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Non-alcoholic Fatty Liver Disease and Steatohepatitis: Risk
Factors and Pathophysiology

Sharmin Akter!*

ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) and its progressive subtype non-
alcoholic steatohepatitis (NASH) are the most prevalent liver diseases, often
leading to hepatocellular carcinoma (HCC). This review aims to describe the
present knowledge of the risk factors responsible for the development of NAFLD
and NASH. I performed a literature review identifying studies focusing on the
complex pathogenic pathway and risk factors of NAFLD and steatohepatitis.
The relationship between NAFLD and metabolic syndrome is well established
and widely recognized. Obesity, dyslipidemia, type 2 diabetes, hypertension,
and insulin resistance are the most common risk factors associated with
NAFLD. Among the components of metabolic syndrome, current evidence
strongly suggests obesity and type 2 diabetes as risk factors of NASH and
HCC. However, other elements, namely gender divergences, ethnicity, genetic
factors, participation of innate immune system, oxidative stress, apoptotic
pathways, and adipocytokines, take a leading role in the onset and promotion
of NAFLD. Pathophysiological mechanisms that are responsible for NAFLD
development and subsequent progression to NASH are insulin resistance and
hyperinsulinemia, oxidative stress, hepatic stellate cell (HSC) activation,
cytokine/adipokine signaling pathways, and genetic and environmental factors.
Major pathophysiological findings of NAFLD are dysfunction of adipose tissue
through the enhanced flow of free fatty acids (FFAs) and release of adipokines,
and altered gut microbiome that generate proinflammatory signals and cause
NASH progression. Understanding the pathophysiology and risk factors of
NAFLD and NASH; this review could provide insight into the development of
therapeutic strategies and useful diagnostic tools.
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INTRODUCTION

Liver disease is a major cause of illness worldwide, and surgical
intervention is needed in most cases, which is followed by severe post-
surgical complications.'” In China alone, liver diseases, primarily viral
hepatitis (predominantly hepatitis B virus [HBV]), non-alcoholic fatty
liver disease (NAFLD), and alcoholic liver disease, affect approximately
300 million people.* NAFLD is defined as the uptake of triglycerides
in hepatocytes so that the liver weight goes above 5%.° NAFLD and
its progressive subtype, non-alcoholic steatohepatitis (NASH), have no
approved drug treatments to date.’ Therefore, it is an urgent need to identify
the causative factors, pathophysiology, and molecular mechanisms
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responsible for the development of NAFLD/NASH.
NASH was initially identified more than two decades
ago and is currently treated as a wing of NAFLD.
NASH coincides with alcoholic steatohepatitis (ASH),
irrespective of excessive consumption of alcohol.
From clinical and experimental data, NAFLD has
been measured as the most frequent cause of chronic
liver disease and the most recurrent cause of increased
aminotransferase and cryptogenic cirrhosis.”® The
estimated prevalence of NAFLD is 5-18% in Asia and
20-30% in Western countries, while for NASH, it is
estimated at 3.5-5%.” NAFLD is associated with high
cardiovascular morbidity and mortality, independent
of the diagnostic methods. Researchers who used
alanine aminotransferase (ALT) or gamma-glutamyl
transferase (GGT) clevation as a marker of NAFLD
found that patients with elevated liver enzymes had
a higher incidence of cardiovascular disease-related
mortality.® On the other hand, NAFLD is associated
with asymptomatic brain lesions, alterations in cerebral
perfusion and activity, cognitive disorders, and brain
aging with increased risk and severity of both ischemic
and hemorrhagic stroke.*!0

This review aims to describe the present knowledge
of the risk factors of NAFLD. NAFLD occurs in
both male and female patients, all age groups and in
all ethnicities, as well as in children.!'"’* However,
NAFLD subsets vary in their ability for advancement.
A number of people having only steatosis do not
develop steatohepatitis. 10-15% with histologically
confirmed NASH can develop cirrhosis, liver
failure, and hepatocellular carcinoma (HCC).!*!¢ The
mechanisms of NAFLD are complex and multifactorial.
It is likely that several factors are associated with non-
alcoholic fatty liver injury. Major risk factors that lead
to NAFLD are obesity, insulin resistance, hepatitis
B viral infection,'"!® oxidative stress, cytokines,
dyslipidemia, and type 2 diabetes.'*? All those
elements can enhance intra-hepatic fat deposition and
lipotoxicity, progression of an inflammatory condition,
and oxidative stress that regulate disease promotion.
The pathogenesis of NAFLD is still unclear; however,
infiltration of triglycerides within hepatocytes causes
insulin resistance, which is treated as the primary and
widely accepted causal agent so far.?! Oxidative stress
and expression of proinflammatory cytokines have been

reported as additional etiological agents for NAFLD
and steatohepatitis.?> Histopathological examination is
considered one of the important methods to distinguish
NASH from NAFLD. The most important lesions of
NAFLD are lobular to portal inflammation, steatosis,
ballooning degeneration of hepatocytes, and finally
apoptosis.” Further issues are increased level of
aminotransferase®* associated with mitochondrial
beta-oxidation of fatty acids, and producing reactive
oxygen species (ROS) with increased generation of
inflammatory cytokines. However, risk factors for the
development of NAFLD have not been completely
understood. The current review will focus on
identifying the important causative agents involved in

the development of NAFLD, from steatosis to NASH.

MATERIALS AND METHODS

A PubMed, MEDLINE, and Google Scholar literature
search was done to find out the information explaining
the pathophysiology and risk factors for NAFLD and
NASH from 2000 to 2021. The keywords of MeSH
terms used for the strategy were “Non-alcoholic fatty
liver disease or NAFLD, non-alcoholic steatohepatitis
or NASH, and pathophysiology and risk factors”.
Other searches were also made, such as dyslipidemia,
obesity, type 2 diabetes, hypertension, smoking,
genetic factors, etc. Also, we identified literature cited
by articles retrieved from the database. Both research
and review articles were considered for writing this
manuscript. Studies published in only English language
were included.

Risk Factors Associated with NAFLD and NASH
Obesity

Adiposity or obesity is an utmost public health hazard
and one of the well-studied risk factors for NAFLD.*
Obesity/adiposity is endemic worldwide, with more
than 1 billion fatty aged people and at a minimum
300 million obese people all over the world.”
Theprevalenceofprimary NAFLDis 80-90% in obese
adults, 30-50% inpeople who havediabetes,and up to
90% inpeople who have hyperlipidemia.”” Obesity has
been considered as an increasing epidemic situation.
The prevalence and consequences of NAFLD are
continuously increasing, making NASH possibly
the most frequent cause of progressive liver disease
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in forthcoming years.® It has been suggested that
abdominal adiposity is related to particularly NAFLD,
a hepatic manifestation of metabolic syndrome.?’ Also,
obese women are more likely to develop subacute liver
failure, where there is evidence of a possible underlying
NASH in some cases.*® In an American school-based
study, obese young boys had a higher rate of the fatty
liver compared with obese young girls.>! NASH can
be found in 40-100% of obese adults** and 15-25% of
children.®

Diets Rich in Saturated Fat

Generally, high-fatdiets, diets high insaturated fats, have
been shown to cause obesity, hypercholesterolemia,
hypertriglyceridemia, and NAFLD.* Diets rich in
saturated fat cause triglyceride accumulation in the
liver. When diets are enriched in monounsaturated
fatty acids (MUFA) or polyunsaturated fatty acids
(PUFA), they tend to reduce liver triglycerides
(TG). The potential mechanisms that may play a
role are the lipotoxic effects of saturated fatty acids,
endoplasmic reticular (ER) stress, oxidative stress, and
mitochondrial dysfunction. The mechanism by which
saturated fatty acid induces ER stress is still unknown,
but current studies suggest defective phospholipid
metabolism is probably a key element. Whereas
growing evidence implies ER stress coupled with
a saturated fatty acid induced cellular malfunction,
patients with NAFLD have been shown to have higher
levels of ER stress markers.>> We studied that mice
fed a diet enriched with saturated fat had a substantial
rise in total cholesterol and low-density lipoprotein
cholesterol, where they developed atherosclerotic and
fatty liver lesions."> High-fat diets are also associated
with insulin resistance and hepatic inflammation.*® The
presence of dyslipidemia has been found in 20-80% of
events related to NAFLD.*

Carbohydrates Consumption

The increased amount of carbohydrate intake is
also associated with hepatic inflammation. Among
carbohydrates, fructose intake is an important dietary
contributor to NAFLD pathogenesis. Fructose cannot
be easily absorbed through the gastrointestinal tract
due to the lack of expression of a sufficient amount
of glucose transporter-5 in the gut cells.’” Fructose

is absorbed from the intestine via the portal vein
and delivered to the liver. In the liver, fructose
enhances its own metabolism by upregulating
ketohexokinase. Furthermore, fructose upregulates the
expression of lipogenic enzymes involved in de novo
lipogenesis(DNL), which helps to increase hepatic
lipogenesis, hepatic IR and therefore potentiating
hepatic steatosis.*® Chronic fructose intake causes
disruption of the insulin-signaling pathway resulting in
a type of hyperglycemia together with compensating
hyperinsulinemia. The continuing release of acetyl-CoA
due to fructose metabolism outdoes the mitochondrial
capacity for its metabolism (Krebs cycle), and acetyl-
CoA is then transformed into citrate. Citrate is the fuel
for the action known as DNL, which leads to enhanced
hepatic lipogenesis.*®* DNL is increased in people
with NAFLD compared with healthy individuals. In
the liver, fructose inhibits the free fatty acids (FFAs)
oxidation, thus favoring re-esterification with glycerol
to produce triglycerides, very low-density lipoprotein
(VLDL), and fat stock intrahepatic, which leads to
NAFLD.* Thus high fructose consumption has been
associated with elevated hepatic fat, inflammation, and
potentially fibrosis.*’

Diabetes

Insulin resistance and hyperinsulinemia are coupled
with NASH or NASH-related fibrosis in a number
of patients. Type 2 diabetes mellitus (T2DM),
insulin resistance (IR), and NAFLD have a close
relationship,*! due to the direct delivery of insulin
to the portal vein after its secretion, taking the same
route as the absorbed glucose.* Leite and colleagues®
found that the prevalence of NAFLD confirmed by
ultrasonography was 69.4% in 180 patients with T2DM.
IR and T2DM are common phenomena of metabolic
syndrome coupled with obesity. Several recent studies
show an increased prevalence and severity of liver
disease in patients with diabetes.* In a prospective
histologic study of nearly 100 patients with T2DM,
the prevalence of non-alcoholic hepatic steatosis
was estimated to be 78%, confirming this strong
independent risk factor for NAFLD.* Although IR is
closely related to NASH, a straightforward association
between disease pathogenesis and hyperinsulinemia
has not been settled.
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Sleep Apnea

Obstructive sleep apnea (OSA), a chronic intermittent
breathing cessation, may be a risk factor of NAFLD
without severe obesity, which is connected with the
severity of liver damage independently of body mass
and other associated factors.*® Tanné et al reported
that the prevalence and severity of NASH were more
in people with pronounced OSA, proposing that the
intermittent hypoxia due to OSA may take part in
NASH pathogenesis.” While intermittent hypoxia did
not directly cause liver injury in non-obese animals,
exacerbated macro-inflammation and fibrosis were
observed in the livers that previously possessed
steatosis, implying that hypoxia may serve as an
additional insult that helps in the development from
simple steatosis to progressive disease stages.*s*

Sex and Ethnicity

It is widely known that NAFLD and NASH exhibit age
and sex divergences in both prevalence and severity.
Men usually tend to preferentially store fat in their upper
body, particularly around the organs in the abdominal
cavity: the visceral fat.*® On the other hand, women
with less body fat tend to deposit in the subcutaneous
tissues.*® In accordance with the annual health check
findings in Japan, the prevalence of NAFLD in men
was about 27% for all ages more than 30 years.”!
While in women, it progressively increased from 7%
in the 30s to 23% more than 60 years of age. It was
also found that among 492 biopsy-confirmed patients
with NASH, male patients were considerably younger;
however, the number of NASH cases in women
was more than that in men aged above 50 years.”
Lipid metabolism plays an important role in the sex
difference in fat accumulation.?® In a study in Japan,
it was revealed that the specific size of triglyceride
and cholesterol were larger in men than women, with
signs of metabolic syndrome.** Metabolic risk factors
and sociodemographicfeaturesrelated to NASH differ
by ethnicity. The definition of obesity varies among
ethnic groups; like Asian people have been reported to
have higher visceral fat than Caucasians; the definition
of obesity for Japanese is a BMI more than 25, instead
of more than 30 as it is for Caucasians.”> According
to annual health checks, 9-30% of adult Japanese have
NAFLD by ultrasonography (US), and the prevalence

of NASH is 1-3%.3* In the USA, it was stated that the
frequency of hepatic steatosis differed greatly with
ethnicity. Solga and colleagues® performed a study
showing that there was no steatohepatitis in obese
African-Americans.

Dyslipidemia

NAFLD and NASH-affected patients often have
dyslipidemia, which is related to higher serum
triglycerides and higher small dense low-density
lipoprotein cholesterol. Dyslipidemia in NAFLD
is associated with excessive hepatic production of
the VLDL 1 and reduced elimination of lipoproteins
from the circulation.’” The existence of dyslipidemia
(hypercholesterolemia, hypertriglyceridemia, or both)
has been found in 20-80% of cases related to NAFLD.%
The development of NAFLD arises from the disparity
between the entry and development of fatty acids and
the utilization of fatty acids for oxidation or secretion
as VLDL triglycerides. In people with excess liver
fat, insulin is not able to regulate VLDL generation
resulting in a higher amount of VLDL particles in
the blood. Besides, alterations are observed in the
metabolism of other lipoproteins that bind with VLDL
particles, resulting in decreased HDL cholesterol and
increased small, dense, low-density lipoprotein.*

Hypertension

Hypertension is associated with liver illness like
other metabolic syndromes such as diabetes mellitus,
obesity, and dyslipidemia.®® Hypertension, along
with  high LDL-cholesterol,
inflammation, and abnormalities in adipocytokines

insulin  resistance,
release, causes vascular dysfunction, which leads to the
development of atherosclerosis.®! And 64% prevalence
of hypertension was reported among NAFLD patients
with steatohepatitis.®? The severity of fatty liver
coupled with the frequency and extent of hypertension,
abnormal glucose, and triglyceride metabolism.%

Vitamin D Deficiency

Vitamin D deficiency is more often identified as a
global health hazard. The involvement of vitamin D
deficiency in the progression of NAFLD and NASH
remains unclear. Some recent reports have revealed that
vitamin D shows an immune-regulating role on adipose
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tissue, and the growing wealth of epidemiological data
is showing that vitamin D deficiency is correlated
with obesity and NAFLD.5 It was also reported that
vitamin D supplementation might cause a decrease
in glycemia and reversing of prediabetes to normal
glucose regulation, together with improvement in
insulin sensitivity and reduced risk of NAFLD.®’

Associated Conditions

The association between NAFLD and urolithiasis
has also drawn scientific attention. There is growing
evidence that NAFLD is linked with a greater risk
of urolithiasis. Currently, the increasing importance
of NAFLD and its strong correlation with metabolic
syndrome has arisen an interest in the important role
of NAFLD in the development and progression of
extrahepatic diseases, including urolithiasis.®®* Again,
a meta-analysis including seven observational studies
and 226 541 individuals exhibited a 1.73-fold increased
risk of urolithiasis among patients with NAFLD
compared with healthy controls.®*™ On the other
hand, fat deposition, along with obesity and metabolic
syndrome, has been defined as “fatty infiltration” or
NAFPD.”" Non-alcoholic fatty pancreatic disease
(NAFPD) has been considered as another associated
factor of NAFLD. Growing evidence confirm the
contribution of pancreatic fat in the progression
of T2DM, NAFLD, atherosclerosis, severe acute
pancreatitis, and even pancreatic cancer.”>” Reports
show that fatty pancreas could be used as the initial
indicator of “ectopic fat deposition”, which is a major
contributing factor of NAFLD.™

Pathophysiology Of NAFLD and NASH

The pathophysiology of NAFLD and NASH is very
complex, and several intermediaries are involved.
Even though NAFLD progresses to NASH in
many patients, the underlying mechanisms are not
completely understood. However, here we reviewed
some important pathophysiologic concepts related
to NAFLD and NASH and also enlisted some recent
studies associated with risk factors of NAFLD and
NASH (Table 1).

Increased Lipid Accumulation to the Liver
The pathogenesis of NAFLD seems to be a complex

and multifactorial process. In NAFLD, the initial
insult is the accumulation of fat in the liver® due to the
increased delivery of FFAs to the liver.* The elevated
level ofhepatic FF As promotes increased lipid synthesis
and gluconeogenesis.®* Lipolysis within adipose tissue,
dietary sources, and DNL may result in increased FFAs
in the liver.®® DNL due to hyperinsulinemia coupled
with insulin resistance aggravates the production and
storage of triglycerides (Figure 1).

The feature of NAFLD is the accumulation of
triglyceride in the hepatocytes as a result of the
increased influx of FFAs. An increase in FFAs influx
derived from the circulation due to increased lipolysis
from visceral adipose tissue and/or from a diet rich in
saturated fat and carbohydrate. An increase in glucose
level in response to carbohydrate intake promotes
DNL, and FFA oxidation leads to the development of
steatosis. The imbalance of adipokines (adiponectin,
leptin, and ghrelin) and proinflammatory cytokines
(TNF-a, IL-6, and IL) secreted by adipose tissue may
profoundly cause liver injury and steatohepatitis.

In NAFLD, around 60% of liver triglyceride comes
from FFA deposition from adipose tissue, while
DNL adds 26%.°% This FFA either undergoes beta-
oxidation or is esterified with glycerol aiming to
generate triglycerides, generating hepatic fat influx.
Energy received from circulating glucose, fructose,
and lipids is stored in the hepatocytes as glycogen.
Increased lipids are redistributed to adipose tissue,
where there is little capacity for storage of lipids. In
adipose tissue, excessive accumulation of lipids yields
metabolic incompetence and subsequent macrophage
infiltration. Adipose tissue dysfunction has been
considered to play an important role in the progression
of metabolic disorders, such as insulin resistance and
NAFLD.* In NAFLD, the processes of lipid trafficking
are dysregulated with resultant elevated hepatic lipid
accumulation.®

Insulin Resistance

IR, is defined as the failure ofinsulin to stimulate glucose
uptake, a major contributing agent for the development
of NAFLD.¥ Normally insulin causes phosphorylation
of insulin receptor substrates (IRS)-1, -2, -3, and -4,
which generate the insulin signal.®¢ Abnormalities
related to NAFLD hamper the insulin signaling cascade
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Table 1: Some recent studies associated with risk factors of NAFLD and NASH

Study design

Assessment of NAFLD and
NASH

Conclusion

Reference

MEDLINE via PubMed, Embase,
Scopus and CINAHL were
searched forstudiesfrom 2000-
2020.

Post liver-transplant BMI
and hyperlipidemia were the
predictors of NAFLD and NASH

NAFLD and NASH after liver
transplant are associated with
metabolic risk factors

Saeed et al”

Retrospective analysis of 144
patients diagnosed with NASH
between 2015 and 2017.

Low free tri-iodothyronine is
associated with higher NAFLD
and NASH

A low-normal thyroid hormone
function may have a pathogenic
role in modulating NAFLD and
NASH.

Manka et al’®

Systemic review and meta-
analysis of publication between
2000 to 2018

NAFLD was diagnosed either by
imaging or by histopathology

The presence and severity of
NAFLD are linked with reduced
whole-body bone marrow
density Z score in children and
adolescents.

Mantovani et al*!

Cross-sectional study on 17
patients with simple steatosis, 15
with NASH, and 22 with living
liver donors.

NASH was associated with a high
level of plasma retinol level and
overexpression of AKR1B10.

An altered retinol metabolism is
involved in the process of hepatic
fibrosis.

Pettinelli et al”’

A narrative review and literature
search from PubMed, Ovid
Medline, and the Cochrane
Library database until 2018

Sarcopenia is coupled with
NAFLD independent of obesity,
IR, or metabolic syndrome.

Management of sarcopenia has
become an important issue in
the management of patients with
chronic liver disease.

Hsu et al™®

A critical review on the
relationship between vitamin D
deficiency and NAFLD/NASH.

Liver biopsy, imaging techniques,
and liver ultrasound have been
considered as the most widely
used techniques to identify
NASH.

The deficiency of vitamin D has
been linked to the pathogenesis
and severity of NAFLD because
of vitamin D pleiotropic
functions.

Pacifico et al”®

Extensive NAF-P is predictive of

NAF-P is strongly linked with

o 80

A retrospective study advance fibrosis NAFLD. Rosenblatt et al
NAFLD and urolithiasis

A systemic review and meta- were diagnosed by either NAFLD is associated with an . ol

. . . . e Qin et al

analysis ultrasonography or computerized increased risk of urolithiasis.
tomography

Patients with NAFLD who had xﬁgﬁi;tlijno ﬁaifircylzi(y) \a:vlicn(zeho1

undergone liver biopsy were The diagnosis of NAFLD is in a non-binge pattern, is related Mitchell et al®®

specified from a prospectively
maintained database.

defined by the presence of *

with lower fibrosis in patient with
NAFLD.

A cross-sectional pilot study
consisting of biopsy-proven
patients with NASH

Liver fibrosis 3

Lean patients with NASH showed

a lack of Lactobacillus compared
with overweight and obese
patients with NASH.

Duarte et al®

Abbreviations: NAFLD, Non-alcoholic fatty liver disease; NASH, Non-alcoholic steatohepatitis; HCC, Hepatocellular carcinoma; HBV,

Hepatitis B virus; ASH, Alcoholic steatohepatitis; ALT, Alanine aminotransferase; GGT, Gamma-glutamyl transferase; ROS, Reactive

oxygen species; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids; TG, Triglycerides; ER, Endoplasmic reticular;

DNL, De novo lipogenesis; FFA, Free fatty acid; IR, Insulin resistance; VLDL, Very low-density lipoprotein; T2DM, Type 2 diabetes

mellitus; OSA, Obstructive sleep apnea; BMI, Body mass index; US, Ultrasonography; HDL, High-density lipoprotein; LDL, Low-density

lipoprotein; NAFPD, Non-alcoholic fatty pancreatic disease; NAF-P, Non-alcoholic fatty pancreas disease; TNF-a, Tumor necrosis factor-a;
IL, Interleukin; IRS, Insulin receptor substrates; HSC, Hepatic stellate cell; ETC, Electron transport chain; TLR4, Toll-like receptor 4; TE,

Transient elastography; MR, Magnetic resonance; MRI, Magnetic resonance imaging.
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Fig. 1: Proposed mechanism describing the onset and progression of non-alcoholic fatty liver disease (NAFLD) and

steatohepatitis.

lead to IR. According to the two-hit hypothesis, IR
causes an elevated intrahepatic triglyceride known as
the first hit, followed by the second hit. The second
hit likely involves stimulation of cytochrome P450,
oxidative stress, increased inflammatory cytokines,
lipid peroxidation, stimulation of hepatic stellate cells
(HSCs), and apoptosis.” People with NASH have
an elevated amount of TNF-a, which promotes IR.”
However, in the situation of IR enhance peripheral
lipolysis from adipose tissue, increases triglyceride
synthesis, develops fatty liver, increases the influx of
fatty acids, and causes an overall increase in hepatic
FFA accumulation.’>** The FFA, which results from
increased fat accumulation in the liver, can cause lipid
peroxidation in the hepatocyte membrane, resulting in
the release of proinflammatory cytokines and stellate
cell activation, which cause fibrosis.”**> Therefore,
IR characterized by hyperinsulinemia in patients with
NAFLD enhances DNL, which further accelerates
hepatic fat accumulation and the progression of
NASH.”

Adipokines/Proinflammatory Cytokines
Adipokines and proinflammatory cytokines have been

shown to take part in the progression of NAFLD. The
most extensively investigated adipokines in NAFLD/
NASH are adiponectin, leptin, ghrelin, resistin, and
visfatin,and proinflammatory cytokines are TNF-aq,
IL-6, and IL-1. Adiponectin enhances NASH and
hepatic fibrosis by repressing the function of Kupffer
cells and HSCs. The inflammatory cytokines are the
main contributors of hepatic inflammation, cell death,
and fibrosis, together with regeneration after massive
or focal liver injury.” Besides, adipocytokines are
coupled with an increase in insulin sensitivity and are
also related to visceral obesity.”” However, in NAFLD
serum leptin levels are increased, and the liver turns
refractory to the “anti-steatotic” effects of leptin.”® A
proinflammatory adipokine, TNF-o, hinders insulin
signaling and facilitates steatosis, and may play a pivotal
role in the progression of NASH.” Hepatic cytokines
can help in the progression of steatosis to NASH by
replicating the histological lesions accompanied with
NASH, such as neutrophil chemotaxis, hepatocyte
apoptosis/necrosis, formation of Mallory body, and
activation of stellate cell.!® Obesity-related hepatic
steatosis is directly related to a higher amount of
inflammatory cytokines and a lower amount of anti-
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inflammatory cytokines.!” In obesity, the amount of
adiponectin is decreased, resulting in FFA influx, and
oxidation in the mitochondria is thereafter reduced,
facilitating FFA to store in the cytoplasm (Figure 1).!%?

Mitochondrial Dysfunction
Structural or functional abnormalities of mitochondria
have been reported to accelerate the progression
of NAFLD.'® Mitochondria cause lipid influx in
hepatocytes by enhancing beta-oxidation, but in case
of NAFLD, this process can become overwhelmed due
to increased FFA load, resulting in ROS generation.'™
Increased ROS production eventually leads to electron
chain ETCdysfunction.!*

ROS induces oxidative stress, activates inflammatory

transport Furthermore,
pathways,!% and finally leads to mitochondrial damage.
Peroxidation of cardiolipin, a phospholipid positioned
at the inner mitochondrial membrane, has been
connected with mitochondrial dysfunction in several
physio-pathological conditions, including NAFLD.!%

Structural mitochondrial abnormalities,'”™ and a
decrease in mitochondrial respiratory chain activity

have been found in human studies of NASH. 07108

Gut Microbiota

Recently, new evidence showed that gut microbiota
plays a major role in the pathogenesis of NASH.
Dysbiosis (an imbalance of microbiota or enrichment
of specific bacterial strains in the intestinal microbiota),
impairment of intestinal barrier, and altered immune
condition have been linked with a proinflammatory
response, IR, obesity, NAFLD, and NASH through
multiple interactions with the host’s innate immune
system.'” The gut microbiota has also been linked
with ethanol production, which is hepatotoxic and
alters gut permeability, inducing endotoxemia.''® An
imbalance of microbiota or enrichment of specific
bacterial strains in the intestinal microbiota has
been linked with NAFLD or NASH.'” Béackhed and

" firstly reported that intestinal flora

colleagues
enhanced monosaccharide absorption from the lumen
of the intestine acceleratedDNL and triglyceride
production, as approved by increased activity of
acetyl-CoA carboxylase and fatty acid synthase.
Intestinal microbiota may also stimulate liver steatosis

by induction of obesity from indigestible dietary

Middle East J Dig Dis, Vol. 14, No. 2, April 2022

polysaccharides, control of gut permeability and
acceleration of low-grade inflammation, modulation
of dietary choline metabolism, regulation of bile acid
metabolism, and stimulation of endogenous ethanol
production by enteric bacteria.!'*!'* Endotoxin, a
component of the outer wall of gram-negative bacteria,
is generated by the microbiota in the gut and is directly
introducedinto theliver viathe portalblood, contributing
to inflammation via cytokines by increasing intestinal
permeability resulting in endotoxemia. Endotoxin
modulates the innate immune system via Toll-like
receptor 4 (TLR4), activates an inflammatory response,
including higher levels of TNF-a. Kupffer cells (the
first line of defense) are activated by endotoxin, and
marked activation of Kupffer cells in human NASH
has been observed.'* NAFLD is often diagnosed in
patients with Helicobacter pylori. H. pylori infection
is considered as one of the independent risk factors
for the development of NAFLD.!S However, the
pathogenic mechanism of this phenomenon is unclear.
The effect of H. pylori on liver damage has not been
studied sufficiently. Helicobacter species may cause
liver injury via the release of specific toxins. Invasion
of Helicobacter in the small bowel mucosa might
increase gut permeability and facilitate the passage
of bacterial endotoxins through the portal vein to the

liver.!¢

Development of NASH from NAFLD

NAFLD is presented by the influx of triglycerides
within the hepatocytes, which are produced from the
esterification of FFA and glycerol. Therefore, hepatic
fat infiltration can occur as a consequence of higher
fat synthesis, delivery, and decreased fat excretion or
oxidation.*® The most commonly accepted mechanism
regarding the progression of NASH is that NASH,
develops in the presence of hepatic fat accumulation
“two-hit”

mechanism. The ‘first hit’, which is steatosis or hepatic

and oxidative stress, the so-called
TG accumulation, induces liver injury, and the ‘second
hit’ is derived from various sources such as adipokines
or inflammatory cytokines and oxidative stress, which
ultimately leads to fibrosis (Figure 2).%

IR is considered as a key pathophysiological element
associated with the development of NAFLD. IR

enhances peripheral lipolysis, excessive triglyceride
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Fig. 2: The two-hit hypothesis for the development of NASH, which theorizes that dietary fat and insulin resistance, the ‘first
hit’, contributes to the development of steatosis. The ‘second hit’ in the form of oxidative stress derived from various sources
such as inflammatory cytokines, adipokines, ER stress, endotoxin, and mitochondrial dysfunction leads to steatohepatitis and

fibrosis .

synthesis, and in turn increases hepatic uptake of fatty
acids resulting in an elevation of hepatic free fatty acid
infiltration. Increased synthesis and delivery of FFA
to the liver and reduced metabolism and removal of
hepatic FFA result in infiltration of excessive hepatic
triglyceride. Dietary fat, obesity, DNL, increased
conversionofcarbohydrates and proteinstotriglycerides
lead to accumulation of hepatic FFA. Therefore,
increased amounts of hepatic FFA contributes to the
development of hepatotoxicity by down-regulating
beta-oxidation and activating critical pathways that
signals inflammation, apoptosis, and fibrosis, which
characterize NASH. Adult and pediatric patterns of
NAFLD/NASH represent substantial variability in the
pattern of fat, inflammation, and fibrosis. The pediatric
pattern of NASH has two distinct subtypes: type 1
NASH involves steatosis with ballooning degeneration
ofhepatocytes and perisinusoidal fibrosis, whereas type
2 pattern includes steatosis with portal inflammation or
fibrosis without evidence of ballooning degeneration.
The histologic criteria for the diagnosis of adult NASH
involve steatosis, hepatocellular ballooning, and

lobular inflammation.

Diagnostic Tools and Therapeutic Strategies
NAFLD resides asymptomatic in many people.
Therefore, the diagnosis is often assumed by abnormal
liver functions on biochemical testing or hepatic
imaging (ultrasonography, computed tomography, or
magnetic resonance imaging of liver), which indicate
fatty liver when carried out for other illnesses. Liver
biopsy is considered as the gold standard for diagnostic
evaluation of NAFLD. Recent studies also show that
the ultrasound-based controlled attenuation parameter
value used in the TE (transient elastography) technique
can detect the extent of steatosis in patients with
NAFLD."” The gold standard for the non-invasive
evaluation of hepatic steatosis is the application of MRI
protein density fat fraction. Modern MRI techniques,
such as MR elastography, can evaluate the extent of
fibrosis non-invasively to diagnose and evaluate the
prognosis of patients with NAFLD.''®

Early evidence from clinical trials demonstrates that
features of NASH are pharmacologically responsive.
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However, no more than ~40% of patients in these trials
have exhibited benefit from a single therapy, which
may not be much effective in evaluating regulatory
approval for long-term monotherapy.'® Therefore, the
field is quickly moving toward combined therapies.
Combinations may also include conjugate therapies-
for example, a fatty acid-bile acid conjugate,
aramchol, that is under clinical trials for NASH.!?°
No drug—antibody conjugates has been approved so
far. Similarly, single drugs with multiple targets and
modes of action have the possibility to be efficacious,
as NASH pathogenesis involves many disease drivers.
Lifestyle modification, consisting of diet and exercise,
is essential for NAFLD therapy and has been proven
by many studies to improve liver histology. However,
lifestyle modification is difficult to attain and sustain.
The hallmark progress that has been made in previous
years in understanding disease pathogenesis has led
to an explosion of medical therapies targeting various
aspects of fat accumulation and injury pathways.

CONCLUSION

NAFLD is regarded as an important and emerging
health hazard. The pathogenesis ofNAFLDand its
advancement to fibrosis and chronicliverdiseaseis
still obscure. Many studies show that NAFLD can be
associated with an increased risk of IR. Dyslipidemia,
IR, obesity, low adiponectin, postprandial dyslipidemia,
and hyperglycemia are the main factors that give rise to
NAFLD and further accelerate the course of NAFLD
along with accelerating the development of NASH.
NAFLD may affect any age of people and seems to be
different among different ethnic groups. Environmental
and lifestyle-related factors such as reduced physical
activity and high-fat diets are well-studied factors
for the development of insulin resistance-associated
comorbidities and NAFLD. Recent studies have
advanced in the field of genetic and immune response
in NASH pathogenesis, even though family studies and
studies explicitly addressing the genetic predisposition
for the development of NAFLD are still missing.
Lifestyle change in the form of modification of diet
and physical activity is an important mode of action.
However, alteration of any of the multiple mechanisms
involved in the progression of NASH could provide
useful insights to prevent the development of fibrosis
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and its associated complications.
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