Review

Non-alcoholic Steatohepatitis:
Global Impact and Clinical Consequences
Authors:

*Zobair Younossi,1,2,3 Linda Henry1,2,3,4
1. Betty and Guy Beatty Center for Integrated Research,
Inova Health System, Virginia, USA
2. Center for Liver Disease, Department of Medicine,
Inova Fairfax Medical Campus, Falls Church, Virginia, USA
3. Inova Medicine, Inova Health System, Virginia, USA
4. Center for Outcomes Research in Liver Disease, Washington
D.C., USA
*Correspondence to zobair.younossi@inova.org

Disclosure:

Younossi has received research funds or served as consultant
to Bristol Myers Squibb, Gilead Sciences, Intercept Pharmaceuticals, Madrigal, Merck, NovoNordisk and Siemens. Henry has
no conflict of interest to disclose. This research did not receive
any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Received:

16.05.22

Accepted:

01.07.22

Keywords:

Non-invasive tests, progression, regression, treatment.

Citation:

EMJ Hepatol. 2022;10[1]:74-83. DOI/10.33590/emjhepatol/22-00150. https://doi.org/10.33590/emjhepatol/22-00150.

Abstract
Non-alcoholic steatohepatitis (NASH) is the potentially progressive form of nonalcoholic fatty liver disease (NAFLD). NAFLD and NASH are very common in most
regions of the world and are on trajectory to become the most common liver
disease at a global scale. Risk for high prevalence and progressiveness include
visceral obesity and Type 2 diabetes. The conundrum of NAFLD is related to the
rapid increase in its global burden with very low awareness among most general
providers, as well as a lack of widespread availability of fully validated non-invasive
diagnostic and prognostic tests and limited treatment options. Currently, lifestyle
modification with diet and exercise are the best options. A large number of clinical
trials are being developed to provide drug therapeutic options with patients with
NASH and moderate to advanced fibrosis.

Key Points
1. There is limited knowledge about non-alcoholic fatty liver disease (NAFLD) in general healthcare
settings, despite a rapid increase in global diagnoses.
2. There exist limited treatment options for NAFLD, and a lack of widespread availability of diagnostic
testing.
3. Researchers are developing clinical trials in order to provide therapeutic drug options for patients
with non-alcoholic steatohepatitis (NASH), the potentially progressive form of the disease.
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EPIDEMIOLOGY
Changing socioeconomic conditions around
the world have led to environmental changes
promoting major chronic diseases.1 In this
context, there has been a rapid increase in the
prevalence of obesity and Type 2 diabetes (T2D).
While these disease states are associated with
many chronic diseases, they are also the drivers
for one of the leading causes of chronic liver
disease, specifically non-alcoholic fatty liver
disease (NAFLD).2-8 NAFLD, a biologically and
clinically heterogeneous disease, is an umbrella
term used to describe a broad spectrum of
histological conditions that are characterised
by hepatic fat accumulation. A subtype of
NAFLD or non-alcoholic steatohepatitis (NASH)
is histologically diagnosed with hepatic fat
in conjunction with liver cell injury. NASH is
associated with an increase in both hepatic and
non-hepatic morbidity and mortality, as well as
impairment of health-related quality of life and
substantial economic burden.9-19
Currently, 25–30% of the adult population
are estimated to have NAFLD, while 8–10% of
children and young adolescents are reported to
have NAFLD. These prevalence rates are higher
in populations with obesity and diabetes.20
In contrast, it is important to recognise that
NAFLD can be found in those who are not obese
(sometimes referred to as lean NAFLD).21-24
In fact, up to 40% within the NAFLD adult
population can be considered to be non-obese.24
Despite the non-lean terminology, most of these
patients have insulin resistance and may have
visceral obesity.22-24
It is estimated that about 15–20% of patients with
NASH can progress, leading to the development
of cirrhosis, hepatocellular carcinoma (HCC),
end-stage liver disease, and death.2,3 In fact,
NASH is the second most common indication
for liver transplantation in the USA.25 From all
cancers globally, HCC is now the second leading
cause of years of life lost, and NASH is a growing
cause of HCC.2
Within the younger population, NAFLD can be
diagnosed around the age of puberty (11–13
years old) and about a quarter of these children
may already have NASH.26-28 In addition, it has
been reported that for each 1‐unit gain in BMI
Z-score among children aged 7–13 years, the risk

for cirrhosis is increased by 16% in adulthood.28
These data are worrisome as it indicates the
potential growing wave of NASH-related liver
disease in the decades to come.
Finally, the consensus is that the prevalence of
NAFLD increases with age. The peak prevalence
of NAFLD for males is between the ages of
50–60 years (29.3%),29 while for females the
peak time is noted for those over the age of
65 (25.4%).30,31 Based on NHANES III data, the
prevalence rates for males by age have been
cited as 16.1% in those aged 30–40 years old;
22.3% in those aged 41–50 years old; and 27.6%
in those over 60 years old.30 For females, the
prevalence of NAFLD was 12.5% in those aged
30–40 years old; 16.1% in those aged 41–50 years
old; and 21.6% for those 51–60 years.30 During
assessment of disease burden according to
gender, researchers found that females aged 50
years and older were 17% more likely to develop
NASH, and 56% more likely to develop advanced
fibrosis compared with males of similar ages.31

PATHOPHYSIOLOGY OF NONALCOHOL FATTY LIVER DISEASE
NON-ALCOHOLIC STEATOHEPATITIS
As noted, NASH is part of the systemic disease
that is multifactorial with complex metabolic
associations. Insulin resistance, T2D, and
visceral obesity appear to be key pathogenic
drivers for the development of NASH.1,21 They
contribute to increased levels of free fatty acids
and carbohydrates, which then places excess
lipotoxic and metabolic loads on the liver leading
to hepatic lipid accumulation, liver cell injury,
inflammation, activation of Stellate cells, and
fibrosis (Figure 1).32-34
Importantly, a significant amount of focus has
been given to the pathophysiology of NAFLD and
T2D.35 NAFLD is thought to be associated with
hepatic and peripheral insulin resistance, which
causes the systemic release of pro-inflammatory
cytokines and hepatokines, which promote the
development of T2D.35 Another recent study
demonstrated that the presence of a fatty liver
drives the liver–pancreatic α-cell axis increases
glucagon production, which then contributes
to the diabetes pathophysiology.36 In this
context, the risk of T2D incidence has also been
reported to increase as the severity of NAFLD
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Figure 1: Pathophysiology of non-alcoholic fatty liver disease and non-alcoholic steatohepatitis.
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increases. In fact, the presence of NAFLD has
been associated with a 2.2 times greater chance
of developing T2D, and patients with more
advanced stages of liver fibrosis are at even a
higher risk of T2D; however, if NAFLD improves
or resolves, the risk for diabetes is reduced.37 In
fact, another study found that the presence of
NAFLD increased the risk of metabolic syndrome
to almost the same degree.38
There also appears to be a genetic predisposition
involved in the development of NASH.
Specifically, the polymorphisms of PNPLA3
and TM6SF2 genes predispose these patients
to NASH, and potentially adverse outcomes.34
Environmental factors such as a poor food
environment (easy availability of calorie dense
processed food), lack of easy access to safe
areas for physical activity, poor sleep, and stress
may all influence the onset and severity of
NAFLD and NASH.39-43
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NASH DIAGNOSIS
Hepatic steatosis is defined as an accumulation
of triglycerides in >5% of hepatocytes is the
first step required for diagnosing NAFLD and
NASH. In this light, ultrasound is recommended
for those at high-risk for NAFLD (e.g., those
with components of metabolic syndrome but
especially obesity and T2D).44 In fact, a recent
meta-analysis determined that the use of
conventional ultrasound has greater diagnostic
accuracy than originally thought, especially for
those with mild as well as moderate-severe
hepatic steatosis (≥30% steatotic hepatocytes).45
In contrast, the diagnosis of NASH and stage of
hepatic fibrosis are established through a liver
biopsy sample that shows hepatic steatosis,
lobular inflammation, and hepatocellular
ballooning.46-49 It is important to note that the
histology of NASH may differ between young
patients and adults. Young patients with NASH
are noted to have periportal zone (acinar
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zone 1) or azonal distribution of steatosis
(Type 1) compared with the perivenular zone
(acinar zone 3) of steatosis among adults
(Type 2).50-52 In regard to inflammation, portal
inflammation is more common during youth,
whereas lobular inflammation is more common
in adults. Ballooning Mallory’s hyaline bodies are
infrequent, and hepatocyte ballooning is also rare
in young patients, while ballooning degeneration
can be present in adults. Finally, fibrosis in the
youth is seen as portal fibrosis while, in adults,
fibrosis is seen as perisinusoidal fibrosis.50-52
There are major limitations of liver biopsy due
to its invasiveness, risks, and costs.53 These
limitations have led to significant efforts for
establishing validated non-invasive tests (NIT)
that can determine the presence and stage of
fibrosis.54-59 The NITs can be simple biomarker
blood tests such as Fibrosis Score 4 (FIB-4),
AST-Platelet Ratio Index (APRI), and NAFLD
fibrosis score (NFS). These NITs incorporate
‘indirect’ markers of liver fibrosis, such as
aminotransaminases accompanied with clinical
parameters (age, sex, presence of insulin
resistance/T2D, and andromorphic assessments).
There are also ‘complex’ serum biomarker blood
tests (e.g., the Enhanced Liver Fibrosis Score
[ELF], which incorporates some of the direct
markers of fibrogenesis and fibrinolysis such as
serum tissue metalloproteinases and hyaluronic
acid). Simple NITs and serum biomarkers may be
best used in combination as a part of
clinical algorithms.57-59
Finally, assessment of liver stiffness through
elastography (transient elastography, magnetic
resonance elastography, etc.) is also being
established as important radiologic NITs.55
Again, the use of these tests is optimised in the
context of algorithms that use risk stratification
and simple NITs.57-59 As more work continues
in the field of NITs, it is important to establish
validated algorithms to accurately risk stratify
patients at risk, who are seen in primary care and
endocrinology practices.57

NASH FIBROSIS, FIBROSIS
PROGRESSION, AND MORTALITY
Stage of hepatic fibrosis, presence of T2D,
and increasing number of components of
metabolic syndrome as well as PNPLA3 can

play an important role for determining prognosis
of patients with NASH.1,21,39,60 In this context,
a recent prospective study of 1,773 persons
with NAFLD, where 1,330 persons had NASH,
conducted over a median of 4 years, found that
all-cause mortality increased with increasing
fibrosis stages, which increased from 0.32
deaths per 100 person-years for stage F0–F2 to
0.89 deaths per 100 persons-years for stage F3,
and 1.76 deaths per 100 person-years for stage
F4.60 Such findings validated prior results that
came from retrospective data. The investigators
also noted that the incidence of liver-related
complications such as variceal haemorrhage,
ascites, encephalopathy, and hepatocellular
cancer increased with fibrosis stage. Other
notable findings included that compared with
patients with stage F0–F2 fibrosis, patients
with stage F4 fibrosis had a higher incidence
of T2DM (7.53 versus 4.45 events per 100
person-years), and experienced a decrease in
their estimated glomerular filtration rate of more
than 40%.60 On the other hand, investigators
reported that the incidence of cardiac events and
non-hepatic cancers were similar across all the
fibrosis stages. Finally, they reported that in their
multivariable analysis controlling for age, sex,
race, diabetes status, and baseline histologic
severity, all-cause mortality was increased
almost seven times (average hazard ratio: 6.8;
95% confidence interval [CI]: 2.2–21.3) following
an incidence of any hepatic decompensation
event and the overall all cause death rate was
higher in this group than the expected death rate
(0.57 deaths per 100 person-years versus 0.40
deaths per 100 person-years, respectively).
Another study conducted in the USA had similar
findings. In this study, investigators estimated
that in the USA there are 9.8 million people
living with NASH, where 6.5 million were living
with fibrosis stages F0–F2; 2 million were living
with NASH and fibrosis stage F3; and 1.3 million
were living with NASH and cirrhosis (F4). These
investigators also reported the incidence rate
and the numbers of annual deaths attributable to
NASH and NASH fibrosis such that the mortality
rate for F3 and F4 fibrosis was 0.89 and 1.76
deaths per 100 person-years, respectively, with
17,800 annual deaths for F3 and 22,800 annual
deaths for F4.4 These same investigators also
provided forecasts for other countries reporting
the relatively similar results.61-63
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Another study attempted to discern time to the
development of severe liver disease.64 These
investigators found that regardless of having
NAFL or NASH, it was the presence and the
stage of fibrosis that dictated the time to severe
liver disease and mortality. In this study, with a
mean follow up of 20 years (range 0–40 years),
the researchers reported that the median
time until 10% of the patients developed liver
decompensation was 33.4 years for F0 (95% CI:
24.2–42.6); 34.1 years for F1 (95% CI: 25.1–43.2);
22.7 years for F2 (95% CI: 13.7–31.7); 11.8 years
for those with F3 (95% CI: 4.3–19.4), and 5.6
years for those with F4 (95% CI: 0.9–10.3
[Figure 2]).64

with stage F0–F2 fibrosis progressed to stage
F3, and 2% progressed to stage F4 over a mean
duration of 4.5 years.65 When the investigators
actualised these rates, they suggest that there
will be 15,000 additional deaths annually among
persons whose disease transitions to stage F3
or F4. As mentioned, one of the more common
risk factors for progressive liver disease among
NAFLD was the presence of T2D. In fact, T2D has
been shown to be an independent risk factor for
the liver-related mortality in patients with NAFLD
and NASH.70-72

Other studies have also described the natural
history of NASH and NASH fibrosis.65-69 One such
study found that approximately 14% of patients

Using data from the Global Burden of Disease
investigators found that, from 1990–2017, the
global disability-adjusted life years from HCC
due to NASH increased from 0.71 million to 1.46
million. Geographically, Australasia experienced
the largest increase in the burden of HCC due

Figure 2: Non-alcoholic steatohepatitis fibrosis progression and regression.
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to NASH, with the age-standardised disabilityadjusted life years rate increasing by 143.54%.
The global prevalence of HCC due to NASH
peaked at 60–64 years in males and at 65–69
years in females, and a heavier burden in males
compared with females.73
Finally, despite the stage of hepatic fibrosis
being a major predictor of mortality,
cardiovascular disease is the number one cause
of death among those with NAFLD. This is most
likely due to the presence of components of
metabolic syndrome being associated with
mortality among those with NAFLD, and the risk
of mortality increasing with each component of
metabolic syndrome present.74 However, due to
a possible bi-directional relationship between
NAFLD and various components of metabolic
syndrome, particularly T2D and hypertension,
work continues on discerning which disease
component precedes what, and whether NAFLD
is an independent predictor of cardiovascular
mortality or an intermediary step along the
cardiometabolic disease trajectory.75

NASH PROGRESSION
AND REGRESSION
It is important to note that the natural history
of NASH is not linear. Increasing evidence
suggests that patients with NASH can progress
for a period of time, followed by a period of
regression or stability. One small study using
paired liver biopsies reported on the progression
and regression of patients with NAFLD.66 At
baseline, 26 (72%) patients had NAFL (steatosis
without liver cell injury) and 10 (28%) patients
had NASH. At follow-up, 27% of those with NAFL
had progressed to NASH, while 50% of patients
with NASH appeared to have regressed as they
no longer met the criteria of NASH. Fibrosis was
found to progress in 15 (42%), regress in 9 (25%),
and remain stable in 12 (33%) patients. They also
found that the incidence of T2D was significantly
higher in those that had progressed.66
In another study, Wong et al.67 showed that
among patients with NASH at baseline, 59%
continued to have NASH after 3 years of
follow-up while 35% had borderline NASH and
6% of patients regressed to simple steatosis.
Additionally, 27% of patients showed fibrosis
progression, 48% remained stable, and 25%

had fibrosis regression. While another study
reported that of the patients who had NASH
on baseline biopsy, 93% still had NASH at
follow-up (median of 6.6 years); however, 7%
had regressed to NAFL, while among those
with NAFLD 42% progressed, 40% remained
stable, and 18% regressed.68 In a meta-analysis
of 11 cohort studies that included 150 persons
with biopsy proven NAFL and 261 persons with
biopsy proven NASH, investigators found that
at baseline 35.8% had fibrosis stage F0; 32.5%
had F1; 16.7% had F2; 9.3% had F3; and 5.7%
had cirrhosis. When they studied what happened
over time, they reported that, over 2,145.5
person-years of follow-up, 33.6% had fibrosis
progression, 43.1% remained stable, and 22.3%
experienced regression, which translated to
an annual fibrosis progression rate in patients
with NAFL F0 at baseline to 0.07 stages (95%
CI: 0.02–0.11 stages), while for those with NASH
experienced an annual progression of 0.14 stages
(95% CI: 0.07-0.21 stages). These findings
corresponded to one stage of progression over
14.3 years for patients with NAFL (95% CI: 9.1–
50.0 years) and 7.1 years for patients with NASH
(95% CI: 4.8–14.3 years).66 It is important to note
that discrepancies among these results could be
due to the length of time of the follow-up, more
disease activity at baseline noted in those that
progressed, underestimation of the presence of
advanced fibrosis due to the limitations of liver
biopsies, as well as the risk factors present in the
patient populations (Figure 2).64,66-69

THERAPEUTIC INTERVENTIONS
Understanding the natural history of NASH is
also important in the development of therapeutic
interventions that may ultimately be effective in
changing the trajectory of patients’ long-term
outcomes. Currently, the main treatment for
NASH is lifestyle management, which involves
the loss of body weight of at least 10%, which
may be required to have resolution of NASH
and improvement of fibrosis.62,63 However,
accomplishing and maintaining this weight loss
is a challenge due to the multitude of factors
that are barriers for sustained weight loss.64 In
addition, vitamin E for those without T2D and
pioglitazone for patients with pre-diabetes and
diabetes have also been recommended.76-80
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As such, numerous clinical trials have been
ongoing to determine which medications can
reach the agreed upon endpoints for a successful
trial (either a regression of fibrosis of at least one
stage without the progression of NASH or NASH
resolution without worsening of fibrosis).81-84 In
addition, it appears from a compilation of prior
clinical trials that improvement in histologic
features (hepatocyte ballooning, Mallory–Denk
bodies, and portal inflammation) may also be
associated with improvement in fibrosis, which
may, in the future, be considered as surrogates
for the established clinical trial endpoints.84
However, given that NASH can regress and
progress, very few clinical trials have met these
clinical trial endpoints that some have suggested
that a trial duration should last from 5 to 7 years
in order to capture the true efficacy of these
medications.56-69 Despite this drawback, several
medications are showing promising results such
as glucagon-like peptide-1 receptor agonists
and sodium–glucose co-transporter 2 inhibitors,
which decrease hyperglycaemia and improve
cardiovascular health; modulators of bile acid
and metabolism, including farnesoid-X receptor
agonist obeticholic acid and liver X receptor α
inhibitor dithiolethione oltipraz; fibroblast growth
factor 19 analogue aldafermin; fibroblast growth
factor 21 analogue pegbelfermin; modulators of
lipid metabolism (e.g., acetyl-CoA carboxylase
inhibitors, stearoyl-CoA desaturase-1
inhibitors, diacylglycerol acyltransferase 2
inhibitors, thyroid hormone receptor-β
agonists); and antifibrotic drugs (chemokine
receptor inhibitors).35
In addition, it is also important to acknowledge
basic science work that may inform future
clinical trials.85-87 One study investigated the
use of dandelion to prevent the progression
of hepatic fibrosis among albino male rats.87
Investigators noted that the use of dandelion
did have an antifibrotic effect through the
carbon tetrachloride (Chemokine [C-C motif]
ligand 4) liver fibrosis system through its ability
to be a free radical scavenger and attenuate
inflammatory cell activation. Another study
using Wister rats investigated the use of olive
leaf extract in providing cardiac protection
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while increasing the effectiveness (decreasing
inflammation and oxidative stress) of an
antineoplastic drug for HCC (doxorubicin), and
found that olive leaf extract may be a useful
adjuvant treatment.88 Work on non-invasive tests
is also being conducted in conjunction with these
basic science studies. One study investigating
the effects of Moringa oleifera against fibrosis
used MRI textured analysis to determine the
antifibrotic effects of Moringa oleifera. MRI
textured analysis performed excellently in
identifying histological changes when compared
with conventional histopathological and liver
function tests.89
Bariatric surgery can be a viable alternative
for those who are morbidly obese, although
bariatric surgery should not be considered the
first treatment choice for patients with NASH.90
Efforts must also continue on improving the
living environment of many to provide healthy
food options and the availability of safe places to
exercise.91 Finally, low awareness and recognition
of this disease plagues the field of NAFLD/
NASH.92 Therefore, efforts must continue to raise
awareness of this disease through educating
providers and the general population.

SUMMARY
The global burden of NASH, the progressive
form of NAFLD, is on the rise. Although many
patients may not progress, the sheer number
of people with NAFLD across the globe creates
a potential tsunami of patients that need to be
assessed for risk of progressive liver disease
and linked to appropriate care. In this context,
lifestyle management with diet and exercise
should be the first step. In addition, several drugs
are entering into Phase III clinical trials and could
potentially provide future therapeutic options.
The ongoing research in basic science in both
therapeutic and diagnostic areas is encouraging,
and may help advance the understanding and
treatment of NASH. Raising awareness among
providers, patients, and policy makers continues
to be of utmost importance as the awareness of
NASH increases.

Creative Commons Attribution-Non Commercial 4.0

Review

References

2021;S1542-3565(21):01183-6.

1.

Younossi Z et al. Global burden
of NAFLD and NASH: trends,
predictions, risk factors and
prevention. Nat Rev Gastroenterol
Hepatol. 2018;15(1):11-20.

2.

Paik JM et al. Changes in the
global burden of chronic liver
diseases from 2012 to 2017:
the growing impact of NAFLD.
Hepatology. 2020;72(5):1605-16.

3.

4.

5.

6.

Younossi ZM et al. Epidemiology of
chronic liver diseases in the USA
in the past three decades. Gut.
2020;69(3):564-8.
Estes C et al. Modeling the
epidemic of nonalcoholic fatty
liver disease demonstrates
an exponential increase in
burden of disease. Hepatology.
2018;67(1):123-33.
Younossi ZM et al. The global
epidemiology of NAFLD and
NASH in patients with type 2
diabetes: a systematic review
and meta-analysis. J Hepatol.
2019;71(4):793-801.
Golabi P et al. Prevalence of high
and moderate risk nonalcoholic
fatty liver disease among adults
in the United States, 1999-2016.
Clin Gastroenterol Hepatol.
2021;S1542-3565(21):01339-2.
[Epub ahead of print].

7.

Arshad T et al. Prevalence of
nonalcoholic fatty liver disease
in the female population. Hepatol
Commun. 2018;3(1):74-83.

8.

Golabi P et al. Burden of
nonalcoholic fatty liver disease in
Asia, the Middle East and North
Africa: data from Global Burden
of Disease 2009-2019. J Hepatol.
2021;75(4):795-809.

9.

Younossi ZM et al. Patients with
nonalcoholic steatohepatitis
experience severe impairment of
health-related quality of life. Am J
Gastroenterol. 2019;114(10):163641.

10. Younossi ZM et al. Reduced
patient-reported outcome scores
associate with level of fibrosis
in patients with nonalcoholic
steatohepatitis. Clin Gastroenterol
Hepatol. 2019;17(12):2552-60.
11. Younossi ZM et al.; Global
NASH Council. Clinical and
patient-reported outcomes
from patients with nonalcoholic
fatty liver disease across the
world: data from the Global
Nonalcoholic Steatohepatitis
(NASH)/Nonalcoholic Fatty
Liver Disease (NAFLD) registry.
Clin Gastroenterol Hepatol.

12. Younossi ZM et al. Fatigue
and pruritus in patients with
advanced fibrosis due to
nonalcoholic steatohepatitis:
the impact on patient-reported
outcomes. Hepatol Commun.
2020;4(11):1637-50.
13. Younossi ZM et al. Burden of illness
and economic model for patients
with nonalcoholic steatohepatitis
in the United States. Hepatology
2019;69(2):564-72.
14. Younossi ZM et al. Economic and
clinical burden of nonalcoholic
steatohepatitis in patients with
type 2 diabetes in the U.S.
Diabetes Care. 2020;43(2):283-9.
15. Younossi ZM et al. Clinical and
economic burden of nonalcoholic
fatty liver disease and nonalcoholic
steatohepatitis. Clin Liver Dis.
2018;22(1):1-10.
16. Tampi RP et al. Modelling the
economic and clinical burden of
nonalcoholic steatohepatitis in
East Asia: data from Hong Kong.
Hepatol Res. 2020;50(9):1024-31.
17. Sayiner M et al. Extrahepatic
manifestations and healthcare
expenditures of nonalcoholic
fatty liver disease in the
Medicare population. Hepatol Int.
2020;14(4):556-66.
18. Younossi ZM et al. The economic
and clinical burden of nonalcoholic
fatty liver disease in the United
States and Europe. Hepatology.
2016;64(5):1577-86.
19. Nguyen AL et al. Rising inpatient
encounters and economic burden
for patients with nonalcoholic fatty
liver disease in the USA. Dig Dis
Sci. 2019;64(3):698-707.
20. Paik JM et al. Global burden
of NAFLD and chronic liver
disease among adolescents
and young adults. Hepatology.
2022;75(5):1204-17.
21. Golabi P et al. Mortality of NAFLD
according to the body composition
and presence of metabolic
abnormalities. Hepatol Commun.
2020;4(8):1136-48.
22. Younossi ZM et al. Nonalcoholic
fatty liver disease in lean
individuals in the United
States. Medicine (Baltimore).
2012;91(6):319-27.
23. Ye Q et al. Global prevalence,
incidence, and outcomes of
non-obese or lean non-alcoholic
fatty liver disease: a systematic
review and meta-analysis.
Lancet Gastroenterol Hepatol.

Creative Commons Attribution-Non Commercial 4.0

●

2020;5(8):739-52.
24. Zou B et al. Prevalence,
characteristics and mortality
outcomes of obese, nonobese
and lean NAFLD in the United
States, 1999-2016. J Intern Med.
2020;288(1):139-51.
25. Younossi ZM et al. Nonalcoholic
steatohepatitis is the most rapidly
increasing indication for liver
transplantation in the United
States. Clin Gastroenterol Hepatol.
2021;19(3):580-9.
26. Schwimmer JB et al. Prevalence
of fatty liver in children and
adolescents. Pediatrics.
2006;118(4):1388-93.
27. Selvakumar PKC et al.
Nonalcoholic fatty liver disease in
children: hepatic and extrahepatic
complications. Pediatr Clin North
Am. 2017;64(3):659-75.
28. Zimmermann E et al. Body mass
index in school‐aged children and
the risk of routinely diagnosed
non‐alcoholic fatty liver disease
in adulthood: a prospective study
based on the Copenhagen School
Health Records Register. BMJ
Open. 2015;5(4):e006998.
29. Frith J et al. Nonalcoholic fatty
liver disease in older people.
Gerontology. 2009;55(6):607-13.
30. Lazo M et al. Prevalence of
nonalcoholic fatty liver disease
in the United States: the Third
National Health and Nutrition
Examination Survey, 1988-1994.
Am J Epidemiol. 2013;178(1):3845.
31. Balakrishnan M et al. Women have
a lower risk of nonalcoholic fatty
liver disease but a higher risk of
progression vs men: a systematic
review and meta-analysis.
Clin Gastroenterol Hepatol.
2021;19(1):61-71.
32. Armstrong MJ. Glucagonlike peptide-1 analogues in
nonalcoholic steatohepatitis: from
bench to bedside. Clin Liver Dis
(Hoboken) 2017;10:32-5.
33. Sanyal AJ. Past, present
and future perspectives in
nonalcoholic fatty liver disease.
Nat Rev Gastroenterol Hepatol
2019;16:377-86.
34. Haas JT et al. Pathophysiology and
mechanisms of nonalcoholic fatty
liver disease. Annu Rev Physiol
2016;78:181-205.
35. Targher G et al. The complex
link between NAFLD and
type 2 diabetes mellitus mechanisms and treatments.

August 2022

●

Hepatology

81

Review

Nat Rev Gastroenterol Hepatol.
2021;18(9):599-612.

Steatohepatitis Clinical Research
Network. Design and validation of
a histological scoring system for
nonalcoholic fatty liver disease.
Hepatology. 2005;41(6):1313-21.

36. Mantovani A et al. Nonalcoholic
fatty liver disease and risk of
incident diabetes mellitus: an
updated meta-analysis of 501
022 adult individuals. Gut.
2021;70(5):962-9.
37. Ballestri S et al. Nonalcoholic fatty
liver disease is associated with
an almost twofold increased risk
of incident type 2 diabetes and
metabolic syndrome. Evidence
from a systematic review and
meta-analysis. J Gastroenterol
Hepatol. 2016;31(5):936-44.
38. Yki-Järvinen H. Nonalcoholic
fatty liver disease as a cause
and a consequence of metabolic
syndrome. Lancet Diabetes
Endocrinol. 2014;2(11):901-10.

48. Pai RK et al. Standardising the
interpretation of liver biopsies in
nonalcoholic fatty liver disease
clinical trials. Aliment Pharmacol
Ther. 2019;50(10):1100-11.
49. Nalbantoglu IL, Brunt EM. Role
of liver biopsy in nonalcoholic
fatty liver disease. World J
Gastroenterol. 2014;20(27):902637.
50. Crespo M et al. Similarities and
differences between pediatric
and adult nonalcoholic fatty
liver disease. Metabolism.
2016;65(8):1161-71.

gastroenterology practices to
identify patients with nonalcoholic
steatohepatitis at high risk
of adverse outcomes: expert
panel recommendations. Am J
Gastroenterol. 2021;116(2):254-62.
60. Sanyal AJ et al. Prospective
study of outcomes in adults with
nonalcoholic fatty liver disease. N
Engl J Med. 2021;385:1559-69.
61. Adams LA et al. Nonalcoholic fatty
liver disease burden: Australia,
2019-2030. J Gastroenterol
Hepatol. 2020;35(9):1628-35.
62. Estes C et al. Modelling NAFLD
disease burden in four Asian
regions-2019-2030. Aliment
Pharmacol Ther. 2020;51(8):80111.
63. Goossens N et al. Nonalcoholic
fatty liver disease burden Switzerland 2018-2030. Swiss
Med Wkly. 2019;149:w20152.

39. Paik JM et al. Dietary risks for liver
mortality in NAFLD: Global Burden
of Disease Data. Hepatol Commun.
2022;6(1):90-100.

51. Goldner D, Lavine JE. Nonalcoholic
fatty liver disease in children:
unique considerations and
challenges. Gastroenterology.
2020;158(7):1967-83.

40. Leslie T et al. Survey of health
status, nutrition and geography
of food selection of chronic liver
disease patients. Ann Hepatol.
2014;13(5):533-40.

52. Carter-Kent C et al. Nonalcoholic
steatohepatitis in children:
a multicenter clinicopathological study. Hepatology.
2009;50(4):1113-20.

41. Paik JM et al. The impact of
modifiable risk factors on the longterm outcomes of nonalcoholic
fatty liver disease. Aliment
Pharmacol Ther. 2020;51(2):291304.

53. Vuppalanchi R et al. Effects of liver
biopsy sample length and number
of readings on sampling variability
in nonalcoholic fatty liver disease.
Clin Gastroenterol Hepatol.
2009;7(4):481-6.

65. Kleiner DE et al.; Nonalcoholic
Steatohepatitis Clinical Research
Network. Association of
histologic disease activity with
progression of nonalcoholic fatty
liver disease. JAMA Netw Open.
2019;2(10):e1912565.

42. Golabi P et al. Contribution of
sarcopenia and physical inactivity
to mortality in people with
nonalcoholic fatty liver disease.
JHEP Rep. 2020;2(6):100171.

54. Machado MV, Cortez-Pinto
H. Non-invasive diagnosis of
nonalcoholic fatty liver disease:
a critical appraisal. J Hepatol.
2013;58(5):1007-19.

66. Reddy YK et al. Natural history of
nonalcoholic fatty liver disease: a
study with paired liver biopsies. J
Clin Exp Hepatol. 2020;10(3):24554.

43. Gerber L et al. Nonalcoholic fatty
liver disease (NAFLD) is associated
with low level of physical activity:
a population-based study. Aliment
Pharmacol Ther. 2012;36(8):77281.

55. Loomba R et al. Magnetic
resonance elastography predicts
advanced fibrosis in patients with
nonalcoholic fatty liver disease:
a prospective study. Hepatology.
2014;60(6):1920-8.

67. Wong VW et al. Disease
progression of nonalcoholic fatty
liver disease: a prospec-tive study
with paired liver biopsies at 3
years. Gut. 2010;59(7):969-74.

44. Ballestri S et al. Ultrasonographic
fatty liver indicator detects mild
steatosis and cor-relates with
metabolic/histological parameters
in various liver diseases.
Metabolism. 2017;72:57-65.

56. Alqahtani SA et al. Performance
of noninvasive liver fibrosis tests
in morbidly obese patients with
nonalcoholic fatty liver disease.
Obes Surg. 2021;31(5):2002-10.

45. Ballestri S et al. Diagnostic
accuracy of ultrasonography for
the detection of hepatic steatosis:
an updated meta-analysis of
observational studies. Metab
Target Organ Damage. 2021;1:7.
46. Younossi ZM et al. Diagnostic
modalities for nonalcoholic
fatty liver disease, nonalcoholic
steatohepatitis, and associated
fibrosis. Hepatology.
2018;68(1):349-60.

58. Anstee QM et al. Noninvasive
tests accurately identify advanced
fibrosis due to nash: baseline
data from the STELLAR trials.
Hepatology. 2019;70(5):1521-30.
59. Younossi ZM et al. Role of
noninvasive tests in clinical

47. Kleiner DE et al.; Nonalcoholic

82

Hepatology

57. Younossi ZM et al. Identification
of high-risk patients with
nonalcoholic fatty liver disease
using noninvasive tests from
primary care and endocrinology
real-world practices. Clin Transl
Gastroenterol. 2021;12(4):e00340.

●

August 2022

●

64. Hagström H et al. Fibrosis stage
but not NASH predicts mortality
and time to development of
severe liver disease in biopsyproven NAFLD. J Hepatol.
2017;67(6):1265-73.

68. McPherson S et al. Evidence of
NAFLD progression from steatosis
to fibrosing steatohepatitis using
paired biopsies: implications for
prognosis and clinical management. J Hepatol. 2015;62(5):114855.
69. Singh S et al. Fibrosis progression
in nonalcoholic fatty liver vs
nonalcoholic steatohepatitis: a
systematic review and metaanalysis of paired-biopsy studies.
Clin Gas-troenterol Hepatol.
2015;13(4):643-54.
70. Adams LA et al. The histological
course of nonalcoholic fatty liver
disease: a longitudinal study
of 103 patients with sequential
liver biopsies. J Hepatol.
2005;42(1):132-8.

Creative Commons Attribution-Non Commercial 4.0

Review

71. Loomba R et al. Association
between diabetes, family history of
diabetes, and risk of nonalcoholic
steatohepatitis and fibrosis.
Hepatology. 2012;56(3):943-51.
72. Rafiq N et al. Long-term follow-up
of patients with nonalcoholic fatty
liver. Clin Gastroenterol Hepatol.
2009;7(2):234-8.
73. Paik JM et al. The growing burden
of disability related to nonalcoholic
fatty liver disease: data from
the global burden of disease
2007-2017. Hepatol Commun.
2020;4(12):1769-80.
74. Golabi P et al. Components
of metabolic syndrome
increase the risk of mortality in
nonalcoholic fatty liver disease
(NAFLD). Medicine (Baltimore).
2018;97(13):e0214.
75. Lonardo A et al. Hypertension,
diabetes, atherosclerosis and
NASH: cause or consequence? J
Hepatol. 2018;68(2):335-52.
76. Nguyen VH et al. Discrepancies
between actual weight, weight
perception and weight loss
intention amongst persons
with NAFLD. J Intern Med.
2021;289(6):840-50.
77. Vilar-Gomez E et al. Vitamin E
improves transplant-free survival
and hepatic decompensation
among patients with
nonalcoholic steatohepatitis and
advanced fibrosis. Hepatology.
2020;71(2):495-509.
78. Sanyal AJ et al. Pioglitazone,
vitamin E, or placebo for
nonalcoholic steatohepatitis. N
Engl J Med. 2010;362:1675-85.

79. Lee JI et al. Effects of statin use on
the development and progression
of nonalcoholic fatty liver disease:
a nationwide nested case-control
study. Am J Gastroenterol.
2021;116(1):116-24.
80. Cusi K. Pioglitazone for the
treatment of NASH in patients with
prediabetes or type 2 diabetes
mellitus. Gut. 2018;67(7):1371.
81. Loomba R et al.; ATLAS
Investigators. Combination
therapies including cilofexor and
firsocostat for bridging fibrosis
and cirrhosis attributable to NASH.
Hepatology. 2021;73(2):625-43.
82. Harrison SA et al.; STELLAR-3
and STELLAR-4 Investigators.
Selonsertib for patients with
bridging fibrosis or compensated
cirrhosis due to NASH: results from
randomized phase III STELLAR
trials. J Hepatol. 2020;73(1):26-39.
83. Rinella ME et al. Non-invasive
evaluation of response to
obeticholic acid in patients
with NASH: results from the
REGENERATE study. J Hepatol.
2022;76(3):536-48.
84. Brunt EM et al.; Nonalcoholic
Steatohepatitis Clinical Research
Network. Improvements in
histologic features and diagnosis
associated with improvement
in fibrosis in nonalcoholic
steatohepatitis: results from the
Nonalcoholic Steatohepatitis Clinical Research Network treatment
trials. Hepatology. 2019;70(2):52231.
85. Amin A et al. Insights into glycan
biosynthesis in chemically-induced
hepatocellular carcinoma in rats:

a glycomic analysis. World J
Gastroenterol. 2015;21(20):616779.
86. Abdalla A et al. Safranal inhibits
angiogenesis via targeting HIF-1α/
VEGF machinery: in vitro and
ex vivo insights. Front Oncol.
2022;11:789172.
87. Amin A et al. Pancreas-protective
effects of chlorella in STZ-induced
diabetic animal model: insights
into the mechanism. Int J Diabetes
Mellit. 2011;1(3):36-45.
88. Hamza AA et al. Polyphenolicenriched olive leaf extract
attenuated doxorubicin-induced
cardiotoxicity in rats via
suppression of oxidative stress and
inflammation. JoBAZ. 2021;82:54.
89. Mahmoud-Ghoneim D et al. MRIbased texture analysis: a potential
technique to assess protectors
against induced-liver fibrosis in
rats. Radiol Oncol. 2009;43(1):3040.
90. Lassailly G et al. Bariatric
surgery provides long-term
resolution of nonalcoholic
steatohepatitis and regression
of fibrosis. Gastroenterology.
2020;159(4):1290-301.
91. Younossi ZM et al. Hypothetical
treatment of patients with
nonalcoholic steatohep-atitis:
potential impact on important
clinical outcomes. Liver Int.
2020;40(2):308-18.
92. Alqahtani SA et al. Poor awareness
of liver disease among adults
with NAFLD in the United States.
Hepatol Commun. 2021;5(11):183347.

FOR REPRINT QUERIES PLEASE CONTACT: INFO@EMJREVIEWS.COM

Creative Commons Attribution-Non Commercial 4.0

●

August 2022

●

Hepatology

83

