
Non-alcoholic Fatty Liver Disease: A
Global Public Health Issue 24
Eda Kaya and Yusuf Yilmaz

Contents

Worldwide Growth of Non-alcoholic Fatty Liver Disease . . . . . . . . . . . . . . . . . . . . . . . . . . 322

Correlations with Obesity, Diabetes, and Metabolic Syndrome . . . . . . . . . . . . . . . . . . . 323

Obese and Nonobese NAFLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323

NAFLD and Diabetes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323

The Natural Course of NAFLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324
Coffee and Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

Noninvasive Diagnostic Methods vs. Liver Biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
Single vs. Multiple Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
Imaging Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
First-line Liver Fibrosis Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326

Pathophysiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
Subsequent Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
The Liver Damage Cascade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
The Microbiota and the Gut Barrier Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
Disease-specific Variants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328

Lifestyle and Pharmacological Interventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328
Bariatric Interventions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
Drug Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330

E. Kaya
Helios Hospital Schleswig, Academical Educational
Hospital of Kiel and Lübeck Universities, Schleswig,
Germany

Y. Yilmaz (*)
Department of Gastroenterology, School of Medicine,
Marmara University, Istanbul, Turkey

Liver Resarch Unite, Institute of Gastroenterology,
Marmara University, Istanbul, Turkey
e-mail: dryusufyilmaz@gmail.com

# Springer Nature Switzerland AG 2020
J. Faintuch and S. Faintuch (eds.), Obesity and Diabetes, https://doi.org/10.1007/978-3-030-53370-0_24

321

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53370-0_24&domain=pdf
mailto:dryusufyilmaz@gmail.com
https://doi.org/10.1007/978-3-030-53370-0_24#DOI


Abstract

Non-alcoholic fatty liver disease (NAFLD) is
the most common liver disease, with a world-
wide prevalence of 25%. NAFLD represents a
spectrum of liver disease severity from simple
hepatic steatosis to non-alcoholic
steatohepatitis, which is a potentially progres-
sive liver condition with ongoing liver injury.
It is strongly associated with obesity, insulin
resistance, metabolic syndrome, genetic
factors, and lifestyle factors. However, the
exact pathophysiology of NAFLD remains to
be established. Moreover, the diagnosis of
NASH also represents a major challenge. The
reference standard in the diagnosis of NASH is
considered liver biopsy. Due to its invasive
nature, there is a major effort to optimize bio-
chemical and imaging methods in terms of
replacing liver biopsy. To date, a combination
of noninvasive tests based on blood tests with
imaging methods is recommended. Although
there is no consensus about the pharmacologi-
cal therapy of NASH, the international
guidelines recommend achieving significant
weight loss and lifestyle modification. In con-
clusion, the combination of high prevalence
and its high burden warrant further research
in that area.
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Worldwide Growth of Non-alcoholic
Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD)
represents an umbrella term of clinical and patho-
logic entities, which encompasses simple hepatic
steatosis, non-alcoholic fatty liver (NAFL), to
non-alcoholic steatohepatitis (NASH), which
according to compelling evidence is associated
with fibrosis, cirrhosis, and, in some cases, hepa-
tocellular carcinoma (HCC), in the absence of

significant alcohol ingestion or other secondary
causes of hepatic fat accumulation (Chalasani
et al. 2018; European Association for the Study
of the Liver (EASL); European Association for
the Study of Diabetes (EASD); European Associ-
ation for the Study of Obesity (EASO) 2016;
Kaya and Y{lmaz 2019a; Yilmaz 2012a).

There are different NAFLD prevalence
reported around the world, mainly due to different
study populations, but also due to the heterogene-
ity of the methods used to diagnose NAFLD.
There are numerous noninvasive methods such
as conventional ultrasonography, computerized
tomography, magnetic resonance imaging
(MRI), controlled attenuation parameter (CAP)
by transient elastography (TE), and MRI-derived
proton density fat fraction (PDFF-MRI).
Depending on the accuracy, they can lead to
over- or under-diagnosis (Kaya and Y{lmaz
2019b). In a comprehensive meta-analysis,
NAFLD is recognized as the most common
chronic liver disease, with a prevalence of 25%
worldwide. The highest prevalence was reported
from the Middle East and South America,
reaching 32% and 30%, respectively, whereas
the lowest corresponds to Africa with 13%
(Younossi et al. 2016).

From those 25% of the adult world population,
approximately 20% (one-fifth) were classified as
NASH corresponding to 16.5 million people
(Estes et al. 2018a). Considering the future prog-
ress, by 2030 NAFLD prevalence was projected
at 33.5%. As a reflection of the ageing population
and disease progression, NASH was expected to
increase by 27%. In this scenario, NASH is
predicted to increase the number of liver-related
deaths until 2030 by 178%. Therefore, NAFLD
represents a significant public health issue world-
wide (Sayiner et al. 2019).

NASH, the more progressive subtype of
NAFLD, has an increased risk of proceeding to
decompensated liver cirrhosis, hepatocellular car-
cinoma (HCC), and finally liver failure. More-
over, NAFLD has been recognized as a major
contributor to the global burden of HCC. In the
coming future, considering the trends of increase
in NAFLD prevalence, NAFLD is expected to
become the leading cause of HCC (Younossi
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et al. 2019a). In addition to this, NASH is the
most rapidly growing aetiology for liver trans-
plantation (Estes et al. 2018b).

Correlations with Obesity, Diabetes,
and Metabolic Syndrome

The prevalence of NAFLD has increased in many
countries both in the paediatric and adult
populations as a result of the spread of sedentary
lifestyle and westernized diet (Golabi et al. 2018).
NAFLD is mostly associated with increased vis-
ceral obesity and metabolic abnormalities such as
insulin resistance, diabetes mellitus, and
dyslipidaemia. It became increasingly clear that
NASH is the hepatic manifestation of the meta-
bolic syndrome. Additionally, the prevalence of
NASH is higher among diabetic and obese
individuals. The risk of developing NASH was
also reported to be in line with an increased num-
ber of components of metabolic syndrome
(Chalasani et al. 2018; Younossi et al. 2019a).
Moreover, being female, age over 50 years, obe-
sity, metabolic syndrome, hypertension,
dyslipidaemia, and hypertriglyceridaemia were
reported as risk factors for developing NASH
(Povsic et al. 2019).

According to a recent meta-analysis, more
than 80% of NASH patients were overweight or
obese (Chalasani et al. 2018). Obesity is known to
increase the risk of developing NAFLD
(Younossi et al. 2018; Singh et al. 2015). In
fact, the prevalence of NAFLD is directly propor-
tional to the increase in body mass index (BMI)
(Younossi et al. 2019b). Given that NAFLD is
associated with visceral obesity, the mutual eval-
uation of BMI and waist circumference can be
more accurate in the classification of obesity in
terms of NAFLD (Mongraw-Chaffin et al. 2015).
NAFLD appears to increase at the same rate as
obesity (World Health Organization (WHO)
2020; Fan et al. 2017). Although the prevalence
of NAFLD was estimated to be around 25%, it
could reach 90% in morbidly obese individuals,
making possible even further prevalence
elevations of NAFLD and related comorbidities
(Younossi et al. 2019b).

Obese and Nonobese NAFLD

The majority of the patients undergoing bariatric
surgery due to severe obesity have NAFLD, with
a prevalence of approximately 95% (Sasaki et al.
2015; Subichin et al. 2015). On the other hand, a
subgroup of patients, so-called lean NAFLD,
were also reported to have NAFLD, although
the BMI is normal (Akyuz et al. 2015; Y{lmaz
et al. 2019). As known, overweight is defined as
>23 kg/m2 for Asian and >25 kg/m2 for Cauca-
sian ethnicities (Consultation WHOE; WHO
Expert Consultation 2004). Epidemiological data
show a prevalence of 5–26% in Asian and 7–20%
in Western populations (Consultation WHOE;
WHO Expert Consultation 2004). Recent studies
showed that NAFLD without the presence of
obesity implies added severity, with increased
rates of diabetes mellitus, metabolic syndrome
and cardiovascular disorders (Sung et al. 2009).

NAFLD and Diabetes

Type 2 diabetes mellitus appears to be a major
driver in the development of NAFLD. Moreover,
type 2 diabetes mellitus accelerates the progres-
sion of liver disease (Stefan et al. 2019).
According to a recent meta-analysis, the global
prevalence of NAFLD among patients with type
2 diabetes mellitus was estimated to be over 55%,
which corresponds to 4.7% of the global popula-
tion. The prevalence of NASH among the diabetic
population is estimated to be around 37%. In the
same study, among the biopsied diabetic patients
with NAFLD, the prevalence of advanced fibrosis
was reported as 17% (Younossi et al. 2019c).
Therefore, noninvasive screening of diabetic
patients for both NASH and liver fibrosis is
recommended, with the use of available noninva-
sive tools (Arrese et al. 2019).

Additionally, those patients had higher rates of
other metabolic comorbidities. The vast majority
of diabetic patients with NAFLD met the criteria
of metabolic syndrome. More than half of them
had hyperlipidaemia and hypertension; approxi-
mately one-fourth had cardiovascular disease
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(Kalra et al. 2013; Targher and Byrne 2015;
Firneisz 2014). In fact, NAFLD itself is signifi-
cantly associated with an increased risk of cardio-
vascular events and cardiovascular-related deaths
(Targher et al. 2016).

NAFLD is considered the hepatic manifesta-
tion of metabolic syndrome due to its frequent
coexistence with metabolic syndrome. However,
the presence of metabolic syndrome is not suffi-
cient to explain the coexistence of NAFLD.
Because neither all the patients with NAFLD
fulfil the criteria of metabolic syndrome nor all
metabolic syndrome patients have NAFLD
(Yilmaz 2012b). In fact, 20–80% of the patients
with NAFLD have sufficient criteria for meta-
bolic syndrome (Green 2003). In a recent
community-based study, NAFLD alone was not
associated with mortality, but those NAFLD
patients with metabolically abnormal profiles
had an increased risk of mortality (Niriella et al.
2019).

The Natural Course of NAFLD

NAFLD is associated with increased all-cause
mortality. However, isolated hepatic steatosis
without hepatic inflammation behaves differently
than NASH, exhibiting no increase in liver-
related mortality and minimal risk for disease
progression. Approximately 80% of the NAFLD
patients remain as non-alcoholic fatty liver for
life. The remaining 20% develop NASH, and

from those, approximately 7% progress to HCC
over 6.5 years (Torres DM1, Williams CD,
Harrison SA. 2012). The annual development of
HCC among NAFLD-associated cirrhosis
patients was approximately 3% (Ascha et al.
2010). In another 8 years, 30% of those cirrhotic
subjects are estimated to progress to hepatic
decompensation (Torres DM1, Williams CD,
Harrison SA. 2012). Patients with NASH showed
progression to significant fibrosis at a rate of 13%
in 17 years, to cirrhosis 2% in 20 years and
without NASH to significant fibrosis at a rate of
10% in 19 years, to cirrhosis 3.1% in 7.6 years
(Hagström et al. 2017a; Calzadilla Bertot and
Adams 2016). The probability of developing cir-
rhosis is estimated to be annually 6% for F2
fibrosis and 8% for F3 fibrosis (Singh et al.
2015; Argo et al. 2009; Singh et al. 2015). The
natural course of NAFLD is schematized in
Fig. 24.1.

Based on a meta-analysis with 11 cohort stud-
ies including 411 biopsy-proven NAFLD
patients, and over 2145.5 person-years of
follow-up evaluation, 33.6% of the subjects
showed progression in fibrosis, 43.1% remained
stable, and 22.3% had improvement regarding
fibrosis stage. Progression of fibrosis at stage
1 was determined as 14.3 years for patients with
NAFL and 7.1 years with NASH. Among NASH
patients, 20% had rapid progression rates in the
fibrosis stage (Singh et al. 2015). In a meta-
analysis of Dulai et al., fibrosis stage was found
to be directly associated with all-cause mortality
and liver-related mortality. This increase is more

Fig. 24.1 Natural course
of NAFLD
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pronounced in patients with fibrosis stages of 3–4
(Dulai et al. 2017).

Liver-related mortality is not the leading cause
of death among patients with NASH. In decreas-
ing order, the most common aetiologies for mor-
tality are cardiovascular disease, malignancies
and then liver-related causes (Francque et al.
2011; Dam-Larsen et al. 2009; Söderberg et al.
2010). Diabetes mellitus, severe insulin resis-
tance, increased BMI, significant weight gain
(Adams et al. 2005), and cigarette smoking (Enc
et al. 2019) are associated with disease severity.
On the other hand, the effect of increased serum
transaminases at disease severity remains contro-
versial. Studies have shown that although
increased serum aminotransferases indicate the
probability of NAFLD, the absence of increased
aminotransferases does not exclude NAFLD
(Mofrad et al. 2003). NAFLD patients with nor-
mal liver enzymes are characterized by a severe
metabolic profile, however, similar rates of
advanced fibrosis compared to subjects with ele-
vated aminotransferases (Ulasoglu et al. 2019).

Coffee and Alcohol

Coffee consumption is considered a protective
factor for NAFLD (Yesil and Yilmaz 2013). A
meta-analysis showed a significantly decreased
risk of NAFLD among coffee drinkers, including
less risk of liver fibrosis among patients with
NAFLD, who consumed coffee regularly, which
can make coffee a preventive factor for NAFLD
and NAFLD-related complications
(Wijarnpreecha et al. 2017). There are also stud-
ies showing the benefits of low amounts of

alcohol consumption. Up to 13 units per week
were shown to be associated with a lower stage
of fibrosis (Hagström et al. 2017b).

One unit (10 ml ethanol) roughly corresponds
to 25 ml of distilled drinks, 80 ml of wine, and
170 ml of beer. However, there is insufficient
evidence about the benefits of alcohol consump-
tion. Heavy episodic drinking may accelerate
fibrosis progression and increase the risk of hepa-
tocellular carcinoma. Therefore, considering the
overlap between the pathophysiological
mechanisms of NAFLD and alcoholic fatty liver
disease, alcohol consumption is discouraged
(Ajmera et al. 2017). In parallel, recent data
showed there is no safe level or beneficial level
of alcohol consumption. The safe level must be
no consumption at all (Burton and Sheron 2018).

Noninvasive Diagnostic
Methods vs. Liver Biopsy

Liver biopsy is considered the gold standard in
approach for identifying the presence of NASH
and a histological classification of the disease in
terms of fibrosis. However, due to major
limitations such as high cost, sampling errors,
patients’ discomfort, and the presence of
procedure-related morbidity and even mortality,
its use in the clinical practice remains question-
able. Therefore, there has been significant interest
in developing noninvasive methodologies to pre-
dict the severity of the disease (Musso et al.
2011). Risk factors for NAFLD are summarized
in Table 24.1.

The fibrosis stage is specifically associated
with the prognosis of the disease. Stages 3–4

Table 24.1 Risk factors for non-alcoholic fatty liver disease

Risk factors for NAFLD

Female gender
>50 years of age
Obesity
Metabolic syndrome
Diabetes mellitus type 2
Dyslipidaemia
Genetic predisposition
Dysbiosis
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increased the risk of liver-related mortality by
50–80%. In this context, noninvasive detection
of the fibrosis stage has been a major focus. The
most common noninvasive scores are NAFLD
Fibrosis Score (NFS), the Fibrosis-4 Score
(FIB-4), the AST to Platelet Ratio Index (APRI),
and the BARD Score, which includes several
clinical and biochemical parameters obtained by
routine clinical examinations (Drescher et al.
2019). The NAFLD guideline of the American
Association for the Study of Liver Diseases
(AASLD) recommends FIB-4 and NFS as clini-
cally useful tools for the prediction of advanced
fibrosis (F�3) (Chalasani et al. 2018), Kaya et al.
2020. However, those scores have a high negative
predictive value rather than positive predictive
value, which means they can be confidently
used for exclusion of advanced fibrosis rather
than detection of it as also recommended in the
guideline of European Association for the Study
of the Liver (EASL) (European Association for
the Study of the Liver (EASL); European Associ-
ation for the Study of Diabetes (EASD);
European Association for the Study of Obesity
(EASO) 2016; Kaya et al. 2019).

Single vs. Multiple Criteria

Moreover, those scores include a grey zone, in
which NAFLD patients are classified as having an
indeterminate risk for advanced fibrosis. Another
clinically important question concerns the man-
agement of those patients. Therefore, noninvasive
scores are useful in the first-line stratification of
the disease. Owing to the high-negative predictive
values of those tests, patients classified as low risk
for advanced fibrosis are recommended to be
managed in primary care, whereas those at high
risk should be directly referred to secondary care.
For the patients in the indeterminate zone,
Fibroscan examination is recommended for
detecting the future management strategy. A non-
invasive fibrosis marker or score, a diagnostic
test, or an algorithm incorporating a panel of
biomarkers is not capable of making a compre-
hensive statement of the disease outcome. There-
fore, the combined use of noninvasive scores with

imaging methods has been advised to increase
diagnostic accuracy (Jafarov et al. 2019; Zhou
et al. 2019).

Imaging Tools

Conventional ultrasonography is recommended
for the diagnosis of moderate-to-severe steatosis,
with a sensitivity of 85% and a specificity of 94%
(Hernaez et al. 2011). However, it is incapable of
detecting steatosis lower than 20% or in morbidly
obese patients (Chalasani et al. 2018).
Computerized tomography is more effective for
evaluating hepatic steatosis; however, it remains
also limited by insufficient accuracy for mild-to-
moderate hepatic steatosis, and it involves radia-
tion exposure (Schwenzer et al. 2009). Alterna-
tively, controlled attenuation parameter (CAP) by
Fibroscan, which measures the hepatic fat quan-
tity by attenuation of the shear waves, and mag-
netic resonance-derived proton density fat
fraction (MRI-PDFF), are more accurate and up-
to-date methods for detection of hepatic steatosis.
MRI-PDFF is a robust noninvasive method to
monitor the treatment effect by means of hepatic
fat quantification (Caussy et al. 2018). It is con-
sidered more accurate, reproducible, and reliable
than liver histology. However, its use remains
limited due to high costs, need for expertise, and
long examination duration (Dulai et al. 2016). In
terms of quick accessibility and cost-
effectiveness, CAP (Fibroscan) is preferred over
MRI-PDFF in clinical routine (Leung et al. 2013).

First-line Liver Fibrosis Assessment

Vibration-controlled transient elastography
(VCTE) is the first Food and Drug
Administration-approved modality by FibroScan
employing ultrasound-based technology, which
measures the velocity of a shear wave that is
emitted by a probe in the intercostal space into
the liver (Leung et al. 2013). Magnetic Resonance
Elastography (MRE) is an excellent method as
well for assessment of fibrosis stage in NAFLD.
According to recent information, MRE performs
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better than VCTE for the identification of signifi-
cant fibrosis; on the other hand, it performed
equally well for the quantification of advanced
fibrosis (Loomba et al. 2014).

Pathophysiology

The development of NAFLD classically relies on
the “multiple hit and organ theory,” in agreement
with a large spectrum of metabolic dysfunctions
caused by the interaction of genetic and environ-
mental factors (Buzzetti et al. 2016). Liver fat
accumulation, caused by obesity and insulin
resistance, seems to represent the “first hit”
(Fang et al. 2018). Hepatic fat accumulation in
the liver is mainly comprised of triacylglycerol
(TAG) derived from the esterification of glycerol
and free fatty acids (FFA) (Buzzetti et al. 2016).
TAG in hepatic fat is hydrolysed and secreted into
the blood circulation as very-low-density lipopro-
tein particles. Disruption of those pathways can
result in hepatic steatosis (Musso et al. 2013).
Peroxisome proliferator-activated receptor-α
(PPAR-α) plays a significant role in the regulation
of β-oxidation in hepatocytes. The
downregulation of PPAR-α was significantly
associated with NAFLD and NASH (Tanaka
et al. 2017). De novo lipogenesis in hepatocytes
is mainly regulated by activation of transcrip-
tional factor sterol regulatory element-binding
protein 1c (SREBP-1c), which is enhanced by
hyperglycaemia, and explains the close associa-
tion between NAFLD and insulin resistance
(Tanaka et al. 2019).

Subsequent Steps

Hepatic fat accumulation does not represent alone
strong toxicity for the liver. There is no associa-
tion between the degree of steatosis and NAFLD
severity. However, TAG-derived molecules and
its precursors such as palmitate, diacylglycerol
(DAG), and ceramide are likely to be a detriment
to hepatocytes. Palmitate increases oxidative
stress leading to lipoapoptosis. DAG activates
protein kinase C disrupting the insulin signalling

pathway, and ceramide promotes the production
of palmitate (Akazawa and Nakao 2018; Jiang
et al. 2015; Gan et al. 2014). Furthermore,
overloaded TAG storage creates metabolic dis-
tress and following this lipotoxicity, which
increases together oxidative stress.

Normally, oxidation of FFAs ensues through
α-, β-, and ω-oxidation. Mitochondrial
β-oxidation and peroxisomal α-, β-oxidation are
normal metabolic processes. However, if these
metabolic pathways are impaired, ω-oxidation
occurs in endoplasmic reticulum leading to reac-
tive oxygen species production. It was observed
that ω-oxidation and oxidation via NADPH oxi-
dase in Kupffer cells are increased in NAFLD
patients, causing inhibition of mitochondrial
β-oxidation. All these metabolic processes lead
to DNA damage in cell nucleus and
mitochondria, and release of cytokines which
promotes hepatocellular injury (Yao et al. 2019).

The Liver Damage Cascade

Hepatocellular injury causes the release of several
pro-inflammatory mediators recruiting immune
cells and activating Kupffer cells, which result
in the release of bioactive molecules further dam-
aging hepatocytes (Zhang et al. 2015). Chronic
hepatocyte death or impaired hepatocyte regener-
ation leads to alternative replacement by fibres
and extracellular matrix, resulting in significant
scar tissue formation and remodelling of the nor-
mal structure of hepatic lobules. Fibrogenesis
mainly in the perisinusoidal space is relatively
specific to steatohepatitis (Lee et al. 2015).

The Microbiota and the Gut Barrier
Function

There is increasing research interest on gut-liver
axis dysfunction including intestinal dysbiosis,
bacterial overgrowth, and alteration of gastroin-
testinal mucosa permeability. In the development
of NAFLD, gastrointestinal microbiota play a
significant role in maintaining barrier integrity
and intestinal permeability. There are several
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mechanisms associated with alteration in gastro-
intestinal microbiota and development of
NAFLD: Deterioration in microbiota can damage
the intestinal epithelium and tight junction
proteins in the gut, which allow harmful
substances such as bacteria, ethanol, and
endotoxins entering into the portal circulation.
Furthermore, microbiota digest and ferment the
excessive dietary energy into short-chain fatty
acids and produces ethanol, affecting the liver
similarly to chronic alcoholism (Doulberis et al.
2017).

According to the study of Zhu et al., there is a
significantly increased population of alcohol-
producing bacteria in patients with NASH com-
pared to obese and healthy subjects. Furthermore,
a significantly increased serum ethanol concen-
tration was observed in NASH patients, although
there was no difference between obese and
healthy subjects (Zhu et al. 2013). In a more
recent study, high alcohol-producing Klebsiella
pneumonia was found to be associated with up
to 60% of individuals of the study cohort. More-
over, clinical isolates of high alcohol-producing
Klebsiella pneumonia transferred via oral gavage
or faecal transplant also induced NAFLD in mice,
supporting the strong association with NAFLD
development (Yuan et al. 2019).

Disease-specific Variants

NAFLD is also associated with a genetic predis-
position. Although only a minority of the genetic
modifiers of NAFLD has been validated, there are
several genetic associations to mention. The ini-
tial genome was identified as PNPLA3, which
was validated in different ethnic groups as a mod-
ifier of NAFLD severity. In obese children and
adolescents, the PNPLA3 rs738409 variant was
also suspected to affect the histological severity in
NAFLD (Valenti et al. 2010). Additionally,
PNPLA3 has been accepted globally as a major
determinant of not only steatosis but also the
severity of NASH, fibrosis stage, and probability
of HCC development (Anstee and Day 2013).
Recently, the TM6SF2 gene has been reported
as another disease modifier, which might be

clinically useful in the future for estimating the
disease progression severity (Dongiovanni et al.
2015).

TM6SF2 rs58542926 T-allele mediates
hepatic accumulation of triglycerides and choles-
terol creating a predisposition to NAFLD-related
fibrosis, whereas C-allele carriage protects liver
excreting VLDL from the liver, at a price of
increased atherosclerosis and cardiovascular dis-
ease (Kahali et al. 2015). More recently,
HSD17B13 was found to play role in the progres-
sion of liver disease from steatosis to later stages
of non-alcoholic steatohepatitis, fibrosis, and cir-
rhosis, since the reduced activity of HSD17B13
was associated with a lower risk of progression
from steatosis to steatohepatitis (Abul-Husn et al.
2018). MBOAT gene was also associated with
disease severity in both NAFLD and alcoholic
fatty liver disease (Caussy et al. 2019).

Lifestyle and Pharmacological
Interventions

NAFLD has been associated with a diet of high
caloric amount, which contains excessive
saturated fats, refined carbohydrates, and high
fructose (Barrera and George 2014), along with
sedentary behaviour (Gerber et al. 2012). There-
fore, lifestyle modification is the cornerstone
treatment of NAFLD and has an important impact
on the natural course of the disease (Kugelmas
et al. 2003). Weight loss between 5 and 7% can
diminish fat accumulation, whereas a 7–10%
weight loss is significantly associated with
improvement in NASH and fibrosis, with a
chance of 64% and 50%, respectively. Weight
loss of >10% was associated with up to 90%
chance of NASH resolution and up to 81% of
regression in fibrosis (Vilar-Gomez et al. 2015).

According to the recent studies and expert
opinions, following a Mediterranean diet can
reduce liver fat even without weight loss, which
is characterized by reduced carbohydrate and
increased monounsaturated and ω-3 fatty acid
intake (Romero-Gomez et al. 2017). Therefore,
it has been also recommended as the preferred
diet type in the major guidelines (Chalasani
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et al. 2018; European Association for the Study of
the Liver (EASL); European Association for the
Study of Diabetes (EASD); European Association
for the Study of Obesity (EASO) 2016). In addi-
tion to diet modifications, exercise should also be
recommended. Aerobic exercise training of
150 min per week contributed to weight reduction
and had an impact on intrahepatic fat (Hashida
et al. 2017).

Zelber-Sagi et al. demonstrated that weight
gain was a predictor of NAFLD development
even among nonobese individuals. Loss of 5%
of the initial body weight resulted in remission of
NAFLD in 75% of those individuals (Zelber-Sagi
et al. 2012). Both lean and obese individuals
seem to similarly benefit from weight loss in
terms of NAFLD remission (Varol Hamurcu
et al. 2020).

Bariatric Interventions

In line with weight reduction, bariatric surgery is
an excellent method to recommend for morbidly
obese patients. After a one-year follow-up, in
more than 85% of the patients, resolution of
NASH has been observed. Moreover, in those
patients, pathological features were also
ameliorated (Laursen et al. 2019). In a meta-
analysis, steatosis, inflammation, and ballooning
mostly improved or completely resolved. An
extensive review emphasizes that in most
patients, liver fibrosis diminishes, whereas refrac-
tory cases exist in which both fibrosis and inflam-
mation persist or progress (Laursen et al. 2019).

Drug Therapy

There is no specifically licensed pharmacological
treatment for NAFLD. Yet, given the close asso-
ciation between NAFLD and type 2 diabetes
mellitus, pioglitazone has been utilized in
NASH targeting both adipose tissue metabolism
and inflammation through PPAR-γ. Thus, it
reduces hepatic steatosis, inflammation, and bal-
looning increasing uptake of fatty acid by

adipocytes. However, because of its side effects
such as weight gain and the conflict of its effect
on the improvement of hepatic fibrosis, its use
recommended only in selected diabetic patients
(Cusi et al. 2016).

Although there is no convincing evidence
about vitamin E and improvement of liver fibro-
sis, given the antioxidative and anti-inflammatory
effect of vitamin E, it has been investigated as a
therapeutic option in NASH. However, due to
lack of further data, vitamin E is not
recommended in NASH patients with diabetes,
NAFLD without liver biopsy, NASH cirrhosis,
or cryptogenic cirrhosis. The risks and benefits
must be discussed for each patient individually
(Chalasani et al. 2018).

There are several pharmaceutical agents with
completed or ongoing phase III controlled trials.
Obeticholic acid improves hepatic insulin sensi-
tivity and decreases lipogenesis, inflammation,
and fibrosis. The interim analysis of the phase
3 REGENERATE Study showed that obeticholic
acid use resulted in fibrosis improvement without
worsening of NASH (Younossi et al. 2019d).
However, due to its side effects such as LDL
increase and pruritus, its use in clinical routine
remains limited considering that 13%
discontinued therapy and 17% exhibited
increased LDL levels (Younossi et al. 2019d).
Another agent selonsertib inhibits apoptosis
signal-regulating kinase 1, which reduces hepato-
cyte apoptosis and fibrosis. Still selonsertib failed
to meet endpoint in STELLAR-3 and STELLAR-
4 phase III clinical trials (Trial Site 2019; Clinical
Trials 2019). Also Emricasan, an oral
pan-caspase inhibitor, suppresses apoptosis failed
to meet endpoint, also worsening liver histology
(Shiffman et al. 2019). The ongoing phase III
trials are with elafibranor, a PPARα and PPARδ
agonist, which also improves insulin sensitivity
and hepatic inflammation (Yuan et al. 2019), and
cenicriviroc, a dual C-C chemokine receptor type
2 and 5 (CCR2/5) inhibitor (Yuan et al. 2019).
The results of these trials are expected to be
released through the midyear of 2020. In conclu-
sion, diet and exercise remain still the cornerstone
of NAFLD therapy.
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