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ABSTRACT: There is a new awareness of the widespread nature of metabolic dysfunction—associated steatotic liver disease
(MASLD) and its connection to cardiovascular disease (CVD). This has catalyzed collaboration between cardiologists,
hepatologists, endocrinologists, and the wider multidisciplinary team to address the need for earlier identification of those
with MASLD who are at increased risk for CVD. The overlap in the pathophysiologic processes and parallel prevalence of
CVD, metabolic syndrome, and MASLD highlight the multisystem consequences of poor cardiovascular—liver—metabolic
health. Metabolic dysfunction and associated insulin resistance, together with the predilection for ectopic fat deposition
in the liver and surrounding tissues, are associated with elevated risk of endothelial dysfunction, systemic inflammatory
response, and ectopic fat deposition in the epicardium. This complex pathophysiology can accelerate atherogenic
dyslipidemia, atherogenesis, diastolic dysfunction, valvular calcification, and cardiac arrhythmias. Despite the mounting
evidence of mechanistic pathways underpinning MASLD and CVD, current recommendations have not clearly focused upon
MASLD as a risk factor or target for intervention in CVD. We have brought together a diverse range of international experts
committed to promoting cardiovascular—liver—metabolic health and related outcomes across the globe. The overarching goal
of this document is to offer a construct for clinicians in the cardiovascular field with regards to (1) diagnosis and screening
of MASLD through the use of noninvasive serum and imaging tests; (2) screening for CVD in all individuals with MASLD
regardless of established atherosclerotic risk factors; and (3) the approach to management of MASLD with respect to
prevention of CVD through lifestyle, as well as pharmacologic and surgical strategies. To achieve this, the modified Delphi
method was applied and a series of evidence-based quality standard recommendations have been identified.
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Nonstandard Abbreviations and Acronyms

ASCVD atherosclerotic cardiovascular disease

CLMH cardiovascular-liver—-metabolic health

CvD cardiovascular disease

ELF Enhanced Liver Fibrosis

FIB-4 Fibrosis-4 Index

GLP1-RA glucagon-like peptide-1 receptor
agonist

MASH metabolic dysfunction—associated
steatohepatitis

MASLD  metabolic dysfunction—associated
steatotic liver disease

NAFLD nonalcoholic fatty liver disease

NAS NAFLD Activity Score

NIT noninvasive test

T2D type 2 diabetes

VCTE vibration-controlled transient
elastography

nomenclature change from nonalcoholic fatty liver

disease (NAFLD) to metabolic dysfunction—asso-
ciated steatotic liver disease (MASLD) in 2023. This
represented a shift away from the previous exclusion-
based, negatively-defined NAFLD diagnosis that
required the exclusion of excess alcohol intake and
other chronic liver diseases, to a more positive MASLD
criteria that encapsulate the presence of concomitant
cardiometabolic diseases.! MASLD affects approxi-
mately 38.0% of adults worldwide.? It is present in more
than one-half of those with type 2 diabetes (T2D).% In
Eastern and Western regions, the prevalence of MASLD
in the T2D population is 58.84% and 72.65%, respec-
tively. T2D is an important driver of MASLD progression,
with more than one-third of people with concurrent T2D
and MASLD affected by clinically significant fibrosis.®*
Of concern, global MASLD prevalence is anticipated to
reach 55.4% by 2040,° alongside epidemics of obesity
and metabolic dysfunction.

Cardiovascular disease (CVD) is the most frequent
cause of death in patients with MASLD. An important
mediating role underscoring the bidirectional associa-
tion between liver and CVD has been ascribed to excess
and dysfunctional adipose tissue (including hepatic fat),
promoting metabolic, inflammatory, and other systemic
effects that increase CVD risk.* However, underdiagnosis
of MASLD remains a significant barrier to effective medi-
cal treatment and prevention of cardiovascular-related
complications, in part reflecting the lack of awareness of
MASLD among patients and clinicians.

Herein, we provide the cardiology perspective support-
ing enhanced CVD prevention in people with MASLD;
notably, the need for earlier identification and more

The Nomenclature Consensus Group' proposed a
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effective prevention, especially in those at greater risk for
incident CVD, morbidity, and mortality. We assembled an
international team consisting of cardiologists, hepatolo-
gists and endocrinologists, and a wider multidisciplinary
team to offer a construct for clinicians in the cardiovas-
cular field with regards to the (1) diagnosis and screen-
ing of MASLD through the use of noninvasive tests; (2)
screening for CVD in individuals with MASLD; and (3)
the approach to management of MASLD with respect to
CVD prevention. A modified Delphi method was applied
and a series of evidence-based quality standard recom-
mendations have been identified. The overarching goal
of this document is to offer a holistic construct for cardi-
ologists and nonhepatologists in improving cardiovascu-
lar—liver—metabolic health (CLMH) globally.

METHODS

A systematic review was conducted of clinical practice guide-
lines and reviews on NAFLD and MASLD published in the
last 20 years, with the dual purpose of examining existing
evidence and generating the preliminary draft checklist of
quality standard recommendations. A PubMed search on
January 27, 2024, including key terms such as nonalcoholic
fatty liver disease, metabolic dysfunction-associated steatotic
liver disease, and cardiovascular disease, identified 165 rel-
evant articles (Table S1), of which 54 were clinical practice
guidelines. The remaining articles were systematic reviews
and meta-analysis. Inclusion criteria were articles discussing
the relationship between MASLD and CVD, CVD subtypes, or
cardiovascular complications.

Three blinded authors (N.W.S.C, R.G,, A.Z) screened through
the full text of the articles. Any discrepancies were resolved by a
fourth author (A.M.). For systematic reviews and meta-analysis,
articles assessed to be of higher quality with stronger levels of
evidence were prioritized for inclusion (Supplemental Methods
1).7 After the quality assessment, 18 articles were excluded
because updated meta-analyses had been published on similar
topics. An additional 81 articles were excluded because they
did not discuss the relationship between MASLD and CVD,
CVD subtypes, or their complications. Ultimately, a total of 54
clinical practice guidelines, and 12 systematic reviews and
meta-analyses were selected for inclusion in this review.58-'8
The included articles were reviewed in a blinded fashion. In
addition, the core steering committee voted on whether the
preliminary statements should be included in the Delphi pro-
cess via anonymous online surveys (Table 1).

Panel Generation

Subsequently, the study’s 5 co-chairs (N.CW.S, AM, MM, A.S,
L.S.S.) adopted an iterative approach using purposive, snow-
ball, targeted sampling to generate a larger global panel for this
Delphi study (Figure 1). Based on publication record, engage-
ment with the fatty liver disease agenda, and involvement in
relevant clinical practice guidelines, the co-chairs identified 20
internationally recognized professionals in the fields of cardiol-
ogy, hepatology, endocrinology, bariatric surgery, dietetics and
nursing (Tables S2 and S3). The panelists were asked to review
the studies selected for inclusion, and to recommend clinical
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Table 1. Preliminary Statements on the Diagnosis and Management of MASLD in CVD, Before Inclusion in the Delphi Process

Included in the
Preliminary statements Delphi process

Screening and diagnosis of MASLD in CVD by cardiology clinicians

Cardiovascular services should implement an agreed local clinical pathway for the screening of MASLD in CVD, that involves screening for | Y
liver fibrosis using imaging and/or serum noninvasive tests.

Screening for MASLD and fibrosis in individuals with type 2 diabetes is recommended.

Screening for MASLD and fibrosis in individuals with the metabolic syndrome is recommended.

Screening for MASLD and fibrosis in individuals with overweight/obesity is recommended.

<|=<|=<|=

Screening for MASLD as a cardiovascular risk—enhancing factor is recommended in individuals with borderline or intermediate ASCVD
risk, that can guide primary preventative strategy.

In individuals who are at normal weight with metabolic diseases, the screening of MASLD should be considered, given the prevalence of Y
MASLD in lean individuals.

The diagnostic criterion of MASLD should be used instead of the former nonalcoholic fatty liver disease criterion.

For the detection of hepatic steatosis in the MASLD diagnostic criterion, liver ultrasound-based imaging techniques may be considered,
although it has relatively low sensitivity in detecting lesser degrees of hepatic steatosis.

For the detection of hepatic steatosis in the MASLD diagnostic criterion, serum liver biomarkers and its scoring system may be considered | Y
as alternatives to liver imaging, although they have relatively low sensitivity in the diagnosis of hepatic steatosis.

Consideration of MASLD should not be dependent on the presence of abnormal liver serum tests. However, persistently unexplained Y
abnormal liver serum tests must be evaluated.

Assessments recommended for individuals with diagnosed MASLD, by cardiology clinicians

Individuals with MASLD should be evaluated for additional causes of hepatic steatosis (such as alcohol), and undergo investigations for Y
secondary causes of liver disease (such as hepatitis screen).

Detailed alcohol, illicit drug, smoking history should be performed and documented.

Detailed dietary habits and physical activity should be performed and documented.

Both serum and imaging-based non-invasive tests can be used for risk stratification of individuals with MASLD.

<|z|=<|=<

Use widely available validated serum (eg, FIB-4) and imaging-based non-invasive tests with high negative predictive value to risk stratify for
hepatic fibrosis in individuals with MASLD.

The FIB-4 score can be used as a first-line point-of-care test for the screening of advanced fibrosis.

An FIB-4 score <1.3 indicates a low probability of advanced fibrosis.

An FIB-4 score >1.3 indicates an intermediate probability of advanced fibrosis, which warrants secondary assessment and/or hepatology
referral.

An FIB-4 >2.67 indicates a high probability of advanced fibrosis, which warrants secondary assessment and/or hepatology referral.

Combining 2 or more noninvasive tests, using either serum or imaging-based tests, may be considered in patients at intermediate or high
risk of hepatic fibrosis.

Repeated non-invasive tests can be done for longitudinal disease/treatment monitoring. It is reasonable to perform FIB-4 surveillance every | Y
2 years in low-risk and annually in high-risk individuals (with type 2 diabetes or established CVD).

Patients stratified as high risk for advanced fibrosis or cirrhosis should be referred to a hepatologist. Y

Screening for CVD in individuals with MASLD

It is recommended to screen for CVD in all individuals with MASLD, regardless of the presence of traditional atherosclerotic risk factors, Y
with detailed risk factor evaluation at a minimum

Patients with MASLD should be screened annually for type 2 diabetes mellitus, hypertension, hyperlipidemia, and overweight/obesity.

Cardiovascular risk assessment should be performed using standard atherosclerotic cardiovascular disease prediction tools.

CT coronary artery calcium scoring may be beneficial in predicting future CVD risk in individuals with mild hepatic steatosis.

Z|zZz|<|<

In selected patients with more significant hepatic steatosis, coronary computed tomography angiography may be considered given its high
sensitivity and specificity.

MASLD should be considered a risk-enhancing factor for atherosclerotic CVD. Y

Management of individuals with MASLD in CVD by cardiology clinicians.

NITs can be a useful alternative to biopsy in the evaluation of treatment response in MASLD

The management of individuals with MASLD, assessed to be at low risk of hepatic fibrosis based on FIB-4 score, can be managed by
clinicians within the cardiovascular specialty, with the focus on lifestyle management, cardiovascular risk reduction, and regular
reassessment of hepatic fibrosis.

Target weight loss of 3—5% to improve hepatic steatosis

Target weight loss of >10% in the treatment of MASH or fibrosis, and reduction of cardiovascular risk.

Individuals with MASLD should be referred to obesity management services if weight loss goals have not been met despite lifestyle interventions.

(Continued)
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Table 1. Continued

Included in the
Preliminary statements Delphi process

Referral for bariatric surgery should be considered for individuals with MASLD who meet the national recommendations and eligibility Y
criteria for bariatric surgery.

Dietary recommendations include the Mediterranean diet, as well as vegetables, fruits, nuts, whole grains, lean animal protein, and fish. The | Y
intake of trans fats, red meat and processed red meats, refined carbohydrates, as well as fructose and sugar-sweetened beverages should
be minimized.
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Regular moderate exercise for at least 150 minutes per week, or 75 minutes of vigorous-intensity aerobic physical activity is recommended. | Y
Resistance exercise in addition to aerobic activity, for >2 days/week, should be considered.

Reduce sedentary time and engage in at least light activity throughout the day.

Prescriptions of exercise regime should be tailored according to the biological age, exercise experience, functional capacity, safety, and
aging trajectories, especially in vulnerable populations.

Abstinence from alcohol should be recommended in individuals with MASLD, fibrosis or cirrhosis.

Individuals with MASLD, with concomitant hypertension, should be managed with blood pressure-lowering agents according to current
clinical practice guidelines.

Individuals with MASLD, with concomitant T2D, should be managed with glucose-lowering agents that promote weight loss and improved Y
cardiometabolic profile according to current clinical practice guidelines.

In the special population with normal-weight MASLD, lifestyle intervention is the key recommendation. Although the recommended use of Y
GLP1-RA and SGLT2i may be premature in this group, these agents may be considered to reduce cardiovascular events in individuals with
high ASCVD risk.

Resmetirom should be initiated early in patients with MASLD with elevated CVD risk

The multidisciplinary management of individuals with MASLD should be recommended, involving expertise in hepatology, cardiology,
endocrinology, bariatric surgery, dietetics, physiotherapists, and nursing.

Recommendations on MASLD-specific therapies in CVD
SGLT2 inhibitor

Who should get the intervention: Individuals with MASLD, and concomitant type 2 diabetes mellitus, chronic kidney disease, heart fail- Y
ure, and/or atherosclerotic CVD.

Surveillance: Serial assessment of renal function, liver function, body weight, blood pressure, glycemic control, and symptoms.

Stopping rules: Renal injury (generally eGFR <80 mL/[min-1.73 m?]), symptomatic (genital/perineal infection, hypoglycemia, diabetic
ketoacidosis, volume depletion).

Incretin analogues

Who should get the intervention: Individuals with MASLD, and concomitant type 2 diabetes and/or obesity.

Surveillance: Serial assessment of serum glucose and HbA1c, renal function, triglycerides and weight. Monitor for signs and symptoms
of pancreatitis.

Stopping rules: Diabetic ketoacidosis, end-stage renal failure, decompensated cirrhosis and pancreatitis. Recommended against use in | Y
individuals with personal or family history of medullary thyroid cancer or MEN2 syndrome.

PPAR agonist

Who should get the intervention: Used as second or third line therapy for management of type 2 diabetes, or with co-existing MASLD.

Surveillance: Serial assessment of serum glucose, HbA1c and liver function test. Monitor for signs of heart failure.

Stopping rules: Heart failure or evidence of fluid overload, history of fracture or at high risk for fracture, pregnancy, active or history of
bladder cancer, macular edema and active liver disease (transaminases >2.5x ULN unless MASH is known to be the underlying cause
of the elevation).

Statin therapy

Who should get the intervention: Used for primary prevention guided by cardiovascular disease risk assessment, or in secondary
prevention in individuals with previous atherosclerotic cardiovascular disease.

Surveillance: Consider baseline lipid panel, liver function test and creatine kinase. If elevated ALT, to recheck liver enzymes in 4-6 Y
weeks. If ALT remains elevated, check for other etiologies, and consider hepatology referral.

Stopping rules: If ALT <8x ULN, to consider continuation of therapy with surveillance of liver enzymes. If ALT >3x ULN, stop lipid- Y
lowering therapy or reduce dose, recheck liver enzymes within 4-6 weeks, and consider hepatology referral. Cautious reintroduction of
therapy may be considered after ALT normalizes. Consider cessation in myositis or rhabdomyolysis. Statins should not be withheld from
individuals with MASLD, including individuals with mild transaminitis or compensated cirrhosis, as its cardiovascular benefits significantly
outweigh its risk.

Additional consideration: The identification of MASLD, as a risk-enhancing factor, can guide statin initiation decision in individuals at N
borderline or intermediate ASCVD risk. If further guidance is required on refining the individual’s ASCVD risk, CT coronary artery
calcium scoring may be considered.

ALT indicates alanine transaminase; ASCVD, atherosclerotic cardiovascular disease; CT, computed tomography; CVD, cardiovascular disease; eGFR, estimated glo-
merular filtration rate; MASLD, metabolic dysfunction—associated steatotic liver disease; MEN2, multiple endocrine neoplasia type 2; N, No; ULN, upper limit of normal;
and Y, Yes.
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Initial literature review Sample
Snowball Core group (n = 20)

Population from which the panel was

drawn (Supplementary Material 2 and

3)

PubMed Search (n = 165) Core group co-chairs
Clinical practice guidelines (n = 54) (n=5)
Identified core group

Systematic reviews and meta-analysis (n = 111) Recommendations from the core group

Targeted + identified from relevant literature
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Round 3 survey; statements

Full text sieve
50 standard recommendations on the

Articles reviewed for initial consensus Round 1 survey Round 2 survey Analysis and diagnosis and management of MASLD and
statements (n=20) (n=20) revision CVD were described.
Clinical practice guidelines (n = 54) 65 preliminary D.emogra?hlcs 5/5 core group
statements information members

Systematic reviews and meta-analysis (n = 12)

50 statements Discussed issues

from R1 and R2

Articles excluded Qualitative text boxes

Round 3 survey; key performance
index

Systematic reviews and meta-analysis (n=99) > 15 comments

17 auditable key performance indexes were
eventually included.

Figure 1. Summary of methodology.

pathways for the diagnosis and management of MASLD in
CVD. As described in the ACCORD protocol, there have been
no generally accepted standards for the panel size in Delphi
studies, although a panel size of 20 is common.”® A 2-step
modified Delphi method was adopted to facilitate the agree-
ment on the incorporation of input from the literature on the
investigations and management strategies of MASLD to be
included in the clinical pathway. Panel members convened
electronically between February and May 2024.

Data Collection

The Delphi process comprised 4 fundamental areas identi-
fied by the steering committee, namely: (1) screening and
diagnostic pathways for MASLD in CVD, and vice versa; (2)
role of MASLD in CVD risk stratification; (3) key consider-
ations in the approach to MASLD management in CVD; and
(4) key performance indicators for cardiovascular services to
benchmark their practices. This process consisted of online
data collection and in-person discussions, including a first
round survey (March 1 to March 31, 2024), and second
round survey (April 1 to May 1, 2024), which included addi-
tional panelists. Two in-person discussions (including 5 co-
chairs) were conducted before the first round survey, and one
discussion occurred before the second round survey. During
the first round survey, the core steering committee proposed
additional areas based on their knowledge and expertise.
These were then voted on in the second round survey, and
preliminary draft statements were revised and approved by
the steering committee.

Quantitative analyses were performed on the sur-
vey responses in the modified Delphi study, detailed in
Supplemental Methods 2. From the finalized list of statements,
auditable key performance indicators were selected based on
their impact potential on patient outcomes and its measurability,
in order to allow services to benchmark their practice. After the
Delphi voting process and the review of evidence, 50 quality
standard recommendations on the diagnosis and management
of MASLD in CVD were described. Of which, 17 auditable key
performance indicators have been selected (Tables 2 and 3).

102 January 7, 2025

Change From NAFLD to MASLD Diagnostic
Criteria

MASLD diagnostic criterion should be used, which includes (1)
evidence of hepatic steatosis identified by imaging or biopsy,
and (2) presence of =1 of 5 cardiometabolic criteria’ (Table
S4), instead of the former NAFLD criterion (Recommendation
1.1; Table 2). Individuals with MASLD should be evaluated for
additional causes of hepatic steatosis (such as alcohol), and
undergo investigations for secondary causes of liver disease
(such as hepatitis screen) (Recommendation 2.1, Table 2;
Figure 2). Detailed alcohol, illicit drug, smoking history should
also be performed and documented (Recommendation 2.2;
Table 2). In the absence of overt cardiometabolic risk factors,
with other etiologies excluded, cryptogenic steatotic liver dis-
ease may be considered; although early MASLD should remain
a differential based on clinical judgement, that may prompt
additional testing such as fasting insulin and oral glucose tol-
erance tests.! This is important as patients can exhibit insulin
resistance and steatosis without meeting the specified cardio-
metabolic risk criteria, particularly in younger individuals.'

DIAGNOSIS, SCREENING OF MASLD, AND
RISK PREDICTION

Screening MASLD should be considered when the
presence of MASLD guides management (ie, statin ini-
tiation in individuals with intermediate atherosclerotic
CVD [ASCVD])." The consideration of MASLD should
not be dependent on the presence of abnormal liver se-
rum tests, although persistently unexplained abnormal
liver serum tests must be evaluated (Recommendation
1.2; Table 2). Although moderate to severe steatosis
can be reliably determined with liver ultrasound, with
good sensitivity (84.8%) and specificity (93.6%);%°
in lesser degrees of steatosis, the sensitivity (65%)
and specificity (81%) of ultrasound appear to be in-
sufficient—especially in individuals with concomitant
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Table 2. Diagnosis and Management of MASLD in CVD Quality Standard Recommendations

Responses
Recommendation Grade* | Agreementt NQ, n
1 Screening and diagnosis of MASLD in CVD by cardiology clinicians
1.1 The diagnostic criterion of MASLD should be used instead of the former nonalcoholic fatty liver disease U 60.0% SA, 0
criterion 40.0% A
1.2 Consideration of MASLD should not be dependent on the presence of abnormal liver serum tests. How- U 65.0% SA, 35.0% | O
ever, persistently unexplained abnormal liver serum tests must be evaluated. A
1.3 For the detection of hepatic steatosis in the MASLD diagnostic criterion, liver ultrasound—based imaging A 471% SA, 47.1% | 3
techniques may be considered, although it has relatively low sensitivity in detecting lesser degrees of he- A, 5.8%D
patic steatosis.
1.4 For the detection of hepatic steatosis in the MASLD diagnostic criterion, serum liver biomarkers and its A 36.8% SA, 1
scoring system may be considered as alternatives to liver imaging, although they have relatively low sensi- 57.9%, 5.3% D
tivity in the diagnosis of hepatic steatosis.
1.5 Screening for MASLD and fibrosis in individuals with type 2 diabetes is recommended. U 80.0% SA, 0
20.0% A
1.6 Screening for MASLD and fibrosis in individuals with the metabolic syndrome is recommended. U 70.0% SA, 0
30.0% A
1.7 Screening for MASLD and fibrosis in individuals with overweight/obesity is recommended. U 75.0% SA, 0
25.0% A
1.8 Cardiovascular services should implement an agreed local clinical pathway for the screening of MASLD in | U 80.0% SA, 0
CVD, that involves screening for liver fibrosis using imaging and/or serum noninvasive tests. 20.0% A
1.9 In individuals who are at normal weight with metabolic diseases, the screening of MASLD should be con- A 52.6% SA, 42.1% | 1
sidered, given the prevalence of MASLD in lean individuals. A, 5.3% D
2 Assessments recommended for individuals with diagnosed MASLD, by cardiology clinicians
2.1 Individuals with MASLD should be evaluated for additional causes of hepatic steatosis (eg, alcohol), and U 70.0% SA, 0
undergo investigations for secondary causes of liver disease (eg, hepatitis screen). 30.0% A
2.2 Detailed alcohol, illicit drug, smoking history should be performed and documented. U 85.0% SA, 0
15.0% A
2.3 Use widely available validated serum (eg, FIB-4) and imaging-based noninvasive tests with high negative U 70% SA, 30% A 0
predictive value to risk stratify for hepatic fibrosis in individuals with MASLD.
2.4 FIB-4 >2.67 indicates a high probability of advanced fibrosis, which warrants secondary assessment and/ U 63.2% SA, 1
or hepatology referral 36.8% A
2.5 Combining >2 noninvasive tests, using either serum or imaging-based tests, may be considered in patients | U 65.0% SA, 0
at intermediate or high risk of hepatic fibrosis. 35.00% A
2.6 Patients stratified as high risk for advanced fibrosis or cirrhosis should be referred to a hepatologist. U 80.0% SA, 0
20.0% A
2.7 Repeated noninvasive tests can be done for longitudinal disease/treatment monitoring. It is reasonable to B 61.1% SA, 27.8% | 2
perform FIB-4 surveillance every 2 years in low-risk and annually in high-risk individuals (with type 2 diabe- A, 11.1%D
tes or established CVD).
2.8 FIB-4 score can be used as a first-line point-of-care test for the screening of advanced fibrosis. u 52.6% SA, 1
47.4% A
2.9 FIB-4 <1.3 indicates a low probability of advanced fibrosis U 57.9% SA, 42.1% | 1
A
2.10 FIB-4 >1.3 indicates an intermediate probability of advanced fibrosis, which warrants secondary assess- U 47.4% SA, 52.6% | 1
ment and/or hepatology referral A
2.11 Detailed dietary habits and physical activity should be performed and documented. U 80.0% SA, 0
20.0% A
3 Screening for CVD in individuals with MASLD
3.1 It is recommended to screen for CVD in all individuals with MASLD, regardless of the presence of tradi- U 60.0% SA, 0
tional atherosclerotic risk factors, with detailed risk-factor evaluation at a minimum. 40.0% A
3.2 Cardiovascular risk assessment should be performed using standard atherosclerotic cardiovascular dis- U 70.0% SA, 0
ease prediction tools. 30.0% A
3.3 Patients with MASLD should be screened annually for type 2 diabetes, hypertension, hyperlipidemia, and u 80.0% SA, 0
overweight/obesity. 20.0% A
3.4 MASLD should be considered a risk-enhancing factor for atherosclerotic CVD. U 75.0% SA, 0
25.0% A
(Continued)
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Table 2. Continued

Responses
Recommendation Grade* | Agreementt NQ, n
4 Management of individuals with MASLD in CVD by cardiology clinicians
4.1 The management of individuals with MASLD, assessed to be at low risk of hepatic fibrosis based on FIB-4 U 70.0% SA, 0
score, can be managed by clinicians within the cardiovascular specialty, with the focus on lifestyle manage- 30.0% A
ment, cardiovascular risk reduction, and regular reassessment of hepatic fibrosis.
4.2 The multidisciplinary management of individuals with MASLD should be recommended, involving expertise U 73.7% SA, 1
in hepatology, cardiology, endocrinology, bariatric surgery, dietetics, physiotherapists, and nursing. 26.3% A
4.3 Target weight loss of 3-5% to improve hepatic steatosis. A 60.0% SA, 0
30.0% A, 5.0% D,
5.0% SD
4.4 Target weight loss of >10% in the treatment of MASH or fibrosis, and reduction of cardiovascular risk. U 65.0% SA, 0
35.0% A
4.5 Dietary recommendations include the Mediterranean diet, as well as vegetables, fruits, nuts, whole grains, A 85.0%, 10.0% A, | O
lean animal protein, and fish. The intake of trans fats, red meat and processed red meats, refined carbohy- 5.0% D
drates, as well as fructose and sugar-sweetened beverages should be minimized.
4.6 Abstinence from alcohol should be recommended in individuals with clinically significant liver fibrosis or A 90.0% SA,5.0% | O
cirrhosis. A, 5.0% D
4.7 Regular moderate exercise for at least 150 min/week, or 75 minutes of vigorous-intensity aerobic physical B 85.0% SA, 5.0% 0
activity is recommended. Resistance exercise in addition to aerobic activity, for >2 days/week, should be A, 5.0% D, 5.0%
considered. SD
4.8 Reduce sedentary time and engage in at least light activity throughout the day. A 75.0% SA, 20.0% | O
A, 5.0% SD
4.9 Prescriptions of exercise regime should be tailored according to the biologic age, exercise experience, A 80.0% SA, 15.0% | O
functional capacity, safety, and ageing trajectories, especially in vulnerable populations. A, 5.0% SD
4.10 Referral for bariatric surgery should be considered for individuals with MASLD who meet the national rec- U 90.0% SA 0
ommendations and eligibility criteria for bariatric surgery. 10.0% A
411 Individuals with MASLD, with concomitant hypertension, should be managed with blood pressure-lower- U 85.0% SA, 0
ing agents according to current clinical practice guidelines. 15.0% A
4.12 Individuals with MASLD, with concomitant type 2 diabetes, should be managed with glucose-lowering U 85.0% SA, 0
agents, such as GLP1-RA, dual GIP/GLP1 receptor agonist (including tirzepatide), PPAR agonist (includ- 15.00% A
ing pioglitazone), and SGLT2i, that promote weight loss and improved cardiometabolic profile according to
current clinical practice guidelines.
4.13 In the special population with normal-weight MASLD, lifestyle intervention is the key recommendation. Al- u 63.2% SA, 1
though the recommended use of GLP1-RA and SGLT2i may be premature in this group, these agents may 36.8% A
be considered to reduce cardiovascular events in individuals with high ASCVD risk.
4.14 Individuals with MASLD should be referred to obesity management services if weight loss goals have not U 70.0% SA, 0
been met despite lifestyle interventions. 30.0% A
5 Recommendations on MASLD-specific therapies in CVD
5.1 Incretin analogues
5.1.1 | Who should get the intervention: Individuals with MASLD, and concomitant type 2 diabetes and/or obesity. | U 80.0% SA, 0
20.0% A
5.1.2 | Surveillance: Serial assessment of serum glucose and HbA1c, renal function, triglycerides and weight. U 75.0% SA, 0
Monitor for signs and symptoms of pancreatitis. 25.0% A
5.1.3 | Stopping rules: Diabetic ketoacidosis, end-stage renal failure, decompensated cirrhosis and pancreatitis. A 70.0% SA, 25.0% | 0
Recommended against use in individuals with personal or family history of medullary thyroid cancer or A, 5.0% SD
MEN2 syndrome.
5.2 PPAR agonist
5.2.1 | Who should get the intervention: Used as second or third line therapy for management of type 2 diabetes, U 66.7% SA, 2
or with co-existing MASLD 33.3% A
5.2.2 | Surveillance: Serial assessment of serum glucose, HbA1c and liver function test. Monitor for signs of heart | U 57.9% SA, 1
failure. 42.1% A
5.2.3 | Stopping rules: Heart failure or evidence of fluid overload, history of fracture or at high risk for fracture, U 78.9% SA, 1
pregnancy, active or history of bladder cancer, macular edema and active liver disease (transaminases 21.1% A
>2.5x ULN unless MASH is known to be the underlying cause of the elevation).
5.3 SGLT2 inhibitor
5.3.1 | Who should get the intervention: Individuals with MASLD, and concomitant type 2 diabetes, chronic kidney | U 75.0% SA, 0
disease, heart failure, and/or atherosclerotic CVD 25.0% A
(Continued)
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Table 2. Continued

Responses o
=
Recommendation Grade* | Agreementt NQ, n =]
5.8.2 | Surveillance: Serial assessment of renal function, liver function, body weight, blood pressure, glycemic u 75.0% SA, 0 =
control, and symptoms 25.0% A ;:l
m
5.3.3 | Stopping rules: Renal injury (generally eGFR <30 mL/[min-1.73 m?]), symptomatic (genital or perineal in- u 70.0% SA, 0 =
fection, hypoglycemia, diabetic ketoacidosis, volume depletion) 30.0% A E.
5.4 Statin therapy
5.4.1 | Who should get the intervention: Used for primary prevention guided by cardiovascular disease risk as- U 85.0% SA, 0
sessment, or in secondary prevention in individuals with previous atherosclerotic cardiovascular disease. 15.0% A
5.4.2 | Surveillance: Consider baseline lipid panel, liver function test and creatine kinase. If elevated ALT, recheck U 78.99% SA, 1
liver enzymes in 4—6 weeks. If ALT remains elevated, check for other etiologies, and consider hepatology 21.1% A
referral.
5.4.3 | Stopping rules: If ALT <8x ULN, to consider continuation of therapy with surveillance of liver enzymes. If u 68.4% SA, 1
ALT >3x ULN, stop lipid-lowering therapy or reduce dose, recheck liver enzymes within 4—6 weeks, and 31.6% A
consider hepatology referral. Cautious reintroduction of therapy may be considered after ALT normalizes.
Consider cessation in myositis or rhabdomyolysis. Statins should not be withheld from individuals with
MASLD, including individuals with mild transaminitis or compensated cirrhosis, as its cardiovascular ben-
efits significantly outweigh its risk.

A indicates agree; ALT, alanine transaminase; ASCVD, atherosclerotic cardiovascular disease; CVD, cardiovascular disease; D, disagree; eGFR, estimated glomerular
filtration rate; FIB-4, Fibrosis-4 Index; MASH, MASH, metabolic dysfunction—associated steatohepatitis; MASLD, metabolic dysfunction—associated steatotic liver dis-
ease; MEN2, multiple endocrine neoplasia type 2; NQ, not qualified to respond; SA, strongly agree; SD, strongly disagree; U, unanimous agreement; and ULN, upper

limits of normal.

“Uindicates 100% agreement; A, 90-99% combined agreement; B, 78-89% combined agreement; and C, 67—77% combined agreement.
tAlphanumeric data expressed as percentage (%) and degree of agree or disagreement (A, SA, UA, D, SD).

obesity (Recommendation 1.3; Table 2).>' Moreover,
liver ultrasound only provides a semiquantitative liver
fat assessment, and the absence of steatosis on ul-
trasound does not exclude the presence of metabolic
dysfunction-associated steatohepatitis (MASH) or fi-
brosis.?! Non-imaging biomarkers that are used in ste-
atosis scoring systems, such as the Fatty Liver Index or
Hepatic Steatosis Index, have been proposed as alter-
natives in the identification of hepatic steatosis, but are
all limited by the relatively low sensitivity (Recommen-
dation 1.4; Table 2).2°22 In line with current guidance
from the American Association for the Study of Liver
Disease (AASLD),2! the routine use of liver ultrasound
is questionable as the vast majority of people with
obesity and/or T2D already have steatosis, but rather
towards screening for clinically significant fibrosis in
the higher risk population (those with T2D, obesity with
metabolic complications, 22 cardiometabolic risk fac-
tors) with the use of Fibrosis-4 Index (FIB-4) given its
strong negative predictive value (Recommendations
1.2-1.4, 2.3; Table 2).2! It remains to be proven that
the determination of hepatic steatosis in individuals
at risk of ASCVD is cost-effective beyond the current
standards of care for managing obesity and/or T2D.
Hence, liver ultrasound for the detection of hepatic
steatosis cannot presently be recommended in routine
clinical practice for ASCVD risk stratification. Further
studies evaluating the cost-effectiveness of fat mea-
surements by ultrasound as a cardiovascular risk factor
equivalent, may be an important next step.
Inindividuals with diagnosed MASLD, the key approach
is the examination of MASLD disease activity, referring

Circulation. 2025;151:98-119. DOI: 10.1161/CIRCULATIONAHA.124.070535

to the biologic processes resulting in liver injury and
inflammation, and fibrosis stage, defined by the amount
of hepatic scarring and hence cirrhosis risk. Disease
activity can be assessed using the NAFLD Activity Score
(NAS), which is a biopsy-based semi-quantitative scoring
system for the grading and staging of hepatic lesions
(steatosis, lobular inflammation and ballooning).”® NAS
correlating well with homeostasis model assessment of
insulin resistance and liver transaminases, although it
demonstrates a low prognostic value.”® More importantly,
fibrosis staging is the strongest predictor of liver-related
and cardiovascular-related outcomes.?* Steatohepatitis
and fibrosis were classically identified through histology
via a liver biopsy. However, invasiveness and bleeding
risk, especially in the CVD population who are often tak-
ing antiplatelet agents, limit the use of liver biopsy.
Because of the risks associated with liver biopsy, non-
invasive tests (NIT) have emerged as validated tools for
early risk stratification in MASLD. It is important to note,
however, that current NIT were initially developed to iden-
tify significant fibrosis, while the tools to assess disease
activity are limited apart from liver biopsy.?® NITs can be
categorized into serum-based and imaging-based bio-
markers, and they have been widely used in diagnosis,
prognostication, and monitoring of disease progression
and treatment response. With advanced fibrosis being a
key predictor of liver and cardiovascular-related outcomes,
various indices have been developed to screen for the
presence of fibrosis, which include the NAFLD Fibrosis
Score, FIB-4, and aspartate transaminase—to-platelet
ratio index. The FIB-4 is the most validated, shown to out-
perform other indices in its ability to identify individuals
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Table 3. Auditable Key Performance Indicators for the
Diagnosis and Management of Patients With Suspected or
Diagnosed MASLD in Cardiovascular Services

Key performance indicators

Cardiovascular services should implement an agreed local clinical pathway
for the screening of MASLD in CVD, that involves screening for liver fibrosis
using imaging and/or serum noninvasive tests.

Screening for MASLD in individuals with type 2 diabetes is recommended.

Screening for MASLD in individuals with the metabolic syndrome is
recommended.

Screening for MASLD in individuals with overweight/obesity is recom-
mended.

Individuals with MASLD should be evaluated for additional causes of
hepatic steatosis (eg, alcohol), and undergo investigations for secondary
causes of liver disease (eg, hepatitis screen).

Detailed alcohol, illicit drug, smoking history should be performed and
documented.

Detailed dietary habits and physical activity should be performed and
documented.

Use widely available validated serum (eg, FIB-4) and imaging-based
noninvasive tests with high negative predictive value to risk stratify for
hepatic fibrosis in individuals with MASLD.

It is recommended to screen all individuals with MASLD for CVD,
regardless of the presence of traditional atherosclerotic risk factors, with
detailed risk factor evaluation at a minimum

Patients with MASLD should be screened annually for type 2 diabetes,
hypertension, hyperlipidemia, and overweight/obesity.

Target weight loss of 3% to 5% to improve hepatic steatosis

Target weight loss of >10% in the treatment of MASH or fibrosis, and
reduction of cardiovascular risk.

Individuals with MASLD and concomitant hypertension should be managed
with blood pressure—lowering agents according to current clinical practice
guidelines.

Individuals with MASLD and concomitant type 2 diabetes should be
managed with glucose-lowering agents (eg, GLP1-RA, dual GIP/GLP1-
RAlincluding tirzepatide], PPAR agonist [including pioglitazone], and
SGLT2i) that promote weight loss and improved cardiometabolic profile
according to current clinical practice guidelines.

Individuals with MASLD should be referred to obesity management services
if weight loss goals have not been met despite lifestyle interventions.

Referral for bariatric surgery should be considered for individuals with
MASLD who meet the national recommendations and eligibility criteria for
bariatric surgery.

The multidisciplinary management of individuals with MASLD should be
recommended, involving expertise in hepatology, cardiology, endocrinology,

bariatric surgery, dietetics, physiotherapists, and nursing.

CVD indicates cardiovascular disease; FIB-4, Fibrosis-4 Index; GIP, gastric
inhibitory polypeptide; GLP1, glucagon-like peptide 1; GLP1-RA, glucagon-like
peptide 1 receptor agonist; MASH, metabolic dysfunction—associated steato-
hepatitis; MASLD, metabolic dysfunction—associated steatotic liver disease;
PPAR, peroxisome proliferator-activated receptor; and SGLT2i, sodium-glucose
cotransporter-2 inhibitor.

with low probability of fibrosis. The FIB-4 algorithm takes
advantage of readily available variables, including age, ala-
nine aminotransferase (ALT), aspartate aminotransferase,
and platelet count?*%® An FIB-4 score <1.3 is associated
with a strong negative predictive value for advanced fibro-
sis, and may be a useful threshold to exclude advanced
fibrosis in the CVD population.® On the other end of the
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spectrum, the FIB-4 score 22.67 has a high likelihood of
advanced fibrosis (AUROC, 0.83).26 An FIB-4 >2.67 indi-
cates a high probability of advanced fibrosis, which war-
rants secondary assessment and/or hepatology referral
(Recommendation 2.4; Table 2). Moreover, the FIB-4 adds
to the stratification of CVD risk in patients with MASLD,
with FIB-4 >2.67 shown to be associated with a 40%
increase in cardiovascular mortality, enhancing the pre-
diction of major adverse cardiovascular events?” These
FIB-4 thresholds should be used with caution, especially
in younger and older populations. FIB-4 has been shown
to perform poorly for the diagnosis of advanced fibrosis in
individuals aged <3b years, and the specificity of FIB-4
declines with age to an unacceptably low level of 35%
in those aged >6b years resulting in high false-positive
rates.® Age-specific FIB-4 thresholds should be used in
those aged 265 years, with the revised FIB-4 threshold
>2.0 demonstrating improved sensitivity (77%) and speci-
ficity (70%) for fibrosis. In those aged <35 years, it has
been proposed that alternative fibrosis assessment should
be considered.?®

Because of the heterogeneity of MASLD across
diverse population groups, reliance on one NIT may
reduce sensitivity in identifying individuals at risk of
fibrosis and cirrhosis within the CVD population. A com-
bination >2 NITS, including serum- or imaging-based
biomarkers, is recommended in the staging and risk
stratification of individuals with MASLD with FIB-4 score
>1.3 (Recommendation 2.5; Table 2).2* Individuals at
moderate or high risk for advanced fibrosis determined
by FIB-4 should undergo secondary risk assessment.
The Enhanced Liver Fibrosis (ELF) test is recognized
as a second-line NIT option, used for prognostication
when advanced fibrosis is suspected. ELF testing has
shown equivalence to vibration-controlled transient elas-
tography (VCTE) and is useful in some settings where
the availability of VCTE is limited.?" ELF scoring >11.3
has been shown as a predictor of future CVD and liver-
related events in the general population.?' An elevated
FIB-4 followed by increased ELF can be used as a
sequential strategy to determine high risk of fibrosis, and
these individuals should be referred to hepatology for
further evaluation and management?' (Recommendation
2.6; Table 2). The sequential use of serum-based and
imaging-based modalities, such as VCTE and magnetic
resonance elastography, has been shown to improve
sensitivity and specificity in the diagnosis of fibrosis and
cirrhosis.?® Although magnetic resonance elastography is
the flagship of imaging technique, its use is limited by its
availability and the required level of expertise in many
centers. Magnetic resonance elastography is not the
first-line approach for risk stratification in individuals with
MASLD,?" and should be ordered by the hepatologists
for the assessment of hepatic fibrosis. On the other hand,
VCTE is widely available, inexpensive, and easy to per-
form, but is less reliable in individuals with increased body
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Figure 2. Comparison of the diagnostic criteria for NAFLD and MASLD.

If additional etiologies of hepatic steatosis are identified, a combination diagnosis should be considered. In the case of increased alcohol intake
(weekly intake >210 g [or 21 units for males] or 2140 g [or 14 units for females]), this can be defined as MetALD or ALD. ALD indicates alcoholic
liver disease; DILI, drug-induced liver injury; HDL, high-density lipoprotein cholesterol; MASH, metabolic dysfunction—associated steatohepatitis;
MASLD, metabolic dysfunction—associated steatotic liver disease; MetALD, metabolic dysfunction and alcohol—associated steatotic liver disease;
NAFLD, nonalcoholic fatty liver disease; and SLD, steatotic liver disease.

mass.?" Other ultrasound-based methods (eg, acoustic
radio force impulse elastography) have shown to dem-
onstrate good diagnostic accuracy for liver fibrosis, and
can be ordered at the time of a standard liver ultrasound
in the evaluation of patients with abnormal biochemical
tests or altered biochemical indices.?® Importantly, in indi-
viduals with indeterminate or discordant NITs, liver biopsy
may be considered to confirm diagnosis and stage sever-
ity of fibrosis.

Cardiovascular services should implement an agreed
local clinical pathway for the screening of MASLD in CVD,
that involves screening for liver fibrosis using imaging
and/or serum non-invasive tests (Recommendation 1.8;
Table 2). In individuals identified to be at risk of advanced
fibrosis by NITs, timely hepatology review for the iden-
tification of corroborative clinical, biochemical and/or
radiographic characteristics of fibrosis can improve the
positive predictive value in determining fibrosis and cir-
rhosis.* It is reasonable to perform annual FIB-4 surveil-
lance in high-risk populations such as those with T2D
or established CVD, and FIB-4 screening every 2 years
in low-risk individuals who are young with few cardio-
vascular risk factors (Recommendation 2.7; Table 2).26 In
terms of disease and treatment monitoring, serial NITs
should be performed for longitudinal disease monitoring

Circulation. 2025;151:98-119. DOI: 10.1161/CIRCULATIONAHA.124.070535

to assess for disease progression or regression, as this
will inform clinical management.®

More than half of individuals with MASH are asymp-
tomatic, and most of the cases are incidentally detected by
abnormal liver function tests.?'?” A clinical consequence
of identifying higher risk of fibrosis is the initiation of more
aggressive CVD risk reduction strategies. As such, the
screening for MASLD in patients with obesity, metabolic
syndrome, T2D, or those with high risk for CVD, is recom-
mended.®' The proposed screening process for fibrosis
involves the use of the FIB-4 as the first-line point-of-
care test (Recommendation 2.8; Table 2). Low cardiomet-
abolic risk and FIB-4 <1.3 can exclude advanced fibrosis
with high negative predictive value (Recommendation
2.9; Table 2). In an intermediate-risk group of patients
with FIB-4 >1.3, further assessment using VCTE may be
performed (Recommendation 2.10; Table 2). In the high-
risk group of individuals with prediabetes, T2D, or high
cardiometabolic risk, sequential evaluation with a second
NIT is recommended?6®' (Figure 3). These NITs may be
repeated at intervals from 1 to 2 years in accordance with
the patient’s fibrosis stage and response to treatment.

Although assessing abdominal obesity is a crucial
aspect of MASLD screening, clinicians must remain cog-
nizant that the burden of MASLD in lean individuals is
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Figure 3. Proposed approach and diagnostic modalities in screening and identification of MASLD and advanced hepatic fibrosis.
Screening for clinically significant fibrosis in the higher risk MASLD population (those with T2D, obesity with metabolic complications, >2 CMRFs) is
recommended with the use of the FIB-4. Given the low sensitivity of detecting lesser degrees of steatosis, the routine use liver ultrasound or serum-
based markers for the detection of hepatic steatosis cannot presently be recommended in routine clinical use for atherosclerotic cardiovascular
disease risk stratification. This pathway is intended for the risk stratification of individuals with hepatic steatosis on imaging (either performed

for abnormal liver function tests or other indication), or for populations at-risk for MASLD such as those with CMRFs. FIB-4 has been shown to
perform poorly for the diagnosis of advanced fibrosis in younger (age <35 years) and older (aged >65 years) populations. An age-specific FIB-4
threshold >2.0 should be considered in individuals aged 265 years, while an alternative fibrosis assessment should be performed in individuals aged
<35 years.?® ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CMRF, cardiometabolic risk factor;
CVD, cardiovascular disease; FIB-4, Fibrosis-4 Index; HDL, high-density lipoprotein; HTN, hypertension; MASLD, metabolic dysfunction—associated
steatotic liver disease; MetALD, metabolic dysfunction and alcohol—associated steatotic liver disease; MRE, magnetic resonance elastography; NIT,
noninvasive test; T2D, type 2 diabetes mellitus; TG, triglyceride; and VCTE, vibration-controlled transient elastography.

not negligible. In those of normal weight with metabolic ~ are often bidirectional, with the MASLD diagnosis con-
diseases, screening for MASLD using serum indices and  ferring an increased risk of incident T2D.3* MASLD can
imaging techniques for fibrosis staging and surveillance  accelerate atherosclerosis, diastolic dysfunction, and
should be considered®? (Recommendation 1.9; Table 2). valvular calcification through the intricate interplay of

Insulin resistance is the main pathophysiologic-mecha- ~ metabolic dysfunction, insulin resistance, and athero-
nistic driver of MASLD even in the absence of obesity,  genic dyslipidemia. Moreover, ectopic fat deposition in
with lean individuals sharing similar liver disease sever-  the liver and surrounding tissues has been associated
ity and clinical outcomes despite having fewer metabolic ~ with endothelial dysfunction, and a systemic inflamma-
comorbidities.? tory response. Together with ectopic fat deposition in

the epicardium and pancreas, these responses can col-

. lectively potentiate atherogenesis and intramyocardial

MASLD, Metabolic Syndrome, and CVD inﬂamr1r>1/azon.34 Increasing Ig\/IASLD severity is ;/ssociat-
There is an overlap in the pathophysiologic processes  ed with higher incidence of cardiometabolic risk factors
present in metabolic syndrome and MASLD, although ~ and worse CVD severity.®* Yet, MASLD remains an un-
patients can develop hepatic steatosis in the absence  derappreciated risk factor for ASCVD. However, there
of metabolic syndrome and vice versa* The associa-  are studies that have conflicting evidence in the rela-
tions between MASLD and cardiometabolic risk factors  tionship between MASLD and cardiovascular outcomes,
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Figure 4. Pathophysiologic mechanisms contributing to CVD in MASLD.

Three main mechanistic pathways underlie the development of CVD in MASLD: (1) MASLD is a chronic inflammatory state, associated with
increased release of cytokines and acute phase proteins. Coupled with mitochondrial dysfunction, this results in oxidative stress, activating
proinflammatory pathways NFkB and MAPK. Gut dysbiosis in MASLD contributes to the chronic inflammatory state, through secretion of bile
acids, trimethylamine, and short-chain fatty acids, as well as dysregulation in gut microbiome and the release of lipopolysaccharides that amplify
inflammatory cytokine release. Endothelial dysfunction is related with heightened ADMA levels, owing to the liver's reduced capability in ADMA
breakdown. (2) Hepatic insulin resistance is closely linked with Increased hepatic diacylglycerol that activates protein kinase C, resulting in

a decline in insulin signaling. Homocysteine levels are often elevated in MASLD, inducing ER stress in adipose tissues, increasing resistin
production in adipocytes, and aggravating insulin resistance. Homocysteine also reduces NO formation and increases intrahepatic vascular
resistance, contributing to oxidative stress and cardiovascular diseases. (3) MASLD is characterized by atherogenic dyslipidemia, consisting of
hypertriglyceridemia, elevated LDL and non-HDL cholesterol, and decreased HDL cholesterol. Impaired insulin signaling exacerbates lipolysis,
leading to increased conversion of triglycerides to free fatty acids, and the increased release of very low—density lipoprotein. Small-dense LDL
cholesterol particles permeate endothelial fenestrations, instigating inflammation and formation of atherosclerotic plaques. ADMA indicates
asymmetric dimethyl arginine; APR, acute phase response; CHOL, cholesterol; coA, coenzyme A; CPT1, carnitine palmitoyltransferase; DAG,
diacylglycerol; ER, endoplasmic reticulum; FGF21, fibroblast growth factor 21; HDL, high-density lipoprotein cholesterol; LDL, low-density
lipoprotein cholesterol; LDLR, low-density lipoprotein receptor; MAPK, mitogen-activated protein kinases; MASLD, metabolic dysfunction—
associated steatotic liver disease; NFKB, nuclear factor K light-chain-enhancer of activated B cells; NO, nitric oxide; PCSK9, proprotein convertase
subtilisin/kexin type 9; PPARa, peroxisome proliferator—activated receptor alpha; SCFA, short chain fatty acids; sdLDL, small dense low-density
lipoprotein; SREBP2, sterol regulatory element—binding protein 2; and TG, triglyceride.

suggesting that these associations may be attributed
to confounding or reverse causation. A Mendelian ran-
domization study described a stepwise association of
increased ischemic heart disease risk with increasing
hepatic fat content and the presence of MASLD, but did
not support genetically high hepatic fat content as be-
ing causally related to risk of ischemic heart disease.’
Other reports indicate visceral adipose tissue and
hepatic fat as differentially associated with CVD and
T2D outcomes. Increased visceral adipose tissue, irre-
spective of liver fat status, has been closely related with
both CVD and T2D, while high liver fat alone was asso-
ciated with T2D, but not CVD.?¢ The biologic underpin-

Circulation. 2025;151:98-119. DOI: 10.1161/CIRCULATIONAHA.124.070535

nings and clinical outcomes of MASLD are beyond the
scope of the review, but have been briefly summarized
in Figure 4 and Table S5, respectively.

SCREENING FOR CVD IN MASLD

Current primary preventative risk scoring tools focus
on standard risk factors, that only provide modest dis-
crimination for ASCVD events, and are often associ-
ated with underestimation of ASCVD risk in MASLD.*”
As cardiovascular complications often determine the
clinical outcomes of MASLD, current guidelines em-
phasize the screening for CVD using standard ASCVD
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prediction tools, in all individuals with MASLD regardless
of the presence of atherosclerotic risk factors, with de-
tailed risk factor evaluation at a minimum?®'%* (Recom-
mendation 3.1; Table 2). Standard ASCVD prediction
tools include the Predicting Risk of Cardiovascular Dis-
ease Events (PREVENT) calculator, that also takes into
account chronic kidney disease and metabolic comor-
bidities, for determining 10- and 30-year risk of ASCVD
and heart failure® (Recommendation 3.2; Table 2). Pa-
tients with MASLD should also be screened annually for
T2D, hypertension, hyperlipidemia, and overweight/obe-
sity (Recommendation 3.3; Table 2). If further guidance
is required on refining the individual's ASCVD risk or
on guidance of treatment decisions, CT coronary artery
calcium scoring can be considered to aid in prediction
of CVD events in individuals with MASLD. MASLD has
been reported as an independent risk factor for coronary
artery plaques in the asymptomatic population, associ-
ated with adverse cardiac events, prompting timely medi-
cal therapy in the MASLD cohort? In selected individuals
with more severe MASLD, and symptoms suggestive of
underlying coronary artery disease, coronary computed
tomography angiography may be considered because of
its high sensitivity and specificity.*® However, routine CT
coronary artery calcium scoring or coronary computed
tomography angiography is not recommended based on
the presence of MASLD alone.

The development and progression of cardiac structural
abnormalities, including left ventricular hypertrophy, dia-
stolic dysfunction, and valvular calcification, may be accel-
erated in MASLD. In symptomatic patients with MASLD,
clinicians should have a higher index of suspicion for
structural abnormalities. Echocardiography is useful for
assessing early diastolic relaxation velocity, filling pres-
sures, global longitudinal strain, regional wall motion
abnormalities, valvular abnormalities,'® and epicardial adi-
pose tissue,*® in symptomatic patients with MASLD.

MASLD is a Cardiovascular Risk Enhancer

Multivariable risk prediction tools for ASCVD yield indi-
vidualized estimates of cardiovascular risk to guide the
extent of preventive interventions.*’ For the past decade,
risk-based prevention has primarily focused on 10-year
risk of ASCVD, and this has recently been updated by
the American Heart Association (AHA) with the PRE-
VENT calculator that takes into account chronic kidney
disease and metabolic disorders.*?

Unlike chronic kidney disease, long-recognized as a
risk-enhancing factor in primary prevention guidelines,*’
MASLD has been an underappreciated risk enhancer—
although it is likely to move into the same category as
chronic kidney disease. The existing risk assessment
models, such as the Framingham risk score, may under-
estimate the cardiovascular risk in the MASLD population,
given that these models do not incorporate MASLD-
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related risk factors such as insulin resistance, obesity and
hypertriglyceridemia.3"%® MASLD has not been incorpo-
rated into the pooled cohort equations because its lack of
phenotyping in the derivation cohorts that have been used.
This is contributed by the lack of inexpensive biomarkers
of MASLD, that can be widely used and validated across
different large-scale CVD cohorts, and in turn improve the
discriminant value in current cardiovascular risk—prediction
models. Some of these challenges in integrating NITs into
current ASCVD risk scores are that the present NITs (1)
may have physiologic variability across population groups,
inadequate accuracy and potential sampling error to the
reference standard; (2) were initially developed to screen
for fibrosis in other disease conditions such as chronic
hepatitis C, and later redirected to the MASLD population;
and (3) do not differentiate the different stages of MASH,
and the longitudinal dynamic changes in fibrosis or dis-
ease activity.® Understanding the limitations of NITs will
allow for more cautious integration of these liver biomark-
ers in modified ASCVD risk scores.

Moving forward, a novel CVD risk prediction equa-
tion incorporating MASLD indices will require a large
sample that reflects a primary prevention population with
diverse geographic, ethnic, socioeconomic demograph-
ics, spanning a wide age range across the life course,
that encompass readily available predictive liver biomark-
ers in the primary care setting for easy implementation
in clinical care.*® Future studies are necessary to evalu-
ate the improvements in discrimination and net reclas-
sification with the incorporation of MASLD in modified
risk assessment tools.3” The recognition of MASLD as a
cardiovascular risk—enhancing factor will be the next cru-
cial step in promoting CLMH. More robust, large-scale
prospective studies are warranted to examine the clinical
utility and cost-effectiveness of using the presence of
MASLD as a risk-enhancing factor to guide decisions on
statin initiation, particularly in individuals at borderline or
intermediate ASCVD risk.30313444

APPROACH TO MASLD MANAGEMENT IN
CVD PREVENTION

The approach to the management of MASLD is mainly
focused on lifestyle modifications and therapeutics that
target weight loss in MASLD, with the goal of reducing
liver fat content, inflammation, and preventing progress
to fibrosis®*%® (Figure 5). There is increasing emphasis
on addressing the overall burden of cardiovascular risk
factors, such as concomitant T2D, hypertension and hy-
perlipidemia, thus mitigating the risk of CVD. Detailed
dietary habits and physical activity should be performed
and documented in individuals with MASLD (Recom-
mendation 2.11; Table 2). The management of individu-
als with MASLD, assessed to be at low risk of hepatic
fibrosis based on FIB-4 score, can be managed by
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Figure 5. Treatment strategies for patients with MASLD.

BMI indicates body mass index; GIP, gastric inhibitory polypeptide; GLP1, glucagon-like peptide-1; GLP1-RA, glucagon-like peptide-1 receptor
agonist; MASH, metabolic dysfunction—associated steatohepatitis; MASLD, metabolic dysfunction—associated steatotic liver disease; PPAR,
peroxisome proliferator-activated receptor; SGLT2i, sodium-glucose cotransporter-2 inhibitors; and T2D, type 2 diabetes mellitus.

clinicians within the cardiovascular specialty, with the
focus on lifestyle management, cardiovascular risk reduc-
tion, and regular reassessment of fibrosis?®26293% (Rec-
ommendation 4.1; Table 2). This management should
also be shared broadly with cardiologists, hepatologists,
endocrinologists, bariatric surgeons, and the wider multi-
disciplinary team?' (Recommendation 4.2; Table 2).

Lifestyle and Psychosocial Interventions

Weight loss

Studies have shown that modest weight loss can be im-
pactful, especially in early MASLD.2? Weight loss of 3%
to 5% improves steatosis. Greater weight loss of >10%
with sustained weight control can improve steatohepatitis
and fibrosis, and reverse cardiac abnormalities (Recom-
mendations 4.3 and 4.4; Table 2).3? Sustained weight loss
is paramount in reducing adipose tissue stress, improving
peripheral insulin sensitivity, and abrogating the drivers of
liver injury in individuals with steatohepatitis.*? Yet, achiev-
ing effective and sustained weight loss is often difficult. In
the Look AHEAD study (Look AHEAD: Action for Health
in Diabetes), participants were enrolled in intensive
lifestyle intervention, supervised by a group of dieticians,
exercise specialists, and psychologists, and managed to
achieve 10% weight loss. However, only 42.2% of these
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participants were able to sustain the weight loss at 4
years.”® Similarly, an observational cohort revealed that
one-third of patients in the lifestyle intervention arm ex-
perienced weight loss of more than 5%; however, 21.2%
regained the weight back to baseline within 1.5 years.*
Obesity is viewed as a chronic relapsing condition as
there is a increased tendency for individuals to regain
weight once the weight management program has been
stopped. Because of this, programs should remain readily
available for individuals to re-engage, in order to sustain
the initial weight advantage (and thereby the benefits on
cardiometabolic health).3"333441 A multipronged strategy
for sustained weight loss is necessary through exercise,
controlled energy intake modifications and optimization
of nutritional status, particularly so in adolescence and
young adulthood; the World Health Organization fore-
warns that poor lifestyle choices can affect young people
and contribute to 70% of global premature mortality.*”
Additionally, the use of incretin analogues have gener-
ated significant interest because of their superior weight
loss effects compared with older weight loss drugs, as
well as their weight loss—independent incretin effects on
insulin resistance, hepatic steatosis, glycemic profile, lipid
parameters, and blood pressure.”® This offers a promis-
ing future because these drugs can induce weight loss
and concomitantly improve components of the metabolic
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milieu without the serious adverse effects that plagued
previous efforts.®® An integrated care model should in-
clude a community-based practice network, where public
health and community stakeholders partner with health
care practices to raise public health awareness of MASLD
and promote healthy behaviors.®® If weight loss goals,
however, have not been met despite lifestyle interventions,
individuals with MASLD should be referred to obesity
management services (Recommendation 4.14; Table 2).

Dietary modifications

The current guidelines recommend a diet rich in vege-
tables, fruits, nuts, whole grains, lean animal protein, and
fish. In addition, they recommend minimizing the intake
of trans fats, red meat, refined carbohydrates, and sugar-
sweetened beverages*' For patients with MASLD and
overweight or obesity, AASLD guidelines?' prioritize the
need for weight loss and a tailored dietary plan that in-
cludes caloric deficit (ie, 500 kcal/day below the recom-
mended amount), along with reduction in foods that have
high calories, high glycemic index, and high fat. A Medi-
terranean dietary pattern (ie, high in fiber and unsaturated
fats) is often recommended to patients with MASLD. It
focuses on plant-based ingredients, such as fruits, vege-
tables, whole grains, and legumes, and only small portions
of fish, meat, or eggs® (Recommendation 4.5; Table 2). It
has been associated with improvements in cardiovascular
health and reduction in liver fat. Compared with low-fat di-
ets, this dietary approach is associated with a 30% lower
risk for major adverse cardiovascular events.®! In addition,
dietary modifications with more polyunsaturated fatty
acids—of which there are lower levels of with MASLD—
may be beneficial: polyunsaturated fatty acids have been
shown to reduce ALT, triglycerides, lipid synthesis, and in-
flammatory cytokines, as well as increase lipid oxidation in
MASLD.2° A randomized placebo-controlled trial examin-
ing the effects of polyunsaturated fatty acids in MASLD
demonstrated reduction in serum GGT (gamma-glutamyl
transpeptidase), liver fat, and weight, as well as improve-
ment in plasma lipid profile, after 12 months.5? Fructose-
and sugar-sweetened beverages should be limited; they
are associated with accelerated risk of MASLD.®' Alcohol
intake should be regularly assessed, with the recommen-
dation of alcohol minimization in individuals with MASLD
or FO to F1 fibrosis. Because alcohol is a cofactor for pro-
gression of liver disease, patients with MASLD should be
counseled about alcohol behaviors and how to account
for alcohol-derived calories. Abstinence of alcohol is rec-
ommended in individuals with clinically significant liver fi-
brosis ([stage >F2°" see Recommendation 4.6; Table 2).
A J-shaped relationship between alcohol intake and risk
for CVD and mortality in individuals with isolated hepatic
steatosis has been observed, with those drinking mod-
erately portending the lowest mortality risk, while those
with excessive alcohol consumption demonstrating the
highest risk.>®
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Physical activity
Physical activity is considered a cornerstone of maintain-
ing and improving CLMH, reflected through changes in
energy balance, circulatory lipids, insulin resistance, and
hepatic fat, although reduction in cardiovascular events
has not yet been shown in randomized trials on exer-
cise.®* Despite physical activity having little impact on he-
patic insulin sensitivity, it does improve peripheral insulin
sensitivity, achieving an overall improvement in insulin
action, insulin dependent glucose uptake, and reduction
in hepatic de novo lipogenesis.®* Both cardiology and
hepatology guidelines recommend similar physical activ-
ity advice to reduce cardiovascular and MASLD risk, with
regular moderate exercise 25 times per week, >150 min-
utes per week, or 75 minutes of vigorous-intensity aero-
bic physical activity (Recommendation 4.7; Table 2).4!
Although different forms of exercise, including aerobic,
resistance, or high-intensity intermittent, have shown
similar effects on hepatic fat reduction,®® resistance ex-
ercise combined with aerobic physical activity lowers the
risk of cardiovascular events and mortality. As such, en-
gaging in resistance exercise, in addition to aerobic activ-
ity, 22 days per week is recommended.?®

It is important to note that physical activity and sed-
entary behavior have independent effects on CLMH.
Increased breaks in sedentary times have been linked
with improved weight loss, glucose and triglyceride
metabolism.®® The reduction in sedentary time improves
the cardiometabolic profile, independent of physical
activity, and should be a target for lifestyle interventions.
It is recommended to engage in at least light activity
throughout the day to reduce cardiovascular mortality
and morbidity (Recommendation 4.8; Table 2).5°

In vulnerable populations, such as the elderly or
those with multiple comorbidities (eg, sarcopenia, cir-
rhosis), prescribed exercise regimen should be tailored
to biologic age, exercise experience, functional capacity,
safety, and aging trajectories, and monitored by physi-
cians or trained physiotherapists®¥344146 (Recommenda-
tion 4.9; Table 2). However, weight reduction leads to
more pronounced hepatic fat reduction than exercise.
This is clinically important, especially for individuals with
physical limitations, as the emphasis on weight manage-
ment through dietary, nutritional and protein optimization
should be prioritized.>

Surgical Interventions

The 2022 American Society for Metabolic and Bariatric
Surgery and International Federation for the Surgery of
Obesity and Metabolic Disorders use body mass index
(BMI) >35 kg/m? as the criterion for bariatric surgery,
irrespective of the presence or severity of comorbidi-
ties.®® In individuals with BMI between 30 kg/m? to 34.9
kg/m?, the American Society for Metabolic and Bariatric
Surgery suggests a trial of nonsurgical therapy before
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consideration of bariatric surgery (Recommendation
4.10; Table 2). BMI thresholds are adjusted for Asian
populations, with 227.5 kg/m? being an indicator for bar-
iatric surgery. MASLD regression has been associated
with bariatric surgery, with a 40% reduction of fibro-
sis and a mean improvement of 2.39 in NASS' Others
have demonstrated that the resolution of steatohepatitis
without worsening of fibrosis occurs in 80% of patients
1-year after bariatric surgery, and these beneficial ef-
fects were maintained at 5 years.”

Bariatric surgery lowers blood pressure by 4 mm Hg to
15 mm Hgin 1 to 2 years after surgery, lowers triglycer-
ides and LDL, and improves glycemic control within days
after the surgery.®® Bariatric surgery can lower the risk
of major adverse cardiovascular events and mortality in
individuals with obesity, compared to usual care, although
randomized controlled trial evidence is still awaited.

Pharmacologic Therapies

Dual treatments (eg, GLP1 [glucagon-like peptide-1]
receptor agonists [GLP1-RA]; dual GIP [gastric inhibi-
tory polypeptide]/GLP1-RA, including tirzepatide; PPAR
[peroxisome proliferator-activated receptor] agonists,
including pioglitazone; and SGLT2 [sodium glucose
cotransporter-2] inhibitors), targeting MASLD and its met-
abolic comorbidities (ie, T2D and obesity),?" should also be
considered for the synergistic pathophysiologic processes
between MASLD and cardiometabolic diseases (see Rec-
ommendations 4.11 and 4.12; Table 2).?' These agents
have demonstrated beneficial effects on blood pressure,
glycemia, lipid panel, weight loss, cardiovascular outcomes,
as well as hepatic steatosis and fibrosis reduction.

Incretin analogues

Recent evidence arising from GLP1-RA randomized trials
point to cardiovascular, hepatic, and metabolic benefits.
Beyond their glucose-lowering effects, semaglutide and
liraglutide have been approved for the treatment of obe-
sity. Semaglutide enhances weight reduction by 14.9%
compared with the placebo group, as demonstrated in the
STEP study (Semaglutide Treatment Effect in People with
Obesity).®® The SELECT trial®® (Semaglutide Effects on
Cardiovascular Outcomes in People with Overweight or
Obesity) compared the effects of weekly subcutaneous
semaglutide 2.4 mg to placebo in nondiabetic patients
with preexisting CVD together with overweight or obe-
sity. Semaglutide was superior in reducing the incidence
of death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke, compared to placebo, inde-
pendent of the glucose-lowering effects. The SELECT
trial (Semaglutide Effects on Cardiovascular Outcomes
in People with Overweight or Obesity) holds promise in
the weight reduction effects of GLP1-RA in individuals
with obesity, even in the absence of T2D.%° Several trials
have also demonstrated that GLP1-RA was associated
with reductions in hepatic triglycerides on imaging,®'~®° as
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well as histologic improvement in individuals with MASH
irespective of T2D status,®® compared with placebo.?”
Moreover, the ongoing phase 3 ESSENCE trial (Effect of
Semaglutide in Subjects With Non-Cirrhotic Non-Alcoholic
Steatohepatitis) seeks to examine the effects of sema-
glutide on resolution of steatohepatitis with no worsening
of liver fibrosis, improvement in fibrosis with no worsen-
ing of steatohepatitis, and cirrhosis-free survival, as well
as other cardiometabolic parameters at 72 weeks.®® The
indications, surveillance strategies and stopping rules for
incretin analogues can be found in Table 2 (Recommen-
dations 5.1.1-5.1.3).

GLP1-RAs are postulated to reduce liver lipogenesis
and fat content by reducing carbohydrate-responsive
element-binding protein activation, which has a central
role in lipogenesis in the liver. These agents decrease
lipotoxicity, circulating free fatty acid levels and de novo
lipogenesis in both fasting and non-fasting states. In
addition, they have anti-inflammatory effects in reduc-
ing oxidative stress and macrophage influx into the liver
potentiating the improvement of MASH inflammation
and steatosis,30486163-65

Recently tirzepatide, a novel dual GIP receptor/GLP1-
RA, has emerged as a therapeutic option in T2D treat-
ment, with potential benefits in ameliorating metabolic
dysfunction related to adipose tissue and hepatic fat
accumulation. In the SURPASS trials (A Study of Tirz-
epatide in Participants with Type 2 Diabetes), greater
weight loss was reported in participants who received
tirzepatide as compared to placebo (SURPASS-1 [A
Study of Tirzepatide (LY3298176) in Participants With
Type 2 Diabetes Not Controlled With Diet and Exercise
Alone]), semaglutide (SURPASS-2 [A Study of Tirzepa-
tide (LY3298176) Versus Semaglutide Once Weekly as
Add-on Therapy to Metformin in Participants With Type
2 Diabetes]), insulin degludec (SURPASS-3 [A Study
of Tirzepatide (LY3298176) Versus Insulin Degludec in
Participants With Type 2 Diabetes]), and insulin glargine
(SURPASS-4 [A Study of Tirzepatide (LY3298176) Once
a Week Versus Insulin Glargine Once a Day in Partici-
pants With Type 2 Diabetes and Increased Cardiovascu-
lar Risk]).%° Tirzepatide also showed reduction in liver fat
content using magnetic resonance imaging (MRI)—proton
density fat fraction) at week 52 in the SURPASS-3 trial.”
In the phase 2 SYNERGY-NASH trial (A Study of Tirzepa-
tide (LY3298176) in Participants With Nonalcoholic Ste-
atohepatitis), which involved participants with MASH and
moderate or severe hepatic fibrosis, individuals treated
with tirzepatide for 52 weeks had higher rates of resolu-
tion of MASH without worsening of fibrosis compared with
those receiving placebo (44% in 5-mg tirzepatide group,
56% in 10-mg tirzepatide group, and 62% in 15-mg tirz-
epatide group, vs 10% in placebo group; A<0.001 for
all 3 comparisons).”" In terms of the effects on cardio-
metabolic profile, the use of tirzepatide led to improve-
ments in HbA1c, blood pressure, triglyceride, low-density

January 7, 2025 113

(]
=
—_
m
(—]
b |
—
=
m
=
-




[ —
(==
=T
(o]
==
-
[T
(—]
=
=
)

Chew et al

lipoprotein (LDL) and weight reduction without increase in
major adverse cardiovascular events.*® Furthermore, sur-
vodutide, a dual agonist of glucagon receptor and GLP-1
receptor, was evaluated in a 48-week, phase 2 trial involv-
ing individuals with biopsy-proven MASH and fibrosis stage
F1 through F3. Survodutide was found to be superior to
placebo in the improvement in MASH without worsening
fibrosis, coupled with significant reduction in liver fat con-
tent by >30% and improvement in fibrosis by >1 stage.”

Although recommending GLP1-RA and SGLT2 inhibi-
tors may be premature for the management of MASLD in
normal-weight individuals, these agents may be consid-
ered to reduce cardiovascular events in individuals with
T2D, ASCVD, and target organ damage®>% (Recommen-
dation 4.13; Table 2).

PPAR agonists

Thiazolidinediones are ligands for PPAR-y approved for
the treatment of T2D. Although the use of thiazolidinedio-
nes in individuals with steatohepatitis is recommended in
AASLD guidelines, caution is required in individuals with
CVD® (Recommendations 5.2.1-5.2.3; Table 2). Piogli-
tazone reduces the risk of all-cause mortality, nonfatal
myocardial infarction, and stroke in patients with T2D.”
Pioglitazone has been shown to decrease coronary ather-
oma volume and increase high-density lipoprotein levels.”
In MASH, pioglitazone can reduce the degree of hepatic
steatosis, inflammation, and hepatocellular ballooning.”-"®
A randomized trial of 101 participants with prediabetes or
T2D demonstrated 51% of individuals treated with pio-
glitazone had MASH resolution, compared to 19% in the
placebo arm (FA<0.001), with lower rates of fibrosis pro-
gression and reduction in mean fibrosis score.”* However,
the rates of fibrosis improvement did not reach statistical
significance in the pioglitazone group.”*™ In the PIVENS
trial (Pioglitazone Versus Vitamin E Versus Placebo for
the Treatment of Non-Diabetic Patients With Nonalco-
holic Steatohepatitis), although pioglitazone treatment
did not meet the primary end point (ie, >2-point reduction
NAS without worsening of fibrosis), there were higher
rates of MASH resolution with pioglitazone compared to
placebo™ (47% vs 21%, respectively; £<0.001). Com-
bination therapy with vitamin E and pioglitazone in indi-
viduals with MASH and T2D demonstrated significantly
higher rates of 2-point reduction in NAS without worsen-
ing of fibrosis, compared with placebo; however, this was
not achieved with vitamin E alone.” Patients treated with
combination therapy, as well as vitamin E, had improve-
ments in resolution of MASH and steatosis assessed by
histology, compared with placebo. Notably, improvements
in inflammation and ballooning were only observed in the
combination therapy arm?8; however, the use of PPAR ag-
onists remains controversial related to the potential side
effects of weight gain, heart failure, and bone fractures.
Pioglitazone has been shown to enhance left ventricular
diastolic function in individuals without congestive heart
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failure,”® but its use is contraindicated in individuals with
advanced heart failure. PPAR agonists exacerbate heart
failure via sodium and fluid retention, and should be used
cautiously in individuals with preexisting CVD. In addition
to agonists of any one specific isoform, lanifibranor is a
pan-PPAR agonist that affects PPARa, -8, and -y in a
balanced manner. Not only has it shown to cause MASH
resolution and improvement of fibrosis in a 6-month trial,
it has favorable lipid and inflammatory profiles compared
with placebo.”™ Studies have highlighted the ability of lani-
fibranor to decrease liver and muscle insulin resistance, as
well as improve unfavorable cardiometabolic profile (eg,
hyperglycemia, hyperlipidemia, and high diastolic blood
pressure) in indivduals with MASLD.® These benefits,
however, are outweighed by increased rates of weight
gain and peripheral edema with the use of lanifibranor.”™

SGLT2 inhibitors

SGLT2 inhibitors are a promising therapeutic option with
benefits in glycemic control, weight loss, renoprotec-
tion, cardioprotective effects, and liver-related outcomes.
The recommendations of SGLT2 inhibitor use in specific
population groups, surveillance strategies, and stopping
rules can be found in Table 2 (see Recommendations
5.3.1-5.3.3). Patients with T2D at increased risk for car-
diovascular events receiving SGLT2 inhibitors had lower
rates of the major adverse cardiovascular events and all-
cause mortality when compared to placebo.®*¢” Evidence
on the hepato-protective effects of SGLT2 inhibitors
are also emerging.® In trials examining MRI-measured
changes in liver triglyceride content, SGLT2 inhibition
with dapagliflozin,®”®" empagliflozin,#-8* or canagliflozin®
has been associated with reduction of hepatic steatosis.
The administration of SGLT2 inhibitors for 6 monthsin in-
dividuals with obesity has been associated with reduced
liver transaminases and hepatic fat content, as well as
improvements in liver triglyceride content and NAS.#

TRP agonists

The U.S. Food and Drug Administration has approved
its first treatment for MASH in 2024. The approved
resmetirom is a TR (thyroid hormone receptor ) ago-
nist, which decreases intrahepatic lipids via increased
mitochondrial 3 oxidation and improved mitochondrial
function. As reported by the randomized MAESTRO-
NASH trial (A Phase 3 Study to Evaluate the Efficacy
and Safety of MGL-3196 [Resmetirom] in Patients With
NASH and Fibrosis), resmetirom has been shown to be
superior to placebo in MASH resolution with no worsen-
ing of fibrosis (26.9% in the 80-mg resmetirom group
and 29.9% in the 100-mg resmetirom group, vs 9.7%
in the placebo group; A<0.001 for both comparisons
with placebo). In addition, there was significant improve-
ment in liver fibrosis by >1 stage without worsening of
NAS in individuals treated with resmetirom compared
to placebo (24.2% in the 80-mg resmetirom group and
25.9% in the 100-mg resmetirom group, vs 14.2% in
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the placebo group; A<0.001 for both comparisons with
placebo).!” While data on cardiovascular outcomes are
currently exploratory, resmetirom has been observed to
lower blood pressure, LDL, triglycerides, apoB, apo C3,
and lipoprotein (a).#® Resmetirom use is indicated for
the treatment of MASH with moderate to advanced fi-
brosis (stages F2—-F3 fibrosis), but should be avoided
in decompensated cirrhosis.?® Close liver and endocrine
safety monitoring, related to hepatotoxicity, thyroid axis
or thyroid hormone effects, are recommended with the
use of resmetirom 889021

Lipid-lowering therapy

Statins are the cornerstone in the treatment of hyperlipid-
emia and are effective in primary and secondary preven-
tion of coronary artery disease. However, statins remain
underutilized related to concerns about transaminitis in
MASLD. Several trials did not find any difference in the
incidence of persistently elevated liver function tests be-
tween statin and placebo therapy.® The use of statin in the
MASLD population actually results in liver enzyme reduc-
tion and has beneficial effects on steatohepatitis, with an
AHA scientific statement recommending the use of statins
in fatty liver disease with normal liver function.3* While se-
vere cases of drug-induced liver injury have been reported,
the prevalence is rare (1.2 of 100000 users).® A study
reported that half of a population with moderately abnor-
mal liver transaminases at baseline, treated with statin, ob-
served improvement in liver function tests, whereas those
who were not treated with statin demonstrated persistent
worsening of liver function. Importantly, only 20% of the
cohort receiving statins had an adverse cardiovascular
event, compared to 60% in the nontreatment group.®*
Moreover, the clearance of statin by the liver depends on
the hydrophobicity, with hydrophilic compounds (such as
pravastatin and atorvastatin) leading to more pronounced
active renal excretion, while lipophilic compounds (such
as simvastatin and lovastatin) are predominantly excreted
by the liver.** High-intensity hydrophilic statin therapy has
been associated with increased risk of transaminase el-
evation and hepatotoxicity, compared with lipophilic ther-
apy.** Apart from statin solubility, there are certain statin
types associated with greater risk for liver-related adverse
effects. Both simvastatin and atorvastatin have the highest
documented hepatotoxicity cases, partly attributed by their
higher frequency in prescription, and have been associ-
ated with fatality from statin-induced liver injury.® In terms
of differential efficacy in CVD risk reduction for primary or
secondary cardiovascular prevention, this is closely related
to the potency of the statin in lowering LDL concentra-
tions (with the highest potency in atorvastatin and rosuv-
astatin),% while the solubility profile of the statin is likely to
play a secondary role in observed differences.®” Regarding
liver-related benefits, a large MASLD cohort study demon-
strated lower risk of developing hepatocellular carcinoma
with the initiation of both lipophilic and hydrophilic statin.%

Circulation. 2025;151:98-119. DOI: 10.1161/CIRCULATIONAHA.124.070535

Cardiovascular-Liver-Metabolic Health

The potential cardiovascular and hepatic benefits associ-
ated with statin use outweigh the risk for hepatotoxicity,
and the education of physicians—particularly, nonhepa-
tologists—is necessary to ensure individuals with MASLD
and nonsevere elevation of transaminases may continue
to receive statin therapy to reduce the risk of ASCVD.*
Nevertheless, the need for vigilance surrounding the po-
tential rare complications of severe statin-induced liver
injury remains. Statins should not be initiated for primary
cardiovascular prevention in patients with Child—Pugh
class B or C cirrhosis, without the guidance of the hepa-
tologist'® (Recommendations 5.4.1-5.4.3; Table 2).

FUTURE DIRECTIONS FOR PROMOTING
CLMH

Despite a vast body of evidence associating MASLD and
CVD, present cardiology guidelines do not identify MASLD
as a risk factor for CVD or target for intervention in the
treatment of CVD.*'" With mounting evidence of mecha-
nistic pathways underscoring the bidirectional dose-re-
sponse relationship between these entities, independent
of T2D, there is increasing impetus for clinicians to be
proactive in earlier detection and intervention in MASLD.
We recommend the consideration of MASLD as a car-
diovascular risk factor (Recommendation 3.4; Table 2).
Emerging metabolic pharmacotherapies have shown im-
provements in both liver- and cardiovascular-related end
points in their respective specialty trials. Stronger collabo-
rations between cardiologists, hepatologists, endocrinolo-
gists, and the wider multidisciplinary team are warranted in
upcoming trials. It will also necessitate a shift in treatment
paradigm that involves changes to clinical workflows, in-
terdisciplinary care, integrated obesity management, and
equitable access to pharmacotherapies particularly the
antidiabetic agents approved for weight loss.*®

To further the CLMH agenda both regionally and
globally, a greater focus on the diagnosis and manage-
ment of MASLD in CVD will be crucial to upcoming pre-
ventative cardiology policies, strategies, and guidelines.
There is also need for ongoing surveillance and stan-
dardized evaluation of regional guidelines and policies
related to the screening and management of MASLD
in CVD. Research and audit efforts are recommended
for monitoring, analyzing, and reporting MASLD, aware-
ness of which is particularly useful for applicable patient
populations, as well as professional societies outside of
the field of hepatology, based on the multidisciplinary and
multisectoral nature of promoting CLMH.

CONCLUSIONS

The intricate interrelationships between MASLD and
CVD have important implications for cardiovascular
morbidity and premature mortality. There is a sense of
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optimism in improving cardiovascular and liver-related
outcomes given the emerging evidence from newer
therapies and healthcare strategies which may have
synergistic benefits given the shared pathophysiolog-
ic—mechanistic pathways. The newly proposed MASLD
definition is the first step in categorizing CLMH, and the
diagnosis of MASLD should be considered among the
cardiovascular risk-enhancing factors. Multidisciplinary
efforts involving primary care clinicians, cardiologists,
hepatologists, endocrinologists, and general physicians
will be essential in laying down the critical framework
with the concerted goal of improving MASLD-related
outcomes and CVD prevention. The emergence of new
and scalable treatments is likely to be the impetus that
starts moving the needle.
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