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Abstract

Non-alcoholic fatty liver disease (NAFLD) is a clinicopathologic entity increasingly recognized as a major health
burden in developed countries. It includes a spectrum of liver damage ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH), advanced fibrosis, and rarely, progression to cirrhosis. Recent studies emphasize the role of
insulin resistance, oxidative stress and subsequent lipid peroxidation, proinflammatory cytokines, adipokines and mito-
chondrial dysfunction in the development and progression of NAFLD. Furthermore, accumulating evidence supports an
association between NAFLD and metabolic syndrome. Although the data are mainly epidemiological, the pathogenesis
of NAFLD and metabolic syndrome seems to have common pathophysiological mechanisms, with focus on insulin
resistance as a key factor. This review summarizes the current knowledge on the epidemiology, pathophysiology and
diagnosis of both NAFLD and metabolic syndrome and the findings that strongly support the association of nonalcoholic
fatty liver disease as a possible component in the cluster of metabolic syndrome. Hippokratia 2009; 13 (1): 9-19
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Non alcoholic fatty liver disease (NAFLD) is the
most common liver disease since its prevalence is esti-
mated to be 20-30% in general population of Western
countries'. NAFLD occurs as a histological spectrum of
disease and includes the subtypes of simple steatosis and
nonalcoholic steatohepatitis (NASH). It was thought to
be a benign condition but is now increasingly recognized
as a major cause of liver-related morbidity and mortal-
ity. Studies introduced that NAFLD may progress to
cirrhosis, liver failure, and hepatocellular carcinoma’.
It has been shown that NAFLD is strongly associated to
the features of metabolic syndrome. Insulin resistance is
a key pathogenic factor in both NAFLD and metabolic
syndrome. Available data from clinical, experimental and
epidemiological studies indicate that NAFLD may be the
hepatic manifestation of metabolic syndrome®.

Metabolic syndrome
Definition — Diagnosis

The metabolic syndrome is a clustering of risk fac-
tors that greatly increases an individual’s probability for
developing atherosclerotic cardiovascular disease (AS-
CVD), type 2 diabetes mellitus and chronic kidney dis-
ease. The predominant underlying risk factors appear to
be abdominal obesity, atherogenic dyslipidaemia, hyper-
tension, elevated plasma glucose, a prothrombotic state,
and a proinflammatory state*”’.

Several organizations have attempted to formulate the
definition of metabolic syndrome and used simple criteria
for its diagnosis, but it is beyond the scope of the present
review to delineate the published definitions®'2 In 2001

the National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) introduced simple
clinical criteria which are widely adopted since they are
simple to use in clinical practice and since a large number
of studies evaluated their reliability'®. In 2005 the Ameri-
can Heart Association (AHA) and the National Heart Lung
and Blood Institute (NHLBI) updated the ATP III criteria
with minor modifications®. Thus, the metabolic syndrome
is identified by the presence of three or more of the follow-
ing components: abdominal obesity (waist circumference
>102 cm in men, >88 cm in women), elevated triglycerides
(>150 mg/dl or on drug treatment for elevated triglycer-
ides), reduced HDL-C level (<40 mg/dl in men, <50 mg/
dl in women or on drug treatment for reduced HDL-C ),
hypertension (systolic blood pressure >130 mmHg or dia-
stolic blood pressure >85 mm Hg or on antihypertensive
drug treatment) and impaired fasting glucose (100 - 125
mg/dl or on antidiabetic drug treatment)’.

The lack of a standard definition makes comparisons
between studies difficult. Depending on the definition
used, estimates of the prevalence of the metabolic syn-
drome will differ. However, studies comparing the defi-
nitions reported that all definitions will identify persons
at increased risk for diabetes, cardiovascular disease,
and all-cause mortality”!’. Data indicate that the meta-
bolic syndrome prevalence varies widely across popula-
tions. According to the National Health and Examination
Survey (NHANES) IIT (1988-1994) and the NHANES
1999-2000, the age-adjusted prevalence of the MS was
24.1% and 27% respectively'®. In Greece during 2003 the
MetS-Greece study was carried out and the age- adjusted
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prevalence of the metabolic syndrome in the general pop-
ulation was 23.6%. This was similar in men (24.2%) and
women (22.8%), but the prevalence increased with age in
both sexes. This can be attributed to a similar age-related
trend in each of the components of the metabolic syn-
drome. Most individuals with MS had three components
of the syndrome (61%), 29% had four and 10% had all
five components.

The most common abnormalities were abdominal
obesity (72%) and arterial hypertension (66%). The
prevalence of elevated glucose (including patients with
diabetes mellitus) was unexpectedly high (53%). The
prevalence of elevated triglyceride levels among sub-
jects with MS was 62% and that of low HDL-C levels
was 54%".

Pathophysiology

Insulin resistance and compensatory hyperinsu-
linaemia have central etiologic roles in the development
of MS'¢. Evidence from animal models as well as hu-
man studies have identified hepatic very low density
lipoprotein (VLDL) overproduction as a critical under-
lying factor in the development of hypertriglyceridae-
mia, one of the main features of MS. The reduction of
HDL-cholesterol is a consequence of changes in HDL
composition and metabolism'”. Obesity has been also
described as the central causative component in the de-
velopment of the MS. In both muscle cells and adipo-
cytes of obese individuals, insulin binding to its recep-
tor, receptor phosphorylation, tyrosine kinase activity,
and phosphorylation of IRSs are reduced. Increased adi-
pose energy storage in obesity results in increased FFA
flux to other tissues and increased triglyceride storage
in these tissues, which promote insulin resistance and
other adverse effects'®.

Accumulated visceral adipose tissue produces and
secretes a number of adipocytokines, such as TNF-a
and IL-6, which induce development of hypertension'.
Individuals with MS have significantly higher rate of
sodium and water reabsorption at the proximal tubular
level®. Insulin promotes endothelin-1 (ET-1) production
from endothelial cells as well as ET-1 action in vascu-
lar smooth muscle cells, causing vasoconstriction and
increased smooth muscle cells proliferation*?*. Insulin
also increases the activity of the sympathetic nervous
system?,

Chronic inflammation is frequently associated with
the MS and the main inflammatory mediators are adi-
pocytokines and FFAs. Proinflammatory cytokines that
have been associated with MS include CRP, TNF-a, IL-6
and others and they result in more insulin resistance and
lipolysis of adipose tissue triglyceride stores, in enhanced
hepatic glucose and VLDL production. Cytokines and
FFA also increase the production of fibrinogen and plas-
minogen activator inhibitor-1 (PAI-1) by the liver that
complements the overproduction of PAI-1 by adipose tis-
sue, so inducing pro-thrombotic state?.

Non Alcoholic Fatty Liver Disease
Definition

NAFLD is a clinicopathologic entity with wide his-
tological spectrum which includes simple steatosis and
steatohepatitis (NASH). Steatosis is determined by esti-
mating the proportion of hepatocytes containing fat drop-
lets. The suggested lower threshold is 5% of hepatocytes.
Features of steatohepatitis include hepatocellular injury
(ballooning, apoptosis/necrosis, Mallory’s hyaline, giant
mitochondria), inflammation and fibrosis (perisinusoidal,
pericellular)®2¢, There are different suggestions on the
level of alcohol consumption that can reliably distinguish
between alcoholic fatty liver and NAFLD. Many centres
accept that the maximum allowable level of alcohol in-
take for definition of NAFLD is 2 standard drinks a day
(140 g ethanol/week) for men, and one standard drink a
day (70 g ethanol/week) for women?’.

NAFLD may be categorized as primary or second-
ary depending on the underlying pathogenesis. Pri-
mary NAFLD is associated with insulin resistance and
metabolic syndrome. Other conditions associated with
NAFLD are total parenteral nutrition, acute starvation,
abdominal surgery (e.g. extensive small bowel resection,
biliopancreatic diversion, and jejunal bypass), use of sev-
eral drugs (e.g. amiodarone, tamoxifen, glucocorticoids,
synthetic estrogens, diltiazem, aspirin, methotrexate,
highly active antiretroviral therapy). It is also associated
with hepatitis C, HIV and metabolic disorders i.e. hy-
pobetalipoproteinemia, lipodystrophy, hypopituitarism,
hypothalamic obesity, Weber-Christian syndrome, acute
fatty liver of pregnancy, Reyes syndrome and Mauriac
syndrome??. Studies indicate that occupational expo-
sure to organic solvents may play a role in the develop-
ment of NAFLD?* and that women with polycystic ovary
syndrome may have an increased prevalence of non alco-
holic fatty liver disease?!.

Epidemiology — Natural History

Attempts to screen for NAFLD in the general popula-
tion have been limited by the low accuracy of non-inva-
sive tools and self-reported ethanol ingestion histories®>.
Despite the limitations studies suggest that 20-30% of
individuals in Western countries have NAFLD'. NAFLD
may represent the majority of unexplained cases of ami-
notrasferase elevation®*. The prevalence increases from
16.5% in lean persons to 75% in obese persons®. The dis-
ease is reported in all age groups, even in paediatric pa-
tients in which is strongly associated with obesity*>. The
prevalence of NAFLD also increases with age and the
highest prevalence is in those between 40 and 49 years
old. Whereas in older studies NAFLD was more frequent
in women, the opposite was found in recent series. How-
ever, these studies are biased by their selection criteria
and especially by the use of an elevated ALT as an entry
criterion. The Dionysos study support that gender is not
a risk factor for NAFLD in general population'>¢. Stud-
ies in USA report that the frequency of NAFLD varies
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significantly with ethnicity (45% in Hispanics, 33% in
whites, 24% in blacks)*’. Obesity is present in the major-
ity of individuals with NAFLD?. It is an independent risk
factor and it is strongly associated with the progression of
the disease'*®. The role of central adiposity seems crucial.
Visceral fat is an important source of triglycerides leading
to steatosis. This probably explains the presence of gener-
ally lean, centrally obese individuals with NAFLD **. The
prevalence increases in subjects with impaired glucose
tolerance (43%) and in subjects with newly diagnosed
diabetes mellitus (62%)*. In a prospective study of 100
patients with type 2 diabetes mellitus the incidence of
NAFLD was 49%, confirming that diabetes mellitus is
a strong independent risk factor of NAFLD*'. Insulin re-
sistance and hyperinsulinemia are the laboratory findings
most closely associated with the presence of NAFLD in
a large series of patients, even in lean subjects with nor-
mal glucose tolerance'**?. Hypertension and especially
systolic hypertension is also an independent predictor of
NAFLD*.

Despite being common and potentially serious, the
natural history of NAFLD remains poorly clarified.
Mortality is significantly increased among patients with
NAFLD compared with the expected mortality of the
general population of same age and sex.
Liver-related death is a leading cause of
mortality, although the absolute risk is
low?. Patients with simple steatosis have
arelatively benign liver-related prognosis
with 1.5% developing cirrhosis and 1%
dying from liver-related causes over one
to two decades*. In contrast, 30-50% of
individuals with steatohepatitis will de-
velop fibrosis, 15% will develop cirrho-
sis and 3% will progress to terminal liver
failure®. Studies report that older age,
obesity, and presence of diabetes melli-
tus are independent predictors of severe
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defined as a condition in which a) higher than normal
insulin concentrations are needed to achieve normal
metabolic responses or b) normal insulin concentrations
fail to achieve a normal metabolic response*. Insulin
is a pleiotropic hormone which has diverse functions
including stimulation of nutrient transport into cells,
regulation of gene expression, modification of enzy-
matic activity and regulation of energy homeostasis®.
Insulin binds to its receptor in the plasma insulin-depen-
dent cell membrane, resulting in phosphorylation of the
receptor and activation by phosphorylation in tyrosine
of insulin receptor substrate proteins (IRS proteins).
IRS proteins are linked to the activation of two main
signaling pathways: the phosphatidylinositol 3-kinase
(PI3K)-AKT/protein kinase B (PKB) pathway, which
is responsible for most of the metabolic actions of in-
sulin, and the Ras—mitogen-activated protein kinase
(MAPK) pathway, which regulates expression of some
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of AKT/PKB is glycogen synthase kinase-3 (GSK3).
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hepatic fibrosis in patients with nonal-
coholic steatohepatitis (NASH)**. An
important observation is that many pa-
tients with cryptogenic cirrhosis have had
misdiagnosed NAFLD. This is due to the
decrease of histological evidence of he-
patic steatosis as the disease progresses to
cirrhosis®. Finally NAFLD may account
for a substantial proportion of cases of
hepatocellular carcinoma (HCC). A study
reports that NAFLD accounts for at least
13% of the cases of HCC*.

Pathophysiology (Figure 1)
Pathophysiology of NAFLD still
has not been completely clarified. Nev-
ertheless, insulin resistance plays a
fundamental role in the pathogenesis
of fatty liver. Insulin resistance may be

Figure 1: Development of nonalcoholic hepatic steatosis. In adipose tissue,
insulin resistance decreases the inhibitory action of insulin on hormone sensi-
tive lipase (HSL), thus enhancing triglyceride (TG) lipolysis and free fatty acid
(FFA) release. The results are increased circulating levels of FFAs, which are then
taken up by the liver. Dietary fatty acids enter the liver through spillover into the
plasma NEFA pool and through the uptake of intestinally derived chylomicron
remnants. In hepatocytes hyperinsulinemia increases the ‘de novo’ synthesis of
fatty acids. Hepatic TG synthesis is driven by the increased hepatocyte FFA con-
tent and favoured by insulin-mediated upregulation of lipogenic enzymes, such
as peroxisome proliferator-activated receptor gamma (PPAR-y) and sterol regula-
tory element binding protein 1 (SREBP-1). The large pool of FFAs activates mi-
tochondrial fatty acid B-oxidation by activation of PPAR-o and enchanced CPT-I.
Meanwhile, TG export via very-low-density lipoproteins (VLDL) may be inhibit-
ed by decreased synthesis of apolipoprotein B (apo B) or reduced incorporation of
TG with apo B by microsomal triglyceride transfer protein (MTP). (abbrevations:
HSL: hormone-sensitive lipase, TG: triglyceride, FFA: free fatty acid, PPAR-y:
peroxisome proliferator-activated receptor gamma, SREBP-1: sterol regulatory
element binding protein 1, PPAR-a: peroxisome proliferator-activated receptor
a, CPT-I: carnitine palmitoyltransferase I, VLDL: very-low-density lipoproteins,
apo B: apolipoprotein B, MTP: microsomal triglyceride transfer protein).
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Phosphorylation of GSK3 decreases its activity towards
glycogen synthase, which leads to increased glycogen
synthesis. AKT/PKB also regulates the expression of
gluconeogenic and lipogenic enzymes by controlling
the activity of the winged helix or forkhead (FOX) class
of transcription factors. AKT/PKB effectively activates
the mTOR pathway which regulates protein synthesis.
A number of acquired factors including oxidative stress,
FFAs, TNFa, and -as intracellular mediators- ceramide,
IKK} (inhibitor of kf} kinase) NFkB (nuclear factor kap-
pa B), PKC-0 (Protein Kinase C-0), JNK1 (Jun N-Ter-
minal Kinase-1) cytochrome CYP2EI and SOCS (sup-
pressors of cytokine signaling ) have been implicated in
altering the above described insulin signaling pathways,
resulting in insulin resistance’®s!.

The most widely accepted model to explain the de-
velopment of NAFLD and the progression from simple
steatosis to NASH is the “two-hit hypothesis”. The “first
hit” is the accumulation of lipids in the hepatocytes and
insulin resistance is the key pathogenic factor for the de-
velopment of hepatic steatosis .The “second hit” leads to
hepatocyte injury, inflammation and fibrosis. Factors ini-
tiating the second hit are oxidative stress and subsequent
lipid peroxidation, proinflammatory cytokines, adipo-
kines and mitochondrial dysfunction®.

Liver fat accumulation results from a disturbance in
the balance between supply, formation, consumption and
hepatic oxidation or disposal of triglycerides. The poten-
tial sources of lipids contributing to fatty liver include
plasma nonesterified fatty acid (NEFA) pool from adipose
tissue, newly made fatty acids within the liver through de
novo lipogenesis (DNL) and dietary fatty acids, which
can enter the liver by two means: through spillover into
the plasma NEFA pool and through the uptake of intes-
tinally derived chylomicron remnants. Nearly 60-80% of
liver triacylglycerol is derived from circulating free fatty
acids (FFA). Insulin resistance decreases the inhibitory
effects of insulin on peripheral lipolysis, increasing the
availability of free fatty acids (FFAs). Twenty five per-
cent of liver triacylglycerol is derived from increased de
novo lipogenesis (DNL)*. DNL is mediated by enzymes
under the transcriptional regulation of sterol regulatory
element binding protein-1c (SREBP-1c), which is up-
regulated by insulin and is likely to be activated by hy-
perinsulinaemia. DNL is also increased by activation of
the cannabinoid receptors on hepatocytes. Activation of
these pathways has been implicated in the pathogenesis
of hepatic steatosis®. Dietary fat intake is responsible for
15% of FFA supply to the liver. FFA and monoglycer-
ides in intestine are absorbed and packaged into triglyc-
erides in intestinal epithelial cells. Then they are secreted
in chylomicrons, which release FFA to adipose. Lipids
are normally exported from the liver in very-low density
lipoproteins (VLDL), which are formed by microsomal
triglyceride transfer protein (MTP) incorporating triglyc-
eride into apolipoprotein B (apo B). A reduction in MTP
activity and apo B synthesis and secretion may impair

hepatic lipid export and favour hepatic triglyceride ac-
cumulation®.

Recent findings in animal models suggest that tri-
glyceride accumulation in liver may be hepato-protective
rather than being hepatotoxic since it decreases the free
fatty acids accumulation in hepatocytes, their peroxida-
tion and oxidative stress*®. However, according to the
“two-hit hypothesis” steatosis increases the vulnerability
of the liver to “second hit”, oxidative stress. Disturbance
in the prooxidant/antioxidant balance constitutes oxida-
tive stress. The consequences of oxidative stress are lipid
peroxidation, cell degeneration and necrosis, apoptosis,
proinflammatory cytokine expression, liver stellate cell
activation and fibrogenesis. Multiple possible sources of
oxidative stress have been identified and include mito-
chondrial dysfunction, hepatic cytochrome CYP2EIL, -
oxidation by peroxisomes in mitochondria and recruited
inflammatory cells’’°.

The mechanisms responsible for increased mito-
chondrial B-oxidation in NASH are poorly understood.
The first mechanism is the increased hepatic uptake and
synthesis of free fatty acids in liver®. The large pool of
FFAs, especially from de novo lipogenesis, activates
hepatic PPAR-a (peroxisome proliferator activated re-
ceptor) which in turn activates the expression of genes
involved in fatty acid B-oxidation®'. Another mechanism
is the enhanced CPT-I (carnitine palmitoyltranferase)
which increases the entry of long-chain fatty acids into
mitochondria®. It is still unclear whether leptin activates
fatty acid oxidation through AMPK and PPAR-a activa-
tion®. The mitochondrial abnormalities associated with
NAFLD include ultrastructural lesions, depletion of
mitochondrial DNA (mtDNA), impaired activity of re-
spiratory chain complexes, and impaired mitochondrial
B-oxidation. Mitochondria are big and swelled, scarce in
number, and the mitochondrial matrix has paracrystal-
line inclusions. Mechanisms which explain this dysfunc-
tion found in NAFLD include excessive reactive oxygen
species (ROS) production, increased TNF-o expression,
and altered PGC-1 (peroxisome proliferator-activated
receptor-y coactivator) expression®. Recent animal ex-
periments and preliminary human studies support that in-
creased expression and activity of cytochrome P450 2E1
(CYP2E1), amicrosomal fatty acid oxidase that generates
reactive oxygen species, may play a role in pathogenesis
of NASH®*, ROS trigger lipid peroxidation which in
turn initiates release of malindialdehyde (MDA) and 4-
hydroxynonenal (HNE). MDA and HNE bind to hepa-
tocyte proteins initiating a potentially harmful immune
response, form of Mallory hyaline, or activate hepatic
stellate cells promoting collagen synthesis and stimulate
neutrophil chemotaxis®’. Oxidative stress also activates
transcriptional factor NFkB which in turn increase pro-
duction of proinflammatory cytokines promoting hepa-
tocyte injury and apoptosis, neutrophil chemotaxis, and
hepatic stellate cell activation®°8,

Initially, hepatic iron was believed to be a determi-
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nant factor in the development of NASH. However, re-
cent studies report that iron burden and HFE mutations
do not contribute significantly to hepatic fibrosis in the
majority of patients with NAFLD®.

Another potential contributor to hepatic steatosis and
inflammation is bacterial overgrowth. It has been pro-
posed that bacterial overgrowth increases endogenous
production of toxins such as ethanol or bacterial lipo-
polysaccharide that promote the production of reactive
oxygen species by hepatocytes and liver macrophages.
This proposed mechanism is supported by studies from
animal studies but remains untested in patients™7".

NAFLD is strongly associated with obesity but body
fat distribution appears to play a more important role in
the pathogenesis of NAFLD. Excess of intraabdominal fat
in particular may be a key determinant in the pathogenesis
of NAFLD, because of its strong association with insulin
resistance and possibly as a source of FFAs™. A study in
individuals with normal weight showed that accumulation
of intra-abdominal fat correlates with insulin resistance”.
Furthermore visceral adiposity is positively correlated
with clinical manifestations associated with insulin resis-
tance, including type 2 diabetes, dyslipidaemia and MS.
Visceral fat is also known to release greater quantities of
adipokines and excess FFAs into the portal vein, expos-
ing the liver to higher FFA concentrations’”. Although
most studies have found intraabdominal fat to be more
strongly associated with whole-body insulin resistance,
subcutaneous fat is also important in NAFLD. Subcutane-
ous fat, because of its greater overall mass, contributes
more than intraabdominal fat to circulating FFAs. Fifty
nine percent of the triacylglycerol that accumulates in the
liver in subjects with NAFLD is derived from circulating
FFAs and most of this is from nonsplanchnic sources®.
In lean healthy subjects during the post-absorptive phase,
only about 15% of the systemic FFA flux is accounted for
by visceral fat, whereas 75% is derived from the upper
body and only 10% from the lower extremities™.

Adipose tissue includes adipocytes, mesenchymal
cells, vascular endothelial cells and macrophages. It is
now recognized that it is not simply a storage depot for
excess energy but rather an endocrine organ that secretes
adipokines”’. Adiponectin is a hormone secreted by adi-
pocytes. It is found in relatively high circulating levels in
plasma but is decreased in patients with NAFLD and in
clinical manifestations associated with insulin resistance
such as MS and type 2 diabetes mellitus™. It regulates
energy homeostasis and glucose and lipid metabolism.
Adiponectin increases phosphorylation and activity of
AMPK which in turn stimulates phosphorylation of ace-
tyl coenzyme A carboxylase (ACC), fatty-acid oxidation,
glucose uptake and lactate production in myocytes™. It
has also anti-inflammatory effect since it suppresses the
hepatic production and plasma concentrations of TNF-a.
In a study treatment with adiponectin decreased hepato-
megaly, steatosis and alanine aminotransferase abnor-
mality®. Leptin is released into the circulation by mature

adipocytes in response to changes in body fat mass and
nutritional status. It has varied metabolic effects with the
most significant of these being related to body weight and
energy expenditure®!. Leptin acts as an insulin sensitizing
hormone and reduces lipid content of myocytes, hepato-
cytes and pancreatic B-cells. In obese NAFLD patients,
leptin levels are elevated and are directly correlated with
the severity of steatosis®. The presence of hepatic ste-
atosis despite the presence of hyper-leptinemia suggests
the development of leptin resistance®. In animal models
leptin also has been shown to play an important pro-fi-
brogenic role®.

In humans the major source of resistin is probably
from the peripheral blood macrophages and adipocytes®.
In animal models resistin regulates hepatic glucose and
lipid metabolism and act as a mediator of hepatic insu-
lin resistance. The role of resistin in humans remains
uncertain. Resistin levels are increased in patients with
NAFLD and levels are related to the histological severity
of the disease®®®”. TNF-a, IL-6 and other cytokines are
synthesized and secreted by adipocytes, stromavascular
cells and endotoxin-activated macrophages. The factors
regulating cytokine release within adipose tissue include
catecholamines, lipopolysaccarides, but also the size of
the fatty cells. TNF-a and IL-6 inhibit lipoprotein lipase,
and TNF-a additionally stimulates hormone-sensitive
lipase and induces uncoupling protein expression. TNF-
o also downregulates insulin-stimulated glucose uptake
via effects on GLUT-4, insulin receptor autophosphory-
lation and IRS-1. TNF-a is increased in obese and dia-
betic individuals while weight loss decreases its levels.
Furthermore, TNF-a decreases the production and secre-
tion of leptin by adipocytes. No study has demonstrated
whether TNF-a, via the portal vein reaches the liver and
causes hepatic injury, but it is certain that TNF-a is an
autocrine and paracrine regulator. The local production
of TNF-a by Kupffer cells has been proposed to play
a key role in the pathogenesis of NASH. On the other
hand, IL-6 appears to be released systemically by adi-
pose tissue and act on the hypothalamus and liver. IL-6
promotes hepatic insulin resistance, has pro-inflamma-
tory properties and causes activation of Kupffer cells
resulting in fibrogenesis. It also enhances hepatic C-reac-
tive protein synthesis. In paracrine fashion, it decreases
adiponectin secretion from the surrounding adipocytes,
inhibits lipoprotein lipase (LPL) on endothelial cells and
activates lipolysis®*®, IL-6 and TNF-a further promote
insulin resistance by increasing hepatic suppressors of
cytokine signaling (SOCS) expression. Over expression
of SOCS-1 and SOCS-3 in liver causes insulin resistance
and an increase in the key regulator of fatty acid syn-
thesis in liver, SREBP-1¢%. Accumulating data report
that the renin-angiotensin aldosterom system (RAAS) is
a major modulator of insulin resistance. Clinical studies
have shown that treatment with angiotensin Il antagonists
improve insulin sensitivity and liver function tests in pa-
tients with NAFLD,
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The fact that prevalence of NAFLD varies among
different racial groups, the common observation of con-
siderable variation in the severity of liver disease among
individuals with NAFLD and similar risk factors and the
observation that several very rare human monogenic dis-
orders are associated with the development of fatty liver
disease suggest that genetic factors affect the develop-
ment of NAFLD. At the present time, only few small
studies examine potential genes which are related to the
pathogenetic mechanisms of NAFLD. The data show that
multiple changes in gene expression characterize simple
steatosis. All of these studies are interesting and provoca-
tive but will require further validation in larger popula-
tions before their true significance is known’'.

Symptoms, laboratory abnormalities, diagnosis

Most patients with NAFLD are asymptomatic. The
disease is discovered incidentally during routine labora-
tory examination in subjects treated with hypolipidaemic
drugs and during sonographic examination for suspected
gallstone disease. When present, clinical symptoms are
nonspecific and unreliable in assessing disease severity.
The most common signs and symptoms are fatigue and
right upper quadrant discomfort. During physical exami-
nation there are no pathognomic signs and the most com-
mon abnormalities are obesity and hepatomegaly, which
has been reported in up to 50% of subjects. A smaller
fraction of patients experience symptoms indicative of
more serious liver disease such as ascites, jaundice and
liver encephalopathy°%%4,

The primary laboratory abnormality is the elevated se-
rum AST and ALT levels. However, liver aminotransferase
levels are seldom higher than 3 or 4 times the upper limit
of normal. The ALT levels are higher than the AST levels
in most instances, but the AST level may occasionally be
higher than the ALT level, especially in the presence of cir-
rhosis. A reversal of the ALT/AST ratio to more than 1 had
been reported to predict the presence of more advanced
fibrosis*. However, many individuals with the entire his-
tological spectrum of NAFLD have normal ALT values®.
Changes of aminotransferases do not parallel changes in
fibrosis stage. It has been reported that improvement in
aminotransferase levels appears to indicate improvement
in steatosis and inflammation but not fibrosis®. Alkaline
phosphatase [ALP] and gamma-glutamyltranspeptidase
[GGT] can also be elevated in NAFLD. Studies have
described NAFLD patients that present with isolated el-
evation of alkaline phosphatase and normal serum amino-
transferases”. It has been suggested that the normal limits
for ALT values should be revised and be lowered. The de-
crease of the upper limit of normal for ALT level from 40
U/L to 30 U/L in men and from 30 U/L to 19 U/L in women
increases the sensitivity for detection of patients with liver
injury from 55% to 76% but decreases the specificity from
97% to 88%. Prati et al report that ALT activity is inde-
pendently related to body mass index (BMI), to laboratory
indicators of abnormal lipid or carbohydrate metabolism

and to sex. They support that lowering the AST threshold
in the evaluation of persons with specific risk factors for
fatty liver would allow earlier recognition and appropriate
counselling in persons with mild hepatocellular injury. On
the other hand, Kaplan believes that the recommendations
of Prati would greatly increase the number of asymptomat-
ic patients, their anxiety and the economic cost’. Serum
auto antibodies, antinuclear antibodies (ANA), smooth
muscle antibodies (SMA) and antimitochondrial antibod-
ies (AMA), are present in 23% to 36% of NAFLD patients.
High titre of antinuclear antibodies is strongly associated
with insulin resistance. But the question of the significance
of antibodies remains largely unanswered!%-1%,

The most commonly used imaging technique in the di-
agnosis of NAFLD is ultrasonography (US) with remark-
able sensitivity but without accurate quantification of the
degree of steatosis. The sonographic findings in non-al-
coholic fatty liver disease are: 1) diffuse enhancement of
near field echo in the hepatic region (stronger than in the
kidney and spleen region) and gradual attenuation of the
far field echo, 2) unclear display of intra-hepatic lacuna
structure, 3) mild to moderate hepatomegaly with a round
and blunt border and 4) unclear display of envelop of right
liver lobe and diaphragm'®. A study introduced that the
sensitivity and specificity of ultrasound in patients of any
degree of steatosis is 64% and 97% respectively. Howev-
er, in patients with steatosis >30% the sensitivity and the
specificity increase to 89.7% and 100%'%. Hamaguchi
et al reported that ultrasonography has high sensitivity
(91.7%) and specificity (100%) in detecting fatty liver.
The limitation of this study is the low body mass index
(BMI) of the subjects'®. Obesity reduces the sensitivity
of ultrasound. In morbidly obese patients, the sensitivity
and specificity of ultrasound in diagnosing steatosis was
49.1% and 75%, respectively. This could be related to the
lack of objective criteria for the ultrasound diagnosis of
steatosis, and probably, technical problems in perform-
ing ultrasound in such patients'®. The hepatic steatosis
can be accurately determined radiologically only when
there is moderate or severe (>30%) fatty infiltration of the
liver'?71% Other limitations of the method are operator
—dependency and inability to distinguish between NASH
and other types of NAFLD!%:1%9,

CT imaging can accurately detect and quantify the
amount of steatosis in patients. For steatosis > 30%, the
sensitivity and specificity are 82% to 93% and 100%, re-
spectively. However, CT scan cannot distinguish simple
steatosis from steatohepatitis. There is no difference in
diagnostic value between a non-contrast CT scan and a
contrast-enhanced one!*-!0111,

Magnetic resonance imaging (MRI) is the most accu-
rate available technique in diagnosis and quantification of
hepatic steatosis. It is based on the signal differences be-
tween fat and water. MRI shows a good correlation with
histological examination and the sensitivity and specific-
ity are 100% and 92.3%, respectively'!"!?, Limitations of
the method include expense, inability to use in patients
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with implantable devices or claustrophobia, and altered
values in patients with iron overload”.

Magnetic resonance spectroscopy (MRS) is an alter-
native, non-invasive method to measure hepatic triglyc-
eride content (HTGC), but has been used only in small
research studies. The principle of MRS is based on the
differences in resonance frequencies of protons. Szcz-
epaniak et al reported that MRS is sensitive enough to
detect small amounts of triglyceride and it is not affected
by food intake. Another advantage over the other com-
monly used imaging modalities is that it is a quantitative
rather than qualitative or semi quantitative method. The
accuracy and safety of MRS make it an ideal methodol-
ogy to assess and monitor hepatic steatosis'.

Transient elastography (TE) is a recently developed,
non-invasive method designed to predict liver fibrosis,
based upon a mechanical wave generated by vibration.
The measurement of the wave velocity across the hepatic
parenchyma provides an estimate of the liver elasticity,
which in turn is a marker of liver fibrosis. It can accurate-
ly diagnose advanced liver fibrosis, but its performance
in early liver fibrosis is less satisfactory. Its reproducibil-
ity is significantly reduced in patients with steatosis and
increased BMI. Liver fibrosis also tends to be overesti-
mated by TE when ALT levels are elevated''*!">.

A growing number of potential biomarkers are being
studied in the search for non-invasive indicators of the
extent of disease and prognosis in NAFLD. Markers of
the processes that lead to the development and progres-
sion of NAFLD are potential targets for study. Oxidative
stress is a significant component of the progression of
NAFLD. Many studies have measured multiple byprod-
ucts of oxidative stress in order to assess the oxidative
stress in the liver, but the results are mixed. While some
of the markers were found to be useful after further study,
others have not been found to correlate with NAFLD.
Many questions also remain unanswered regarding the
relative importance of each of the oxidation pathways in
the liver damage seen in NASH and if measuring these
markers in blood or breath would reflect what is happen-
ing in the liver'®!"”, Inflammation has a central role in the
development of NAFLD, however, there is no clear mark-
er identified as a predictor of disease. Adiponectin level
is reduced in patients with NAFLD and furthermore the
level is lower for individuals with NASH than for those
with simple steatosis. Thus measurements of adiponectin
might be accurate for differentiating between steatosis
and steatohepatitis but these findings need to be validated
with clinical features, which can affect adiponectin levels
in the steatosis and steatohepatitis groups, such as type 2
diabetes mellitus and obesity. In the same study TNF-a
was also increased but the level of TNF-a did not cor-
relate with the severity of necroinflammation''®'°. On
the other hand other studies report that TNF-a levels are
higher in patients with NASH as compared to subjects
with simple steatosis or with no liver disease. C-reactive
protein (CRP) is another inflammatory marker which has

mixed results in NAFLD and several studies showed no
predictive value. It was found no difference in the mean
high sensitive CRP (hsCRP) levels between patients with
NASH and those with simple steatosis. However, Yoneda
et al. suggested that hsCRP may be a clinical feature that
not only distinguishes NASH from simple steatosis but
also indicates the severity of hepatic fibrosis in cases of
NASH. They reported that hsCRP was significantly el-
evated in cases of NASH among patients with NASH and
hsCRP was significantly elevated in those with advanced
fibrosis compared with that in those with mild fibrosis'*.
Many studies that are in progress test several cytokines
such as IL-1, IL-6, CC-chemokine ligand-2 (CCL2) as
potential biomarkers for NASH diagnosis.

Hepatic apoptosis plays a significant role in the pro-
gression of NAFLD and biomarkers of hepatic apop-
tosis have been explored as a potential diagnostic tool.
Caspase generated cytokeratin-18 (CK-18) is a protein
involved in apoptosis and it was found to be higher in pa-
tients with NASH. Wieckoska et al. reported that plasma
CK-18 fragments were strikingly increased in patients
with NAFLD compared to controls and the plasma levels
correlated with the expression levels in the liver. These
findings suggest that CK-18 is an independent predictor
of NASH and it may become a useful and reliable tool in
determining histological disease severity in patients with
NAFLD. A large multicenter prospective validation study
is in progress”*+121,

Several panel markers have been created, using
combinations of clinical and biochemical parameters
in order to generate clinical models of fibrosis. One of
the early scoring systems developed is called BAAT
score and combines four clinical variables: body mass
index (>28 kg/m?), age (>50 years), ALT (>2x normal),
serum triglycerides (>150 mg/dl). This scoring system
showed good positive predictive value (PPV) in deter-
mining advanced fibrosis but it was not reliable identi-
fying mild to moderate disease'*. Fibro Test combines
5 biochemical markers including 2-macroglobulin,
apolipoprotein A1, haptoglobulin, total bilirubin, and
GGT. Ratziu et al showed that Fibro Test is a simple
that and non-invasive quantitative estimate of liver fi-
brosis reliably predicts advanced fibrosis. In advanced
fibrosis negative predictive value (NPV) was 90%
and positive predictive value (PPV) was 70%. But in
moderate fibrosis NPV and PPV were 70% and 74%
respectively. Gilbert’s syndrome, acute inflammation
and high serum apoA 1 concentration due to high serum
HDL-cholesterol were the most frequent causes of Fi-
bro Test failures'?’. The NAFLD fibrosis scoring system
uses six commonly measured parameters including age,
hyperglycaemia, BMI, platelet count, albumin level, and
AST/ALT ratio. Study in 733 individuals showed that the
scoring system can predict absence or presence of fibrosis
in 90% of patients with NAFLD and liver biopsy would
have been avoided in 75%'**. The Original European Liv-
er Fibrosis (OELF) test consists of age, tissue inhibitor
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of matrix metalloproteinase 1(TIMP 1), hyaluronic acid,
and N-terminal propeptide of type III collagen (P3NP).
The algorithm detected fibrosis with sensitivity 90% and
ruled out fibrosis with negative predictive value 92% for
significant fibrosis'®. A modified algorithm which does
not contain age, Enhanced Liver fibrosis panel (ELF),
was validated in an independent cohort of patients with
NAFLD. It was reported that EFL panel has good diag-
nostic accuracy comparable to the accuracy of OEFL
panel and the addition of simple markers to the panel im-
proved diagnostic performance'?®. Many studies suggest
that single markers or a combination of markers may be
used for noninvasive diagnosis and staging of NAFLD.
However, they have not been prospectively validated in
different populations and they have not been evaluated
for their utility in monitoring disease activity or progres-
sion. In addition, an important limitation of these serum-
based biomarker panels is that they may reflect fibrotic
pathogenetic processes occurring in other organs. To
overcome this limitation, several groups have validated
genomic and proteomic techniques in studying non-alco-
holic fatty liver disease with results that cannot be intro-
duced in clinical practice, yet'?’. Liver biopsy remains the
most appropriate tool for diagnosis of NAFLD and the
evaluation of histological features. Histological features
have been recognized as useful in determining the risk
of progression to more advanced liver disease. Howev-
er, there have been arguments and hesitation to perform
liver biopsy in individuals with suspected NAFLD. This
hesitation is result of the invasive nature of a biopsy, the
potential risk of bleeding and death, the cost of a biopsy,
the lack of effective medical treatment for patients with
NAFLD. In addition there is still no international con-
sensus regarding the histopathological criteria that would
firmly define non-alcoholic steatohepatitis and differenti-
ate between NAFLD entities. Consequently, there have
been no widely accepted guidelines and the decision to
perform liver biopsy remains highly individual. How-
ever, some factors can help to identify the NASH patient
expected to derive the most benefit from liver biopsy.
Age older than 45 years, presence of obesity, type 2 dia-
betes mellitus or other risk factors of metabolic syndrome
and an SGOT/SGPT ratio greater than one are associated
with advanced liver fibrosis and they are indications of
liver biopsy!?31%,

Metabolic syndrome and non-alcoholic fatty liver
Recent studies have pointed that NAFLD, in its
whole spectrum ranging from pure fatty liver to non-al-
coholic steatohepatitis (NASH), might represent another
feature of MS. Pathophysiologic considerations, clinical
associations, and laboratory investigations support that
insulin resistance and hyperinsulinaemia have a central
role in pathogenesis of both MS and non-alcoholic fatty
liver. Studies concluded that NAFLD, in the presence of
normoglycaemia and normal or moderately increased
body weight, is characterized by clinical and laboratory

data similar to those found in diabetes and obesity such
as impaired insulin sensitivity and abnormalities in lipid
metabolism®. Ninty percent of individuals with NAFLD
have at least one risk factor of MS, and 33% have all the
features of MS. Study concluded that liver fat content is
significantly increased in subjects with the MS as com-
pared with those without the syndrome, independently
of age, gender, and body mass index'*’. In 304 NAFLD
patients without diabetes mellitus the prevalence of met-
abolic syndrome increased from 18% in normal weight
individuals to 67% in obese individuals. The presence of
multiple metabolic disorders such as diabetes mellitus,
obesity, dyslipidaemia and hypertension is associated
with a potentially progressive, severe liver disease'*!!32,
Obesity is found in 30-100% of subjects with NAFLD.
In obese persons steatosis is 4.6 fold higher than in nor-
mal weight persons®*!®, Prevalence of type 2 diabetes
mellitus in NAFLD patients ranges from 10% to 75%.
A study reported that type 2 diabetes mellitus was found
in 33% of individuals with NAFLD '*. Another study in
Japanese population showed that prevalence of NAFLD
increased to 43% in individuals with impaired fasting
glucose and 62% in individuals with type 2 diabetes
mellitus*. Hyperlipidaemia and specifically high levels
of triglycerides and low levels of HDL-cholesterol are
strongly associated with NAFLD. Hypertriglyceridemia
and low HDL-cholesterol level are present in 64% and
30-42% of NAFLD patients respectively'*!. In 55 non-
obese, non-diabetic patients with primary hypertension
the prevalence of fatty liver was more than twofold than
in the control group'**. Recent studies have pointed that
NAFLD is strongly associated with increased risk of
cardiovascular disease. There is an independent associa-
tion among hepatic steatosis and carotid atherosclerotic
plaques and endothelial dysfunction. This relationship
remains statistically significant after adjustment for risk
factors of MS'3%13,

In a prospective observational study of 4401 apparently
healthy individuals Hamagushi et al found that the MS is a
strong risk factor for nonalcoholic fatty liver disease. Par-
ticipants with the MS have a 4 to 11 times higher risk for
future nonalcoholic fatty liver disease. In addition, if non-
alcoholic fatty liver disease and the MS coexist, disease
regression is less likely'®. Furthermore Hsiao et al demon-
strated that the presence of severe fatty liver correlated sig-
nificantly with the prevalence and degree of hypertension,
abnormal glucose and triglyceride metabolism'’.

Conclusion

Non alcoholic fatty liver is the object of significant sci-
entific and clinical interest which is going to increase in the
following years. Epidemiological studies demonstrate that
NAFLD and MS are emerging as major problems of public
health. The targets of future investigations are to clarify the
pathogenesis and to establish effective treatment in both
NAFLD and MS. Several studies are in progress and a few
of them have provided encouraging results.
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