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Abstract
Metabolic dysfunction-associated steatotic liver disease (MASLD) is a leading global cause
of  chronic  liver  disease  and  is  strongly  linked  to  cardiovascular  disease  (CVD),  which
remains  the  primary  cause  of  death  in  affected  individuals.  This  narrative  review
summarizes contemporary evidence on the MASLD–CVD interface and outlines a practical
framework for cardiovascular risk assessment and comorbidity management. We discuss
how liver disease severity can inform cardiovascular risk stratification beyond traditional
scores,  including  cardiovascular  imaging,  biomarkers  of  myocyte  injury  and  stress,
inflammation markers, proteomics, lipidomics, and lipid profiles. Lifestyle interventions -
dietary optimization, weight loss, and increased physical activity - remain foundational and
improve hepatic steatosis and key cardiometabolic parameters. Pharmacotherapies with
relevance to MASLD and cardiometabolic disease - including β-selective thyromimetics,
incretin-based  therapies,  sodium–glucose  cotransporter  2  inhibitors,  and  pioglitazone  -
offer benefits across weight, glycemic control, and metabolic risk, while statins remain the
cornerstone of dyslipidemia management and CVD prevention in MASLD. For patients who
                                                                                                  

#Authors contributed equally.

https://www.oaepublish.com
https://ucenter.oaepublish.com
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://dx.doi.org/10.20517/mtod.2025.32
https://crossmark.crossref.org/dialog/?doi=10.20517/mtod.2025.32&domain=pdf


Page 2 of 22 Danpanichkul et al. Metab Target Organ Damage. 2026;6:1

Correspondence to: Dr. Luis Antonio Díaz, MASLD Research Center, Division of Gastroenterology and Hepatology, University of California
San Diego, La Jolla, CA 92093-0887, USA. E-mail: ldiazpiga@health.ucsd.edu

do  not  achieve  lipid  targets  or  are  statin-intolerant,  non-statin  therapies  such  as  proprotein  convertase
subtilisin/kexin type 9 inhibitors and bempedoic acid provide additional risk-reduction options. Bariatric surgery can
achieve  durable  weight  loss  and  meaningful  improvements  in  steatohepatitis  and  fibrosis  in  carefully  selected
patients. Finally, we emphasize the need for integrated, multidisciplinary care pathways that coordinate hepatology,
cardiology,  endocrinology,  and  primary  care  to  identify  high-risk  individuals  early,  tailor  intensity  of  preventive
therapies, and address the concurrent liver and CVD burden.

INTRODUCTION
Metabolic dysfunction-associated steatotic liver disease (MASLD), is currently a leading cause of chronic

liver disease globally
[1-4]

. MASLD encompasses a spectrum of liver lesions, ranging from isolated hepatic

steatosis to metabolic dysfunction-associated steatohepatitis (MASH), which is characterized by an

inflammatory process that can progress to fibrosis, cirrhosis, and hepatocellular carcinoma
[3,5]

. The current

2023 steatotic liver disease (SLD) criteria consider hepatic steatosis and at least 1 out of 5 cardiometabolic

risk factors (CMRFs) to diagnose MASLD, highlighting the relevant role that metabolic dysfunction plays in

the pathophysiology of SLD [Table 1]
[6]

. In the United States (US), 87.5% of the adults fulfill at least one

cardiometabolic criterion, while around one-third of the population has SLD
[7,8]

. Consequently, clinicians

frequently have to assess CMRFs associated with MASLD in routine clinical practice.

Individuals with MASLD have an increased risk of liver complications such as cirrhosis and liver cancer
[9]

.

They also exhibit a high risk of cardiovascular disease (CVD), which is a leading cause of death in these

patients
[4,10]

. Alcohol use can also interact with these risk factors, leading to higher cardiovascular mortality
[11]

.

Consequently, the American Heart Association (AHA) has stated that MASLD is a significant risk factor for

atherosclerotic cardiovascular disease (ASCVD)
[12]

. The risk of CVD in patients with MASLD parallels the

severity of liver disease, with those having MASH being at greater risk than those with simple steatosis
[13]

.

However, despite the high burden of ASCVD in MASLD, most clinicians underemphasize the prevention

and management of ASCVD in this setting. Therefore, this review aims to summarize updated approaches

for estimating cardiovascular risk in MASLD using validated scores and noninvasive biomarkers, as well as

the management of CMRFs in MASLD. Moreover, we provide actionable recommendations for a

multidisciplinary approach to ASCVD risk management in routine clinical practice.

CARDIOVASCULAR RISK STRATIFICATION IN MASLD
Most patients with MASLD should be considered for a ASCVD health check, particularly as many will be

older than 40 years
[4]

. ASCVD risk is driven by non-modifiable factors (e.g., older age, male sex, family

history of premature CVD, certain ethnicities such as South Asian ancestry, and early menopause) and

modifiable factors [e.g., smoking, sedentary lifestyle, unhealthy diet, and cardiometabolic features such as

visceral adiposity, hypertension, insulin resistance, atherogenic dyslipidemia, and type 2 diabetes mellitus

(T2DM)]. Risk is further amplified when comorbidities such as chronic kidney disease coexist, particularly in

people with T2DM
[14]

. Beyond obtaining a thorough clinical history to assess risk factors, clinicians can use

risk prediction equations, cardiac imaging, and biomarkers of myocyte injury or stress to stratify ASCVD.

Traditional equations for cardiovascular risk

Risk stratification requires a comprehensive evaluation that integrates traditional CMRFs with
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disease-specific markers [Figure 1]. Instruments such as the Pooled Cohort Equations (PCE) of the

American College of Cardiology (ACC)/AHA, the Framingham General Cardiovascular Risk Profile for

primary care, the Systematic Coronary Risk Evaluation (SCORE), the AHA Predicting Risk of

Cardiovascular Disease Events (PREVENT), the European Systematic Coronary Risk Estimation 2

(SCORE2), and the Systematic Coronary Risk Estimation 2–Older Persons (SCORE2-OP) risk calculators are

widely available to estimate 10-year cardiovascular risk [Table 2]
[15]

. Currently, the PCE of the ACC/AHA is

the instrument recommended by the ACC, AHA, and the US Preventive Services Task Force, while SCORE2

and SCORE2-OP are recommended by the European Society of Cardiology
[16]

.

Recent studies have validated these instruments, showing variable performance in populations with MASLD

[Table 2]. For example, a prospective study of CVD in a multiethnic cohort of 4,014 individuals from six US

communities, aged 45-84 years and free of clinical CVD at enrolment, recruited between 2000 and 2002,

found that discrimination of the ACC/AHA PCE was suboptimal in MASLD (c-statistic 0.69), especially in

moderate-to-severe steatosis (0.65), while calibration was poor and largely driven by overestimation in the

highest-risk groups
[17]

. In addition, a study including 1,090 participants aged ≥ 30 years with MASLD from

the US showed that the Framingham risk score and the AHA PREVENT equation had poor performance in

predicting incident cardiovascular events (c-statistics 0.58 and 0.60, respectively), while the PCE showed no

discrimination (c-statistic 0.48)
[18]

. By contrast, a study of 1,431 participants with MASLD aged 40-74 years

from northern Iran reported that the ACC/AHA PCE, Framingham, and SCORE2 instruments achieved the

highest performance for a composite outcome of fatal and non-fatal CVD events (c-statistics 0.69-0.79,

0.68-0.77, and 0.67-0.77, respectively). Performance further improved when analyses were restricted to fatal

CVD events (0.88-0.93, 0.82-0.92, and 0.83-0.87, respectively)
[15]

. Nonetheless, discrimination for non-fatal

CVD events remained consistently lower across all instruments.

Advanced cardiovascular imaging

Cardiovascular imaging techniques offer valuable tools to detect subclinical atherosclerosis in MASLD

patients [Figure 2]. Coronary artery calcium (CAC) scoring, derived from non-contrast computed

tomography (CT), is a robust predictor of coronary artery disease and provides incremental risk stratification

beyond traditional scoring systems
[19]

. The most validated thresholds for CAC in cardiovascular risk

assessment are CAC = 0, CAC = 1-99, and CAC ≥ 100 Agatston units
[20]

. A high CAC score is often observed

in MASLD patients, even in the absence of overt cardiovascular symptoms, underscoring its utility in

identifying patients who would benefit from earlier and more aggressive risk factor modification
[21]

.

However, there are no MASLD-specific CAC thresholds recommended in the medical literature
[22]

. Similarly,

carotid intima-media thickness measurement, a non-invasive ultrasound technique, assesses arterial wall

thickening and subclinical atherosclerosis, further refining cardiovascular risk evaluation
[23]

.

Table 1. Definition of metabolic dysfunction according to the 2023 SLD criteria

The presence of 1 out of 5 criteria is considered diagnosis of metabolic dysfunction. SLD: Steatotic liver disease; CMRFs: cardiometabolic risk
factors; BMI: body mass index; T2DM: type 2 diabetes mellitus; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein.

CMRFs:
• BMI ≥ 25 kg/m2 (≥ 23 kg/m2 for Asian subjects); of waist circumference of > 94 cm for males, > 80 cm for females; or ethnicity adjusted
equivalent

• T2DM (as determined by medical history ≥ 3 months before Screening); or fasting glucose levels ≥ 100 mg/dL (5.6 mmol/L); 2-hour post-load
glucose levels 140 mg/dL (7.8 mmol/L); or HbA1c ≥ 5.7%; or treatment for T2DM

• Fasting triglycerides ≥ 150 mg/dL (1.7 mmol/L) or on lipid lowering treatment

• Fasting HDL cholesterol < 40 mg/dL for men and < 50 mg/dL for women, or on lipid lowering treatment

• Hypertension or on treatment for hypertension; or ≥ 130 mmHg systolic blood pressure or ≥ 85 mmHg diastolic blood pressure
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Figure 1. Main approach for the assessment of cardiovascular risk in individuals with MASLD. Current data are insufficient to recommend a
specific risk calculator in MASLD, and the choice should be made based on the population (e.g., North America vs. Europe) and local
guidelines. Created in BioRender. Arab, J. (2025) https://BioRender.com/ihth6bo. MASLD: Metabolic dysfunction-associated steatotic
liver disease; ACC: American College of Cardiology; AHA: American Heart Association; HDL: high-density lipoprotein; SCORE2:
Systematic Coronary Risk Estimation 2; SCORE2-OP: Systematic Coronary Risk Estimation 2–Older Persons; CVD: cardiovascular disease;
CAC: coronary artery calcium; Lp(a): lipoprotein(a); hs-CRP: high-sensitivity C-reactive protein.

Biomarkers of myocyte injury and stress

High-sensitivity troponin is a cardiac biomarker assay capable of detecting very low concentrations of

troponin I or T in the blood, allowing quantification in most healthy individuals and improved precision at

the 99th percentile upper reference limit [Figure 2]. In the overall population, high-sensitivity troponin

provides independent and incremental prognostic information for cardiovascular risk stratification beyond

traditional risk factors
[24]

. In MASLD, a study including 5,622 participants from the US found that higher

levels of high-sensitivity troponin T among individuals with MASLD were associated with progressively
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Table 2. Most common methods to assess cardiovascular risk and their use in MASLD

Risk
calculator

Predicted
outcome(s)

Key strengths Key limitations
MASLD-specific
considerations

ACC/AHA PCE

First ASCVD event
(nonfatal MI, CHD
death, fatal/nonfatal
stroke)

Widely adopted in US;
outcome aligns with ASCVD
prevention decisions;
straightforward variables;
integrated into clinical
workflow and tools

Calibration varies by ethnicity and
contemporary cohorts; no direct
measures of obesity, CKD,
inflammation, family history, or liver
disease

Available studies suggest
underestimation and
miscalibration in MASLD in
some cohorts (c-statistic
0.48-0.69 in US)[17]

Framingham
general CVD
risk profile
(primary care)

CVD, including CHD,
stroke/TIA, PAD,
heart failure

Broad composite outcome
(captures HF and stroke);
simple

Older derivation cohorts; tends to
overestimate in contemporary
lower-risk settings without
recalibration; limited
ethnicity-specific calibration; still
omits family history, CKD,
inflammatory conditions, and liver
disease

Evidence suggests suboptimal
discrimination (c-statistics 0.58
in US) and calibration in MASLD
cohorts in some analyses[18]

SCORE
(original)

Fatal CVD only

Very simple; regionally
calibrated; focuses on
mortality (high specificity for
severe risk)

Understates total burden because
nonfatal events excluded; limited
variables; younger high-risk persons
may still appear as “low risk” by
10-year fatal estimate; increasingly
outdated event rates

Likely underestimates clinical
burden in MASLD due to its high
burden of nonfatal events
(c-statistics for fatal events
0.83-0.85 in Iran)[15]

AHA PREVENT

Separate and
combined risks for
ASCVD, heart failure,
and total CVD
(ASCVD + HF)

Contemporary, large
derivation datasets; includes
BMI and kidney function;
provides HF risk and
longer-horizon (30-year)
risk; avoids race as a
required input

Newer tool with fewer external
validations; still omits liver
disease/fibrosis, family history,
inflammatory conditions, Lp(a);
greater complexity

MASLD analyses suggest that
performance is poor (c-statistics
0.60 in US) and insufficiently
calibrated[18]

SCORE2

First fatal + nonfatal
MI or stroke
(country-region
calibrated)

Major update over SCORE:
includes nonfatal events;
contemporary recalibration;
improved alignment with
clinical outcomes; regional
calibration

Age-bounded; diabetes often
separate; still limited covariates (no
BMI, CKD, inflammation, liver
disease); requires correct regional
version

Likely improves over SCORE for
MASLD because it includes
nonfatal events and better lipid
modeling, but still may
under-estimate risk (c-statistics
0.67-0.77 in Iran)[15]

SCORE2-OP
(70-89 year)

First fatal + nonfatal
MI or stroke
(older-person model;
competing risk)

Specifically designed for
older adults; competing-risk
adjustment improves realism
in elderly; includes diabetes

Many older adults will exceed
thresholds largely driven by age;
does not capture frailty,
multimorbidity, or liver disease
severity; interpretation requires
patient-centered judgment

In older MASLD, risk will often
be high regardless

MASLD: Metabolic dysfunction-associated steatotic liver disease; ACC: American College of Cardiology; AHA: American Heart Association; PCE:
Pooled Cohort Equations; ASCVD: atherosclerotic cardiovascular disease; MI: myocardial infarction; CHD: coronary heart disease; US: United
States; CKD: chronic kidney disease; CVD: cardiovascular disease; TIA: transient ischemic attack; PAD: peripheral arterial disease; HF: heart failure;
SCORE: Systematic Coronary Risk Evaluation; PREVENT: Predicting Risk of Cardiovascular Disease Events; BMI: body-mass index; Lp(a):
lipoprotein(a); SCORE2: Systematic Coronary Risk Estimation 2; SCORE2-OP: Systematic Coronary Risk Estimation 2–Older Persons.

higher hazards of all-cause and cardiovascular mortality, which remained significant after adjustment for

demographic, clinical, lifestyle and metabolic risk factors
[25]

. N-terminal pro–B-type natriuretic peptide

(NT-proBNP) is another biomarker for stratifying cardiovascular risk in the general population. Elevated

NT-proBNP levels are independently associated with increased risk of incident CVD, heart failure, and both

cardiovascular and al l-cause mortality, even after adjustment for traditional risk factors and

echocardiographic parameters such as left ventricular mass and function
[26]

. In MASLD, higher levels of

NT-proBNP are associated with increased mortality
[27]

. However, further validation in MASLD-specific

cohorts is needed before routine use.

EMERGING BIOMARKERS TO ASSESS CARDIOVASCULAR RISK
As noted above, traditional scores often fall short of accurately predicting cardiovascular risk in patients with

MASLD
[28-30]

. These limitations stem from the unique pathophysiology of MASLD, which involves chronic
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Figure 2. Pathophysiologic framework linking MASLD to CVD, and potential biomarkers. Metabolic dysfunction in MASLD, together with
hepatic inflammation and advanced fibrosis, promotes systemic inflammation and vascular injury. These upstream drivers converge on
core atherogenic mechanisms - endothelial dysfunction, oxidative stress and lipoprotein modification, macrophage activation with
foam-cell formation, plaque growth with calcification, and a prothrombotic milieu - which can be captured by complementary biomarker
classes. Created in BioRender. Arab, J. (2025) https://BioRender.com/bka7tlp. MASLD: Metabolic dysfunction-associated steatotic liver
disease; CVD: cardiovascular disease; FFA: free fatty acid; NO: nitric oxide; Lp(a): lipoprotein(a); hs-CRP: high-sensitivity C-reactive
protein; IL-6: interleukin-6; ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase; FIB-4: Fibrosis-4; ELF: enhanced liver
fibrosis; hs-cTn: high-sensitivity cardiac troponin; NT-proBNP: N-terminal pro–B-type natriuretic peptide; CAC: coronary artery calcium.

hepatic and systemic inflammation, insulin resistance, and lipid abnormalities, all of which amplify

cardiovascular risk
[31]

. To address this gap, integrating traditional risk factors with liver fibrosis stage and

novel biomarkers may improve risk prediction and guide personalized management [Figure 2]
[32,33]

.

Advanced fibrosis as a key risk determinant of adverse outcomes in MASLD

Advanced fibrosis (≥ F3) is one of the strongest predictors of cardiovascular events in MASLD
[34]

.

Noninvasive tools for liver fibrosis include the Fibrosis-4 (FIB-4) index, the Nonalcoholic Fatty Liver Disease

Fibrosis Score, the Enhanced Liver Fibrosis test, and elastography-based methods, which typically stratify the

risk as low, indeterminate, or high risk for advanced fibrosis
[35,36]

. Thus, the use of noninvasive biomarkers

can help stratify the risk of major adverse liver outcomes, and may also help stratify cardiovascular risk. For

example, a Korean study including 60,445 participants found that an indeterminate or high FIB-4 category

was associated with nearly twice the incidence of CAC progression compared with those in the low-risk

FIB-4 group (5.6 vs. 3.2 per 100 person-years)
[37]

. Moreover, studies consistently demonstrate that individuals
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with advanced fibrosis have a significantly higher likelihood of adverse cardiovascular outcomes, including

myocardial infarction, stroke, and heart failure, compared with those with minimal or no fibrosis
[38-41]

. The

fibrotic burden contributes to systemic inflammation and endothelial dysfunction, which accelerate the

development of atherosclerosis and other cardiovascular complications
[42,43]

.

Liver tests and inflammation markers

Elevated liver enzymes such as alanine aminotransferase (ALT) and gamma-glutamyl transferase (GGT) can

serve as surrogate markers for hepatic inflammation and metabolic dysregulation, both of which correlate

with cardiovascular risk
[44]

. Systemic markers of inflammation, including high-sensitivity C-reactive protein

(hs-CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α), further refine risk assessment by

highlighting the pro-inflammatory state that bridges liver disease and cardiovascular pathology
[45,46]

. Among

these biomarkers, hs-CRP has been widely studied for cardiovascular risk stratification, particularly in

primary prevention and among individuals with intermediate or atypical risk profiles; however, its

incremental predictive value beyond traditional risk factors is modest
[47]

. Importantly, hs-CRP, IL-6, and

TNF-α are non-specific and can be elevated in a wide range of conditions, including acute and chronic

infections, autoimmune diseases (e.g., rheumatoid arthritis and systemic lupus erythematosus), malignancy,

obesity, metabolic syndrome, and other chronic inflammatory states such as chronic kidney disease and

heart failure. Consequently, IL-6 and TNF-α are not reliable standalone biomarkers of CVD
[48]

. Galectin-3 is

another biomarker secreted by activated macrophages and other cells in response to myocardial stress,

promoting fibroblast proliferation, collagen deposition, and tissue remodeling, which are central to the

pathogenesis of heart failure and atherosclerosis
[49]

. In the overall population, increases in Galectin-3 predict

future heart failure, CVD, and mortality
[50]

. Although Galectin-3 could be a promising biomarker, there is no

validated data in patients with MASLD for predicting CVD.

Proteomics, lipidomics, and lipid profiles

Specific plasma proteomic signatures have been identified as markers of cardiovascular risk in MASLD. A

recent UK Biobank study identified adrenomedullin as independently associated with CVD risk during

follow-up, even after adjusting for steatosis severity and traditional CMRFs
[51]

. Additionally, targeted

proteomic panels [e.g., Adhesion G protein-coupled receptor G1 (ADGRG1/GPR56)] have been validated as

surrogates for systemic organ damage, including ischemic heart disease, during long-term follow-up,

supporting their utility in risk stratification
[52]

. Lipidomics analyses have also revealed that specific plasma

lipid species, such as docosatrienoate (22:3n6) and 2-hydroxyarachidate, mediate the relationship between

SLD and coronary artery disease, independent of circulating lipoproteins
[53]

. Integrative omics approaches,

including metabolomics and lipidomics, have further advanced biomarker discovery for CVD risk prediction

in MASLD, although standardization and clinical validation remain ongoing challenges
[54]

.

Adipokines - such as adiponectin, an anti-inflammatory and insulin-sensitizing hormone - are often reduced

in MASLD and inversely correlated with cardiovascular risk
[55]

. In contrast, leptin, a pro-inflammatory

adipokine, is elevated and linked to endothelial dysfunction and atherosclerosis
[56]

. Pro-atherogenic

lipoproteins, such as small dense low-density lipoprotein (LDL) cholesterol, and lipoprotein(a) [Lp(a)], are

additional risk factors that provide insights into lipid-related cardiovascular risks. Lp(a), in particular, is

genetically determined and strongly associated with atherogenesis, although levels may decrease in advanced

stages of MASLD
[57-59]

. In MASLD, a Chinese study including 56,168 participants reported an inverse

association between Lp(a) percentiles and advanced fibrosis
[60]

. However, patients with MASLD who had

advanced liver fibrosis and high Lp(a) levels had a higher risk of MACE (adjusted hazard ratio 1.56) than

those with low Lp(a) levels.
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EXCESS BODY WEIGHT AND ITS MANAGEMENT IN SLD
In 2021, an estimated 1.00 billion adult males and 1.11 billion adult females worldwide were overweight or

had obesity
[61]

. In the US, the prevalence of SLD among individuals with overweight and obesity is projected

to rise to 75%
[62]

. In parallel, up to 92.7% of individuals with MASLD have excess weight
[7]

. Obesity is strongly

associated with liver fibrosis progression, interacting with other metabolic risk factors, alcohol use, and

genetic factors
[63-66]

. Also, obesity is associated with shorter longevity and a significantly increased risk of

CVD morbidity and mortality compared with normal body mass index (BMI)
[67-69]

. The assessment and

management of overweight and obesity in MASLD involves a multifaceted approach focusing on lifestyle

modification, pharmacotherapy, and potentially surgical interventions
[70]

. The benefits of weight loss in

MASLD have been well-documented and include the resolution of steatohepatitis, liver fibrosis regression,

and reduction in CVD risk factors (i.e., blood pressure, glucose, and lipid levels)
[71,72]

. Although the obesity

definition is evolving, in this review, we will mainly consider evidence based on the BMI-based definition as

most of the evidence has been developed by using these criteria
[73]

.

Non-pharmacological treatments

Patients with MASLD can benefit from changes in dietary composition (e.g., low-carbohydrate vs. low-fat

diets, saturated vs. unsaturated fat diets, and Mediterranean diet, among others) and different intensities of

caloric restriction
[74]

. In particular, the Mediterranean diet is one of the most effective dietary options for

inducing weight loss in MASLD
[75]

, and is characterized by high consumption of fish, monounsaturated fats

from olive oil, fruits, vegetables, whole grains, and legumes/nuts
[76]

. In particular, fruits (such as cherries,

citrus, apples, and berries) and vegetables (including artichokes, spinach, beans, and olives) are major

contributors to Mediterranean diet, providing diverse polyphenol classes such as flavonoids, phenolic acids,

and anthocyanins
[77]

. Virgin olive oil is a distinctive source, rich in tyrosol, and other phenolic compounds,

being the hallmark of the Mediterranean dietary pattern
[78]

. Coffee consumption, regardless of caffeine

content, may also be beneficial in reducing the risk of liver fibrosis
[79,80]

; however, the quality of evidence

supporting coffee use is low
[81]

.

Patients should be encouraged to increase their physical activity level to the extent possible independent of

weight loss, as it has hepatic and cardiometabolic benefits
[74]

. In the case of structured and planned physical

activity, aerobic exercise (i.e., walking, running, cycling, or swimming) and resistance training (i.e.,

weightlifting or bodyweight exercises) have been shown to be beneficial for patients with MASLD
[82]

. Those

adults without cardiovascular or musculoskeletal contraindications should perform 150-300 min a week of

moderate-intensity exercise or 75-150 min a week of vigorous-intensity aerobic physical activity or an

equivalent combination of moderate- and vigorous-intensity aerobic activity
[83]

. Also, they should do

muscle-strengthening activities at least two days a week
[84]

. These recommendations can even benefit

individuals with cirrhosis, who usually have a hypercatabolic state and sarcopenia
[85]

. Importantly, a

multidisciplinary care team approach is essential for the effective implementation of lifestyle modifications,

as opposed to the fragmented management of individual complications
[86]

.

Incretin-based therapies and other pharmacological strategies

In cases where lifestyle modifications alone are insufficient, pharmacotherapy can be considered
[70,87,88]

.

Incretin-based therapies, particularly glucagon-like peptide-1 receptor agonists (GLP-1RAs) and dual

incretin-based therapies [such as glucagon-like peptide-1 (GLP-1)/glucose-dependent insulinotropic

polypeptide (GIP) or GLP-1/glucagon receptor agonists] have shown significant promise in managing

obesity in patients with MASLD
[89,90]

. The mechanisms by which incretin-based therapies exert these effects

include signals in the central nervous system to suppress appetite, increase satiety, and thereby decrease

calorie intake, improvements in insulin sensitivity, and many other extrahepatic effects
[91]

. Although there are

mult iple pharmacological therapies to treat obesity ( i .e . , or l istat , sympathomimetic agents ,
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Table 3. Most common incretin-based therapies and their mechanism of action, impact on glycemic control, weight, and specific
evidence in MASLD

Drugs Mechanism of action HbA1c Weight loss Evidence in liver disease

Liraglutide GLP-1 receptor agonist
-0.4% to
-1.0%

-3.4% to -8.4%
Significantly improved liver enzymes, improved
histological features, reduced liver fat content[96]

Semaglutide GLP-1 receptor agonist -1.5 to -2.0% -9.6% to -17.4%
Significant improvement of liver fibrosis and MASH
resolution[98]

Tirzepatide GLP-1/GIP receptor agonist -1.5 to -2.5% -15% to -20% Resolution of MASH without worsening of fibrosis[100]

Survodutide GLP-1/GIP receptor agonist -1.5% -10.7% to -19%
Improvement in MASH without worsening of fibrosis,
decrease in liver fat content[101]

Pemvidutide GLP-1/GIP receptor agonist -0.2 to -0.4% -3.4% to -3.9%
Significant reductions in LFC, markers of hepatic
inflammation[102]

Retatrutide GLP-1/GIP/glucagon receptors agonist -2.2% -6.3% to -17.6% Reduction liver fat content[103]

MASLD: Metabolic dysfunction-associated steatotic liver disease; HbA1c: glycated hemoglobin; GLP-1: glucagon-like peptide-1; MASH: metabolic
dysfunction-associated steatohepatitis; GIP: glucose-dependent insulinotropic polypeptide; LFC: liver fat content.

phentermine-topiramate, or bupropion-naltrexone), this review will primarily focus on GLP-1RAs due to the

consistent benefits in MASH treatment including resolution and/or liver fibrosis improvement
[92-94]

.

Liraglutide and semaglutide, two common GLP-1RAs used to treat obesity, have demonstrated substantial

efficacy in reducing body weight, with semaglutide showing superior results
[95,96]

. GLP-1RAs can lead to

weight reductions of approximately 9.6% to 17.4% of baseline body weight, which is substantially higher than

what is typically achieved with lifestyle modifications alone
[92,97]

. Moreover, a phase 3 trial involving 800

participants with MASH-related fibrosis (F2-F3) showed that weekly semaglutide 2.4 mg compared with

placebo was associated with significant MASH resolution and potential improvement in liver fibrosis
[98]

.

Other dual or triple agonists - including tirzepatide
[99,100]

, survodutide
[101]

 pemvidutide
[102]

 and retatrutide
[103]

 -

have shown promising results in MASH resolution and reduction in body weight, making them potentially

attractive therapeutic agents [Table 3]
[104]

. For instance, tirzepatide, a dual GLP-1/GIP receptor agonist, has

shown even more pronounced effects on weight reduction than GLP1-RAs alone, with clinical trials

reporting weight loss exceeding 15% from baseline.

Incretin-based therapies provide multiple metabolic benefits beyond weight loss, including improved β-cell

function, enhanced lipid metabolism, cardiovascular and renal protection, and anti-inflammatory

effects
[105,106]

. Most cardiovascular benefits have been observed in GLP-1RAs, such as semaglutide, liraglutide,

and dulaglutide. For example, in a clinical trial in patients with preexisting CVD and overweight or obesity

but without T2DM, weekly subcutaneous semaglutide at a dose of 2.4 mg was superior to placebo in

reducing the incidence of death from CVD, nonfatal myocardial infarction, or nonfatal stroke at long-term

follow-up
[107]

. Side effects of incretin-based therapies are common in patients with MASLD and typically

include mild-to-moderate gastrointestinal events such as nausea, diarrhea, constipation, and vomiting
[5]

.

These effects are usually transient, dose-dependent, and more frequent at higher doses.

Bariatric procedures

Bariatric surgery can resolve steatohepatitis, improve fibrosis, and induce sustained weight loss of up to 30%

with an impact on all-cause morbidity and mortality
[108,109]

. Currently accepted criteria for bariatric surgery

are BMI ≥ 35 kg/m
2
, irrespective of metabolic comorbid disease, or BMI between 30 and 35 kg/m

2
 and an

obesity-related condition (i.e., T2DM, prediabetes, or uncontrolled hypertension)
[110]

. MASLD is increasingly

accepted as a comorbid condition benefiting from bariatric surgery
[111]

. For example, bariatric surgery is more

effective than lifestyle interventions plus medical therapy, with MASH resolution without worsening of

fibrosis at 1 year achieved in 70% of patients who underwent bariatric surgery compared to 19% of those in
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the lifestyle intervention group
[112]

.

In cirrhosis, bariatric surgery carries increased risks, particularly for those with portal hypertension and

decompensated liver disease, including perioperative liver failure, bleeding, infection, and markedly elevated

mortality rates
[113]

. Therefore, bariatric surgery should only be considered in carefully selected patients with

compensated cirrhosis, and must be performed by experienced teams at high-volume centers. The presence

of clinically significant portal hypertension is a major risk factor for complications; thus, preoperative

assessment should include cross-sectional imaging and upper endoscopy
[113]

. Bariatric surgery is

contraindicated in patients with decompensated cirrhosis unless performed concurrently with or after liver

transplantation.

Bariatric surgery has also been associated with a higher risk of hazardous drinking
[114]

. Moreover, a recent

study suggests that people undergoing bariatric surgery with binge drinking are more prone to suicide and

liver-related mortality
[115]

. Consequently, a proper psychiatric evaluation and follow-up before and after the

procedure are necessary to achieve the therapeutic goals and avoid related complications
[116,117]

. Endoscopic

bariatric procedures such as endoscopic sleeve gastroplasty are promising in the management of

MASLD/MASH
[118]

. However, high-quality evidence on how primary endoscopic therapies compare with

each other and with surgical procedures is lacking
[119]

.

INSULIN RESISTANCE AND T2DM IN MASLD
Insulin resistance is implicated in both the pathogenesis and progression of MASLD

[64]
. Patients with

MASLD demonstrate defects in insulin suppression of fatty acids and reduced inhibition of fatty acid

oxidation
[120]

. Therefore, people with T2DM have both an elevated risk of developing MASLD and a more

rapid progression to cirrhosis. In the US, a study with prospectively recruited patients aged ≥ 50 years with

T2DM estimated a MASLD prevalence of 65%, and 14% of them had advanced fibrosis and 6% cirrhosis
[121]

.

As liver disease progresses, insulin resistance worsens, and beta cell failure increases, making management of

hyperglycemia more challenging
[122]

. Also, glycemic control [measured by glycated hemoglobin (HbA1c)] in

individuals with MASLD can predict the development of MASH, liver fibrosis, and risk of hepatocellular

carcinoma
[123,124]

. In the following paragraphs, we will discuss the specific considerations for treating T2DM in

individuals with MASLD.

Lifestyle changes

Insulin resistance in MASLD should be managed with lifestyle interventions that promote weight loss,

particularly in patients with obesity
[125]

. In patients with T2DM, lifestyle modifications can improve glycemic

control, reduce cardiovascular risk, and enhance overall quality of life
[126,127]

. Dietary changes focus on

balanced, nutrient-dense meals with controlled portions, emphasizing low-glycemic index carbohydrates,

lean protein, and healthy fats while minimizing refined sugars and processed foods
[128,129]

. As stated before,

regular physical activity, including at least 150 min per week of moderate-intensity aerobic exercise and

resistance training, improves insulin sensitivity and promotes weight management
[130]

. Behavioral

interventions, such as self-monitoring of blood glucose, goal-setting, and structured T2DM education

programs, empower patients to maintain adherence to lifestyle changes
[131]

. Weight loss can significantly

improve glycemic control and reduce the need for medication. Smoking cessation and moderation of alcohol

intake further contribute to mitigating complications and optimizing T2DM management
[132]

. Unfortunately,

the majority of patients fail to achieve clinically significant lifestyle interventions alone and require

treatments to achieve glycemic control
[133]

.
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Medications

Several medications have been studied in the treatment of MASLD in patients with insulin resistance and/or

T2DM, with evidence supporting the use of pioglitazone and GLP-1RAs. Pioglitazone improves glucose and

lipid metabolism and has demonstrated metabolic and histologic improvement in patients with MASLD
[134]

.

A 2018 meta-analysis demonstrated that pioglitazone improved advanced fibrosis in MASLD, even in

patients without T2DM
[135]

. The use of GLP-1RAs, discussed above in the section on the management of

obesity, can contribute to achieving adequate glycemic control and reducing CVD risk in T2DM. For

example, a study including adults with overweight or obesity and T2DM reported a mean reduction in

HbA1c up to 1.4% with semaglutide 2.4 mg weekly, also reducing cardiovascular death, nonfatal myocardial

infarction, or nonfatal stroke
[136]

. However, while GLP-1RAs have shown promise in other contexts, their use

in decompensated cirrhosis remains limited due to insufficient clinical experience, risk of accelerated

sarcopenia, and safety data
[137,138]

.

Sodium-glucose cotransporter 2 inhibitors (SGLT-2i), which target renal glucose reabsorption from the

glomerular filtrate, are approved for the treatment of T2DM. Studies have shown that SGLT-2 inhibitors can

induce weight loss of 2%-3% and may lead to improvement of hepatic steatosis and fibrosis
[139,140]

. Although

most studies have small sample sizes, a recent Chinese trial including 154 participants with MASLD

evidenced that dapagliflozin 10 mg was associated with a higher MASH resolution and fibrosis

improvement
[141]

. Other oral hyperglycemic agents, including metformin
[142]

 and dipeptidyl peptidase-4
[143]

,

have been studied in MASLD; however, these were not found to be consistently effective. In patients with

decompensated cirrhosis and T2DM, treatment with insulin is preferred, as many of the newer diabetic

medications have not been studied in cirrhosis
[144]

.

ARTERIAL HYPERTENSION
Hypertension is a common comorbidity in patients with MASLD and contributes significantly to the

progression of liver disease and the associated cardiovascular burden
[145,146]

. Effective blood pressure

management is essential in mitigating these risks and improving long-term outcomes. The management of

hypertension in MASLD should be tailored to the specific needs of these patients, considering the interplay

between liver dysfunction, metabolic derangements, and cardiovascular risks.

General approach to hypertension in MASLD

The primary goal of hypertension management in MASLD is to achieve target blood pressure levels, typically

< 130/80 mmHg for most patients, according to contemporary guidelines
[147]

. Lifestyle modifications form the

foundation of therapy, including sodium restriction, weight loss, regular physical activity, moderation of

alcohol intake, and a heart-healthy diet such as the Dietary Approaches to Stop Hypertension or

Mediterranean diet
[129,148]

. Pharmacological treatment should be selected carefully, taking into account the

presence of hepatic dysfunction and potential drug metabolism concerns.

Renin-angiotensin-aldosterone system (RAAS) inhibitors, such as angiotensin converting enzyme (ACE)

inhibitors and angiotensin receptor blockers (ARBs), are first-line agents in patients with hypertension and

MASLD. These drugs not only reduce blood pressure but also provide renal and cardiovascular protection,

particularly in those with T2DM or chronic kidney disease
[149]

. Emerging evidence suggests that RAAS

inhibitors may have antifibrotic effects, which could benefit liver health. However, they should be used with

caution in patients with advanced liver disease due to the risk of hyperkalemia and renal dysfunction
[150]

.

Calcium channel blockers are effective alternatives for blood pressure control and are generally well-tolerated

in MASLD. Long-acting dihydropyridine calcium channel blockers, such as amlodipine, are preferred due to

their favorable cardiovascular profile and minimal impact on liver metabolism. Finally, SGLT-2i and

GLP1-RAs, though primarily antidiabetic agents, show promise in reducing blood pressure and improving
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hepatic and cardiovascular outcomes
[89,151]

. These agents may have a role in comprehensive MASLD

management, particularly in patients with hypertension and T2DM.

Considerations for advanced liver disease and cirrhosis

In patients with cirrhosis, the management of hypertension becomes more complex, as portal hypertension

and systemic hemodynamic changes often dominate. Non-selective beta-blockers (NSBBs), such as

carvedilol, propranolol or nadolol, are used early in cirrhosis to manage portal hypertension and reduce the

risk of variceal bleeding
[152]

. These agents lower portal pressure by reducing cardiac output and splanchnic

blood flow. Recent guidelines support the early use of NSBBs even in patients with compensated cirrhosis

and clinically significant portal hypertension, as they may delay the progression to decompensated

disease
[152,153]

. However, careful monitoring is necessary to avoid hypotension, bradycardia, and worsening

renal function, particularly in advanced cirrhosis. Selective beta-blockers, such as bisoprolol or metoprolol,

may be used in MASLD patients with coexisting hypertension and cardiovascular conditions but are not

recommended for managing portal hypertension. In cases of refractory ascites or hepatorenal syndrome,

which often coincide with hypotension, RAAS inhibitors and diuretics should be used judiciously, with

close monitoring of renal function and electrolyte balance.

DYSLIPIDEMIA AND HYPERTRIGLYCERIDEMIA
In MASLD, which shares close pathophysiology with metabolic syndrome, insulin resistance drives an

increase in free fatty acid flux, leading to elevated triglycerides and very LDL, as well as triggering oxidative

stress and lipid peroxidation, ultimately contributing to the development of MASLD
[154]

. Similarly, MASLD

also raises the risk of dyslipidemia. It has been shown to increase levels of oxidized LDL cholesterol
[155]

. A

meta-analysis encompassing over 8.50 million patients with MASLD found that the overall prevalence of

combined dyslipidemia was nearly 70% in patients with MASLD and MASH
[156]

.

THERAPIES FOR LOWERING LDL CHOLESTEROL
Managing dyslipidemia, similar to other metabolic risk factors, is crucial for preventing CVD. Detailed

guidance on managing dyslipidemia can be found in previous publications focused on the general

population
[154]

. Statins, a common medication for dyslipidemia, are both safe and effective, even in

individuals with decompensated liver disease
[157]

. Statins are typically well-tolerated in patients with

Child-Pugh Class A cirrhosis. Additionally, growing evidence indicates that statins may help slow the

progression of fibrosis and cirrhosis and reduce the risk of liver cancer in MASLD
[158-160]

. However, their role

in reducing cardiovascular mortality in patients with Child-Pugh Class B or C cirrhosis remains uncertain,

given the poor prognosis associated with these advanced stages of liver disease
[161]

. Among the various types

of statins, atorvastatin is the only one proven to reduce cardiovascular risk while having a lower

hepatotoxicity risk
[154,162]

. It is important to note that elevations in serum ALT or aspartate aminotransferase

levels are common in patients taking statins. However, drug-induced liver injury or acute liver failure

remains rare in those on statin therapy
[161]

. Statin is indicated for the treatment of increased LDL levels

among patients with MASLD who are at increased risk for adverse outcomes of CVD
[70,163]

.

Non-statin therapies play a crucial role in managing LDL cholesterol in patients who do not achieve target

levels with statins alone or cannot tolerate statins due to adverse effects
[164]

. Ezetimibe, a cholesterol

absorption inhibitor, reduces LDL cholesterol by 18%-25% and has demonstrated cardiovascular risk

reduction in the IMPROVE-IT trial (Improved Reduction of Outcomes: Vytorin Efficacy International

Trial). Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, such as evolocumab and

alirocumab, are monoclonal antibodies that reduce LDL cholesterol by 46%-73% and provide significant

cardiovascular benefits, especially in high-risk patients. Inclisiran, an RNA interference therapy, lowers LDL
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cholesterol by about 50% and offers an alternative for patients unable to use PCSK9 monoclonal antibodies.

Bempedoic acid, an adenosine triphosphate (ATP) citrate lyase inhibitor, reduces LDL cholesterol by

25%-38% and is particularly useful for statin-intolerant patients, as evidenced by the CLEAR OUTCOMES

trial (NCT02993406)
[165]

.

The 2022 ACC guidelines recommend PCSK9 inhibitors and bempedoic acid based on a patient’s ASCVD

risk and LDL cholesterol levels, particularly those with established CVD, high cardiovascular risk, or in

patients who do not achieve LDL-C targets with maximally tolerated statin and ezetimibe therapy, or who

are statin-intolerant
[166]

. For primary dyslipidemias, aggressive treatment and early referral to specialists

remain essential
[167]

. Although PCSK9 inhibitors have robust evidence for reducing major cardiovascular

events
[168]

, bempedoic acid has only a modest effect on cardiovascular event reduction in statin-intolerant

patients
[169]

. Finally, PCSK9 inhibitors are well tolerated, with the main adverse event being injection-site

reactions; they do not increase the risk of myalgia, neurocognitive events, or new-onset diabetes. Bempedoic

acid is associated with increased risk of hyperuricemia and gout, mild increases in hepatic enzymes, and a

small increase in cholelithiasis.

ADDITIONAL PHARMACOLOGICAL CONSIDERATIONS
Incorporating lipid-lowering therapies, such as statins, is a cornerstone of cardiovascular risk reduction in

MASLD
[170]

. Statins not only decrease LDL-cholesterol but also exhibit pleiotropic effects, including

anti-inflammatory and antifibrotic properties, which are particularly beneficial in MASLD
[171,172]

. Despite

concerns about hepatotoxicity, the vast majority of patients tolerate statins well, even in the presence of mild

to moderate liver enzyme elevations
[161]

. For patients at high cardiovascular risk or with advanced fibrosis,

statins should be complemented by other agents, such as ezetimibe or PCSK9 inhibitors, to achieve optimal

lipid control
[173]

. The use of antihypertensive therapies, particularly RAAS inhibitors, and antidiabetic agents

with cardiometabolic benefits, such as GLP-1 receptor agonists or SGLT-2i, further enhances risk-reduction

strategies
[89,174,175]

. Finally, resmetirom is a selective thyroid hormone receptor-β agonist that was recently

approved as treatment for MASLD with fibrosis F2-3. Resmetirom has also been shown to significantly

reduce levels of LDL cholesterol, apolipoprotein B, and triglycerides, being a promising therapy to reduce

cardiovascular risk in patients with MASLD
[176]

.

MULTIDISCIPLINARY APPROACH TO RISK MANAGEMENT
Effective cardiovascular risk assessment and management in MASLD require a collaborative model that

integrates hepatology, cardiology, endocrinology, diabetology, and primary care, given the bidirectional

relationship between liver disease severity, cardiometabolic comorbidities, and incident cardiovascular

events
[4 ,22]

. Primary care is typically best positioned to lead longitudinal prevention - screening for

hypertension, T2DM, dyslipidemia, chronic kidney disease, smoking, and alcohol use; initiating first-line

therapies; and ensuring follow-up and adherence - while hepatologists contribute liver-specific phenotyping

that materially affects systemic risk. In particular, staging of fibrosis may help identify patients who warrant

intensified cardiovascular prevention and closer surveillance.

The interplay between liver disease and cardiovascular pathology necessitates integrated care pathways that

address both hepatic and systemic risks
[177]

. Identifying high-risk individuals early enables targeted

interventions, including lifestyle modifications, pharmacotherapy, and, where appropriate, advanced

cardiovascular procedures. A practical multidisciplinary pathway begins with structured baseline

phenotyping and explicit escalation thresholds. At the time of MASLD diagnosis (or first specialist contact),

clinicians should document global cardiovascular risk (using ACC/AHA PCE or SCORE2), key metabolic

drivers (blood pressure, lipids, glycemic status, adiposity), kidney function, and liver fibrosis stage, and
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subclinical atherosclerosis imaging (e.g., CAC scoring or carotid ultrasound) when risk is uncertain or when

results would change management. Referral to cardiology should be prioritized for patients with established

CVD, high-risk imaging findings, complex dyslipidemia requiring advanced lipid-lowering strategies, or

suspected heart failure/arrhythmia.

CONCLUSIONS AND FUTURE PERSPECTIVES
MASLD is strongly associated with CVD, the leading cause of mortality in these patients. Shared

pathophysiological mechanisms, including metabolic dysfunction and systemic inflammation, necessitate

integrated care strategies to manage both liver and cardiovascular risks effectively. Lifestyle interventions

remain foundational, offering benefits for liver health and CVD risk reduction. Pharmacological therapies,

including GLP-1 receptor agonists, pioglitazone, and SGLT-2i, are valuable for addressing obesity, T2DM,

and cardiovascular risk. Advanced fibrosis, a key predictor of poor outcomes, underscores the importance of

non-invasive diagnostics and tailored interventions. Careful management of hypertension and dyslipidemia

further mitigates CVD risk. Early use of NSBBs in cirrhosis highlights the complex interplay between liver

disease and systemic hemodynamics.

Future work should prioritize MASLD-specific cardiovascular risk models that integrate liver fibrosis

severity, CMRFs, and biomarkers, and that are externally validated across diverse race/ethnicities and

regions. Prospective studies are also needed to define when biomarkers and imaging [e.g., high-sensitivity

cardiac troponin (hs-cTn), NT-proBNP, CAC, carotid ultrasound] meaningfully reclassify risk and change

management in MASLD, including identifying thresholds that trigger treatment intensification. Finally,

implementation research should test scalable, multidisciplinary care pathways to determine whether

structured screening and guideline-concordant therapy improve both cardiovascular and liver-related

outcomes.
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