcoholic
cirrhosis. Further, hepatic stellate cells (HSCs) have been shown to produce leptin
when they become activated [3]. Moreover, the coadministration of recombinant
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leptin augments the inflammation and fibrogenesis in the liver caused by hepatotoxic
xenobiotics [4]. These findings lead to the hypothesis that leptin plays a pivotal role
in profibrogenic responses in the liver.

Leptin receptors (Ob-R) were originally shown in hypothalamic neurons, through
which leptin regulates food intake and body weight [5]. In fact, homozygous muta-
tions of the leptin receptor gene have been identified in rodents (i.e., db/db mice and
Zucker rats), which are also associated with obesity [6, 7]. There are several isoforms
of Ob-R, which are splice variants with the same extracellular domain. The most ubiq-
uitous form of Ob-R is a short-form receptor (Ob-Ra); however, the function of this
receptor isoform remains unclear. In contrast, a long-form leptin receptor (Ob-Rb),
which contains a longer intracellular domain, is known to activate the Janus kinase
(JAK)-STAT-3 pathway, leading to the transcriptional regulation of target genes (Fig.
1). In the present study, we investigated the expression and functions of Ob-R in
hepatic sinusoidal cells in order to elucidate the mechanisms underlying the profi-
brogenic action of leptin in the liver.

Poor Hepatic Fibrogenesis in Leptin- and Ob-R-Deficient Animals

In a previous study, we [4], demonstrated that administration of recombinant leptin
augmented profibrogenic responses in the liver caused by xenobiotics (i.e., carbon
tetrachloride and thioacetamide [TAA]) in mice. These observations led us to inves-
tigate whether endogenous leptin promoted hepatic fibrogenesis. To answer this ques-
tion, we utilized ob/ob mice, which lack leptin due to naturally occurring disruption
of the leptin gene. Interestingly, ob/ob mice demonstrate extremely poor profibro-
genic responses to xenobiotic treatment [8], suggesting that leptin is one of the key
regulators of hepatic fibrogenesis.
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Ob-Ra
Ob-Rc
Ob-Rd

Box 1
Box 2
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Fig. 1. Isoforms of leptin receptors (Ob-R). Ob-Ra, short-form Ob-R; Ob-Rb, long-form Ob-R.
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Next, we evaluated the role of Ob-R in hepatic fibrogenesis, using Zucker (fa/fa)
rats, which lack functional Ob-R due to a missense mutation in the common, extra-
cellular domain [9]. Zucker rats presented extremely poor profibrogenic responses in
the liver caused by chronic TAA treatment as compared to their lean littermates (Fig.
2), indicating that Ob-R is involved in the profibrogenic response in the liver. Overt
expression of a smooth muscle actin (SMA) in the liver was observed in lean litter-
mates given TAA, whereas aSMA staining was almost negative in Zucker rats even
when they were treated with the equivalent amount of TAA. In clear contrast, HSCs
isolated from Zucker rats transactivated in vitro were almost the same as the cells iso-
lated from their lean littermates, in terms of the induction of aSMA and steady-state
mRNA levels of a1(I)procollagen. This discrepancy in HSC transactivation in vivo
and in vitro led us to investigate the expression of Ob-R isoforms in sinusoidal cells.

Sinusoidal Endothelial Cells and Kupffer Cells Express 
a Functional Ob-R

To determine whether sinusoidal cells express Ob-R isoforms, mRNA for Ob-Ra and
Ob-Rb were detected by reverse transcription-polymerase chain reaction (RT-PCR).
As expected, Ob-Ra mRNA was detected ubiquitously in HSCs and sinusoidal
endothelial cells (SECs). In contrast, Ob-Rb was detected clearly only in SECs and
Kupffer cells, but not in 7-day cultured HSCs. Next, to confirm the expression of func-
tional receptors, phosphorylation of STAT-3 was measured by Western blotting. Tyro-
sine phosphorylation of STAT-3 was clearly detected in SECs when they were treated
with leptin (100 nM) for 1 h. In sharp contrast, STAT-3 phosphorylation was barely
detectable in rat HSCs even they were incubated with the same dose of leptin. These
findings indicated that primary cultured rat SECs express both Ob-Ra and functional

Fig. 2A,B. Thioacetamide (TAA)-induced hepatic fibrosis in Zucker (fa/fa) rats. Male Zucker
(fa/fa) rats and their lean littermates (+/?) were given repeated intraperitoneal injections of TAA,
(200 mg/kg body weight [BW], three times/week) for 8 weeks, and liver histology was assessed
by picro-sirius red staining. A Control rats (+/?) treated with TAA. B Zucker (fa/fa) rats given
TAA. ¥40.
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Ob-Rb constitutively. Kupffer cells are also positive for the constitutive expression of
Ob-Rb. Isolated HSCs, however, appear to express only Ob-Ra, but not Ob-Rb.

Next, we examined whether leptin activated the activator protein (AP)-1 DNA
binding in isolated Kupffer cells. The addition of leptin to the medium for 1 h
increased AP-1 DNA binding activity in a dose-dependent manner. Further, the effect
of leptin on steady-state levels of mRNA for transforming growth factor (TGF)-b1
mRNA in Kupffer cells was measured by ribonuclease protection assay. TGF-b1 mRNA
levels increased nearly twofold over controls 3–6 h after leptin treatment (100 nM).
Similar, increases in AP-1 DNA binding activity and steady-state mRNA levels of TGF-
b1 were observed in LSE cells, a human sinusoidal endothelial cell-derived cell line
[9]. In contrast, leptin did not increase steady-state mRNA levels of TGF-b1 in iso-
lated HSCs [8]. Collectively, these observations indicate that leptin most likely upreg-
ulates the transcriptional activities of the TGF-b1 gene in Kupffer cells and SECs
through the activation of AP-1. It is hypothesized that Ob-Rb-mediated signaling,
which is predominant in Kupffer cells and SECs, upregulates the production/activa-
tion of TGF-b, thereby facilitating tissue repair and profibrogenic responses in the
sinusoidal microenvironment (Fig. 3).

Leptin Facilitates the Proliferation of Hepatic Stellate Cells

As stated above, we have observed that HSCs isolated from Ob-R-deficient Zucker
(fa/fa) rats undergo an almost normal transactivation process in vitro [9], suggesting
that Ob-R in HSCs is not essential for their activation. On the other hand, emerging
lines of evidence suggest the possibility that leptin affects collagen synthesis in iso-
lated HSCs [10]. In line with these observations, we investigated the effect of leptin
on the proliferation of HSCs in vitro. The proliferation of 3-day cultured rat HSCs was

Fig. 3. Leptin is involved in hepatic fibrogenesis: working hypothesis. SECs, sinusoidal endothe-
lial cells; HSCs, hepatic stellate cells; TGF-b, transforming growth factor-b.



48 K. Ikejima et al.

assessed by the incorporation of 5-bromo-2¢-deoxyuridine (BrdU) into the nuclei. The
percentages of BrdU-positive cells were increased in the presence of platelet-derived
growth factor (PDGF)-BB (5 ng/ml) for 8 h, as expected. Co-incubation with leptin
(10–100 nM) potentiated this PDGF-dependent increase in BrdU-positive cells in a
dose-dependent manner. Messenger RNA for PDGF receptor a and b subunits was
increased almost two- to threefold by incubation with leptin for 6 h. Further, prein-
cubation with leptin for 6 h enhanced PDGF-induced increases in phospho-p44/42
mitogen activated protein (MAP) kinase and phospho-Akt levels in a dose-depend-
ent manner. In the same condition, however, leptin per se did not increase phospho-
STAT 3 and phospho-p44/42 MAP kinase levels. Instead, leptin increased phospho-Akt
levels in HSCs within 30 min, suggesting that the phosphatidylinositol 3 kinase
(PI3K)/Akt pathway is involved in the mechanism by which leptin accelerates the pro-
liferation of HSCs (Fig. 4). Taken together, these findings clearly indicate that leptin
potentiates the PDGF-dependent proliferative responses of HSCs in vitro.

Conclusion

Leptin and its functional receptors play a crucial role in hepatic fibrogenesis, most
likely through the upregulation of TGF-b expression in the liver. Further, leptin aug-
ments PDGF-dependent proliferative responses in HSCs, most likely through actions
involving the PI3K/Akt pathway. On the other hand, it is likely that leptin ameliorates
hepatic steatosis and inflammatory responses. Taken together, these findings suggest
that leptin can be characterized as a tissue-repairing cytokine (Fig. 5). In conclusion,
it is postulated that leptin, produced systemically from adipose tissue and locally from
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Hepatic stellate cells
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ObRa
PDGF-R
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ERK
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Fig. 4. Leptin enhances platelet-derived growth factor (PDGF)-dependent proliferative
responses in hepatic stellate cells.
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HSCs, contributes to the progression of hepatic fibrosis in a variety of obesity-related
chronic liver diseases, including NASH.
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Summary. Nonalcoholic steatohepatitis (NASH) has a wide spectrum of histopatho-
logical features in terms of the necroinflammatory grading and the staging of fibrosis.
Among these features, steatosis, necroinflammatory changes in the acinus (lobular
hepatitis), and fibrosis show a definite zonal heterogeneity in liver acini; namely, a
zone-3 predominance. Macrovesicular liver-cell steatosis is usually seen in zone 3. Bal-
looning degeneration and Mallory’s hyaline are predominantly observed in liver cells
in acinar zone 3, and the activation of Kupffer’s cells and hepatic stellate cells (HSCs)
is also present in zone 3. The basic and initial fibrosis that characterizes NASH also
occurs in zone 3. This zone-3 predominance from the initial features through to the
subsequent fibrosis in NASH suggests that injurious process(es) preferentially hit liver
cells in zone 3. Based on the excessive deposition of neutral fat,cytochrome P450 (CYP)
2E1 may be induced, associated with the influence of other factors. The activated
enzyme may generate free radicals, initiating lipid peroxidation. The aldehyde metabo-
lites of lipid peroxidation may cause lobular hepatitis. Following the liver cell necrosis
that occurs due to the inflammation, zone-3 fibrosis initially develops, associated with
the activation of HSCs in that location. These sequential events that occur predomi-
nantly in zone 3 may, in part, reflect the complicated pathogensis of NASH.

Key words. NASH, Histopathology, Liver acinus, Hepatic stellate cell, Zone 3 fibrosis

Introduction

Nonalcoholic steatohepatitis (NASH), a liver disease defined by both clinical (nonal-
coholic) and histopathological (steatohepatitis) characteristics [1–3], is a common
form of chronic fibrotic disease. Needle-biopsied liver tissues obtained from patients
with NASH show varied appearances from patient to patient in the extent of
histopathological changes and their zonal distribution in liver acini. The main
histopathological findings are roughly classified into four categories; liver cell 
steatosis-associated findings, necroinflammatory changes in acini (lobular hepatitis)
and in portal tracts (portal hepatitis), and fibrosis of various degrees. The first cate-
gory includes macrovesicular liver-cell steatosis, fatty cysts, and glycogenated nuclei



of liver cells. The features of lobular hepatitis consist of liver-cell degeneration, except
for fatty changes and liver-cell necrosis. Liver cells with ballooning degeneration,
Mallory’s hyaline, and siderosis appear. Single-cell death and focal necrosis of liver
cells are seen in a scattered pattern. Ultrastructurally, megamitochondria with
paracrystalline inclusions are occasionally observed in liver cells. Activation of
Kupffer cells and hepatic stellate cells (HSCs) also occurs. Chronic and acute inflam-
matory cells infiltrate the liver acini. In addition to these features of lobular hepati-
tis, features of portal hepatitis may also be present, although the changes are less
marked than those in lobular hepatitis. The continued presence of liver cell necrosis
and inflammation leads to fibrosis, predominantly intraacinar in location, and this
gradually increases in severity and distribution, until cryptogenic liver cirrhosis
occurs [4–6].

The aim of the present chapter is to demonstrate the zonal heterogeneity of various
histopathological finding in liver acini; namely, a zone-3 predominance, and to show
the changes of HSCs, with reference to liver fibrosis, in patients with NASH.

Zonal Heterogeneity of Histopathological Findings in Liver Acini 
in NASH

Table 1 summarizes the main histopathological findings in NASH and the zone 
predominantly involved in liver acini. According to Brunt et al. [2] and Brunt [3],
steatosis (predominantly macrovesicular), mild mixed lobular inflammation (which
includes scattered polymorphonuclear leukocytes, as well as mononuclear cells), and
hepatocellular ballooning are necessarily present as components of NASH. Perisinu-
soidal fibrosis, glycogenated nuclei of liver cells, lipogranulomas, acidophil bodies, d-
PAS-positive Kupffer’s cells, and fatty cysts are usually present, but are not necessary
for diagnosis. Mallory’s hyaline and iron deposition, as well as megamitochondria in
liver cells, may be present, but these also are not necessary for diagnosis.

It is generally accepted that NASH has a wide spectrum of histopathological 
features in terms of necroinflammatory grading and staging of the fibrosis [2, 3],
although diffuse involvement of the liver is common. In early-stage and mild cases of
NASH, significant steatosis of liver cells, with mild lobular inflammation, but without
any evidence of fibrosis, may be present [2]. Active and severe cases of NASH may
show almost all the findings listed in Table 1, and in such cases, it is not difficult to
make a histopathological diagnosis of NASH or steatohepatitis. With progression of
the disease, the livers in patients with NASH show increased fibrosis stage [2, 3], asso-
ciated with the architectural distortion of the acinus, and the condition ultimately
develops to cryptogenic cirrhosis [4–6].

In NASH, most of the histopathological features in liver acini, show a relatively clear
zonal heterogeneity in intensity, possibly reflected the underlying pathogenesis. With
the progression of NASH, the histopathological features extend into adjacent zones
and occasionally to all acinar zones, resulting in the disappearance of the zonal het-
erogeneity of the features. The macrovesicular steatosis that characterizes NASH is
predominantly present in acinar zone-3 liver cells, with initial relative sparing of zone
1 [3]. In some cases the steatosis extends beyond zone 3 into zones 2 and 1. On the
other hand, the hepatic steatosis may almost disappear after the development of cir-
rhosis [4–6]. Glycogenated nuclei are usually seen in nonsteatotic liver cells in zone 1
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[2, 3] and are never seen in steatotic liver cells in zone 3. According to Brunt [3], bal-
looning degeneration is most apparent near steatotic liver cells, typically in zone 3.
Mallory’s hyaline, when present, is located in the ballooned hepatocytes in zone 3.
Granular iron deposition is reported in liver cells in zone 1, although NASH cases in
Japan usually show no or mild iron deposition. Immunohistochemistry of formalin-
fixed, paraffin-embedded needle liver biopsy sections demonstrates the distribution
of cytochrome P450 (CYP) 2E1 (the principal microsomal catalyst of lipid peroxida-
tion) [7, 8], or the distribution of microsomal lipoxygenase [9]. In normal human
livers, the enzyme distribution is confined to a thin layer, two to three cells thick,
around the terminal hepatic venules [7]. In NASH, immunostaining for CYP 2E1
shows an intense staining pattern in zone 3 extending into zone 2, corresponding 
to the acinar distribution of steatosis [7] (Fig. 1). The increased CYP 2E1 activity 
may contribute to the development and progression of necroinflammatory changes
(lobular hepatitis) in NASH, through the increased production of free radicals, initi-
ating significant lipid peroxidation [10]. The highly reactive aldehyde products of lipid
peroxidation, 4-hydroxy-2¢-nonenal (HNE) and malondialdehyde (MDA), are capable

Table 1. The main histopathological lesions and the acinar zone predominantly involved in
NASH
Lesions Acinar zone predominantly involved

1. Steatosis—associated lesions
Liver cell steatosis (predominantly In zone 3 [2, 3]

macrovesicular)
Fatty cysts
Glycogenated nuclei of liver cells Preferentially in zone 1 [2, 3]

2. Lobular hepatitis—associated lesions
Liver cell degeneration, except for fatty

changes and necrosis
Ballooning degeneration In zone 3 [3]
Mallory’s hyaline In zone 3 [3]
Single-cell death (acidophil bodies)
Focal necrosis

Megamitochondria with paracrystalline
inclusions

Iron deposition in liver cells Zone 1 [3]
Induction of cytochrome P450 2E1 in liver cells Zone 3 [7]
Lipid peroxidation product (HNE) in liver cells Zone 3 [12]
Lipogranuloma (fat granuloma)
Kupffer cell activation Zone 3 [13]

Ceroid macrophages
Activation of hepatic stellate cells Zone 3 [16, 17]
Chronic and acute inflammatory cell infiltrates

Neutrophils Frequently seen around degenerated
liver cells with Mallory’s hyaline [2, 3]

3. Portal hepatitis—associated lesions
4. Fibrosis

Perivenular
Pericellular and/or perisinusoidal Zone 3 [2, 3]

NASH, nonalcoholic steatohepatitis; HNE, 4-Hydroxy-2¢-nonenal
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Fig. 1. Liver section from a patient with nonalcoholic steatohepatitis (NASH). Immunostaining
for cytochrome P450 (CYP) 2E1. The immunostaining for CYP 2E1 is intense in steatotic liver
cells in zone 3 (left lower half of Fig.), while nonsteatotic liver cells in zone 1 (right upper half )
are negative for CYP 2E1. P, portal tract. Scale bar, 100mm.
Fig. 2. Liver section from a patient with NASH. Immunostaining for 4-hydroxy-2¢-nonenal
(HNE). HNE is mainly detected in steatotic liver cells in zone 3. Scale bar, 20mm.
Fig. 3. Liver section from a patient with NASH. Immunostaining for a-smooth muscle actin
(SMA). In the area of zone-3 fibrosis,a-SMA-positive hepatic stellate cells (HSCs) are increased
in number and become spindle-shaped, showing a myofibroblast-like transformation. Scale bar,
50mm.
Fig. 4. Liver section from a patient with NASH. Immunostaining for leptin. HSCs adjacent to
steatotic liver cells in zone 3 are positive for leptin, although they contain a few fat droplets.
Scale bar, 20mm.
Fig. 5. Liver section from a patient with NASH. Immunostaining for a-smooth muscle actin 
(a-SMA). Adjacent to steatotic liver cells,a-SMA-positive hepatic stellate cells are seen, but they
are enlarged and contain some small fat droplets. Scale bar, 20mm.
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of activating HSCs [10, 11], cross-linking cytokeratins to form Mallory’s hyaline, and
stimulating neutrophil chemotaxis. MDA may also contribute to the inflammation by
activating nuclear factor (NF)-kB [10]. In cases of NASH, HNE, one of the most reli-
able immunohistochemical markers for peroxidation, is widely detected, and is local-
ized in the cytoplasm of steatotic hepatocytes (Fig. 2), as well as in sinusoidal cells,
with a predominance in zone 3 [12], although no immunostaining for HNE is observed
in normal human livers. In cases of steatohepatitis, Kupffer’s cells in perivenular
regions are prominently enlarged and aggregated, while those in zones 2 and 1 are
neither enlarged nor aggregated; the appearance of individual Kupffer’s cells in these
zones is identical to that in normal livers [13].

Activation of Hepatic Stellate Cells and Zone 3 Fibrosis

In liver fibrosis, after liver-cell necrosis occurs, adjacent HSCs are promptly activated,
proliferate, and undergo phenotypic transformation from vitamin A-storing cells (a
feature of HSCs in the quiescent stage) into myofibroblast-like cells that express pos-
itive immunostaining for a-smooth muscle actin (a-SMA)[14] (Fig. 3). It is generally
accepted that the a-SMA-positive activated HSCs become the principal cells involved
in producing almost all components of the extracellular matrix and participating in
liver fibrosis, regardless of the etiology. Activated HSCs can also express leptin [15]
(Fig. 4). In cases of NASH, the number of activated HSCs is increased in zone 3 [16,
17]. A clear correlation between the degree of HSC activation and lobular and portal
inflammation is reported [17]. In most cases, the degree of HSC activation parallels
the degree of hepatic fibrosis [16]. However, a-SMA-positive HSCs simultaneously
showing features of the quiescent and the activated stages of the cells are occasion-
ally seen in zone 3 (Fig. 5). The pathological significance of such HSCs, having both
activated and quiescent features (a-SMA-positive HSCs with some small intracyto-

Fig. 6. Liver section from a patient with NASH. Activated HSCs, showing myofibroblast-like
transformation in zone-3 fibrosis. In the cytoplasm, well-developed rough-surfaced endoplas-
mic reticulum and Golgi complex are present. Along the cell membrane, dense bodies are fre-
quently seen. Arrows indicate activated HSCs. H, steatotic liver cell. Scale bar, 3mm.
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Fig. 7a–d. Liver sections from patients with NASH; silver impregnation, showing lower magni-
fication (a and b) and higher magnification (c and d) of fibrotic lesions. a Shows stage 1, with
zone-3 fibrosis; b shows stage 3, with central-central (C-C) bridging fibrosis as well as portal
fibrosis. c and d Show zone-3 fibrosis of various degrees and patterns. a and b, Scale bars, 200
mm; c and d, scale bars, 100mm.

plasmic fat droplets containing vitamin A) is not yet clear. Fig. 6 shows the ultra-
structure of activated HSCs. According to the fibrosis staging for NASH proposed by
Brunt et al. [2] and Brunt [3], in stage 0, no fibrosis is present in livers. Stage 1 patients
show zone-3 perisinusoidal/pericellular fibrosis, which is either focal or extensive (Fig.
7a, c, d). In stage 2, there is periportal fibrosis of varying degrees, and in stage 3 there
is central-central (C-C), and portal-central (P-C) bridging fibrosis (Fig. 7b). The
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Fig. 8. Schematic presentation of fibrosis staging in NASH. Zone-3 fibrosis is the initial and
basic pattern of fibrosis in NASH, and it contrasts markedly with the periportal and portal-
based fibrosis seen in chronic viral hepatitis. S, stage.

causes of the periportal fibrosis seen in various degrees in stage 2 remain unclear.
Stage 4 is the stage of cirrhosis (Fig. 8).

Conclusions

The livers of patients with NASH show a wide spectrum of histopathological features.
Most of the features show definite zonal heterogeneity; namely, predominance in zone
3, compared with findings in zones 1 and 2. This suggests that the initial and major
injurious process(es) in NASH may hit liver cells in zone 3, resulting in significant
liver-cell steatosis. Based on the liver-cell steatosis, CYP 2E1 may be induced through
the disturbance of lipid metabolism. The activated enzyme may generate free radi-
cals, initiating lipid peroxidation. The cytotoxic lipid peroxidation byproducts may
then cause inflammation in that location. After the liver-cell necrosis that occurs due



to the inflammation, the zone-3 fibrosis that characterizes NASH occurs, associated
with the activation of HSCs. These sequential events may reflect the multiple factors
involved, and the complicated pathogenesis of NASH.
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Summary. The pathogenesis of nonalcoholic steatohepatitis (NASH) is not under-
stood well. Therefore, it is necessary to examine genetic influences on NASH patho-
genesis. Two functional polymorphisms were studied: the -493 G/T polymorphism in
the promoter of microsomal triglyceride transfer protein (MTP) and the 1183 T/C
polymorphism in the mitochondrial targeting sequence of manganese superoxide 
dismutase (MnSOD). The G allele in the MTP promoter leads to decreased MTP tran-
scription, less export of triglyceride from hepatocytes, and greater intracellular
triglyceride accumulation. In addition, glucose intolerance with hyperinsulinemia,
which may be responsible for down-regulating MTP mRNA expression, is frequent
among NASH patients, as observed in caucasians. The T allele in the MnSOD mito-
chondrial targeting sequence leads to less transport of MnSOD to the mitochondria.
Blood samples from patients with biopsy-proven NASH and healthy controls were
analyzed by the polymerase chain reaction (PCR) and restriction fragment length
polymorphism (RFLP). Functional polymorphisms in MTP and MnSOD were
revealed to be involved in determining susceptibility to NASH in Japanese.

Key words. Fatty liver, Single-nucleotide polymorphism, Manganese-SOD, Microso-
mal triglyceride transfer protein, Obesity

Introduction

The term “nonalcoholic steatohepatitis (NASH)” is used to describe a form of liver
injury that is indistinguishable from alcoholic hepatitis [1]. The pathological features
of NASH reveal hepatic steatosis with hepatocellular injury, focal mixed cell-type
inflammation, and fibrosis [2, 3]. In fact, most cases of NASH appear to have a multi-
factorial etiopathogenesis. Current models propose a “two-hit” hypothesis, whereby
lipid first accumulates in hepatocytes, then triggers inflammation by a variety of
mechanisms [4]. Accumulated data support this idea. For example, obesity was found
in half of a cohort of patients with cryptogenic cirrhosis [5].
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Genetic variation in lipid metabolism may produce differences in the speed and
extent of hepatocyte lipid accumulation, the “first hit.” One relevant enzyme is the
microsomal triglyceride transfer protein (MTP). This protein transfers triglycerides
to nascent apolipoprotein B, producing very-low-density lipoprotein (VLDL) and
removing lipid from the hepatocyte. Patients with abetalipoproteinemia, an autoso-
mal recessive disease caused by mutations in the MTP coding region, develop marked
hepatic steatosis early in life [6]. MTP mRNA expression in human hepatocytes is
downregulated by insulin (7).

There is considerable evidence for the role of oxidative damage in NASH, one of
the “second hits”. In a steatotic liver, free fatty acids are diverted to the mitochondria,
where they are oxidized by beta-oxidation, and may generate increased amounts of
reactive oxygen species (ROS). Lipid peroxidation likely damages plasma and intra-
cellular membranes, leading to apoptosis and necrosis of hepatocytes. Lipid peroxi-
dation end-products (malondialdehyde and 4-hydroxy-2-nonenal [HNE]) may also
trigger inflammatory and immune-mediated mechanisms of hepatocyte injury [8].
Animal models of nonalcoholic fatty liver disease and biopsy specimens of patients
with alcoholic liver disease have shown that the degree of lipid peroxidation in the
liver correlates with the extent of steatosis.

One enzyme that is important in detoxifying mitochondrial ROS is manganese
superoxide dismutase (MnSOD). This enzyme is synthesized in the cytosol and mod-
ified post-transcriptionally for transport to the mitochondria [9]. A limited number
of polymorphisms have been described for MnSOD, including a T/C polymorphism
in the mitochondrial targeting sequence. This polymorphism leads to a valine-to-
alanine amino- acid change in the mitochondrial targeting sequence. In turn, this
amino-acid substitution may alter the helical structure of the mitochondrial target-
ing sequence, enhancing the transport of MnSOD into the mitochondrial matrix 
[10].

Here, we review the importance of hyperinsulinemia and functional polymor-
phisms of MTP and MnSOD in determining an individual’s susceptibility to NASH
(Fig. 1).

Fig. 1. Fatty acid metabolism
pathway in the liver, and the
development of hepatic steato-
sis. VLDL, very low density
lipoprotein; MTP, microsomal
triglyceride transfer protein;
SNP, single-nucleotide poly-
morphism; NASH, nonalcoholic
steatohepatitis; SOD, superox-
ide dismutase.
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Hyperinsulinemia

NASH is often linked with disorders that are clearly associated with insulin resistance,
obesity, hypertriglyceridemia, and type 2 diabetes mellitus. Fasting plasma insulin
level is high in two-thirds of NASH patients (Fig. 2). The majority of NASH patients
have glucose intolerance when challenged with 75 g oral glucose (Fig. 3). This is a fre-
quent observation in western countries; however, glucose intolerance with hyper-
insulinemia is an infrequent observation among Japanese, because the majority of
glucose intolerance observed in Japanese is associated with impaired insulin secre-
tion. This unusual frequency of hyperinsulinemia in NASH patients reveals the impor-
tance of hyperinsulinemia in the development of NASH. It is important to remember
that hyperinsulinemia results in downregulated hepatic fatty-acid beta-oxidation and
mRNA expression of MTP [7].

Functional-493 G/T Polymorphism in the Promoter of Microsomal
Triglyceride Transfer Protein (MTP)

Recently, hepatic steatosis in patients with chronic hepatitis C has attracted much
attention. Hepatitis C virus core protein was proved to inhibit MTP activity and VLDL
secretion [11]. The G allele has been previously shown to produce less MTP gene tran-
scription than the T allele. Less MTP activity would lead to lower excretion of triglyc-
eride as VLDL, and greater accumulation of lipid in the hepatocytes [12]. Thus, the 
G allele in the MTP promoter would render a patient more susceptible to steatosis,

Fig. 2. Levels of fasting plasma
glucose (FPG) and fasting
plasma insulin in NASH
patients. IRI, immunoreactive
insulin.
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the “first hit” in the “two-hit” hypothesis of NASH pathogenesis. The G/G genotype is
observed in 60% of Japanese [13]. The increased susceptibility to steatosis is appar-
ent in a wide population of NASH patients in Japan. The stage of fibrosis, assessed by
Brunt’s criteria, was significantly higher in NASH patients with the G/G genotype than
in patients with the G/T genotype. However, there were no significant differences in
terms of age, body mass index (BMI) or levels of alanine aminotransferase (ALT),
fasting triglyceride, and total cholesterol between the G/G-genotype and the G/T-
genotype groups.

Functional 1183 T/C Polymorphism in the Targeting Sequence of
Manganese Superoxide Dismutase (MnSOD)

Excessive oxidative stress has been suggested as the “second hit”, by a pathophysio-
logic molecule, in the development of NASH [14]. MnSOD, a potent scavenger, of
oxygen free radicals, localized to mitochondria, has a key role in preventing oxidative
stress to hepatocytes. Less effective targeting of MnSOD to mitochondria may affect
a patient’s susceptibility to NASH, by decreasing the capacity to detoxify superoxide
anions produced in mitochondria and increasing the susceptibility to excessive 
oxidative stress in hepatocytes [15]. In fact, as the T allele results in less effective tar-
geting of MnSOD [16], higher oxidative stress may result in a higher prevalence of
NASH. The T/T genotype frequency in NASH patients was found to be significantly
higher than that in controls [13]. Unfortunately, the C allele was shown to have a 

Fig. 3. 75-g Oral glucose tolerance test in NASH patients.



lower prevalence in Japanese than in Chinese and European populations. This may
render Japanese people more susceptible to oxidative stress in hepatocytes than other
populations.

Conclusions

Severe insulin resistance with hyperinsulinemia is a characteristic clinical feature in
Japanese NASH patients, as well as in NASH patients from other ethnic groups,
although the majority of Japanese NASH patients have impaired insulin secretion.
However, the frequency of Japanese NASH patients with both the G/G genotype of
MTP and the T/T genotype of MnSOD was significantly higher than that in healthy
volunteers. This may render Japanese more susceptible to oxidative stress in hepato-
cytes than other populations in the world.
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Summary. To clarify the biochemical markers to discriminate between nonalcoholic
steatohepatitis (NASH) and simple steatosis in Japanese patients and to clarify the
clinicopathological features of NASH, we analyzed patients with NASH and simple
fatty liver (FL). Seventy-five patients with biopsy-proven NASH and 53 patients with
biopsy-proven FL were enrolled. Their clinical characteristics and histological find-
ings were compared. Detection of GB virus (GBV) RNA and SEN virus (SENV) DNA
was performed by polymerase chain reaction (PCR). Mutational analysis of the HFE
gene was performed by PCR-restriction fragment length polymorphism. As a marker
of oxidative stress, serum thioredoxin (TRX) levels were determined. Insulin resist-
ance was evaluated by a homeostasis model assessment of insulin resistance (HOMA-
IR). Serum TRX levels were significantly elevated in patients with NASH, compared
with patients with FL. GBV was detectable in the serum of only one patient with
NASH. SEN virus was detected in 50% (15/30) of the patients tested, but the preva-
lence was not significantly different between the two groups (42% [8/19] in FL and
64% [7/11] in NASH). The HFE gene was not detected in any patient. We constructed
a receiver operating characteristic (ROC) curve which confirmed that serum TRX and
ferritin levels were predictors for distinguishing NASH from FL. HOMA-IR was higher
in NASH patients than in FL patients. The pathogenesis of NASH may be associated
with insulin resistance and iron-related oxidative stress. The serum TRX level is a
parameter for discriminating NASH from simple steatosis.

Key words. Nonalcoholic steatohepatitis, Serum ferritin, Oxidative stress, Thiore-
doxin, Insulin resistance

Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined as the clinical condition charac-
terized by predominantly macrovesicular steatosis of the liver. It is important to dis-
tinguish nonalcoholic steatohepatitis (NASH) from simple fatty liver (FL), because the
former can progress to cirrhosis and hepatocellular carcinoma (HCC), while the latter
is considered to be a nonprogressive benign disease [1–3]. Although growing evidence
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supports oxidative stress as the most important factor for the development of NASH,
its pathogenic mechanisms are yet to be clearly elucidated [2, 4, 5].

Iron is considered a putative element that interacts with oxygen radicals to induce
liver damage and fibrosis [6]. High frequencies of hyperferritinemia and increased
hepatic iron stores in NASH have been demonstrated, and an association between HFE
mutations (C282Y and H63D), hepatic iron overload, and NASH has been suggested
[6].

Thioredoxin (TRX) has a variety of biological activities, including the scavenging
of active oxygen radicals and the regulation of redox-sensitive molecules. Since TRX
is induced by many forms of oxidative stress, serum TRX levels are believed to be a
clinically useful indicator of oxidative stress [7, 8].

In most NASH patients, the disease is associated with obesity, hyperlipidemia, and
type 2 diabetes mellitus. Thus, it has been considered that insulin resistance plays an
important role in the development of NASH.

Certain viruses identified recently have been controversial as to whether infection
with such viruses leads to the development of chronic liver disease. GB virus (GBV)
was initially suggested as a causative agent of non-A to -E hepatitis, and furthermore
as a potential confounder for the progression to NASH [9–11]. TT virus (TTV) was
identified from the sera of patients with transfusion-associated hepatitis [12]. There
is a possibility that certain TTV genotypes, including genotype 1, influence the devel-
opment of necrosis, inflammation, and fibrosis of the liver in NAFLD patients [13].
Recently, a novel DNA virus, distantly related to the TTV, was detected in the serum
of an intravenous drug abuser also infected with human immunodeficiency virus, and
was designated SEN virus (SENV) [14, 15]. Eight different strains have been isolated;
SENV-A to -H. Genotypes SENV-D and SENV-H were more prevalent in the serum
samples of patients with transfusion-associated non-A to -E hepatitis [16].

There have not been any reports on the association between SENV infection and
NAFLD, and very few reports dealing with GBV infection in patients with NAFLD.

Patients, Materials, and Methods

Patients

Seventy-five patients with NASH and 53 patients with FL, diagnosed by liver biopsy,
performed at the Department of Gastroenterology and Hepatology, Kyoto Prefectural
University of Medicine and related institutions, were enrolled in this study. The degree
of obesity was expressed by the body mass index (BMI). A BMI of more than 25 was
defined as indicating obesity. Insulin resistance was expressed by homeostasis model
assessment for insulin resistance (HOMA-IR). The study protocols were reviewed and
approved by the appropriate institutional review boards, and informed consent was
obtained from each subject.

Laboratory Data

Serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma
glutamyl transpeptidase (GGT), ferritin, total cholesterol (T-Chol), triglyceride (TG),
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fasting glucose, immunoreactive insulin (IRI), and platelet count (PLT) were deter-
mined. Serum TRX levels were examined in some patients.

Liver Histology

Biopsy specimens were stained with hematoxylin and eosin and Masson’s trichrome,
and with Perls’ Prussian blue stain for assessment of iron loading. Steatosis was graded
as follows: 1, fewer than 33% of hepatocytes affected; 2, 33%–66% of hepatocytes
affected; and 3, more than 66% of hepatocytes affected. Diagnosis of NASH was estab-
lished by the combined presence of pericentral macrovesicular steatosis, hepatocyte
injury and necrosis, mixed inflammatory infiltration, and variable degrees of fibrosis.
The degree of inflammation and fibrosis was assessed according to the grading (0 to
3) and staging (0 to 4) system for NASH proposed by Brunt et al. [17]. The degree of
iron loading was assessed using a Perls’ score of 0 to 4+, based on the scoring system
of MacSween et al. [18].

Detection of GBV RNA

Stored serum samples were obtained from 38 subjects, and 30 of these samples were
tested for the presence of GBV. Detection of GBV RNA was performed according to
the method described by Tan et al. [19].

Detection of SENV DNA

Thirty of the 38 stored serum samples were tested for the presence of SENV-D/H.
SENV DNA was determined by PCR, using primers derived from conserved sequences
among the SENV strains [14].

Mutational Analyses of the HFE Gene

Twenty-seven of the 75 subjects with NASH were tested for HFE C282Y and H63D
mutations. Detection of these mutations was performed using PCR and restriction
fragment length polymorphism (RFLP), as described previously [20].

Statistical Analysis

We compared continuous variables using the Mann-Whitney U-test. The Kruskal-
Wallis test was used for multiple group comparisons, and Spearman correlation coef-
ficients were used to examine the relationship between groups. Frequency analysis
was performed with the c2 test, and with Fisher’s exact test especially for 2 ¥ 2 tables.
P values of less than 0.05 were considered significant. To assess the use of clinical
parameters in differentiating NASH from simple steatosis, we calculated the sensitiv-
ity and specificity for each value of each test and then constructed receiver operating
characteristic (ROC) curves.
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Results

Patient Demographics and Laboratory Evaluation

The main demographic and clinical laboratory features of patients with FL and NASH
are presented in Tables 1 and 2. The sex ratio, BMI, and the prevalences of obesity,
type 2 diabetes, and hyperlipidemia did not differ between the two groups. The age
was significantly (P = 0.003) higher in NASH patients (Table 1). Serum AST levels were
found to be significantly (P < 0.001) higher in patients with NASH than in patients
with FL. Serum ferritin levels in NASH patients were significantly higher (P < 0.001)
than those in the FL patients, and the frequency of hyperferritinemia was also higher
in NASH patients. The PLT levels of NASH patients were significantly (P = 0.001) lower
than those of FL patients (Table 2).

Comparison of Histological Features Between Simple Steatosis and NASH Patients

The histological features of patients with FL and NASH are presented in Table 3.
Hepatic inflammation (grade) and hepatic fibrosis (stage) were rarely seen in FL.

Table 1. Demographics of patients with simple fatty liver and nonalcoholic steatohepatitis
(NASH)

Fatty liver (n = 53) NASH (n = 75) P value

Sex (female) 21/53 (39.6%) 36/75 (48.0%) 0.372
Age (years) 50 (Range, 15–71) 56 (Range, 22–80) 0.003
BMI (kg/m2) 25.7 (Range, 15.4–35.6) 26.4 (Range, 14.6–42.4) 0.085
Obesity 30/50 (60.0%) 54/74 (73.0%) 0.171
Type 2 diabetes 5/42 (11.9%) 9/63 (14.3%) 0.779
Hyperlipidemia 30/51 (58.8%) 38/70 (54.3%) 0.711

Table 2. Laboratory data of patients with simple fatty liver and NASH
Fatty liver (n = 53) NASH (n = 75) P value

AST (12–35 IU/l)a 41 (12–179) 75 (22–242) <0.001
ALT (6–33 IU/l)a 80 (13–347) 107 (19–316) 0.019
GGT (3–54 IU/l)a 90 (19–568) 87 (30–810) 0.777
T-Chol (125–220 mg/dl)a 216 (79–313) 205 (149–293) 0.071
TG (31–160 mg/dl)a 165 (49–413) 132 (37–879) 0.217
FPG (65–126 mg/dl)a 101 (77–280) 102 (83–270) 0.640
HOMA-IR 2.34 (0.91–6.22)* 4.42 (0.53–27.6)** 0.088
Serum ferritin (75–247 ng/ml 124 (13–499) 270 (35–1010) <0.001

[M]; 21–75 ng/ml [F])a

Hyperferritinemia 16/45 (35.6%) 54/72 (75.0%) <0.001
PLT (10.4–34.8 ¥ 104/ml)a 23.6 (9.7–38.2) 18.6 (6.5–41.0) 0.001

Values in parentheses are ranges, unless indicated otherwise
a Normal ranges *; n = 7 **; n = 15
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Perls’ scores were significantly (P = 0.006) higher in patients with NASH than in
patients with FL. Additionally, Perls’ scores were found to differ between each histo-
logical grade, and they tended to be higher in patients with an advanced grade (Table
4). Higher serum ferritin levels were found in patients with advanced histological
grade and in patients with advanced histological stage.

Serum Thioredoxin (TRX) Levels

Serum TRX levels were significantly elevated in patients with NASH (57.7 ng/ml),
compared to those in patients with FL (26.8 ng/ml) and those in the controls 
(23.5 ng/ml; Fig. 1). No difference in the serum TRX levels between sexes were
observed for either patient group (NASH patients, P = 0.805; FL patients, P > 0.999)

ROC curve Analysis for Serum Ferritin and TRX

The ROC curves from serum ferritin and TRX used in discriminating NASH from 
FL are shown in Fig. 2. The serum ferritin threshold for the prediction of NASH was
124 ng/ml; at this threshold, the sensitivity was 75%, and the specificity was 64.3%
(Fig. 2A). On the other hand, the serum TRX threshold was 34.7 ng/ml; at this thresh-
old, the sensitivity was 72.0% and the specificity was 86.7% (Fig. 2B).

Table 4. Relation between serum thioredoxin (TRX) levels and histological iron score (Perls’
score) in patients with NASH and simple steatosisa

Iron score (Perls’ score) P valueb

0 1 2–3

NASH 40.2 (15.1–69.7)* 50.7 (21.5–104.7)** 64.6 (18.9–85.3) 0.174
(n = 22) (n = 7) (n = 9) (n = 6)

Simple 24.6 (16.6–49.8)* 30.7 (17.5–34.3)**
steatosis (n = 8) (n = 5)
(n = 13)

Total 26.1 (15.1–69.7) 35.8 (17.5–104.7) 64.6 (18.9–85.3) 0.035
(n = 35) (n = 15) (n = 14) (n = 6)

* P = 0.355 (Mann-Whitney U-test); ** P = 0.053 (Mann-Whitney U-test)
a Data from patients with Perls’ score of 2 or 3 were combined because of the small number of patients
Results are presented as the medians and (ranges) of serum TRX levels
b P values were calculated by using Spearman correlation analysis

Table 3. Histological findings of patients with simple fatty liver and NASH
Fatty liver NASH P value

Steatosis (grade) 1/2/3 14/22/17 31/24/19 0.303
Hepatic inflammation (grade) 0/1/2/3 53/0/0/0 0/39/33/2 <0.001
Hepatic fibrosis (stage) 0/1/2/3/4 51/2/0/0/0 1/29/20/21/3 <0.001
Iron (Perls’ score) 0/1/2/3 25/6/5/0 20/25/11/3 0.006
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to discriminate NASH and simple steatosis.
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Frequencies of HGV, SENV-D, or SENV-H Infection, and HFE Gene Mutation

Only one patient with NASH was positive for GBV, and none of the patients with FL
had HGV. Fifteen of 30 patients whose sera were tested for SEN virus were positive
for SENV-D or -H (50%). The prevalence of SENV-D or -H did not significantly differ
between FL patients and NASH patients. Neither C282Y mutation nor H63D mutation
was observed in the HFE genes of any subject.

Discussion

Early studies described NASH mainly in obese, middle aged women, often associated
with type 2 diabetes mellitus and hyperlipidemia [3], but the disease is increasingly
being recognized in male patients and patients without obesity or diabetes mellitus
[1, 2, 21, 22]. BMI values and the prevalence of diabetes mellitus and hyperlipidemia
were not significantly different between the patient two groups in the present study.

To the best of our knowledge, no clinical or laboratory parameters have been used
to predict NASH that do not require a liver biopsy. The present study demonstrates
that serum ferritin and TRX levels were significantly higher in NASH patients than in
FL patients. By calculating the area under the ROC curve, we found that the serum
ferritin and TRX levels were parameters for discriminating NASH from simple FL
[23].

It remains unclear why some patients with NAFLD progress to cirrhosis and others
generally have a benign course. Recently, a hypothesis called the ‘two-hit process’ has
been proposed [4]. That is, an aberration in fatty acid and triglyceride metabolism
leads to hepatic triglyceride accumulation (‘first hit’), and then, a ‘second hit’ causes
progression to NASH. The candidates for this ‘second hit’ form three categories:
factors contributing to oxidative stress and subsequent lipid peroxidation, factors
associated with abnormal cytokine production, and factors associated with disor-
dered fatty-acid metabolism and insulin resistance [5]. Iron is considered a putative
element that interacts with oxygen radicals in inducing liver damage and fibrosis [6].
High frequencies of hyperferritinemia and increased hepatic iron stores in NASH have
been demonstrated [6, 22]. Furthermore, a significantly high prevalence of HFE muta-
tions in patients with NASH was reported as a factor responsible for liver fibrosis via
increasing hepatic iron deposition [6], but recent studies have failed to confirm this
[24, 25]. There were no patients with HFE mutations in the present study, in agree-
ment with a previous report indicating that the frequencies of HFE mutations in the
Japanese population are low (C282Y, 0%; and H63D, 0.99%) [26]. Thus, hyperfer-
ritinemia and hepatic iron deposition seem to be characteristic conditions for NASH
in Japan.

We examined whether infection by GBV and the newly discovered human virus,
SEN virus, had any influence on the histological features of NAFLD. We found that the
frequencies of GBV infection and SENV-D/-H infection did not significantly differ
between the two patient groups. Our results suggest that neither GBV infection nor
SENV infection are involved in the development and progression of NAFLD.

The most common abnormality in liver function tests of NAFLD is a two- to five-
fold elevation in serum aminotransferase level [1–3]. The AST/ALT ratio is reported
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to be less than 1 in most instances. When the AST/ALT ratio is more than 1, it 
suggests that there is an advanced form of NAFLD [1, 21, 22]. In the present study, the
median values of the serum aminotransferase levels in the two groups were mildly
elevated, but the serum AST level was significantly higher in NASH patients than in
FL patients. A higher serum AST level suggests the existence of severe hepatocyte
injury.

Hyperlipidemia has been reported to be commonly observed in NAFLD [1, 21, 22,
24]. Several studies indicated that there was no significant difference in the serum
lipid state between FL and NASH [21, 23, 27]. In our series, the serum T-Chol level
was significantly lower in NASH patients than in FL patients. Commonly, a low T-Chol
level in patients with cirrhosis is considered to be connected with a decline in liver
synthesis ability [28].

In conclusion, the increases in serum TRX levels and hepatic iron concentrations
suggest that iron-induced oxidative stress may play an important role in the patho-
genesis of NASH. The serum TRX level can help to discriminate NASH from simple
FL, and may be a predictor of the disease severity in patients with NASH. It is not con-
firmed that HFE mutation is involved in the development of NASH in Japan. There
are insufficient data to confirm a causal role for GBV and SENV infections in NASH.

References

1. Sanyal AJ (2002) Technical review on nonalcoholic fatty liver disease. Gastroenterol-
ogy 123: 1705–1725

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

3. Powell EE, Cooksley WGE, Hanson R, Searle J (1990) The natural history of non-
alcoholic steatohepatitis: a follow-up study of 42 patients for up to 21 years. Hepatol-
ogy 11: 74–80

4. Day CP, James OFW (1998) Steatohepatitis: a tale of two ‘hits’? Gastroenterology 114:
842–845

5. James O, Day C (1999) Non-alcoholic steatohepatitis: another disease of affluence.
Lancet 353: 1634–1636

6. George DK, Goldwurm S, Macdonald GA (1998) Increased hepatic iron concentration
in nonalcoholic steatohepatitis is associated with increased fibrosis. Gastroenterology
114: 311–318

7. Hirota K, Matsui M, Iwata S (1997) AP-1 transcription activity is regulated by a direct
association between thioredoxin and Ref-1. Proc Natl Acad Sci USA 94: 3633–3638

8. Nakamura H, Nakamura K,Yodoi J (1997) Redox regulation of cellular activation. Annu
Rev Immunol 15: 351–369

9. Linnen J, Wages J Jr, Zhang-Keck ZY (1996) Molecular cloning and disease association
of hepatitis G virus: a transfusion-transmissible agent. Science 271: 505–508

10. Simons JN, Leary TP, Dawson GJ (1995) Isolation of novel virus-like sequences 
associated with human hepatitis. Nat Med 1: 564–569

11. Kiyosawa K (1997) Non-alcoholic steatohepatitis and GB virus-C/hepatitis G virus
infection: is there a causal relationship? Intern Med 36: 236–237

12. Nishizawa T, Okamoto H, Konishi K (1997) A novel DNA virus (TTV) associated with
elevated transaminase levels in posttransfusion hepatitis of unknown etiology.
Biochem Biophys Res Commun 241: 92–97

13. Tokita H, Murai S, Kamitsukasa H (2001) Influence of TT virus on the histopatholog-
ical features of nonalcoholic fatty liver disease. Hepatol Res 19: 197–211



72 T. Okanoue et al.

14. Primi D, Fiordalisi G, Mantero JL, Identification of SENV genotypes. International
patent number WO0028039 (international application published under the patent
cooperation treaty). http://ep.espacenet.com

15. Tanaka Y, Primi D, Wang RYH (2001) Genomic and molecular evolutionary analysis 
of a newly identified infectious agent (SEN virus) and its relationship to the TT virus
family. J Infect Dis 183: 359–367

16. Umemura T, Yeo AET, Sottini A (2001) SEN virus infection and its relationship to 
transfusion-associated hepatitis. Hepatology 33: 1303–1311

17. Brunt EM, Janney CG, DiBisceglie AM (2000) Nonalcoholic steatohepatitis: a proposal
for grading and staging the histologic lesions. Am J Gastroenterol 94: 2467–2474

18. MacSween RNM, Anthony PP, Sheuer PJ (1987) Pathology of the liver. Churchill 
Livingstone, Edinburgh, p 185

19. Tan D, Matsumoto A, Conry-Cantilena C (1999) Analysis of hepatitis G virus (HGV)
RNA, antibody to HGV envelope protein, and risk factors for blood donors coinfected
with HGV and hepatitis C virus. J Infect Dis 179: 1055–1061

20. Kazemi-Shirazi L, Datz C, Maier-Dobersberger T (1998) The relation of iron status and
hemochromatosis gene mutations in patients with chronic hepatitis C. Gastroenterol-
ogy 116: 127–134

21. Matteoni CA, Younossi ZM, Gramlich T (1999) Nonalcoholic fatty liver disease: a spec-
trum of clinical and pathological severity. Gastroenterology 116: 1413–1419

22. Bacon BR, Farahvash MJ, Janney CG (1994) Nonalcoholic steatohepatitis: an expanded
clinical entity. Gastroenterology 107: 1103–1109

23. Sumida Y, Nakashima T,Yoh T (2003) Serum thioredoxin levels as a predictor of steato-
hepatitis in patients with nonalcoholic fatty liver disease. J Hepatol 38: 32–38

24. Angulo P, Keach J, Batts K (1999) Independent predictors of liver fibrosis in patients
with nonalcoholic steatohepatitis. Hepatology 30: 1356–1362

25. Mendler M, Turlin B, Moirand R (1999) Insulin resistance-associated hepatic iron over-
load. Gastroenterology 117: 1155–1163

26. Sohda T,Yanai J, Soejima H (1999) Frequencies in the Japanese population of HFE gene
mutations. Biochem Genet 37: 63–68

27. Loguercio C, Girolamo V, Sio IF (2001) Non-alcoholic fatty liver disease in an area of
southern Italy: main clinical, histological, and pathophysiological aspects. J Hepatol
35: 568–574

28. Powell EE, Kroon PA (1992) Liver, lipoproteins and disease: II. Clinical relevance of
disordered cholesterol metabolism in liver disease. J Gastroenterol Hepatol 7: 225–231



Clinical Features of Patients with Nonalcoholic
Fatty Liver Disease

Etsuko Hashimoto, Hiroyuki Kaneda, Yoko Yoshioka, Makiko Taniai,
Katsutoshi Tokushige, and Keiko Shiratori

73

Institute of Gastroenterology, Tokyo Women’s Medical University, 8-1 Kawada-cho, Shinjuku-
ku, Tokyo 162-8666, Japan

Summary. We assessed the clinicopathological features of nonalcoholic fatty liver
disease (NAFLD) in patients stratified by the stage of fibrosis. One-hundred and
ninety-three patients were diagnosed as having NAFLD at Tokyo Women’s Medical
University or an affiliated hospital, from 1990 to September 2003, and their clinical
data were collected prospectively. The diagnosis of NAFLD was based on the follow-
ing criteria: (1) the presence of steatosis (affecting >30% of hepatocytes) or steato-
hepatitis, with steatohepatitis being defined by detection of steatosis (affecting >10%
of hepatocytes), inflammatory infiltrates, and ballooning degeneration with or
without Mallory bodies, pericellular fibrosis, and perivenular fibrosis; (2) intake of less
than 20 g of ethanol per week; and (3) appropriate exclusion of other liver diseases.
We assessed the clinicopathological features of NAFLD in patients stratified by the
stage of fibrosis. The median age of the patients was 53 years, with a range of 10 to
83 years. There were 96 males and 97 females. Eighty-five percent of the patients had
at least one of the features of the metabolic syndrome. Histologically, 29 patients had
established cirrhosis. In regard to severe fibrosis, females and older patients were
more common. There were correlations between serum hyaluronic acid level, type IV
collagen level, or platelet count and the stage of fibrosis. Eight patients developed
hepatocellular carcinoma. Except for 1 F3 patient, they all had cirrhosis. Liver biopsy
is invasive, expensive, and not suitable for all NALFD patients. Because we found cor-
relations between serum fibrosis markers, or platelet count and the stage of fibrosis,
these markers may be useful to identify NASH with severe fibrosis among NAFLD
patients.

Key words. Nonalcoholic steatohepatitis, Nonalcoholic fatty liver disease, Liver 
cirrhosis, Hepatocellular carcinoma, Steatohepatitis

Introduction

Nonalcoholic steatohepatitis (NASH) is a clinicopathological entity characterized by
the development of hepatic histological changes, resembling those induced by exces-
sive alcohol intake, that occur in the absence of alcohol abuse [1]. NASH is generally
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considered to be a mild condition, but it can sometimes progress rapidly or cause cir-
rhosis, and may even lead to the development of hepatocellular carcinoma (HCC)
[1–14]. Cirrhosis is present in 2% to 28% of patients at diagnosis, so NASH shows a
wide range of histology, from minimal fibrosis to cirrhosis.

The category of nonalcoholic fatty liver disease (NAFLD) includes both simple fatty
liver and NASH, but the difference between NASH and fatty liver remains unsettled
because there is significant diversity of opinion among expert pathologists regarding
the specific features of NASH [15, 16]. Generally, fibrosis is the most important patho-
logical change that occurs in liver disease. Accordingly, stratification of NAFLD by the
severity of fibrosis seems to be a reasonable method of analyzing the clinicopatho-
logical features of NASH.

Patients

One hundred and ninety-three patients were diagnosed as having NAFLD at Tokyo
Women’s Medical University or an affiliated hospital from 1990 to September 2003, and
their clinical data were collected prospectively. Informed consent was obtained from
each patient, and the study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsininki. The diagnosis of NAFLD was based on the following crite-
ria: (1) The presence of steatosis (affecting >30% of hepatocytes) or steatohepatitis,
with steatohepatitis being defined by the detection of steatosis (affecting >10% of
hepatocytes), inflammatory infiltrates, and ballooning degeneration with or without
Mallory bodies, pericellular fibrosis, and perivenular fibrosis; (2) intake of less than 20
g of ethanol per week, as confirmed by the attending physician and family members
who were in close contact with the patient; and (3) appropriate exclusion of other liver
diseases, such as alcoholic liver disease, viral hepatitis, autoimmune hepatitis, drug-
induced liver disease, primary biliary cirrhosis, primary sclerosing cholangitis, biliary
obstruction, and metabolic liver diseases [15, 16]. To rule out viral hepatitis, patients
were excluded if they were positive for hepatitis B surface antigen (HBsAg), antibody
to hepatitis C virus (anti-HCV), or hepatitis C RNA (HCV-RNA) by the polymerase
chain reaction. No patient had a history of jejunoileal bypass surgery.

Obesity was defined by a body mass index (BMI) of more than 25, according to the
Japanese Obesity Association. The diagnosis of type II diabetes mellitus was based on
Japanese criteria (random blood glucose >200 mg/dl, or fasting glucose >126 mg/dl,
or hemoglobin A1c >6.5% on two occasions). Hyperlipidemia was diagnosed on the
basis of treatment with lipid-lowering medication or raised total cholesterol and/or
triglyceride levels on at least two occasions. Hypertension was diagnosed if patients
were on antihypertensive therapy or the blood pressure was 140/90 mm Hg or more.
None of the patients received drug treatment for NASH before liver biopsy. A com-
plete history was obtained and physical examination was performed in all patients.
Hepatomegaly was diagnosed by ultrasonography.

Methods

All patients underwent measurement of the following laboratory parameters: liver
function tests (aspartate aminotransferase [AST], alanine aminotransferase [ALT],
total bilirubin, alkaline phosphatase [ALP], gamma-glutamyltranspeptidase [GGTP]);
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total protein; albumin; prothrombin time; hepaplastin test; platelet count; hepatitis B
serology (HBsAg; antibody to hepatitis B surface antigen (anti-HBs), and antibody to
hepatitis B core antigen [anti-HBc]); hepatitis C serology (anti-HCV and HCV-RNA);
triglycerides; total cholesterol; autoantibodies (antinuclear antibodies, anti-smooth
muscle antibody, and antimitochondrial antibody); immunoglobulins; iron profile
(iron, ferritin, and total iron-binding capacity); type IV collagen; hyaluronic acid;
protein induced by vitamin K absence-II, by enzyme immunoassay; and alpha-
fetoprotein, by enzyme immunoassay.

Liver Histology

All liver biopsy specimens were examined using the following stains: hematoxylin-
eosin, Mallory, silver reticulin, Victoria blue stain for copper-binding protein, and
Perls iron stain. Assessment was done by one reviewer (E.H.) without knowledge of
the clinical and biochemical data of the patients. Fibrosis was scored using a five-
grade scale: F0, normal connective tissue; F1, foci of pericellular fibrosis in zone 3; F2,
perivenular or pericellular fibrosis confined to zones 3 and 2, with or without
portal/periportal fibrosis; F3, bridging or septal fibrosis; and F4, cirrhosis [15–17].
Steatosis was graded on a scale of 1 to 3: 1, mild (affecting 10%–29% of hepatocytes);
2, moderate (30%–69% of hepatocytes); and 3, severe (>70% of hepatocytes). After
evaluation of ballooning degeneration, Mallory bodies, giant mitochondria, disarray
of hepatocytes, lobular inflammation, focal necrosis, Councilman bodies, lipogranu-
lomas, pigmented macrophages, and lipogranulomas, a grade of mild, moderate, or
severe inflammation was assigned based on the reviewer’s overall impression.

Results

The median age of the patients was 53 years, with a range of 10 to 83 years. There
were 96 males and 97 females, so both sexes were equally represented.

The age distribution for each sex is shown in Fig. 1. Males showed two peak ages,
the thirties and the fifties, while the female age distribution had a single peak, in the
fifties to sixties. The only difference in risk factors for NASH between men and women
in their twenties and thirties was a higher prevalence of hyperlipidemia and obesity
in men.

Eighty-nine patients (46%) were detected on the basis of abnormal liver function
tests during annual health checks and 85 (44%) were detected during follow-up for
other diseases. In 19 patients (10%), abnormal liver function was detected after they
presented with fatigue and/or abdominal distension (n = 12), jaundice (n = 4), hepatic
coma (n = 1), or hematemesis due to variceal bleeding (n = 2).

The demographic and laboratory data of the NAFLD patients are summarized in
Table 1. Eighty-five percent of the patients had at least one of the features of the 
metabolic syndrome. The median AST level was 52 IU/l and the median ALT level was
77 IU/l.

Histologically, 10 patients had no fibrosis, while 71 were classified as having F1, 37
as F2, 46 as F3 (bridging fibrosis), and 29 as established cirrhosis (Table 2). There were
43 patients with mild steatosis, while 63 showed moderate steatosis, and 87 had severe
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Fig. 1. Age distribution by sex (male, light bars, n = 96; female, dark bars, n = 97). Male age dis-
tribution peaked twice, in the thirties and the fifties. Female age distribution peaked once, in
the fifties to sixties.

Table 2. Liver histology (n = 193)

Fibrosis F0 10 (5%)
F1 71 (37%)
F2 37 (19%)
F3 46 (24%)
F4 29 (15%)

Steatosis Mild 43 (22%)
Moderate 63 (33%)
Severe 87 (45%)

Inflammation Mild 70 (36%)
Moderate 108 (56%)
Severe 15 (8%)

Table 1. Demographic and laboratory data (n = 193)

Type 2 diabetes mellitus 75 (39%)
Obesity 131 (68%)
Hyperlipidemia 104 (54%)
Hypertension 54 (28%)
Without metabolic 29 (15%)

syndrome
AST 9–392 IU/l (52 IU/l)
ALT 5–740 IU/l (77 IU/l)
gGTP 10–487 IU/l (67 IU/l)
T-Bil. 0.2–2.8 mg/dl (0.6 mg/dl)
Platelet count 6–45 ¥ 104/ml (22.7 ¥ 104/ml)

Figures in parentheses are median values,unless otherwise indicated
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steatosis. Inflammatory changes were mild in 70 patients, moderate in 108, and severe
in 15.

Figure 2 shows the age distribution of severe and mild fibrosis. In patients up to
their thirties, mild fibrosis was much more common than severe fibrosis. Conversely,
severe fibrosis was more common than mild fibrosis in the older patients. Concern-
ing the sex distribution in each stage of fibrosis, males were more common than
females in F1 and F2. In severe fibrosis (F3 or F4), however, females were more
common (Fig. 3). The increased prevalence of women and elderly subjects among
patients with severe fibrosis suggests that female sex and aging may be risk factors
for progression.

The laboratory parameters for each stage of fibrosis are shown in Fig. 4. Transam-
inase levels were highest in F3. Concerning the AST/ALT ratio, ALT levels were higher
than AST levels before the onset of cirrhosis, and the ratio was less than 1.0, while AST
levels were higher after cirrhosis developed. The platelet count was significantly
decreased after the onset of cirrhosis. In contrast, GGTP and iron parameters were
similar at each stage of fibrosis. Albumin and prothrombin time were slightly
decreased in the cirrhotic stage. Concerning serum markers of fibrosis, the type IV
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severe, F3–4, dark bars). For
patients up to their thirties,
mild fibrosis was much more
common than severe fibrosis.
On the other hand, severe
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older patients.
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collagen and hyaluronic acid levels showed a positive correlation with the stage of
fibrosis.

Histologically moderate to severe inflammatory infiltrates were increased in the
patients with severe fibrosis, the difference was not significant (Fig. 5). The frequency
of moderate to severe steatosis was higher in F1 to F3 patients, and was decreased in
the patients with cirrhosis (Fig. 6).

NASH was associated with cirrhosis in 12 males and 17 females. Their median age
was 66 years, with a range of 16 to 83 years. Hospital admission was for gastrointestinal
varices in 8 patients, to evaluate hepatic tumors in 6, because of hepatic coma in 1,
and for assessment of liver dysfunction in the others. Two patients with no pertinent
medical history developed sudden variceal bleeding before the diagnosis of NASH.
On admission, 4 patients had jaundice and 1 had hepatic coma. Twenty-two patients
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Fig. 5. Distribution of necroinflammatory changes for each fibrosis stage. The prevalence of
moderate to severe necroinflammatory changes was higher in patients with advancing fibrosis.

Fig. 6. Distribution of steatosis for each fibrosis stage. The frequency of moderate to severe
steatosis was higher in F1 to F3, while this frequency was decreased in F4.
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underwent gastrointestinal fiberscopy, and 15 of them had esophageal varices (68%).
Three patients developed HCC during follow-up of cirrhotic NASH, 3 patients were
simultaneously diagnosed as having NASH and HCC, and 2 HCC patients were retro-
spectively diagnosed as having NASH by review of surgical specimens of the non-
cancerous liver (which showed typical steatohepatitis).

Table 3 shows the clinical features of our patients with NASH and HCC (3 males
and 5 females). They were aged from 56 to 77 years. All except one patient had fea-
tures of the metabolic syndrome. AST and ALT levels were less than twice the upper
limit of normal in all patients and the platelet counts ranged from 6.8 to 21 ¥ 105/ml.
One patient was weakly positive for anti-HBc and anti-HBs, but the others showed no
hepatitis virus markers. The patient with weakly positive anti-HBc and anti-HBs had
no histological features of hepatitis B, such as portal inflammation or ‘ground-glass’
hepatocytes. Seven patients had cirrhosis and one had F3 fibrosis, but the grades of
steatosis, inflammation, and ballooning degeneration varied among the patients
(Table 4).

Discussion

We assessed the clinicopathological features of NAFLD in patients stratified by the
stage of fibrosis. Most of the NAFLD patients were asymptomatic, with mild elevation
of transaminases, and 85% had at least one of the symptoms of metabolic syndrome.
The increased prevalence of women and older patients with NAFLD among those with
more advanced fibrosis suggested that female sex and older age may be risk factors
for progression.

Table 3. Clinical features of patients with NASH and HCC
Age Sex Obesity DM HL HT AST ALT Platelets

(years) (IU/l) (IU/l) (104/ml)

1. 56 M � 44 43 18
2. 64 F � � 33 40 8.8
3. 64 M � � � � 34 55 21
4. 68 F 39 29 6.8
5. 69 F � � � 57 38 9.8
6. 71 F � � � 39 31 16
7. 72 M � 39 22 8.5
8. 77 F � � 55 29 17

HBsAg Anti-HBs Anti-HBc Anti-HBc ¥ 200 Anti-HCV HCV-RNA

1. - - - - - -
2. - - - - - -
3. - + + - - -
4. - - - - - -
5. - - - - - -
6. - - - - - -
7. - - - - - -
8. - - - - - -
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Although fatty liver is readily detected by noninvasive imaging, liver biopsy is nec-
essary for a diagnosis of NASH, because imaging does not detect fibrosis or inflam-
mation, especially in the presence of fat [18]. However, liver biopsy is invasive,
expensive, and not suitable for all NAFLD patients [16]. Because we found correla-
tions between the serum hyaluronic acid level, type IV collagen level, or platelet count
and the stage of fibrosis, these serum markers may be useful to identify NASH with
severe fibrosis among NAFLD patients.

The AST/ALT ratio is almost always less than 1 in NASH patients, except after the
onset of cirrhosis [5, 19]. This is not the case with alcoholic liver disease, so the
AST/ALT ratio can be useful to distinguish alcoholic steatohepatitis from NASH.

Conflicting data have been reported about the contribution of iron to liver damage
in NASH patients [1, 5, 20]. We did not find any relationship between serum iron
parameters and the stage of fibrosis, and mild iron deposition was only seen in 14
patients (7%).

In our study, 15% of the NAFLD patients showed cirrhosis on their first biopsy and
eight patients developed HCC. Most cirrhotic NASH was asymptomatic and the
patients showed mild elevation of transaminases with relatively well-preserved liver
function (albumin, ammonia, and prothrombin time), elevated serum fibrosis
markers, and a low platelet count. The incidence of gastrointestinal varices was high
(68%), and two patients suffered from hematemesis before the diagnosis of liver
disease. However, during almost 3 years of follow-up, no patient died of cirrhosis.
On the other hand, four patients died of HCC.

The most important etiological factors for HCC are hepatitis B and C virus infec-
tion. We analyzed hepatitis virus infection by serological methods only, and found
one HCC patient who was positive for anti-HBs and anti-HBc, but this patient had no
histological features of chronic hepatitis B. Hence, we concluded that hepatitis B virus
infection did not play a role in the development of HCC associated with NASH. Several
other reports have already described the development of HCC in patients with NASH
or obesity-related cryptogenic cirrhosis [9–14].

In summary, NAFLD is emerging as one of the most common liver diseases in Japan
because of increasing obesity. Patients with cirrhotic NASH may develop HCC, and
this occurs often enough to warrant regular screening.

Table 4. Histological features of livers with NASH and HCC
Fibrosis Inflammation Steatosis Mallory body Ballooning Hemoside-rosis

1. F4 Mod Mod Severe -
2. F4 Mod Severe Mod -
3. F4 Mod Mod Mod -
4. F3 Mod Mod Mod +
5. F4 Mod Mod Severe -
6. F4 Mild Mod Severe -
7. F4 Mod Mod Mod -
8. F4 Mild Mild � Mod -

Mod; moderate
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Summary. The risk factors that are most strongly associated with nonalcoholic fatty
liver disease (NAFLD) are: age greater than 40 to 50 years, and severe obesity, diabetes
mellitus (DM), or hyperlipidemia (especially hypertriglyceridemia). The pathogene-
sis of nonalcoholic steatohepatitis (NASH) is multifactorial. Insulin resistance, fatty
acids, and oxidant stress may be important pathogenic factors in NASH. Efforts are
presently underway to define the role of these factors and to determine whether mod-
ifying them (for example, by improving insulin sensitivity) could be effective in the
treatment of the condition. At present, lifestyle changes involving exercise and dietary
restrictions appear to be an effective means of improving NASH. Physicians should
actively check for the presence of NAFLD in those who are overweight and who have
diabetes mellitus. The treatment is usually directed toward optimizing body weight.
The role of pharmacological agents remains to be established, and much more work
is necessary to define the pathogenesis of NASH and to develop effective treatments.

Key words. Nonalcoholic fatty liver disease (NAFLD), Nonalcoholic steatohepatitis
(NASH), Insulin receptor substance 1 (IRS-1),Leptin,Restricted diet and exercise therapy

Introduction

Nonalcoholic fatty liver disease (NAFLD) is currently defined as fat accumulation in
the liver exceeding 5%–10% by weight, but it is evaluated in terms of the percentage
of fat-laden hepatocytes observed by light microscopy. In NAFLD, an age greater than
40 to 50 years and severe obesity, diabetes mellitus (DM), or hyperlipidemia (espe-
cially hypertriglyceridemia) are the most reliable risk factors [1]. When the fat content
in the liver is above 10%, fat droplets begin to appear in many hepatocytes. By the
time the amount of fat exceeds 30% of the liver weight, almost all of the hepatocytes
contain a large drop of fat. In addition, the degree of NAFLD correlates with increased
body weight [2]. Some investigators have reported that NAFLD progresses to liver cir-
rhosis [3–7] or to hepatocellular carcinoma [8, 9].
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On the other hand, the development of steatosis, steatohepatitis, progressive hepatic
fibrosis, and cirrhosis is most likely the result of multiple metabolic abnormalities,
such as insulin resistance, oxidant stress, fatty acids, and inflammatory cytokines [1].

In this chapter, we would like to review the significance of NAFLD, and we will
discuss the management of nonalcoholic steatohepatitis (NASH), including restricted
diet and exercise therapy, in relation to the pathogenesis of NAFLD.

Pathogenesis and Complications of NAFLD

Insulin Resistance

Insulin resistance is common in patients with NAFLD and NASH. Insulin modulates
intracellular signaling through the tyrosine kinase activity of the insulin receptor. A
major mechanism regulating insulin receptor substance-1 (IRS-1) signaling involves
excess free fatty acids (FFAs). FFAs impair the tyrosine phosphorylation of IRS-1 [10].
Insulin sensitivity is also regulated by peptide mediators. In the normal human liver,
IRS-1 is mainly localized in hepatocytes (Fig. 1a). Adipose tissue, especially mesen-
teric fat with its venous blood flowing directly to the liver, is a rich source of cytokine
and peptide hormone production that regulates downstream metabolic activity. These

a b

Fig. 1a,b. Immunolocalization of a insulin and b leptin receptor substance-1 (IRS-1) in normal
liver tissues. The immunoreactive products of leptin are very scarce in the normal liver, but
those of IRS-1 are mainly localized in the hepatocytes (arrows). ¥ 100.
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agents include tumor necrosis factor-a (TNF-a), leptin, adiponectin, and plasmino-
gen activator inhibitor-1 [1] (Fig. 2).

TNF-a knockout mice fail to develop insulin resistance after induction of obesity
[11]. TNF-a appears to stimulate the serine phosphorylation of IRS-1, and I kappa B
kinase b (IKK b) may play an important role in this process.

Leptin may also be important in regulating the partitioning of fat between mito-
chondrial b-oxidation and triglyceride synthesis. In the normal human liver, very little
leptin is present (Fig. 1b). Defects in leptin signaling are associated with the prefer-
ential accumulation of fat and impaired b-oxidation of fat in the liver. In NASH, it was
suggested that leptin is necessary for the development of fibrosis [12, 13]. On the other
hand, Chitturi et al. [14] reported that circulating leptin in patients with NASH cor-
related with hepatic steatosis, but not with hepatic fibrosis.

Adiponectin has a cytokine structure and appears to improve hepatocyte insulin
sensitivity.

Oxidant Stress

Oxidant stress is frequently stated to be a central mechanism of hepatocellular injury
in NASH. Multiple possible sources of oxidant stress in NAFLD have been identified,
and include cytochrome P450, peroxisomal b-oxidation, mitochondrial electron leak,
and recruited inflammatory cells.

Fig. 2. Overeating and nonalcoholic steatohepatitis (NASH). With an increase of food intake,
agents containing free fatty acid (FFA), tumor necrosis factor-a (TNF-a), and leptin are over-
produced by adipocytes, and arrive at the liver by way of the portal vein. In the liver, IRS-1 is
influenced by FFA, TNF-a, and other agents. The expression and function of IRS-1 appears to
be suppressed. On the other hand, leptin seems to be upregulated. Eventually the liver metab-
olism is disturbed and NASH may occur. N, nucleus; Re., receptor; TGFb1, transforming growth
factor b1.
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Treatment of NAFLD

The treatment of NAFLD, including NASH, includes modification of the clinical con-
ditions associated with NAFLD, such as type II DM, hyperlipidemia, and obesity.
Specific therapeutic interventions tested so far include weight reduction, and the 
use of ursodeoxycholic acid (UDCA), clofibrate, troglitazone, vitamin E, and other
agents.

Exercise Therapy and Restricted Diet

Those who are overweight (body mass index [BMI] >25 kg/m2) and have NAFLD
should be considered for a weight-loss program (Figs. 3, 4). A target of 10% of base-
line weight is often used as an initial weight-loss goal. Dietary recommendations gen-
erally include both caloric restrictions and a decrease in saturated fats, as well as a
proportion of total fats of 30% or less of the total calories. Both intermittent and daily
exercise can help achieve weight loss and improve insulin sensitivity.

We previously reported that patients with NAFLD (including NASH and fatty liver
[FL]) who were subjected to dietary restriction and an exercise regimen (Fig. 3) lost
weight for 3 months, and achieved a significant improvement in their serum transam-
inase levels compared with those before treatment (Figs. 4, 6). In addition, serial liver
biopsy results (degrees of steatosis and fibrosis) in these patients showed a significant
improvement after treatment (Figs. 4, 7). Moreover, in regard to BMI, steatosis, and
ballooning of hepatocytes, the FL group had improved compared with the NASH
group after treatment (Fig. 5).

Subjects with a BMI of more than 35 kg/m2 and NAFLD may be considered for more
aggressive weight management, including a gastric bypass. However, patients should

Fig. 3. Therapeutic plan for patients with nonalcoholic liver disease (NAFLD): diet and exer-
cise. A diet that consists of total ideal body weight (B.W.) times 25 to 30 calories per day is
designed. For exercise, a program of walking is established, in which the subject walks 1000
steps the first week. This is increased by 1000 steps per week until 10 000 steps are reached, after
which jogging for 40 min is started.
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be monitored for signs of subacute nonalcoholic steatohepatitis during weight loss,
and liver function should be checked at appropriate intervals, depending on the rapid-
ity of the weight loss.

Pharmacological Treatment

In addition to obesity, hyperlipidemia is seen in 20% to 81% of patients with NASH
[5, 15, 16]. Studies of treatment strategies aimed at alleviating hyperlipidemia in

Fig. 4. Comparison of body mass index (BMI), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) levels, and histological findings before and after treatment in NASH and
fatty liver (FL) groups. BMI, AST, and ALT levels after treatment in the NASH and FL groups
were significantly decreased compared with the levels before treatment. In addition, the degrees
of steatosis and fibrosis after treatment in the NASH and FL groups tended to decrease com-
pared with those before treatment.

Fig. 5. Comparison of improvement rate between NASH and FL groups. The values for BMI,
steatosis, and ballooning hepatocytes in the FL group were significantly improved compared
with those in the NASH group.



Pathogenesis, and Diet and Exercise Therapy in NASH 89

patients with NASH have had conflicting results [17–20]. In one study, 16 patients with
hypertriglyceridemia and NASH were treated with clofibrate for 12 months [17]. There
were no significant changes in biochemical or histologic parameters. The only ran-
domized controlled trial of lipid-lowering agents in the treatment of NASH examined
46 patients who were randomized to receive either gemfibrozil or no therapy,
regardless of serum triglyceride levels [17]. There was a significant decrease in serum
transaminases, but histologic data were unavailable [17]. As reported previously, these
conditions are part of the spectrum of clinical manifestations of the insulin-
resistance syndrome. Therefore, agents that improve insulin sensitivity may be of par-
ticular value in the treatment of NASH. Marchesini et al. [18] have recently reported
a pilot study of 14 patients with NAFLD who were given metformin 500 mg three 
times a day for 4 months. Although no sequential biopsies were available, significant
improvements in the aminotransferase levels were noted [18]. An open-label study of
troglitazone, a peroxisome-proliferator activated receptor g (PPAR-g) agonist that
improves insulin sensitivity, showed a significant decrease in liver volume, as meas-
ured on magnetic resonance imaging, in patients with lipoatrophic diabetes, severe
insulin resistance, and NAFLD [19]. Caldwell et al. [20] treated 10 patients with
biopsy-proven NASH with troglitazone for 6 months. At the end of the treatment
period, serum aminotransferase levels were normalized in 7 of the 10 patients; how-
ever, this biochemical improvement was accompanied by only a minimal improve-
ment in histology on serial liver biopsies [20].

1500 cal

Fig. 6. Clinical course of restricted diet and exercise therapy in a patient with NASH (47-year-
old man). Body weight, ALT, cholinesterase (ChE), and triglyceride (T.G.) levels were gradually
improved by the treatment.
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Conclusions

NAFLD is frequently associated with the presence of obesity, insulin resistance, and
hyperlipidemia. There is increasing evidence that NASH, part of the spectrum of
NAFLD, can progress to cirrhosis and hepatocellular carcinoma. Physicians should
actively check for the presence of NAFLD in those who are overweight and have DM.
The treatment is usually directed toward optimizing body weight. The role of phar-
macological agents remains to be established, and much more work is necessary to
define the pathogenesis of NASH and to develop effective treatment modalities.
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Summary. The mammalian target of rapamycin (mTOR) is a giant serine/threonine
protein kinase that plays a crucial role in a nutrient-sensitive signaling pathway that
regulates cell growth and proliferation. The activity of mTOR is controlled by amino
acids (especially by leucine, one of the branched-chain amino acids), in addition to
growth factors and overall energy supply through an AMP-activated protein kinase.
mTOR, in complex with two other proteins, raptor and mLST8, phosphorylates p70
S6 kinase and eukaryotic initiation factor 4E (eIF4E) binding protein to regulate
mRNA translation. The signaling pathway upstream of mTOR involves the protein
products of the genes mutated in tuberous sclerosis (TSC1 and TSC2) and the small
GTPase, Rheb, whose overexpression rescues mTOR from inactivation in vivo by
amino-acid withdrawal. In this review, we describe recent progress in the under-
standing of the molecular mechanisms of rapamycin action through mTOR.
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Introduction

The potent immunosuppressive drugs FK506 (tacrolimus) and rapamycin (sirolimus)
interfere with signal transduction pathways required for T-cell activation and growth.
The distinct inhibitory effects of these drugs on the T-cell activation program are
mediated through the formation of pharmacologically active complexes with
members of a family of intracellular receptors termed the FK506 binding proteins
(FKBPs). The FKBP12/FK506 complex specifically binds to and inhibits calcineurin, a
signaling protein required for transcriptional activation of the interleukin-2 gene in
response to T-cell antigen receptor engagement. Rapamycin exhibits its pharmaco-
logical effects through molecular mechanisms that are completely distinct from those
of FK506. Here recent progress in the understanding of the molecular mechanisms of
rapamycin action will be reviewed.



mTOR Signaling Pathway 93

Discovery of Rapamycin and In Vivo Pharmacological Actions

The bacterial macrolide rapamycin was identified during antibiotic screening.
Rapamycin was isolated from a strain of Streptomyces hygroscopicus derived from a
soil sample collected from the Vai Atore region of Easter Island (Rapa Nui) [1].
Rapamycin is now used as an immunosuppressant to prevent graft rejection after
transplantation. In addition, a recent clinical trial has demonstrated great efficacy of
a rapamycin-eluting stent in preventing restenosis of coronary arteries after angio-
plasty. Furthermore, rapamycin and two analogues, CCI-779 and RAD001, are prom-
ising anticancer drugs, potently inhibiting a wide range of human tumor cell lines [2].

Fig. 1. A model of the mammalian target of rapamycin (mTOR) signaling pathway. Amino acids
(especially, leucine) and growth factor-inputs regulate the mTOR signaling pathway. Growth
factor-dependent Akt/PKB activation, through PI3K and 3-phosphoinositide-dependent protein
kinase-1 (PDK1), crosstalks with the stimulation of the mTOR-dependent response through the
tuberous sclerosis complex (TSC) proteins, TSC1 and TSC2, which serve as negative regulators
of the mTOR pathway. The small guanosine triphosphatase (GTPase), Rheb, appears to be a
direct target of TSC2’s intrinsic GTPase-activating function. Rheb-guanosine triphosphate
(GTP) appears to be a positive modulator of mTOR signaling. Raptor serves as a scaffolding
protein that binds p70 S6 kinase (p70S6k; S6k) and eukaryotic initiation factor 4E (eIF4E)
binding protein 1 (4EBP1) through their TOR signaling (TOS) motifs, and raptor facilitates 
phosphorylation by mTOR. mLST8 binds constitutively with the kinase domain of mTOR.
Under conditions of cellular stress resulting in elevations of cellular AMP, the AMP-activated
protein kinase (AMPK)-catalyzed phosphorylation of TSC2 appears to enhance the ability of
the TSC1/TSC2 complex to inhibit mTOR. GAP, GTPase-activating protein; GDP, guanosine
diphosphate.



The Target of Rapamycin (TOR)

Studies in yeast, in which two independent groups first identified the target of the
FKBP/rapamycin complex, have made enormous contributions to our understanding
of the mechanism of rapamycin action in mammalian cells. The extreme growth-
sensitivity of Saccharomyces cerevisiae to rapamycin allowed for the selection of
rapamycin-resistant mutants that identified genes mediating rapamycin sensitivity.
The mutant alleles of two genes (TOR1 and TOR2) were found to confer resistance to
growth inhibition by rapamycin [3]. TOR is a highly conserved giant protein and its
mammalian ortholog is known as mammalian TOR (mTOR; also known as FRAP,
RAFT1, or RAPT). The human mTOR gene encodes a protein of 2549 amino acids.
mTOR contains a kinase domain near the C-terminus, most closely related to the
phosphatidylinositol 3-kinase (PI3K)-related kinase family, which includes ATM,ATR,
and DNA-PK kinases. However, mTOR functions as a serine/threonine protein kinase
[2]. Other characteristic structures include N-terminal HEAT repeats, the FAT/FATC
domains surrounding the kinase domain, and the FKBP-rapamycin binding (FRB)
domain. Rapamycin complexed with FKBP12 binds the TOR polypeptide through the
FRB domain and inhibits signaling by TOR [3].

mTOR Functions

A major function of TOR in all cells is mRNA translation [4]; in mammalian cells,
mTOR stimulates translational initiation through the phosphorylation of eukaryotic
initiation factor 4E (eIF4E) binding protein 1 (4E-BP1). 4E-BP1 binds to eIF4E (a 7-
methyl-guanosine mRNA cap-binding protein) and prevents eIF4E from binding to
the scaffold protein eIF4G, thereby inhibiting the formation of the active translational
complex, eIF4F [4]. Insulin or mitogens stimulate the phosphorylation of 4E-BP1,
resulting in the dissociation and disinhibition of eIF-4E, enabling recruitment of the
latter into the eIF-4F complex [4]. mTOR also directly phosphorylates and, in collab-
oration with 3-phosphoinositide-dependent protein kinase-1 (PDK1), activates p70 S6
kinase (p70S6k) [5]; the latter regulates cell size [6] through incompletely defined
mechanisms [7, 8] and also phosphorylates 40S ribosomal protein S6. p70S6k is pro-
posed to play an important role in the translation of a subclass of mRNAs that contain
a short oligopyrimidine sequence [9], although this has been disputed recently [10].
Several studies of Drosophila melanogaster TOR have demonstrated that TOR pro-
teins play a critical role in controlling cell growth by regulating several translational
effectors in response to the nutritional environment [11–13].

Upstream Inputs to Regulate TOR Activity

As to the regulation of TOR activity, TOR in S. cerevisiae (ScTOR) appears to be
responsive primarily to nutrient sufficiency; rapamycin or the deletion of both ScTOR
genes elicits cell-cycle arrest in G0 and a phenotype resembling that of nutrient deple-
tion [3]. In mammalian cells, mTOR output is sensitive to nutrient (especially amino
acid) sufficiency, but is also controlled by overall energy supply through AMP-
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activated protein kinase (AMPK) and by inputs from cell surface receptors through
the PI3K-AKT/PKB pathway [14].

In mammals, in concert with other amino acids, leucine, one of the branched chain
amino acids, has been reported to be the primary indicator of amino-acid supply for
controlling mTOR activity [15, 16]. Abundant leucine increases mTOR activity, both
in animals and in various cell types in culture, including hepatocytes [2]. Leucine
appears not to use upstream signaling elements in insulin and growth-factor path-
ways. Just how leucine increases mTOR kinase activity has not yet been elucidated,
although there is evidence implicating changes in mitochondrial metabolism [17].

AMPK is the mammalian ortholog of Snf1 [18, 19] and exists as a heterotrimeric
complex comprising a catalytic a subunit and noncatalytic b and g subunits [18, 19].
Under conditions of hypoxia, exercise, ischemia, heat shock, and low glucose, AMPK
is activated allosterically by rising cellular AMP and by phosphorylation of the cat-
alytic a subunit by one or more AMPK kinases on Thr-172, located in the ‘T-loop’ of
the catalytic domain [18, 19]. Once activated, AMPK phosphorylates multiple down-
stream substrates aimed at conserving existing ATP levels. AMPK reduces further ATP
expenditure by inhibiting key enzymes in biosynthetic pathways such as acetyl-CoA
carboxylase in fatty acid synthesis and 3-hydroxy-3-methyl-CoA reductase in choles-
terol synthesis [18]. AMPK also increases the supply of ATP; for example, by stimu-
lating the rate of fatty acid oxidation and cellular glucose uptake [18].

Modulation of AMPK activities using various reagents, including 5-aminoimida-
zole-4-carboxamide ribonucleoside (AICAR), d-glucose and its analogues, and
mutant AMPK subunits, affects the activity and phosphorylation state of p70S6k, indi-
cating convergence of AMPK signaling and mTOR/amino-acid signaling pathways
[20].

mTOR-Interacting Proteins

Recent findings have confirmed that mTOR functions as part of a larger signaling
complex. The functional mTOR complex is comprised of mTOR in association with
the proteins raptor [21, 22] (KOG1 in S. cerevisiae [23]) and mLST8 [23] (also called
GbL [24]). The ability of the mTOR kinase to phosphorylate these (and presumably
other) targets is heavily dependent on the association of mTOR with raptor, inasmuch
as raptor binds the mTOR substrates 4E-BP and p70S6k and presents them to mTOR
[21]. In fact, mTOR is completely unable to phosphorylate 4E-BP in vitro in the
absence of raptor, or in vivo if 4E-BP is mutated in the ‘TOS’ motif [25], the 4E-BP
segment that mediates binding to raptor [26–29]. The ability of mTOR to regulate
p70S6k is also strongly dependent on the association of p70S6k with raptor; mutation
of the p70S6k TOS motif reduces mTOR-catalyzed phosphorylation of p70S6k in vitro
by approximately 75% and renders p70S6k insensitive to inhibition in vivo by
rapamycin or to regulation by ambient amino acids [25]. Our recent observations
indicate that rapamycin inhibits mTOR function, at least in part, by inhibiting the
interaction of raptor with mTOR; this action uncouples mTOR from its substrates,
and inhibits mTOR signaling without altering mTOR’s intrinsic catalytic activity [30].
mLST8 [23, 24] is a 36-kDa polypeptide whose predicted structure is composed
entirely of seven WD repeats, presumably arrayed in a so-called ‘beta propeller’ [31].
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mLST8 plays a necessary but incompletely defined role in mTOR regulation; the
polypeptide binds tightly to the mTOR catalytic domain and enhances the associa-
tion of raptor with mTOR [24]; however, other roles remain unknown.

Tuberous Sclerosis Complex (TSC1/TSC2) and Rheb

Although the mechanisms by which nutrient and mitogenic inputs control mTOR
activity are incompletely understood, recent evidence indicates that the tuberous scle-
rosis complex (TSC1/TSC2) is a negative regulator acting upstream of mTOR and a
major target through which AKT/PKB, AMPK, and perhaps amino-acid sufficiency
control mTOR activity [2, 32–34]. TSC1 and TSC2 function together as an obligatory
heterodimer; loss of either polypeptide results in an essentially identical phenotype
at the organismal or cellular level. A complete loss of TSC function in humans results
in the development of hamartomas, benign tumors composed of multiple dysplastic
cell types [32]. In Drosophila, loss-of-function (LOF) mutations of either TSC1 or
TSC2 have growth-promoting effects that are dominant over LOF mutations in the
insulin receptor, PI3K or AKT/PKB, but are suppressed by inactivation of TOR or
p70S6k [33]. Biochemical studies in mammalian cells have established that inactiva-
tion of TSC results in the constitutive activation of p70S6k, which is resistant to inhi-
bition by withdrawal of amino acids, but sensitive to inhibition by rapamycin [32, 34].
Notably, AKT/PKB, whose overexpression indirectly promotes the hyperphosphory-
lation of 4E-BP and activation of p70S6k, phosphorylates TSC2 at several sites and
may accelerate the degradation of both TSC2 and TSC1, perhaps by promoting the
dissociation of the heterodimer [35–37]. In contrast, AMPK-catalyzed phosphoryla-
tion of TSC2 enhances the ability of the TSC1/TSC2 complex to inhibit TOR [38]. Thus,
the TSC complex is a potent negative regulator of TOR signaling and at least one locus
of PI3K/AKT, energy, and perhaps amino-acid regulation [39] of the TOR pathway.

As to the mechanisms by which the TSC complex regulates TOR signaling, Gao and
coworkers [39] detected a direct interaction between recombinant TSC1/2 and TOR
during transient expression. Moreover, several groups have recently reported that the
small GTPase Rheb is a positive regulator of growth in Drosophila, epistatic to the TSC
complex, but requires TOR to achieve growth stimulation [40–43]. Subsequent work
has established that Drosophila and mammalian TSC2, both of which contain a C-
terminal GTPase–activator (GAP) domain, directly stimulate Rheb GTPase in vitro
[38, 41, 44–46]. The effectors utilized by Rheb to control cell function are as yet
unknown. Rheb is most closely related in amino-acid sequence to the Ras subfamily
of small guanosine triphosphatase (GTPases).

Whether TSC1/2 and/or Rheb bind(s) to the mTOR complex containing raptor and
whether mLST8 modulates the signaling function and kinase activity of mTOR
remain important but unanswered questions. Further investigation should offer new
insights into the regulation of the mTOR signaling pathway in response to the nutri-
tional environment.
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Summary. The present study was undertaken to examine changes in the levels of
amino acids, particularly branched-chain amino acids (BCAAs), following exacerba-
tion of liver cirrhosis and to determine the optimal timing of starting nutritional
therapy using BCAA. In patients with well-compensated cirrhosis, both the amino-
acid composition and the albumin level were normal. However, as the disease
advanced, BCAA first began to decrease, causing amino-acid imbalance, and this
change was later followed by a decrease in albumin. We reviewed the criteria for deter-
mining indications for treatment with a BCAA formula (Livact), which is currently
used after a decrease in albumin level. In patients in whom the BCAA-to-tyrosine ratio
(BTR) was less than 4.0 despite normal albumin levels, the use of the BCAA prepara-
tion prevented a decrease in albumin. In view of this result, it is advisable to admin-
ister the BCAA formula following a reduction in BTR rather than to begin its use
following a decrease in albumin.

Key words. Albumin, Branched-chain amino acid, Liver cirrhosis, Nutritional therapy

Introduction

Viral liver cirrhosis is sometimes treated, with agents such as interferon (IFN) and
lamivudine which are related to the cause of the cirrhosis. However, many patients
with this condition receive liver-protective therapy with ursodeoxycholic acid
(UDCA) or other drugs that is aimed at reducing the alanine aminotransferase (ALT)
level; drugs used are ursodeoxy-cholic acid (UDCA) or other drugs. The survival rate
of patients with liver cirrhosis has been improved by such liver-protective therapy, by
the treatment of esophageal varices, and by various other treatments. As the 
survival time of such patients becomes longer, the importance of diet therapy
increases.

Serum albumin concentrations, which are considered to be a good and stable indi-
cator of visceral protein nutritional status, are often low in patients with liver cirrho-



sis. This is caused not only by insufficient protein intake but also by various other
factors, including reduced liver protein synthesis, increased extravascular leakage. In
patients with low albumin concentration, half-life of albumin was extended to keep
its level. Therefore, it is very difficult to assess serum albumin concentrations in
patients with liver cirrhosis. However, it has been demonstrated that this concentra-
tion plays an important role in the prognosis of these patients [1–3]. It has been
reported that prognosis generally differs between patients with a serum albumin con-
centration of more than 3.5 g/dl and patients with a serum albumin concentration of
3.5 g/dl or less [1]. This value (3.5 g/dl) is also used in the criteria for Child-Pugh clas-
sifications. A decrease in Fischer’s ratio, i.e., the branched-chain amino acid/ aromatic
amino acid (BCAA/ AAA) ratio, is an indicator of disorders of amino-acid metabo-
lism which are characteristic of liver cirrhosis [4]. It has been reported that a
decreased Fischer’s ratio is not only a direct risk factor for hepatic encephalopathy
(which is a significant complication of liver cirrhosis) but is also an independent prog-
nostic factor [5].

The correction of hypoalbuminemia and the decreased Fischer’s ratio, factors
which closely interact and are representative indicators of malnutrition in patients
with liver cirrhosis, leads to amelioration of the pathophysiological condition and pre-
vention of deterioration in quality of life, and finally improvement of mortality rates.
For these purposes, in Japan, supplementation with BCAAs is mainly used as nutri-
tional therapy and nutritional intervention. Evidence about the usefulness of this
therapy is being accumulated. In this article, among various issues relating to sup-
plementation with BCAAs, we focus on its usefulness for patients with early-stage liver
cirrhosis, which we have previously advocated.

The Purpose of BCAA Administration

A gradual decrease in the BCAA/AAA ratio is associated with the progression of
chronic liver disorders [6]. Since AAAs undergo metabolism exclusively in the liver,
AAA levels increase in patients with liver cirrhosis, who have decreased metabolic
function [7]. It has been reported that, after liver transplantation, AAA levels rapidly
return to normal as liver function recovers [8]. We have previously mentioned that
portosystemic shunt causes AAAs to ‘pass through’ the liver, and that this may play a
role in the mechanism of the increase in AAA levels in cirrhosis with Child-Pugh A
[9].

On the other hand, there are various opinions about the mechanism of decreasing
BCAA levels. It has been reported that hyperinsulinemia increases BCAA uptake [10],
that BCAAs are increasingly consumed as energy substrates which are directly used
[11], and that the consumption of BCAAs increases in accordance with increased
ammonia metabolism in skeletal muscles [12]. As a result, the Fischer’s ratio
(BCAA/AAA) decreases, which directly and indirectly decreases serum proteins such
as albumin, and destroys muscle proteins.

Originally, the purpose of using BCAA administration for the correction of
Fischer’s ratio focused on the awakening from hepatic encephalopathy [13]. Decreased
BCAA concentrations reflect metabolic kinetics, mainly involving protein hyperca-
tabolism. 15 years ago,Yoshida et al. [14] more than 10 years ago, started using BCAAs
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and showed that this therapy gave patients with liver cirrhosis an improved quality
of life and an extended prognosis. Subsequently, BCAA preparations were placed on
the market, and their usefulness is becoming commonly recognized. An extensive
multicenter post-marketing survey of BCAA granules has recently been conducted in
more than 600 patients with liver cirrhosis, and the usefulness of these granules has
been confirmed. When the results of this survey are reported, they will show conclu-
sive evidence that the administration of BCAAs to patients with liver cirrhosis not
only ameliorates hepatic encephalopathy and the pathophysiological condition but
also extends the prognosis of these patients by enhancing the function and reserve
capacity of the liver.

Target Patients for BCAA Administration

Currently, the main target patients for nutritional therapy for liver cirrhosis are
patients in the decompensated stage, who clearly exhibit clinical symptoms. The
effects of treatments for peritoneal effusion and hepatic encephalopathy are easy to
recognize due to the evident deterioration and resolution of these symptoms. Addi-
tionally, it only takes a short time to assess the prognosis of patients in the decom-
pensated stage. However, there is an opinion that, for patients with liver cirrhosis, it
may be better to start nutritional therapy in the compensatory stage or even earlier,
rather than starting it in the decompensated stage.

We performed supplementation with BCAAs in patients in the compensatory stage
of liver cirrhosis [15]. During this treatment, as an indicator of disorders of amino-
acid metabolism, we used the BCAA/tyrosine ratio (BTR) instead of Fischer’s ratio.
The measurement method for BTR is simple and inexpensive, and BTR can generally
be a substitute for Fischer’s ratio, and is being commonly used in Japan [16]. The BTR
of healthy people is considered to be 5.82–8.64 (mean ± 1 SD) or 4.41–10.05 (mean ±
2 SD). It has been demonstrated that BTR regularly and gradually decreases as 
liver diseases progress. We used platelet counts to classify 448 patients with 
hepatitis C virus (HCV)-related chronic liver diseases, who were outpatients at our
hospital, and analyzed the mean BTR in each class ification group (Fig. 1). To obtain
better correction of disorders of amino-acid metabolism and protein metabolism—
which are associated with chronic liver diseases—the optimal timing of nutritional
interventions with appropriate amounts of BCAA supplementation is an interesting
issue.

After conducting the study with the 448 patients noted above, we studied 84 patients
with Child-Pugh A liver cirrhosis in the compensatory stage, who were enrolled from
March 1996 to July 1997. These patients were divided into two groups (the BTR ≥ 4
group n = 57 and the BTR < 4 group; n = 27), and were followed for up to 4 years. The
percentage of these patients in whom the cirrhosis severity changed to Child-Pugh B,
even transiently, was 21% in the BTR ≥ 4 group, which was significantly lower than that
in the BTR < 4 group (70%). Additionally, multivariate analysis revealed that BTR was
an independent risk factor for a change in the severity from Child-Pugh A to Child-
Pugh B. Therefore, we considered a patient with a BTR value less than 4 as a patient
with amino-acid imbalance even in the compensatory stage of liver cirrhosis, and we
conducted the randomized study, outlined below, in order to make a comparison
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between the effects of BCAA granules in patients who met the criterion of having a BTR
value of 4 or less and patients who met the conventional criterion of having a serum
albumin concentration of 3.5 g/dl or less [17]. All the subjects of this study were
patients with HCV-related liver cirrhosis, and they were classified into three classes.
Class 1 had a serum albumin concentration of 3.5 g/dl or less (25 patients, conventional
targets of BCAA supplementation), class 2 had a serum albumin concentration
between 3.6 g/dl and 3.9 g/dl and a BTR of less than 4 (18 patients), and class 3 (17
patients) had a serum albumin concentration between 3.6 g/dl and 3.9 g/dl, and a BTR
of 4 or more. These patients (n = 60) were randomly allocated to two groups: the group
that was given a BCAA preparation (Livact; Ajinomoto, Tokyo, Japan; BCAA group)
and the group that was not (control group). The effect of BCAA administration was
evaluated according to changes in the serum albumin concentration after 2 years as an
indicator. The BCAA administration was considered to have been effective when the
albumin concentration increased by 0.2 g/dl or more. The characteristics of the
patients in each class are shown in Table 1. The patients continued to consume a diet
that had a total daily calorie intake of 30 kcal/kg and a protein intake of 1.3 g/kg (includ-
ing amino-acid preparations). The results of this study were: (1) in class 1, the effective
rate (increase in serum albumin concentration of 0.2 g/dl or more) in the BCAA group
was 46%, which was significantly higher than the 8% rate in the control group, (2) in
class 2, the effective rate in the BCAA group was 44%, which was significantly higher
than the 0% rate in the control group, and (3) in class 3, the effective rate in the BCAA
group was 67%, which was not significantly different from the 36% rate in the control
group (Fig. 2).
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Fig. 1. The mean branched-chain amino acid (BCAA)/tyrosine ratio (BTR) of patients with hep-
atitis C virus (HCV)-related chronic liver diseases (n = 448), who were classified using platelet
counts (mean ± SD). We used platelet counts to classify 448 patients with HCV-related chronic
liver diseases, who were outpatients at our hospital, and analyzed the mean BTR in each class
ification group. The BTR of healthy people is considered to be 5.82–8.64 (mean ± 1 SD) or
4.41–10.05 (mean ± 2 SD). It has been demonstrated that BTR regularly and gradually decreases
as liver diseases progress.
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Table 1. Baseline characteristics of three classes of patients
Class 1 Class 2 Class 3

(Alb £ 3.5) (Alb > 3.5; BTR < 4) (Alb > 3.5; BTR ≥ 4)

Sex (male/female) 11/14 6/12 5/12 NS
BCAA/Control 13/12 9/9 6/11 NS
Average age 64.3 ± 4.9 63.8 ± 7.0 67.5 ± 8.8 NS

(years)
Average BTR 3.1 ± 0.2 3.4 ± 0.5** 4.6 ± 0.3** P < 0.001
Albumin (g/dl) 3.3 ± 0.2 3.8 ± 0.1** 3.8 ± 0.1** P < 0.001
Platelets 8.6 ± 4.8 10.4 ± 3.9* 15.1 ± 5.8* P < 0.01

(¥104/mm3)
ALT (IU/l) 117.0 ± 84.0 98.4 ± 42.7 79.4 ± 38.1 NS
Bilirubin (mg/dl) 1.3 ± 0.5 1.0 ± 0.3 0.9 ± 0.4 NS

Wilcoxon rank-sum test for age, BTR (branched-chain amino-acid (BCAA)/tyrosine ratio), serum
albumin, platelets, alanine aminotransferase (ALT), and total bilirubin; c2 test for sex ratio and
BCAA/control ratio (adapted from reference [23])
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Fig. 2. Comparison of serum albumin (alb) levels at 2 years after study enrollment between the
BCAA and control groups in class 1, class 2, and class 3. Patients in class 1 had decompensated
cirrhosis, with a serum albumin concentration of 3.5 g/dl or less. Class 2 patients had compen-
sated cirrhosis, with a serum albumin concentration between 3.6 g/dl and 3.9 g/dl, and a BTR of
less than 4. Class 3 patients had compensated cirrhosis, with a serum albumin concentration
between 3.6 g/dl and 3.9 g/dl, and a BTR of 4 or more. The BCAA groups in classes 1 and 2 exhibi-
ted a significantly higher rate of maintaining serum albumin levels compared with that at
enrollment in the respective control groups (c2 test for independence, P = 0.02), but the differ-
ence between the BCAA group and the control group in class 3 was not significant (ns). (adapted
from reference [17])
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Additionally, in the control group, which was followed up without BCAA adminis-
tration, we performed multivariate analysis to determine the defining factors in the
decrease in serum albumin concentrations 2 years after study enrollment, and found
that BTR was the only risk factor (Table 2). The results of this study showed that, in
patients with liver cirrhosis in the compensatory stage classified in class 2 who had
relatively constant serum albumin concentrations (between 3.6 g/dl and 3.9 g/dl),
when amino-acid imbalance was manifested (BTR < 4), the administration of BCAA
granules increased the serum albumin concentrations to levels similar to those
observed in the patients in the decompensated stage.

We assume that when BCAA therapy is not given to patients in class 2, the decreased
Fischer’s ratio will trigger a decrease in albumin synthesis, and their condition is likely
to progress to Child-Pugh B (serum albumin, 3.5 g/dl or less). Consequently, we
assume that, in many patients with liver cirrhosis, as the compensatory stage 
progresses, the Fischer’s ratio decreases prior to a decrease in serum albumin 
concentration (Fig. 3).

The mechanism whereby BCAA administration increases serum albumin concen-
tration is shown in detail in the chapter by K. Yonezawa. It has been assumed that the
correction of Fischer’s ratio promotes protein synthesis [18], improves the metabolic
kinetics of albumin [19], and inhibits proteolysis [20]. Therefore, in patients in the
conpensatory stage with high serum albumin levels, low BTR level or low Fisher’s ratio
in the correction of Fischer’s ratio by BCAA administration may prevent a decrease
in albumin synthesis.

It has been demonstrated that when patients with advanced liver cirrhosis are given
BCAA granules, serum albumin concentrations do not increase sufficiently, because
these patients have only a small total number of functioning hepatocytes. At present,
it is assumed that only such cells (liver parenchymal cells) can synthesize albumin.
Therefore, the results of this study suggest that the administration of BCAA granules
is more effective in increasing and maintaining serum albumin concentrations when
it is started at an early stage, of patients who have a sufficient number of functioning
hepatocytes (the total number of cells which can synthesize albumin by BCAA).

Table 2. Odds ratios for decrease in serum albumin level 2 years
after study enrollment in the control group

Odds ratio 95% CI P Value

Serum albumin 1.586 0.281–8.960 0.6015
BTR 9.444 1.524–58.521 0.0158
Total bilirubin 0.463 0.071–3.028 0.4214
ALT 1.549 0.322–7.452 0.5849
Platelet count 5.619 0.954–33.101 0.0564

Odds ratios for risk factors are expressed as per 1 year for age. The
values for all parameters in Table 4 were each categorized into two
groups: albumin, >3.5 and £3.5 g/dl; BTR, ≥4.0 and <4; total biliru-
bin, £1.0 and >1.0; ALT level, <80 and ≥80 IU/ml; platelet count,
≥100 000 and <100 000/mm3, and odds ratios are indicated for each
set of two groups (adapted from reference [17])
CI, confidence interval
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Summary. As an intervention for energy malnutrition in patients with liver cirrho-
sis, frequent meals or a late evening snack (LES) have recently been recommended.
We investigated which would be better for the improvement of energy malnutrition
and glucose intolerance in cirrhotic patients, treatment with an LES alone or an LES
plus divided meals. We examined one group of cirrhotic patients that received oral
supplementation with one pack of a branched-chain amino acid (BCAA)-enriched
nutrient, Aminoleban EN (210 Kcal), taken at 10 p.m. as an LES, and a second group
that received two packs of Aminoleban EN (one pack as an LES, and one pack taken
during the day) to determine the influence of the LES on the blood glucose level,
biochemical parameters, and energy metabolism. The administration period was 7
days. Metabolic measurements were performed using indirect calorimetry. The fat
oxidation rate was significantly decreased and the carbohydrate oxidation rate was
significantly increased in both groups. As a result, the respiratory quotient (RQ) 
was significantly improved. There was also a significant correlation between the 
nonprotein respiratory quotient (npRQ) and the creatinine-height index. LES alone
improved the energy malnutrition state and glucose intolerance equivalent to LES plus
divided meals.

Key words. Liver cirrhosis, Nutrition, Glucose intolerance, LES, OGTT

Introduction

Liver diseases lead to abnormalities in nutrient metabolism and subsequent malnu-
trition [1]. Protein-energy malnutrition (PEM) is a common finding in cirrhotic
patients [2–5]. Owen et al. [6] reported that, after an overnight fast, the nature of fuels
oxidized in cirrhotic patients was similar to that in healthy controls after 2 to 3 days
of total starvation; that is, there was a relatively high contribution of fat to energy
metabolism. Several studies have reported that the protein nutrition state and mal-
nutrition determine the survival rate of cirrhotic patients [7]. Nutritional support for
protein malnutrition partly improves the survival rate and surgical outcome of these



patients [3, 4, 8–11], although there have been some criticisms of the hypothesis of
the nutritional state as a survival factor or therapeutic strategy [12, 13].

Therefore, special attention is required in the management of these patients. Proper
nutritional assessment and support for cirrhotic patients is very important. As an
intervention for energy malnutrition, either frequent meals or a late evening snack
(LES) have recently been recommended [14–18]. In liver cirrhosis, the supply of
glucose from the liver is disturbed and, thus, energy utilization from lipids and pro-
teins is accelerated [19]. Furthermore, excess elevation of blood glucose occurs after
meals in liver cirrhosis. It has been reported that glucose intolerance is found in
approximately 70% of patients with liver cirrhosis, and in about 40% of those with
diabetes [20, 21]. Bianchi et al. [22] reported that diabetes affected the survival rate
in patients with cirrhosis. In this study, we examined the effects of LES alone and LES
plus divided meals on the metabolism, using indirect calorimetry and the changes in
blood glucose levels after meals.

Subjects and Methods

This study was performed in 20 patients with liver cirrhosis hospitalized in our hos-
pital. The patients, aged from 45 to 77 years, consisted of 12 men and 8 women.
Liver cirrhosis was caused by hepatitis B virus (HBV) in 1 patient and by HCV in 19
patients.

We investigated the effect of nutrition in two groups, one group that received oral
supplementation of one pack of Aminoleban EN at 10 p.m. as an LES, and another
group that received two packs of Aminoleban EN, one taken at 10 p.m. as an LES, and
the other taken during the daytime (the period from 10 a.m. to 3 p.m.). Aminoleban
EN is an oral supplement enriched with branched-chain amino acids (BCAAs) and is
comprised mainly of carbohydrate (59%), protein (26%), and fat (15%), which allows
a high protein intake.

Energy metabolism at baseline was analyzed by indirect calorimetry. Indirect
calorimetry was performed for 30 min after overnight bedrest and fasting. The indi-
rect calorimeter used was a calorie scale (Chest, MI, USA). We measured oxygen con-
sumption per min (VO2), carbon dioxide production per min (VCO2), and total urine
nitrogen (TUN) on the day prior to the examination, and fat oxidation and the non-
protein respiratory quotient (npRQ) were calculated. Calculation of the diet for each
patient was based on the following conditions: 30–35 kcal/kg per day as total calories
for ideal body weight (body mass index [BMI], 22), with 1–1.5 g protein/kg per day
and fat content equivalent to 25% of the total calories. During LES administration,
reduced-calorie diets were used, i.e., calories equivalent to the amounts in two 
packs or one pack of Aminoleban EN (210 kcal/pack; protein, 13.5 g/pack; fat,
3.5 g/pack) were subtracted. The administration period was 7 days; the calorie con-
sumption of all patients was checked by a nutrition technician and all patients took
the prescribed calorie content. On days 1 and 7, we performed nutritional evaluation,
by indirect calorimetry, and we determined the blood glucose level, and carried out
biochemical examinations. Changes in the blood glucose level were measured at seven
time points: 30 min before and 2 h after each meal and at 10 p.m. The levels before
meals and those after meals on days 1 and 7 were compared. The BCAA/tyrosine ratio
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(BTR) [23] was also examined on days 1 and 7. The BTR is the molar ratio of (valine
+ leucine + isoleucine)/tyrosine, determined by measuring only tyrosine as an aro-
matic amino acid (AAA), and it is different from the Fischer ratio. Besides indirect
calorimetry, nutrition evaluation was based on the biochemical parameters, serum
albumin, and anthropometric parameters, i.e., BMI and the creatinine-height index
(CHI).

Statistical Analysis

Data values were expressed as means ± SE. Two-tailed t-tests were used to compare
means for continuous variables. Nonparametric methods were also used for nonnor-
mally distributed values, and differences were tested by the Wilcoxon signed rank test.
To calculate correlation coefficients between selected variables, the Spearman rank
correlation coefficient was used. For all tests, P values of less than 0.05 were consid-
ered significant.

Results

Indirect Calorimetry

The npRQ value in both groups increased significantly after 1-week treatment (one-
pack group; baseline, 0.82 ± 0.03 vs 0.88 ± 0.03; P < 0.05; two-pack group; baseline,
0.76 ± 0.03 vs 0.81 ± 0.02; P < 0.05). The fat oxidation rate as an energy substrate
decreased significantly with an increase in the glucose oxidation rate.

BTR Measurement

A significant increase in BTR was also observed after treatment (one-pack group,
baseline, 3.10 ± 1.01 vs 4.41 ± 1.01; P < 0.05; two-pack group, baseline, 3.60 ± 1.45 vs
5.25 ± 2.01; P < 0.05). However, no significant difference was observed in the blood
ammonia level (data not shown).

Changes in the Blood Glucose Level

In this study, none of the subjects had an abnormal increase in the blood glucose level
before breakfast. When we checked the changes in blood glucose levels before the LES
administration, five subjects had an excess increase in the blood glucose level after
meals, especially after breakfast. In this study, five patients had glucose intolerance
(three in the LES-alone group and two in the LES-plus-divided-meal group), with an
increased blood glucose level of more than 200 mg/dl 2 h after breakfast, lunch, or
dinner before the nutritional intervention. However, nutritional support for only 1
week reduced this excess increase in the glucose level after the meals, reducing it to
less than 200 mg/dl (data not shown).

We investigated changes in the area under the curve (AUC) for the blood glucose
level after meals before and after the nutritional support. The AUC of the one-pack
group had decreased significantly (82.1 ± 13.5%; P < 0.05) as compared to that before
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the treatment (100%). Although the AUC of the two-pack group tended to decrease
compared to that before the treatment, there was no significant difference (91.3 ±
20.8%). There was no significant elevation of the blood glucose level before breakfast
after the 1-week treatment in either group.

Changes in npRQ According to Child-Pugh Classification

The effect of nutritional intervention on the changes in npRQ was examined in the
two groups according to the Child-Pugh classification. Patients in Child-Pugh groups
A and B showed an improved npRQ after the treatment, either with LES alone or LES
plus divided meals (P < 0.05; Child-Pugh A; n = 4 in each group, Child-Pugh B; n = 4
in each group). However, for the patients who had severe decompensated cirrhosis
(Child-Pugh C), nutritional treatment did not improve the npRQ (n = 2 in each group).

Correlation Between npRQ and Biochemical and Nutritional Parameters

We examined the correlation between npRQ and various parameters. There was a sig-
nificant correlation between the value of npRQ after nutritional treatment and the
CHI (P < 0.05), as well as a significant correlation for the change in npRQ after treat-
ment (npRQ after treatment minus npRQ before treatment) and the CHI (P < 0.05),
but there were no significant correlations between npRQ and BMI, albumin, total
bilirubin, ammonia, or any other parameters.

Discussion

It has been reported that, after an overnight fast, the nature of fuels oxidized in cir-
rhotics was similar to that in healthy controls after 2 to 3 days of total starvation [24].
However, in a more recent study, Yamashita et al. [25] reported that glucose oxidation
in peripheral tissue after eating was intact or increased in cirrhotics.

In the present study, we showed that LES (as in the one-pack group) and LES plus
divided meals (as in the two-pack group) were very effective for morning starvation.
The presence of a severe catabolic state in cirrhotic patients results in the loss of
muscle, and in malnutrition, resulting in a poor prognosis [4, 7]. In both the one-pack
and the two-pack groups, the npRQ improved significantly, with increased carbohy-
drate oxidation. The two-pack group tended to have more increased BTR than the
one-pack group, but, in both groups, the value of BTR after treatment was elevated to
more than 4.0. One-pack LES treatment significantly decreased the AUC, but, unex-
pectedly, the reductive effect on AUC with the LES plus divided meals was less than
that of the LES-alone group. Other researchers have reported that the problem of
glucose intolerance and diabetes in cirrhotic patients is the excess elevation of blood
glucose after meals [20, 21]. In our study, before nutritional treatment, no patient had
an abnormally high glucose level before breakfast, but some had an excess increase
of blood glucose level after meals, especially after breakfast. Nutritional treatment
reduced such elevation of the glucose level after 1 week in both groups. These results
suggest that LES-alone treatment with one pack of BCAA-enriched supplement will
have an effect on energy metabolism and blood glucose level equivalent to that of
treatment with LES and divided meals.
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Our study indicated that patients in the compensated stage, i.e., Child-Pugh A or B,
will respond to the nutritional intervention easily. However, a long-term study is nec-
essary to determine whether patients in the decompensated stage (i.e., Child-Pugh C)
will respond to nutritional intervention such as the LES.

In our study, we showed that there was a significant correlation between npRQ and
the creatinine-height index (CHI). The CHI is useful, as it reflects skeletal muscle
volume [26]. Although the liver is considered to be the major site of amino-acid degra-
dation [27], skeletal muscles are also another important site for amino-acid metabo-
lism [28]. Our results suggest that muscle is also very important for the uptake and
utilization of the LES nutritional supplement. That is, it is important to maintain
proper muscles and, in order to do that, it is necessary to ingest suitable protein and
perform appropriate exercise.

Recent studies have suggested that leucine may play an especially important role in
skeletal muscles for the regulation of protein synthesis and for glucose metabolism
[29–31]. This suggests that muscles may play an important role not only in amino-
acid and ammonia metabolism but also in the improvement of glucose intolerance.
Our results (i.e., the increase of npRQ) show that muscle volume will affect the
improvement of energy metabolism, a result which coincides with these reports
[29–31].

There are different opinions as to the best substrate for nutrition and the best
method of administration for cirrhotic patients [32]. In cirrhotic patients, impaired
glucose tolerance and insulin resistance are often observed. Nakaya et al. [33] reported
that, among a BCAA mixture, a carbohydrate-rich snack (rice ball), and oral glucose
with equal caloric value, oral glucose resulted in the greatest increase in the blood
glucose level. Certainly, long-term oral administration of BCAA increased serum
albumin in patients with cirrhosis, leading to a better quality of life (QOL) and 
prognosis [34]. For these reasons, we selected Aminoleban EN, a BCAA and glucose
mixture also containing vitamins and trace elements that are usually lacking in
patients with liver cirrhosis. However, further study is necessary to determine whether
Aminoleban EN is better than a light glucose-rich snack as an LES.

In conclusion, the LES improved energy malnutrition, corrected amino-acid imbal-
ance, and improved glucose intolerance in patients with liver cirrhosis; the effects of
longer-term administration of an LES on prognosis and QOL must be investigated in
the future.
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