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REVIEW

Non-alcoholic fatty liver disease: The diagnosis and
management
Shehab M Abd El-Kader, Eman M Salah El-Den Ashmawy
to inflammatory nonalcoholic steatohepatitis, fibrosis, and
cirrhosis. The majority of hepatocellular lipids are stored
as triglycerides, but other lipid metabolites, such as free
fatty acids, cholesterol, and phospholipids, may also be
present and play a role in disease progression. NAFLD
is associated with obesity and insulin resistance and is
considered the hepatic manifestation of the metabolic
syndrome, a combination of medical conditions including
type 2 diabetes mellitus, hypertension, hyperlipidemia,
and visceral adiposity. Confirmation of the diagnosis
of NAFLD can usually be achieved by imaging studies;
however, staging the disease requires a liver biopsy.
Current treatment relies on weight loss and exercise,
although various insulin-sensitizing agents, antioxidants
and medications appear promising. The aim of this
review is to highlight the current information regarding
epidemiology, diagnosis, and management of NAFLD as
well as new information about pathogenesis, diagnosis
and management of this disease.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is a
serious and growing clinical problem due to the growing
prevalence of obesity and overweight. Histologically, it
resembles alcoholic liver injury but occurs in patients
who deny significant alcohol consumption. NAFLD en
compasses a spectrum of conditions, ranging from benign
hepatocellular steatosis to inflammatory nonalcoholic
steatohepatitis, fibrosis, and cirrhosis. The majority of
hepatocellular lipids are stored as triglycerides, but other
lipid metabolites, such as free fatty acids, cholesterol,
and phospholipids, may also be present and play a role
in disease progression. NAFLD is associated with obesity
and insulin resistance and is considered the hepatic
manifestation of the metabolic syndrome, a combination
of medical conditions including type 2 diabetes mellitus,

Abstract
Non-alcoholic fatty liver disease (NAFLD) is now the most
frequent chronic liver disease that occurs across all age
groups and is recognized to occur in 14%-30% of the
general population, representing a serious and growing
clinical problem due to the growing prevalence of obesity
and overweight. Histologically, it resembles alcoholic
liver injury but occurs in patients who deny significant
alcohol consumption. NAFLD encompasses a spectrum of
conditions, ranging from benign hepatocellular steatosis
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for aminotransferase levels, the estimated prevalence
of NAFLD in the general United States population
ranges from 5.4% to 24%, but these values may be
underestimations because aminotransferase levels have
[11,12]
limited sensitivity for steatosis
. Histologic estimates
of NAFLD prevalence via preoperative or intraoperative
liver biopsy, mainly obtained from individuals evaluated
as donors for living-donor liver transplantation, are 33%
[13-15]
to 88%
. In children, NAFLD prevalence has been
estimated to be 9.6%; of great concern, 2% to 8% of
[16,17]
children with NAFLD progress to cirrhosis
.
Obesity is the most important risk factor for NAFLD;
the prevalence of NAFLD is 4.6 times greater in the
obese population, and up to 74% of obese individuals
[18]
have fatty livers . Among morbidly obese patients
undergoing bariatric surgery for weight loss, 84% to
96% have NAFLD and 2% to 12% have severe fibrosis
[19-22]
or cirrhosis
. NAFLD is also strongly associated
with hepatic and adipose tissue insulin resistance and
[23]
metabolic syndrome . Although NAFLD is clearly
linked to obesity and metabolic syndrome, it may occur
in up to 29% of lean patients lacking associative risk
[24]
factors . The prevalence of NAFLD is estimated to be
at least twice as common among individuals who meet
[25]
criteria for metabolic syndrome . Among individuals
with NAFLD, it is estimated that over 90% have some
[26]
features of metabolic syndrome . Diabetes is reported
in 33% to 50% of patients with NAFLD, whereas insulin
[27]
resistance may occur in as many as 75% .
Other factors that influence the development of
[28-30]
NAFLD include age, sex, race, and ethnicity
. The
prevalence of NAFLD increases with age in both adults
[31]
and children . NAFLD is more common among men
than women younger than the age of 50; however,
higher prevalence rates are seen in women older than
the age of 50, perhaps related to hormonal changes
[11]
occurring after menopause . The prevalence of NAFLD
across the globe varies but in some populations, half of
all people may be affected. Among the Asian population,
the prevalence of NAFLD diagnosed by ultrasound varies
[32]
between 5% and 40% .

hypertension, hyperlipidemia, and visceral adiposity.
Confirmation of the diagnosis of NAFLD can usually
be achieved by imaging studies; however, staging the
disease requires a liver biopsy. Current treatment relies
on weight loss and exercise, although various insulinsensitizing agents, antioxidants and medications appear
promising. The aim of this review is to highlight the
current information regarding epidemiology, diagnosis,
and management of NAFLD as well as new information
about pathogenesis, diagnosis and management of this
disease.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common
clinicopathological condition characterized by signi
ficant lipid deposition in the hepatocytes of the liver
parenchyma and persistent abnormalities in liver
enzyme. The rising prevalence of NAFLD is related to
[1]
the epidemic of obesity . Although the histologic picture
resembles that of alcohol-induced liver injury, NAFLD
[2]
occurs in patients who do not abuse alcohol . NAFLD
comprises a wide spectrum of liver damage, ranging
from simple macrovesicular steatosis to steatohepatitis,
[3]
advanced fibrosis, and cirrhosis . NAFLD is now
increasingly being recognized as a cause of end-stage
liver disease and is associated with increased rates of
hepatocellular carcinoma (HCC), liver transplantation,
[4-6]
and death . Significant research endeavors are being
directed toward understanding the pathogenesis of
NAFLD and designing therapeutic strategies. This article
provides a clinical overview of NAFLD, focusing on its
epidemiology, etiology, pathogenesis, diagnosis, natural
history and treatment.

ETIOLGY

PREVALENCE AND EPIDEMIOLGY

NAFLD encompasses a group of conditions, ranging from
benign hepatocellular steatosis to inflammatory NASH,
[9]
fibrosis, and cirrhosis . The causes may be divided into
two main categories: (1) acquired or congenital metabolic
[26]
abnormalities; and (2) toxins and drugs . Potential
causes of NAFLD are listed in Table 1.
Obesity is often associated with NAFLD as the
degree of steatosis was found to be correlated with body
[33,34]
mass index (BMI)
; however, there is a significant
correlation between the degree of steatosis, waist-to-hip
[35-37]
ratio and the risk of metabolic syndrome
. Also, there
is a strong correlation between glucose intolerance, type
[38]
2 diabetes mellitus (T2DM) and NAFLD . Moreover,
Diabetes mellitus may be an independent predictor of
[24,39-41]
advanced liver cirrhosis, HCC and NAFLD
.

NAFLD is defined as either excessive fat accumulation in
the liver with more than 5% of hepatocytes containing
visible intracellular triglycerides or steatosis affecting
at least 5% of the liver volume or weight in patients
consuming less than 30 g (three units) of alcohol per
day for men and less than 20 g (two units) of alcohol
per day for women. One unit of alcohol (10 g) is defined
as one glass of beer (25 cL), one glass of wine (20 cL)
[7,8]
or one glass of whisky (3 cL) .
Globally, NAFLD is the most common form of chronic
[9,10]
liver disease among adults and children
. However,
the prevalence of non-alcoholic steatohepatitis (NASH)
in the general population is not known. Depending on
the cutoff values used to define the upper limit of normal
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Table 1 Causes of nonalcoholic fatty liver disease

[43]

through a ‘‘two hit’’ process . The first “hit” includes
accumulation of fat in liver cells, which is usually
associated with insulin resistance, central obesity along
with triglyceride accumulation inside the liver, and fatty
acid metabolism dysregulation that leads to steatosis.
The second “hit” causes hepatocyte inflammation and
necrosis, which lead to cirrhosis and fibrosis in some
[43]
patients with NAFLD .

[69]

Acquired metabolic disorders
Diabetes mellitus
Dyslipidemia
Kwashiorkor and marasmus
Obesity
Starvation
Cytotoxic and cytostatic drugs
L-asparaginase
Azacitidine
Azaserine
Bleomycin
Methotrexate
Puromycin
Tetracycline
Other drugs and toxins
Amiodarone
4,4'-diethylaminoethoxyhexestrol
Dichlorethylene
Ethionine
Ethyl bromide
Estrogens
Glucocorticoids
Highly active antiretroviral therapy
Hydrazine
Hypoglycin
Orotate
Perhexilene maleate
Safrole
Tamoxifen
Metals
Antimony
Barium salts
Chromates
Phosphorus
Rare earths of low atomic number
Thallium compounds
Uranium compounds
Inborn errors of metabolism
Abetalipoproteinemia
Familial hepatosteatosis
Galactosemia
Glycogen storage disease
Hereditary fructose intolerance
Homocystinuria
Systemic carnitine deficiency
Tyrosinemia
Weber-Christian syndrome
Wilson disease
Surgical procedures
Biliopancreatic diversion
Extensive small bowel resection
Gastric bypass
Jejunoileal bypass
Miscellaneous conditions
Industrial exposure to petrochemicals
Inflammatory bowel disease
Partial lipodystrophy
Jejunal diverticulosis with bacterial overgrowth
Severe anemia
Total parenteral nutrition

ROLE OF OXIDATIVE STRESS
Oxidative stress has a principal role in the pathogenesis
of NAFLD as levels of lipid peroxide are increased in
[44]
both NASH and hepatic steatosis .
Oxidative stress plays a key role in the second
“hit”, which also involves lipid peroxidation in steatotic
hepatocytes. Induction of hepatic CYP2E1 promotes
[45]
oxidative stress and lipid peroxidation and mitochondrial
[46]
dysfunction leads to reactive oxygen species formation .
Moreover, immune responses to lipid peroxidation
[47,48]
products may share in NAFLD progression
.

IMMUNE AND INFLAMMATORY
PATHWAYS IN NASH
Adaptive and innate immune dysfunction along with
inflammatory pathways is involved in the development
[49]
of NAFLD . Neutrophils, kupffer cells (KCs), natural
killer (NK) cells and dendritic cells play an important
role in the pathogenesis of NASH.
KCs are activated in acute or chronic liver disease,
and this activation increases the pro-inflammatory
cytokines, e.g., interleukin-6 (IL-6), tumor necrosis
factor-α (TNF-α) and IL-1b, which activate T cells and
[50]
induce hepatocytes apoptosis . Also, activation of
neutrophils increases the release of pro-inflammatory
cytokines and leads to oxidative damage to hepatic
[51,52]
cells
. Moreover, NK cells are abundant in liver
[53]
tissue and have an anti-fibrotic effect in the liver , and
reduction of NK cell activity and levels may increase
susceptibility to liver cirrhosis among obese subjects.
Therefore, NK cells have a role in the development of
liver injury and fibrosis and contribute to NASH and
[54]
NAFLD development .

NATURAL HISTORY
NAFLD is the most common liver disorder worldwide,
affecting 20%-40% of population in Western countries
and 5%-40% of the general population across the Asia[55,56]
Pacific region
. The prevalence of NAFLD, including
NASH, is rising in parallel with the obesity, T2DM, and
[57]
metabolic syndrome . A certain proportion of NASH
[58]
patients progress to cirrhosis and HCC . Previous
studies showed that 10%-29% of NASH patients may
have liver cirrhosis within 10 years, and 4%-27% of
[59]
these patients may have HCC (Figure 1) . Therefore,
NAFLD/NASH will gradually become the major etiology

PATHOGENESIS
The pathogenesis of NAFLD is fully understood, however,
[42]
no single pathogenic mechanism has been identified .
Currently, the development of NASH is considered to be
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Normal liver

20%-40% of the general population (West)
5%-40% of the general population (East)
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LABORATORY FEATURES OF NAFLD
Suspicion for NAFLD is triggered by abnormalities of
liver chemistry tests that are usually performed for nonliver-related reasons. About 50% of patients with simple
steatosis have higher liver biochemical test levels, which
occur in 80% of patients with advanced NAFLD. Also,
serum aspartate aminotransferase or ALT level, or both
is usually increased up to 1.5- to 4-fold and levels rarely
exceed 10 times the upper limit of normal. However, the
gamma glutamyl transpeptidase and alkaline phosphatase
levels may be elevated, but the serum prothrombin
time, bilirubin level and serum albumin level are normal,
[69]
except in patients with NAFLD-associated cirrhosis .
Moreover, about one fourth of NAFLD patients may
have antinuclear antibodies (ANA) in low titers (less
[70]
than 1:320) . Serum ferritin level may be higher in
20% to 50% of NAFLD patients and can be considered
[24,71]
a marker for advanced disease
. Hyperglycemia and
dyslipidemia may be detected in 30% to 50% of NAFLD
[40]
subjects . Laboratory and clinical findings do not
[68]
correlate with NAFLD histologic severity .

6%-13% prevalence
Hepatitis
/NASH

10%-29% in 10 years

is

Cirrhos

4%-27%

HCC

Figure 1 Natural history of nonalcoholic fatty liver disease. Data adapted
from Hsu et al[59]. NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular
carcinoma; NASH: Non-alcoholic steatohepatitis.
[60]

of chronic liver disease worldwide

.

CLINICAL FEATURES OF NAFLD
Most subjects with NAFLD are clinically silent and
asymptomatic, but can manifest with non-specific
symptoms such as right upper quadrant discomfort or
fatigue. Liver enzymes are usually minimally perturbed
with mostly increased levels of alanine aminotransferase
(ALT) and gamma-glutamyl transpeptidase. The
diagnosis is often made incidentally in these individuals
because of either abnormal liver enzyme levels or
radiological features of a fatty liver. In others, NAFLD may
be diagnosed either as a result of an unusual appearance
of the liver during abdominal surgery or because of
persistent hepatomegaly. It is important to recognize that
only a minority of subjects has NAFLD been diagnosed
and that it currently remains undiagnosed in the great
[61]
majority of afflicted individuals . NAFLD is a diagnosis
of exclusion, so its workup needs to exclude other causes
such as significant alcohol consumption (defined as >
30 g/d of ethanol for men and 20 g/d of ethanol for
women), hepatitis B and/or C infection, drug abuse,
autoimmune liver disease, haemochromatosis or Wilson’s
[62]
disease .
The principal risk factors for developing NAFLD are
obesity and insulin resistance. More generally, any
elements constituting the metabolic syndrome such as
type 2 diabetes, dyslipidaemia and hypertension are
linked to the development of NAFLD, and approximately
85% of patients with NAFLD have at least one such
constituent. The metabolic syndrome itself is present
[62]
in 30% of patients with NAFLD . The association of
NAFLD with obesity, diabetes, hypertriglyceridemia, and
hypertension is well known. However, other associations
[63-65]
include cardiovascular morbidity and mortality
,
[66]
[62]
sleep abnormalities , psychiatric illness , chronic
[67]
fatigue and pain syndrome
and abnormalities of the
[68]
coagulation cascade .
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IMAGING FEATURES OF NAFLD
The radiologic features of fatty liver disease stem from
the increased fat content of the liver parenchyma. The
spatial pattern may be diffuse and homogeneous or
heterogeneous, with focal fat deposition in an otherwise
normal liver or areas of focal fat sparing in a diffusely
fatty liver. The homogeneous form is the most common;
the heterogeneous and focal forms may simulate
perfusion abnormalities, diffusely infiltrative disease,
[72,73]
nodular lesions, or masses
. Therefore, it is not only
important to recognize fatty liver on imaging but also to
discriminate it from other pathologic processes. The most
important modalities used in the assessment of hepatic
steatosis are ultrasonography, computed tomography
(CT), and magnetic resonance (MR) imaging and
MR spectroscopy. However, plain radiography has no
[74]
significant role in the assessment of NAFLD .
CT has been widely used in evaluation of NAFLD
in adults. Use of ionizing radiation precludes its use as
a research tool in children, although fatty liver may be
[75]
observed in children on scans done for clinical purposes .
Deposition of fat in the liver is characterized by a reduc
tion in the attenuation of the hepatic parenchyma. On
unenhanced CT, normal liver parenchyma has slightly
greater attenuation than the spleen or blood. However,
with increasing hepatic steatosis, liver attenuation
decreases and the liver may become less dense than
the intrahepatic vessels, simulating the appearance on a
[76]
contrast-enhanced scan (Figure 2) . Liver attenuation
may be affected by a variety of factors other than liver
fat, such as iron, copper, glycogen, fibrosis, edema,
or amiodarone use. Assessment of liver fat by CT
attenuation may be unreliable, and CT methods are
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Figure 2 Axial unenhanced computed tomography scan reveals diffuse
liver steatosis. Data adapted from Charatcharoenwitthaya et al[76].

Figure 3 Axial enhanced computed tomography scan reveals diffuse liver
steatosis. Data adapted from Rofsky et al[75].

Liver SAG RT_

Figure 4 T1-weighted magnetic resonance imaging of fatty liver,
demonstrating a bright liver. Data adapted from Mazhar et al[74].

Figure 5 Sagittal ultrasound image of the liver shows diffuse liver
steatosis. Data adapted from Yokoo et al[79].

insensitive to mild steatosis. The reported sensitivity and
specificity of unenhanced CT for detection of moderate/
severe steatosis (> 30% on histology) range from 73%
[75]
to 100% and 95% to 100%, respectively .
At enhanced CT, the presence of iodine contrast
interferes with attenuation, adding a new confounding
factor. Perfusion alterations, timing of acquisitions,
and contrast type, dosage, and injection rate all may
influence hepatic and splenic attenuation. Nevertheless,
criteria have been proposed to detect hepatic steatosis
at enhanced CT, including a liver-spleen attenuation
difference of at least 20 HU between 80 to 100 s, or at
least 18.5 HU between 100 to 120 s, after intravenous
contrast injection (Figure 3). Sensitivity and specificity of
these attenuation differences range from 54% to 93%
and 87% to 93%, respectively. Ultimately, however,
the quantitative criteria for diagnosing fatty liver at
enhanced CT are protocol specific and have significant
overlap of liver-spleen attenuation values between
[75]
normal and fatty liver, thereby limiting its clinical role .
MR imaging is more sensitive than CT for hepatic
steatosis assessment. Recently, MR imaging provides
a highly validated and reproducible hepatic triglyceride
[77]
content measurement . MR imaging is generally
considered the most definitive radiologic modality for
the qualitative and quantitative assessment of fatty

liver disease but is relatively costly (Figure 4) .
However, proton MR spectroscopy is evolving to detect
not only the full spectrum of steatosis but also other
[13,78]
features such as the degree of fibrosis
.
Transabdominal ultrasonography is the most common
imaging technique to diagnose hepatic steatosis due
to its widespread availability, noninvasiveness and
[76]
low cost . At ultrasonography, diffuse fatty liver is
characterized by hyperechogenicity of the liver paren
chyma relative to the adjacent right kidney or spleen (the
so-called bright liver). Focal fat deposition appears as a
hyperechoic area in an otherwise normal liver, whereas
focal fat sparing is represented by a hypoechoic area
[73]
within diffusely hyperechoic liver parenchyma . Other
frequently described ultrasound features of fatty liver
include decreased visualization of vascular margins,
attenuation of the ultrasound beam, loss of definition of
[79]
the diaphragm, and hepatomegaly (Figure 5) .
Ultrasonography has several limitations in the
detection of both diffuse and focal hepatic steatosis.
It is highly operator dependent, nonreproducible, and
limited by abdominal gas and patient body habitus. The
last inadequacy is highlighted in this patient population
because the majority of cases of fatty liver disease
occur in overweight or obese individuals. Similar to CT,
however, ultrasonography is not a quantitative method
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Figure 6 Histologic features of simple steatosis (fatty liver). Data adapted
from Feldman et al[69].

Figure 7 Histologic features of nonalcoholic steatohepatitis. Data adapted
from Cortez-Pinto et al[83].

remains in the fatty tissue after blood pool clearing. The
133Xe hepatic retention ratio is increased in patients
[82]
with fatty liver .

Elevated serum aminotransferase
levels and/or hepatomegaly

HISTOLOGICAL FEATURES OF NAFLD

Exclude excessive alcohol
use and other forms of liver
disease by history and
laboratory tests

The main histologic features of NAFLD are similar to
those of alcohol-induced liver disease and include
steatohepatitis (fatty liver plus parenchymal inflammation
with or without accompanying focal necrosis), steatosis
(fatty liver) and varying degrees of fibrosis, including
cirrhosis. Steatosis is predominantly macrovesicular
and usually is distributed diffusely throughout the liver
lobule, although prominent microvesicular steatosis
and zone 3 (perivenular) steatosis have been reported
occasionally (Figure 6). Mild neutrophilic, lymphocytic,
or mixed inflammatory infiltrates also may be observed,
[69]
and glycogenated nuclei are common . NASH, which
is an advanced form of NAFLD, is indistinguishable
[83]
histologically from alcoholic hepatitis (Figure 7) .
Literature reviews indicate that similar factors and
markers of inflammation are present in paediatric
[84-86]
NAFLD as in adults
. However, many differences are
noted in comparison to adult histology and include: (1)
greater severity of steatosis; (2) less or no ballooning
or Mallory-Denk bodies; (3) less lobular inflammation;
(4) few or no polymorphonuclear leukocytes; and (5)
[87]
increased portal tract inflammation and fibrosis .
[88]
Moreover, cirrhosis in children is rare but is reported .

Image liver with US, CT, or MRI

Normal

Fatty liver present

Liver biopsy

Consider liver biopsy
to stage disease and
define risk of
progression

Figure 8 Diagnostic approach to patients with suspected nonalcoholic fatty
liver disease. Data adapted from Feldman et al[69]. CT: Computed tomography;
MRI: Magnetic resonance imaging; US: Ultrasound.

and may be unable to distinguish simple steatosis from
advanced fibrosis or early cirrhosis. Ultrasonography
has low sensitivity and specificity for detecting small
[75]
amounts of fat in the liver .
Transient elastography, a recently developed technique
based on ultrasound monitoring of the passage of a low
frequency pressure wave through tissues, has been
found to be a promising non-invasive technique for the
detection of advanced fibrosis caused by chronic viral
[80]
hepatitis and NASH , although abdominal obesity may
[81]
compromise its utility in the NASH patient population .
Scintigraphy with xenon-133 (133Xe) as a nuclear
medicine imaging technique was used to detect hepatic
steatosis in the 1980s and 1990s but is now no longer
incorporated in diagnostic algorithms. 133Xe is a highly
fat-soluble gas that, after being inhaled or injected,
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DIAGNOISIS
Establishing a definitive diagnosis of NAFLD requires
both clinical and histologic data (Figure 8). Most patients
with NAFLD are evaluated because of chronically
elevated liver biochemical test levels, with or without
hepatomegaly. The combination of the patient’s history,
clinical examination, radiologic findings and blood test
[89]
results is essential for accurate diagnosis of NAFLD .
Anti-smooth muscle antibodies and ANA are common
in patients with NASH and most frequently represent
a nonspecific antibody response that is not associated
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Table 2 Brunt schema for grading nonalcoholic steatohepatitis
Severe (grade 3)
Typically > 66% (panacinar); commonly
mixed steatosis
Predominantly zone 3; marked
Scattered acute and chronic
inflammation; polymorphs may
appear concentrated in zone 3 areas of
ballooning and perisinusoidal fibrosis
Mild or moderate

[99]

Moderate (grade 2)

Mild (grade 1)

Any degree and usually mixed
macrovesicular and microvesicular
Obvious and present in zone 3
Polymorphs may be noted associated with
ballooned hepatocytes, pericellular fibrosis;
mild chronic inflammation may be seen

Predominantly macrovesicular; involves <
33%-66% of the lobules
Occasionally observed; zone 3 hepatocytes
Scattered and mild acute (polymorphs)
inflammation and occasional chronic
inflammation (mononuclear cells)

Mild to moderate

None or mild

[90]

with the pattern or severity of injury on liver biopsy .
However, alcoholic liver disease must be excluded in
order to establish NAFLD diagnosis.

Ballooning
Lobular
inflammation

Portal
inflammation

conditions are often, but not always, easily distinguished
clinically. A major challenge in the differential diagnosis of
hepatic steatosis occurs when the radiologic findings of
focal fat deposition or focal fat sparing simulate hepatic
nodular lesions such as abscess, benign neoplasm, or
primary or metastatic malignancy. The diagnosis of focal
fat deposition or sparing is supported by their occurrence
in typical locations, a wedge shape, the lack of mass
effect, and the absence of vascular displacement or
distortion inside the lesion. When there is still doubt, MR
[74]
imaging may be performed .
Certain drugs may produce de novo steatohepatitis
(e.g., amiodarone, perhexiline maleate, diethylam
inoethoxyhexestrol) and others may exacerbate NASH
(tamoxifen, corticosteroids, diethylstilbestrol, estro
[96]
gens) . Oxaliplatin and irinotecan administered as preop
erative chemotherapy before surgical resection of hepatic
metastases have been associated with steatohepatitis,
with irinotecan-associated steatohepatitis associated
[97,98]
with poorer outcomes after hepatic resection
. Other
conditions capable of eliciting fatty liver include intestinal
bypass surgery for weight loss (classically seen with
jejunoileal bypass surgery), human immunodeficiency
virus (HIV) infection with lipodystrophy, and parenteral
[3]
nutrition . If any of the these secondary causes of fatty
liver are excluded (alcohol, viral hepatitis, drug-induced,
jejunoileal bypass surgery, HIV infection, and parenteral
[74]
nutrition support), a diagnosis of NAFLD can be made .

DIFFERENTIAL DIAGNOSIS
The diagnosis of fatty liver is confirmed by imaging
studies and the clinician is challenged with establishing
the etiology of hepatic steatosis. Among patients with
elevated serum aminotransferase values, the etiology
is usually established through a careful evaluation
of their history (medication use, risk factors for viral
hepatitis, history of alcohol and drug use, and review
of comorbidities), a series of screening blood tests for
causes of chronic liver disease (viral serologic studies,
iron studies, autoimmune markers, ceruloplasmin,
and α1-antitrypsin), supportive imaging studies (initial
evaluation usually by ultrasonography), and, sometimes,
[91,92]
liver biopsy
.
Alcoholic liver disease includes a spectrum of
conditions provoked by alcohol ingestion, including
alcoholic hepatitis, fatty liver disease and cirrhosis. It
has been estimated that almost all patients with heavy
alcohol consumption develop fatty liver, although only
10% to 35% develop alcoholic hepatitis and 8% to 20%
[93]
progress to alcoholic cirrhosis . In individuals who
admit to moderate alcohol intake, the differentiation
between NAFLD and alcoholic fatty liver disease is
difficult because laboratory, imaging, and histologic
findings are similar. Unfortunately, strong data are
lacking to determine accurate thresholds for alcohol
consumption required to cause fatty liver. Historically,
daily alcohol intake of 30 g in men and 20 g in women
has been used to distinguish NAFLD from alcoholic fatty
liver disease, although the validity of these thresholds
[94]
is unknown . If liver biopsy specimens are obtained,
individuals with alcoholic liver disease tend to have
more Mallory’s hyaline and acidophil bodies and less
glycogenated nuclei than those with NAFLD, although
[74]
these are not reliable findings .
Because the radiologic findings of hepatic steatosis
are common to its diverse causes, the differential
diagnosis is largely discriminated on clinical and labo
[95]
ratory grounds . Special attention needs to be given to
the possible imaging overlap between simple steatosis
and advanced fibrosis or early cirrhosis; these disparate
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Steatosis

GRADING AND STAGING
The standardized schema of NAFLD staging and
grading was published by Brunt and associates in 1999,
who assigned the overall grade of mild, marked, or
severe (grades 1, 2, and 3, respectively), based on
the degree of ballooning degeneration, steatosis and
[99]
lobular and portal inflammation as listed in Table 2 .
The Pathology Committee of the National Institute of
Diabetes and Digestive and Kidney Diseases sponsored
NASH Clinical Research Network maintained features of
the Brunt schema for NAFLD grading as found in Table
[9]
3 .

TREATMENT
To date, there are no established treatment guidelines
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Table 3 Non-alcoholic fatty liver disease activity score
Score

adult and pediatric studies, with varying results. In all
studies, vitamin E was well tolerated, and most studies
showed modest improvements in ultrasonographic
appearance of the liver, serum aminotransferase levels
[97,104,105]
and histologic findings
. In one published series
of 11 pediatric patients with NASH who received vitamin
[105-107]
E (d-α-tocopherol), 400 to 1200 IU, ALT improved
.

[9]

Steatosis

0
1
2
3
Lobular inflammation (counted in 20 × fields)
1
2
3
Ballooning
1
2

< 5%
5%-33%
> 33%-66%
> 66%
< 2 foci
2-4 foci
> 4 foci

Lipid-lowering agents

Few small trials assessed the usefulness of lipidlowering and cytoprotective drugs for NAFLD treatment,
with varying results. In one controlled trial, gemfibrozil
improved liver chemistry in 74% of NAFLD patients in
the treatment group, compared with 30% of untreated
control subjects with no available histologic data. So,
in general, lipid-lowering agents are not used for NASH
[108]
treatment .

Few
Many

and no single approved therapy for NAFLD treatment.
Historically, the principal treatment for NAFLD consisted
of removal of offending drugs and toxins, weight
loss, and control of associated metabolic disorders
as hyperlipidemia and diabetes. The focus of NAFLD
management is to ameliorate the NASH risk factors (i.e.,
insulin resistance and obesity), with the objective of
preventing disease progression or regression of already
established fatty liver or NASH. Lifestyle changes and
dietary modification are the main methods for weight
management.

Insulin sensitizers

The association between hyperinsulinemic insulin resistance
and NAFLD provides a logical target for treatment. Two
classes of drugs have been shown to correct insulin resis
tance: biguanides (e.g., metformin) and thiazolidinediones.
Metformin, a biguanide that reduces hyperinsulinemia and
improves hepatic insulin sensitivity, reduces hepatomegaly
[109]
and hepatic steatosis in ob/ob mice , but results in
[110,111]
human studies have been less impressive
as in
human studies, although ALT improved and liver size
decreased, metformin was not consistently found to
[110,112]
improve liver histology
.

Weight management

The ultimate weight management goal is to achieve
the ideal body weight. However, significant insulin
resistance improvement could be attained by modest
[100]
weight loss .
The National Heart, Lung, and Blood Institute
guidelines for weight management in obsess subjects
are the best evidence-based treatment guidelines,
which generally recommended that the diet should be
planned to achieve a daily caloric deficit of 500 to 1000
[101]
calories along with an increase in everyday activities .
Furthermore, for subjects with a BMI higher than 30
2
kg/m or with a BMI higher than 27 along with other
comorbid conditions (e.g., sleep apnea), pharmacologic
weight management with orlistat or sibutramine may be
considered as these agents could produce a beneficial
[99]
effect on NAFLD . However, both vertical banded gastro
plasty and proximal gastric bypass have been shown to
[102]
be safe in NASH subjects . Moreover, the severity of
hepatic steatosis, fibrosis and cell injury regresses once
[103]
the weight stabilizes following these operations .

Ursodeoxycholate

Ursodeoxycholate (UDCA) is a hydrophilic bile acid that
is associated with hepatoprotective properties. In one
study, UDCA produced improvement in liver enzymes
and a decrease in hepatic steatosis. The long-term
benefits of UDCA and the optimal dose of UDCA remain
[113]
to be established .

Taurine

Taurine is believed to function as a lipotropic factor and to
improve the mobilization of hepatic fat. In another single
uncontrolled series, 10 children treated with taurine
supplements orally had radiologic resolution of their fatty
[114]
liver .

Betaine

Betaine is a hepatoprotective factor, and liver histology
and aminotransferase activity were improved in ten
[115,116]
NAFLD subjects who received betaine for one year
.
In a recent randomized placebo-control study, 55
NASH patients received betaine (20 g daily). Patients
randomized to betaine had a decrease in steatosis grade
without a significant change in intragroup or intergroup
differences in NAS or fibrosis stage. Moreover, there was
no significant change in adiponectin, insulin, glucose,
proinflammatory cytokines, or oxidant stress in NASH

Pharmacologic treatment of NASH

Several drug therapies have been tried in both research
and clinical settings, yet no agent has been approved by
the Food and Drug Administration for the treatment of
[61]
NAFLD .

Vitamin E

Vitamin E, an inexpensive potent antioxidant, has been
examined as a treatment agent for NAFLD in many
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[116]

patients receiving betaine therapy

.

7
8

Pentoxifylline

Pentoxifylline antagonizes TNF-α and is orally available
for long-term use. In two small pilot studies, ALT
improved after several months of treatment at a dose
of 400 mg three times a day. In addition, although the
drug was well tolerated in one study, 9 of 20 subjects
in the other study dropped out because of side effects,
[117,118]
especially nausea
.

9

10

Losartan

Angiotensin Ⅱ has been implicated in hepatic stellate
[119]
cell activation and matrix production
. In a small
pilot study of an angiotensin receptor blocker, losartan,
[120]
an improvement in ALT was noted .

11
12

Surgical treatment

Bariatric surgery is the primary surgical intervention
2
for NAFLD in patients with an BMI more than 40 kg/m
2
[121]
or of 35 kg/m with comorbidities . Current bariatric
surgical techniques include vertical banded gastroplasty,
adjustable gastric banding, Roux-en-Y gastric bypass,
biliopancreatic bypass, and biliopancreatic diversion
with duodenal switch. Based on a recent meta-analysis,
bariatric surgery is associated with significant histologic
improvements in steatosis, steatohepatitis, and
fibrosis, with more than 50% of patients experiencing
complete resolution of their fatty liver disease after
surgery. Although these results are compelling, these
observational studies showed no relationship between
histologic improvement and the amount of weight
[122]
loss .
As with other causes of cirrhosis, liver transplantation
is a viable option for patients with end-stage liver
[123]
disease due to fatty liver disease
. The outcome of
liver transplantation in these patients is good, although
[124,125]
NAFLD can recur after liver transplantation
.

13

14

15

16

17
18
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