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Abstract
Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of liver diseases ranging Key Words
from simple fatty infiltration of liver parenchyma to the potentially progressive type of » nonalcoholic

NAFLD called nonalcoholic steatohepatitis (NASH). Given the obesity epidemic, NAFLD
and NASH have reached alarming levels globally. Recent data suggest that more than a

steatohepatitis

» pathophysiology

quarter of the world population is affected by NAFLD; however, the disease prevalence > epidemiology
is higher in certain patient population, that is, 55% prevalence rate among patients with » disease burden
type 2 diabetes (T2DM). Besides T2DM, NAFLD is also closely related to other metabolic

abnormalities, such as visceral obesity, hypertension, and hyperlipidemia. It has been

suggested that stage of liver fibrosis is the most important factor associated with

mortality among patients with NAFLD. Additionally, patients with T2DM have increased

risk of adverse outcomes. In addition to these metabolic abnormalities, older age and

some genetic factors could pose additional risks. Patients with NAFLD and NASH have

significantly impaired health-related quality of life than the general population. There is

also a growing economical impact of NAFLD and NASH on healthcare systems around the

globe. Despite a number of promising regimens as treatment options, healthy lifestyle

modification with diet and exercise remains at the core of management of NAFLD

and NASH.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) and its subtype
of nonalcoholic steatohepatitis (NASH) were first described
in the 1980s, coinciding with a rapid rise in epidemic of
obesity (1, 2). Increasingly, NAFLD has been recognized
as a liver complication of visceral obesity and other
components of metabolic syndrome such as insulin
resistance, diabetes, hypertension, and hyperlipidemia (3).
In fact, NAFLD has recently been recognized as the most
common cause of chronic liver disease (CLD), affecting
more than a quarter of the world population (3).

In the past two decades, great strides have been
made in the understanding of NAFLD. NAFLD is defined
as the presence of hepatic steatosis affecting at least 5%
of liver hepatocytes in the absence of other causes of

liver disease and excess alcohol consumption. The term
NAFLD encompasses a spectrum ranging from histologic
documentation of 'simple steatosis' (nonalcoholic fatty
liver (NAFL)) to non-alcoholic steatohepatitis (NASH),
which is histologic evidence of hepatic steatosis, lobular
inflammation, hepatocyte ballooning with or without
pericellular fibrosis, and/or Mallory-Denk bodies. NASH is
considered the potentially progressive form of NAFLD that
can progress to cirrhosis, hepatocellular carcinoma (HCC),
and may require liver transplantation (4, 5) (Fig. 1).

The growing global burden of NAFLD has inspired
research and expanded the understanding, not just
of pathophysiology but also the burden it places on
individuals, society, and the healthcare systems worldwide.
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Spectrum of NAFLD

A

[ NASH

Steatosis

In this article, we focus on NAFLD/NASH and its clinical,
economical, and patient-related burdens.

Pathophysiology of NAFLD and NASH

As noted previously, NASH is the potentially progressive
form of NAFLD which requires early identification
and linkage to care prior to development of significant
liver disease, including advanced fibrosis and cirrhosis
(Fig. 2). In fact, about 15-20% of patients with NASH
can eventually develop cirrhosis (6). It is hypothesized
that progression of NAFLD is linked to components of
metabolic syndrome, especially visceral obesity and insulin
resistance. Accumulation and dysregulation of lipid
and glucose metabolism results in hepatic transcription
factor dysfunction (7). This, as a result, creates a
microenvironment that promotes inflammation and leads
to hepatocyte ballooning and necrosis. This process can
ultimately activate Stellate cells leading to accumulation
of collagen and hepatic fibrosis in NASH. As fibrosis stage
worsens, cirrhosis can be established which places patients
at risk for liver failure and HCC (7).

Although NAFL is generally considered non-

progressive, a recent meta-analysis suggested that a few

NAS Figure 1
Advanced Fibrosis

NAFLD progression.

patients with NAFL and stage O fibrosis may progress over
time (8). Factors associated with the progression of fibrosis
in patients with NASH include hypertension, age, and low
aspartate to alanine aminotransferase ratio. While patients
with NASH will show 40% fibrosis progression, some
patients may be considered rapid progressors (8). Although
the presence of increasing number of components of
metabolic syndrome has been associated with advanced
fibrosis and liver-related mortality, no other specific risk
factor can currently identify 'rapid progressors' (9).

In the context of progressive liver disease, about
15-20% of NASH patients can progress to cirrhosis and
5-10% to end-stage liver disease (7). Other data have
suggested that 41% of NASH individuals will develop
progression fibrosis at a rate of 0.09% annually (3). One
important complication of liver disease is HCC. In fact,
HCC in NAFLD is associated with the presence of cirrhosis,
older age, obesity, and the Patatin-like phospholipase
domain-containing protein 3 (PNPLA3) gene (10). Data
from Surveillance, Epidemiology, and End Result database
suggest that NAFLD-related HCC is increasing by 9% yearly
(11).Itisimportant tonote that HCChasalso been described
among NAFLD patients with metabolic syndrome without
significant fibrosis or cirrhosis. These noncirrhotic NASH
patients who develop HCC present a challenge and usually

Figure 2
Masson's trichrome-stained sections showing
stages of NASH progression.
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present with more advanced disease possibly due to lack of
proper and well-established surveillance. As a result, they
tend to present with more advanced tumors with higher
mortality and poorer prognosis as compared to HCC from
viral hepatitis (12). It is important to note that the annual
incidence of HCC among patients with NASH cirrhosis is
around 0.5-2.6%, while this rate is between 0.1 and 1.3
per 1000 patient-years among patients with non-cirrhotic
NAFLD (13), which is below the accepted threshold for
HCC screening.

Modalities for hepatic fat detection

Ultrasound (US), although it is used to detect hepatic
steatosis, has low sensitivity and specificity especially
in detecting lower grade of steatosis (14). Moreover, US
only provides a qualitative rather than quantitative
assessment of hepatic steatosis. Similarly, CT is suboptimal
in detecting lower grade of hepatic steatosis (14). MRI on
the other hand has the highest sensitivity and specificity
in detecting even mild hepatic steatosis. Unfortunately,
none of these imaging modalities can reliably distinguish
between NASH and simple steatosis (15). Furthermore,
these imaging modalities are unable to determine the stage
of fibrosis in NASH. Although the presence of steatosis is
required to establish the diagnosis of NAFLD, the grade
of steatosis does not have prognostic value. On the other
hand, establishing the diagnosis of NASH and determining
stage of hepatic fibrosis have important prognostic value.
In this context, despite a great deal of effort, none of the
non-invasive tests (NITs) can establish the diagnosis of
NASH which remains the basis of liver biopsy (15, 16, 17).
Given the lack of NITs to establish diagnosis of NASH,
the field has focused on developing validated NITs for
hepatic fibrosis. In addition to novel radiological approach
to assess liver stiffness and serum-based biomarkers
of fibrosis, there have been multiple scoring systems
developed to establish the presence of advanced hepatic
fibrosis (15). These include aspartate aminotransferase to
platelet ratio index, fibrosis-4 (FIB-4), and NAFLD fibrosis
score (NFS). FIB-4 and NFS have shown to perform the
best in excluding advanced fibrosis. These tests have good
negative predictive value to exclude cirrhosis and may be
valuable in clinical practice (16, 17). In addition to these
algorithms, a number of serum biomarkers are being
developed and validated. The biomarker that has been
recently approved most is Enhanced Liver Fibrosis test (17).
This test has excellent performance and is expected to be
used as a part of algorithms to establish pathways to link

high-risk NAFLD patients to care. Another test that is used
in clinical research is PRO-C3, which detects collagen type
3 and may be useful in the future (16).

Global prevalence of NAFLD

It is estimated that global prevalence of NAFLD is about 25%
in the adult population with some geographic variation (3).
An additional source of variability is diagnostic modalities
used to establish the diagnosis of NAFLD. In fact, non-
invasive serum tests, includingliver enzyme elevation, may
lead to lower prevalence rates for NAFLD. Nevertheless,
the high and increasing prevalence of NAFLD seems to be
proportionate with the prevalence of obesity, diabetes, and
other metabolic diseases. Studies on incidence of NAFLD
have been scant due to the lack of validated non-invasive
modalities such as serum biomarkers that can be easily
used in large-scale clinical and population-based studies.

The majority of the epidemiologic data in the Americas
have been published from the United States (18, 19).
Establishing the true prevalence of NASH is very difficult
in the general population, given the need of histological
confirmation. A study among military personnel and their
dependents revealed an NAFLD prevalence of 46%, with
higher rates among Hispanics (58.3%) and slightly lower
rates among African Americans (35.1%). Participants with
positive US findings were offered a liver biopsy, and NASH
prevalence was 29.9% among biopsied individuals and
12.2% in the total study cohort (20). However, given the
referral and ascertainment biases, this study overestimates
the prevalence of NASH. The impact of ethnicity on the
prevalence of NAFLD has been considered. In this context,
a study by Fleischman, in which NAFLD was diagnosed
based on CT, reported an NAFLD prevalence of 29% in the
whole cohort, 33% among Hispanics of Mexican origin,
18% among Hispanics of Puerto Rican origin, and 16%
among Hispanics of Dominican origin (21).

In South  America, epidemiological
demonstrated higher rates of NAFLD prevalence. One study
in which NAFLD was diagnosed with hepatic US, NAFLD
prevalence was reported as 36%. This rate was higher at
74% among individuals with metabolic syndrome and
73% among obese patients (22). Another study reported
an NAFLD prevalence of 95% among obese individuals
undergoing bariatric surgery, with an NASH prevalence of
66.7% with histologic evaluation (23).

The Middle East and Northern Africa (MENA) may
have the highest prevalence of NAFLD globally with a rate
of 32%, and future projections demonstrate a worsening

studies
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trend (24). In this context, worsening diabetes and obesity
rates have been shown to be the main driver of this trend
in MENA countries. In fact, recent studies from the United
Arab Emirates (UAE), Iran, or Turkey clearly demonstrate
a disquieting trend in the rates of obesity, diabetes, and
NAFLD (25, 26). For example, it is estimated that the
number of patients with NAFLD will increase by 47%
between 2017 and 2030 in the UAE, while the projection
for NASH increase is 97% in Saudi Arabia and 87% in UAE
(). Due to this trend in the burden of NAFLD and NASH,
it is anticipated that NASH will be the leading indication
for liver transplantation in the Gulf countries in the
next decades.

While the MENA region has the highest rates of NAFLD
and NASH prevalence, the rest of the African continent
is reported to have the lowest rate of around 13% (3).
Although some of this may be related to underreporting,
lower prevalence of type 2 diabetes may also account for
these lower rates. Nevertheless, similar to the rest of the
world, type 2 diabetes and associated NAFLD prevalence is
on the rise in many African countries.

Lastly, the growing burden of NAFLD in Asia is quite
worrisome. In this context, many Asian countries are going
through rapid transformation in their growing population
and urbanization. This new rapid transformation and
urbanization has led to changes in lifestyle, including diet
and activity. Consequently, the rates of obesity, T2DM, and
other components of metabolic syndrome are increasing.
In this context, NAFLD burden in Asia is increasing at
a rate that surpasses that in the Western countries and
may become the leading cause of liver disease burden in
the coming years (27). A study by Estes et al. projected a
30% increase in NAFLD prevalence by 2030 (28), which is
likely due to worsening metabolic abnormalities. On the
other hand, highly developed countries such as Japan and
Singapore were able to demonstrate significantly better
NAFLD rates than mainland China, as the rate of metabolic
abnormalities was not as high in those high-income
regions (29).

Risk factors for NAFLD and NASH

The close association between NAFLD and components of
metabolic syndrome has been clearly demonstrated, and
in fact, NAFLD is regarded as the hepatic manifestation
of metabolic syndrome (30). Besides the prevalence and
natural history of NAFLD and NASH, epidemiological
studies have also been enlightening the risk factors for this
common condition.

The most widely reported link to NAFLD and NASH
is the components of metabolic syndrome (9). In this
context, diabetes mellitus (DM) and NAFLD are particularly
closely related. NAFLD prevalence is higher in patients
with DM, and a recent meta-analysis reported that global
prevalence of NAFLD among patients with type 2 DM
was 55.5% (31). More strikingly, the global prevalence of
NASH among patients with DM was 37.3% in the same
meta-analysis (31). It is known that the presence of DM in
apatient with NAFLD increases the risk of NASH, advanced
fibrosis, and mortality. Besides DM, hyperlipidemia,
hypertension, and obesity are also common conditions in
patients with NAFLD (3). As reported in the meta-analysis,
NAFLD was present in 69% of patients with dyslipidemia,
51% of patients with obesity, and 39% of patients with
hypertension (3).

Age is also regarded as another risk factor for NAFLD
and NASH. Both the prevalence of NAFLD and severity of
hepatic fibrosis increase with age (32). Besides increased
NAFLD risk, age is also a risk factor for complication of
CLD, including liver mortality and HCC (33). On the other
hand, there has been conflicting data about the association
of gender with NAFLD. In this context, most recent studies
have not suggested the predominance of a specific gender
in development of progression of NAFLD and NASH.

Genetic predisposition to NAFLD development and
progression among different racial and ethnic groups
have also been studied previously. In this context, while
some patients only develop NAFL, others may progress
to NASH, advanced fibrosis, cirrhosis, or even death (34).
Genome-wide association studies identified multiple
DNA sequence variants, contributing to pathogenesis of
hepatic steatosis (35). In this context, the most known
associations are through PNPLA3 rs738409-G, glucokinase
regulator (GCKR rs780094-T), and lysophospholipase-like
1 (LYPLAL1 rs12137855-C) (36).

Clinical and economical burden of NAFLD
Clinical burden

In 2019, CLD became the 11th leading cause of death,
jumping from 12th in 2016 (37). As previously noted,
NAFLD and NASH are the leading causes of CLD and have
been on an upward trajectory to become the leading cause
for liver transplantation (38).

In a meta-analysis that included four cohort studies,
1495 NAFLD patients and almost 17,500 patient-years of
follow-up showed that with each increased stage of fibrosis,
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the mortality (all-cause and liver-related) risk increased
(39). In comparison to NAFLD without fibrosis (stage 0),
NAFLD with fibrosis stages 1, 2, 3, and 4 had a mortality
risk ratio of 1.58, 2.52, 3.48, and 6.40, respectively (39).
This illustrates the importance of identifying fibrosis as the
single most important factor for predicting mortality.

NAFLD and NASH patients suffer from significant
clinical, economical, and health-related quality of life
(HRQoL) burden (40). It is widely known that patients
with CLD suffer from significant impairment of HRQoL as
compared to the general population (41). Fatigue, by far, is
the most common symptom reported by patients with CLD,
with a prevalence ranging between 50 and 85% (42). Besides
being common, fatigue is also complex and challenging to
treat. Patients suffering from fatigue are also suffering from
daytime somnolence, inactivity, and physical function (43).

Other commonly reported impacts on quality of
life include dietary limitations in more than half of the
patients; 38% reported impact on sleep, 31% reported
impact on social and family life, 29% reported healthcare
frustration, and 26.5% were afraid of/worry about the
future with particular concern about their disease getting
worse (44). Patient-reported outcomes (PROs) assess the
burden of disease by measuring patient’s health status
as reported by the patient without the interpretation of
anyone else (45). One study reported that the key reported
symptoms included upper abdominal pain, fatigue, and
memory loss, while key HRQoL impacts included low
quality of relationships, low mood, and self-consciousness
(46). Given that NAFLD and NASH cause significant
morbidity as well, recent research also focused on assessing
the burden of disease by measuring disability-adjusted
life years (DALY), which is the combination of years of
life lost and years lived with disability. In this context, the
Global Burden of Disease collaborators studied the global
burden of cirrhosis over an almost 30-year period (47).
This study reported that the number of prevalent cases for
compensated cirrhosis due to NASH doubled over the study
period, while the number for decompensated cirrhosis due
to NASH tripled (47). Another study assessing the burden
of NAFLD-/NASH-related burden using the same Global
Burden of Disease database revealed that between 2007
and 2017, cirrhosis DALY due to NAFLD/NASH increased
by 23.4%, while liver cancer DALY due to NAFLD/NASH
increased by 37.5% (48).

Economical burden

NAFLD/NASH also has an important economical burden
that affects individuals, the healthcare system, and

countries. The GAIN study analyzed the economical
burden of NASH and NAFLD in five wealthy European
countries, the Unites States, and China. The results showed
that the mean total annual cost per patient with NASH in
2018 was €2763, €4917, and €5509 for direct medical, direct
non-medical, and indirect costs, respectively. The United
States exhibited the highest cost burden and France the
lowest (49). The cost increased with the level of fibrosis and
decompensation that required hospitalizations. Another
study that extensively assessed the economical burden of
NAFLD estimated that there were 64 million individuals
with NAFLD in the United States and 52 million in four
developed European countries (Germany, France, Italy,
and UK), responsible for $103 billion of direct costs in
the United States, €27.7 billion in Germany, France, and
Italy, and £5.24 billion in the UK (50). As stated above,
individuals with diabetes are at an increased risk of NASH
and adverse outcomes due to liver disease. Besides this
fact, NAFLD/NASH patients with type 2 diabetes also
suffer from a higher clinical and economical burden (51).
The total economical burden for patients with NASH and
DM is estimated to be $667.9 billion in the United States,
three quarters of which is attributed to DM care and the
remaining 25% attributed to NASH care.

Treatment options

Currently, there are no specific pharmacologic agents
that are approved by the food and drug administration to
treat NAFLD/NASH. Existing therapies are directed toward
NASH patients who are at risk for progressive liver disease.
The gold standard treatment as recommended by most
scientific societies is weight loss through calorie restriction
and physical exercise (52). Body weight loss by 7% has been
shown improvement on histology with steatohepatitis
resolution in 90% (53). Physical activity and calorie
restriction remain the best method for weight loss in
addition to the low cost of such intervention. As little as
60 min of exercise a week has shown benefits with 150 min
a week showing optimal results (54). Moreover, evidence
pointing at reducing calorie intake by 500-750 kcal/day
has shown to reduce NASH fibrosis score (55). In addition,
weight loss has shown to improve HRQoL (46). Current
clinical practice guidelines suggest weight loss between
7 and 10% of body weight through physical activity and
calorie restriction (54).

If weight loss in 6-12 months is not achieved, some
medical therapies can be considered (55). Of these,
vitamin E has been shown to reduce hepatic steatosis,
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inflammation, ballooning, and improve activity (56).
Given the strong association of diabetes with NAFLD,
pioglitazone has also been used to treat NASH (56). The
current evidence suggests that pioglitazone may be
beneficial to some patients with histologically proven
NASH (57). Other drugs such as pentoxifylline were
initially promising, but current evidence does not support
its use. For those who meet criteria, bariatric surgery or
endoscopic procedures such as sleeve gastrectomy may be
an option before development of cirrhosis (54). In patients
with advanced cirrhosis or HCC, liver transplantation
could be considered; however, morbid obesity may be an
issue for these patients becoming candidates, especially in
the presence of other comorbidities such as cardiovascular
disease (54). In addition, NASH can recur despite liver
transplant (54).

There are several other medications that are gaining
interest in ongoing clinical trials (§8). In fact, over the past
decade, there has been a significant increase in registered
clinical trials for NAFLD/NASH. Obeticholicacid, a selective
farnesoid X receptor agonist that plays a role in lipid
metabolism and inflammation, has been demonstrated
by the REGENERATE trail to improve hepatic fibrosis (59).
Liraglutide, a glucagon-like peptide 1 receptor agonist used
for glycemic control in T2DM patients, has also shown in
phase 2 clinical trials to reduce NASH with improvement in
steatosis and hepatocyte ballooning (58). As stated above,
these medications are in research process, and it is early to
recommend these medications as a potential treatment
option for NAFLD and NASH.

Finally, a combination of drugs that target different
aspects of NASH pathogenesis may provide the best future
therapeutic option for these patients. Given the chronic
nature of NASH, it is important not only to enhance
efficacy but also to ensure long-term safety of the approved
regimens.

Conclusions

NAFLD/NASH continues to rise in alarming rate
in conjunction with increase in the prevalence of
various metabolic syndromes including diabetes. This
phenomenon is also linked to the rapidly changing
socio-economic landscape around the world. Hence, it is
inevitable that NAFLD/NASH incidence will continue to
rise worldwide. It has already become the leading cause of
liver transplant. It is imperative to expect a growth in the
burden of disease that parallels its trajectory. It is expected
that with the continual increase in NAFLD/NASH rates,

Global burden of NASH

the economical burden will follow. The importance of
being cognizant of the clinical and economical burden
of NAFLD is paramount for the current and future
management of this growing health problem.
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