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Abstract

Metabolic (dysfunction)-associated fatty liver disease
(MAFLD) is currently the most common chronic liver disease
and affects at least a quarter of the global adult population.
It has rapidly become one of the leading causes of hepa-
tocellular carcinoma and cirrhosis in Western countries. In
this review, we discuss the nomenclature and definition of
MAFLD as well as its prevalence and incidence in different
geographical regions. Although cardiovascular disease re-
mains the leading cause of death in MAFLD patients, the
proportion of patients dying from hepatic complications in-
creases sharply as the disease progresses to advanced liver
fibrosis and cirrhosis. In addition, patients with MAFLD are
at increased risk of various extrahepatic cancers. Although
a causal relationship between MAFLD and extrahepatic can-
cers has not been established, clinicians should recognize
the association and consider cancer screening (e.g., for
colorectal cancer) as appropriate.
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Introduction

Metabolic  (dysfunction)-associated fatty liver disease
(MAFLD) is the most common chronic liver disease, affect-
ing at least a quarter of the global adult population.! In the
Western world, MAFLD has already become one of the lead-
ing causes of cirrhosis, end-stage liver disease, and hepato-
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cellular carcinoma (HCC).2 Although the same has not hap-
pened in Asia yet, studies from Japan and Korea have clearly
documented a rapid rise in non-viral hepatitis-related HCC.3
Modeling studies also suggest that HCC, hepatic decompen-
sation and liver-related death from MAFLD would increase
significantly from 2015 to 2030 in essentially all countries.*>

Because of the strong association between MAFLD and
the metabolic syndrome, cardiovascular disease (CVD) is the
leading cause of death in MAFLD patients.® Nonetheless, the
relative importance of various causes of death depends on
the severity of MAFLD. In a multicenter retrospective cohort
study, Vilar-Gomez et al.” showed that liver disease was the
leading cause of death in MAFLD patients with F3-4 fibrosis.

In this review, we first describe the concept of MAFLD,
followed by the global prevalence and incidence of the dis-
ease. We also discuss the various hepatic and non-hepatic
clinical outcomes in patients with MAFLD.

MAFLD vs. nonalcoholic fatty liver disease (NAFLD)

In 2020, Mohammed Eslam, Jacob George and hepatolo-
gists from various countries proposed to change the no-
menclature of NAFLD to MAFLD.® This was to address a
number of limitations of the term NAFLD. For a disease that
affects at least a quarter of the general population, it would
be reasonable to have a positive diagnosis by describing
what it is instead of a negative diagnosis by stating what
it is not.° The new term is also supposed to describe the
heterogeneous pathophysiology of fatty liver disease bet-
ter. In addition, professional societies and patient advocacy
groups highlighted potential stigmatization with a name
that includes the term “alcoholic”, and the prefix "non” may
trivialize the condition.10

After the publication of the proposal, a number of pro-
fessional societies have declared support for the name
change.11-13 The Asian Pacific Association for the Study of
the Liver issued the first management guidelines of MAFLD.14
Nonetheless, some hepatologists opposed the proposal, high-
lighting the potential negative impact on disease awareness
and drug development as well as the ambiguity of metabolic
dysfunction.1516 A recent review article, on the other hand,
reminds us of the importance of focusing on evidence in
this debate.l” In addition, feedback from representatives of
patient advocacy groups, primary care physicians and non-
hepatologists does not suggest that the name change would
negatively impact disease awareness.%:18-20 Currently, the
European and American liver associations are organizing a
platform to discuss this issue.
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Table 1. Definitions of MAFLD and NAFLD

MAFLD

NAFLD

Presence of
hepatic steatosis

Metabolic criteria

Yes

The diagnosis is made if a patient has hepatic steatosis and is
overweight or obese, has T2D, or two or more of the following:
Central obesity by ethnic-specific waist circumference cutoffs;
Blood pressure >135/85 mmHg or specific drug treatment;
Plasma triglycerides =150 mg/dL or specific drug treatment;
Plasma HDL-cholesterol <40 mg/dL for men and <50 mg/dL for
women or specific drug treatment; Fasting plasma glucose >100
mg/dL, 2-h post-load glucose =140 mg/dL, or hemoglobin A, _
>5.7%; Homeostasis model assessment of insulin resistance
>2.5; Plasma high-sensitivity C-reactive protein >2 mg/L

Yes

Not required

By definition, the presence of

Other liver No need to exclude; a patient can have MAFLD
diseases and another liver disease at the same time
Secondary No need to exclude; also use the term “alternative
causes of hepatic causes” instead of “secondary causes”

steatosis

another liver disease (e.g., chronic
viral hepatitis, autoimmune liver
disease) would lead to the
exclusion of NAFLD

By definition, the presence of
secondary causes of hepatic
steatosis (e.g., use of systemic
steroids, total parenteral nutrition)
would lead to the exclusion

of NAFLD

HDL, high density lipoprotein; MAFLD, metabolic (dysfunction)-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; T2D, type 2 diabetes.

It is important to note that the MAFLD proposal changes
not only the name but also the definition of the disease (Ta-
ble 1). In the original definition, one may diagnose NAFLD
when a patient has hepatic steatosis and no other liver dis-
eases or secondary causes of hepatic steatosis. In contrast,
to make the diagnosis of MAFLD, the patient should have
hepatic steatosis as well as overweight or obesity, type 2
diabetes mellitus (T2D), or two or more other metabolic
risk factors.8 On the other hand, a patient may have MAFLD
and other chronic liver diseases at the same time. Thus, the
terms MAFLD and NAFLD are not interchangeable, and this
would in turn impact our understanding of the epidemiology
of the disease.

For the purpose of this review series, we distinguish
studies on MAFLD from those on NAFLD, wherever possible.
Nonetheless, for historical reasons, most studies were on
NAFLD and did not include the metabolic criteria.

Prevalence of MAFLD/NAFLD

In this section, we review the prevalence of MAFLD in differ-
ent regions (Fig. 1, Table 2). It is noteworthy that it is poten-
tially misleading to compare studies directly as they differ
in study methods (e.g., imaging studies are more sensitive
than abnormal liver enzymes for the detection of MAFLD),
settings (healthy volunteers, random selection from the
general population, special groups) and period. In particu-
lar, as the prevalence of MAFLD is on the rise in almost all
regions, recent data can differ a lot from those obtained 20
years ago. Furthermore, because MAFLD and NAFLD have
different definitions, they include similar but slightly differ-
ent individuals in epidemiological studies. In a few preva-
lence studies, around 90% of people with fatty liver would
fulfill both the MAFLD and NAFLD criteria.?122 Around 5% of
fatty liver patients would not fulfill the metabolic criteria of
MAFLD, whereas around 5% of patients would not be consid-
ered to have NAFLD because of concomitant liver diseases or
excessive alcohol consumption.

North America

Several studies used the National Health and Nutrition Ex-
amination Survey (NHANES) data to determine the preva-
lence of MAFLD in the USA. One study used data in 2011-
2018 and reported a prevalence of MAFLD of 34.8%.23
Another study focused on data in 2017-2018 and reported
a prevalence of 39.1%.24 The difference was due to the
method used to diagnose fatty liver. The first study used
the fatty liver index (FLI) but the second one used the
controlled attenuation parameter measurement by vibra-
tion-controlled transient elastography. The prevalence of
MAFLD varied by ethnicity, with the highest prevalence
seen among Hispanic Americans (51.4%) and the lowest
among African Americans (21.5%).23

In the past decades, extensive studies have been con-
ducted to accurately determine the prevalence of NAFLD in
the North America. These data were summarized in a re-
cent meta-analysis, which reported the global prevalence
of NAFLD.25 In this paper, the prevalence of NAFLD in North
America was about 24.1%, which was lower than that of
MAFLD. The prevalence of nonalcoholic steatohepatitis
(NASH) among NAFLD patients in North America was about
21%. Most of the studies included in the meta-analysis
used imaging methods (mostly ultrasonography) to esti-
mate the prevalence of NAFLD. The prevalence of NAFLD in
Americans as estimated by any other methods (including
FLI, International Classification of Diseases [ICD] codes)
was about 21.1%, which suggested that the diagnosis of
NAFLD based on blood test or ICD code alone can lead
to underestimation. Studies on the prevalence of NAFLD
from other North American countries are scarce. A retro-
spective study from Mexico that included 2,503 subjects
reported a prevalence of NAFLD of 14.3%.26 Differences in
the genetic background, environment, presence of meta-
bolic syndrome and other factors account for the varying
prevalence of NAFLD in North America. The prevalence of
NAFLD is reported to be highest in Hispanic Americans,
followed by Americans of European descent, and lowest in
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Fig. 1. Global prevalence of MAFLD/NAFLD. MAFLD, metabolic (dysfunction)-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease.

African Americans.2’ The prevalence of NAFLD might also
be different within certain ethnic groups among Ameri-
cans, according to the country of origin.28 Additionally, the
regional and ethnic differences in terms of obesity preva-
lence were significant in the USA; African Americans ex-
hibited a higher prevalence of severe obesity than other
ethnicities, and obesity is more prevalent in Texas than the
rest of the country.2?

South America

So far, there has been no report on the prevalence of MAFLD
in South America, and data on the epidemiology of NAFLD
are also scant. In the meta-analysis of Younossi et al.,?> the
prevalence of NAFLD in South America was about 30.5%,
which was among the highest worldwide. The inclusion pop-
ulation reporting the prevalence of NAFLD in South America
varied greatly. A Brazilian study that enrolled middle-aged
and older adults showed that NAFLD was present in 35.2%
of the subjects.3? Studies from other South American coun-
tries reported somewhat lower prevalences. A study from
Colombia that included 263 young males reported a preva-
lence of 26.6%.3! Another study from Chile showed that
23.4% of the subjects was suspected of NAFLD.32 However,
most of these studies were performed over a decade ago
and cannot reflect the current situation.

Europe

Epidemiological studies of MAFLD in Europe are scant.
One study published with the UK biobank data, involving

423,252 participants, showed the prevalence of MAFLD was
38.0%.33 The prevalence of NAFLD in Europe varied widely
from 4% to more than 40%.2> The study of Younossi et
al.?> reported an average prevalence of 23.7% in Europe.
Most of the studies were from Western Europe. Unlike stud-
ies in the USA, few studies have investigated the ethnicity
discrepancies in Europe. The studies on the prevalence of
NAFLD were mainly conducted by different countries. The
prevalence of NAFLD was 25.8% in the adult population
of Spain.3* The prevalence of NAFLD in Italy was reported
to be 22.6%, from the study by Bedogni et al.35 NAFLD
prevalences in the UK and France were similar. A large pro-
spective primary care cohort in the UK indicated that the
prevalence of NAFLD was 26.4%.36 The study from France
included 272 patients undergoing liver biopsy, and simple
steatosis was present in 26.8% of the patients.37 Haring
and colleagues38 reported a prevalence of ultrasonographic
hepatic steatosis of around 30% among 4,160 subjects.
Data of the epidemiology of NAFLD in Eastern Europe is
scant. In a prospective cohort of 3,005 hospitalized pa-
tients in Romania, 20% had NAFLD by ultrasonography.3° A
similar prevalence was observed in a study from Hungary;
indeed, Tarnoki et al.4% reported a 22.6% prevalence of ul-
trasonographic fatty liver.

Asia-Pacific region

The prevalence of MAFLD has been increasing in the Asia-
Pacific region over the past few decades. A recent systemat-
ic review and meta-analysis of 237 studies and 13,044,518
participants from Asia suggested that the overall prevalence
of NAFLD in adults in Asia, regardless of diagnostic meth-
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Table 2. Prevalence and incidence of NAFLD in different regions

Incidence, per 1,000 person-years

Continent Country/region Prevalence, %
North America 11.1-46.0
USA 11.1-46.0
Mexico 14.3
South America 23.4-35.3
Brazil 35.3
Colombia 26.6
Chile 23.4
Europe 4.0-49.6
UK 26.4
France 26.8
Spain 25.8
Italy 4.0-49.6
Germany 30.0
Romania 20.0
Hungary 22.6
Finland 41.2
Netherlands 33.9
Asia 23.3-31.9
China 12.5-29.9
Japan 17.3-19.6
South Korea 27.0-28.8
India 10.0-25.0
Taiwan 11.5-50.1
Hong Kong 23.1-28.5
Singapore 22.0-29.4
Malaysia 22.7-49.6
Sri Lanka 31.0-34.3
Middle East 13.5-58.2
Saudi Arabia 16.6-22.5
Turkey 51.1-59.1
Israel 23.9-39.5
Iran 12.9-17.9
Africa 5.7-28.7
Nigeria 1.2-16.7
Sudan 12.7-29.2

Not available
Not available
Not available
Not available
Not available
Not available
Not available
18.5

Not available
Not available
Not available
18.5

Not available
Not available
Not available
Not available
Not available
44.8-57.4
47.0-81.3
26.3-31.7
37.9-52.9
Not available
Not available
30.0-47.0
Not available
Not available
Not available
Not available
Not available
Not available
19.34-40.57
Not available
Not available
Not available
Not available

NAFLD, nonalcoholic fatty liver disease.

od, was 29.62%.4 NAFLD prevalence varies widely within
the Asia-Pacific region with disparities in economic, politi-
cal and educational development, and also with variations
in nutrition and lifestyle behavior.2’” In China, the MAFLD
prevalence in Xinxiang, Henan Province (central China) was
29.85% in 2017;42 in other regions of China, NAFLD preva-
lences in Shanghai (east China), Guangdong (south China)
and Chengdu (southwest China) were 15.35%, 15.0% and
12.5%, respectively.#3-45 The prevalence rate was signifi-
cantly higher in urban areas (23.0%) than in rural areas

(12.9%) in South China. In Hong Kong, Wong et al.?! re-
ported that the population prevalence of MAFLD and NAFLD
was 25.9% (95% confidence interval [CI]: 23.2-28.7%)
and 25.7% (95% CI: 23.1-28.5%), respectively. In Taiwan,
the prevalence of NAFLD was reported to be 11.5% in the
general community, but much higher in the elderly (50.1%
prevalence).46 In South Korea, the prevalences of NAFLD
and MAFLD were 28.0% and 37.3% respectively from a na-
tionwide health screening database that included 9,584,399
participants.4’ In Japan, the NAFLD prevalence rate was
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17.9% among all ages in 2016.4

In rural India, the prevalence of NAFLD was around 10%
in community-based epidemiological data, while the preva-
lence rate in urban populations was higher (17-25%).48-50
This is similar to the prevalence rate published by the west.
In some countries of Southeast Asia, such as Sri Lanka,
Malaysia and Singapore, there were also dramatic varia-
tions in NAFLD prevalence between urban and rural regions
(5-35%).5/51,52

Africa

There are limited data on the burden of NAFLD in Africa.
Globally, the highest prevalence of NAFLD was reported
from South America and the Middle East, whereas the low-
est rate was reported from Africa.2> However, this is likely
to be underestimated because of rising rates of obesity,
T2D, human immunodeficiency virus (HIV) infection, and
change in dietary habits in Africa. In Nigeria, the prevalence
of NAFLD was reported to be 9.5-16.7% in individuals with
diabetes and 1.2-4.5% in individuals without diabetes.53:54
The estimated prevalence of NAFLD in the non-diabetic
Sudanese population is reportedly around 20%,%> and the
prevalence of NAFLD among Sudanese individuals with T2D
is 30%.56 NAFLD prevalence is also higher in obese indi-
viduals. One study in South Africa reported a prevalence
of NAFLD of 47.6% among overweight and obese adults.>”
The African region has the highest burden of HIV infection
worldwide and accounts for over two-thirds of the global to-
tal of new HIV infections.58 However, there are limited data
for NAFLD among HIV-infected patients in Africa. One is a
retrospective South African study which reported a preva-
lence of 28% on liver biopsy, and the other is a prospective
cross-sectional study with a prevalence of 13.3% by ultra-
sound from Nigeria.>9:60

Summary

The prevalence of MAFLD/NAFLD is well above 20% in most
parts of the world and is increasing over time. The Middle
East has the highest prevalence, whereas the rise is par-
ticularly steep in Asia. Although the prevalence of MAFLD/
NAFLD appears lower in Africa, there have been few large
epidemiological studies in this region, and data need to be
updated.

Incidence of MAFLD/NAFLD

Studies on the incidence of MAFLD are uncommon and are
largely based on serial ultrasound scans with limited con-
trol on the agreement among different operators (Table 2).
Thus, the interpretation might be affected by intraobserver
and interobserver variability, not to mention the limited reli-
ability of ultrasound scan to detect mild steatosis and quan-
tify the degree of steatosis.f! Besides, studies using reg-
istries or health examination cohorts suffer from selection
bias, as patients who had serial examinations are likely dif-
ferent from those who did not. To our knowledge, only one
study from Hong Kong used proton-magnetic resonance
spectroscopy, an objective measurement of hepatic stea-
tosis, to determine the incidence of NAFLD in the general
population.62 Because people without fatty liver at baseline
are less likely to have metabolic diseases during follow-up,
they may not fulfill the metabolic criteria of MAFLD even
when they begin to develop fatty liver. Thus, the incidence
of MAFLD can be substantially lower than the incidence of
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NAFLD in the same population.2!
North and South Americas

There are no incidence data of MAFLD in North and South
Americas for the general population. In the meta-analysis
of Younossi et al.,%5 the incidence data of NAFLD were only
available in Asia. Kanwal et al.®3 analyzed the national Vet-
erans Administration databases from 2003 to 2011 for the
age-adjusted incidence of NAFLD. The annual incidence
rates of NAFLD remained stable (from 2.2% to 3.2%) dur-
ing the study duration. Compared with older patients, the
incidence of patients younger than 45 years-old had a
greater increase. The incidence of NAFLD will likely continue
to increase because of a steady overall incidence coupled
with a rising incidence in younger individuals.

Europe

There are no incidence data of MAFLD in Europe for the
general population. Only few studies have explored the inci-
dence of NAFLD. A study from Italy used the general popu-
lation of the Dionysos Study which included 144 subjects
without fatty liver to study the incidence and natural course
of NAFLD.%4 After a median follow-up of 8.5 years, the in-
cidence of fatty liver was 18.5 per 1,000 person-years.
NAFLD is emerging as the leading chronic liver disease in
Europe. A study conducted in Northeast England found that
NAFLD-related HCC accounted for 35% of all HCC cases in
2010, an increase of more than 10-fold in 10 years.6>

Asia-Pacific region

Few studies have evaluated the incidence of NAFLD in Asia.
A recent systematic review and meta-analysis of 18 studies
showed that the pooled annual NAFLD incidence rate was
50.9 cases per 1,000 person-years (95% CI: 44-8-57:4) in
Asia.*! The incidence of NAFLD was the highest in mainland
China (63.0 per 1,000 person-years [47.0-81.3]) and low-
est in Japan (29.0 per 1,000 person-years [26.3-31.7]). In
a population study of Hong Kong, the incidence of MAFLD
was 2.8 per 100 person-years at a median interval of 47
months (range: 34-60 months).2! A prospective obser-
vational study from Japan which followed 4,401 healthy
Japanese found a 10% annual incidence rate.56 Another
Japanese study evaluated elevated aminotransferase lev-
els, weight gain and insulin resistance development over
5 years, and reported that the incidence of NAFLD was
31 per 1,000 person-years.5” Among patients with T2D in
Hong Kong, 52% had incident MAFLD as determined by con-
trolled attenuation parameter using transient elastography
in a 3-year period.®® However, current data on incidence for
NAFLD are still limited in Asia, due to the limited number of
studies. Further studies seem warranted to determine the
true incidence in general population.

Africa

We did not identify any incidence study from Africa. None-
theless, data on ethnic differences may shed light on this
issue. Studies from the USA have demonstrated distinct dis-
parities in the prevalence of NAFLD by race and ethnicity.
Compared to Hispanics or Whites, African Americans have
a lower prevalence of elevated aminotransferase levels and
NAFLD.%° Genetic and metabolic factors are suggested as
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underlying causes for these differences.”’% In particular, the
PNPLA3 gene polymorphism is uncommon among Africans.
Although African-Americans have a higher rate of obesity
and insulin resistance compared to Caucasians and Hispan-
ics, they have lower serum concentrations of triglycerides.’!
The prevalence of steatosis as assessed by magnetic reso-
nance spectroscopy was highest in Hispanics (45%), fol-
lowed by Whites (33%) and African Americans (24%), in
over 2,000 participants in the Dallas Heart Study.®® Another
study by Kallwitz et al.”2 consisted of 238 patients who had
a routine liver biopsy at the time of obesity surgery, and re-
ported that African Americans had significantly lower rates
of steatosis, NASH, and fibrosis score than non-Hispanic
Whites and Hispanics. However, African-Americans have
one of the highest overall incidence rates of HCC and HCC
mortality, which may be explained by contributing factors,
incluging hepatitis C virus infection, alcohol abuse, or obe-
sity.”

Summary

Incidence data on MAFLD/NAFLD are scarce, mainly because
of the difficulty to determine new-onset fatty liver reliably
using inexpensive noninvasive tests, such as abdominal ul-
trasonography and serum formulae. Nonetheless, based on
the current literature, a reasonable estimate of the annual
incidence of NAFLD is somewhere between 2-6%. Similar
to the prevalence data, the incidence of MAFLD/NAFLD is
strongly associated with older age and metabolic risk fac-
tors.

Clinical outcomes

MAFLD is strongly associated with metabolic diseases and
their complications. On the whole, CVD remains the leading
cause of death in MAFLD patients. Nonetheless, MAFLD is
also associated with increased risk of extrahepatic malig-
nancies. Liver-related death is also important in patients
with advanced liver disease.” Recent data suggest that
MAFLD but not NAFLD is associated with increased overall
and cardiovascular mortality, again highlighting the impor-
tance of metabolic dysfunction in the natural history of the
disease.4”.74 For example, in the NHANES III 1988-1994
cohort, subjects with MAFLD had a 17% increase in over-
all mortality at a median follow-up of 23 years.”* Likewise,
subjects who had MAFLD but not NAFLD in the same cohort
were more likely to have increased fibrosis-4 index, sugges-
tive of significant liver fibrosis, than those who had NAFLD
but not MAFLD.’5 In this section, we discuss the various
clinical outcomes in patients with MAFLD.

Cardiovascular events

CVD is the leading cause of death in NAFLD patients, ac-
counting for 40-45% of the total deaths in NAFLD.14.76.77
In a Korean nationwide cohort study involving more than
9 million patients, Lee et al.*’ reported that MAFLD was
associated with a higher risk of cardiovascular events com-
pared to NAFLD. Composite cardiovascular events, defined
as myocardial infarction, stroke and heart failure, were ana-
lyzed in different definitions of fatty liver disease (MAFLD
and NAFLD). The cumulative incidence of cardiovascular
events was higher in patients with MAFLD or NAFLD than
those without. Importantly, patients with MAFLD had higher
cardiovascular risk than those with NAFLD but not MAFLD.
These results support the notion that the new MAFLD defini-
tion identifies higher risk patients.4” In addition, in a cross-

sectional study of more than 1,000 Brazilians undergoing
liver biopsies, Guerreiro et al.”’® found that MAFLD patients
with concomitant hepatitis C virus and hepatitis B virus in-
fection had a higher cardiovascular risk than those without
viral infection.

The pathophysiological mechanisms of MAFLD and CVD
include systemic insulin resistance, systemic inflamma-
tion, endothelial dysfunction, altered lipid metabolism and
oxidative stress.”’® Multiple mechanisms contribute to the
occurrence and progression of MAFLD. Currently, therapy
concerning these mechanisms is under development. Pri-
mary prevention of MAFLD is lifestyle modification, includ-
ing weight loss through healthy diet and physical activity,
which is also the primary prevention of CVD indicated by the
American College of Cardiology/American Heart Association
(ACC/AHA).8% Hypocaloric diet and moderate exercise can
effectively benefit both MAFLD and CVD.14.80

For secondary prevention, although statins do not im-
prove the histological features of MAFLD, they are key to
preventing cardiovascular events.8! Unfortunately, because
of an unfounded fear for drug-induced liver injury and in-
adequate assessment of cardiovascular risk, statins are un-
derused in MAFLD patients.82 Athyros et al.8! conducted a
post-hoc analysis of the GREek Atorvastatin and Coronary
heart disease Evaluation (GREACE) cohort of 1,600 patients
with coronary heart disease. Among 437 patients with ab-
normal liver tests at baseline, improvement in liver enzymes
was observed in the atorvastatin group but not the control
group after 3 years of follow-up. Cardiovascular events oc-
curred 10% in treatment group (3.2 events per 100 pa-
tient-years) and 30% in control group (10.0 events per 100
patient-years), translating into a 68% relative risk reduction
in cardiovascular events.83 Semaglutide is a glucagon-like
peptide-1 receptor (GLP1) agonist for the treatment of T2D,
which is also one of the CVD risk factors. A recent multina-
tional placebo-controlled phase 2 trial showed that NASH
resolution without worsening of fibrosis could be achieved
in 59% of the patients receiving semaglutide at 0.4 mg daily
for 72 weeks, compared with 17% in the placebo group. The
drug also demonstrated good cardiovascular safety and tol-
erability.8* Another class of antidiabetic drug, the sodium-
glucose cotransporter 2 inhibitors, also improves cardiovas-
cular and renal outcomes.8> It may also reduce liver fat and
improve liver histology.

In patients with severe obesity, bariatric surgery can
significantly reduce liver steatosis, necroinflammation, and
fibrosis as well as the risk of cardiovascular events.86 How-
ever, there has been no randomized controlled trial on the
use of bariatric surgery in MAFLD. The indication of bariatric
surgery in MAFLD patients needs to be defined.

Hepatic events

Hepatic events are defined as any occurrence of cirrho-
sis complications (ascites, upper gastrointestinal variceal
hemorrhage, spontaneous bacterial peritonitis, hepatic en-
cephalopathy, and hepatorenal syndrome), HCC, and liver-
related mortality. In a retrospective cohort with 619 NAFLD
patients, the annual incidence of hepatic events was 1.6%,
2.8%, 7.1%, 13.7%, and 23.5% in patients with FO, F1,
F2, F3, and F4 fibrosis, respectively.8” In a multinational
cohort study with 458 NAFLD patients, Vilar-Gomez et al.”
demonstrated that incidence of cirrhotic complications was
3.1% in patients with bridging fibrosis, 16.7% in cirrhosis
with Child-Turcotte-Pugh (CTP) A5, 57.1% in cirrhosis with
CTP A6. Among hepatic decompensations, ascites (70%)
and variceal hemorrhage (24%) were the most common
hepatic events.

Demographic factors of HCC include age, male sex, and
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race. In a retrospective study with 296,707 NAFLD patients,
patients with age =65 years had a higher risk for HCC (inci-
dence rate=0.41 per 1,000 person-years), compared to age
<65 years (incidence rate=0.22 per 1,000 person-years).
Male sex was significantly associated with HCC, with 11.05
annual incidence per 1,000 person-years compared to fe-
male sex, with 1.62 annual incidence per 1,000 person-
years. Patients of Hispanic race had 23.76 annual incidence
per 1,000 person-years compared to those of White race
and African Americans, with 11.94.88

Metabolic factors, including T2D, obesity, dyslipidemia,
and hypertension, are considered as risk factors of hepatic
events in NAFLD patients.89 Among these, T2D is the most
significant risk factor. In a cohort of 18 million people from
four European centers, baseline T2D was highly associat-
ed with incident liver-related events in patients with NASH
or NAFLD cohort after 3.3 years of follow-up (hazard ratio
[HR]=2.3, 95% CI=1.9-2.78).90 In addition, in a prospec-
tive study of 0.5 million people in China, individuals with
diabetes had significantly higher risk of cirrhosis and HCC
after 10 years of follow-up (HR=1.49, 95% CI=1.30-1.70).
Plasma glucose had a positive association with HCC (each
1 mmol/L higher at baseline associated with an adjusted
HR of 1.04, 95% CI=1.03-1.06) and cirrhosis (with an ad-
justed HR of 1.07, 95% CI=1.05-1.09).°! A meta-analysis
including 12 studies with 22.8 million patients and a median
follow-up of 10 years showed that T2D increased the risk
of incident severe liver disease by more than 2-fold (ran-
dom effect HR=2.25, 95% CI=1.83-2.76). In 14 studies
with 49,000 patients with a median of 13.8 years follow-
up, obesity was associated with the increased risk of in-
cident liver-related events (random effect HR=1.20, 95%
CI=1.12-1.28).8% In a retrospective study of 271,000
NAFLD patients, Kanwal et al.°2 showed that metabolic traits
including diabetes (HR=1.31, 95% CI=1.27-1.35), obesity
(HR=1.10, 95% CI=1.07-1.13), hypertension (HR=1.59,
95% CI=1.50-1.68) and hyperlipidemia (HR=1.24, 95%
CI=1.19-1.28) were independently associated with the risk
of cirrhosis or HCC. Besides, compared with patients with
one or no metabolic traits, risk of cirrhosis or HCC increased
to 1.33 (95% CI=1.26-1.40), 1.61 (95% CI=1.53-1.69)
and 2.03 (95% CI=1.93-2.13) for having 2, 3 and 4 meta-
bolic traits.

For NAFLD patients, genetic factors play an important
role in incidence of hepatic events. In the UK Biobank da-
tabase, three genetic variants (PNPLA3, TM6SF2, MBOAT?)
were found to be associated with hepatic events. The PN-
PLA3 rs738409 GG genotype had an adjusted HR of 2.85
(95% CI=1.85-4.39) for liver cancer, 3.13 (95% CI=2.29-
4.27) for cirrhosis, and 2.13 (95%CI=1.85-2.46) for other
hepatic events. Likewise, the TM6SF2 rs58542926 CC/TT
genotypes had an adjusted HR of 2.12 (95% CI=1.57-2.86)
for HCC in NAFLD patients.33

The definition of MAFLD can include patients with viral
hepatitis and excessive alcohol consumption, which are
considered as significant risk factors in HCC or cirrhosis.
Chronic HBV infection is the leading cause of HCC in Eastern
Asia, with lifetime risk of 10-25% for HBV patients pro-
gressing to HCC.93:94 Although MAFLD appears to be less
common in HBV-infected individuals than uninfected con-
trols,%> the presence of metabolic risk factors and hepatic
steatosis increases the risk of cirrhosis and HCC in patients
with chronic hepatitis B.96:97 Patients with chronic hepatitis
B and MAFLD have higher serum alanine aminotransferase
and liver stiffness than those without MAFLD.%8 On the flip
side, even prior or occult HBV infection, as suggested by
positive anti-hepatitis B core antibody, increases the risk of
cirrhosis and HCC in patients with MAFLD.%° A meta-analysis
providing data from 2,629,272 patients showed that long-
term alcohol consumption was associated with increasing
risk for liver cirrhosis, with a relative risk of 10.70 (95%
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Table 3. Risk factors of hepatocellular carcinoma and cirrhosis in MAFLD
patients

Risk factors

Demographic factors
Older age
Male sex
Hispanic race
Family history of cirrhosis
Alcohol consumption
Metabolic factors
T2D
Obesity
Hypertension
Dyslipidemia
Genetic factors
PNPLA3 rs738409
TM6SF2 rs58542926
MBOAT7 rs641738
HSD17B13 rs6834314 (protective)
Chronic infections
Chronic hepatitis B
Chronic hepatitis C
HIV

MAFLD, metabolic (dysfunction)-associated fatty liver disease; HIV, human im-
munodeficiency virus; T2D, type 2 diabetes.

CI=2.95-38.78) for consumption of seven drinks or more
per day and women had a higher risk compared to men
(Table 3).85

Extrahepatic malignancies

Owing to the increasing global prevalence of MAFLD, the
association between MAFLD and risk of some extrahepatic
cancers (especially colorectal cancer) has gained consid-
erable interest.190 Recent cohort studies and meta-anal-
yses showed that NAFLD is associated with an increased
prevalence and incidence of colorectal cancer and adeno-
mas.101,102 A gystematic review and meta-analysis of 26
studies showed that the pooled odds ratio (OR) values of
the risk of colorectal cancer and adenomas in patients with
NAFLD were 1.72 (95% CI: 1.40-2.11) and 1.37 (95%
CI: 1.29-1.46), respectively.193 Wong et al.1%4 found that
NAFLD patients had a higher prevalence of colorectal adeno-
mas (34.7% vs. 21.5%, p=0.043) and advanced neoplasms
(18.6% vs. 5.5%, p=0.002) than healthy controls.102 A
large cross-sectional study of 26,540 asymptomatic indi-
viduals from South Korea also showed that the risk for any
colorectal neoplasia and advanced colorectal neoplasia in-
creased in patients with NAFLD.

Apart from colorectal cancer and adenomas, NAFLD was
reported to be associated with other cancers. A longitudinal
cohort study in a US population reported that NAFLD was
associated with higher risk of uterine, gastric and pancre-
atic cancers.105 A retrospective study also found that NAFLD
(FLI 260) was significantly associated with the development
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of esophageal cancer (HR=2.10, 95% CI: 1.88-2.35).106
Another large prospective cohort study from China showed
that NAFLD was associated with increased risk of thyroid
cancer (HR=2.79, 95% CI: 1.25-6.21, p=0.01) and lung
cancer (HR=1.23, 95% CI: 1.02-1.49, p=0.03).101 Breast
cancer is now the most common cancer in women and is
the leading cause of cancer deaths among women. A co-
hort study included subjects who were followed up for
>1 year after having a heath checkup at a tertiary hospi-
tal in Korea and showed that NAFLD was associated with
the development of breast cancer in females.1%7 Growing
data support that prostate cancer is a metabolic syndrome-
related cancer and the second most commonly diagnosed
cancer among men worldwide.198 A nationwide study with
10,516,985 Korean men indicated that NAFLD based on
FLI and hepatic steatosis index was independently associ-
ated with the development of prostate cancer, particularly
in the elderly.19% Cholangiocarcinoma, including intra- and
extrahepatic cholangiocarcinoma, is a rare but highly lethal
cancer. Several studies showed that the risk of developing
cholangiocarcinoma was significantly higher in patients with
NAFLD than in patients without NAFLD.110-112 A meta-anal-
ysis also reported that NAFLD was associated with a nearly
30% increased risk of urinary system cancers.!13

Renal outcomes

End-stage renal disease causes significant morbidity and
mortality in patients with metabolic syndrome. In particu-
lar, diabetic nephropathy is currently the leading cause of
end-stage renal disease worldwide. Among patients with
T2D, Asians are more likely to develop end-stage renal dis-
ease, while Caucasians are more likely to develop coronary
artery disease.l14 Because of shared risk factors, patients
with MAFLD/NAFLD have increased risk of chronic kidney
disease.!15-117 | jke other complications, it appears that the
severity of fatty liver disease does matter. In a study using
transient elastography to examine 1,763 Chinese patients
with T2D, increased liver stiffness (a surrogate for fibrosis)
but not controlled attenuation parameter (a surrogate for
steatosis) was independently associated with albuminuria.118

Summary

CVD remains the leading cause of death in patients with
MAFLD/NAFLD. In patients with advanced liver fibrosis or
cirrhosis, however, liver-related complications are much
more common and account for the majority of deaths. Re-
cent data suggest that the MAFLD definition identifies pa-
tients at risk of complications better than the original NAFLD
definition, likely because of the presence of metabolic risk
factors. Although the association between MAFLD/NAFLD
and CVD as well as some extrahepatic cancers is well estab-
lished, it remains unclear if it represents a causal relation-
ship. The bottom line is that clinicians should be aware of
the association and be vigilant of the development of new
comorbidities and complications.

Management implications

Detailed discussion on the management of MAFLD is outside
the scope of this article and has been covered by various
management guidelines and reviews.1119 The rising inci-
dence of MAFLD around the world and the strong associa-
tion with metabolic disorders highlight the importance of
healthy lifestyle as a prevention and treatment of MAFLD.120
Based on data from numerous clinical trials, guidelines have

endorsed vitamin E and pioglitazone as potential treatments
for selected patients with steatohepatitis. A number of met-
abolic drugs, such as obeticholic acid, semaglutide, aram-
chol and resmetirom, have entered phase 3 development
and may transform the management of NASH.12! In particu-
lar, some metabolic drugs, such as GLP1 receptor agonists
and sodium-glucose co-transporter-2 inhibitors, have been
shown to improve not only glycemia but also body weight
and cardiovascular outcomes.85122 Hopefully, an upstream
treatment will be able to mitigate different metabolic disor-
ders, including MAFLD, at the same time.

Conclusions

There is no doubt that MAFLD/NAFLD is increasingly im-
portant worldwide. It remains highly prevalent in the West,
while its prevalence in the East is catching up and has
reached over 30% in some Asia-Pacific regions. The inci-
dence of MAFLD/NAFLD is hard to study because of the lack
of systematic screening programs and accurate tools. The
most commonly used screening tools, like ultrasonography,
are not sensitive enough and may miss some subtle chang-
es in liver fat content.

MAFLD/NAFLD is not just common but potentially life-
threatening in a significant proportion of patients. MAFLD/
NAFLD kills not just by hepatic events but more often
through cardiovascular events and non-liver malignancies.
This is even more challenge in the low- and middle-income
countries, as MAFLD/NAFLD is not yet a priority in their
public healthcare systems. An integrated approach involv-
ing social, behavioral and medical efforts are the keys to
decelerate the rising prevalence and incidence, and hence
the adverse clinical outcomes of MAFLD/NAFLD, around the
world.
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