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As the epidemics of obesity and type 2 diabetes mellitus increase worldwide, the prevalence of nonalcoholic fatty liver disease (NAFLD) is increasing proportionately. The subtype of NAFLD which can
be characterised as non-alcoholic steatohepatitis (NASH) is a potentially progressive liver disease that
can lead to cirrhosis, hepatocellular carcinoma, liver transplantation, and death. NAFLD is also associated
with extrahepatic manifestations such as chronic kidney disease, cardiovascular disease and sleep
apnoea. NAFLD and NASH carry a large economic burden and create poor health-related quality of life.
Despite this important burden, we are only beginning to understand its mechanisms of pathogenesis
and the contribution of environmental and genetic factors to the risk of developing a progressive course
of disease. Research is underway to identify appropriate non-invasive diagnostic methods and effective
treatments. Although the risk of liver-related mortality is increased in patients with NAFLD and liver
ﬁbrosis stages F3 or F4, the leading cause of death is cardiovascular disease. Given the rapidly growing
global burden of NAFLD and NASH, efforts must continue to ﬁnd accurate non-invasive diagnostic and
prognostic biomarkers, to develop effective treatments for individuals with advanced NASH and prevention methods for individuals at high risk of NAFLD and progressive liver disease.
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Introduction
Chronic liver disease (CLD) is a major cause of
mortality, morbidity, and health care resource
utilisation worldwide.1 From 1980 through 2010,
mortality related to CLD increased by 46% worldwide.2 This increase was mostly observed in lowand low-middle-income countries of Asia and
Africa.3 The factors that contribute to increases
in mortality vary in different parts of the world.
In a recent study from the United States (US), the
increase in liver mortality was associated with
the increased prevalence of non-alcoholic fatty
liver disease (NAFLD).4 These trends are also
observed in other parts of the world, where the
burdens of hepatitis B virus (HBV) and hepatitis
C virus (HCV) infection could be positively
impacted with effective HBV vaccination and
potent antiviral regimens for both HBV and HCV.1

NAFLD
NAFLD is a liver disease associated with obesity,
insulin resistance, type 2 diabetes mellitus
(T2DM), hypertension, hyperlipidaemia, and
metabolic syndrome. The subtype of NAFLD that
is histologically categorised as non-alcoholic
steatohepatitis (NASH) has a potentially progressive course leading to liver ﬁbrosis, cirrhosis, hepatocellular
carcinoma
(HCC)
and
liver
transplantation. All of these complications of
NASH can pose signiﬁcant health, economic, and
patient-experience burdens to the patients, their
families and the society.5

Risk factors for NAFLD
Obesity increases the risk of NAFLD.6–16 Overweight has been deﬁned by the World Health
Organization (WHO) as a body mass index (BMI)
greater than or equal to 25 and obesity is deﬁned
as a BMI greater than or equal to 30. BMI has been
the most useful population-level measure to
deﬁne overweight and obesity, because the measurement applies to both sexes and adults of all
ages. Nevertheless, because of diverse populations
in Asia, the WHO has classiﬁed the different BMI
strata by risk. Patients with BMIs of 18.5–23 kg/
m2 are considered to have increasing but acceptable levels of risk for obesity-related conditions,
patients with BMIs of 23–27.5 kg/m2 have an
increased risk for obesity-related conditions, and
patients with BMIs of 27.5 kg/m2 or higher have
a high risk for obesity-related conditions.6 Given
the importance of visceral obesity as a risk factor
for a number of complications of metabolic syndrome, assessment of waist circumference may
be the more accurate. Nevertheless, the advantages and disadvantage of BMI vs. waist circumference measurements continue to be debated. In
this context, it may be best to assess the risk and
progression of NAFLD both based on BMI and
waist circumference.17,18
Using these BMI cut-offs, the WHO determined
in 2016 that worldwide overweight and obesity
rates have nearly tripled since 1975 – more than
1.9 billion adults (18 years and older) are overweight, of whom 650 million are obese. It is estimated that 13% of the world’s adult population is
obese and 39% is overweight.7 It is important to
note that the prevalence of obesity in adults varies
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terns and identify and address obesogenic factors
at the population level, to reduce relative
obesity-related mortality by 25%.14
These data on the global epidemic of obesity
are driving a number of obesity-related complications, including NAFLD.5 In fact, the prevalence of
NAFLD is proportional to the increase in BMI.5 In
this context, the prevalence of NAFLD in the general population is about 25% but it increases to
over 90% for very obese individuals undergoing
weight reduction procedures and surgeries.5 This
issue highlights the importance of including
weight management in any strategy targeting
the epidemic of NAFLD.
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Fig. 1. Countries with the highest adult prevalence rate of overweight and obesity. (World
Population: 7,505,257,673 and World Obesity Population: 774,000,000).8,20
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among countries. Data from WHO indicates that
the US has the most obese adults (109,342,839),
followed by China (97,256,700 obese adults).
Indonesia has the fewest obese adults (Fig. 1).
The world region with the highest prevalence of
obesity is the Oceania islands (Cook Islands,
Samoa, Tonga, Nauru, Palau, Niue, and the Marshall Islands). The Middle East (Qatar, United Arab
Emirates, Saudi Arabia, Libya, Oman, Jordan, Egypt,
and Kuwait) has the second highest prevalence –
as much as 75% of the population is considered
obese or overweight. South America (Brazil, Mexico, Argentina, Peru, Chile) has the largest number
of obese or overweight people. (Fig. 1).8
Even more troubling is that 41 million children
under the age of 5 were overweight or obese, and
that more than 340 million children and adolescents 5–19 years old were overweight or obese,
in 2016. Most of the world’s population live in
countries where more people die as a result of
being overweight or obese than being underweight. If these trends continue, more children
and adolescents will be obese than moderately
or severely underweight by 2022, according to a
study led by Imperial College London and the
WHO.7 The prevalence values for overweight and
obese children varied among countries for boys
and girls, but Moldova had the lowest percentage
of obese boys and girls. India, however, maintained its status as the country with the highest
number of children considered to be underweight,
though the percentage decreased from 1975 to
2016.
These increases in the rates of obesity have
reached such proportions that the WHO has identiﬁed obesity as 1 of the 9 global noncommunicable diseases that must be addressed.
In 2016, the World Health Assembly called upon
all stakeholders to act at global, regional, and local
levels to improve diets and physical activity pat-

T2DM
Parallel to the high prevalence of obesity, T2DM is
also on the rise worldwide. T2DM is another
important risk factor for NAFLD and NASH. The
International Diabetes Federation reports that
more than 400 million people were living with
diabetes as of 2015.9 The WHO estimates that
90% of people who have diabetes worldwide have
T2DM.10 In 2012, diabetes caused an estimated
1.5 million deaths – more than 80% of these were
in low- and middle-income countries. In developing nations, more than half of all diabetes cases go
undiagnosed. The WHO anticipates that worldwide deaths from diabetes will double by 2030.
By age, 0.26% of children (19 years and under)
have diabetes whereas 12.3% of all adults (age
20 years or older) have diabetes, and 25.9% of
adults aged 65 years or older have diabetes. However, adults aged 40 to 59 years comprise the
group with the highest incidence of diabetes
worldwide – this is expected to shift to adults 60
to 79 years old by 2030.9,10
Within the US, 29.1 million people are thought
to have T2DM, with 8.1 million estimated to be
undiagnosed and unaware of their condition. In
addition, about 1.4 million new cases of diabetes
are diagnosed in the US every year – now more
than 10% of adults 20 years or older have diabetes.
In seniors (65 years and older), the proportion is
25%, which cost an estimated $245 billion in
healthcare resources in 2012, and these values
continue to increase.9 In the US, the risk of T2DM
is higher in certain ethnic groups compared to
non-Hispanic whites: Asian Americans have a 9%
higher risk of diabetes, non-Hispanic blacks have
a 13.2% higher risk, and Hispanics have a 12.8%
higher risk. Among Hispanics, the rate of T2DM
varies depending on country of origin – diagnoses
of diabetes have been made for 8.5% of Hispanics
from Central and South America, 9.3% of Cubans,
13.9% of Mexican Americans, and 14.8% of Puerto
Ricans. However, native American adults in southern Arizona have the world’s highest rate of T2DM
– 33% of adults have diabetes.9
T2DM is rare in children of all racial and ethnic
backgrounds, but the incidence is higher in some
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minority groups than in Caucasians, particularly
among Asian Paciﬁc Islanders (ages 10–19 years).
The risk of T2DM in children increases with age,
especially as children reach puberty.9,10 Indeed,
across all ethnic groups the incidence of T2DM
begins to increase around the age of puberty, especially in children who are overweight. According
to the US Centers for Disease Control, among children 10 years and younger, the rate of new cases
in 2008–2009 was 0.8 per 100,000, whereas for
children 10–19 years old, the rate was 11 per
100,000.11
Although T2DM is tightly connected to obesity,
its relevance in NAFLD is 2-fold. First the prevalence
of NAFLD and NASH in patients with T2DM is over
60% (5–15,16). Second, presence of T2DM seems
to accelerate the course of NAFLD and is a predictor
of advanced ﬁbrosis and mortality (16). In this context, careful consideration of T2DM in patients with
NASH not only has prognostic implications, but also
provides potential therapeutic options.

Prevalence and incidence of NAFLD
The prevalence of NAFLD is increasing at approximately the same rate as obesity.12,13 In fact, the
global prevalence of NAFLD in the general population has been estimated to be 25% whereas the
global prevalence of NASH has been estimated to
range from 3% to 5%.15,16,19
It is important to note that the prevalence of
NAFLD varies across the globe.12-36 The prevalence
rate of NAFLD in South America seems to be higher
than that reported for the US.5,20 Speciﬁcally, the
prevalence of NAFLD (based on ultrasound) for
South America has been estimated at approximately 30.45%.19 Most studies reporting the
prevalence of NAFLD in South America were performed in Brazil.21 Nevertheless, in a study from
Chile, the prevalence of NAFLD (using ultrasound)
was estimated to be 23%.22 A study from Colombia, which also used ultrasound, reported a prevalence rate of 26.6% in males.22 The same
investigators estimated the prevalence of probable
NAFLD (based on the rates of obesity in Peru,
Argentina, Ecuador, Paraguay, and Uruguay) to
range from 13% in Peru to 24% in Uruguay.22
Although there are estimates for the prevalence
of NAFLD in South America, data on the prevalence
of NASH are scarce. Nevertheless, 61% of the
patients with NAFLD in South America were found
to have NASH, so the prevalence of NASH could
range from 6% to 18%.16,20,22,23 Rates of NAFLD
and NASH are affected by different genetic factors
in different populations.
The data regarding the burden of NAFLD in Asia
is evolving. In the past 2 decades, urbanisation of
many Asian countries has led to sedentary lifestyles and overnutrition, setting the stage for the
epidemic of obesity and consequently NAFLD.
The population prevalence of NAFLD in Asia is
around 25%, and 8%–19% of the population is

believed to have lean NAFLD.12 The prevalence of
NAFLD in China has doubled in the past 20 years;
NAFLD is most prevalent (27%) in urban populations, where obesity and metabolic syndrome are
more common. Obesity and metabolic syndrome
are believed to be the most important risk factors
for NAFLD in China.24,35 However, there are regional variations; overall, the prevalence rate of
NAFLD for adults in China has been estimated to
be 15%. The prevalence of NAFLD is 2.1% in children and 68.2% in obese children.24 The prevalence
of NAFLD in Japan has also been increasing.25 The
overall prevalence of NAFLD in Japan was reported
to be 29.7%, with a 3-fold difference in the mean
prevalence between men (41.0%) and women
(17.7%). NAFLD incidence increased linearly with
BMI and levels of triglycerides and low-density
lipoprotein cholesterol, even without obesity, so
it seems that many people have lean NAFLD. The
authors estimated the prevalence of NASH to
range from 1% to 9%, based on the FIB-4 index,
and to 2.7%, based on a BAAT (BMI, alanine aminotransferase, age, triglycerides) index score ≥3.25
In addition to East Asian countries, the prevalence of NAFLD and NASH is being reported from
South Asia. In India, the NAFLD prevalence ranged
from 8.7% to 32.6%, depending on whether
patients were from rural or urban areas, respectively.28 In urban Sri Lanka, the prevalence of
NAFLD was reported to be 32.6%.29
In the Middle East, the prevalence of NAFLD is
thought to range from 20% to 30%, but again this
value varies among countries. Iran reports a
NAFLD prevalence rate of 4.1% and a NASH prevalence of 2.9%, whereas Israel reports a NAFLD
prevalence of 30% and Saudi Arabia a NAFLD
prevalence of 16.6% (either report includes the
prevalence of NASH).16,20 In a recent unpublished
epidemiological survey, the overall prevalence of
NAFLD in Turkey was reported to be 48.3%, with
the highest prevalence rates in people older than
50 years (65.6%), men (64.0%), and in individuals
with a BMI >25 kg/m2 (63.5%).
In Europe, the prevalence of NAFLD is around
24%.5,20 In this context, there may be a gradient
of higher prevalence from Southern Europe to
Northern Europe.5 In fact, in Greece, the prevalence of NAFLD was estimated to be 41%, but an
analysis of autopsy reports from patients without
known liver disease who died from ischaemic
heart disease or trafﬁc accidents found the prevalence of NASH to be 40%.26 In a study conducted in
Spain that assessed patients by ultrasound and
excluded those with liver disease or high alcohol
intake found the prevalence of NAFLD to be 33%
in men and 20% in women.27
In Australia, the prevalence of NAFLD was
reported to be 20%–30%. NAFLD is the most common liver disease in Australia. In New Zealand,
the prevalence of NAFLD was reported to be only
13%.28–30 These results should not be surprising
since Australia has one of the highest burdens of
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Fig. 2. Trends in the prevalence of NAFLD by age.7,13 NAFLD, non-alcoholic fatty liver
disease.

overweight or obese individuals globally.31 NAFLD
prevalence data are lacking for the other areas of
the Paciﬁc, including Micronesia, Melanesia, and
Polynesia, but if the prevalence rates of T2DM
and obesity are any indication, these countries will
soon have a high burden of NAFLD.9,13
Finally, the data on the prevalence and incidence of NAFLD from Africa is quite scarce. It
seems that the prevalence of NAFLD in North African countries mimic those reported from Middle
East.5 Meanwhile, a meta-analysis reported that
the prevalence of NAFLD in Africa was about
13%, with lower prevalence reported from Nigeria
(9%) and higher prevalence from Sudan (20%).16,20
Despite relatively robust data about the prevalence of NAFLD, the data about the incidence of
NAFLD and NASH are quite scarce but ranges
around 28.01 per 1,000 person-years to 52.34 per
1,000 people.5,59,63 For more detail about the
incidence of NAFLD and NASH, please refer to
recent reviews.5,60
Age, sex, and ethnicity
As age increases so does the prevalence of NAFLD
and NAFLD-related ﬁbrosis.16,18,31 This was
conﬁrmed in a retrospective study of a group of
351 patients with biopsy-proven NAFLD who were
older (>60 years), middle-aged (>50 years to
<60 years), or younger (<50 years).31 In addition
to higher prevalence of NAFLD, higher stage of
ﬁbrosis was observed in older individuals. In fact,
these prevalence rates may be driven by a higher
prevalence of metabolic conditions in older individuals.31 Additional studies conﬁrmed these
results linking age to an increased risk of severe
hepatic ﬁbrosis, HCC, and T2DM.32
In addition to age, earlier studies of NAFLD suggested that female sex was associated with an
increased risk of NAFLD.5,17,18,36,57,60 Additionally,
studies from Sri Lanka and Thailand reported
female predominance. In fact, a study of 34,709
people in Thailand (27,073 women and 7,636
men) calculated the prevalence of NAFLD to be
22.9% in women and 18.3% in men. Investigators
adjusted for age and the presence of T2DM, along
with other diseases, and still found the prevalence
of NAFLD to be 4.2% higher in women.34 In con534

trast, a number of studies from the US, Southwest
China, and Spain have reported a higher prevalence of NAFLD in men (Fig. 2).17,25,27,33
As noted previously, race and ethnicity can also
be considered a risk for NAFLD.5,16,20 The highest
prevalence of NAFLD was observed in Hispanics,
followed by non-Hispanic white individuals, and
the lowest prevalence was observed in African
Americans (10%).5,16,20 However, an analysis of
liver biopsies from patients undergoing bariatric
surgery for obesity found that Hispanic and nonHispanic white patients were signiﬁcantly more
likely than non-Hispanic black patients to have
advanced steatosis, whereas non-Hispanic black
patients and women were more likely to have
NASH.37 The researchers have proposed that age
and levels of triglycerides and serpin family E
member 1 (PAI-1, a marker of ﬁbrosis) are only
associated with NAFLD in Hispanic patients,
whereas serum levels of adiponectin are associated with NAFLD in African Americans.38,39 Other
studies have shown that fructose malabsorption,
which has a negative correlation with liver fat, is
greater in African Americans than Hispanics.40
These data suggest the impact of genetic and environmental factors in inﬂuencing the prevalence of
NAFLD.
In addition to the studies related to race and
ethnicity, there is evidence for familial clustering
of NAFLD. In fact, as many as 27% of cases of
NAFLD may be related to familial clustering.39,40
This clustering suggests a genetic predisposition
for development and progression of NASH.
One of the genetic markers is related rs738409
G (I148M) allele in the patatin like phospholipase
domain containing 3 gene (PNPLA3), which
encodes a triacylglycerol lipase that mediates triacylglycerol hydrolysis in adipocytes.39–43 This
allele has been associated with increased liver fat
content and concentrations of serum aspartate
aminotransferase. In the US, this allele is detected
in higher proportions of Hispanics and lower proportions of African Americans. The rs738409 G
allele has been associated with severe steatosis,
NASH, and liver ﬁbrosis in adults.39,41 Other
genetic variants signiﬁcantly associated with
NAFLD include those in NCAN, GCKR, and LYPLAL1
as well as the polymorphisms C-482T and T455C in APOC, which has also been associated
with insulin resistance.41,42

Lean NAFLD
Although most patients with NAFLD are overweight or obese, some may have a BMI that is considered lean. Although patients with lean NAFLD
are not obese, they may be metabolically abnormal compared to people who are not obese and
do not have NAFLD.44–53 It is important to note
that lean NAFLD encompasses a heterogeneous
spectrum of diseases arising from different aetiologies including dual alcoholic and non-
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alcoholic fatty liver disease, congenital and
acquired lipodystrophy (HIV treatment), genetic
factors (polymorphisms in PNPLA3), congenital
defects of metabolism (lysosomal acid lipase deﬁciency), endocrine disorders (polycystic ovarian
syndrome, hypothyroidism, growth hormone deﬁciency), drug use (amiodarone, methotrexate,
tamoxifen), jejunoileal bypass, starvation, or the
receipt of total parental nutrition.45,46
The prevalence of lean NAFLD in the US was
reported to be 7%, whereas the prevalence of lean
NAFLD in rural areas of some Asian countries
ranges from 25% to 30%.16,20 However, there
appears to be a gradient of lean to obese NAFLD
in Asian countries – in contrast to rural areas,
where lean NAFLD is more prevalent, patients in
urban areas of Asia have NAFLD proﬁles similar
to those of patients in Western countries. Patients
with lean NAFLD from Asia seem to have lower
rates of NASH, liver ﬁbrosis, or metabolic abnormalities, after adjustment for severity of visceral
obesity (waist circumference), whereas rates of
clinical events and advanced ﬁbrosis are similar
between lean and obese patients with NAFLD.
The PNPLA3 rs738409 GG allele is more common in Asians with lean NAFLD without metabolic
syndrome, which could account for the observation that Asian and Caucasian populations have a
similar prevalence of NAFLD, but Asians have a
lower metabolic burden.51–53 However, because
of the heterogeneity in genetic factors, lifestyle,
and economic status in Asia, further studies of
NAFLD are required.
Although lean NAFLD is generally considered a
less severe form of liver disease than NAFLD in
obese patients,49 this notion has recently been
challenged.50,51 Nevertheless, compared to overweight or obese patients with NAFLD, patients
with lean NAFLD are younger and have a lower
prevalence of metabolic syndrome (2%–48% vs.
22%–64% in overweight or obese patients).51 However, recent data suggest that patients with lean
NAFLD have higher mortality and more morbidities.50 Additionally, patients with lean NAFLD
were shown to have shorter survival times following liver transplantation.16,50,52 An analysis of an
international cohort study of patients with NAFLD,
followed for a mean time of 11 years, determined
that although patients with lean NAFLD have a
healthier metabolic proﬁle and less-advanced liver
ﬁbrosis, their median survival time without liver
transplantation was signiﬁcantly shorter than that
of non-lean patients (18.1 years vs. 26.6 years)
(52). The validity of these ﬁndings that suggest a
more aggressive course for lean NAFLD must be
further established.

Disease progression
Before an individual can be diagnosed with
NAFLD, other liver diseases, such as alcoholic liver
disease, must be ruled out. Alcohol-related liver

disease can be contemplated in men who consume
more than 30 g alcohol/day and women who consume more than 20 g alcohol/day.54
Although hepatic steatosis can occur when
there is more than 5% fat in hepatocytes, progression can ensue if these fatty hepatocytes are
exposed to insults or stress, which can then cause
cell death, apoptosis, inﬂammation, and ﬁbrosis,
leading to NASH.54,55 As NASH progresses, hepatic
ﬁbrosis develops, the liver becomes stiff and functionally impaired, which can lead to cirrhosis, HCC,
decompensated cirrhosis, death, and/or liver
transplantation (Fig. 3).52,53
This course of progression can take many years
– 1 study found that each step takes an average of
7.7 years.56 In the context of this long natural history, it will be clinically valuable to identify
patients who are at risk of the progressive form
of NAFLD. In fact, individuals with NAFLD and
T2DM, especially those with an increasing number
of components of metabolic syndrome are at
increased risk of adverse long-term outcomes
and should be carefully assessed using noninvasive tools.54
In studies of paired liver biopsies, researchers
found that 30% of patients with NAFL and NASH
had progressive ﬁbrosis, whereas 20% with NASH
showed regression, over 2.2–13.8 years.55,56 These
rates of progression or regression can be inﬂuenced
by a number of genetic or environmental factors.57,59–61 Interestingly, a meta-analysis of randomised controlled trials for the treatment of
NASH found that 25% of the patients who received
a placebo experienced an improvement in NAFLD
activity score of 2 or more points, whereas at least
30% of the placebo patients experienced a 1 point
decrease in steatosis as well as hepatocyte ballooning and lobular inﬂammation scores. A decrease in
ﬁbrosis scores was found in 21% of patients, though
there was a substantial amount of heterogeneity
among the ﬁndings. Nonetheless, investigators
concluded that the placebo effect must be
accounted for in the upcoming therapeutic trials
for NASH to avoid the over-interpretation of disease progression or regression based solely on the
therapeutic agent.58 It is important to recognise
that factors most strongly associated with NAFLD
progression include older age (though this may
be more related to the length of time exposure
than actual age), the presence of visceral obesity,
presence of T2DM or insulin resistance, and Hispanic ethnicity (this varies with ethnicity, because
Mexican Hispanics have a higher prevalence of
NAFLD than people from the Dominican Republic).56 In contrast, factors associated with spontaneous regression of ﬁbrosis in NASH have been
clearly deﬁned.
It is important to note that NAFLD is also associated with extrahepatic manifestations that can
increase its disease burden. A meta-analysis found
that 51% of patients with NAFLD were obese, 23%
had T2DM, 69% had hyperlipidaemia, 39% had
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hypertension, and 42% had metabolic syndrome.17
Renal impairment was also found to be more
prevalent in patients with NAFLD than without.
A meta-analysis of 33 studies associated NAFLD
with a 2-fold increase in risk of chronic kidney disease (CKD). This study reported that patients with
NASH, compared to those with with steatosis
alone, had higher prevalence and incidence of
CKD. Similarly, advanced ﬁbrosis was associated
with a higher prevalence and incidence of CKD
than non-advanced ﬁbrosis.61

Mortality, HCC and liver transplantation in
NAFLD
The presence of metabolic syndrome, especially
obesity and insulin resistance, can increase the
rate of liver ﬁbrosis progression, leading to cirrhosis, HCC, and/or death. In fact, the more components of metabolic syndrome, the higher the risk
of mortality.62–87
Liver-speciﬁc mortality among patients with
NAFLD was reported to be 0.77 per 1,000 personyears, and among patients with NASH it was
reported to be 11.77 per 1,000 person-years.16,20
536

Overall mortality per 1,000 person-years was
reported to be 15.44 for patients with NAFLD
and 25.56 for patients with NASH. Researchers
associated NASH (adjusted hazard ratio, 9.16),
age (adjusted hazard ratio, 1.06), and the presence
of T2DM (adjusted hazard ratio, 2.09) with
increased all-cause and liver-related mortality,
after controlling for other variables.69
However, the stage of ﬁbrosis associated with
risk of severe liver disease: hazard ratios ranged
from 1.9 for patients with F0 ﬁbrosis to 104.9 for
patients with F4 ﬁbrosis.70–72 Furthermore, ﬁbrosis stages F3–F4 were associated with overall mortality. In fact, overall mortality was 3-fold greater
in patients with F3–F4 ﬁbrosis than in those without liver disease. Therefore, it is the stage of ﬁbrosis and not steatosis that is directly related to
overall mortality in patients with NAFLD.72
Despite these data, the most common cause of
death among patients with NAFLD, especially
among those with lean NAFLD, is cardiovascular
disease.73–75 It has been estimated that 5%–10% of
patients with NAFLD die from cardiovascular disease. Patients with NAFLD have a 2-fold increase
in risk of cardiovascular disease.71,74 Although
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there is evidence of endothelial dysfunction in
patients with NAFLD, little is known about its
causes or the effects of other factors. In this context,
T2DM, very low-density lipids, hepatic overproduction of glucose, inﬂammatory factors, C-reactive
protein, coagulation factors, and insulin resistance
are all common in patients with NAFLD and
increase the risk of death from cardiovascular disease.81–83 Although the presence of hepatic steatosis can indicate a risk of insulin resistance, recent
data suggest that the stage of ﬁbrosis may be associated with cardiovascular disease. In this context,
the underlying pathophysiology that hastens the
development of ﬁbrosis in NAFLD may also promote the development of cardiovascular disease.
Despite these data, further research on this linkage
is needed.80
As noted previously, metabolic syndrome in the
presence of NAFLD has also been associated with
increased mortality. A recent study found that
the number of metabolic syndrome components
increases the risk of death in patients with
NAFLD.59 In this study investigators collected data
from the US National Health and Nutrition Examination Surveys (NHANES) and followed patients
with NAFLD over 19 years, comparing outcomes
to a set of control patients. They found that the
presence of just 1 metabolic syndrome component
doubled the risk of mortality (8-year, 2.6% for controls vs. 4.7% for patients with NAFLD; 16-year, 6%
vs. 11.9%). In multivariate analyses, having all
metabolic syndrome components was associated
with overall, cardiac, and liver-speciﬁc mortality.
So, as the number of metabolic syndrome components increase, the odds of survival decrease.62
In addition to cirrhosis and associated mortality, HCC is an important complication of CLD and
NAFLD. HCC has become the third-leading cause
of cancer death worldwide.68 HBV is the leading
cause of HCC worldwide, followed by HCV. However,
a recent study on the global trends of HCC found
incidence to be increasing in Northern and
Central Europe, North America, and Latin America
whereas East Asia had reductions. However, mortality in East Asia was 2- to 5-fold higher than in
most European countries and the Americas. Better
control of HBV and HCV infection are believed to
be reducing HCC incidence in Asia but increases
in obesity and alcohol use are hindering the control of HCC. Incidences of alcohol-related and
NAFLD-related HCC are expected to increase.68
The incidence rate for HCC among patients
with NAFLD was reported to be 0.44 per 1,000
person-years. Patients with NAFLD ﬁbrosis stages
F3 and F4 had an almost 7-fold increase in risk
of HCC compared to people without liver disease.19 An analysis of data from the Surveillance,
Epidemiology and End Results registries (2004–
2009) linked to Medicare ﬁles assessed the prevalence and mortality of patients with NAFLDassociated HCC. Of the 4,929 identiﬁed cases of
HCC, 54.9% were related to HCV, 16.4% to alcoholic

liver disease, 14.1% to NAFLD, and 9.5% to HBV.
However, there was a 9% annual increase in
NAFLD-associated HCC. Additionally, patients with
NAFLD-associated HCC were older, had shorter
survival times, more heart disease, and were more
likely to die from their primary liver tumour; only
5% of the patients who received a liver transplant
had NAFLD-associated HCC. Finally, patients with
NAFLD-associated HCC had a 1.2-fold higher risk
of death within 1 year than patients with HCCs
of other aetiologies – especially older patients
with lower incomes and unstaged tumours. The
researchers concluded that NAFLD-associated
HCC carries a high mortality burden and is poised
to become a major contributor to HCC in the US.81
Although most patients with HCC have underlying cirrhosis, there is evidence that a small proportion of cases of NAFLD can progress directly to HCC
before ﬁbrosis has developed.64 Interestingly, data
has suggested that patients with NAFLD without
cirrhosis, with no or mild ﬁbrosis, are at some risk
of developing HCC due to insulin resistance, hyperinsulinemia, increased TNF signalling, and alterations in cellular lipid metabolism.63 In fact, a
recent meta-analysis that characterised the pooled
risk of HCC in patients with NAFLD without cirrhosis conﬁrmed this concept.64 The authors determined that the prevalence of HCC in patients with
NASH without cirrhosis was 38.0%, whereas among
patients with HCC without cirrhosis from other
liver aetiologies, the prevalence rate was only
14.2%. Patients with non-cirrhotic NASH had an
almost 3-fold increased risk of developing HCC than
non-cirrhotic individuals with other types of liver
disease (OR 2.61; 95% CI 1.27–5.35; p = 0.009). This
increase in the risk of HCC disappeared when both
cirrhotic and non-cirrhotic patients were combined.64 Despite these interesting results, further
studies are needed to identify risk factors for HCC
in patients with NASH without cirrhosis.
Finally, it is important to recognise that NAFLD
and NASH are rapidly becoming a major indication
for liver transplantation in the US.83 A recent analysis of the US Scientiﬁc Registry of Transplant
Recipients from 2012 to 2016 found that NASH
was the fastest increasing indication for liver
transplantation among those listed, positioning
NASH to become the most common indication
for liver transplantation in the near future.82,84,85
Additionally, another study of the same dataset
that restricted the analysis to those listed for liver
transplantation for HCC showed that NASH is the
fastest growing cause of HCC in those listed.85
Most disturbing, though, is that patients with
NASH are the least likely to be surveyed for the
development of HCC, and the most likely to die
while awaiting a liver transplant.85–87

Key point
NAFLD is associated with
an increased risk of liverrelated mortality, HCC and
the need for liver transplant, even though the
most common cause of
death in these patients is
cardiovascular disease.

Changing profile of CLD
An analysis of the US NHANES (1988–2008 data)
found that that the prevalence rates for CLD
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the global burden of NAFLD
will continue to increase,
with the largest increase
in prevalence expected in
China.
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increased from 11.78% in 1988–1994 to 14.78% in
2005–2008. The prevalence rates of HBV-related,
HCV-related, and alcohol-related liver disease
remained generally stable, but the prevalence rate
of NAFLD doubled; obesity was an independent
predictor of NAFLD.88 However, it is important to
keep in mind that aetiologies of CLD vary worldwide. Prevalence values are affected by external
factors such as comorbidities and the availability
of HBV vaccination and alcohol and drug use prevention programmes.1
Variations are also observed in CLD-related
mortality. An analysis of data from the US Census
and National Center for Health Statistics mortality
records found HCV-related mortality to be
decreasing, associated with the use of directacting antiviral therapies, which have high rates
of sustained viral responses. Meanwhile, the mortality rate of patients with alcoholic liver disease
or NAFLD increased over the same period; minorities in the US had disproportionately high CLDrelated mortality (4). A separate study of data
from the US showed that mortality from CLD and
liver cancer increased substantially from the
1980s to the 2010s. In 2010, the age-adjusted rates
of death associated with CLD and liver cancer were
23.67 and 16.57 per 100,000 people, respectively.89 Interestingly, there was a decrease in
HBV and HCV infections and a large increase in
the prevalence of NAFLD.89
CLD mortality in the US varies between regions,
ranging from 6.4 to 17.0 per 100,000 liver-related
deaths. The Southern and Western Regions of the
US have the highest rates of CLD-associated mortality.90 Being of Hispanic ethnicity, having viral
hepatitis, or having lower household income
increase CLD mortality.90 As expected prevalence
of HCV infection was higher in non-Hispanic
whites, whereas the prevalence of HBV infection
was higher in Asian Americans, especially among
individuals who had immigrated to the US from
Vietnam or China. Alcoholic liver disease-related
mortality was highest in Japanese-Americans,
whereas HCC-related mortality was found to be
highest in Vietnamese, Japanese, and Korean
Americans compared to non-Hispanic whites.
Although these studies used data from the US,
similar ﬁndings have been reported in European
countries. In Europe, the HEPAHEALTH project
assessed CLD in 35 European countries.91 It found
substantial geographical differences in aetiologies
of CLD. In northern Europe, increases in cirrhosis
and liver cancer were associated with excessive
alcohol consumption, whereas viral hepatitis was
most likely to cause cirrhosis and liver cancer in
Eastern and Southern European countries. Furthermore, given the increasing incidence of obesity across Europe, NAFLD was projected to
become a serious cause of CLD in Europe.91 The
most common cause of cirrhosis in Germany is
fatty liver disease, related to metabolic syndrome
and alcoholism.92

In Asia, there is geographical variation in the
aetiology of CLD.89 In India, HBV is the most common overall cause of CLD.93 HBV is the most common cause of CLD in the eastern and southern
parts of India, whereas HCV infection is more common in the northern region. Furthermore, alcoholic liver disease is most common in the
northeastern regions of the country, whereas
NAFLD is most common in the western and central
regions of the country, where diabetes is also most
prevalent.93
Finally, in the Asia-Paciﬁc region, chronic viral
hepatitis, excessive alcohol consumption, and
NAFLD are all major causes of CLD.94 However,
the expanding implementation of HBV vaccination
has been effective in reducing the incidence of
HBV and liver cancer, especially in China. Nevertheless, further efforts are required to tackle the
prevalence of HCV infection in this region, despite
the introduction of direct-acting antiviral agents –
these agents have not been widely used in some
regions because of access issues. At the same time,
the prevalence of NAFLD is increasing in the AsiaPaciﬁc region, as in Western countries, especially
in urban populations.94

Future projections
The global epidemic of NAFLD appears to be
increasing at the same rate as epidemics of obesity
and diabetes, so researchers used mathematical
modelling analyses to estimate the future disease
burden associated with NAFLD in the US. Their
results indicate increases in cases of advanced
liver disease and liver-related mortality in the
coming years.44 More speciﬁcally, if the prevalence of obesity and diabetes level off from 2016
through 2030, there will be only a modest increase
in the total number of NAFLD cases (increases of 0
to 30%). Globally, the largest increase in prevalence
of NAFLD is expected to occur in China, because
of urbanisation. Meanwhile, the worldwide prevalence of NASH will increase 15%–56%, with liver
mortality and advanced liver disease doubling as
the population ages. Within Europe, Germany
had the highest prevalence of NAFLD in 2016,
but by 2030 the highest prevalence is predicted
to be in Italy (29.5%) and the lowest in France
(23.6%). The largest number of cases is estimated
to occur in individuals who are 55–59 years old,
followed by people who are 50–54 years old.44
In addition, in 2016 the highest proportion of
NASH cases with advanced disease was estimated
to be in Italy (22%), whereas the smallest proportion was in China (12%). By 2030, the highest
prevalence of NASH-related advanced disease is
predicted to be in Spain (29.5%) whereas China
will have the lowest (6.5%). Interestingly, for every
country studied, the number of advanced ﬁbrosis
cases increased to a greater extent than cases of
early ﬁbrosis. By 2030 for the US, 21% of NASH
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cases will have stage F3 or F4 ﬁbrosis or advanced
liver disease.44

Economic burden
The huge clinical burden of NAFLD is associated
with a large economic burden.95–101 In an analysis
of data from the US Medical Expenditure Panel
Survey (2004–2013) conducted to determine the
effects of CLD (including NAFLD) on worker productivity, researchers found that, compared to
people without CLD, patients with CLD were signiﬁcantly less likely to be employed, due to illness/disability.92 People with CLD had more
health care use, generating higher health care
expenses ($19,390 vs. $5,567/year without CLD).
These ﬁndings held after multivariate analyses
controlled for sociodemographic factors and
comorbidities; patients with CLD were 40% more
likely to be unemployed and incurred annual
health care expenditures of $9,503 ± $2,028.
Patients with CLD-related cancer had health care
expenditures of $17,278 ± $5,726 per year.96
A study quantiﬁed total health care cost and
resource utilisation associated with NAFLD, comparing the results to those of patients with similar
metabolic comorbidities but without NAFLD. The
researchers used a large national administrative
claims database to collect longitudinal health data
from more than 100 million enrolees in private
and Medicare Advantage health plans.97 The
authors found the total annual cost of care per
NAFLD patient with private insurance to be
$7,804 (interquartile range, $3,068–$18,688) for
a new diagnosis and $3,789 (interquartile range,
$1,176–$10,539) for long-term management, signiﬁcantly higher than for matched controls
($2,298; interquartile range, $681–$6,580). The
study found that liver biopsies, imaging evaluations, and hospitalisations accounted for the
increased costs for patients with NAFLD compared
to matched controls.97
In another study, researchers developed a
steady-state prevalence model to quantify the
expected increase in the economic burden of
NAFLD.59 Using real-world data and data from
published studies or expert opinions and a series
of interlinked Markov models, the authors transitioned patients with NAFLD across 9 liver disease
states: NAFL, non-NASH, NASH-ﬁbrosis, NASH
compensated cirrhosis, NASH decompensated cirrhosis, HCC, liver transplantation, post-liver transplant, and death. Their models predict that more
than 39 million people will have NAFLD, with
annual direct medical costs of approximately $62
billion ($1,584 per patient) in the US. In Germany,
France, Italy, and the United Kingdom, the model
projects that there will be 30 million people with
NAFLD, with an annual cost of about €19 billion
(from €345 to €1,115 per patient). Overall, the
costs were found to be highest for 45–65-year

old patients. The burden is signiﬁcantly higher
when societal costs are included.59
Another recent Markov model was used to estimate the economic burden of all stages of NASH in
the US, based on inpatient, outpatient, professional services, emergency department, and drug
costs.101 The authors estimated that in 2017,
6.65 million adults in the US had NASH, and that
232,000 of these were incident cases. The lifetime
costs for these patients with NASH were estimated
to be $222.6 billion, and the costs for patients with
NASH and ﬁbrosis stage F >3 were estimated to be
$95.4 billion.101
In addition to economic modelling, administrative databases such as the Medicare database have
provided additional evidence related to the economic burden of NAFLD. Using data from 30,000
Medicare beneﬁciaries (2005–2010), researchers
quantiﬁed outpatient costs for patients with
NAFLD.98 In these patients, comorbidities of
cardiovascular disease, diabetes, hyperlipidaemia,
and hypertension increased signiﬁcantly, along
with mean inﬂation-adjusted yearly charge and
the mean inﬂation-adjusted yearly payment,
from $2,624 ± $3,308 and $561 ± $835 to
$3,608 ± $5,132 and $629 ± $1,157; respectively.
After multivariate analysis, the total number of
outpatient visits and the comorbidities studied
accounted for most of the yearly charges and
yearly payments.98
Data from Medicare beneﬁciaries (2010) were
also used to assess the economic burden of NAFLD,
based on resource utilisation (total charges and
total provider payments) for inpatients and outpatients.99 The authors found that for inpatients, the
median total hospital charge was $36,289. Patients
with NAFLD and cirrhosis had higher charges than
patients with NAFLD without cirrhosis ($61,151 vs.
$33,863) and payments ($18,804 vs. $10,146
respectively). The median total charges for outpatients
was $9,011 – again, patients with NAFLD and
cirrhosis incurred higher charges than patients
with NAFLD without cirrhosis ($12,049 vs.
$8,830) and had higher payments ($2,586 vs.
$1,734, respectively). The variables most highly
associated with increased inpatient resource utilisation were inpatient mortality, decompensated
cirrhosis, and cardiovascular disease. In outpatients, cardiovascular disease, obesity, and hypertension were all signiﬁcantly associated with
increased resource utilisation.99 The estimated
10-year economic burden of managing NAFLD
complications is $908 billion.100

Patient-reported outcomes
Patient-reported outcomes (PROs) are deﬁned as
‘‘any report of the status of a patient’s health condition that comes directly from the patient, without interpretation of the patient’s response by a
clinician or anyone else”.102 Therefore, the tools
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It has been shown that
patients with NAFLD have
reduced HRQoL compared
to healthy individuals and
patients with liver disease
of other aetiologies.
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used to measure PROs attempt to provide patients
a platform to explain what they are able to do and
how they feel doing what they are doing through a
series of questions that assess patients’ perception
of their physical and mental health as well as their
social well-being.102 Some of the tools more commonly used to measure PROs in patients with
NAFLD include the generic health-related quality
of life (HRQoL) tool, the SF-36, and the disease
speciﬁc tool the Chronic Liver Disease Questionnaire (CLDQ).103,104 However, due to the exponential increase in NAFLD and NASH cases, speciﬁc
disease HRQoL tools have been developed, such
as the CLDQ NASH, which measure the speciﬁc
areas of abdominal symptoms, activity, emotional,
fatigue, systemic symptoms, and worry.105,106
In addition to HRQoL impairments, other
comorbidities can impact these patients’ health
and well-being. In fact, depression has been
reported in 27.2% of patients with NAFLD, a value
4-fold higher than the rate of 6.7% reported by the
National Institute of Mental Health in the adult
population of the US, and is an important confounder in measurements of HRQoL.107,108 Other
important confounders that affect HRQoL in
patients with NAFLD are the presence of T2DM
and obesity. In assessing HRQoL in patients with
NAFLD, it is important to address the effects of
these confounders.106
Researchers have found that patients with
NAFLD have reduced HRQoL compared with controls. In an analysis of data from the NHANES,
patients with NAFLD were compared to healthy
individuals and patients with HCV infection. Thirty
percent of patients with HCV reported their health
as fair or poor compared to 20% of patients with
NAFLD and 10% of healthy controls. However, after
adjustment for age, sex, race, and BMI, patients
with NAFLD were 18%–20% more likely to report
days when their physical health was not good
or when they were unable to perform daily
activities.109 Researchers used the CLDQ tool to
compare patients with NAFLD to patients with
HBV or HCV infection, and found that patients
with NAFLD had the lowest HRQoL.110 Encouragingly, patients with NAFLD who obtained at least
a 5% weight loss through a lifestyle modiﬁcation
programme reported a signiﬁcant increase (a 5point decrease in BMI led to a 10% adjusted
improvement) in HRQoL, compared to their baseline scores prior to the weight loss. Most importantly, nondiabetic patients with NASH but
without advanced ﬁbrosis were most likely to
increase HRQoL following weight loss.111
In a study of the ability of a selective inhibitor
of apoptosis signal regulating kinase 1 (selonsertib) to reduce ﬁbrosis in patients with NASH,
researchers measured PRO scores.112 At baseline
all patients reported their physical health to be
signiﬁcantly worse than that of the population.
However, over the course of the study, PRO scores
increased in patients with a ≥2 decrease in NAFLD

activity score or ≥1-stage reduction in ﬁbrosis, as
well as a relative reduction in liver collagen of
50% or more. Patients with NASH who had >17%
increase in their baseline collagen levels had lower
PRO scores than patients without this increase in
collagen. In addition, investigators found that
increased baseline serum levels of CK-18, IL6,
and C-reactive protein were correlated with lower
PRO scores.112

Impact of NAFLD on patients with other
liver diseases
There are concerns about the effects of NAFLD on
the outcomes of other liver diseases. NAFLD and
HCV infection are each associated with development of T2DM. The combined effects of NAFLD
and HCV on T2DM could create a cycle of poor
health that eventually increases all-cause mortality and liver-related and cardiovascular complications. Conversely, reducing fatty liver and
eradicating HCV with direct-acting antiviral
agents might reduce risk of T2DM and improve
patient outcomes. Further studies are needed to
conﬁrm preliminary ﬁndings.113
The relationship between NAFLD and HBV
infection is complicated. In patients with NAFLD
infection, HBV infection might actually slow fatty
liver-associated disease progression. However, following HBV seroclearance (through treatment or
spontaneous), fatty liver-induced liver disease
progresses. Further studies are needed, because
NAFLD and seroclearance are each associated with
older age.114,115
Finally, a recent study of NHANES suggests that
the impact of excessive alcohol use on mortality is
exacerbated by the presence of metabolic syndrome.116 These data suggest a signiﬁcant overlap
between alcohol-related liver disease and NAFLD.
In addition to these liver diseases, it is important to mention that NAFLD also encompasses
patients with cryptogenic cirrhosis.5,15,16 Although
controversial, recent biopsy data suggested that
patients with cryptogenic cirrhosis are a part of
the spectrum of NASH but may experience worse
outcomes.117

Strategies to decrease NAFLD prevalence
Despite our increasing knowledge of NAFLD, many
questions remain about progression, staging, diagnosis, and management. As we move forward,
research should focus on identiﬁcation of
biomarkers that can be measured noninvasively,
clariﬁcation of pathogenic pathways, development
of screening guidelines, and determination of clinical endpoints, which are necessary to effectively
assess the safety of new therapeutic agents.118,119
Until then, we must push forward the global initiative to decrease obesity, increase awareness
about liver diseases associated with metabolic
abnormalities, encourage a diet lower in fat and
fructose, and promote exercise routines that com-
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bine conditioning and strengthening exercises.
Bariatric surgery and newer endoscopic procedures can only be considered for morbidly obese
individuals who are candidates for these interventions.118–122
In addition, we must also consider the social
determinants of health when developing strategies to combat the development of NAFLD. In this
context, social determinants are broadly deﬁned
as the external factors which can separate the
health status of one area from another. Recently,
the WHO quantiﬁed the effect of environmental
factors, such as pollution, occupational risks, agricultural methods, climate change, and food contamination on the burden of disease and found
that the US experienced a higher burden of disease
than other comparable countries.123 Although
environmental factors do have an impact on
NAFLD and its progression, there is a gap in our
current knowledge about the social determinants
impacting NAFLD. In this context, the impact of
advertisement of food, the location of and quality
of food provided by local grocery stores as well
as access to outdoor and indoor space for recreational activities along with other determinants
may have a profound impact on NAFLD and should
be included in the comprehensive treatment strategy for NAFLD. This perspective emphasises the
complexity of treating NAFLD and NASH which
cannot be solved with a simple treatment strategy
that only includes drug regimens.123

world’s aging population, the prevalence of NAFLD
is increasing. The rate of NAFLD-related HCC is
also increasing, along with demand for livers for
transplantation, of which there are not enough.
NAFLD decreases patients’ HRQoL and causes a
signiﬁcant economic burden. Although agents are
being tested in clinical trials for their ability to
reverse the effects of fatty liver, the only
proven treatments are weight loss and increased
physical activity, which are hard to sustain.
Additionally, NAFLD is associated with a signiﬁcant economic burden to Medicare, while the
presence of cirrhosis and cardiovascular disease
are associated with increased resource utilisation.
Global awareness programmes are needed not
only to raise cognisance of NAFLD but also the
disorders associated with NAFLD, so that worldwide strategies can be instituted to change the
course of disease.
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