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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease that affects a high
proportion of world’s population. This review aims to update latest advances in epidemiology,
clinical aspects, pathogenesis, mechanism, immune responses and therapies of NAFLD.

Methods: This paper was prepared with reviews of published articles and books.

Results: NAFLD, the commonest liver disorder in the world, is closely associated with metabolic
syndrome, particularly obesity and insulin resistance. Sedentary lifestyle and poor dietary choices
are leading to obesity, subsequently increasing risk for developing metabolic syndrome and NAFLD.
NAFLD is characterized with increased lipogenesis, defective mitochondrial and peroxisomal b-
oxidation and/or disability to lipid export from the liver. It can progress to cirrhosis, hepatocellular
carcinoma, and liver failure. The development and progression of NAFLD are also affected by diet
and genetic factors. Poor immune system cannot overcome proinflammatory cytokines and reactive
oxygen species (ROS) which cause oxidative liver injury. Up regulation of perioxisome proliferator
activated receptor (PPAR) and disruption of sterol regulatory element binding protein (SREBP) are
important targets for pharmacological intervention accompanied with lifestyle modifications.

Conclusions: People with obesity, type 2 diabetes mellitus (T2DM), and metabolic syndrome are
likely to suffer from NAFLD.
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Introduction the increasing numbers of overweight and obese individuals

worldwide.? When fat accounts for more than 10% of liver’s
Non-alcoholic fatty liver disease (NAFLD) refers to the  weight, then the condition is called fatty liver and it can
presence of hepatic steatosis not associated with a  develop more serious complications.’ Fatty liver may cause
significant intake of alcohol' and its incidence is paralleling  no damage, but sometimes the excess fat leads to
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inflammation causing liver damage, called steatohepatitis.?
The term nonalcoholic steatohepatitis (NASH) was first
coined by Ludwig et al* describing the pathology of 20
patients histologically similar with alcoholic hepatitis but
without the history of alcohol abuse. Sometimes,
inflammation from a fatty liver is linked to alcohol abuse;
this is known as alcoholic steatohepatitis.>® Otherwise the
condition is called NASH.?> NAFLD comprises a spectrum
of liver pathology including bland steatosis, steatohepatitis,
cirrhosis’ and hepatocellular carcinoma® where most liver
related morbidity and mortality occur. The histological
damage in NAFLD is very similar to that seen in patients
with ALD, but NAFLD is by definition not alcohol induced.?

NAFLD is the most common chronic liver disease in the
western world.! Sedentary lifestyle and poor dietary choices
are leading to a weight gain epidemic in westernized
countries, subsequently increasing the risk for developing
the metabolic syndrome and NAFLD.® NAFLD may be
categorized as primary and secondary depending on the
underlying pathogenesis (Table 1).

Table 1. Type and causes of NAFLD'8

Type Causes/Associations

Primary Obesity, glucose intolerance, hypertension,
hypertriglyceridemia, Low HDL cholesterol,

type 2 diabetes

Secondary Drugs: corticosteroids, tamoxifen, diltiazem,
aspirin, highly active antiretroviral therapy,
valporate, amiodarone, estrogen, methotrexate,
zidovudine, tetracycline, cocainelnfections:
hepatitis C, human immunodeficiency viruses,
small bowel diverticulosis with bacterial
growth, endotoxinsMetabolic conditions:
Hypobetalipoproteinemia, lipodystrophy,
hypopitutarism, hypothalamic obesity, Weber
Christian syndrome, acute fatty liver of
pregnancy, Reyes syndromeToxins: organic
chemicals (petrochemicals), mushroom toxins
(Amanita phalloides), Bacillus cereus toxin,
EndotoxinsNutritional: Rapid weight loss,
intestinal bypass surgery, starvation, total
parental nutrition

Epidemiology

NAFLD is increasingly being recognized as an important
and common condition, affecting approximately 20% of the
general population in different countries (Table 2).'° It is
estimated to affect approximately 30% of the general US
population and is considered the hepatic manifestation of
the metabolic syndrome.>'' NAFLD affects one in three
adults and one in 10 children in the United States.® Although
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NAFLD typically occurs between the fourth and six decades
of life'>13, it is known to affect children as well as adults and
is not considered discriminatory to age.'*'* Many studies
have found a wide discrimination of NAFLD between the
sexes (Table 2).1316:17

Among different ethnic groups, however, the picture
becomes a bit more complicated. It has been reported that
the prevalence of fatty liver was highest in Hispanics (45%)
compared to Caucasians (33%) or African Americans
(24%).'® Furthermore, within specific race, such as
Caucasians, sex-related differences in the presence of fatty
liver (42% in men and 24% in women) had been observed,
indicating race and sex related variability in the susceptibility
to NAFLD.'® Among 3543 peoples, recently surveyed in
South China, 609 (17.2%) were diagnosed having fatty liver
disease (FLD, 23.0% in urban and 14.5% in rural) out of
which prevalence of NAFLD was 15.5%. " In the same study,
prevalence of FLD among the children at the age of 7-18
years was 1.3% with all having NAFLD." The prevalence
and incidence of NAFLD is expected to increase worldwide
as the global obesity epidemic spreads and the trend in
developing countries toward the western lifestyle
continues.®

Table 2. Prevalence of fatty liver disease among adults

Year Study Country N Diagnosis Techniques ~ Prevalence (%)
Overall M F
2007 Amarapurkaretal; India 1168 NAFLD US 16,6 246 136

2006 Zelber-Sagietal; Israel 352 NAFLD US 30 21 38

2006 Park et al; Korea 6648 NAFLD US 16.1 216 112

2007 Zhou et al; China 3543 FLD Us 172 206 27.6

2004 Browning et al; USA 2287 FLD MRS 34 42 24

Notes: US, Ultrasonography; MRS, Magnetic Resonance
Spectroscopy; NAFLD, Nonalcoholic fatty liver disease;
FLD, Fatty liver disease; N, number of subjects; M, male; F,
female

Clinical aspects of NAFLD

Most patients with NAFLD have no symptoms or signs of
liver disease at the time of diagnosis.”” NAFLD has been
characterized with asymptomatic elevation of
aminotransferases, radiological findings of fatty liver or
unexplained persistent hepatomegaly.’” NAFLD patients
may be complaint of fatigue or a sensation of fullness or
discomfort in the right upper abdomen.® Hepatomegaly is
one of the more consistent physical findings, described in
up to 75% of patients with NAFLD.? Other findings on
physical examination that may suggest NAFLD as the cause
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of liver abnormalities include those characterizing insulin
resistance and metabolic syndrome, such as central obesity,
hypertriglyceridemia, and hypertension.?

The most common and often the only laboratory
abnormality found in NAFLD patients, is mild to moderate
elevation of liver enzymes®" alanine aminotransferase
(ALT) and aspartate aminotransferase (AST): defined as
ALT>45 U/L, AST>45 U/L or a Glutamyl transferase (GGT)
>50 U/L.® In the patients with FLD, AST/ALT ratio is
usually less than one, but this ratio increases as fibrosis
advances.® A study on Japanese adults showed that
triglycerides, total protein albumin, AST and ALT were all
significantly higher while high density lipoprotein (HDL)
cholesterol and AST/ALT ratio were significantly lower in
subjects with NAFLD than those without fatty liver.”!

Pathogenesis

The primary metabolic abnormality leading to lipid
accumulation in hepatocytes is not clearly understood
however, it could potentially result from insulin resistance
and alterations in lipid metabolism.' Hepatic triglyceride
accumulates when lipid influx and de novo synthesis
exceeds hepatic lipid export and utilization.! Hepatic
steatosis is caused by the following metabolic disturbances:
a) an increase in mobilization of fatty acids from adipose
tissue, b) an increase in hepatic synthesis of de novo fatty
acids, ¢) a decrease in fatty acid oxidation, d) an increase in
triglyceride production, and e) a trapping of triglycerides in
the liver.? Excess production of cytokines, ROS, and the
shortage of protective mediators, including adiponectin,
play arole in pathogenesis of liver injury.

Currently the most widespread and prevailing theory for
pathogenesis is the ‘two-hit model’, introduced by.* The
first hit involves the interference in the metabolism of free
fatty acids (FFA) and triglycerides (TG) that usually
accumulate in the liver causing steatotic liver.?
Accumulation of FFA supports a lipotoxicity mechanism
for liver injury.?* In response to the excess fat in the liver
FFA are oxidized and metabolized releasing ROS, cytokines
and adipokines and exposing liver to oxidative stress, the
second hit that transforms steatosis to steatohepatitis to
fibrosis.> Process of liver steatosis development is a
continuous cycle (Fig. 1) that is fueled by the dietary intake
and lifestyle of individuals.?

| High FFA to liver |—> TG Accumulation
in Liver
I Visceral Adiposity I‘ 'I Insulin I

Fig. 1. Development of liver steatosis.

Western
diet/lifestyle
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Mechanisms and immune response

The mechanisms underlying disease development and
progression are insulin resistance, obesity related
inflammation, genetic, dietary and lifestyle factors."!

Oxidative and nitrosative stress

An increase in intrahepatic concentration of FFA may
provide a source of oxidative stress by peroxisomal b-
oxidation, which unlike mitochondrial b-oxidation produces
hydrogen peroxide (H,0,) and this is again converted to
highly reactive hydroxyethyl free radical in the presence of
free iron.”® Increased systemic nitrosative stress with greater
plasma nitrotyrosine (biomarker of nitrosative stress), and
the oxidative stress predict the presence of NAFLD even in
the absence of insulin resistance, metabolic syndrome, and
hypoadiponectinemia, correlate with the severity of
NAFLD.? In addition to creating oxidative stress, ROS can
trigger other hits to catalyze disease progression.” The other
mechanism causing increased oxidative stress is lipid
peroxidation of the increased FFA that accumulates in the
first hit.> The patients with NASH were found to have lower
hepatic u-3 and 0-6 polyunsaturated fatty acids (PUFAs)
and decreased ratio of metabolites to essential fatty acids
as compared to simple steatosis.?® This should be the
outcome of lipid peroxidation which often affects PUFAs
due to multiple double bonds. In non alcoholics, the
cytochrome P450 enzyme (CYP2E1) can also generate free
radicals from endogenously produced ketones and
aldehydes, and dietary N-nitrosamines causing oxidative
stress.?

Adipocytokines and immune reaction

The liver and the adipose tissue are the major sources of
inflammatory mediators, termed adipocytokines, in human
and experimental animals.” Different adipocytokines and
their role in NAFLD have been shown below (Table 3).

Table 3. Inflammatory mediators (adipocytokines) and their
role in NAFLD’

Inflammatory
Role in NAFLD

mediators

TNF-4 Proapoptotic, proinflammatory, inhibits insulin
action

IL-6 Hepatic glucose output, peripheral insulin
resistance

Resistin Hepatic glucose output, proinflammatory

Adiponectin Reduces steatosis, inhibits stellate cell activation

Leptin Stellate cell activation/fibrosis

PAI-1 Stellate cell activation/fibrosis

Angiotensinogen Stellate cell activation/fibrosis

Fatty acid Pro-inflammatory

Notes: TNF-4, tumor necrosis factor-4; IL, interleukin; PAI,
plasminogen activator inhibitor
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Hepatic steatosis stimulates hepatocyte secretion of
inflammatory cytokines e.g. IL6, that modulate the insulin
sensitivity by themselves, as well as, peripheral insulin
resistance which leads the liver for further injury.” Hepatic
stellate cell-derived resistin also contributes to insulin
resistance by upregulating hepatocyte production of TNF-
a, IL-6, etc; that increase hepatic glucose output while
inhibiting muscle insulin sensitivity.” They also reported
that both the TNF-4 and resistin, the pro-inflammatory
factors, promote dephosphorylation and inactivation of
adenosyl monophosphate-kinase (AMPK) in turn
activating the acetyl CoA carboxylase, which enhances
hepatic lipid accumulation by increasing fatty acid
biosynthesis and inhibiting mitochondrial b-oxidation. The
TNF-4 levels, which is also produced abundantly by
immature adipocytes’ increased significantly from obese
controls (1.9+0.3 pg/ml), simple steatosis (2.9 £ 0.9 pg/ml)
to NASH (8.2 +£21.7 pg/ml), with reciprocal relationship of
adiponectin which decreased significantly (p <0.001) from
obese controls (10.2 + 7.4ig/ml), simple steatosis (12.2 +
7.561g/ml) to NASH (6.7 + 6.5ig/ml) indicating potential role
of TNF-4 in NAFLD pathogenesis.”’

Adiponectin, an adipokine, which antagonizes the effect of
pro-inflammatory cytokines such as TNF-4 and resistin’ was
down regulated and the inflammatory markers including C-
reactive protein (CRP) and fibrinogen were up regulated in
overweight people.'* So the increased adiponectin level
inhibits the biological activity of TNF-4 and resistin.” High
prevalence of NAFLD in overweight males were associated
with lowest levels of adiponectin.'

Immune Response

The immune cells in the liver, hepatic macrophages (Kupffer
cells) and natural killer T (NKT) cells play important roles in
tissue inflammatory responses.’ The activated Kupffer cells
result in the release of an array of inflammatory mediators,
growth factors, and ROS. Kupffer cells are the sources of
several cytokines like: IL-10, IL-12, transforming growth
factor beta (TGF-b) 1, interferon (IFN)g, etc. that modulates
the biological activity of TNF-4.% The abnormalities of the
hepatic immune system lead to the increased production of
inflammatory cytokines which contribute to chronic
inflammatory state of NAFLD.” The activated hepatic stellate
cells produce collagen matrix as a healing response which
ultimately progress to fibrosis.” Study in rats and mice
showed that kupffer cells are responsible for phagocytosing
gut-derived endotoxin to prevent its escape into the blood
circulation becoming endotoxemia but when the kupffer cell
specific gene is reduced the phagocytic activity of kupffer
cell is also reduced making liver more vulnerable to
endotoxin injury.”® In the same study LPS exposure in
animals over expressed the IFNg mRNA, a hepatocyte
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sensitizer to TNF toxicity, and lowered the expression of IL-
10 and IL-12 mRNA, the TNF inhibitors, making the fatty
rodents more vulnerable to TNF toxicity indicating that
obesity is associated with abnormal kupffer cell function.?®
Altered production of inflammatory mediators by kupffer
cell” and increased hepatocyte sensitivity to TNF4 were the
two underlying mechanisms for the increased
hepatotoxicity.?

Kupffer cells are the predominant sources of ROS and their
activation enhance the plasma concentrations of glutathione
disulfide (GSSG; index of oxidant stress) or lower GSH
contributing to ischemia-reperfusion injury and oxidative
stress to the liver.”” Hepatic depletion of NKT cells, the
lymphatic immune cells, is one of the immune system defects
because it had been proved that replenished NKT cell
population had reduced the inflammatory cytokine
production and improved NAFLD.’

Generally, circulating IgG against lipid peroxidation products
become significantly higher (p < 0.001) in NAFLD patients
than in controls.’® They also reported that the immune
reactions triggered by oxidative stress can be an
independent predictor of progression of NAFLD to
advanced fibrosis.The anti-MDA antibody (lipid
peroxidation related antibody) was significantly associated
with progression of NAFLD.*

Insulin resistance

Insulin resistance is almost a universal finding in patients
with NAFLD.? It affects carbohydrate and fat metabolism
increasing triglyceride accumulation (TG) accumulation in
the liver. It is an important driving force of pathogenesis®
which promotes an accumulation of visceral adipose tissue
and lipolysis of peripheral adipose tissue increasing FFA
influx into the liver."? Resistance to insulin’s stimulation of
glucose uptake via GLUT-4 by skeletal muscle and adipose
tissue diverts the dietary glucose into the liver which is not
insulin dependent. Insulin also stimulates de novo
lipogenesis in the liver. All these consequences lead to
increased TG accumulation in the liver which causes liver
steatosis. "

Different proinflammatory cytokines like; TNF-4; a cytokine
that interferes with insulin-receptor mediated signal
pathways in hepatocytes, IL-6, resistin, etc. inhibit the insulin
action.®' They also reported that NAFLD was associated
with insulin resistance and hyperinsulinemia even in lean
subjects with normal glucose tolerance. Insulin mediated
suppression of lipolysis was reported to be less effective in
NAFLD patients (-69%) compared to control subjects (-
84%).%* They also reported that hepatic glucose production
decreased by only 63% of basal in NAFLD compared to
84% in control subjects in response to insulin infusion.
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Metabolic syndrome

NAFLD may be considered an additional feature of the
metabolic syndrome (Table 4), with specific hepatic insulin
resistance.® It is associated with many features of metabolic
syndrome which includes central obesity,
hypertriglyceridemia, low HDL-cholesterol, hypertension,
hyperinsulinemia and hyperglycemia.?33-3

Table 4: Clinical features of metabolic syndrome in 30
NAFLD patients.*?

Clinical features Prevalence in
percent
(95% CI)
Obesity
Overweight (BMI 25.0-29.9kg/m?) 67 (47-83)
Central Fat Accumulation
Waist circumference >102 cm (men) 47 (28-66)
Or 88 cm (wWomen)
Hypertriglyceridemia (>2 mmol/L) 47 (28-66)
Low HDL cholesterol (<1 imol/L) 43 (25-63)
Hypertension (>160/95 mmHg) 17 (6-35)
Impaired glucose tolerance
Increased fasting insulin (>100 pmol/L) 57 (38-75)

Postload hyperinsulinemia (>1000 pmol/L)27 (12-46)

According to the ATP III criteria, the prevalence of metabolic
syndrome in patients with NAFLD was 22.8% with increased
liver enzymes (AST/ALT ratio >1) in 21.16% of the patients.*
They agreed on that NAFLD is associated with several
metabolic disturbances with insulin resistance as a link
between metabolic disturbances and NAFLD.

Abnormal methionine metabolism

Abnormal methionine metabolism (Fig. 2) causes deficiency
of S-adenosyl methionine (SAMe), an intermediate and
allosteric activator in the pathway of GSH synthesis, which
ultimately leads to GSH deficiency.*

methlonlne
*MAT
SAMe
4 SAH
5-MTHF

homocvsteme

Dimethylglycine

betaine

SAMe, an
allosteric activator

serine

MTHFR
cystathlonlne

5,10-MTHF /

cysteine ——  » y-glutamylcysteine ———— > |GSH

Fig. 2: Diagram of hepatic methionine metabolism. There is
impaired conversion of methionine to s-adenosyl
methionine (SAMe) because of decreased hepatic
methionine adenosyltransferase activity which stimulates
endotoxin-stimulated TNF production. However, there is
an increased level of both s-adinosylhomocysteine (SAH)
and homocysteine in many forms of fatty liver which
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sensitizes TNF hepatotoxicity. MS, methionine synthase;
THE, tetrahydro folate

Obesity related injury

Obesity promotes lipopolysaccharide (LPS)-induced liver
injury by sensitizing the hepatocyte to TNF toxicity.”® Based
on animal model experiment they reported that fatty
individuals are prone to endotoxin liver injury than lean
ones. They found that 21 + 2% of the fatty rats were dead
within 12 hours of LPS injection (0.5 mg kg™') and rest of all
surviving fatty rats had developed steatohepatitis with
increased aminotransferase levels, but in contrast, LPS
treated lean rats exhibited little toxicity and none of them
neither died nor developed the evidence of steatohepatitis.

Several studies showed high prevalence of NAFLD in
overweight and obese people than in lean individuals.?'?738
The significant of central obesity is more meaningful for
NAFLD in the normal weight group than in the overweight
group; and this suggests that visceral adiposity rather than
the overall amount of body fat is important particularly in
normal weight people.®

Dietary factor

Importantly, excessive carbohydrate intake and fat intake
could play a role in increasing blood glucose, FFA, and
insulin concentrations.'' They also reported that
accumulation of saturated fatty acids (SFA) in the liver due
to high SFA or high fructose diets lead to an increase in
markers associated with endoplasmic reticulum stress and
liver dysfunction. Hepatic steatosis is closely linked to
consumption of high fructose corn syrup and certain types
of fats.*® According to recent finding pathogenic mechanism
underlying the development of NAFLD was somehow
associated with excessive dietary fructose consumption
when they found nearly 2 to 3 fold higher fructose level in
the patients with biopsy proven NAFLD compared to their
matched controls (365 kcal day' and 170 kcal day’!,
respectively, Pd” 0.05).%

Similarly, it is found lower intake of vitamin A and E in NAFLD
patients compared to the persons without NAFLD and
reduced intake of vitamin A was independently correlated
with the severity of liver disease.” Effect of diet was also
seen in animal model of liver disease** where methionine
and choline deficient (MCD) diet fed mice developed
steatosis, ballooning generation and lobular inflammation
irrespective of dietary lipid composition. Serum ALT levels
were increased by 10 fold (P d” 0.001) in mice fed MCD-
diets supplemented with 20% fat.>* But they also reported
that mice fed olive oil MCD diet exhibited less elevation of
serum ALT levels but ballooned hepatocytes was increased
compared to lard MCD fed mice.
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Nutrient gene interaction

Genetic factors might be primarily responsible for increased
serum triglyceride levels reducing the peripheral insulin
sensitivity at a receptor level, however in NAFLD patients
who were overweight, obese or who had type 2 diabetes,
the increased serum triglyceride levels was due to enhanced
peripheral lipolysis.*' It has been found that hepatic nRNA
expression of fructokinase, an important and first enzyme
for fructose metabolism, and fatty acid synthase, an
important enzyme for lipogenesis, were both upregulated
(P=0.04 and P =0.02, respectively) in NAFLD patients with
high dietary fructose consumption compared to controls.*

Hepatic expression of lipogenic transcription factor, sterol
regulatory element binding protein-1 (SREBP-1) was reduced
while two enzymes involved in triglyceride synthesis,
diacylglycerol acyltransferase -1 and -2 (DGAT-1 and -2)
were increased in mice fed lard and olive oil diet compared
to mice fed lipid-supplemented control diets, and were
further increased 3 fold by MCD-feeding but neither of them
prevented the accumulation of FFA in MCD-fed mice.** So
the nutritional model of steatohepatitis in mice showed that
accumulation of FFA occurs despite substantial suppression
of lipogenesis and induction of triglyceride synthesis
genes.”

Risk factors for NAFLD

Major risk factors for NAFLD are diabetes, obesity, insulin
resistance, hyperlipidemia, hyperglycemia, and older age.''®
In the patients with NAFLD, 20% had diabetes, 52% had
obesity and 38% had central obesity in a population based
study in India."” Cross-sectional studies done in China
showed that gender (male), urban residency, low education,
high blood pressure, diabetes, high BMI, high waist
circumference, high waist to hip ratio, high serum triglyceride
and glucose levels were the risk factors for FLD."*4* It has
been reported that the risk factors independently associated
with NAFLD in Israeli subjects included male gender [odds
ratio (OR)=2.8, 95% confidence interval (CI) 1.5-5.3],
abdominal obesity (OR=2.9, 95% CI 1.3-6.4),
hyperinsulinemia (OR=2.3,95% CI 1.2-4.3,P d” 0.01) and
hypertriglyceridemia (OR =2.4,95% CI 1.3-4.5)."7

Another finding on population based study in the
Philippines showed that the number of females was greater
than males (71% and 29%, respectively) in 134 NAFLD
patients.’” Similarly, it has been reported that the prevalence
rate of FLD was significantly higher in men than in women
42%in white men; 24% in white women'® under the age of 50
years (22.4% and 7.1% respectively P d” 0.001) but the
opposite was found over the age of 50 years (20.6% and
27.6% respectively, P d” 0.05%).'* Animal model of liver
injury showed that females were more sensitive to TNF-4
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since they developed most endotoxin liver injury with lowest
serum concentration of TNF-4.%

High prevalence of NAFLD with increased age, 65.4% (40-
59 years) and 74.6% (e”60 years, P d” 0.001) among
participants, was found in another study.'? But De Lusong
et al*’ found no significant relationship between presence
of fatty liver and age in Philippine subjects.

Treatment for NAFLD

The improvement from an intervention is most readily
achieved at the stage of simple steatosis and improvement
in histology can be expected before the development of
cirrhosis.? Once cirrhosis has developed, liver disease due
to NAFLD can no longer be reversed.? There are several
pathophysiological effects of therapies that either reduce
FFA production, or inhibit TNF-4 production and its activity,
or inhibit the suppression of adiponectin, or inhibit oxidative
stress, triglyceride synthesis, hepatic stellate cell
activation.”’ Following approaches have been suggested
for the management of patients with NAFLD:?

1)) Correction of the underlying risk factors for NAFLD
2) Avoidance of alcohol consumption
3 Pharmacological treatment for NAFLD

Correction of underlying risk factors

NAFLD is often diagnosed in association with insulin
resistance or metabolic syndrome, so treatment of risk
factors is mandatory in patients with NAFLD.>** Optimal
therapy of NAFLD appears to include lifestyle modification
with exercise, diet and weight loss.** Improvement in insulin
resistance with lifestyle intervention (diet and increased
physical activity) continues an essential step in both the
treatment and prevention of NAFLD.? Treatment of patients
with NAFLD should focus on metabolic risk factors' and
management of associated conditions including obesity,
blood glucose and lipid abnormalities (diabetes,
dyslipidemia), hypertension, etc.>3

Nutritional therapy

Dietary modification in an early stage may have a positive
impact on the treatment of NAFLD.? There are several diets
to choose from those advocated by various medical
associations (American Heart Association, American
Diabetes Association, etc.) and commercial enterprises
(Atkins, South Beach, etc.) to reduce the metabolic risk
factors.> US department of Agriculture (USDA) dietary
guidelines recommend individuals to take an appropriate
amount of calories for body size and activity level, variety
of foods chosen from several food groups, whole grains
and their products, more servings of fruits and vegetables,
meats and dairy products." Vitamin E is a potent chain
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breaking antioxidant that is widely used as a nutritional
supplement, since patients with various types of liver
diseases frequently have low serum vitamin E
concentrations.* They also reported that vitamin E has been
shown to attenuate a variety of experimental liver injury, to
reduce endotoxin or LPS-stimulated TNF production and
to block stellate cell activation. SAMe, a precursor of GSH,
is also available as a nutritional supplement in some
countries.* They also reported that betaine can be given to
reduce the homocysteine and SAH levels generating
methionine. Supplementation with 0-3 and -6 long chain
PUFAs along with an appropriate antioxidant may be of
benefit for NAFLD.?#! PUFAs ameliorate hepatic steatosis
by down regulation of lipogenic transcription factor; SREBP-
1 and activation of perioxisome proliferator activated
receptor alpha (PPAR4); a mediator of peroxisomal and
microsomal fatty acid oxidation.*!

Weight Reduction and Physical Exercise

Since obesity is the common risk factor for NAFLD, weight
reduction plays an important role in treatment of NAFLD.?
Basically, gradual weight loss and physical exercise can be
the gold standard for all forms of NAFLD.!' Weight
reduction by at least 5% with subsequent weight control
and regular exercise may be beneficial in treating NAFLD.*
But weight reduction is not always an effective treatment
because it sometimes, may exacerbate the disease.*

Pharmacologic treatment of obesity may be considered in
individuals with a BMI > 30 kg m? or a BMI > 27 kg m?plus
associated obesity-related comorbidities and bariatric
surgery may be considered for those with morbid obesity
i.e; BMI > 40 kg m>.%® The proof of steatohepatitis or fibrosis
on liver biopsy can affect the decision whether to proceed
for a more aggressive therapeutic option, i.e; bariatric
surgery or an experimental pharmacologic treatment for
NAFLD.2

Pharmacological therapy for NAFLD

There is no effective medical therapy currently available for
all patients with NAFLD."'" Pharmacological treatment of
NAFLD (Table 5) includes weight loss, modulation of insulin
resistance and reduction of inflammation.” Rapid weight
loss may worsen NASH, so use of other medications that
can directly reduce or reverse liver damage independent of
weight loss, is a reasonable alternative.!® They also pointed
out that pharmacological therapy may be of particular
benefit for patients who do not lose weight or cannot
maintain long term weight reduction. Medications that
increase the insulin sensitivity and antioxidant defenses
help the treatment of NAFLD patients, who fail to or do not
need to lose weight.®?> Hepatoprotective and insulin
sensitizing drugs are being used in trials but no proven
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effect has been demonstrated to prevent the disease
progression.'

In vitro experiments and animal studies showed that PPAR-
4 discloses anti-inflammatory property and PPAR a
discloses anti-inflammatory, anti-fibrogenic and anti-
proliferative properties in the liver.** Thiazolidinediones
(TZDs) are high-affinity ligands of PPAR-3, which improves
the insulin sensitivity by stimulating the storage of FFA in
the subcutaneous adipocytes and the liver through their
action as PPAR- i agonists that increases plasma
adiponectin levels and fatty acid oxidation and decreases
fatty acid synthesis.*>*¢ Metformin improves insulin
resistance by decreasing hepatic glucose production and
increasing skeletal muscle glucose uptake. It also reduces
hepatic expression of TNF-4, suppress lipogenesis and
increase fatty acid oxidation.*’*® Similarly, statins
(hydroxymethylglutoryl-CoA reductase inhibitors) are a
class of highly prescribed medications used to treat
hyperlipidemia, and there has been concern regarding their
use in patients with fatty liver disease.*

SREBPs are major transcriptional regulators of cholesterol,
fatty acid and glucose metabolism. Genetic disruption of
SREBP activity reduces plasma and liver levels of
cholesterol and triglycerides as well as insulin stimulated
lipogenesis, suggesting that SREBP is an important target
for pharmacological intervention.’® Liver steatosis and
fibrosis were decreased (P d<0.05)withoutthe improvement
in lobular inflammation or hepatocellular ballooning in
patients with biopsy-proven NASH enrolled in a medical
therapy orally fed with N-acetylcysteine and metformin.”'

Table 5: Pharmacological therapies in the treatment of

NAFLD."
Treatment Mechanism Biochemical effect Histological effect
|LFTs and insulin  |steatosis, and
Orlistat Weight loss
resistance inflammation
Weight loss, |insulin resistance, TG
Rimonabant |steatosis
peripheral effects levels and LFTs
|LFTs, insulin resistance |steatosis, inflammation
TZDs PPAR-y agonists
and TNF-a and fibrosis
-+/-improvement in
|LFTs, and insulin
Metformin 1TAMP kinase steatosis, inflammation and
resistance
fibrosis
Vitamin E Joxidative stress |LFTs Uncertain
|steatosis, inflammation
Betaine Joxidative stress |LFTs
and fibrosis
Pentoxifylline Hepatoprotective |LFTs and TNFa |steatosis and inflammation

Notes: “!, decreases; ‘!, increases; AMP, adenosine 5’-
monophosphate; LFT, liver function test; PPAR, perioxisome
proliferator-activated receptor; TNF, tumor necrosis factor;
TZD, thiazolidinediones.
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Avoidance of alcohol consumption

It is considered that up to two alcoholic drinks (40 gm/day)
for male and one drink (20 gm/day) for female is not
associated with clinically significant liver damage.>* It is
better for the patients with NASH not to drink alcohol to
minimize the disease progression.>8

Liver transplantation

A liver transplant is surgery to replace a diseased liver with
a portion of or a complete healthy liver.? Liver transplantation
is a life-extending therapeutic alternative for patients with
end-stage liver disease but NAFLD may recur even after
liver transplantation. '

Discussion

This study provides an in-depth analysis of mechanisms of
NAFLD development, progression and therapies. Although
the exact prevalence of NAFLD in general population has
not yet been determined, it has been quoted around 20% in
different countries'® and almost 30% in the United States.*!!
There is a modern epidemic of obesity, metabolic syndrome,
and diabetes; risk factors for NAFLD, in developed countries
and people with western lifestyle in the developing
countries. NAFLD can progress to cirrhosis overtime in
some individuals but not in all. NAFLD is associated with
an increase in lipogenesis, a defective mitochondrial and
peroxisomal b-oxidation and/or diminished ability of the liver
to export lipids.*

The first ‘hit’ according to the prevailing ‘two-hit’
hypothesis® to the pathogenesis of NAFLD, is peripheral
and hepatic insulin resistance leading to increased lipolysis
in adipose tissue, delivery of FFA, de novo synthesis of
fatty acids in liver and development of steatosis. The second
‘hit’ is caused by oxidative stress and abnormal cytokine
production leading to lipid peroxidation, inflammation and
fibrogenesis. Majority of the cases of raised liver enzymes
in T2DM patients is due to NAFLD.?

Altered adipokine signaling and oxidative stress balance
have been implicated in the pathogenesis of both NAFLD
and insulin resistance.” Insulin resistance and the metabolic
syndrome have been associated with NAFLD, and the
number and severity of features of the syndrome predict
the severity of liver disease.” NAFLD is characterized by a
remarkable reduction of insulin sensitivity, with decreased
effects of insulin on both glucose and lipid metabolism.*
Such a defect is not only associated with the abnormal
glucose regulation and/or overweightness, as observed
frequently in NAFLD, but also with normal glucose tolerance
and lean subjects. Both during fasting and in response to
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glucose ingestion, the liver itself might be responsible for
insulin resistance since it does not switch off glucose
production.’> NAFLD patients, even in the presence of
normal body weight, have a relatively increased visceral
adiposity, which might be relevant in the pathogenesis of
liver injury.*

The TNF-4 has potential role in pathogenesis of NAFLD as
its level increases significantly from obese controls, simple
steatosis to NASH.”” Accumulation of FFA supports a
lipotoxicity mechanism for liver injury.** Several studies
suggest that excessive fructose intake is a risk factor for
developing NAFLD.*® Poor dietary habits also may have
contributed to oxidative stress in the patients because they
consumed lower amounts of antioxidant vitamins compared
to control subjects.?

Kupffer cells are resident macrophages of the liver and play
an important role in its normal physiology and homeostasis
as well as participating in the acute and chronic responses
of the liver to toxic compounds.” Altered production of
inflammatory mediators by kupffer cell’ and increased
hepatocyte sensitivity to TNF4 were the two underlying
mechanisms for the increased hepatotoxicity.”® The
abnormalities of the hepatic innate immune system
(macrophages, neutrophils, natural killer T cells) lead to the
increased production of inflammatory cytokines which
contribute chronic inflammatory state of liver injury.’

Treatment of risk factors is mandatory in NAFLD patients3*
including lifestyle modification with diet, exercise, and
weight loss.*® PPAR agonists and disruption of SREBP
activity are important targets for pharmacological
intervention of fatty liver disease.***6% Pentoxifylline, a
TNF-4 inhibitor, treatment resulted in a significant reduction
of serum TNF-4 level accompanied by normalization of both
ALT and AST, and improvements in the insulin resistant
index indicating the potential role of anti-TNF4 in the
treatment of liver injury.”’

Conclusions

NAFLD has become a significant public health problem
which is associated with insulin resistance and metabolic
syndrome. It is prevalent in patients with T2DM and raised
liver enzymes. Clinical studies have established a spectrum
of NAFLD from simple steatosis to steatohepatitis, fibrosis,
cirrhosis, hepatocellular carcinoma and liver failure. But
bland steatosis, sometimes, remains stable for a number of
years and will probably never progress in many cases. With
the increasing prevalence of obesity, T2DM, and the
metabolic syndrome in the general population NAFLD has
become a common diagnosis in clinical practice. Excess
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production of cytokines and ROS; and shortage of GSH,
and adiponectin production play key roles in the
pathogenesis of liver injury. Immune system becomes
defective and anti-inflammatory cytokines and antioxidants
are unable to overcome inflammation and fibrosis in
progressive liver injury.

There is no consensus as to what diet and lifestyle approach
is the right one for NAFLD patients because of the lack of
scientific evidence. Standard guidelines for the therapy of
NAFLD continue to be work in progress with weight loss
and lifestyle modification being the mainstays of therapy.
More studies are needed to clarify the specific effects of
different diets and dietary components on the health of
NAFLD patients. Additional research is required to
determine optimal therapies to prevent and recover from
NAFLD.
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