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ARTICLE HIGHLIGHTS

® Why did we undertake this study?

Alcohol acts synergistically with metabolic disease to worsen liver and cardiometabolic health; recent changes in nomenclature now require
clinicians to explicitly address alcohol as a cofactor in disease progression.

® What is the specific question(s) we wanted to answer?

How does alcohol affect metabolic dysfunction—associated steatotic liver disease (MASLD), and how should the matter of alcohol use be
integrated into liver and cardiometabolic care?

® What did we find?
Even light-to-moderate alcohol use may accelerate MASLD progression. Alcohol evaluation should be integrated into routine metabolic care.

® What are the implications of our findings?
There is a need for diabetes and obesity care teams to routinely assess and address alcohol as part of MASLD management, with integration into
existing care pathways and recognition of alcohol use as a potentially modifiable target to improve outcomes.
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Metabolic dysfunction—associated steatotic liver disease (MASLD) affects the
majority of individuals with diabetes and severe obesity, and is one of the most
common indications for liver transplantation in the U.S. Emerging evidence
underscores the synergistic and detrimental impact of alcohol and metabolic dis-
ease on liver and overall health. In 2023, the nomenclature for steatotic liver dis-
ease was revised to include a new subcategory known as MetALD (metabolic
dysfunction— and alcohol-associated liver disease), which acknowledges alcohol
use as a cofactor in liver injury alongside metabolic risk factors. This review offers
key insights into the role of alcohol use as both a direct hepatotoxin and an indi-
rect contributor to insulin resistance, dyslipidemia, and obesity. Notably, even
light-to-moderate alcohol intake may hasten MASLD progression to cirrhosis and
hepatocellular carcinoma, especially in individuals with existing metabolic dis-
ease, and can worsen cardiovascular disease risk. MetALD is associated with in-
creased all-cause, cancer-related, and liver-related mortality in comparison with
MASLD, reinforcing the importance of accurate alcohol assessment in managing
diabetes and obesity. Diagnosis now requires stratifying alcohol use and integrat-
ing tools such as the Alcohol Use Disorders Identification Test (AUDIT) question-
naire and phosphatidylethanol testing. The caveats and use of these tools in
clinical practice are discussed. Management strategies for MASLD focus on life-
style changes, weight loss, and medications such as glucagon-like peptide 1 re-
ceptor agonists, with emerging evidence suggesting that these agents may also
reduce alcohol consumption. However, treatment data on MetALD are limited.
This review offers practical guidance for health care professionals on how to inte-
grate alcohol use into existing, recommended MASLD care pathways.

Metabolic dysfunction—associated steatotic liver disease (MASLD) affects up to 70%
of people with type 2 diabetes and up to 90% of people with severe obesity and is
one of the leading indications for liver transplantation in the U.S. (1). While insulin
resistance and obesity play an important role in the pathophysiology of MASLD,
there has been increasing appreciation of the overlap between metabolic drivers of
liver disease and other common daily risk factors, especially alcohol consumption.
Up until recently, U.S.-based recommendations advised that women limit their alco-
hol intake to no more than one drink per day and men to no more than two drinks
per day. Notably, these alcohol limits had been similar since the 1980s (2), despite
substantial changes in the metabolic health of the U.S. population over the past few
decades; i.e., 38%, 11.6%, and 35% of Americans now have prediabetes, diabetes,
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and obesity, respectively (3,4). The U.S.
Department of Health and Human Services
and the U.S. Department of Agriculture
recently issued the 2025-2030 Dietary
Guidelines for Americans (5), which no
longer specify recommended limits for
alcohol consumption. This revision has
faced strong opposition from several
professional organizations, including the
American Association for the Study of
Liver Diseases (6). In the face of an obe-
sity and diabetes epidemic—where ad-
vanced liver fibrosis is likely to be highly
prevalent—improved awareness and un-
derstanding of the role of alcohol in MASLD
are urgently needed. This includes a re-
evaluation of what we deem to be
“safe” alcohol consumption in diabetes
and obesity.

A recent nomenclature change in 2023
(7), from nonalcoholic fatty liver disease
(NAFLD) to MASLD, has contributed to an
improved understanding of alcohol’s role
as a co-contributor to MASLD-induced
advanced liver disease. Prior to this
change, individuals reporting moderate
alcohol consumption with cardiometa-
bolic risk factors (e.g., diabetes, obesity)
lacked a distinct diagnosis, and despite be-
ing a highly prevalent group, were largely
overlooked by diabetes and obesity care
teams. Based on these new criteria (7),
such patients would now be diagnosed
with metabolic dysfunction— and alcohol-
associated liver disease (MetALD), which
reflects the combined influence of meta-
bolic disease and alcohol on liver health. In
this review we provide an overview of how
alcohol impacts liver health and metabolic
disease (i.e., diabetes, obesity), and the
clinical implications of considering alcohol
use alongside MASLD as we diagnose and
treat metabolic liver disease in practice.

ALCOHOL CONSUMPTION AND
METABOLIC HEALTH: THE
DANGERS OF MODERATE
ALCOHOL INTAKE IN PEOPLE
WITH OBESITY AND DIABETES

Alcohol and Cardiometabolic Risk
Factors

Alcohol can worsen risk factors for meta-
bolic disease and confound diagnosis of
MASLD. First, alcohol is a calorically dense
source of energy that—when consumed in
excess—can lead to obesity. Increasing
alcohol consumption is also positively
associated with the risk of new-onset
hypertension (8) and has been linked to
higher plasma triglyceride levels and

insulin resistance (9-11). Notably, even
low or moderate alcohol intake can
worsen glycemic control in patients with
diabetes (12,13). For instance, a Mendel-
ian randomization study by Lu et al. (11)
found that, among individuals who con-
sume >14 drinks per week, every 1-drink-
per-week increase in alcohol use was
associated with 1.10-fold higher odds
of type 2 diabetes (95% ClI 1.06, 1.13)
and 1.08-fold higher odds of obesity
(95% CI 1.01, 1.10). In a separate Men-
delian randomization study (14), a 1-
drink-per-day increase was associated
with significantly higher odds of hyper-
tension (odds ratio 1.30 [95% CI 1.1,
1.5]) and coronary artery disease (1.70
[95% CI 1.2, 2.4]) in individuals who re-
ported “light” drinking, defined as <8.4
drinks per week. Population-based stud-
ies likewise implicate alcohol as a risk fac-
tor for metabolic disease. For instance, in
a U.S. population-based study (National
Health and Nutrition Examination Survey
[NHANES] 1l1) (15), individuals who reported
moderate or heavy alcohol consumption
(vs. light or no alcohol consumption) were
more likely to have metabolic syndrome.
In a population-based study in Japan, an
association was similarly noted between
alcohol consumption of >140 g/week
(moderate intake) and incidence of MASLD
in community-dwelling women (16). Be-
yond cardiometabolic disease, there ap-
pears to be a dose-dependent association
between alcohol use and cancer risk; the
relative risk of developing a new cancer
ranges from approximately 0.9 to 1.3
with light alcohol consumption, rising
substantially up to 1.5-5.0 with moderate-
to-heavy drinking (17).

Figure 1 shows how alcohol leads to
progressive liver disease both indirectly via
effects on lifestyle and metabolic disease
and through its direct effects on the liver.
In considering the effects of alcohol on
metabolic risk in clinical practice, it is im-
portant to note that changes due to alco-
hol may persist beyond abstinence (9), and
the duration of abstinence required to re-
verse alcohol-related effects—particularly
in the context of metabolic disease—is
largely unknown. Thus, a thorough alcohol
history remains relevant, even if patients
report no current alcohol use.

Liver Metabolic Effects of Alcohol in
Diabetes and Obesity

Data suggest that even light-to-moderate
alcohol consumption is associated with
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increased risk of MASLD, advanced fibro-
sis, and hepatocellular carcinoma (HCC)
(18-22). Most studies have been cross-
sectional in design (23) and, thus, very
limited in terms of the ability to com-
ment on the pattern of alcohol drinking,
cumulative exposure, and temporal rela-
tionship between alcohol and MASLD. Ad-
ditionally, investigators of multiple studies
have reported on the risk of MASLD but
do not comment on the risk of advanced
liver fibrosis (24,25), which is a more clini-
cally relevant endpoint, as fibrosis (vs.
steatosis alone) predicts liver-related and
all-cause mortality (26,27). In longitudinal
population-based cohorts that examine
the impact of alcohol on liver events (i.e.,
fibrosis progression, nonfatal/fatal liver
events, HCC), even light alcohol consump-
tion has been associated with worse liver
outcomes in the presence of MASLD (28).
In a Finnish cohort, a dose-dependent in-
crease in mortality was observed for alco-
hol use, beginning with as little as one
alcoholic beverage per week (29).

Quantity of alcohol intake and how this
relates to development of liver disease
can vary considerably among individuals,
and liver-related outcomes are strongly in-
fluenced by the presence and number of
cardiometabolic risk factors (30). In most
people, consuming >60 g/day alcohol for
>2 weeks can lead to steatosis, yet this
can be reversed by days to weeks of ab-
stinence in otherwise healthy individu-
als (31,32); the duration of abstinence
needed to reverse alcohol-associated
steatosis in diabetes and obesity is largely
unknown. It is generally understood that
high daily alcohol consumption is required
for “pure” alcohol-related liver disease
(ALD) to develop (30); however, more of-
ten than not, an interplay between meta-
bolic and alcohol-related liver injury exists
and leads to the development and accel-
erated progression of liver disease (Fig. 1).

Overall, alcohol use has a synergistic
effect with diabetes and obesity to worsen
insulin resistance and chronic liver injury
(33,34). As shown in Fig. 1, alcohol wor-
sens MASLD by increasing hepatic fat accu-
mulation, promoting oxidative and cellular
stress, triggering inflammation and fibrosis
through macrophage and stellate cell
activation, and compounding diabetes-,
obesity-, and gut dysbiosis—related lipo-
toxic and inflammatory pathways.

There is no established intake of alcohol
that is “safe” in the presence of MASLD—
which is present in most people with
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Figure 1—The overlapping mechanisms of alcohol and metabolic disease in promoting steatohepatitis and liver fibrosis. Chronic alcohol use indirectly
contributes to steatotic liver disease by promoting unhealthy lifestyle behaviors (i.e., ultraprocessed foods, sedentary lifestyle) and directly by contrib-
uting to excess dietary sugars, adiposity, and hepatocyte injury. Alcohol is primarily metabolized by ADH and CYP2E1 to produce acetaldehyde, which
in turn is metabolized to acetate, providing substrate for lipogenesis (105-107). Accumulation of hepatic triglycerides is further driven by 1) alcohol-
and acetaldehyde-mediated reduction of fatty acid p-oxidation (not shown here) and 2) upregulation of lipogenic pathways by acetaldehyde (108). Al-
cohol and its metabolites also induce cellular stress directly via mitochondrial DNA damage, endoplasmic reticulum stress, and oxidative stress; this
can lead to hepatocyte death and the release of damage-associated molecular patterns (DAMPs) (e.g., mitochondrial DNA, uric acid). DAMPs signal
tissue injury and activate resident macrophages that cause hepatic inflammation. This inflammation stimulates stellate cells to proliferate and produce
extracellular matrix leading to fibrosis. Obesity- and diabetes-induced lipotoxicity and glucotoxicity contribute to inflammation by inducing oxidative
stress and mitochondrial dysfunction. Further, alcohol-mediated alterations in the gut microbiome cause an increase in gut permeability and translo-
cation of pathogen-associated molecular patterns (PAMPs), such as lipopolysaccharide (or endotoxin) into the portal circulation—this likewise acti-
vates macrophages and production of proinflammatory cytokines that drive further liver fibrosis (106). In diabetes and obesity, excess adiposity and
sugars in the diet contribute to hepatic triglyceride accumulation via increase in lipolysis (and thus delivery of fatty acids to the liver) and de novo lipo-
genesis, respectively. Notably, obesity and ultraprocessed foods are linked to gut dysbiosis and worse gut permeability (109), compounding the effects
of alcohol on this pathway. ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; CYP2E1, cytochrome P450 2E1; ER, endoplasmic reticulum;
EtG, ethyl glucuronide; EtS, ethyl sulfate; FAEE, fatty acid ethyl ester; ROS, reactive oxygen species.

diabetes and obesity—and there is likely a
dose-dependent relationship between al-
cohol and MASLD progression that begins
with even light alcohol consumption. A
thorough alcohol history and counseling
regarding its risks are important in manag-
ing patients with preexisting diabetes and
obesity. Current clinical practice guide-
lines and consensus reports recommend
limiting alcohol intake in MASLD, and ab-
staining in the presence of clinically signifi-
cant fibrosis (1,35-38).

Genes Interact With Alcohol and
Metabolic Factors to Increase MASLD
and Fibrosis

In addition to modifiable risk factors
(i.e., alcohol, insulin resistance, diabetes,

obesity), an individual’s risk of progres-
sive liver disease is influenced by ge-
netic (i.e., nonmodifiable) factors and
the gene-environment interaction. Figure 2
is a schematic representation to help the
clinician be aware that across the spec-
trum of alcohol intake there are multiple
drivers of steatotic liver disease, ranging
from the individual genetic risk for liver
disease to an obesogenic environment
that promotes the development of type 2
diabetes and other cardiometabolic risk
factors. The best studied genotype in the
context of MASLD is PNPLA3, which has
been found to interact with insulin re-
sistance and obesity to multiplicatively
increase risk of MASLD (39-41). For in-
stance, the risk of major adverse liver

outcomes is more than twofold greater
for individuals with type 2 diabetes who
have the PNPLA3 risk allele versus those
with diabetes who do not have the al-
lele (40). Interestingly, individuals with
PNPLA3 risk alleles also experience
greater reduction in hepatic steatosis
from a Mediterranean-stye diet com-
pared with those without the alleles
(42), in addition to having a markedly
higher risk of liver-related mortality with
exposure to even low levels of alcohol
use (43). Other relevant genetic variants
and gene-environment interactions exist,
yet data are more limited. For example,
the GCKR genotype interacts with insulin
resistance and triglycerides to multiplica-
tively increase risk of hepatic steatosis
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Figure 2—Drivers of steatotic liver disease. Schematic representation of the spectrum of alco-
hol use and of key drivers of steatotic liver disease, ranging from the individual genetic risk for
liver disease to environmental factors that promote the development of type 2 diabetes, obe-
sity, and other cardiometabolic risk factors. d, day; F, female; M, male.

(44). In alcohol-related liver disease, the
HSD17B13 genotype has been shown to
protect against development of cirrhosis
and HCC (45,46).

METALD: A NEW DIAGNOSTIC
FRAMEWORK ACCOUNTING FOR
THE HARMS OF MODERATE
ALCOHOL USE

Alongside the nomenclature change from
NAFLD to MASLD came a fundamental
shift in the diagnostic framework of
MASLD, which now more clearly estab-
lishes a subcategory of liver disease
(MetALD) where moderate alcohol use
is recognized as an important cofactor
in disease progression to cirrhosis (7).
The positive contributions of the name
change and areas in need of more re-
search have recently been reviewed
(1). Liver disease predominantly from
MASLD is diagnosed in the presence of
one or more cardiometabolic risk fac-
tors (such as prediabetes or diabetes,
obesity, hypertension, and atherogenic
dyslipidemia) in the absence of moderate
or heavy alcohol consumption (Table 1).
Individuals with steatosis and one or more
cardiometabolic risk factors who report
moderate alcohol use are now categorized
as having MetALD—these patients did not

previously fit into any diagnostic criteria,
and data suggest that MetALD is in fact
more prevalent than ALD (47-49). Finally,
those who report heavy alcohol consump-
tion and have steatotic liver disease, regard-
less of the presence of cardiometabolic risk
factors, continue to be diagnosed with ALD.
Although ALD is a distinct form of liver dis-
ease in which alcohol is the predominant
driver of disease progression, it should be
noted that patients with ALD have a burden
of cardiometabolic risk factors similar to
that of MASLD/MetALD (50) and are thus
commonly seen in diabetes and obesity
clinics where they require management of
these risk factors.

Table 1 includes a summary of how
self-reported alcohol use (and phospha-
tidylethanol [PEth] levels) is used to classify
forms of steatotic liver disease, including
how alcohol intake by grams equates to
drinks per day or week. Figure 3 is adapted
from the National Institute on Alcohol
Abuse and Alcoholism (51) and offers a
reminder of what constitutes a standard
drink size, i.e., 14 g alcohol. Thresholds
for moderate and heavy alcohol use are
lower in women, since, on average, the
same amount of alcohol exposure leads
to higher blood alcohol concentrations
in women as compared with men (51).
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This is for multiple reasons: 1) women
tend to weigh less than men; 2) alcohol
is highly soluble in water, with women
having lower total body water content
than men; and 3) women may have less
first-pass metabolism of alcohol than men,
leading to slower metabolism (51,52).

It is worth noting that daily “light” al-
cohol consumption in MASLD may reach
as high as 2-3 standard drinks per day;
in such cases, alcohol is likely to be an
important contributor to progressive liver
disease. Further, “moderate” alcohol in-
take that defines MetALD (i.e., >20/30 g
daily in women/men) can overlap with the
National Institute on Alcohol Abuse and
Alcoholism thresholds for heavy drinking
based on weekly intake (i.e., may exceed
8 drinks per week in women or 15 drinks
per week in men) (51). Thus, the MetALD
subcategory is likely to include patients in
whom alcohol is a predominant contribu-
tor to progressive liver disease, yet whose
alcohol intake is below thresholds that are
used to define ALD. This is supported by
data showing a twofold increase in the
5-year risk of liver decompensation when
alcohol consumption rises from <20/30 g
per day (MASLD) to >20/30 g per day
(MetALD) (34).

While the risks of MASLD and ALD have
previously been well characterized and un-
derstood by clinicians, MetALD represents
a new entity with unique long-term risks
that are not completely understood. A re-
cent artificial intelligence—based analysis
of liver biopsy specimens identified dis-
tinct collagen distribution patterns across
MASLD, MetALD, and ALD, supporting the
presence of distinct fibrotic progression
pathways that may underlie differences in
disease trajectory and clinical outcomes
(53). Compared to MASLD, MetALD has an

Table 1—Definition of light, moderate, and heavy alcohol consumption in MASLD, MetALD, and ALD in the presence of

cardiometabolic risk factors

Light alcohol use (MASLD)

Moderate alcohol use (MetALD)

Heavy alcohol use (ALD)*

Female

Male

PEth levels** <20 ng/mL

<20 g/d (<1.5 drinks/d), <140 g/w
(<10 drinks/w)

<30 g/d (<2 drinks/d), <210 g/w
(<15 drinks/w)

30-60 g/d (2—4 drinks/d),

210-420 g/w (15-30 drinks/w)

20-200 ng/mL

20-50 g/d (1.5-3.5 drinks/d),
140-350 g/w (10-25 drinks/w)

>50 g/d (>3.5 drinks/d), >350 g/w
(>25 drinks/w)

>60 g/d (>4 drinks/d), >420 g/w
(>30 drinks/w)

>200 ng/mL

Note: The above drink estimates are approximated based on the standard drink size of 14 g, which equates to 12 ounces (355 mL) of beer
with 5% alcohol, 8 ounces (237 mL) of malt liquor with 7% alcohol, 5 ounces (148 mL) of wine with 12% alcohol, or one shot (1.5 ounces or
44 ml) of liquor or distilled spirits (80-proof liquor). d, day; w, week. *Regardless of how many metabolic risk factors are present, this level
of alcohol consumption is categorized as ALD. **Note: PEth levels approximate alcohol use and should not be interpreted as a direct quanti-
tative equivalence to alcohol intake (in grams) listed.
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Figure 3—The amounts of common alcoholic beverages that constitute 14 g alcohol, or one stan-
dard drink. An individual who consumes more than 1.5 standard drinks (women) or 2.0 standard
drinks (men) daily would meet the criteria for MetALD rather than MASLD. *For fortified wine,
3-4 fl oz (or 88-118 mL) constitutes 14 g alcohol, or one standard drink. Adapted from the Na-
tional Institute on Alcohol Abuse and Alcoholism (49). Figure created with BioRender.com.

overall worse prognosis, including higher
rates of HCC (54), and liver- and all-cause
mortality (34,53,55-58), independent of
age, sex, and liver stiffness measures
(50). In a retrospective cohort study by
Ochoa-Allemant et al. (59), posttransplant
patients with MetALD were more likely to
experience worse outcomes than those
with ALD, including higher risks of waitlist
removal and graft failure. A recent study
by Ibrahim et al. (60) likewise noted that
liver recompensation rates were lower in
MetALD versus ALD in individuals with de-
compensated liver diseases referred for
liver transplant evaluation. Notably, excess
mortality in MetALD appears to be pre-
dominantly driven by cardiovascular dis-
ease and extrahepatic malignancies rather
than liver-related death (61). Collectively,
these data highlight MetALD as a distinct
subclass of steatotic liver disease with
unique risks, and it is incumbent upon
clinicians to assess alcohol use so that
MetALD can be distinguished from MASLD
in clinical practice.

Assessing Alcohol Use

As outlined in Table 1, the new diagnostic
framework for steatotic liver disease cate-
gorizes alcohol use as light, moderate, and
heavy, which in the presence of hepatic
steatosis and cardiometabolic risk factors
correlates to a diagnosis of MASLD, Met-
ALD, and ALD, respectively.

In addition to quantifying current alco-
hol consumption by type of beverage, fre-
guency, and quantity, it is also essential to
obtain a history of prior alcohol use and
patterns of drinking. For example, binge
drinking (versus not) is a pattern associated

with higher odds of steatotic liver disease
(62), with potentially greater risk among in-
dividuals with underlying cardiometabolic
risk factors (32). The Alcohol Use Disorders
Identification Test (AUDIT) is a validated
10-item screening tool that provides valu-
able insight into drinking behaviors and
alcohol-related problems; a score of >15
indicates a high likelihood of alcohol de-
pendence. AUDIT-Consumption (AUDIT-C)
is an abbreviated, three-item version of
this tool that is commonly used in clinical
practice (https://www.mdcalc.com/calc/
2021/audit-c-alcohol-use); it has high
sensitivity for detecting unhealthy alco-
hol use in women who score >3 (73%—
97%; 95% Cl 62—69) and men who score
>4 (82%—-100%; 95% Cl 75-100) (63).
However, clinicians should be aware
that specificity of the AUDIT-C is low for
both sexes (as low as 28% in some stud-
ies) (63), as someone may screen posi-
tive on the basis of frequency of use
alone (i.e., drinking two to three times
per week = 3 points), without any re-
gard for the quantity. For this reason,
AUDIT-C should be used as an initial
screen, and assessment of severity is a
critical next step. While many patients
who screen positive will have unhealthy
alcohol use and can be counseled on re-
ducing alcohol intake by their endocri-
nology and/or primary care teams, a
minority will have alcohol use disorder
(AUD) and require referral for more in-
tensive behavioral and medication ap-
proaches (63).

Assessment of alcohol use in clinical
practice is usually by self-report (including
AUDIT-C), and thus subjective. Unfortunately,

alcohol use is often underreported by pa-
tients due to a combination of recall bias
and fear of judgement (64). This can make
it challenging to accurately discern among
MASLD, MetALD, and ALD. Biomarkers of
alcohol use offer the potential for objec-
tive alcohol assessment; however, such
tools are generally underused in clinical
practice.

PEth is one commercially available
biomarker that can be used to assess alco-
hol use in the preceding 2—3 weeks and
has emerged as a valuable test in clinical
practice. PEth is an abnormal phospholipid
that is only formed in the presence of alco-
hol, via the action of enzyme phospholi-
pase D; once incorporated into red blood
cell membranes, it accumulates with on-
going alcohol exposure and is cleared
gradually, with a biphasic half-life of
~3-10 days (65). Notable advantages of
PEth over other biomarkers include 1) its
high specificity for detecting both recent
and longer-term alcohol exposure (vs.
ethyl glucuronide and ethyl sulfate that
measure short-term use only) (65,66),
2) its clearance is independent of hepatic
metabolism and should not be affected
by underlying liver disease (65), and
3) current PEth assays are effective at de-
tecting even low alcohol consumption,
which is not the case for other biomarkers
of chronic alcohol use, such as carbohy-
drate-deficient transferrin (CDT) (67).

PEth levels of <20 ng/mL suggest absti-
nence or low alcohol consumption, whereas
levels >80 ng/mL are usually seen in indi-
viduals with heavier alcohol consumption.
Based on expert opinion, PEth levels in the
range of 21-200 ng/mL denote MetALD as
a likely etiology of liver disease, whereas
levels >200 ng/mL are more in keeping
with ALD (68) (Table 1). Recent data sug-
gest that between 16% and 39% of indi-
viduals categorized as having MASLD (by
self-report) would be reclassified as having
MetALD or ALD based on PEth level (48,49,
69,70). Given the dynamic nature of alcohol
consumption, it is not uncommon for stea-
totic liver disease to be reclassified over
time. A recent study demonstrated that
38% of individuals with an initial diagnosis
of MASLD were reclassified at 2 years, with
reclassification rates as high as 62% and
69% for MetALD and ALD, respectively
(69). Regardless of how individuals are clas-
sified, higher PEth levels are associated
with major adverse liver outcomes (e.g., cir-
rhosis, decompensation, HCC, liver trans-
plant, liver death), both in the presence
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and absence of steatotic liver disease (49).
These data highlight PEth as a valuable, ob-
jective biomarker for alcohol use that can
help clinicians classify steatotic liver disease,
as well as identify when alcohol is a major
co-contributor to liver disease progression
alongside metabolic risk factors. PEth and
other new biomarkers of alcohol consump-
tion are currently the focus of extensive
research. In certain clinical scenarios, com-
bining biomarkers (e.g., PEth with urinary
ethyl glucuronide) may offer complemen-
tary insights into patterns of alcohol use.
However, evidence supporting this com-
bined approach remains limited outside
the hepatology setting (71).

While PEth is a valuable biomarker of
alcohol exposure, there are some caveats
with its use in practice. PEth may be falsely
low in conditions that shorten the red cell
life span (e.g., hemolytic anemia) (72,73)
and falsely elevated in blood transfusion
(i.e., via PEth introduced from donor cells)
(74). Access to PEth testing, which is done
by liquid chromatography-tandem mass
spectrometry, may be limited in certain
practice settings. The value of ordering
PEth should also be balanced against its
cost in clinical practice, which can range
from approximately $120 up to $300 per
test in the U.S. Additionally, it is important
for clinicians to be aware that discrepan-
cies between reported and objective alco-
hol intake by PEth are common, and these
conversations should be approached
sensitively to preserve trust within the
patient-clinician relationship (73). Taken
together, more work is needed to de-
velop more robust guidance on PEth use
by diabetes and obesity care teams.

Overall, integrating self-reported alco-
hol intake (including drinking patterns and
history of heavy use), AUDIT-C screening,
and PEth testing allows for a thorough as-
sessment of alcohol use in patients with
diabetes, obesity, and steatotic liver dis-
ease (73). The American Diabetes Associa-
tion recommends alcohol assessment at
the initial patient visit and annually there-
after (75), although this recommendation
has traditionally referred to self-reported
rather than objective measures of alcohol
use. It remains uncertain in which clinical
contexts, and at what intervals, PEth test-
ing should be performed in patients with
diabetes, obesity, and steatotic liver dis-
ease. From a practical perspective, time
constraints and competing clinical priorities
may limit any integration of alcohol assess-
ment into routine diabetes and obesity

care. Limited access to AUD specialists and
hepatology may likewise hinder real-world
implementation of MetALD assessment
and care across many practice settings.
Strategies to streamline alcohol evaluation—
such as leveraging electronic health record
tools or adopting new models of care—
should be explored to facilitate evidence-
based assessment (at minimum by self-
report and AUDIT-C) within existing resource
constraints.

TREATMENT APPROACHES IN
MASLD AND METALD

Management of MASLD in Diabetes
and Obesity

Lifestyle changes in overweight or obesity
leading to weight loss are a mainstay of
obesity, T2D, and MASLD management (1).
In MASLD, >5% weight loss can re-
verse steatosis and >10% can reverse
steatohepatitis and fibrosis, however,
there is large interindividual variability
depending on dietary nutrient composi-
tion, concomitant physical activity, genetic
background, and other poorly understood
factors (35,75). In patients with MASLD
who have obesity and diabetes, diet/
lifestyle counseling and structured pro-
grams to promote healthy behaviors (i.e.,
exercise and low-calorie, low-sugar, mini-
mally processed diet) are critical, and
glucagon-like peptide 1 (GLP-1) receptor
agonists should be considered as the
pharmacologic treatment of choice to
support weight loss, (76) especially in the
setting of steatohepatitis (1,35,75). (See
Table 2.) The best studied is semaglu-
tide; in a phase 2 randomized con-
trolled trial (RCT) (77) and a more recent
phase 3 RCT (78), significant benefit was
shown with semaglutide in individuals with
metabolic dysfunction—associated stea-
tohepatitis (MASH). Specifically, a dose
of 2.4 mg semaglutide weekly led to
resolution of steatohepatitis without
worsening of fibrosis in 62.9% of the
534 participants in the semaglutide
group and 34.3% of the 266 participants in
the placebo group (estimated difference
28.7% [95% Cl 21.1, 36.2]; P < 0.001) (78).
Importantly, a reduction in liver fibrosis
was observed in 32.7% of participants in
the semaglutide group vs. 16.1% in the pla-
cebo group (estimated difference 16.5%
[95% Cl 10.2, 22.8]; P < 0.001) (76), and
these results led to the U.S. Food and Drug
Administration approval of semaglutide for
MASH in August 2025.
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As summarized in Table 2, dual gas-
trointestinal peptide (GIP) and GLP-1 ag-
onists such as tirzepatide may induce
more weight loss than GLP-1 receptor
agonists (i.e., semaglutide) (76,79), with
significant improvements noted in both
steatohepatitis and fibrosis in a phase 2
RCT (80). Benefits for steatohepatitis and
fibrosis have also been reported with sur-
vodutide (81), a dual GLP-1 and glucagon
receptor agonist that is now in phase 3 tri-
als. Finally, tests are underway for a num-
ber of single, dual, and triple agents for
obesity, T2D, and MASLD (82,83). Patients
should be cautioned about the potential
for rapid weight loss with both GLP-1 and
dual GIP/GLP-1 receptor agonists, and no
more than 1-2 Ibs of weight loss should
be targeted per week, particularly for indi-
viduals with cirrhosis in whom sarcopenia
is a common clinical challenge (84). It is ad-
vised that such patients also meet with a nu-
tritionist to ensure adequate dietary protein
intake, with a concomitant strength training
plan to preserve, and ideally improve, func-
tional muscle mass while losing weight.

Pioglitazone (a peroxisome proliferator—
activated receptor y agonist) is another rec-
ommended pharmacologic approach in in-
dividuals with confirmed or high suspicion
of MASH. Pioglitazone improves insulin sen-
sitivity, and importantly, it can reverse stea-
tohepatitis (1,35,37) and was reported in
a meta-analysis to prevent liver fibrosis
progression and improve advanced fibro-
sis stage (85). Sodium—glucose cotrans-
porter 2 (SGLT2) inhibitors are another
class of glucose-lowering medication
with significant cardiorenal benefits (1),
and data suggest that SGLT2 inhibitors
reduce steatosis, although its role in liver
necroinflammation and fibrosis in pa-
tients with diabetes and MASLD remains
to be fully established. Some studies have
reported hepatic and metabolic benefits
in individuals with cirrhosis (84), but again,
more work is needed (86). Additional stud-
ies are underway to examine the effect
of SGLT2 inhibitors in MASLD, alone
and in combination with other medica-
tions (13,86).

Special Considerations in Managing
Metabolic Disease in MetALD

Patients with MetALD previously were ex-
cluded from MASLD trials, so robust data
on the efficacy and safety of MASLD treat-
ment approaches in MetALD are lacking
and no specific recommendations exist for
this group. Until further data emerge,
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Table 2—Treatment options for MASLD and MetALD in diabetes and obesity

Treatment approach MASLD MetALD ALD with active AUD
Diabetes, obesity, and MASLD
treatments
Behavioral and lifestyle Recommended Recommended Recommended
interventions
GLP-1 or dual GIP/GLP-1 Recommended Potential benefit, may reduce Safety concerns (nutritional,
receptor agonist (e.g., alcohol cravings (93) sarcopenia risk) (85)
liraglutide, tirzepatide)
Bariatric surgery Recommended Insufficient data, concern for Increased AUD risk (101). Avoid

Diabetes treatments

Pioglitazone
SGLT2 inhibitor

Obesity treatments
Bupropion/naltrexone

Topiramate

Phentermine

Orlistat

MASLD-specific treatments
Resmetirom

Semaglutide

Recommended if MASH present
Potential benefit (1), reduces
steatosis

May be of benefit via
weight loss (35)
May be of benefit via
weight loss (35)
May be of benefit via
weight loss (35)

May be of benefit via
weight loss (35)

Recommended for
F2—F3 fibrosis (1,104)

Recommended for
F2—F3 fibrosis (1,76)

increased alcohol misuse
postsurgery (88)

Insufficient data
Insufficient data

No data
No data

Increased CV side effects (e.g.,
tachycardia) (102). No data in
MetALD

Nutritional concerns; may
increase absorption of alcohol
if consumed with fatty meal
(103). No data in MetALD

Insufficient data

Potential benefit but
insufficient data

in cirrhosis

Insufficient data
Possible increase in
ketoacidosis risk

Safety concern as lowers
seizure threshold
AUD treatment option

Increased CV side effects (e.g.,
tachycardia) (102). Avoid in
ALD

Nutritional concerns; may
increase absorption of alcohol
if consumed with fatty meal
(103). Avoid in ALD

Not recommended

Insufficient data

CV, cardiovascular.

MetALD can be approached similarly
to MASLD, with a few exceptions,
summarized in Table 2. For instance,
a number of weight loss medications
should be approached with caution in
individuals with moderate or heavy
alcohol consumption, including nal-
trexone/bupropion (seizures), phen-
termine (cardiovascular effects), and
orlistat (nutritional/absorption concerns),
for which overall modest benefit has
been reported in MASLD (35). Addition-
ally, the safety and efficacy of bariatric
surgery have not been established in
MetALD, and there are concerns that in-
dividuals may be at higher risk of alco-
hol-induced liver injury after bariatric
surgery due to altered alcohol metabo-
lism resulting in increased shunting of
alcohol to the liver (9). These altered phar-
macokinetics, in addition to alterations in
the rewarding properties of alcohol, may
also be contributing to the small, yet signif-
icant, risk of new-onset AUD after patients
have undergone bariatric surgery (87).

The Emerging Role of GLP-1
Receptor Agonists in Addressing
Harmful Alcohol Use

A therapeutic approach that has dem-
onstrated promise in MetALD is use of
GLP-1 and dual GLP-1/GIP receptor ago-
nists. Early clinical studies suggest that
these agents may reduce alcohol crav-
ings and overall intake (9,88,89)—Fig. 4 in-
cludes an overview of how GLP-1 receptor
agonists may modulate reward processing
and alcohol cravings. In a retrospective co-
hort study of >80,000 patients with obe-
sity, investigators found that semaglutide
(vs. other obesity medications) was associ-
ated with a 50%-56% lower risk of AUD
(both incidence and recurrence) over a
1-year follow-up period (90).

To date, only two RCTs examining GLP-1
receptor agonist use in AUD have been
published. The first RCT was conducted in
2022, and no significant effect of exenatide
on alcohol consumption was found; how-
ever, a secondary analysis found that exe-
natide reduced heavy drinking days and

total alcohol intake in the subgroup with co-
morbid obesity (i.e., BMI >30 kg/m?) (92).
In this RCT, investigators also noted an at-
tenuation of cue reactivity in the ventral
striatum and septal area on functional MR
imaging of participants taking exenatide;
these are key areas of the brain linked to
drug reward and addiction (91). A recently
published RCT included evaluation of the
effects of once-weekly semaglutide on alco-
hol consumption and cravings in AUD, with
findings that semaglutide reduced the
number of drinks consumed per drinking
day (—0.41 self-reported drinks per day
[95% Cl —0.73, —0.09]; P = 0.04) in addition
to weekly alcohol cravings (92). While fur-
ther evidence is needed to demonstrate ef-
ficacy of these medications in MetALD,
collectively, these and other data (93-96)
suggest efficacy in lowering alcohol use and
underscore the potential for GLP-1 and
dual GLP-1/GIP receptor agonists to pro-
mote alcohol reduction, and support AUD
treatment, in patients with comorbid met-
abolic disease.
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reward processing,

stress, inflammation
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Hypothalamus
Prefrontal cortex

| alcohol cravings
| food cravings

Weight loss
Lower alcohol use
Cardiorenal protection

Peripheral targets
Pancreatic islets

B-cell survival
Glucagon suppression

Reduced inflammation

Glucose-dependent insulin secretion

Delayed gastric emptying, 1 satiety -
Natriuresis, reduced albuminuria
Improved endothelial function

Figure 4—A schematic of how GLP-1 receptor agonists (GLP-1RA) improve metabolic health and reduce alcohol use. NTS, nucleus tractus solitarius;

Gl, gastrointestinal.

Alcohol Cessation and Reduction
Abstinence from alcohol is a central goal of
MetALD treatment, as it eliminates the direct
effects of alcohol on liver parenchyma, while
also removing excess calories consumed via
alcoholic beverages. If AUD is identified, pa-
tients should be referred to professionals
with experience managing AUD. Medications
for AUD include acamprosate, disulfiram, nal-
trexone, and topiramate. As above, early
data suggest possible benefit of GLP-1 and
dual GLP-1/GIP receptor agonists for reduc-
ing alcohol cravings, but these are not ap-
proved therapies for AUD.

Studies suggest that alcohol reduction
is linked to lower blood pressures (97)
and reduced risk of developing metabolic

Step 1: Recognize risk of
MASLD & risk stratify

syndrome (98) and cardiovascular events
(99). Further research is warranted to
better characterize changes in cardio-
metabolic risk associated with alcohol
cessation or reduction in the setting of
steatotic liver disease. For clinicians
managing patients with diabetes and
obesity who are attempting to reduce
alcohol use, it is important to be aware
of the possibility that patients may use
unhealthy foods as an alternate reward
stimulus in place of alcohol. Such mal-
adaptive behaviors should be identified
and addressed to avoid worsening of
MASLD while patients are working on re-
ducing alcohol intake. Such complexities
highlight the importance of a collaborative,

Diabetes,2obesity, or other
cardiometabolic risk®

interprofessional approach to effectively
managing patients with MetALD, and
MASLD (Fig. 5).

FUTURE RESEARCH DIRECTIONS
IN METALD

MetALD is a newly defined diagnostic entity
and several research and clinical gaps re-
main that, if addressed, could substantially
improve its recognition and management.
Priorities are to optimize the diagnosis of
MetALD and use of PEth testing in routine
clinical practice, and to understand 1) in
which clinical scenarios PEth testing is most
appropriate, 2) the optimal approach
to PEth testing with respect to other

! Elevated AST, ALT, or
! FIB-4 >1.3 (>2.0 for 265 years of age), or
1 Hepatic steatosis on imaging

Alcohol assessment (daily/weekly intake, AUDIT, PEth level)
1

1
15-35 did (F)1

Step 2: Assess alcoholuse &  <1.5d/d ()1 ) >3.5 d/d (F) IpEth »200
diagnose liver disease <2 d/d (M)} PEt <20 2-4 did (M4 Eth 20-200 >4 did (M) §
MASLD MetALD . ALD
i e 1T AUD
Behavioral and lifestyle interventions, alcohol reduction/cessation
' 1 1
Y 1 '
Step 3: Management to reduce Consider GLP-1 and dual GLP-1/GIP receptor agonists for diabetes/obesity ~ Refer for AUD
liver risk and improve Consider SGLT2 inhibitors and pioglitazone® to reduce cardiometabolic risk

cardiometabolic disease

Step 4: Proactively monitor liver
& metabolic health

Avoid obesogenic medications if possible (i.e., insulin, SU)

| ————|
tm—————

treatment
1

b

If FIB-4 >2.67, ELF >9.8, or LSM 28 kPA - refer to Hepatology

1 1
v v

1
v

Monitor cardiometabolic risk & FIB-4 (+/- ELF, transient elastography) every 1-2 years

Figure 5—An integrated care pathway for MASLD that includes alcohol assessment in obesity and type 2 diabetes. PEth: nanograms per milliliter.
d/d, number of standard drinks (14 g alcohol each) per day; ELF, Enhanced Liver Fibrosis test; FIB-4, Fibrosis-4 index; F, female; GIP, gastrointestinal
peptide; LSM, liver stiffness measure (by transient elastography); M, male; SGLT2, sodium—glucose cotransporter 2; SU, sulfonylureas. ®Patients
with type 2 diabetes, or type 1 diabetes with metabolic syndrome. ®Cardiometabolic risk factors also include prediabetes, blood pressure >130/85 mmHg,
triglycerides >150 mg/dL, HDL cholesterol <40 mg/dL in men and <50 mg/dL in women, and BMI >25 kg/m?. “Avoid in congestive heart failure.
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evaluation of steatotic liver disease (e.g.,
viral hepatitis serologies, autoimmune
testing), and 3) the most cost-effective
strategies for incorporating PEth into al-
cohol assessment, beyond its current use
by liver specialists. For example, the util-
ity of PEth is limited in cases where pa-
tients report heavy alcohol use and the
diagnosis of ALD is clear.

Another important area of investigation
will be the development of novel biomarkers
of alcohol use, as few are commercially
available. This will enable accurate diag-
nosis and monitoring, and the generation
of disease-specific data to improve our
understanding of MetALD and to support
evidence-based care in the future. Re-
searchers should also aim to understand
how alcohol interacts with genetics (e.g.,
PNPLA3) as well as established risk factors
in MetALD (e.g., nutrition, the microbiome,
lipo- and glucotoxicity) and whether opti-
mal treatment halts disease progression.
Additional work is needed to clarify the
safety and efficacy of pharmacologic thera-
pies for MetALD, including agents such as
GLP-1 receptor agonists and resmetirom,
which are U.S. Food and Drug Administra-
tion approved for MASH. Future clinical tri-
als should aim to delineate potential
differences in treatment response be-
tween MASLD and MetALD to better in-
form clinical decision-making.

Efforts should be focused on establishing
interprofessional care teams to enhance
the diagnosis and management of MASLD
and MetALD, thoroughly assess and ad-
dress cardiometabolic risk factors, offer
guidance on alcohol reduction or cessation,
and identify patients with suspected signifi-
cant fibrosis to enable timely referral to
hepatology (100). Finally, future research is
needed to determine the most effective
strategies for increasing awareness among
individuals with MASLD about the potential
harms of alcohol use - especially in the pres-
ence of cardiometabolic risk factors, - and to
identify more effective approaches for pre-
venting and treating AUD in this population.

CONCLUSIONS

The last few years have seen an increasing
appreciation of how alcohol and metabolic
disease interact to worsen liver and cardio-
metabolic health. Greater awareness about
this synergism has led to changes in no-
menclature (i.e.,, NAFLD to MASLD) and a
new diagnostic framework that integrates
alcohol use to more precisely distinguish

among MASLD, MetALD, and ALD. De-
spite being a relatively new diagnostic
entity, MetALD has already established it-
self as a distinct subclass of metabolic liver
disease with potentially worse prognosis
than MASLD. We hope this review serves
as a call to action for healthcare professio-
nals managing patients with diabetes and
obesity to routinely incorporate alcohol as-
sessment into clinical practice. This should
be done using a patient-centered approach
that combines a detailed medical history,
tailored questionnaires, and appropriate
use of PEth testing. Clinicians are encour-
aged to adopt a proactive strategy that ena-
bles early detection and timely intervention
for MetALD, with the ultimate goals of pre-
venting progression to cirrhosis and reduc-
ing cardiovascular risk.
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