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As the rates of obesity and type 2 diabetes (T2D) continue to increase globally, so does the prevalence of metabolic
dysfunction—associated steatotic liver disease (MASLD). Currently, 38% of all adults and 7-14% of children and
adolescents have MASLD. By 2040, the MASLD prevalence rate for adults is projected to increase to more than
55%. Although MASLD does not always develop into progressive liver disease, it has become the top indication
for liver transplant in the United States for women and those with hepatocellular carcinoma (HCC). Nonetheless,
the most common cause of mortality among patients with MASLD remains cardiovascular disease. In addition
to liver outcomes (cirrhosis and HCC), MASLD is associated with an increased risk of developing de novo T2D,
chronic kidney disease, sarcopenia, and extrahepatic cancers. Furthermore, MASLD is associated with decreased
health-related quality of life, decreased work productivity, fatigue, increased healthcare resource utilization, and a
substantial economic burden. Similar to other metabolic diseases, lifestyle interventions such as a heathy diet and
increased physical activity remain the cornerstone of managing these patients. Although several obesity and T2D
drugs are available to treat co-morbid disease, resmetirom is the only MASH-targeted medication for patients with
stage 2-3 fibrosis that has approved by the Food and Drug Administration for use in the United States. This review
discusses MASLD epidemiology and its related risk factors and outcomes and demonstrates that without further
global initiatives, MASLD incidence could continue to increase. (Clin Mol Hepatol 2025;31(Suppl):S32-S50)
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INTRODUCTION

The history of fatty liver dates back to 1836 when it was
first described by Addison," but it wasn’t until 1980 when
the term nonalcoholic steatohepatitis (NASH) was first used
to describe a progressive form of fatty liver that histological-
ly resembled alcohol-related steatohepatitis but was found
in patients who denied alcohol misuse.® This terminology

was extended to children in 1983, and in 1986, the term
nonalcoholic fatty liver (NAFLD) was introduced (Fig. 1).*°
In parallel, metabolic syndrome (MetS) and its compo-
nents were also being identified and discussed. In 1999,
investigators described the metabolic conditions associat-
ed with NAFLD: hyperinsulinemia, insulin resistance (IR),
and hypertriglyceridemia."**” Additionally, investigators de-
scribed the association between MetS components and
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the presence of liver steatosis, fibrosis, and cirrhosis."**®

In 1999, the clinicopathologic spectrum of NAFLD was de-
scribed and aroused intense interest in this disease.’ In
fact, in 2002, the first single-topic conference on NAFLD
was held in the United States.”® Although most of the data
suggested that NAFLD is predominantly found in people
who are overweight or obese and those with type 2 diabe-
tes (T2D), in 2008, NAFLD was also described in an indi-
vidual with normal weight, leading to the term lean
NAFLD." Lean NAFLD was still associated with IR, but it
had lower rates of the other components of MetS."

Given the close association between NAFLD and MetS,
researchers have long tried to connect both diseases to an
underlying cause. In 2020, it was proposed that the name
NAFLD should be changed to indicate what it is, rather
than what it is not. Metabolic-associated fatty liver disease
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(MAFLD) was the term proposed to replace NAFLD.” That
name change was associated with changes in the defini-
tion to allow more liberal use of alcohol and remove the
subcategory of steatohepatitis.” Additionally, many felt that
the use of fatty in the name was associated with stigma
that could be associated with the low public awareness of
NAFLD and the hesitancy of healthcare workers to discuss
this disease with their patients. Those factors led to the
creation of a multi-society effort to develop consensus
about a new name to more appropriately describe this dis-
ease and reduce the potential stigma associated with the
terminology.”

In 2023, those efforts culminated in a new name, meta-
bolic dysfunction—associated steatotic liver disease
(MASLD). At the same time, experts introduced the broad
umbrella term steatotic liver disease (SLD) to encompass
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Figure 1. Timeline for the evolution of metabolic dysfunction—associated steatotic liver disease (MASLD). NASH, nonalcoholic steato-

hepatitis.

Abbreviations:

CKD, chronic kidney disease; CVD, cardiovascular disease; HCC, hepatocellular carcinoma; HRQL, health related quality of life; IR, insulin resistance; MASH, metabolic
dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver disease; PreD, prediabetes; PRO, patient reported outcomes; T2D, type 2
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both metabolic- and alcohol-based fatty liver disease. As
an umbrella term, SLD allows for a continuum of alcohol in-
gestion to more adequately quantify its role in the progres-
sion of liver disease.”

The definitions for these three terms (NAFLD, MASLD,
MAFLD) are very similar but not identical. NAFLD excludes
the use of excessive alcohol and other liver diseases.” Al-
though 95% of NAFLD patients have clinically overt meta-
bolic abnormalities, about 5% have no cardiometabolic risk
(CMR) factors, despite having hepatic steatosis.” In con-
trast, MASLD requires at least one CMR to connect hepatic
steatosis with clinically overt metabolic abnormality. On the
other hand, MAFLD requires both a metabolic abnormality
and the use of alcohol, which can lead to the inclusion of
some patients with hepatic steatosis who could be catego-
rized with Met-alcohol-associated liver disease (ALD) or
even ALD under the new nomenclature.”® One study com-
paring MAFLD with NAFLD suggested that alcohol was the
most important predictor of disease-related mortality
among MAFLD patients, whereas IR was the most impor-

tant predictor of disease-related mortality among patients
with NAFLD."® Given those differences, research compar-
ing the outcomes of different liver diseases will need to
continue to determine whether these terms are truly inter-
changeable.

One systematic review compared MASLD with NAFLD
and found very high concordance and almost identical out-
comes, suggesting that these two diseases are basically
identical, although approximately 5% of those with NAFLD
would not have met the criteria for MASLD. In this case,
further study will be needed to determine whether those
NAFLD patients develop MASLD over time."” Additionally,
whether the term MASLD actually reduces stigma will need
to be determined in future research. In summary, MASLD
seem to be an appropriate term for identifying patients
whose liver disease is caused exclusively by metabolic ab-
normalities, whereas the term MAFLD introduces the addi-
tional influence of alcohol. Furthermore, MASLD addresses
the issue of stigma, and MAFLD and NAFLD both continue
to contain the word fatty, which can be stigmatizing for
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Figure 2. Role of hepatokines and other factors in the development of insulin resistance and cardiovascular disease. MASLD, metabolic
dysfunction-associated steatotic liver disease. Adopted and modified from the article of Stefan et al.?* (Cell Metab 2023;35:236-252) with
permission from creative commons.
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some patients.

Irrespective of the nomenclature, MASLD is recognized
as the most common cause of chronic liver disease (CLD),
with the most recent meta-analysis suggesting that more
than 38% of the world’s adult population and between 7%
and 14% of children are affected.”"® Although the burden of
MASLD is increasing around the world, in the many coun-
tries where viral hepatitis remains endemic, resources and
efforts to treat and reduce that disease must continue to be
prioritized."

This review summarizes the most recent data on the epi-
demiology of MASLD.

BRIEF OVERVIEW OF THE INTERACTION
BETWEEN METABOLIC FACTORS AND
MASLD

MASLD has often been called the hepatic manifestation
of MetS due to the close association between the factors of
MetS and MASLD. In fact, the more metabolic components
that are present, the higher the risk for advanced fibrosis
and MASLD-related mortality.”> However, the interaction
between the components of MetS and MASLD is complex
and potentially bi-directional. It involves the liver, pancreas,
adipose tissue, and muscles; occurs through hepatokine-
mediated communication pathways; and leads to a pro-in-
flammatory state. This pro-inflammatory environment pro-
duces metabolic derangements that in turn increase the
risk of several metabolic diseases (Fig. 2).*"* Given the
close associations between metabolic risk factors and obe-
sity, the current global epidemic of obesity is expected to
drive this vicious cycle.”

Additionally, IR and its severity continuum play a major
role in the development of MASLD and its outcomes. A re-
cent study used data generated from the National Health
and Nutrition Examination Survey (NHANES) to compare
mortality rates among individuals with a spectrum of IR
and reported that compared with a metabolically healthy
cohort, those with T2D had 11-fold increased risk of
MASLD, and people with prediabetes and those who were
considered metabolically unhealthy had a 4-fold and 3.4-
fold increased risk of MASLD, respectively.** Although the
subjects with MASLD had a significantly higher age-adjust-
ed mortality rate than those without MASLD, the presence
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of MASLD and T2D was associated with the highest rate of
all-cause and cause-specific mortality, followed by the
presence of prediabetes, non-diabetics who were metabol-
ically unhealthy, and then those considered metabolically
healthy.*

Given the associations among MASLD, obesity, and met-
abolic abnormalities, most interventions focus on manag-
ing lifestyle. In this context, lifestyle interventions include
weight loss through a healthy diet, decreased consumption
of ultra-processed and fructose-laden foods such as sugar-
sweetened beverages, and increasing physical activity.*®
These interventions have been shown to reverse some as-
pects of MASLD.?® As such, lifestyle intervention is the rec-
ommended first-line treatment, even in the presence of
medications for obesity, T2D, and the first liver-targeted
drug for MASH, Rezdiffra (resmetirom; Madrigal Pharma-
ceutical, West Conshohocken, PA, USA), which was re-
cently approved for use in the United States (US) by the
US Food and Drug Administration.?®* Optimal manage-
ment of CMRs according to their respective guidelines is
also recommended. This is an especially important point
as MASLD’s CMR’s are closely associated with the CMRs
for cardiovascular disease, the most common cause of
death among those with MASLD.26-29 This combined ap-
proach is one of the main avenues to decreasing the dis-
ease burden of MASLD (Fig. 3).*™

EPIDEMIOLOGY OF MASLD
MASLD

In the most recent meta-analysis, 38% of adults around
the world were shown to have MASLD (years 2016—2019),
which was an increase of 50% since 1990-2006." The
prevalence seems to be highest in Latin America (44.4%)
and lowest in Western Europe (25.1%). These trends are
expected to grow, and the global prevalence of MASLD is
forecast to reach 55.4% by 2040.%

However, the Northern Africa and Middle East (MENA)
region and Asia are experiencing rapid growth in the
MASLD risk factors of obesity and T2D.**** As a result, the
prevalence of MASLD in those areas is also expected to
grow. In fact, growth within the MENA region was evident
when a study reported that in 2020, the pooled estimated
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prevalence of MASLD was 39.43% in the general popula-
tion and 68.71% among T2D patients.*® The MENA coun-
tries expected to have the highest number of MASLD cas-
es are Egypt, followed by Tirkiye and Iran.*®

Another study used the Global Burden of Disease data-
base from 2019 and estimated that in that year, 170,000 in-
cident cases of liver cancer (LC) occurred globally among
people with MASLD (LC-MASLD), accounting for 6.6% of
incident LC cases caused by all CLDs. In addition, 168,969
deaths were related to LC-MASLD, accounting for 8.6% of
LC deaths from all CLDs. When the data were analyzed by
region, Asia accounted for 48.3% of the global incidence of
LC-MASLD and 46.2% of deaths attributable to LC-
MASLD, whereas MENA accounted for 8.9% of LC-MASLD
cases and 8.6% of deaths attributable to LC-MASLD. Both
Asia and MENA also experienced an increase in disability-
adjusted life years (DALYs) from 2009-2019 due to LC-
MASLD. The predictors for increased DALYs were similar
for Asia and MENA; however, in Asia, smoking was related
to increased DALYs, whereas in MENA, it was low levels of
physical activity.*®

Several other recent studies have provided further evi-
dence of the growing burden of MASLD. In a recent sys-
tematic review and meta-analysis of 63 studies from mostly
Asian countries (China/Hong Kong [n=26], South Korea
[n=22], Japan [n=14], Sri Lanka [n=1] and Israel [n=1]), in-
vestigators reported an incidence rate of 46.13 new cases
per 1,000 person-years (PY).*” The incidence rate was
found to be higher in smokers than non-smokers and
obese or overweight persons than normal-weight persons;
China had the highest incidence rates, and Japan had the
lowest incidence rates. The finding that China is experienc-
ing a sharply increasing rate of MASLD has also been fea-
tured in several other recent reports, which noted that the
aging of the Chinese population could be one contributor to
that increase. Geographic variability within China has been
noted, with higher prevalences in the North, Northwest,
and East.®*%

Another meta-analysis of data from Asia, which included
237 published articles from 16 countries/regions (Mainland
China: 93, South Korea: 61, Japan: 29, Taiwan: 15, Iran: 9,
India: 7, Hong Kong: 6, Sri Lanka: 3, Malaysia: 3, Pakistan:
3, Bangladesh: 2, Indonesia: 2, Israel: 1, Singapore: 1,
Thailand: 1, Saudi Arabia: 1) reported that the NAFLD inci-
dence rate was 50.01 per 1,000 PY, with an annual HCC

S36 https://doi.org/10.3350/cmh.2024.0431

incidence rate of 1.8 cases per 1,000 PY among those with
NAFLD and an overall mortality rate of 5.3 deaths per 1,000
PY. However, in that meta-analysis, most of the study par-
ticipants came from South Korea (n=11,323,296; 93.2%)
followed by Mainland China (n=607,253; 5.0%). They also
found that the rate of NAFLD increased from 25% in 1995—
2005 to 34% in 2012-2017.%°

A recent modeling study of four Asian regions (Hong
Kong, Singapore, South Korea, and Taiwan) adds further
information about the adverse outcomes that could occur
by 2030 without intervention. Those investigators reported
that the MASLD prevalence will increase between 6% and
20%, MASH prevalence will increase 20-35%, and new
cases of HCC, decompensated cirrhosis, and CLD-related
mortality could increase by anywhere from 65% to 100%."'
We suspect that these trends might be underestimated be-
cause they were based only on the trending data for obesi-
ty; T2D is the most significant predictor of adverse out-
comes, and it was not accounted for in that modeling
study.* Nonetheless those findings highlight the significant
burden of MASLD in Asia. A similar study conducted in
Saudi Arabia, Kuwait, and the United Arab Emirates also
reported substantial increases in the prevalence of MASLD,
MASH, and the adverse outcomes of advanced fibrosis,
cirrhosis, decompensated cirrhosis, and liver-related mor-
tality. These findings highlight the need to treat MASLD as
a public health emergency.*

Children and adolescents

Almost one in 10 children/adolescents have MASLD, with
a higher prevalence among children considered obese.***
However, those data are relatively old, so the actually prev-
alence of MASLD among children is probably closer to 15—
20%. In fact, in a global study, the 15-29-year-old age
group accounted for 17.2% (0.29 billion) of CLD prevalent
cases, 11.2% (n=232,072) of CLD incident cases, and 3.8%
(n=55,515) of CLD deaths.” Furthermore, the CLD preva-
lence rates were determined to be increasing as a result of
increasing rates of MASLD. When CLD-related deaths
were analyzed, the researchers reported that deaths due
to hepatitis B virus (HBV) were decreasing, and MASLD-
and hepatitis C virus (HCV)-related deaths were increas-
ing."® A recent meta-analysis conducted for the years
1997-2023 reported that the prevalence of MASLD in chil-
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dren (<18 years old) was 13% in the general population
(15% in males and 10% in females) and 47% in obese chil-
dren, with a higher prevalence noted among males. The
prevalence of MASLD among the general population and
the obese population was higher in studies from Asia (15%
and 53%, respectively), than in studies from non-Asian
countries (11% and 39%, respectively). The prevalence of
MASLD was also noted to increase with age, regardless of
obesity, although the rates were highest in obese persons,
with a pattern of increasing disease prevalence as weight
increased.*®

These data suggest that the current epidemiologic bur-
den of MASLD is enormous and continuing to grow. In fact,
it appears that MASLD is becoming the dominant liver dis-
ease in most regions of the world but especially in Asia.
Additionally, as better treatments and prevention of HBV
have become more globally available, deaths due to HBV
are decreasing, whereas MASLD- and HCV-related deaths
are increasing. MASLD-related LC is also increasing, with
Asia experiencing the largest number of incident cases and
deaths.”®

Zobair M. Younossi, et al.
Epidemiology of MASLD

DISEASE BURDEN AND PROJECTED
ISSUES

Obesity

The increase in MASLD appears to be occurring in paral-
lel with increasing rates of obesity and T2D, both strong risk
factors associated with MASLD (Fig. 4). In 2016, the World
Health Organization suggested that 650 million adults (>18
years old, 13% of the global population) were obese, and
more than 340 million children (aged 5-19 years) were
found to be either overweight or obese. In 2023, the World
Obesity Federation reported that without any change, 1 in 4
people (nearly 2 billion people) would have obesity by 2035
and that childhood obesity could more than double by 2035,
with rates among young males increasing 100% to 208 mil-
lion and rates among young females increasing by 125% to
175 million. Lower-income countries are also facing rapid
increases in obesity prevalence: 9 of the top 10 countries
with the greatest expected increases in obesity are low or
lower-middle income countries in Asia or Africa.?*%%

Europe-25.4%) Global Adult Prevalence of MASLD in Type 2 Di

MASLD Global Adult Prevalence- 38% (Highest Latin America-44.4%_

Ingestion of ultra-processed foods
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physical inactivity, environment (lack
of healthy food choices), genetics

Decreased Health Related Quality Increased risk of Chronic Kidney Disease,
of Life Increased reports of Fatigue Cardiovascular Disease, Extrahepatic
Increased rate of depression
Increased Healthcare Utilization

Cancers Fibrosis stage associated with
increased risk of mortality

l / l Hepatocellular
Healthy liver MASLD MASH Cirrhosis carcinoma
) 15-30% 12-40% 15-25% 7% NN A
—lly — e —
«— —
Reversible Reversible
. . Late stages of
Fat in <5% of ‘ Steatosis « Steatosis I fibrosis ’
hepatocytes (Fat in >5% * Inflammation
hepatocytes) * Ballooning Resmetirom for MASH
* Fibrosis with F2-F3

Appropriately Manage Risk Factors of
Diabetes, Hypertension, Cholesterol per
current guidelines using medications that have
benefit to the liver

 Culturally appropriate, Mediterranean diet, and at /0
least 150 minutes of moderate physical activity o

* Weight loss goal of 3% to 10% of body weight.

* Consider Bariatric surgery, if indications are met

Liver transplant or death

/i

Figure 3. Current understanding of the progression and regression of metabolic dysfunction—associated steatotic liver disease (MASLD).

MASH, metabolic dysfunction-associated steatohepatitis.
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These are distressing numbers in the context of MASLD
and the high prevalence rates associated with being over-
weight or obese. A recent meta-analysis conducted among
101,028 individuals considered overweight or obese helped
to quantify the large negative impact of obesity on
MASLD."” The investigators reported that the pooled preva-
lence of MASLD in the overweight and obese populations
was 70% and 75%, respectively, and the prevalence of
progressive disease, MASH, was 34% in both the over-
weight and obese populations. The prevalence of fibrosis
stages F2—F4, the most significant risk factor for CLD-relat-
ed mortality, was 20% in the overweight group and 22% in
the obese group, with 7% of both the overweight and
obese groups having advanced fibrosis (F3—F4)."*°

Type 2 diabetes

T2D is expected to affect nearly 600 million people glob-
ally by 2035, but the prevalence rates vary around the
globe.*®®" As previously mentioned, MASLD and T2D ap-
pear to share a bidirectional relationship, with increases in
T2D increasing the prevalence of MASLD and vice ver-
sa.”®*® In a recent meta-analysis of MASLD prevalence

among those with T2D, the investigators determined that
the MASLD prevalence for 2016—2021 was 68.8%, an in-
crease of 13% from 1990-2004 (55.6%).* The highest
MASLD prevalence among T2D patients was observed in
Eastern Europe (80.6%) followed by the Middle East
(71.2%), with the lowest rate in Africa (53.1%). Among pa-
tients with liver biopsy data, the global pooled prevalence
of NASH/MASH was 66.4%, of significant fibrosis was
40.8%, and of advanced fibrosis was 15.5%. Those investi-
gators also provided pooled all-cause and cause-specific
mortality rates, which were 16.8 per 1,000 PY for all-cause
mortality, 4.2 per 1,000 PY for cardiac-specific mortality, 6.1
per 1,000 PY for extrahepatic cancer—specific mortality,
and 2.2 per 1,000 PY for liver-specific mortality.*

In another recent meta-analysis of 20 studies, wherein
117,020 patients were followed for a median period of 5
years, MASLD was noted to be associated with an almost
2-times increase in the risk of developing incident T2D.*
This association could indicate a genetic link between
MASLD and T2D.*** In fact, in a genetic study that used a
bidirectional Mendelian randomization approach, the re-
searchers found a causal link between MASLD and T2D.*
Using differential gene expression analyses, other investi-

Global Prevalence of NAFLD, T2D, and Obesity, 1990-2021
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Figure 4. Parallel increases in obesity, diabetes, and NAFLD from 2013 to 2020. NAFLD, nonalcoholic fatty liver disease; T2D, type 2 di-
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gators determined that 15 core genes are linked to both
T2D and MASLD. Those findings have provided a platform
for further research into genetic and pathogenic connec-
tions between MASLD and T2D.*

Insulin resistance

IR appears to be the pathophysiological link connecting
obesity, T2D, and MASLD.*** In a study from the United
States, investigators determined that approximately 40% of
young adults (18—44 years old) had IR, and IR was more
prevalent in those with a higher body mass index (BMI),
those with hypertension or hypercholesteremia, and those
of Mexican-American ethnicity.””*® In other studies, the
prevalence of IR was estimated to be the lowest among
European adults, with a prevalence of 15.5%, and higher in
countries such as Thailand (23.3%), Lebanon (44.6%), and
Venezuela (46.5%).*% It is estimated that 80% of individu-
als with MASLD have IR, including those who have a nor-
mal BM1.%"#

The role of insulin in the development of MASLD might
be related to the presence of single nucleotide polymor-
phisms (SNPs) in the patatin-like phospholipase domain
containing protein 3 (PNPLA3). It is postulated that
PNPLAS3 creates an insulin-sensitive environment. On the
other hand, a recent study concluded that the presence of
IR was necessary for the development of MASLD irrespec-
tive of PNPLA3 status.*® These findings suggest that peo-
ple with both MASLD and the PNPLA3 SNP are insulin re-
sistant and might experience more adverse liver outcomes
due to their increased susceptibility to the effects of obesity
and diabetes. Therefore, this population might need earlier
and more aggressive treatment than other groups with
MASLD.*

Metabolic syndrome

Early studies suggested that MASLD was the liver mani-
festation of MetS because of its close relationship with the
metabolic abnormalities noted within the definition of
MetS.**®® In fact, more recent studies have shown that as
the number of MetS conditions increases so does the risk
for MASLD-related mortality.”® The prevalence of MASLD
in those with MetS has been reported to be approximately
73%, but the prevalence of MetS among those with MASLD
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is only 43%.%°%® When MetS is present, the prevalence of
advanced fibrosis is almost doubled, and when all five
MetS criteria are present, the prevalence of advanced fi-
brosis can reach 30%.%

On the other hand, there is evidence that the presence of
MASLD increases the risk of MetS, similar to the risk for
T2D.” In a meta-analysis of 81,411 patients who were fol-
lowed for a median of 4.5 years (range 3—11 years), investi-
gators determined that MASLD was associated with an in-
creased relative risk for incident MetS of 1.80 (95%
confidence interval [CI] 1.72—1.89).”

Prediabetes

The prevalence of prediabetes among those with MASLD
ranges between 20% and 25%.?* In one study conducted
using data from the Cardiovascular Risk in Young Finns
Study, researchers found that among young adults (mean
age 31 years; n=2,020), 25% developed prediabetes over
the course of 10 years. Those who were either overweight
or obese and had a higher fatty liver index (FLI=60) at the
start of the study were more likely to develop prediabetes
than those who were overweight or obese but had a low
FLI (<60).%° In fact, the presence of a high FLI was associ-
ated with a 2-fold higher risk of developing prediabetes,
demonstrating, as noted above, that fat in the liver can lead
to metabolic abnormalities.®® In another study using data
from NHANES, 25% of the participants with MASLD had
prediabetes. The odds of developing MASLD were 4 times
higher in those with prediabetes than in those considered
metabolically healthy. In addition, among those with
MASLD, the presence of prediabetes increased the risk of
all-cause mortality during follow up by three times, and it
raised the risk of cardiovascular-related mortality by more
than 10 times, compared with those who were metabolical-
ly healthy.** As such, prediabetes is not a benign condition,
and it requires careful follow-up to prevent the development
of MASLD and related outcomes.

Cardiovascular disease

As noted above, MASLD is associated with an increased
risk of cardiovascular disease (CVD). Importantly, cardio-
vascular disease (CVD) is the number one cause of mortal-
ity followed by non-hepatic cancers as the number two
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cause of mortality among those with MASLD, while HCC is
the number one cause of liver-related mortality.”"” The ex-
act pathophysiological mechanism linking MASLD and
CVD has yet to be fully elucidated. Nonetheless, these two
diseases share common metabolic abnormalities that
could interact synergistically to increase the risk of both
heart disease and liver disease.” In this case, it appears
that the ectopic fat deposition that occurs as MASLD de-
velops also occurs in the epicardium. Combined with the
systematic inflammation present in MASLD, these factors
increase endothelial dysfunction and intramyocardial in-
flammation and accelerate atherogenesis, leading to coro-
nary artery disease, an increased risk of left ventricular dia-
stolic dysfunction and hypertrophy, cardiac valvular
calcification, arrhythmias (mainly permanent atrial fibrilla-
tion), and heart failure.”**

Studies have reported that 40-60% of persons with
MASLD have hypertension.® Importantly, though, the prev-
alence and incidence of hypertension increase by fibrosis
stage, with the highest prevalence and incidence rates
found in those with F4 fibrosis (cirrhosis).”" A similar pattern
was noted for cardiac events: those with MASLD and F3 or
F4 fibrosis had a 2.2-fold higher risk of a cardiac event than
those with MASLD and FO-F2 fibrosis, along with a 1.35-
fold higher risk of hypertension.”" A recent meta-analysis
provided a pooled rate of 4.20 per 1,000 PY for cardiac-
specific mortality."”

On the other hand, a recent study that investigated car-
diovascular events among those with MASLD as defined
with the new nomenclature criteria determined that once
CMRs, age, and sex were accounted for, MASLD was no
longer correlated with CVD-related mortality.** Although
more research, especially using the new MASLD criteria, is
needed to determine the actual relationship between
MASLD and CVD, awareness that MASLD and CVD can
coexist is necessary, and when it is present, CVD requires
appropriate assessment and treatment.®*¥’

This suggestion is particularly important because of the
association between CVD and CLD in the presence of the
increased alcohol consumption allowed under the MASLD
continuum. A study conducted in Korea using the MAFLD
definition, which allows for increased alcohol consumption,
reported that among almost 9 million individuals aged 40—
64 years who had undergone a health screening and were
followed for a median of 10 years, the risk of a CVD event
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(myocardial infarction, ischemic stroke, heart failure, or
CVD-related death) was 34% higher in those with MAFLD
(adjusted hazard ratio [aHR] 1.43; 95% CI 1.41-1.45) than
in those with NAFLD (aHR 1.09; 95% CI 1.03-1.15), sug-
gesting that alcohol could increase the risk of CVD events
and deaths.®® However, as noted, this suggestion needs
further study and validation using the new terminology. Ad-
ditionally, given these findings, a recent study suggested
that use of elevated liver enzymes in those with MASLD
may assist practitioners in identifying individuals who may
be at even higher risk for adverse CVD related outcomes
and helps to validate the current guidelines that all individu-
als should be screened for CMRs and appropriate treat-
ments initiated where appropriate.*

Chronic kidney disease

Liver-driven, chronic, systemic, low-grade inflammation
appears to contribute not only to CVD, but also to chronic
kidney disease (CKD).**® In a Cox regression, investiga-
tors confirmed a significant association between NAFLD
and CKD, with a hazard ratio (HR) of 1.80 (95% CI 1.73-
1.86; P<0.001).%® Subgroup analyses revealed that that as-
sociation was most pronounced in the 18-50-year age
group (HR 2.13; 95% CI 1.91-2.37; P<0.001) and among
female MASLD patients (HR 1.85; 95% Cl 1.76-1.95;
P<0.001).%% A recent meta-analysis confirmed that MASLD
was an independent predictor for the development of
CKD.* That large meta-analysis indicated that MASLD was
significantly associated with a 1.45-fold increase in the
long-term risk of incident CKD stage =3.%° On the other
hand, there is a paucity of data on the relationships among
MASLD, CKD, and mortality. One small study from Scot-
land reported that the mortality rate was 5-fold higher in
those with MASLD, fibrosis, and CKD when compared to
those with MASLD without fibrosis or CKD.? Understand-
ing of MASLD and CKD will continue to evolve, especially
as the new terminology and associated outcomes are stud-
ied. Nonetheless, the potential for the development of CKD
and its adverse outcomes suggest that monitoring renal
function in patients with MASLD is important and should be
part of routine assessments.*
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Extrahepatic cancers

The chronic state of inflammation associated with MASLD
is also suspected to increase the risk of extrahepatic can-
cers.* In a retrospective review study of the Swedish Na-
tional Patient Registry (1987-2016) that analyzed data for
approximately 8,500 individuals with NAFLD but without
cancer over a median of six years, the risk of developing
cancer was 22% higher in those with NAFLD than in those
without NAFLD, and the rate of cancer development was
significantly higher in those with NAFLD than in those with-
out NAFLD (9.7 cases vs. 8.6 cases per 1,000 PY). By spe-
cific cancer and compared with those without NAFLD,
those with NAFLD were at a 38% higher risk for colorectal
cancer, a 2-fold higher risk for kidney cancer, a 2.5-fold
higher risk for bladder cancer, and a 78% higher risk for
uterine cancer.” In a study conducted in the United States
over a median of 8 years (range 1-21 years), the findings
were similar but more pronounced: NAFLD was associated
with a 90% higher risk of cancer development, especially
for cancers of the gastrointestinal tract, liver, and uterus.*®
A study conducted in Korea also reported an increased risk
of extrahepatic cancer for those with NALFD, with the high-
est risks noted for HCC, colorectal cancer in males, and
breast cancer in females. This sex distinction in the devel-
opment of extrahepatic cancer in the Korean population is
somewhat different from what has been reported before,
especially the association with breast cancer.*”

One meta-analysis conducted on extrahepatic cancers in
patients with MASLD determined that MASLD was associ-
ated with a 1.2-fold to 1.5-fold increased risk of developing
lung, breast, gynecological, or urinary system cancers.*®
Yet another meta-analysis reported that the pooled extra-
hepatic cancer incidence rate was 10.58 per 1,000 PY
(95% Cl 8.14-13.02; 1°=97.1%), with the most frequently oc-
curring extrahepatic cancers being uterine, breast, pros-
tate, colorectal, and lung.*® Importantly, the extrahepatic
cancer incidence rates were not associated with the pres-
ence of any stage of fibrosis. The differences in these re-
ports on the incidence and type of extrahepatic cancers
associated with MASLD can most likely be attributed to the
different inclusion/exclusion criteria of each study, which
affected the size of the patient populations. Nonetheless, it
is evident that MASLD is associated with an increased risk
of extrahepatic cancer that appears to be higher than the
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risk of liver-related mortality, which was reported to be only
0.92 per 1,000 PY.* As such, it is essential to follow current
cancer screening guidelines for patients with MASLD.

Hepatocellular carcinoma

HCC in MASLD usually occurs only when cirrhosis is
present. However, among those with MASLD, a small per-
centage can develop HCC when cirrhosis is not present.'®
A meta-analysis reported that the current pooled MASLD-
related HCC incidence rate was 1.25 per 1,000 PY overall,
but in those with MASLD and advanced fibrosis, the HCC
incidence rate was 14.46 per 1,000 PY."”' In a recent study
of almost 300,000 veterans, among whom 823 developed
HCC, the reported 1-, 3- and 5- year mortality rates were
47.0%, 69.6%, and 74.6%, respectively.”* Using a compet-
ing risk analysis, the investigators determined that HCC
was the most prominent cause of death, accounting for
more than 70% of the deaths that occurred in the first year
after diagnosis and still accounting for the majority of
deaths at 3 and 5 years. However, among those aged 75
years and older, other causes of death were more frequent
than HCC.'”® Additionally, a recent study looked across the
continuum of MASLD, (MASLD, Met-ALD, and ALD) to in-
vestigate the risk of cirrhosis and HCC in 129,802 individu-
als from Taiwan who had participated in a health screening
program between 1997 and 2013. Within that cohort, 39.1%
had SLD, of whom 81% had MASLD, 7% had Met-ALD,
and 8.8% had ALD (4% had cryptogenic SLD). After a
mean follow up of 16 years, 4,458 cases of cirrhosis and
1,392 cases of HCC occurred in the entire cohort, for an in-
cidence rate of 86.1 and 26.8 per 100,000 PY, respectively.
Importantly, the investigators found that as the amount of
alcohol consumed increased, as allowed per the new ter-
minology (although due to the differences in alcohol me-
tabolism between Asians and Caucasians, the amount al-
lowed was adjusted down), the ALD group had the highest
incidence rate for cirrhosis and HCC, followed by the Met-
ALD, MASLD, and then non-SLD groups, with a similar
pattern for cirrhosis.'” Interestingly, the rates and hazard
ratios for developing HCC and cirrhosis were even higher
when compared with people with SLD who had no CMR
factors, suggesting that although the presence and amount
of alcohol consumption play a significant role in the devel-
opment of HCC and cirrhosis, the presence of CMR factors
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must also be addressed.'”

Despite the fact that HCC can occur in people who do
not have cirrhosis, the incidence rates justify routine HCC
screening only in those with cirrhosis. However, the pres-
ence of certain risk factors, including a family history, can
prompt clinicians to individualize screening for individuals
with MASLD but without cirrhosis.'®

LIVER TRANSPLANTATION

As previously noted, MASH is the number one cause of
HCC among liver transplant candidates, and it is now the
number one cause for liver transplantation among women.
However, MASH might soon be the number one reason for
liver transplantation among other subgroups if the current
estimates for the increase in MASH remain unabated.**"

SARCOPENIA

Sarcopenia has recently been identified as more preva-
lent in those with MASLD than in those without it, despite
their BMI, and it is associated with higher rates of adverse
outcomes among these patients.'*"°

HEALTH-RELATED QUALITY OF LIFE,
FATIGUE, AND ECONOMIC BURDEN

MASLD affects not only clinical outcomes, but also pa-
tient-reported outcomes. The presence of MASLD is asso-
ciated with decreased health-related quality of life, espe-
cially in the domain of physical activity and the ability to
carry out activities of daily living.""""* One reason for such
a decrement in this domain is the reported presence of fa-
tigue."® Fatigue in those with CLD is a state of tiredness
that is not resolved with rest and is believed to occur when
the liver disease triggers inflammatory and hormonal path-
ways that travel from the liver to the brain and cause fa-
tigue. Those same pathways are also associated with de-
creased cognitive functioning and depression, both of
which can play an important role in the inability to be ac-
tive, the high rates of depression noted among those with
MASLD, and their reported work productivity impairment.
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impairment.”"""® The economic burden of MASLD is high
as a result of increased healthcare utilization and the de-
creased quality of years lived."®™°

AWARENESS AND STIGMA

Despite the significant negative effects of MASLD on
clinical outcomes and patient-reported outcomes, aware-
ness of this disease remains low, probably due to factors
such as stigma and lack of knowledge about the burden of
MASLD."®"22 Nevertheless, now that treatments other than
lifestyle interventions are coming into clinical practice, it is
imperative to implement strategies to increase awareness.
Two such interventions are currently underway. The first,
as mentioned above, was the name change from NAFLD
to MASLD."” This name change was made to identify what
this liver disease is rather than what it is not, as well as to
better align the terminology for use in children and in cul-
tures that forbid alcohol consumption. The use of steatosis
was also found to be less stigmatizing than the term fatty,
which could ease communication about MASLD with pa-
tients. Second, risk stratification algorithms have been de-
veloped by several major professional organizations to help
practitioners identify patients at high risk for MASLD and
MASLD with fibrosis and provide non-invasive diagnostic
tools that can be easily implemented at the bedside to as-
sist in clinical decision making and treatment.?®?*

LEAN MASLD

Although obesity, as discussed previously, is one of the
most common metabolic comorbidities present in those
with MASLD, individuals can also have what has been
termed lean MASLD, where the BMI falls within the normal
range but SLD is present. In patients with a normal BMI,
the abnormal distribution of body fat, which is a precursor
to the pathogenesis of metabolic comorbidities, can be evi-
dent. Specifically, abdominal fat might play a key role in the
development of MASLD because of its strong association
with IR and its potential as a source of free fatty acids.”*'*
Furthermore, waist circumference has been shown to pre-
dict mortality among MASLD patients.”” Therefore, many
advocate for the use of waist circumference rather than
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BMI when assessing patients for risk factors.”” Additional-
ly, it has been found that those with lean NAFLD can also
have the same liver disease progression and outcomes as
patients who are not lean.'”®*"®’

In this context, the change to the new nomenclature of
MASLD will require specific research about lean NAFLD
due to the potential lack of overt metabolic abnormality re-
quired for the MASLD diagnosis.”® This point was recently
highlighted in several studies. Once such study compared
the concordance between MASLD and NAFLD and report-
ed that it was high, but 5-7% of individuals who would
have been classified as NAFLD did not meet the criteria for
MASLD."

Several recent meta-analyses have validated those find-
ings by reporting that the prevalence of metabolic features
increased significantly as the individual’s weight increased,
indicating that those with lean NAFLD might be overlooked
when testing for MASLD."”*'*" This is an especially im-
portant issue for individuals from Asia, where lean NAFLD/
MASLD is quite prevalent but can remain undiagnosed be-
cause of the new metabolic criteria requirement.®® %2

It is quite important to note that in Asian countries where
the prevalence of lean MASLD is high, the prevalence of
viral hepatitis is also very high.'® This fact has multiple im-
plications. First, providers in Asian countries who predomi-
nantly focus on viral hepatitis should also consider MASLD
in their practice, either alone or superimposed on viral hep-
atitis. In this context, it is possible that lean MASLD com-
bined with viral hepatitis can be more aggressive and lead
to higher rates of cirrhosis and HCC."**"'* Furthermore, giv-
en the relatively low BMI and alcohol consumption com-
mon in Asian populations, addressing these specific issues
and conducting more studies in Asia would be beneficial to
policy development and the allocation of resources.'®

FUTURE PERSPECTIVES FOR MASLD

Although understanding of the natural history of MASLD
has come a long way since it was first discovered, chang-
ing the terminology and definition of this SLD to better align
with its manifestation has introduced new questions and
concerns into the field. First, in the realm of clinical care,
awareness remains low in the general practice healthcare
field, as well as in the general public; therefore, bringing
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awareness to this liver disease remains a priority, especial-
ly because a new drug for MASLD with fibrosis stage 2 or 3
has been approved for use in the United States.” It is im-
portant to write clear and concise guidelines to help gener-
al practitioners identify those most at risk for having
MASLD and those at high risk for disease progression.
New society guidelines are currently being released to help
address this need.”*" However, research will be needed
to determine whether these new guidelines and the name
change improve awareness. Years of work have gone into
developing and understanding the performance of non-in-
vasive tests (NITs) in those with NAFLD.'* Fortunately,
several studies have shown that the most commonly used
NITs perform similarly well in those with MASLD."® Howev-
er, data are lacking as to whether those same NITs are val-
id for the identification of high-risk Met-ALD. The same
type of research is needed to determine which NITs are
most appropriate for monitoring disease progression and
regression in those with Met-ALD."**"*® Furthermore, GLP-1
inhibitors, newer diabetic agents, have now been approved
to treat obesity, so research is needed to determine how
the use of those medications in patients with both MASLD
and obesity will change the course of both diseases.''
Past research has shown that having both NAFLD and
HBV may offer some protection against disease progres-
sion, but a recent study discerned that having both MASLD
and HBV or HCV was associated with a higher risk of mor-
tality.”®' Further research into this discrepancy is urgently
needed, as is understanding of the long-term outcomes of
people who would be diagnosed with NAFLD but would not
be diagnosed with MASLD because they do not meet the
MASLD CMR criteria. This particular area could be of great
concern in Asian countries where most of those with
NAFLD but not MASLD are lean.'”

SUMMARY

MASLD prevalence is growing, and it already affects
more than 38% of the global adult population. Although
prevalence varies around the world, with the highest rates
in Latin America, MENA, and Asia, in most global areas,
one of every four adults has MASLD. Given rapid growth in
the rates of obesity and T2D, two of the major risk factors
for MASLD, the prevalence of MASLD is projected to con-
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tinue increasing. MASLD is not a benign disease; it is as-
sociated with cirrhosis, HCC, and liver mortality. Further-
more, CVD remains the number one cause of death for
those with MASLD, most likely through a complex commu-
nication pathway between the liver and the heart that pro-
motes dyslipidemia, atherosclerotic plaques, and other
metabolic abnormalities. MASLD is now the most common
cause of liver transplantation in the US among those who
are listed for HCC. MASLD is related to decreased health-
related quality of life and increased healthcare and societal
costs. With the name change to MASLD and the release of
NIT based risk stratification and treatment algorithms, the
hope is that awareness of the detrimental effects of MASLD
will increase and more interventions targeted at both pre-
vention and treatment will occur.
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