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Abstract

Nonalcoholic fatty liver disease (NAFLD) has become the most common cause of liver disease in many parts of
the world, causing considerable liver-related (steatohepatitis, cirrhosis, liver failure and hepatocellular carcinoma)
and extra-hepatic morbidity and mortality (mainly cardiovascular disease, chronic kidney disease or certain types
of extra-hepatic cancers). Recently, based on insights gained from the past two decades, an international panel
of experts from 22 countries has taken the initiative to propose a new name and definition for NAFLD in adult
individuals - that is, metabolic dysfunction-associated fatty liver disease. This proposed change in nomenclature
is not simply a semantic revision, but may facilitate improved diagnosis of this common liver disease for health
promotion, case identification, patient awareness, ongoing clinical trials and health services delivery. The aim
of this commentary is to discuss the proposal for a change in nomenclature of this common and burdensome
liver disease and to address the “pros and cons” for changing the name according to the perspective of different
stakeholders.
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MAIN TEXT

Nonalcoholic fatty liver disease (NAFLD) is a growing global health problem that affects about a quarter
of the world’s adult population and poses a major health and economic burden to all societies™. Recently,
two new position articles, published by a panel of international experts from 22 countries, have proposed
a change of terminology and definition for NAFLD, called “metabolic dysfunction-associated fatty liver
disease” (MAFLD)™’.

As summarized in the schematic Figure 1, over the last two decades there have been concerns expressed
by both individual experts and some special conferences of scientific societies (an AASLD 2003 single
topic conference and an EASL 2009 special conference, respectively) regarding the inaccuracy and possible
“negative” consequences of using the term “NAFLD” to describe a fatty liver disease associated with
metabolic dysfunction®"”. Since the initial descriptions in the early 1980s by Ludwig et al."”, Schaffner
and Thalerm, who coined the terms of nonalcoholic steatohepatitis (NASH) and NAFLD, respectively, to
describe a fatty liver disease arising in the absence of significant alcohol consumption, there have been
major conceptual advances in our understanding of the complex pathophysiological mechanisms of this
common liver disease.

Although the change of nomenclature from NAFLD to MAFLD that has been recently proposed by
the panel of international experts is still under discussion, it is important to underline that this change
in terminology is not merely a semantic revision, but can also represent the first step toward a better
identification of this common and burdensome metabolic liver disease for improved health promotion,
case identification, patient awareness, ongoing clinical trials and health services delivery'™***"",

Criteria for MAFLD diagnosis

The current definition of NAFLD is based on the presence of hepatic steatosis (detected by liver biopsy,
imaging methods or blood biomarkers/scores) in the absence of significant alcohol consumption (though
the currently recommended cut-offs to define “significant” alcohol consumption are arbitrary) and the
exclusion of other secondary causes of hepatic steatosis'”"”". Interestingly, the newly proposed definition of
MAFLD shifts from a liver disease of “exclusion” (i.e., non-alcoholic fatty liver without coexisting known
causes of fatty liver) to one of “inclusion”, as the newly proposed diagnostic criteria are based on the
presence of hepatic steatosis, in addition to one of the following three criteria (namely overweight/obesity,
presence of established type 2 diabetes mellitus, or evidence of metabolic dysregulation), regardless of daily
alcohol consumption and other concomitant liver diseases'”. A flowchart for the proposed simple criteria
for the diagnosis of MAFLD in adult individuals is depicted in Figure 2. It is important to underline that
these diagnostic criteria do not apply to paediatric population (< 18 years), because different cut-off points
for defining the presence of overweight/obesity and other metabolic risk abnormalities should be used in
children and adolescents. As also shown in this figure, the criteria proposed for diagnosing the presence of
metabolic dysregulation among lean/normal weight individuals with hepatic steatosis who do not have type
2 diabetes, are the presence of at least two metabolic risk factors from: (1) those risk factors that are widely
used to identify the metabolic syndrome (using ethnic- and country-specific cutoff points of increased
waist circumference)[zol; (2) a homeostasis model assessment-estimated insulin resistance score > 2.5; or (3)
a plasma high sensitivity-C-reactive protein (hs-CRP) level > 2 mg/L. It is well known that the metabolic
syndrome is a complex of inter-related risk factors for both type 2 diabetes and cardiovascular disease.
These risk factors include dysglycaemia, hypertension (or raised blood pressure), atherogenic dyslipidemia
(typically defined by increased plasma triglycerides and low high-density lipoprotein cholesterol) and
obesity (particularly increased abdominal adiposity)”™. Interestingly, the new definition of MAFLD also
includes elevated plasma hs-CRP levels as one of the metabolic risk factors, because it is well established
that this plasma inflammatory biomarker (mostly secreted by the liver) is also often increased with
cardiometabolic disorders.
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Figure 1. Schematic timeline of key suggestions for the revising the nomenclature of fatty liver disease from NAFLD to MAFLD"™.
NAFLD: nonalcoholic fatty liver disease; MAFLD: metabolic dysfunction-associated fatty liver disease

It is important to highlight that these “positive” diagnostic criteria recognize that MAFLD can also
frequently co-exist with other conditions (e.g., significant alcohol consumption, viral hepatitis or other
known chronic liver diseases), but the exclusion of these conditions is not a prerequisite for the diagnosis
of MAFLD. Indeed, one of the advantages of the proposed diagnostic criteria for MAFLD is that they do
not rely on exclusion of significant alcohol intake to establish the diagnosis. Individuals with MAFLD who
also have one (or more) of these conditions should be defined as having dual (or more) aetiology of fatty
liver disease”, and it is likely that these individuals will have a different natural history and response to
different treatments. For instance, previous studies have shown that a significant proportion of the general
adult population (e.g., up to nearly 1% of United States individuals from the National Health and Nutrition
Examination Survey database 2003-2014)*” may be affected by both alcoholic disease and NAFLD (referred
as BAFLD) and these patients tend to have more severe liver-related outcomes, given the synergistic
interactions between alcohol consumption and features of the metabolic syndrome, such as obesity and
type 2 diabetes mellitus**"".

The rationale for the use of these “positive” diagnostic criteria for MAFLD largely stem from the fact
that there is a strong pathophysiological link between this liver disease and the presence of underlying
abnormalities in metabolic health (namely overweight/obesity, type 2 diabetes, insulin resistance or other
172212%] I addition, there is also convincing evidence that the coexistence of
these metabolic risk abnormalities is not only one of the strongest risk factors of liver disease progression
but also extra-hepatic clinical outcomes (mainly cardiovascular disease, chronic kidney disease and
certain types of extra-hepatic cancers) in this patient population””"***"" As depicted in Figure 2, the new
diagnostic criteria for MAFLD would also be able to capture the whole phenotypical spectrum of fatty

metabolic risk abnormalities)

liver disease from that associated with metabolically unhealthy normal weight to metabolically unhealthy
obesity.
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Hepatic steatosis in adults
(detected either by liver biopsy, imaging techniques or blood biomarkers/scores)

i U R

Overweight or obesity Lean/normal weight Diabetes mellitus

(defined as BMI 225 kg/m? in Caucasians (defined as BMI <25 kg/m? in Caucasians (according to widely accepted
or BMI 223 kg/m? in Asians) or BMI <23 kg/m?in Asians) international criteria)

/ If presence of at least two metabolic risk abnormalities: \

- Waist circumference 2102/88 cm in Caucasian men and women (or 290/80 c¢m in Asian men and women)

- Blood pressure 2130/85 mmHg or drug treatment

- Plasma triglycerides 2150 mg/dL or drug treatment

- Plasma HDL-cholesterol <40 mg/dL for men and <50 mg/for women or drug treatment

- Prediabetes (fasting glucose levels 100 to 125 mg/dL or HbAlc 5.7% to 6.4% or 2-hour post-load glucose
levels 140 to 199 mg/dL)

- Homeostasis model assessment-insulin resistance score 22.5

- Plasma hs-C reactive protein level >2 mg/L /

h 4 ~~ h 4
MAFLD

(metabolic dysfunction-associated fatty liver disease)

Figure 2. Flowchart for the proposed “positive” diagnostic criteria for metabolic dysfunction-associated fatty liver disease (MAFLD)
in adult individuals. These diagnostic criteria are not applicable to the paediatric population. This figure is reproduced with permission
from Eslam et a/.

The panel of international experts has also proposed that MAFLD should be the single “overarching” term
to describe this fatty liver disease*'. Similar to that accepted for other chronic liver diseases, they proposed
that the histological severity of liver disease should be defined by its grade of activity and its stage of
fibrosis'”. This recognizes that the grade of MAFLD activity is a disease continuum and the all-embracing
term of MAFLD should replace the current stratification of liver disease into NASH and non-NASH,
which may also have some important limitations (e.g., there is significant inter-observer and intra-observer
variability for the histologic confirmation of NASH, particularly for ballooned hepatocytes)™™. From a
clinical and pathological perspective, this suggestion should also result in improved case identification,
while sub-classification of MAFLD (based on the use of liver histology) may also capture histological
changes in disease status with relevant impacts on the disease course”. As suggested by the panel of
international experts, it is reasonable to assume that MAFLD could be sub-classified in the foreseeable
future, based on new epidemiological and experimental data that might suggest the predominant
pathophysiological pathway that drives the development of specific features of liver histology (steatosis,
necro-inflammation or fibrosis), but which might lead to different hepatic and extra-hepatic clinical
complications (e.g., cardiovascular disease, extra-hepatic cancers or chronic kidney disease)[sl.

The expert panel has also proposed a set of diagnostic criteria to define MAFLD-related cirrhosis (in
order to avoid the use of the term “cryptogenic cirrhosis” in this patient group) and proposed a conceptual
framework to consider other causes of fatty liver disease™. The diagnostic criteria for MAFLD-related
cirrhosis include patients with established cirrhosis in the absence of the typical histological signs
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suggestive of steatohepatitis, who meet at least one of the following criteria: past or present evidence of
metabolic risk abnormalities that meet the criteria to diagnose MAFLD (as described in Figure 2) with at
least one of the following diagnostic criteria, namely documentation of MAFLD on a previous liver biopsy,
or historical documentation of hepatic steatosis by imaging methods". Notably, a history of past alcohol
intake should be considered as patients may have a dual disease aetiology with alcohol use disorder".

Finally, the panel of international experts has also proposed the new definition of MAFLD in order to
bring more clarity to the distinction between the diagnostic criteria used in clinical practice to define this
common liver disease and the inclusion criteria used for future research studies or randomized controlled
trials”’. However, these considerations in no way detract the conduct from ongoing trials, nor does it affect
the diagnostic criteria proposed for MAFLD. As also suggested by the panel of international experts, it is
reasonable to hypothesize that the use of the newly proposed “positive” criteria for the diagnosis of MAFLD
and the exclusion of individuals with hepatic steatosis who do not have coexisting metabolic dysfunction
will render study cohorts less heterogeneous, thereby increasing the probability of detecting a positive effect
of clinical approaches targeting MAFLD".

MAFLD and NAFLD: are two terms interchangeable?

It is possible that a consequence of implementing the proposed change in terminology will also highlight
some new categories of fatty liver disease. This might also foster new discoveries of the causes, mechanisms,

classification and treatment of fatty liver disease'”.

In line with this hypothesis, Lin ef al."” have recently compared the characteristics of MAFLD and NAFLD
in a nationally representative cohort of nearly 13,000 United States adults with liver ultrasonography and
complete laboratory data. Interestingly, using the National Health and Nutrition Examination Survey
(NHANES-III) 1988-1994 database, the authors reported that NAFLD was present in 33.2% of participants,
while MAFLD was present in 31.2%. In addition, compared to those with NAFLD, patients with MAFLD
were more likely to have multiple metabolic comorbidities (e.g., obesity, hypertension and type 2 diabetes)
and more cases with advanced liver fibrosis as detected by non-invasive fibrosis scores””. These findings
suggest that MAFLD definition is more accurate than NAFLD definition in identifying those patients
with hepatic steatosis who are at higher risk of disease progression or have a greater risk of cardiovascular
disease.

As depicted in Figure 3, these “real-world” data clearly indicate that there is an excellent concordance
between MAFLD and NAFLD (with a calculated Cohen’s kappa coefficient of 0.92)"*. However, NAFLD
and MAFLD definitions do not identify exactly the same individuals and, therefore, the two terms are not
fully interchangeable. Looking at these “real-world” data from adult individuals in the United States, it is
evident that not all individuals with NAFLD have MAFLD and vice versa. Indeed, as shown in Figure 3,
there are some individuals with MAFLD and coexisting liver diseases who do not have NAFLD. There
is also a non-negligible proportion of individuals (620/4,347; nearly 15%) previously deemed as having
NAFLD who do not have MAFLD, and that cannot be attributed to significant alcohol consumption (based
on self-reported history that might also be under-reported in clinical practice) or other known causes of
liver disease'™”. Notably, as reported in the study by Lin et al.””, these latter individuals are predominantly
of female sex (~60% women), young (mean + SD: 35 + 13.4 years) and have “lean” NAFLD (mean body
mass index: 21.7 + 2.1 kg/m”) without coexisting metabolic dysregulation, as defined by the diagnostic
criteria of MAFLD. Most importantly, these individuals also have a (relatively) low proportion of advanced
liver fibrosis™. Unfortunately, no information is available about patatin-like phospholipase domain-
containing protein-3 (PNPLA3) [148M variant, trans-membrane-6 superfamily member 2 (TM6SF2) E167K
variant or other NAFLD-related genetic variants in these “lean” NAFLD individuals without metabolic
dysregulation.
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NANHES Ill cohort database
(n = 13,083 with liver ultrasound data)

NAFLD Lean NAFLD without coexisting
(33.2%, n = 4,347) <" | metabolic dysfunction* (n = 620)
MAFLD

(31.2%, n = 4,087)

é‘ﬁ
MAFLD with coexisting ALD or other
chronic liver diseases (n = 342)

Figure 3. Concordance between MAFLD and NAFLD diagnostic criteria in the Third National Health and Nutrition Examination Survey
(NHANES) 1988-1994 database. Data are extrapolated from the study by Lin et a/.”*". This figure is quoted with permission from
Targher G.”*, *Metabolic dysfunction was defined according to MAFLD diagnostic criteria. MAFLD: metabolic dysfunction-associated
fatty liver disease; NAFLD: nonalcoholic fatty liver disease; ALD: alcoholic liver disease

That said, further large cohort studies are needed to validate and corroborate the aforementioned findings
in European, American and Asian populations (where the overall prevalence of “lean” NAFLD is greater
than in United States)[“] and, most importantly, to examine the risk of developing adverse liver-related and
extra-hepatic outcomes (e.g., cardiovascular disease, chronic kidney disease and extra-hepatic cancers) in
patients with MAFLD compared with those with NAFLD. In addition, further research is also needed to
better understand the risk of disease progression amongst “lean” NAFLD individuals without any metabolic
dysregulation.

CHALLENGES AND THE WAY FORWARD

In addition to the challenges for the MAFLD field that have been outlined in the two new position
papers (e.g., definition of “metabolic health’, different disease subtypes)“’sl, words of caution have also
been expressed by a distinguished group of United States experts regarding the possible implications of a
premature change in NAFLD terminology™. In particular, although these colleagues are in agreement that
the new term MAFLD reflects more accurately the relevant metabolic risk factors than the age-old term
NAFLD, they also suggest that a change in terminology for a disease entity is only justified when there is
a better understanding of its pathogenesis, risk stratification and molecular phenotyping””. That said, one
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good reason to change the nomenclature and the diagnostic criteria for defining this fatty liver disease is
that current diagnostic criteria focused on diagnosing NASH by histology only is hindering both the testing
of novel treatments for NAFLD and the discovery of new biomarkers. As the change in nomenclature
and diagnostic criteria for this fatty liver disease have not been accepted by the major scientific societies,
it has been recommended that an international consensus conference should be jointly organized by
the major relevant scientific societies along with the patient advocacy organizations, biopharmaceutical
industry, regulatory agencies and policy makers to thoughtfully consider any implications of a change in
terminology of NAFLD as we know it™". Following the same process that occurred for changing the term
“primary biliary cirrhosis” to “primary biliary cholangitis”, all the main scientific societies should approve
the different steps, reach a consensus and publish a position paper on MAFLD.

CONCLUSION

Based on pathophysiological insights gained from the past decades, two new articles from a panel of
international experts from 22 countries have proposed a new name and definition for NAFLD in adults - i.e.,
MAFLD", We believe that a change in the nomenclature and definition for this burdensome liver disease
affecting nearly one billion people globally is overdue, as knowledge gained from the last two decades has
clearly established that MAFLD is a (predominantly) metabolic liver disease. Furthermore, the term “non-
alcoholic” over-emphasizes the absence of significant alcohol consumption and does not acknowledge the
importance of overweight/obesity, type 2 diabetes mellitus, insulin resistance and other metabolic risk
abnormalities that fuel the risk of liver disease progression and the development of serious adverse extra-
hepatic outcomes (e.g., cardiovascular disease, extra-hepatic malignancies or chronic kidney disease)™**"".
To date, it is known that there is a substantial under-appreciation of NAFLD by both primary care
clinicians and patients'**". We believe that the proposed change of the name from NAFLD to MAFLD
holds promise to aid in increasing awareness of this liver disease and decreasing its possible social stigma
due to its link to alcohol intake. It is reasonable to propose that this new definition might also promote
the establishment of MAFLD clinics run jointly by hepatologists and diabetologists to further improve
patient care. To date, however, a number of challenges and uncertainties remain before making this step-
change. As discussed above, a change to the nomenclature and diagnostic criteria for NAFLD is a potential
first relevant step to acknowledging that NAFLD is an important metabolic liver disease whose aetiology
and pathogenesis extend beyond the liver. Indeed, it is known that NAFLD is a novel risk factor for the
development of cardiovascular disease, chronic kidney disease, type 2 diabetes and some extra-hepatic
malignancies (e.g., colorectal cancers)®™ ™. In the meantime, an international consensus conference should
be jointly organized by the major relevant scientific societies to discuss the implications of a change in
terminology from NAFLD to MAFLD and to achieve a consensus regarding any change in nomenclature
and definition for this common metabolic liver disease.
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