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Metabolic dysfunction—associated steatotic liver disease (MASLD), formerly re-
ferred to as nonalcoholic fatty liver disease (NAFLD), is a growing but often unrec-
ognized medical problem for people with diabetes (particularly type 2 diabetes,
especially when associated with obesity). Liver health has not been at the fore-
front of complications tracked for disease prevention, as traditionally done for di-
abetic retinopathy, nephropathy, or neuropathy. However, liver steatosis affects
approximately two out of three people with type 2 diabetes and places them at
an increased risk for metabolic dysfunction-associated steatohepatitis (MASH),
cirrhosis, hepatocellular carcinoma (HCC), and overall liver-related mortality.
MASLD is also associated with extrahepatic cancers, atherosclerotic cardiovascu-
lar disease, and progression from prediabetes to type 2 diabetes and negatively
impacts health-related quality of life. However, most individuals and their health
care professionals remain unaware of the severe hepatic or extrahepatic health
risks associated with MASLD and the need for early identification. In recognition
of this knowledge gap and the rising prevalence of MASLD, this consensus report
is a call to action to screen for liver fibrosis and risk stratify people with prediabe-
tes or type 2 diabetes, in particular if obesity is also present. This consensus re-
port explains the rationale for the recent MASLD nomenclature change, how to
best risk stratify, current treatment and long-term monitoring options, the value
of an interprofessional approach to disease management, and the impact of alco-
hol intake on liver health. More awareness about the health risks associated with
MASLD and broad adoption of screening for liver fibrosis as a new standard of
care hold promise for a future without cirrhosis for people with prediabetes and
type 2 diabetes.

Until recently, liver health has been somewhat overlooked in the context of predia-
betes and type 2 diabetes. The growing prevalence and serious health implications
of metabolic dysfunction—associated steatotic liver disease (MASLD), formerly re-
ferred to as nonalcoholic fatty liver disease (NAFLD), have prompted a call to action
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by the American Diabetes Association
(ADA). The overarching goal of this con-
sensus report is to provide guidance to
health care professionals for the care
and prevention of liver disease for peo-
ple with prediabetes or diabetes.

Table 1 summarizes the clinical impli-
cations for adults with prediabetes or di-
abetes of having MASLD. In the U.S,, the
prevalence of MASLD among people with
type 2 diabetes is =70%, with approxi-
mately half having the more progressive
form with metabolic dysfunction—associated
steatohepatitis (MASH) and about one in
five having advanced liver fibrosis (1-3).
Similar trends are observed worldwide in
adults with type 2 diabetes (4-6). The
presence of MASH markedly increases
the risk of developing liver-related com-
plications such as cirrhosis, hepatocellular
carcinoma (HCC), and overall mortality.
MASLD is one of the most common indica-
tions for liver transplantation in the U.S.
(7), and having type 2 diabetes is indepen-
dently associated with higher posttrans-
plantation mortality, especially after kidney
transplantation (8). Having MASLD signifi-
cantly increases the likelihood of develop-
ing type 2 diabetes, cardiovascular disease,
and extrahepatic malignancies (6). Finally,
MASLD has a major negative impact on
health-related quality of life and has be-
come a significant economic burden (9).

Despite these alarming trends, a signifi-
cant lack of awareness remains among
both people at risk and clinicians re-
garding the health perils associated
with MASLD and how best to manage
it, often resulting in the condition being
overlooked and untreated. There is a press-
ing need for heightened awareness, early
diagnosis, and comprehensive manage-
ment. This consensus report aims to ad-
dress this knowledge gap with a clinical
care pathway to manage people with
prediabetes or diabetes and MASLD. Health
care professionals must recognize that an
early diagnosis is possible by using noninva-
sive tests (NITs) to stratify people for their

risk of developing cirrhosis. A timely diag-
nosis can encourage the adoption of
healthier lifestyle habits or the initiation
of pharmacological treatments for obe-
sity and type 2 diabetes, which can pre-
vent disease progression and, ultimately,
cirrhosis. Numerous medications are cur-
rently under development to treat MASH.
In 2024 the U.S. Food and Drug Adminis-
tration approved resmetirom as the first
pharmacological agent for people with
MASH (10). Improvements in steatohepa-
titis and liver fibrosis were reported with
semaglutide after 72 weeks of treatment
in a phase 3 clinical trial, supporting an
upcoming indication for MASH (11).

This guidance also covers the best
practices for monitoring MASLD once di-
agnosed or in response to treatment.
Because managing both hepatic and ex-
trahepatic conditions associated with di-
abetes and MASLD is challenging, this
guidance recommends the development
of interprofessional teams that support
the primary care physician and endocri-
nologist, including professionals such as
registered dietitian nutritionists (RDNs),
diabetes care and education specialists
(DCES), behavioral health specialists,
obesity management teams, pharmacists,
hepatologists, and other specialists. Cur-
rently, numerous health care barriers
hinder the delivery of optimal person-
centered care for MASLD in primary care
settings (12). This guidance also discusses
integrating management pathways into
electronic medical records (EMRs) to
enhance care and the impact of alcohol
intake on liver health and provides con-
siderations for managing diabetes in in-
dividuals with cirrhosis and HCC.

Cirrhosis from MASLD is preventable
in people with diabetes through early
diagnosis, proper treatment, and long-
term monitoring, similar to the man-
agement of care for diabetes-related
microvascular complications (retinopa-
thy, nephropathy, or neuropathy) or
cardiovascular disease. With increased
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clinician awareness and action, individ-
ualized education, more effective care
models, and robust public health poli-
cies (13,14), we aim to catalyze a shift
in clinical practice that will improve
outcomes and the quality of life of
people with diabetes and MASLD.

RESEARCH DESIGN AND METHODS

The ADA convened a technical expert
panel of health care professionals who
play a key role in the prevention and
management of diabetes and MASLD,
and an experienced member of the
panel was chosen as a chair to lead the
development of the report. Panelist inclu-
sion was based on excellence in clinical
care, research, leadership, collaboration,
and writing and editing; commitment to
evidence-based practice; and availability
to volunteer (unpaid) for the report de-
velopment process. The number of pan-
elists was chosen based on consideration
of the health care professionals likely to
be included as a part of diabetes and
MASLD care teams (e.g., primary care
physicians, endocrinologists, hepatolo-
gists, behavioral health specialists, obe-
sity management specialists, RDNs, DCES,
etc.). ADA solicited hominations from the
pool of experts on record and from other
relevant societies. ADA led the selection
process and invited the experts to join
this panel. In the event of invited panel
members opting not to participate, the
subsequent nominee on the list was in-
vited. A preliminary version of this report
was presented at the ADA 84th Scientific
Sessions, and public feedback received
during and after that session was incor-
porated into the subsequent versions of
this report.

Prior to the initiation of evidence re-
view and writing, the panel was con-
vened in a virtual meeting and agreed
on the proposed goal, content, method-
ology, and rigor to be followed for this
consensus report. An additional virtual
meeting was held for discussion of sub-

This consensus report was reviewed and approved
by the American Diabetes Association (ADA)
Professional Practice Committee (PPC) in March
2025.

An ADA consensus report is a document on a
particular topic that is authored by a technical
expert panel under the auspices of ADA. The
document does not reflect the official ADA
position but rather represents the panel’s
collective analysis, evaluation, and expert

opinion. The primary objective of a consensus
report is to provide clarity and insight on a
medical or scientific matter related to diabetes for
which the evidence is contradictory, emerging, or
incomplete. The report also aims to highlight
evidence gaps and to propose avenues for future
research. Consensus reports undergo a formal
review process, including external peer review and
review by the ADA PPC and ADA scientific team,
for publication.

This article is featured in a podcast available at
diabetescareonair.libsyn.com/site.

© 2025 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https.//www
.diabetesjournals.org/journals/pages/license.

G20z aunr £z uo jsenb Aq Jpd ¥600¥210P/SS0L 1.8/2501/L/8v/spd-Bl01LE/a1E0/610°S[eUINOlsa}eqEIP//:dRY WOl papeojumoq


https://diabetescareonair.libsyn.com/site
https://www.diabetesjournals.org/journals/pages/license
https://www.diabetesjournals.org/journals/pages/license

diabetesjournals.org/care

Table 1—Clinical implications of MASLD in people with prediabetes and diabetes

Cusi and Associates

Adults with prediabetes and type 2 diabetes
have the highest risk of developing MASLD

Increased risk of severe liver disease

Leading cause for liver transplantation

Higher likelihood of developing a broad
spectrum of comorbidities

Negatively impacts quality of life

Importance of an early diagnosis

Adults with prediabetes and type 2 diabetes, especially those with obesity, should be risk
stratified for having MASLD and liver fibrosis.

MASLD with clinically significant fibrosis (stage =F2) raises the risk of cirrhosis, liver

cancer, and overall liver-related mortality.

Approximately one in five people with type 2 diabetes are at high risk of developing
cirrhosis due to MASLD, making it one of the leading reasons for liver transplantation in

the U.S.

MASLD increases risk of progression from prediabetes to type 2 diabetes, development of
cardiovascular disease, and extrahepatic malignancies.

MASLD significantly impacts health-related quality of life and represents a significant

economic burden.

Timely identification and proper management can prevent the progression of fibrosis to

cirrhosis in people with MASLD.

sections and writing teams to contribute
to the sections of the report. The tech-
nical expert panel, with the assistance
of a methodologist, conducted literature
searches in PubMed and the Cochrane
Library using related medical subject
headings and terms to identify studies
published in English through April 2024.
The literature search was updated in
November 2024. To identify appropriate
evidence, the panel prioritized informa-
tion from systematic reviews, random-
ized controlled trials, and observational
studies. Questions related to clinical
practice and interprofessional team
collaboration for the prevention and care
of liver disease in people with diabetes
or prediabetes provide the foundation of
this report. This document includes re-
cent information about nomenclature
and clinical definition, epidemiology, di-
agnosis, treatment, and topics of spe-
cial consideration (e.g., development of
interprofessional teams, cirrhosis, and
alcohol intake).

Monthly virtual meetings were held
between December 2023 and November
2024 along with email and Web-based
collaboration as needed. An in-person
meeting was conducted in April 2024
to finalize discussion of evidence, reach
consensus on the present guidance, dis-
cuss the tables and graphic design ele-
ments, and finalize writing content.
Meetings were recorded, and meeting
summaries were provided to panel mem-
bers via an online collaboration platform
and email.

This consensus guidance was devel-
oped under the auspices of ADA and
represents the technical expert panel’s
collective analysis and evaluation. ADA

and the panel were committed to fos-
tering a collaborative environment of
respectful communication. Panel mem-
bers were asked to focus on evidence-
based discussion and clinical judgement
rather than personal opinions or biases,
which warranted supplying supporting
evidence for their discussions. ADA sci-
entific team members were present for
all discussions and helped ensure that
all perspectives were taken into ac-
count. These principles were conducive
to mitigating conflict, respectful discus-
sion, and consensus building.

The nominal group technique was
used to reach consensus on the guid-
ance presented in this document, which
was facilitated by the consensus report
chair and the ADA scientific team. Topic
areas and questions were posed to the
full group by the chair and other panel
members during virtual and in-person
meetings. The panel used discussion in
a roundtable or similar fashion to take
all ideas into account. These discussions
were carried out in detail so as to clarify
meaning, resolve questions and/or clari-
fications, and bring forth new ideas. The
technical expert panel collectively final-
ized the topic areas and reached con-
sensus on the guidance covered in this
document in a nonanonymous group
setting during the virtual and in-person
meetings, where each member “agreed”
or “strongly agreed” in a rotating se-
guence, ensuring that all voices were
heard before a decision was made.
Verbal responses were aggregated in
real time during these meetings and in
written fashion from comments on col-
laborative documents. At the end of
each meeting, the panel members were

provided with qualitative summaries, in-
cluding topic areas for which consensus
was reached and topics that required fur-
ther attention on an ongoing basis.

The nominal group technique pre-
sented several strengths and some limi-
tations. This methodology was used to
encourage equal participation by all panel
members and to facilitate discussion of di-
verse ideas. This allowed the panel to dis-
cuss viewpoints of all members of the
interprofessional care team. Though this
methodology had its advantages, time pe-
riodically posed a concern. Every effort
was made to give topics ample time for
deliberation. Complex topics were given
priority at meetings to allow full discus-
sion of insights and perspectives. The
qualitative meeting summaries shared
with the panel after each meeting allowed
for reflection and opportunity to bring
forth further discussion points throughout
the development of the report until con-
sensus on these topics was reached.

SECTION 1. CLINICAL
DEFINITIONS AND
NOMENCLATURE CHANGE FROM
NAFLD TO MASLD

Table 2 summarizes the current nomen-
clature with the most relevant clinical
definitions. In Supplementary Table 1,
we describe the mortality risk associ-
ated with each liver disease stage, the
most commonly used NITs, and the op-
timal setting for health care professio-
nals managing care for people with
MASLD.

Three multinational liver associations re-
cently agreed to modify the nomenclature
from NAFLD to MASLD (15). MASLD was

1059
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Table 2—MASLD nomenclature, histological grades, and fibrosis staging

Nomenclature

Definition

Diabetes Care Volume 48, July 2025

Steatotic liver disease (SLD)

hepatic macrovesicular steatosis

Metabolic dysfunction—associated
steatotic liver disease
(MASLD)*

e An “umbrella” term encompassing different disease subcategories, characterized by predominantly

e Presence of SLD with at least one metabolic risk factor (overweight or obesity or waist circumference
>95th percentile, hypertension, prediabetes or type 2 diabetes, elevated triglycerides, or low HDL
cholesterol) and either no alcohol consumption or consumption in amounts not likely to directly lead

to liver outcomes (<20 g/day for women, <30 g/day for men)

Metabolic dysfunction—associated
steatotic liver (MASL)

Metabolic dysfunction—associated
steatohepatitis (MASH)

At-risk MASH

e Steatosis with either no or minimal lobular inflammation and without ballooning and alcohol
consumption below thresholds noted above

e Presence of steatohepatitis and at least one metabolic risk factor for SLD and no alcohol consumption
or consumption in amounts not considered likely to cause liver outcomes by itself as noted above

e Steatohepatitis (with histological MASLD activity score [MAS] =4) and fibrosis stage =F2 (i.e., people

who are at a higher risk of developing future cirrhosis) (see below)

MASLD activity score (MAS)**

Fibrosis stages

e Based on severity and distribution of scar tissue

e Sum of scores for steatosis (0—-3) plus hepatocellular ballooning (0-2) plus lobular inflammation (0-3)

e Mild fibrosis: stage F1 (i.e., fibrosis in hepatic sinusoids in pericellular location)

e Moderate fibrosis: stage F2 (i.e., sinusoidal and portal fibrosis)

e Advanced fibrosis: stage F3 (i.e., bridging fibrosis, usually central-to-portal or central-to-central bridges)
or stage F4 (cirrhosis)**

Clinically significant fibrosis

e Fibrosis stage =F2

*The definition of MASLD implies either no alcohol consumption or consumption in amounts not considered to lead to liver outcomes by it-
self. **Extensive disruption of liver architecture with regenerative nodules with encirclement by fibrotic bands.

defined as steatotic liver disease (SLD) in
the presence of at least one cardiometa-
bolic risk factor (such as prediabetes or
type 2 diabetes) without other identifiable
secondary cause of steatosis (15) (Fig. 1).
Likewise, the term nonalcoholic steatohe-
patitis (NASH) has been replaced with
MASH (15). The aim of the new names
(MASLD and MASH) is to highlight the
pathogenic role of insulin resistance and
metabolic dysfunction, remove any poten-
tial stigma from the terms nonalcoholic
and fatty, and serve as a pragmatic diag-
nostic aid by virtue of inclusion of at least
one of the cardiometabolic risk factors in
the definition, these being already well
known to the health care community in
the context of metabolic syndrome and
type 2 diabetes.

Table 3 summarizes the contributions
of the new terminology and current knowl-
edge gaps. There is a high correlation be-
tween NAFLD and MASLD in population-
based studies (16-18). In comparing their
concordance among 12,519 eligible par-
ticipants from the National Health and Nu-
trition Examination Survey (NHANES) Il
only 53% of NAFLD cases did not meet
MASLD criteria. Of 6,429 adults with
NAFLD, 99% met MASLD criteria, with 95%
doing so on the basis of BMI only (17).
The high concordance between NAFLD

and MASLD is attributable to the very
high prevalence of overweight or obe-
sity in the general population and that
85% of adults, even without steatosis,
have at least one cardiometabolic risk
factor (18).

Prediabetes and diabetes are now
identified as important cardiometabolic
risk factors for the development of MASLD,
advanced fibrosis, and cirrhosis (19).
However, randomized controlled trials
(RCTs) will be needed for understanding
of the role of hyperglycemia in the devel-
opment and progression of MASLD, as
findings of some studies have been of an
association between suboptimal glycemic
management and steatosis or fibrosis
(20), while in others either a modest or
no association was observed (4,21). In
addition, there are no RCTs on the role
of optimal glycemic management in liver
outcomes in MASLD, independent of im-
proving insulin resistance (e.g., with pio-
glitazone) or promoting weight loss (e.g.,
glucagon-like peptide 1 receptor agonists
[GLP-1RA]). It must also be recognized
that diabetes encompasses a spectrum
of etiologies, including many where insu-
lin deficiency rather than insulin resis-
tance predominates (e.g., type 1 diabetes,
cystic fibrosis—related diabetes, and
pancreatogenic diabetes, along with

others) and where the risk of steatohepa-
titis with clinically significant fibrosis is
overall low (4,22). Recent studies have
identified novel diabetes subtypes that
appear more prone to development of
MASLD (23). With factors taken together,
future studies should include risk stratifi-
cation and careful assessment of the nat-
ural history of MASLD in individuals with
different subtypes of diabetes.

Several additional aspects of adopting
the new nomenclature should be con-
sidered (24). Future studies should be
conducted for examination of the rela-
tive specificity of each cardiometabolic
risk factor included in the definition of
MASLD to predict liver outcomes. Type 2
diabetes and obesity among them have
the strongest diagnostic concordance
with MASLD and atherogenic dyslipide-
mia has the least. One should bear in
mind that some of these cardiometa-
bolic risk factors may develop through
mechanisms unrelated to insulin resis-
tance (25) and, under such circumstances,
be of less value for consideration in asso-
ciation with MASLD. Nevertheless, linking
steatosis with these cardiometabolic risk
factors may improve clinicians’ disease
awareness and referral patterns, which
deserve future investigation. Clinicians
should be careful in attributing steatosis to
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Steatotic
Liver
Disease
(SLD)

o

—

Cusi and Associates

MASLD

(Metabolic

dysfunction—
associated steatotic
liver disease)

Steatosis with =1 cardiometabolic risk factors:

* Prediabetes or diabetes

* Overweight or obesity

¢ Dyslipidemia (or on lipid-lowering therapy)

* Hypertension (or on BP-lowering medication)

MetALD

(MASLD with
increased
alcohol intake)

MASLD in the setting of increased alcohol
consumption (between 20 and 50 g/day in
women and 30 and 60 g/day in men)

ALD

(Alcohol-associated
liver disease)

Steatosis in the setting of sustained
increased alcohol consumption (>50 g/
day in women and >60 g/day in men)

Other Causes .
of SLD :

(future MASLD?)

« Known causes: drug-induced steatosis,
monogenic SLD, and others

Cryptogenic: unknown

Steatosis without cardiometabolic risk factors
or without excessive alcohol use

| Figure 1—Nomenclature changes in SLD. BP, blood pressure; MetALD, metabolic dysfunction and alcoholic liver disease.

MASLD by virtue of the presence of one
of these cardiometabolic risk factors and
be aware of alternate causes of steatosis,
for many of which specific therapies are
available. (See diagnostic considerations
in secion 3. piagnosis and Supplementary
Table 2). Finally, while recent data con-
firm that obesity worsens the risk of he-
patic fibrosis in young adults (aged 1844
years) with type 2 diabetes (26), at the
other end of the spectrum young adults
may have isolated steatosis with insulin
resistance without obesity or evident car-
diometabolic disease (27). Clinicians should
not miss the opportunity for these indi-
viduals with presumable “early” MASLD
to risk stratify and encourage lifestyle
intervention.

The perception of stigma arising from
obesity, and in some cases from the
term fatty in NAFLD, affects a significant
number of people with this disease and
is highly variable among affected indi-
viduals and their clinicians and across
geographic regions (28). While the new
nomenclature MASLD may function to
reduce stigma, much work remains in
eliminating additional contributing factors.
Finally, a separate category named

MetALD has been created for individuals
with MASLD and an alcohol intake that is
greater than that for MASLD classification
but less than in alcohol-associated liver
disease (ALD) (15) (Fig. 1). Future studies
will be needed to help determine its natu-
ral history and the impact of lifestyle inter-
ventions and pharmacotherapy to prevent
cirrhosis from MetALD.

SECTION 2. EPIDEMIOLOGY:
MAGNITUDE OF THE PROBLEM

Prevalence of MASLD in Prediabetes
and Type 2 Diabetes
MASLD has become the most common
cause of chronic liver disease, affecting
>38% (2016-2019) of the world’s adult
population and 7%-14% of children and
adolescents (6,29). The prevalence of
MASH among the general population is
estimated at 5%—7%, while the preva-
lence of MASLD-related cirrhosis is 1.8%
(6). These rates are much higher in peo-
ple with type 2 diabetes, with estimated
prevalence of ~70% for MASLD, ~35%
for MASH, and ~7% for MASLD-related
cirrhosis (1-6,30,31).

Recent data also suggest that the
prevalence of MASLD among those with

prediabetes is between ~37% and 50%
(32). In fact, people with prediabetes
are 2.5 times more likely than those
without prediabetes to have MASLD,
8.5 times more likely to have significant
fibrosis, and almost 6 times more likely
to have advanced fibrosis (32).

Incidence of MASLD in Prediabetes
and Type 2 Diabetes

The incidence rate of MASLD has been
reported to be 49 per 1,000 person-
years (6). The bidirectional association
of type 2 diabetes and MASLD is sug-
gested by the twofold higher incidence
of type 2 diabetes among those with
MASLD (33,34). The most important pre-
dictors for prediabetes and type 2 diabe-
tes are having overweight or obesity and
MASLD (34).

Additionally, having type 2 diabetes is
associated with an increased relative
risk of fibrosis progression (35-37), while
15%—38% of people with type 2 diabetes
have MASH with clinically significant liver
fibrosis or cirrhosis (also known as at-risk
MASH [see fibrosis stage definitions in
Table 2 and Supplementary Table 1])
(1-6,26,31,38). The presence of MASLD
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Table 3—Contributions of the nomenclature change to MASLD and areas of future research

Contributions of the new term MASLD

Areas of future research

The term metabolic dysfunction highlights the key role of
insulin resistance and metabolic alterations in the

pathophysiology of MASLD.

Prediabetes and diabetes are now clearly defined as

cardiometabolic risk factors for MASLD.

Steatosis plus =1 cardiometabolic risk factors (MASLD) offers a
“positive” diagnosis and clinical correlate for metabolic
dysfunction, as compared with the previous definition

(NAFLD).

High concordance between MASLD and NAFLD in population-
based studies allows the use of previous research results.

The change from the term fatty to steatotic removes potential

stigma.

The new subgroup MetALD enables categorization of
individuals with alcohol use and cardiometabolic factors.

e Examine disease heterogeneity regarding insulin resistance and other
metabolic factors in people with MASLD.

e Understand the role of prediabetes and of suboptimally managed

diabetes in the development and progression of MASLD.
e Establish the role of different diabetes types (e.g., type 1 diabetes,
cystic fibrosis—related diabetes, other) and of novel diabetes subtypes/

endotypes.

e Investigate the concordance of steatosis with various cardiometabolic
risk factors and their specificity to predict future clinical outcomes
(hepatic and extrahepatic).

e Assess whether MASLD improves clinician’s diagnostic and referral

patterns.

e Define the natural history and role of lifestyle intervention for isolated
steatosis, as observed in young adults in primary care settings.

e Explore factors associated with stigma across ethnic, cultural, and

socioeconomic backgrounds.

e Study the natural history of MetALD and the role of different
interventions to halt or ameliorate liver disease progression.

has been associated with increased
incidence of other metabolic-related
diseases such as cardiovascular dis-
ease (43% increase), prediabetes (69%),
chronic kidney disease (38%), and all
cancers (54%) (39).

Prevalence of MASLD in Prediabetes
and Type 2 Diabetes According to
World Region and Ethnicity

Beyond metabolic comorbidities, diverse
genetic, environmental, and socioeco-
nomic determinants of health explain
the heterogeneous prevalence of MASLD
around the world. In people with type 2
diabetes, the prevalence of MASLD is
highest in Eastern Europe (80%), followed
by the Middle East (71%), and lowest in
Africa (53%) (40). In the U.S., MASLD
prevalence differs by ethnicity and is
highest for Hispanic, especially Mexican
American, and lowest for Black individu-
als. These differences are most likely ex-
plained by differences in acquired risk
factors (e.g., prevalence of obesity, diabe-
tes, and socioeconomic determinants of
health) and the genetic polymorphisms
of PNPLA3, TM6SF2, and MBOAT, among
others (41). The prevalence of MASLD
usually increases among men until age
50 years; then, risk for women begins to
be higher for MASH and advanced fibro-
sis (42). In this context, MASH can
cause a significant burden for women

and is currently the number one cause
of liver transplantation among women
(43). Lastly, socioeconomic disparities also
exist for MASLD disease burden. In
particular, food insecurity (the limited
or uncertain access to nutritionally
adequate foods) is associated with
higher odds among adults of develop-
ing MASLD and MASLD-associated ad-
vanced fibrosis independent of poverty
status, education level, race, and ethnic-
ity (44). Similar findings were reported
among teenagers from food insecure
homes (45).

Clinical Outcomes and Quality of Life
in People With MASLD
Although the presence of liver fibrosis is
the most significant predictor of mortal-
ity for those with MASLD, it is well
known that the severity of metabolic ab-
normalities, especially in the case of
type 2 diabetes, is a major driver of
mortality among MASLD (30,32). In this
context, the presence of an increasing
number of metabolic abnormalities
leads to increasing risk of mortality in
MASLD, with the highest risk of mortal-
ity among people with type 2 diabetes
(4.0-fold increase in risk) followed by
those with prediabetes (3.4-fold increase
in risk) (32).

In addition to cirrhosis, HCC is an impor-
tant consequence of MASLD. Although

the presence of cirrhosis in MASLD
substantially increases the risk of
HCC, those with MASLD without cirrho-
sis can also develop HCC (46). In this
context, as type 2 diabetes predisposes
to MASLD, diabetes seems to be a risk
factor for developing HCC. Dysregulated
glucose homeostasis, hyperinsulinemia,
and lipid accumulation in the liver can
activate pathways promoting hepatic
tumor development in individuals with
MASLD and type 2 diabetes (37,38).
MASH-related HCC is now the num-
ber one indication for liver transplan-
tation among those listed for HCC
(47). In the context of liver trans-
plant, it is important to note that the
presence of diabetes prior to trans-
plant, the receipt of a liver from a
donor with diabetes, or developing
diabetes posttransplant are all asso-
ciated with higher risk of mortality
and graft loss (48).

In addition to the clinical outcomes,
MASLD is also associated with de-
creased health-related quality of life.
The ability to be physically active is
the domain most adversely affected,
possibly due to fatigue (49). Finally,
MASLD has significant economic con-
sequences for society due to increased
health care use and decreased quality
of life, particularly among those with
more metabolic comorbidities (49).
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SECTION 3. DIAGNOSIS

Rationale for Screening for Hepatic
Fibrosis in Prediabetes and Diabetes
The rationale for any screening strategy
is applying adequate diagnostic tools to
eventually treat a condition that may
lead to serious morbidity and mortality.
This is the case for people with type 2
diabetes with at-risk MASH (defined as
steatohepatitis with clinically significant
fibrosis or fibrosis stage =2) (50,51)
(Table 2 and Supplementary Table 1). In
at-risk MASH, hepatic fibrosis is the tar-
get of screening because it is the most
important determinant of liver and non-
liver outcomes in people with MASLD,
with the risk demonstrably higher for
people with at-risk MASH (52). Sev-
eral professional societies (53-58), includ-
ing the ADA (59), recommend screening
high-risk individuals for at-risk MASH
to prevent fibrosis progression and cir-
rhosis. Screening followed by intensive
lifestyle intervention or pioglitazone
has been suggested to be cost-effective
(60).

Steatosis in Individuals With
Prediabetes and Type 2 Diabetes
Diagnosing hepatic steatosis begins with
obtaining a medical history and labora-
tory testing. While a liver ultrasound
has in the past been widely used to di-
agnose hepatic steatosis, the presence
of an echogenic liver itself is not highly
specific, as its diagnosis is operator de-
pendent and ultrasound has poor sensi-
tivity for mild steatosis (61). Because
having obesity and prediabetes or type 2
diabetes is associated with a high pre-
test probability of hepatic steatosis (=70%)
(1-6), one may proceed directly to fibrosis
risk assessment without an ultrasound to
confirm steatosis. (See PREVALENCE OF MASLD IN
PREDIABETES AND TYPE 2 DIABETES ACCORDING TO
WORLD REGION AND ETHNICITY.) Further, manage-
ment is impacted by the diagnosis of clini-
cally significant fibrosis and not by the
diagnosis of steatosis per se. Therefore,
the focus has shifted toward detection of
fibrosis severity (i.e., at-risk MASH), which
is closely linked to the risk of clinical out-
comes (Supplementary Table 1 and Fig. 2).
Within the workup to establish the pres-
ence of fibrosis, or as part of secondary
testing when there is diagnostic uncer-
tainty because of abnormal plasma ami-
notransferases (ALT or AST), steatosis can
be diagnosed with the controlled attenua-
tion parameter from a vibration-controlled

transient elastography (VCTE) examina-
tion. Values >280 dB/m are highly likely
indicative of having steatosis. MRI is the
gold standard for confirmation of stea-
tosis (i.e., MRI-derived proton density
fat fraction PDFF [MRI-PDFF] or *H-MRS)
(62,63).

Some individuals may have abnormal
plasma aminotransferase levels. In peo-
ple with MASLD, having an elevated ALT
level is suggestive of steatohepatitis but
not necessarily of more severe liver fi-
brosis or cirrhosis (1,64—66). In such
cases, alternate causes of liver disease,
such as hepatitis B or C and ALD, need
to be excluded (Supplementary Table 2).
The Centers for Disease Control and
Prevention recommend universal screen-
ing at least once for hepatitis B (67) and
C (68) for all adults >18 years of age.
Hepatitis C is now curable in virtually all
individuals. Alcohol consumption is wide-
spread in many communities and has a
synergistic effect with obesity for liver-
related morbidity and mortality. All
clinicians should be able to perform an
alcohol-related liver disease assessment
(Supplementary Table 3). The presence
of both, metabolic risk factors and alco-
hol use (20-50 g/day for women and
30-60 g/day for men), should be consid-
ered indicative of the possibility of underly-
ing MetALD (Fig. 1). People who consume
alcohol regularly should be counseled, with
appropriate management. (See secrion 8.
ALCOHOL INTAKE AND LIVER HEALTH.) Workup of
uncommon causes of increased plasma
aminotransferase levels may require re-
ferral to a liver specialist (Supplementary
Table 3).

Another important consideration is
awareness by the health care team
about how to best deliver the diagnosis
of MASLD as it may affect a person’s ac-
ceptance of their condition and their
ability to manage it. Thus, engaging in a
clear, open conversation to explain the
clinical implications of MASLD is essen-
tial. Understanding and acceptance of
their condition often allow for adoption
of proactive and problem-solving coping
strategies that may reduce psychosocial
concerns and support engagement in
lifestyle modification and the treat-
ment plan.

Fibrosis Risk Stratification
Adults with type 2 diabetes should un-
dergo a two-tier process for assessment

Cusi and Associates

for diagnosing at-risk MASH because fi-
brosis stage reflects proximity to devel-
opment of liver cirrhosis and is thus a
strong prognostic biomarker. Figure 2
summarizes the preferred NITs for the
initial and secondary fibrosis risk stratifi-
cation and optimal management setting
for people at high risk for MASLD. (See
also Supplementary Table 1 and Table 4.)

The first step in this two-tier process
begins with laboratory testing, which
should include a comprehensive meta-
bolic panel and complete blood count;
plasma aminotransferase levels (ALT
and AST), platelet count, and age allow
for calculation of a simple noninvasive
marker of liver fibrosis, the fibrosis-4 in-
dex (FIB-4) (Fig. 2 and Table 4). FIB-4 as
the first-tier test has several advantages:
it is simple and inexpensive to use, a ro-
bust negative predictive value of a FIB-4
score for exclusion of advanced fibrosis
(69,70), and, most importantly, test re-
sults at baseline as well as longitudinal
changes in FIB-4 predict clinical outcomes
in people with MASLD (71-76), including
in individuals with type 2 diabetes (77). In
a recent comparative study, overall diag-
nostic accuracy of FIB-4 was found to be
similar to that of most other proprietary
and nonproprietary biomarkers among
individuals with biopsy-confirmed MASLD
included in the Liver Investigation: Test-
ing Marker Utility in Steatohepatitis
(LITMUS) cohort (78).

A FIB-4 score <1.3 can reliably be
used to exclude advanced fibrosis (Fig.
2), with a negative predictive value of
=90% (69). Individuals with values below
this cutoff do not need further evaluation
(in particular, with a FIB-4 score <1.0).
With age as a contributor to the FIB-4
score calculation, its performance may
be affected for people =35 or =65 years
of age. One study recommended using a
cutoff of 2.0 to rule out clinically signifi-
cant fibrosis in people =65 years old
(57). However, there are limited data
that confirm the 2.0 cutoff. Hence, we
suggest using a simplified approach that
relies on a threshold of 1.3 for consider-
ing a second-tier test (79,80).

Approximately 30%—40% of individuals
with obesity and prediabetes or type 2
diabetes may have a FIB-4 score >1.3,
and they should undergo a second test
for further risk stratification as part of the
two-tier approach (1-3). Individuals with
a FIB-4 score >2.67 (=5% of individuals
with type 2 diabetes in nonhepatology
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Groups with the highest risk of
future cirrhosis

Type 2 diabetes

Prediabetes Rule out
secondary
causes of
steatosis

or ™ ALT

Obesity
with 21 CV factors

Lower risk of
future cirrhosis

A 4
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Managed by primary care
(and interprofessional team)

* Repeat FIB-4 every 1-2 years
« Optimize lifestyle and treatment
of comorbidities

> Is LSM
28.0 kPa*?
Yes
l Yes l

A 4
If FIB-4 Managed by liver specialist
- - >2.67 (and interprofessional team)

Higher risk of

A 4

future cirrhosis

« Additional imaging and biomarker
risk stratification
« Treatment + long-term follow-up

Figure 2—Diagnostic algorithm for risk stratification and the prevention of cirrhosis in individuals with MASLD. *In the absence of LSM, consider
the blood-based ELF test as a diagnostic alternative. If ELF score is =9.8, a referral to a liver specialist is recommended, as there is a high risk of
MASH with advanced liver fibrosis. Adapted from “Standards of Care of Diabetes—2025" (59).

settings) are at increased risk for ad-
vanced fibrosis, with a positive predictive
value for clinically significant fibrosis rang-
ing from 60% to 80% (81). These individu-
als can be directly referred (without the
need of additional risk stratification at the
primary care level) to gastroenterologists
and hepatologists to assess for the pres-
ence of at-risk MASH or cirrhosis (Fig. 2).
Most clinical care pathways endorse
the use of liver stiffness measurement

(LSM), most commonly with transient
elastography (VCTE), as the second step
in the two-tier approach (Fig. 2). A step-
wise FIB-4 plus VCTE-based algorithm
performed well in stratifying the risk of
future liver-related events in a recent mul-
ticenter cohort (80). A VCTE-derived LSM
of <8.0 kPa rules out advanced fibrosis ac-
curately most times (81) and is associated
with a low risk of liver outcomes (82,83),
and people with LSM <8.0 kPa should

be followed in primary care and endocri-
nology clinics with repeat surveillance
in 1-2 years (see LONG-TERM MONITORING).
Individuals with LSM >8.0 kPa should be
referred to gastroenterology or hepatol-
ogy specialists for additional diagnostic
testing. Shear wave elastography, point
shear wave elastography, and other
ultrasound-based methods can also be
used for initial risk stratification, but
they are not as well validated as VCTE.

Table 4—Preferred tests for the initial (FIB-4) and secondary (VCTE, ELF) liver fibrosis risk stratification of people at high

risk for MASLD*

FIB-4

Calculated with the following inputs: age, AST and ALT levels, and platelet count.

First-line screening test for clinically significant fibrosis (stage =F2).
If FIB-4 score is >1.3, additional risk stratification is needed.
Calculator: https://www.mdcalc.com/calc/2200/fibrosis-4-fib-4-index-liver-fibrosis

VCTE

Second-line screening test for clinically significant fibrosis (stage =F2).

Diagnostic cutoffs:*

e LSM score >8 kPa = stage =F2 (clinically significant fibrosis)
e LSM score >10 kPa = stage F3 or F4 (advanced fibrosis)
e LSM score >15 kPa = stage F4 (cirrhosis)

Imaging technique for LSM, extensively validated with liver histology as a surrogate of liver fibrosis stage.

ELF A blood test that helps identify individuals with advanced fibrosis and at risk of developing cirrhosis or liver-related outcomes.
A score obtained from three proteins linked to liver fibrosis (hyaluronic acid, amino-terminal propeptide of type Ill procollagen

[PHINP], and tissue inhibitor of metalloproteinase-1 [TIMP-1]).
Second-line screening test for clinically significant fibrosis (stage >F2).

Diagnostic cutoffs:*

e ELF score >9.8 = stage F3 or F4 (advanced fibrosis)
e ELF score >11.2 = stage F4 (cirrhosis)

*Since NITs have significant interindividual variability and overlapping Cls across fibrosis stages, it is best to consider results in the context of
having a “probability” of a given liver disease stage rather than the certainty that only a liver biopsy can provide.
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The Enhanced Liver Fibrosis (ELF) test
can also be used as a second-tier test
(84) (Fig. 2, Supplementary Table 1, and
Table 4). ELF is a noninvasive blood-based
proprietary test approved for prognostica-
tion when advanced fibrosis is suspected,
although it can be ordered for secondary
risk assessment, particularly because the
availability of VCTE may be limited in
some settings. The ELF test includes a
panel of biomarkers consisting of three
components: type Il procollagen pep-
tide, hyaluronic acid, and tissue inhibitor
of metalloproteinase-1. An ELF score
<7.7 is associated with a very low risk of
fibrosis, whereas a score =9.8 helps
identify people with MASLD with ad-
vanced fibrosis and at increased risk of
progression to cirrhosis and liver-related
clinical events (85-88). An ELF score
>11.3 is associated with the highest risk
of hepatic decompensation events, and
such cases are best managed in a hepa-
tology setting (89,90). ELF has proven
useful in guiding referrals in primary care
and diabetes clinic populations (91,92).
An ELF score <9.8 suggests a low risk of
advanced liver fibrosis, which may be fol-
lowed in primary care or endocrinology
settings with repeat testing at =2 years.
Individuals with ELF score =9.8 should
be referred for secondary assessment
due to the increased risk of liver-related
events. Of note, the optimal ELF cutoff
for use in nonhepatology clinics is evolv-
ing; management decisions should be
individualized when the ELF score is
between 9.2 and 9.7 based on clinical
risk (i.e., testing may be needed more
often in a high-risk individual with
multiple cardiometabolic risk factors).

Referral Guidelines, Overview of
Additional Tests by Specialists, and
Role of Liver Biopsy

Individuals with a FIB-4 score >1.3 and
VCTE-derived LSM =8.0 kPa or an ELF
score =9.8 should be considered for re-
ferral to liver specialty clinics (gastroen-
terology or hepatology) for additional
assessment (Fig. 2). In liver clinic set-
tings, imaging-based methods are usu-
ally used for better estimation of the
fibrosis stage, including magnetic reso-
nance elastography (MRE) (93) or muilti-
parametric MRI-derived iron-corrected T1
(cT1) (which may identify people with
at-risk MASH) (94). In head-to-head
comparisons, MRE has higher accuracy
in detecting liver fibrosis, especially in

earlier stages, than VCTE (95-97). While
MRE may not be the initial choice for risk
stratification due to cost and access con-
siderations, it can serve as a valuable tool
in specialty clinics, especially in cases of
uncertainty or unreliable VCTE results.
VCTE-derived LSM >10 kPa and MRE-
derived LSM >3.5 kPa suggest advanced
fibrosis (i.e., liver fibrosis stages 3 [F3]
and 4 [F4]) and a value >15 kPa and
MRE values >4.4 kPa are consistent with
a high probability of cirrhosis (i.e., stage F4)
(98). VCTE-derived LSM >25 kPa (99),
VCTE-derived LSM >20 kPa with platelet
counts =150,000/mm?, and MRE-derived
LSM >5.7 kPa are all reflective of likely
having clinically significant portal hyper-
tension (100) (Supplementary Table 1).

Liver biopsy is generally considered
when noninvasive assessments are in-
conclusive or when alternative diagno-
ses are suspected. NIT results that may
improve identification of advanced fi-
brosis or cirrhosis among individuals at-
tending liver clinics and decrease the
need for liver biopsy include transient
elastography—based scores such as Agile
3+ (VCTE-LSM combined with AST-to-ALT
ratio, platelet count, sex, diabetes status,
and age) or Agile 4 (VCTE-LSM combined
with AST-to-ALT ratio and platelet count
for diagnosis of cirrhosis) (101-103), MRE-
based measures such as MRI-AST (MAST)
score (MRE plus AST) or MEFIB index
(MRE plus FIB-4) (104,105), and used
more recently to identify at-risk MASH,
results from blood-based proprietary
tests such as NIS2+ score (from a two-
biomarker test derived from YKL-40 and
miR-34a-5p corrected for sex) (102,103)
or Metabolomics-Advanced Steatohepa-
titis Fibrosis Score (MASEF score) (a
metabolomics-driven score) (106) and
MRI-derived cT1 (94) (Supplementary
Table 1).

Long-term Monitoring

The chronic nature and fluctuating course
of MASLD require monitoring of the dis-
ease state in affected individuals. There is
also a high possibility of de novo develop-
ment of MASLD in individuals with diabe-
tes, supporting the need for monitoring
individuals without MASLD at the initial
evaluation. Initiation of therapy also re-
quires follow-up to assess treatment re-
sponse. The best evidence-based guidance
is summarized below.

Cusi and Associates

Long-term Follow-up of Individuals With a
FIB-4 Score <1.3 at Initial Evaluation

A growing body of literature indicates
that most individuals with a FIB-4 score
<1.3 are unlikely to have increased liver-
related outcomes or mortality within a
5-year time frame (76,107,108). These
individuals may therefore be considered
relatively low-risk, and management is
usually focused on optimization of body
weight, diabetes management, and un-
derlying risk factors. However, there are
limited data on how often to repeat FIB-
4 testing because the natural history of
fibrosis progression in MASH is not fully
established and is highly variable among
people with type 2 diabetes. In a pro-
spective study from Hong Kong with use
of repeated imaging (VCTE), worsening in
LSM was found in 12% of participants af-
ter 3 years of follow-up (109). Of note,
FIB-4 is a low-cost test with acceptable
negative predictive value but with mod-
est sensitivity and positive predictive
value. With factors taken together, we
recommend that individuals with an ini-
tial FIB-4 score <1.3 be reassessed with
repeat FIB-4 measurements in 1-2 years.
Clinically significant fibrosis may be pre-
sent in some adults with type 2 diabetes
and FIB-4 values between 1.0 and 1.3,
especially when type 2 diabetes is associ-
ated with obesity and multiple cardiome-
tabolic risk factors. For instance, in a
recent large phase 3 study with recruit-
ment of people with MASLD with fibrosis
stages F2 and F3, often with obesity and
type 2 diabetes, the mean = SD of the
FIB-4 score was 1.4 + 0.7 (10). This indi-
cates that for some individuals with at-
risk MASH FIB-4 score may be <1.3, es-
pecially in the context of obesity and
type 2 diabetes. Therefore, a FIB-4 score
cutoff of <1.3 should be taken as a gen-
eral guidance for assessment of having a
lower risk of advanced fibrosis, but it
does not replace clinical judgement. Case
finding with eventual additional testing
may be justified with a FIB-4 score be-
tween 1.0 and 1.3 in people with type 2
diabetes with obesity or other traditional
cardiometabolic risk factors. For these
cases transient elastography may also be
of benefit as part of risk assessment. The
risk of developing MASLD has been in-
dependently associated with insulin
resistance, weight gain, obesity, and
cardiometabolic risk factors (110-112).
In contrast, individuals with type 2 dia-
betes without MASLD often have less
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insulin resistance and a more favorable
cardiometabolic profile in comparison
with those with steatosis (113,114).

Once MASH with fibrosis develops,
progression to more advanced stages is
believed to occur at an average rate of
7 years per stage progression (115). There-
fore, those whose FIB-4 score increases
from <1.3 to >1.3 should be referred for
transient elastography. Given the potential
for underestimation of fibrosis severity in
those with type 2 diabetes, those who
progress from <1.0 to values between
1.0 and 1.3 may also be considered for
secondary assessment with VCTE or an
ELF test (74-84).

Long-term Follow-up of Individuals With a
FIB-4 Score =1.3 at Initial Evaluation

In the majority (>90%) of people from
primary care and endocrinology clinics,
a FIB-4 score >1.3 will range between
1.3 and 2.67. A FIB-4 score between 1.3
and 2.67 was initially considered indica-
tive of “indeterminate risk” for having
advanced fibrosis, reflecting the score
range between a high-sensitivity cutoff
for ruling out (FIB-4 score <1.3) and a
high-specificity cutoff for ruling in (FIB-4
score >2.67) advanced fibrosis (116).
However, more recent studies directly re-
lating FIB-4 score between 1.3 and 2.67
to clinical outcomes indicate that, for
people either with or without type 2 dia-
betes, rates of death, liver-related deaths,
liver outcomes, and cardiovascular dis-
ease are higher among those with a FIB-4
score between 1.3 and 2.67 than among
those with a FIB-4 score <1.3 (76). Be-
cause of this increased risk of negative
outcomes, it is recommended that for
people with a FIB-4 score >1.3 risk
stratification with transient elastogra-
phy be considered a requirement, as
discussed above.

People with a FIB-4 score >1.3 but
VCTE-LSM <8.0 kPa can be followed in
non-liver specialty clinics with repeat
surveillance in 1-2 years. Most guide-
lines (53—-59) recommend LSM by VCTE
as the leading disease monitoring tool,
as it predicts future outcomes (83,117).
In a global cohort of >16,000 individu-
als, an increase in VCTE-LSM by =30%
was associated with increased risk of
adverse clinical outcomes (83). The tran-
sient elastography—based FibroScan-AST
(FAST) score, for detection of at-risk
MASH, and the Agile scores, for detec-
tion of advanced fibrosis or cirrhosis

(Supplementary Table 1), are additional
scores that may be helpful in this regard
(83,101,118,119). For these elastography-
based scores VCTE-LSM is combined with
routine blood parameters and clinical fea-
tures. Although not representative of a
substantial diagnostic improvement, these
scores may help reduce the number of
people with inconclusive results from
VCTE-LSM alone (83,101,118,119).

People with a FIB-4 score >1.3 and
VCTE-LSM >8.0 kPa should undergo more
diagnostic testing in gastroenterology or
hepatology specialty clinics for confirma-
tion of at-risk MASH or cirrhosis. In indi-
viduals with cirrhosis, an increase in
liver stiffness and a decrease in platelet
counts to <150,000 are associated with
development of portal hypertension,
which is a key driver of clinical decom-
pensation (99). Annual transient elas-
tography along with platelet counts
may be considered for this subgroup.
Screening for HCC and assessment of
Model for End-Stage Liver Disease (MELD)
score and complication(s) of portal hyper-
tension should be performed every 6
months in individuals with cirrhosis to en-
sure timely diagnosis of HCC and referral
for liver transplant for a rising MELD score,
particularly to values of =15.

Individuals with a FIB-4 score >2.67
at initial evaluation are at high risk for
advanced fibrosis, liver-related outcomes,
and all-cause mortality. Approximately
3%—-5% of people with type 2 diabetes
and MASLD may have an initial FIB-4
score >2.67 (1-3). Such individuals can
be directly referred to gastroenterologists
or hepatologists for evaluation of the
presence or absence of cirrhosis and
initiation of cirrhosis-related care for
HCC surveillance, to prevent decom-
pensation and delay the need for liver
transplant, if indicated.

As the disease progresses, people with
type 2 diabetes and MASLD may experi-
ence increased frustrations and worries
about their future. The interprofessional
team should consider screening for
depressive symptoms and anxiety. As
complications dominate, people need
to learn to live with challenges that im-
pact their usual level of activity and feel-
ing of well-being.

Assessment of Response to Treatment

Individuals with a FIB-4 score >1.3 and
a second test (i.e., VCTE-LSM) confirm-
ing at-risk MASH may receive treatment

Diabetes Care Volume 48, July 2025

for obesity or type 2 diabetes (e.g., GLP-
1RA, dual glucose-dependent insulino-
tropic polypeptide [GIP] and GLP-1 re-
ceptor agonist [dual GIP/GLP-1RA], or
pioglitazone) that may also impact un-
derlying MASH, or they may receive
treatment specifically targeting MASH
(e.g., resmetirom or semaglutide). FIB-4 is
not very sensitive to fibrosis change, and
its increase or decrease only occurs after
substantial changes in fibrosis stage (69).
Furthermore, short-term improvement
(6—12 months) in FIB-4 likely reflects
changes in inflammation (i.e., plasma
aminotransferases) rather than fibrosis.
On the other hand, several studies have
shown that liver stiffness measures im-
prove after effective drug intervention,
and sustained improvement has been re-
ported in clinical trial settings (120). These
data support the use of transient elastog-
raphy (VCTE-LSM) to evaluate responses
to therapeutic intervention. Improvement
by =30% represents therapeutic re-
sponse, whereas an increase by =30%
reflects disease progression (83). Referral
to the gastroenterologist or hepatologist
is warranted if there is a suggestion of
disease progression.

Assisting Implementation: Use of
EMRs
The value of EMR-integrated clinical deci-
sion support tools in MASLD is multiface-
ted. EMR use facilitates the incorporation
of MASLD clinical practice guidelines into
the clinical workflow. EMRs with FIB-4
scores can engage people through grant-
ing access to their data, empowering
them in their health care journey. In
EMR systems FIB-4 calculation can be au-
tomated, streamlining risk stratification in
clinical practice (121). This can serve as a
decision support tool in flagging people
with high FIB-4 scores for further evalua-
tion, aiding early detection, secondary
testing, and referrals to the liver specialist
and other members of the MASLD inter-
professional team. EMR integration can
assist in disease monitoring and tracking
disease progression over time, providing
insights for optimizing medical care. Addi-
tionally, this integration can contribute to
research and population health manage-
ment, from understanding the natural
history of the disease in the “real world”
to assessing the role of different lifestyle
interventions and pharmacotherapy.
Overall, EMR-integrated clinical deci-
sion support tools will play an important
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role for busy clinicians in screening im-
plementation for high-risk individuals and
improve clinical outcomes.

SECTION 4. TREATMENT

Management of MASLD in adults in-
volves an interprofessional team in-
cluding but not limited to primary care
physicians, endocrinologists, nurses, RDNs,
DCES, behavioral health specialists, obesity
management teams, pharmacists, and
liver and other medical specialists. The
comprehensive care plan includes life-
style modification, weight management,
and pharmacological treatment aimed at
preventing cardiovascular disease and
MASH cirrhosis (59).

Lifestyle Modification

A healthy lifestyle is the foundation of
treatment in people with type 2 diabe-
tes and MASLD. Figure 3 summarizes a
broad spectrum of useful lifestyle inter-
ventions. In people with overweight and
obesity, the magnitude of weight loss
correlates overall with improved glyce-
mic management, insulin sensitivity, and
histological improvement in MASH, in-
cluding fibrosis (122,123). Among people
with MASH, weight loss of =5% of total
body weight decreases steatosis. Weight
loss of >5% usually is needed to reverse
steatohepatitis (56,122,124,125). Many
studies suggest that even more weight
reduction (=10%) is needed to improve

fibrosis and that the response can be
highly variable (56,57,122,124). Of note,
improvement in liver histology may be
seen with lesser degrees of weight loss
and, conversely, only modest improve-
ment with significant weight loss.

When lifestyle modification includes
individualized nutrition diagnosis, treat-
ment, and behavior modification recom-
mendations, it should be delivered by
an RDN. However, all health care team
members can reinforce general nutrition
guidance. Furthermore, it is essential to
use appropriate psychosocial care meth-
ods and provide access to diabetes self-
management education and support
(DSMES) services as a critical part of
healthy lifestyle interventions for peo-
ple with type 2 diabetes and MASLD
(126).

Nutrition Plans

Nutrition plans should be tailored to
the individual’s social, work, cultural,
and financial context and provided in a
practical, implementable format. Given
that MASLD often clusters in families,
and family support is crucial for success,
family counseling should be included
(69). Evidence suggests that no ideal
calorie percentage from carbohydrates,
proteins, and fats can be broadly rec-
ommended for all people with predia-
betes or diabetes (127). However, nutrition
plans high in saturated fat and sugar (from
sucrose and/or high-fructose corn syrup)

Weight loss

« Encourage calorie deficit that promotes

weight loss

« ~5% weight reduction to reduce steatosis

« ~7-10% to reverse steatohepatitis and
liver fibrosis

Cusi and Associates

are associated with postprandial hypertri-
glyceridemia, insulin resistance, and higher
risk of MASLD or MASH with fibrosis pro-
gression in high-risk individuals (122,128).
Increased fructose consumption is associ-
ated with fibrosis severity, independent of
total caloric intake (128). In macronutrient
distribution avoidance of ultraprocessed
foods and reduction in saturated fat and
simple sugars and fructose consumption
should be emphasized, as should an eating
pattern enriched with high fiber and unsat-
urated fats (56,57,126,127).

Various nutritional approaches (e.g.,
low fat vs. low carbohydrate, Mediterra-
nean diet, Dietary Approaches to Stop
Hypertension [DASH] diet, high protein,
meal replacement, and intermittent fasting,
among others) seem comparable in their
ability to improve steatosis (129,130), but
their benefit for steatohepatitis and fibrosis
have not been adequately studied (122). A
(culturally appropriate) Mediterranean
eating pattern (rich in fruits, vegetables,
whole grains, and heart healthy fats) is
preferred due to the best long-term data
on beneficial cardiometabolic risk fac-
tor reduction and mortality benefit
(122,129-131) and is endorsed in current
MASLD guidelines (55,56,58,59,122).

Alcohol consumption increases the
risk of cirrhosis and HCC (132). It should
be avoided in individuals with at-risk
MASH. (See SECTION 8. ALCOHOL INTAKE AND
LIVER HEALTH.)

Physical activity

Discuss goal of performing 2150 min/week

moderate-intensity aerobic activity and

Nutrition (healthy eating)

« Emphasize a high-fiber, whole foods
eating pattern with personalized goals, that
is low in saturated fat and added sugar

« Individuals should abstain from sugar-
containing beverages and minimize
consumption of ultraprocessed foods

DSMES

« Support behavior change to address
factors complicating diabetes management

« Address lifestyle modification with
medical nutrition therapy

resistance activities 2-3 times/week
Explain that brief sessions (~10 min) can
be effective ways to reach goal

Lifestyle
modifications for
individuals with diabetes
and MASLD or MASH

Figure 3—Lifestyle modification for individuals with prediabetes or diabetes and MASLD.

-
Alcohol
« Assess intake at every visit
« Recommend minimizing alcohol intake in
MASLD
« Individuals should abstain if moderate fibrosis is
present (=F2)

Behavioral health

« Promote stress reduction via positive
health behaviors

« Screen for depression and anxiety at least
annually and refer to behavioral health
professionals when indicated

« Advise adequate sleep and quitting smoking
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Physical Activity

Structured exercise has been shown to
decrease insulin resistance, plasma ami-
notransferases, and steatosis in individ-
uals with MASLD (133-136). Different
exercise types and intensities can pro-
duce different outcomes, with aerobic
activity potentially offering greater he-
patic benefits than other types (133,134)
and high-intensity activity improving
MASH and fibrosis (137).

Although current guidelines recom-
mend accumulating at least 150 min of
moderate- or 75 min of vigorous-intensity
activity weekly and performing resistance
activities two to three times per week for
individuals with diabetes or MASLD or
MASH (126,138), care teams should per-
sonalize activity plans based on individual
needs, goals, and preferences as well as
provide resources to support activity self-
efficacy and long-term adoption (126).
Minimizing sedentary time and engaging
in brief sessions (~10 min) of simple activ-
ities such as walking with the goal of
meeting activity guidelines should be en-
couraged (126). Resistance training may
prevent sarcopenia and functional decline
(133,139).

Behavioral Health

Psychosocial care should be provided to
all people with type 2 diabetes and
MASLD to optimize health-related quality
of life. There is a lack of large, high-qual-
ity studies for evidence-based best treat-
ment recommendations for depression,

mental illness, or substance use, specifi-
cally in MASLD (140). Drawing from
the type 2 diabetes literature, evi-
dence-based approaches include cog-
nitive behavioral therapy, mindfulness-
based therapy, and/or pharmacotherapy
(126). All may be of help to treat men-
tal health issues in adults with diabetes
and MASLD that often overlap with
obesity and its comorbidities, as well as
with the use of obesogenic psychiatric
medications. Behavioral health professio-
nals should monitor outcomes systemati-
cally to assess progress and ongoing needs.

DSMES

DSMES services provided by a DCES
have been shown to support behavior
change in people with type 2 diabetes.
DSMES should be offered at least annu-
ally to people with type 2 diabetes and
MASLD (for more details, refer to ADA
“Standards of Care in Diabetes—2025”
[Standards of Care] [126]). While basic
healthy eating guidance is provided dur-
ing DSMES sessions, coordination with
the RDN ensures that specific nutrition
therapy related to the person’s liver dis-
ease is addressed (141).

Although there are limited data on
behavioral weight loss interventions in
MASLD (142), structured nutrition and
exercise intervention in addition to
health education should be offered to all
people with MASLD (57,126,143-145).
These interventions share similarities with
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and for the prevention and treatment of
type 2 diabetes (146). Literacy about fi-
brosis stage and risk of MASLD pro-
gression may improve adherence to
lifestyle intervention (147-149).

Pharmacological Treatment of
Obesity and Role of Metabolic
Surgery in MASLD

Pharmacological Treatment of Obesity in
MASLD

Together with lifestyle optimization,
pharmacotherapy should always be con-
sidered in the management of people
with diabetes with overweight or obe-
sity and MASLD. Lifestyle modification
alone often is unable to achieve or
maintain long-term weight loss of the
magnitude usually recommended to re-
verse steatohepatitis and fibrosis (>10%)
(56,57,122).

Pharmacological therapy for obesity
in MASLD should be individualized, po-
tential risk-benefit and cost considered,
and treatment strategies reassessed of-
ten over time. Figure 4 summarizes the
management of MASLD in considering
the severity of liver disease and the
pharmacological options for obesity or
type 2 diabetes with potential to reverse
steatohepatitis, as well as MASH-specific
therapies (i.e., resmetirom). GLP-1RA re-
duce cardiovascular disease, the main
cause of death in MASLD (150), and offer
renal protection to people with type 2
diabetes (see ADA Standards of Care
[151,152]). Certain GLP-1RA also reduce
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Figure 4—MASLD treatment algorithm for individuals with prediabetes or diabetes. Fibrosis stages: FO and F1, mild or no liver fibrosis; F2, moder-
ate fibrosis; F3, advanced fibrosis. CV, cardiovascular; SGLT2i, SGLT2 inhibitors. *Individualized care and close monitoring is needed in compen-
sated cirrhosis given limited safety data available. +Only semaglutide among GLP-1RA has been reported to be of benefit in a phase 3 RCT with
histological outcomes in MASH. Adapted from “Standards of Care of Diabetes—2025” (59).
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without diabetes with overweight or
obesity and preexisting cardiovascular
disease (153).

At present, no obesity pharmacother-
apy has an approved indication for MASLD,
but GLP-1RA have reported positive re-
sults in phase 2 RCTs and a phase 3
RCT. In a phase 2 RCT where 320 partici-
pants with MASH (65% with type 2 diabe-
tes) received treatment with semaglutide,
a GLP-1RA, MASH resolution without
worsening of fibrosis occurred in 59% of
individuals vs. 17% on placebo (P <
0.001). Fibrosis did not improve (43% in
the 0.4-mg group vs. 33% in the placebo
group, respectively, P = 0.48), but fewer
individuals on semaglutide had worsening
of fibrosis at 72 weeks (4.9% in the
0.4-mg group vs. 18.8% in the placebo
group) (154). Recently, the phase 3 Effect
of Semaglutide in Subjects with Non-
cirrhotic Non-alcoholic Steatohepatitis
(ESSENCE) trial in 800 participants with
MASH (11) reported that for 36.8% of indi-
viduals treated for 72 weeks with semaglu-
tide 2.4 mg s.c. once weekly improvement
in liver fibrosis was achieved with no wors-
ening of steatohepatitis, compared with
224% on placebo (P < 0.001), while
62.9% achieved resolution of steatohepati-
tis with no worsening of liver fibrosis, com-
pared with 34.3% on placebo (P < 0.001)
(12).

Tirzepatide, a dual GIP/GLP-1RA, has
also been studied for the treatment of
MASH. In an early study in adults with
type 2 diabetes and MASLD, it had been
reported that 52 weeks of treatment de-
creased liver fat by up to 47%, compared
with 11% with insulin degludec (P < 0.001)
(155). In the phase 2 SYNERGY-NASH
trial, treatment of 190 adults with over-
weight or obesity and MASH (50%—-60%
with diabetes) for 52 weeks with tirze-
patide at doses of 5, 10, and 15 mg/
day resulted in resolution of steatohe-
patitis without worsening of fibrosis in
44%, 56%, and 62% of participants,
respectively, compared with 10% with
administration of placebo (P < 0.001
for all three comparisons) (156). The
percentage of participants with an
improvement of at least one fibrosis stage
without worsening of MASH was 55%,
51%, and 51% of participants, respec-
tively, compared with 30% with placebo.
Finally, in an early proof-of-concept trial
in individuals with MASH, the GLP-1RA
liraglutide at a mean daily dose of 1.3
mg/day was reported to have positive

results after 48 weeks of treatment.
MASH resolution occurred in 9 of 23
(39%) participants who were treated
with liraglutide, compared with 2 of 22
(9%) in the placebo group (P = 0.019)
(157). Progression of fibrosis was seen in
only 9% of those who received liraglu-
tide compared with 36% in the pla-
cebo group (P = 0.04).

Promising dual and triple agonists in
the pipeline also include survodutide, a
dual glucagon and GLP-1 receptor agonist.
In 295 participants with overweight or
obesity and MASH (clinical trial reg. no.
NCT04771273, ClinicalTrials.gov), all doses
of survodutide (2.4, 4.8, and 6.0 mg/day)
met the primary outcome: a decrease of
at least 2 points in NAFLD activity score
without worsening of fibrosis, as well as
MASH resolution. At the highest dose, sig-
nificant improvement in liver fibrosis was
seen in individuals with at-risk MASH (P <
0.001) (158). Tests are also ongoing of re-
tatrutide, a triple GIP receptor agonist,
GLP-1RA, and glucagon receptor agonist,
for the management of MASH. In phase 2
trials, retatrutide induced dose-dependent
weight loss in people with type 2 diabetes
(159) or obesity (160). In a subset of 98
people with obesity and MASLD (=10%
liver fat, assessed with MRI-PDFF), the
higher dose of retatrutide (12 mg s.c.
once weekly) normalized liver fat in 90%
of participants at the higher doses and
improved biomarkers of steatohepatitis
after 48 weeks of treatment (161).

For other U.S. Food and Drug Admin-
istration—approved weight management
agents, i.e., orlistat (an oral lipase inhib-
itor), centrally acting oral combinations
such as phentermine/topiramate ER or
naltrexone/bupropion ER, or daily lira-
glutide 3 mg s.c., rigorous histological
evidence of benefit in MASH is lacking,
although they may reduce plasma ami-
notransferases or steatosis in the case
of significant weight loss (56,162). There
have been reports from several clinical
trials that liraglutide at doses used to
treat diabetes (up to 1.8 mg) or obesity
(3.0 mg) (163,164) ameliorate steatosis,
along with a report from a 48-week pilot
study of histological improvement (157).

Metabolic Surgery for the Treatment of
MASLD

Metabolic (also termed bariatric) sur-
gery in people with diabetes improves
glycemic management, promotes diabetes
remission (165), and prevents cardiovascular
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disease (146,166—-168). Metabolic surgery
improves steatosis in 70%—80% of individ-
uals, with resolution of inflammation and
hepatocyte ballooning (necrosis) in
50%-75% and fibrosis in 30%—-40%
(169,170). Metabolic surgery also re-
duces the risk of HCC (170,171) and
other cancers (171). Although most
data are from case-control observa-
tional studies, in an RCT in 288 adults
with biopsy-confirmed MASH, lifestyle
modification plus best medical care was
compared with Roux-en-Y gastric bypass or
sleeve gastrectomy (172). The primary out-
come of resolution of MASH without
worsening of fibrosis at 1 year of follow-
up was achieved in 56% and 57% of the
Roux-en-Y gastric bypass and sleeve gas-
trectomy groups, respectively, compared
with 16% with lifestyle modification (P <
0.0001). Among participants who com-
pleted the trial (82%), the primary out-
come with either type of surgery was
met in 70% of participants, compared
with 19% with lifestyle modification (P <
0.0001).

The long-term benefit of metabolic
surgery for the treatment of MASH is
possibly best illustrated with an obser-
vational study where 606 adults with
obesity and MASH, but without cirrho-
sis, were matched to a nonsurgical con-
trol group (n = 550) and followed for a
median of 7 years (172). The metabolic
surgery group showed more favorable
long-term outcomes compared with the
nonsurgical group, including significantly
lower major adverse liver outcome oc-
currence (2.3% vs. 9.6%, respectively,
P =0.01) and a significant reduction in
cardiovascular events (8.5% vs. 15.7%,
respectively, P = 0.007). Thus, metabolic
surgery can significantly reduce the risk of
cirrhosis and cardiovascular disease, al-
though lack of significant weight loss is
associated with failure to reverse steato-
hepatitis or fibrosis. Endoscopic meta-
bolic surgeries are less invasive options,
but more robust evidence is needed for
recommendations for their use to treat
obesity in adults with MASLD (56,57).

Metabolic surgery should be recom-
mended with caution in compensated
cirrhosis from MASLD (i.e., asymptom-
atic stage of cirrhosis without associated
liver complications), as the risk of hepatic
decompensation appears comparable with
that for individuals with less advanced
liver disease when performed in experi-
enced centers with interprofessional
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teams (173,174). However, long-term
studies are needed to better establish
the safety and efficacy of metabolic sur-
geries and which type is best. There is
significantly less information on proce-
dures in people with clinically significant
portal hypertension or decompensated
cirrhosis (i.e., with complications such as
variceal hemorrhage, ascites, hepatic en-
cephalopathy, or jaundice), but overall
these conditions are associated with worse
outcomes and metabolic surgery should
only be considered together with liver
transplantation in tertiary centers. Therefore,
metabolic surgery is not recommended
in decompensated cirrhosis, given the
limited outcome data available and the
higher risk of postoperative liver-related
complications (55-57).

Pharmacological Treatment of Type 2
Diabetes in MASLD

Approximately 15%—20% of adults with
type 2 diabetes (1,2,4,21,175) have at-
risk MASH and are on a path to develop
cirrhosis if untreated (1,2,4,21,176,177).
This high prevalence is comparable with
or higher than that for other diabetes-
related complications such as diabetic
nephropathy, retinopathy, or neuropathy.
Although no glucose-lowering medication

is approved for the treatment of MASLD,
preference in treating diabetes should be
given to those treatments with evidence
of safety and effectiveness for steatohe-
patitis from high-quality phase 2 RCTs
and a phase 3 RCT (e.g., GLP-1RA and/or
pioglitazone, or dual GIP/GLP-1RA tir-
zepatide), with the dual purpose of
treating hyperglycemia and steatohepa-
titis (154,178,179) (Fig. 4). Once cirrho-
sis is established there are currently no
effective treatments. Table 5 summarizes
our current knowledge about the ef-
fect of glucose-lowering medications
in MASLD as well as their cardiorenal
benefit.

As discussed above in pPHARMACOLOGI-
CAL TREATMENT OF OBESITY IN MASLD, Sema-
glutide (11,154), tirzepatide (156), and
liraglutide (157) improve MASLD in in-
dividuals without cirrhosis. Still, their
long-term safety, tolerability, and effi-
cacy remain to be established. The com-
bination of gastrointestinal side effects,
formulation as injectables, and high cost
may limit long-term treatment adher-
ence. Real-world data suggest discontinu-
ation rates of ~50% and ~60% at 12 and
24 months, respectively—usually higher
with daily versus weekly GLP-1RA dosing
(180,181).

Table 5—Liver and cardiorenal effects of glucose-lowering medications

Effect in MASLD and MASH*
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Pioglitazone may reverse steatohepa-
titis in people without diabetes (182-185)
or with prediabetes or type 2 diabetes
(186,187) (Table 5). The effect on fibrosis
is modest; the placebo-subtracted propor-
tion of people with improvement in fibro-
sis among different studies ranges from
9% to 22% (statistically significant in
none) (182—187). Studies have been rela-
tively small and underpowered for this
outcome. Still, in some studies, fewer in-
dividuals exhibit fibrosis progression in
comparison with placebo (185,187), and
in a meta-analysis of available studies in-
vestigators concluded that pioglitazone
may improve fibrosis (178). As a generic
medication, pioglitazone may be a cost-
effective alternative for the dual pur-
pose of treating type 2 diabetes and
MASH (60). Dose-dependent weight
gain can be mitigated by prescribing
lower doses (15 mg/day, weight gain
1%—2%) (188-190). Net weight loss is
observed when pioglitazone is combined
with a GLP-1RA (191-196) or a sodium—
glucose cotransporter 2 (SGLT2) inhibitor
(194,197-200). In addition, combined
pioglitazone and GLP-1RA treatment is
associated with a greater decrease in
hepatic steatosis as compared with pio-
glitazone alone in people with type 2

Cardiovascular, renal, and other relevant clinical effects

Reduction of
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Hepatic Fibrosis fibrosis
Medication steatosis Steatohepatitis regression progression ASCVD* CKD* HF* Hypoglycemia
Semaglutide** Beneficial Beneficial Beneficial Potential benefit Beneficial Beneficial Beneficial Low risk
Tirzepatide***+ Potential benefit Potential benefit Potential benefit Potential benefit ? ? Beneficial Low risk
Pioglitazone+ Potential benefit Potential benefit Potential benefit Potential benefit Beneficial Neutral Not Low risk
recommended
in HF stage B,
C,orD
SGLT2 inhibitors  Potential benefit ? ? ? Beneficial Beneficial Beneficial Low risk
Metformin9 Neutral Neutral Neutral Neutral Potential Neutral Neutral Low risk
benefit?
DPP-4 inhibitors9 Neutral ? ? ? Neutral Neutral  Neutral (except Low risk
saxagliptin,
alogliptin?)
Insuling Potential benefit ? ? ? Neutral Neutral Neutral High risk
Sulfonylureas9 Neutral ? ? ? Neutral Neutral Neutral High risk

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; HF, heart failure. ? indicates unknown. *Includes people with and
without type 2 diabetes. 90nly in people with type 2 diabetes. **Only semaglutide among GLP-1RA has been reported to be of benefit in a
phase 2 RCT (154) with improvement in steatohepatitis and more recently in a phase 3 RCT with histological outcomes in MASH, including im-
provements in steatohepatitis and fibrosis (11). Liraglutide may offer potential benefit, based on results of a phase 2 RCT (157). Other GLP-1RA
have not been tested in RCTs with liver histological outcomes. ***Tirzepatide is the only dual GIP/GLP-1RA available and tested with histological
outcomes in a phase 2 RCT in MASH (155). 1Tirzepatide and pioglitazone are considered of potential benefit based on phase 2 trials.
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diabetes (196,201). Pioglitazone improves
left ventricular function (194,202) but
may promote heart failure if inadver-
tently prescribed to individuals with
preexisting congestive heart failure.
Dose- and time-dependent increases
in risk of fractures and bladder cancer
have been reported, although the data
for bladder cancer remain controversial
(203).

Vitamin E may be considered for the
treatment of MASH in selected individu-
als without diabetes (182), with effects
significantly impacted by haptoglobin
genotype (204), although when used
in combination with pioglitazone in
adults with diabetes it did not enhance
pioglitazone’s efficacy in comparison
with earlier studies with the thiazolidi-
nedione, and there is not enough evi-
dence at this time for recommendation
for people with type 2 diabetes (55—
58,205). In a retrospective study in in-
dividuals with MASH and advanced fi-
brosis, it was reported that vitamin E
was associated with less disease pro-
gression (206). However, controversy
remains about a potential increase in
hemorrhagic stroke and prostate cancer
(207).

In at least six phase 2 RCTs, SGLT2 in-
hibitors were tested in individuals with
type 2 diabetes and MASLD (dapagliflo-
zin, empagliflozin, and canagliflozin, and
smaller studies with others), and mod-
est reductions in hepatic steatosis were
consistently reported (e.g., mean of
~20% placebo-subtracted relative de-
crease in intrahepatic triglycerides) (164)
(Table 5). Modest benefit was reported
in an open-label trial with liver histologi-
cal outcomes (208), while in another no
improvement was noted (209). In a re-
cent prospective study in 237 people
with type 2 diabetes from diabetes clin-
ics, with a mean follow up of ~4.5 years,
it was reported that use of SGLT2 inhibi-
tors was associated with less fibrosis pro-
gression (liver stiffness measured with
transient elastography) (210). SGLT2 inhib-
itors have not been rigorously tested with
histological outcomes in MASH, but their
cardiometabolic benefits make them an
attractive option for people with MASLD.

Glucose-lowering agents other than
pioglitazone or GLP-1RA or dual GIP/
GLP-1RA can be continued for glycemic
management, as clinically indicated, but
may not improve MASH (i.e., metformin)
(56,57) or have not been tested in MASH

in paired liver biopsy trials (i.e., insulin,
sulfonylureas, dipeptidyl peptidase 4
[DPP-4] inhibitors, meglitinides, or acar-
bose) (Table 5).

The prevalence of MASLD is increas-
ing among people with type 1 diabetes,
especially when associated with obesity
(211), and weight gain appears to be
linked to insulin resistance, hyperglycemia,
and more difficult to manage diabetes
(212). In one study an only 8% prevalence
of steatosis was reported, measured with
MRI, in adults with type 1 diabetes pre-
dominantly without obesity compared
with an eightfold higher prevalence in
those with type 2 diabetes (liver fibrosis
was not measured) (213). A meta-analysis
from 29 studies, including 390 individ-
uals with type 1 diabetes and 10,487
individuals with type 2 diabetes, re-
ported prevalence rates of fibrosis,
measured with transient elastography,
of 5.2% and 19.8%, respectively (4).
The current recommendation is to screen
for fibrosis in people with type 1 diabetes
only in the context of risk factors for
MASLD, in particular obesity, elevated
plasma aminotransferases, or steatosis
as an incidental finding (56,59). Treat-
ment should focus on lifestyle modifica-
tion that induces weight loss in individuals
with overweight or obesity. Optimizing
glycemic management with insulin ther-
apy may reduce steatosis (155,164,214).
Other diabetes medications (or resme-
tirom) have not been tested in this
population.

MASH Pharmacotherapy

Resmetirom is a selective thyroid hor-
mone receptor (3 (THR-B) agonist (215),
approved in early 2024 for the treat-
ment of MASH with fibrosis stages F2
and F3. Its THR-B isoform selectivity (a
receptor isoform with expression pre-
dominately in liver, kidney, pituitary,
and brain tissue) minimizes potential un-
desirable off-target THR-a—related effects
in heart and bone tissues. Resmetirom
decreases steatosis through not yet fully
understood mechanisms such as enhanc-
ing mitochondrial function and improving
the hepatic conversion of thyroxine (T4)
to triiodothyronine. Administration for 52
weeks in 966 adults randomized 1:1:1 to
oral resmetirom at a dose of 80 mg or
100 mg or placebo led to MASH resolu-
tion in up to 29.9% of participants re-
ceiving resmetirom compared with 9.7%
on placebo (P < 0.001) (10). Fibrosis
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improved in up to 25.9% and 14.2%, re-
spectively (P < 0.001). Treatment initia-
tion does not require a liver biopsy, and
specific guidance has been developed
for identification with NITs of adults
with MASH with fibrosis stages F2 and
F3 (i.e., LSM by imaging with VCTE or
MRE) for whom therapy is suitable (216).
Main exclusion criteria are compensated
or decompensated cirrhosis, active liver
diseases (i.e., autoimmune hepatitis or
primary biliary cholangitis), suboptimally
managed hypothyroidism or hyperthy-
roidism, or ongoing alcohol consumption
of >20 g/day for women or >30 g/day
for men. Nausea, vomiting, and diarrhea
are the most frequent adverse events
with resmetirom therapy. Resmetirom
may lower free T4 levels by ~20% and
increase two- to threefold sex hormone—
binding globulin (SHBG) protein levels
(10,216). Increasing SHBG in the setting
of borderline or frank hypogonadism has
the potential to exacerbate hypogonad-
ism because it may alter the dynamics
between bound and free testosterone,
resulting in a decrease in biologically ac-
tive hormone. Also, SHBG can potentially
deliver testosterone directly to tissues
with unknown biological effects on an-
drogen-dependent organs (63,217). The
long-term clinical significance of these
hormonal changes remains to be deter-
mined (218). Baseline thyroid function
testing prior to initiating therapy is rec-
ommended by the American Associa-
tion for the Study of Liver Diseases
(AASLD) (216), as hypothyroidism is com-
mon in the general population (~12%) and
steatosis may be associated with hypo-
thyroidism (55). Monitoring of thyroid
function during resmetirom therapy
should be based on clinical judgement.
Of note, some people during the phase
3 trial had free T4 levels below normal
(most often transient), needed resme-
tirom dose adjustments, or were started
on levothyroxine (219). Because hypo-
gonadism develops more often in older
adults and in those with MASLD, clini-
cians should follow current guidelines
(56,122,124) that recommend the eval-
uation of symptomatic individuals for
hypogonadism on the basis of a fast-
ing total testosterone and free testos-
terone concentration (ideally with liquid
chromatography—mass spectrometry
and equilibrium dialysis, respectively)
(220) or consider an endocrinology
consult.
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There is limited information on com-
bining resmetirom with medications of-
ten used for comorbidities in MASLD
(e.g., pioglitazone, GLP-1RA, or dual GIP/
GLP-1RA). People with obesity and type 2
diabetes should make it a priority to op-
timize lifestyle and medical management
with a GLP-1RA, pioglitazone, or their
combination or a dual GIP/GLP-1RA
(tirzepatide) with potential benefits for
steatohepatitis (59). Addition of resme-
tirom should be initiated by a hepatologist
or gastroenterologist with expertise in
MASH and within the context of an
interprofessional team approach, cost-
benefit assessment, and individual deci-
sion sharing. In monitoring resmetirom
treatment recent guidance by AASLD
should be followed (216).

SECTION 5. THE NEED TO
DEVELOP INTERPROFESSIONAL
TEAMS

Role of Primary Care

MASLD in type 2 diabetes is best man-
aged by a coordinated health care team
with expertise to address prevention,
screening, diagnosis, lifestyle interven-
tions, medication, and monitoring, led
by the primary care physician (Fig. 5).
Depending on the disease stage,

KT8
Care of people
with diabetes
and MASLD

Care team

MASLD with fibrosis stage F2-F3 (“at-risk” MASH)
Care team

Care team

location, and resources in the area, the
health care team may vary and even in-
clude expertise accessed remotely. Pre-
vention is a critical first step, requiring
awareness and expertise in managing
diet, exercise, and obesity at the primary
care level with support from dietitians, ex-
ercise physiologists, and behavioral health
care professionals. Pharmacists can help
by screening for obesogenic medications
and suggesting pharmacologic interven-
tions for obesity if appropriate. Diagnosis
of early disease and eventual referral to a
gastroenterologist or hepatologist, as per
the diagnostic algorithm in Fig. 2, should
become a routine component of type 2
diabetes care. A diagnosis of at-risk MASH
may motivate behavior change and may
be helpful for individuals for obtaining in-
surance coverage for more intensive be-
havioral and medical interventions.

Other valuable team members in-
clude obesity specialists in established
weight loss programs and medical exer-
cise programs, such as for cardiovascu-
lar or pulmonary rehabilitation. Mental
health treatment and referral to behav-
ioral health specialists can aid people
with type 2 diabetes and MASLD who
struggle with depression (140), which
can hinder behavior change and weight

Primary care physicians, physicians associates/
assistants, and nurse practitioners

Registered dietitian nutritionist, obesity
management team

Behavioral modification team, diabetes care
and education specialist

of Care of Care

Management

Same as for MASLD with stage

FO-F1, and consider referrals to:

> Hepatologist or Gl (with
physician associates/assistants
and nurse practitioners team)

> Endocrinologist/diabetes
specialist

with stage FO-F1

Management

Same as for MASLD

with stage F2-

F3, and consider

referrals to:

> Transplant team for
decompensated
cirrhosis

> Social support team

 Diabetes care:

« Avoid use of resmetirom in cirrhosis

Management

« Lifestyle intervention, weight loss with
pharmacotherapy or metabolic surgery, as per
ADA Standards of Care

Diabetes care, as per ADA Standards of Care;
favor medications that reduce CVD and
steatosis (GLP-1RA, SGLT2i, pioglitazone)
Metabolic surgery team, as per ADA Standards e« CV risk reduction, as per ADA Standards

« Lifestyle intervention, weight loss same as for MASLD

« Diabetes care: prefer GLP-1, dual GIP/GLP-1RA,
pioglitazone, or combination to treat MASH; consider
resmetirom after treatment optimization of obesity
and/or diabetes for at least 6-12 months

« CV risk reduction, same as for MASLD with stage FO-F1

« Lifestyle intervention same as for MASLD with stage FO-F1, but
decompensated cirrhosis requires tailored nutritional planning

> In compensated cirrhosis: same as for MASLD with stage F2-F3 but with caution
> In decompensated cirrhosis: insulin only
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loss (Fig. 5). Suboptimally managed hy-
perglycemia should be managed with
the combined efforts of an endocrinolo-
gist and diabetes educator. Even after an
individual progresses to advanced fibrosis
or cirrhosis and is under a liver special-
ist’s care, the primary care and interpro-
fessional teams must remain involved for
management of behavioral and nutri-
tional care and care for cardiometabolic
risk factors and other MASLD-related co-
morbidities (56,57,59,126).

Role of the Endocrinologist/Diabetes
Care Specialist

The endocrinologist/diabetes care spe-
cialist is essential in managing MASLD in
people with type 2 diabetes (56,57,221).
Given the increased risk of cardiometa-
bolic complications (150,222,223) and ad-
vanced liver fibrosis in this population
(1,21), these professionals are at the
front line of recognizing MASLD and
treating its comorbidities (224). MASLD is
found to occur more often in people at-
tending diabetes clinics in comparison
with primary care, possibly because long-
standing type 2 diabetes is much more
common. Therefore, the endocrinologist
is in a unique position to 1) lead efforts
to screen and risk stratify people at risk

Liver monitoring

* FIB-4 every 1-2
years. LSM by
transient
elastography (or
ELF) if FIB-4 score is
>1.3 (possible disease
progression)

Liver monitoring

« Consider annual imaging
(LSM either by transient
elastography or MRE)
and measurement
of blood-based liver
fibrosis biomarkers

Liver monitoring

 Tailored to
cirrhosis
severity and
presence of its
complications.

« Screen for HCC

« CV risk reduction, same as for MASLD with stage FO-F1; caution with lipid-
lowering medications in decompensated cirrhosis

Figure 5—Interprofessional teams, management, and liver monitoring for care of individuals with diabetes and MASLD. CV, cardiovascular; CVD,
cardiovascular disease; FO, no fibrosis; F1, mild fibrosis; F3, advanced/severe fibrosis; Gl, gastroenterologist; SGLT2i, SGLT2 inhibitors.
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(Fig. 2), 2) promote lifestyle changes (Fig. 3)
and initiate medications that benefit
people with type 2 diabetes and MASLD
(56,57) (Fig. 4), 3) develop interprofes-
sional teams and manage referrals for
optimal care (Fig. 5), and 4) stay engaged
in the long-term follow-up of people with
MASLD (12,224,225).

Of note, the endocrinologist should
identify and treat other conditions asso-
ciated with MASLD besides type 2 dia-
betes commonly seen in endocrinology
clinics such as obesity (including sec-
ondary causes, e.g., Cushing syndrome),
polycystic ovary syndrome, hypothyroid-
ism (215), hypogonadism (frequent in
older males), hypopituitarism, severe hy-
pertriglyceridemia, and lipodystrophy (in-
cluding that associated with HIV/highly
active antiretroviral therapy), among
others. The endocrinologist is often the
first in line to exclude MASLD and diag-
nose secondary causes of liver disease
(Supplementary Table 2).

Role of Obesity Management Programs
Timely and appropriately structured life-
style interventions remain crucial, with
emphasis on weight loss as the principal
strategy. Summary of pharmacological
choices for obesity in MASLD in Fig. 4 and
Table 5 follows the ADA Standards of
Care that recommend weight loss using a
GLP-1RA or a dual GIP/GLP-1RA (59).

As discussed earlier, metabolic sur-
gery is recommended for suitable candi-
dates, albeit with caution advised for
people with compensated cirrhosis, and
is not recommended in hepatic decom-
pensated cirrhosis (59). Thus, a multifac-
eted approach involving lifestyle changes,
pharmacotherapy, and potentially surgery
is key to managing the intertwined issues
of type 2 diabetes, obesity, and MASLD,
with the aim of preventing progression
to more severe liver diseases.

Role of RDNs

DSMES is valuable in providing general
nutritional recommendations as part of
its comprehensive curriculum (141). We
further recommend referral to an RDN
to deliver medical nutrition therapy that
can target the specific metabolic condi-
tions relevant to each individual (226).
There are several unique considerations
for RDNs in caring for people with type 2
diabetes and MASLD. Even when a pa-
tient does not have elevated plasma

aminotransferases, RDNs need to con-
sider whether at-risk MASH may be pre-
sent in developing nutrition care plans
for any adult within the high-risk groups,
such as those with obesity, prediabetes,
or type 2 diabetes or with a medical his-
tory of steatosis. Such plans should be
formulated with the aim of managing
weight, attaining glycemic goals, and ad-
dressing cardiometabolic risk factors to
prevent hepatic and extrahepatic out-
comes (57).

RDNs and DCES should consider a
FIB-4 score calculation, if all compo-
nents are available, for risk stratification
and a better understanding of, along
with educating people on, the impor-
tance of medical nutrition therapy for a
person’s liver health. Additionally, alco-
hol impacts both energy balance and
disease progression, so suspicion of effects
of alcohol should trigger an alcohol-related
liver disease assessment (Supplementary
Table 3) and be addressed during counsel-
ing sessions. (See SECTION 8. ALCOHOL INTAKE
AND LIVER HeALTH.) Finally, communication
with the referring provider about risk
stratification, nutrition care plans, liver
health outcomes, and new health condi-
tions is essential to long-term success.

Role of the Behavioral Modification
Team

The behavioral modification team plays
a foundational role in managing MASLD
in people with diabetes in terms of
both prevention and disease manage-
ment. Primary care physicians and other
clinicians can access additional support
for lifestyle interventions through vari-
ous behavioral health team members,
including exercise physiologists, behav-
ioral health professionals, and DCES.
These professionals offer vital expertise
in physical activity programs, body com-
position and weight management, psy-
chosocial concerns, diabetes distress,
substance use, education promoting posi-
tive lifestyle behaviors, and overcoming
barriers (Supplementary Table 4).

Role of the Gastroenterologist and
Hepatologist

Gastroenterologists and hepatologists play
an important role in managing clinically
significant fibrosis, starting from the com-
prehensive fibrosis staging of the disease
(clinically significant fibrosis, advanced fibro-
sis, or cirrhosis), then in developing stage-
specific treatment plans, and then during
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long-term follow-up, in collaboration with
other members of the interprofessional
team. As mentioned in FIBROSIS RISK STRATIFI-
CATION and REFERRAL GUIDELINES, OVERVIEW OF AD-
DITIONAL TESTS BY SPECIALISTS, AND ROLE OF LIVER
siopsy, people at risk for fibrosis (based on
FIB-4 or LSM scores) should be consid-
ered for referral to liver specialty clinics
(gastroenterology or hepatology) where
they may undergo imaging-based meth-
ods (MRE or cT1) or liver biopsy for final
diagnosis. The liver specialists may also
use evolving multimodal scores such as
transient elastography—based scores (Agile
4 and Agile 3+), NIS2+ score (102,103),
or MRE-based measures (MAST score,
MEFIB index, and MASEF score) (104-106)
for diagnosis of cirrhosis or advanced
fibrosis.

People with cirrhosis also require on-
going HCC surveillance (liver ultrasound
and «-fetoprotein), screening and pri-
mary prophylaxis for esophageal varices,
and monitoring for the need for liver
transplantation. Treatment of comorbidities,
such as type 2 diabetes, calls for joint care
with endocrinologists/diabetes specialists
in determining how to best tailor diabe-
tes treatments and monitoring response
accordingly (see below).

SECTION 6. DIABETES
MANAGEMENT IN CIRRHOSIS

Cirrhosis profoundly modifies the over-
all management of diabetes. Liver cir-
rhosis can worsen insulin resistance and
glucose intolerance, explaining the higher
prevalence of diabetes observed among
people with cirrhosis (227)—highest among
those with MASLD-cirrhosis or crypto-
genic cirrhosis (56% and 51%, respec-
tively) (228). In people with compensated
cirrhosis, the presence of diabetes magni-
fies the risk for liver-related morbidity
and mortality (3,20,229,230). In diabetes,
many pathophysiological mechanisms
have been invoked by which hypergly-
cemia may promote the development
of MASH and progression to cirrhosis;
however, these mechanisms remain
poorly understood (203,231-233). Ob-
servational studies suggest lower rates
of cirrhosis and adverse liver outcomes
with GLP-1RA, SGLT2 inhibitors, and
thiazolidinediones (234). In short-term
clinical trials, glucose-lowering medica-
tions that stimulate weight loss (i.e.,
GLP-1RA) or improve insulin sensitiv-
ity (i.e., pioglitazone) may ameliorate
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steatohepatitis, and eventually fibrosis
progression, during the course of treat-
ment (164) (Table 5). However, the role
of hyperglycemia per se is unclear and
robust evidence of cirrhosis prevention
through optimizing glycemic manage-
ment is lacking.

The diagnosis of diabetes can be chal-
lenging due to chronic anemia, hyper-
splenism, renal insufficiency, sarcopenia,
or ascites, where there may be discor-
dance between standard tests used in
the diagnosis of diabetes (i.e., fasting
glucose and A1C) (235). People with cir-
rhosis may have normal or near-normal
fasting plasma glucose levels despite
the presence of prediabetes or diabe-
tes. An oral glucose tolerance test could
“unmask” diabetes in the presence of
an apparently normal A1C (236).

Management of diabetes presents
unique challenges as well in people
with cirrhosis. The approach to manag-
ing their diabetes is conditional on the
presence of compensated or decompen-
sated cirrhosis [i.e., with impaired liver
synthetic function or complication(s) of
portal hypertension] (19). One aspect of
clinical relevance is that MASLD may be
associated with higher risk of severe hy-
poglycemia in adults with type 2 diabe-
tes (237). Among people with type 2
diabetes, those with cirrhosis had a
much higher risk of severe hypoglyce-
mia and overall mortality in comparison
with those without liver cirrhosis (238).
As summarized in Fig. 6, several risk fac-
tors combine in cirrhosis to promote se-
vere hypoglycemia, such as impaired
renal function and cachexia, frequent
need of insulin (with diminished renal
clearance in chronic kidney disease),
and cognitive dysfunction with dimin-
ished alertness during hypoglycemia
that could be misdiagnosed and mistreated
as hepatic encephalopathy. Concomitant
medications, such as nonselective (3-block-
ers for portal hypertension, may also in-
crease the risk for impaired awareness of
hypoglycemia in masking signs and symp-
toms (i.e., tremor, tachycardia) because
they block the effects of norepinephrine.
Therefore, a less stringent and individu-
alized glycemic goal may be considered
for people with decompensated cirrho-
sis (239).

Formation of an interprofessional
team (primary care, RDN, endocrinolo-
gist/diabetes care specialist, hepatolo-
gist, and others) is the best practice for

managing cirrhosis. Diabetes and nutrition
education, with high protein intake
(1.2-1.5 g/kg/day) and regular exer-
cise, if feasible, may prevent sarcopenia,
which is a common problem in people
with cirrhosis (122,240). Education on
glucagon administration to treat severe
hypoglycemia, as well as the use of glu-
cose monitoring devices (241), may de-
crease the overall risk of complications
associated with hypoglycemia in cir-
rhosis from glucose-lowering medica-
tions. Continuous glucose monitoring
systems await future greater use in
this setting but have been validated
and proven valuable in small proof-of-
concept studies (241,242) and may be
particularly useful in the case of hav-
ing alerts for hypoglycemia.

Lifestyle modification including regu-
lar physical activity may improve diabe-
tes, MASH (122,124), portal hypertension
(243,244), and endurance and functional
outcome measures in people with cirrho-
sis (245) and potentially decrease the risk
for HCC (246,247). Compensated cirrhosis
may be treated with caution using oral
agents and GLP-1RA or dual incretin ago-
nists, as in less severe stages of cirrhosis.
Avoidance of sulfonylureas and metfor-
min in the case of renal impairment is
recommended due to the high risk of hy-
poglycemia and of lactic acidosis, respec-
tively (248). However, rigorous long-term
studies regarding the use of oral agents
or GLP-1RA and dual incretin agonists in

Impaired awareness
of hypoglycemia
from long duration of
diabetes, neuropathy,
and medications (i.e.,
B-blockers)

Reduced liver capacity
for glucogenesis and
glycogen storage/release

that predispose to
hypoglycemia (i.e.,
CKD, hepatorenal

syndrome, ascites)

F,

L Diminished clearance of
glucose-lowering and
- V other medications from
Liver-associated liver and renal disease
complications
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people with compensated cirrhosis are
limited. Short-term (28-48 weeks) studies
in people with cirrhosis suggest that GLP-
1RA-based therapies may be safe and
also can improve glycemic management
in people with MASH (249,250). In sev-
eral short-term studies SGLT2 inhibitors
have safely been tested in individuals
with advanced fibrosis and cirrhosis (19).
Pioglitazone should be avoided in decom-
pensated cirrhosis from MASH because it
is mainly metabolized in the liver by
CYPC28 and to a lesser extent by CYP3A4,
and there is limited clinical experience.
However, there was no increase in adverse
events reported either in a meta-analysis
that included adults with biopsy-proven
MASH and advanced liver fibrosis or com-
pensated cirrhosis treated with pioglitazone
(178) or in a large population-based study
(251). Insulin therapy is the preferred agent
for the treatment of hyperglycemia in
adults with type 2 diabetes with decom-
pensated cirrhosis (59), given its safety
and efficacy plus the lack of long-term
data with oral agents or GLP-1RA (19).
Future studies will be needed to reassess
the role of different glucose-lowering
medications in cirrhosis. A recent study
from the Veterans Health Administra-
tion system in 16,058 individuals re-
ported a 14% lower risk of cirrhosis with
GLP-1RA treatment in comparison with
DPP-4 inhibitor users (252). However,
there was no benefit from GLP-1RA use
in people with established cirrhosis (252).

Cognitive dysfunction

from ammonia buildup,

medications, and long-
standing diabetes

.

Chronic malnutrition,
sarcopenia, cachexia

Figure 6—Impaired awareness of hypoglycemia from risk factors in cirrhosis. CKD, chronic kid-
ney disease. Adapted with permission from Castera and Cusi (19).
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SECTION 7. DIABETES AND HCC

In several retrospective and prospective
studies, type 2 diabetes is indepen-
dently associated with a two- to fourfold
higher risk for HCC (31,177,253-257).
Much of the association between diabe-
tes and HCC may be explained by the de-
velopment and progression of MASLD.

Although people with both diabetes
and MASLD are among the highest-risk
groups for HCC, the absolute risk of
HCC is low and variable (258). Hence,
current guidelines do not recommend
screening for HCC in people with diabe-
tes and MASLD unless there is evidence
of cirrhosis. People with diabetes compli-
cations and/or suboptimal glycemic man-
agement, especially if they also have a
high FIB-4 score, may be an important
subgroup for close monitoring for future
risk of cirrhosis (258,259). Duration of di-
abetes and other comorbid metabolic
conditions also increased HCC risk in
other studies.

Improved glycemic management to re-
duce cirrhosis and HCC burden in people
with diabetes may hold promise but re-
mains an understudied paradigm. Studies
among individuals with type 2 diabetes
have shown a reduction in HCC incidence
with metformin but an increase with
combination of metformin and a sulfonyl-
urea or insulin, or a greater risk of HCC
with oral agents combined with insulin
therapy (259,260). Adequate glycemic
management was associated with a 31%
lower risk of HCC (259). The potential
preventive effects of newer glucose-
lowering medications for HCC are currently
unknown, but this question warrants evalu-
ation. While GLP-1RA, SGLT2 inhibitors, and
pioglitazone are associated with lower rates
of cirrhosis in population-based studies,
their ability to prevent HCC is less clear
(234,252,261). Overall, there is significant
heterogeneity across observational studies,
which, together with challenges in adjust-
ing for multiple confounders, calls for cau-
tion in interpreting associations between
diabetes medications and risk of HCC.

SECTION 8. ALCOHOL INTAKE
AND LIVER HEALTH

Initial evaluation of people with cirrho-
sis includes an assessment of alcohol in-
take (Supplementary Table 3). In people
with preexisting obesity and diabetes,
alcohol use has a synergistic effect for
worsening insulin resistance, chronic liver

injury, cirrhosis, HCC, and liver-related
morbidity and mortality (132). Any alco-
hol use should be avoided in people with
diabetes and chronic liver disease. Mild-
to-moderate alcohol intake can serve as
a cofactor for the development of steato-
hepatitis and fibrosis progression. Heavy
alcohol intake may increase the risk of
type 2 diabetes in genetically predis-
posed individuals by inducing hepatic
and peripheral (i.e., muscle) insulin resis-
tance and promoting a chronic increase
in pancreatic B-cell demand. Alcohol in-
take can be defined as mild if <20 g/day
for women and <30 g/day for men,
moderate if between 21 and 39 g/day
for women and between 31 and 59 g/day
for men, or heavy if =40 g/day for
women and =60 g/day for men. While
earlier studies suggested a protective
effect of alcohol use on cardiometa-
bolic risk factors (262,263), subsequent
studies of moderate alcohol use (defined
broadly as >20 g/day) suggest lower
odds of MASH resolution and increased
risk for cirrhosis, HCC (264,265), and ex-
trahepatic malignancies (266-268). Fur-
ther, alcohol use may have a negative
effect on glycemic management in peo-
ple with diabetes (269,270), irrespective
of the use of antidiabetes medications
(271). Understanding of the impact of
alcohol use (type, pattern, frequency,
duration) in individuals with concomitant
diabetes and liver disease is required.

CONCLUSIONS

It is now well established that adults
with prediabetes or type 2 diabetes have
the highest risk of developing MASLD.
Approximately one in five people with
type 2 diabetes have clinically significant
fibrosis and are at high risk of developing
cirrhosis from MASLD (i.e., has at-risk
MASH), which is one of the leading rea-
sons for liver transplantation in the U.S.
MASLD is also associated with increased
risk of HCC as well as extrahepatic malig-
nancies and cardiovascular disease.
Individuals with prediabetes or type 2
diabetes should be risk stratified with a
two-tier approach (FIB-4 + VCTE-LSM)
for assessment of their risk of having at-
risk MASH with clinically significant liver
fibrosis or cirrhosis. This consensus re-
port delivers the message that timely
identification and proper management
can prevent the progression of fibrosis
to cirrhosis in people with prediabetes
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and type 2 diabetes in the same way as
already accepted for diabetes-related
microvascular complications (retinopathy,
nephropathy or neuropathy) or cardio-
vascular disease. With interprofessional
care teams and clinician awareness and
action, education, development of proper
models of care, and proactive public
health policies we hope to catalyze a
shift in clinical practice that will improve
outcomes and the quality of life of peo-
ple with diabetes and MASLD.
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