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group of individuals concerning their CVD risk, and with the 
considerable treatment options now available, clinicians need to 
make personalised treatment decisions since not all patients with 
MASLD have the same cluster of CVD risk factors nor the same 
absolute risk of CVD events.

CVD risk assessment in MASLD
The first consideration is how CVD risk should be assessed in 
patients with MASLD? Most patients with MASLD are likely 

to be middle- aged, and although there are exceptions, women 
with MASLD are most likely to be perimenopausal or post-
menopausal. Because of the age demographic of patients with 
MASLD, this patient group should be considered for a CVD 
health check as most patients will be >40 years old. It is also 
important to consider ethnicity and the region of the globe in 
which the person’s risk of CVD is being assessed.

Beyond the presence of MASLD, various factors increase 
a person’s risk of developing CVD. These risk factors can be 

Figure 2 Flow diagram describing a pragmatic approach to the assessment and management of CVD risk in people with MASLD. This flow diagram 
emphasises the need to assess individual CVD risk factors and estimate CVD risk in patients with MASLD. The flow diagram also illustrates specific 
treatments to attenuate CVD risk in patients at high risk of CVD, where those treatments have been shown to have proven efficacy in reducing 
incident CVD events. The flow diagram illustrates the importance of assessing the coexistence of T2DM, CKD, hypertension or previously diagnosed 
CVD causing a vascular event, such as acute myocardial infarction or ischaemic stroke. The presence of these conditions may warrant additional 
disease- specific treatments. For example, for patients with known CVD, it may prove necessary to focus on high- dose statin treatment with the 
goal of achieving a plasma LDL- C level <1.8 mmol/L. For patients with T2DM who have microvascular disease affecting the kidneys (abnormal 
albuminuria, ie urine ACR >30 mg/g), it may be necessary to implement treatment with SGLT- 2 inhibitors. The flow diagram also illustrates the 
importance of estimating the 10- year risk of a first CVD event using a specific CVD risk calculator tool. Such a tool needs to have been validated 
in the region and population in which it will be used. For patients with ‘intermediate’ CVD risk or those who are unconvinced by the benefit of 
taking a statin, consideration of whether further noninvasive investigation of potential CVD is required. Where high- resolution CT is available, CACS 
assessment can offer a quick but relatively expensive investigation for refining CVD risk prediction. Where the CVD score is increased (eg, ≥90th 
centile adjusted for age and sex or the score is high, eg, >300 Agatston units), referral to cardiology specialists for further investigation should be 
considered. Such individuals may require not only treatment with a high- dose statin to achieve plasma LDL- C targets (see above) but also low- dose 
aspirin and ACE inhibitors (ACE- I) or angiotensin II receptor blockers. Although statins are safe in people with MASLD or MASH, some individuals will 
not be able to tolerate statin treatment. In these individuals, other lipid- lowering drugs, such as ezetimibe, bempedoic acid or proprotein convertase 
subtilisin/kexin type- 9 (PCSK9) monoclonal antibody treatment, may be warranted and further specialist lipid management advice should be sought. 
Antihyperglycemic drugs such as GLP- 1 receptor agonists and dual GLP- 1/GIP receptor agonists have beneficial hepatic effects, mainly through 
weight loss. GLP- 1 receptor agonists have proven efficacy to benefit type 2 diabetes mellitus, CVD and CKD. In particular, GLP- 1 receptor agonists 
are effective in the brain and decrease appetite and induce satiety, thus reducing dietary calorie intake. These effects can facilitate weight loss, 
which benefits MASLD, type 2 diabetes mellitus and CVD risk factors. Angiotensin II receptor blockers or RAS inhibitors have beneficial effects on the 
vasculature and kidneys, reducing blood pressure, while pioglitazone that is licensed for the treatment of T2DM has been shown to have beneficial 
effects to treat liver disease in MASLD, decrease the risk of acute myocardial infarction and ischaemic stroke, and has durable effects to lower plasma 
glucose concentrations in patients with, or at risk of, type 2 diabetes mellitus. ACR, albumin- to- creatinine ratio; CACS, Coronary Artery Calcium 
Score; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; GIP, glucose- dependent insulinotropic 
polypeptide; GLP- 1, glucagon- like peptide- 1; MASLD, metabolic dysfunction- associated steatotic liver disease; RAS, renin- angiotensin system; SGLT2, 
sodium glucose co- trasporter- 2; T2DM, type 2 diabetes mellitus.
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divided into non- modifiable and modifiable risk factors. Briefly, 
CVD risk factors are: (a) non- modifiable, for example, older 
age, male sex, having a strong family history of premature CVD 
and being of a certain ethnicity (such as South Asian ethnicity) 
or having early menopause (<40 years) and (b) modifiable, for 
example, smoking, having an increased plasma LDL- C concen-
tration, being sedentary, eating an unhealthy diet and having 
factors linked with obesity and specifically abdominal obesity, 
such as hypertension, insulin resistance, atherogenic dyslipi-
daemia and T2DM as key features of metabolic syndrome.104

With many of these modifiable CVD risk factors (eg, T2DM, 
hypertension and obesity), there is a further amplification of 
CVD risk when associated comorbidities such as CKD also occur. 
For example, T2DM is a strong risk factor for CKD stage ≥3 

(defined by estimated glomerular filtration rate (eGFR)<60 mL/
min/1.73 m2 with/without coexisting abnormal albuminuria or 
overt proteinuria), and each of these associated renal factors, 
as well as chronic dialysis or renal transplantation, are strong 
independent risk factors for CVD.

Although increased plasma LDL- C concentration is a common 
risk factor in middle- aged subjects (and occurs independently of 
MASLD), an increased plasma LDL- C concentration will further 
increase the risk of CVD in people with MASLD.15 A more 
common dyslipidaemia frequently occurring with MASLD is the 
atherogenic lipoprotein phenotype, comprising increased small- 
dense LDL particles, low HDL- cholesterol and high triglyceride 
concentrations. Although subjects with MASLD with atherogenic 
dyslipidaemia may have normal plasma LDL- C concentrations, it is 
in this situation that treatment with a statin will decrease CVD risk.

Figure 3 Current therapeutic approaches for MASLD or MASH with beneficial or neutral effects on the cardiovascular risk profile. There are currently 
no licensed treatments for MASLD or MASH. The figure summarises the evidence mainly derived from phase 2 or phase 3 randomised placebo- 
controlled trials of current therapeutic approaches showing promise in the treatment of this common and burdensome liver disease, in terms of 
improvement in liver steatosis, steatohepatitis or fibrosis. Licensed treatments for type 2 diabetes mellitus (eg, GLP- 1 receptor agonists, pioglitazone 
or SGLT2 inhibitors) are among the most promising treatment options for MASLD or MASH and effectively also decrease the future risk of fatal and 
nonfatal CVD events. CVD, cardiovascular disease; MASH, metabolic dysfunction- associated steatohepatitis; MASLD, metabolic dysfunction- associated 
steatotic liver disease; NASH, non- alcoholic steatohepatitis.
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While these modifiable and non- modifiable risk factors and 
associated comorbidities must be considered in assessing CVD 
risk, it is also important to recognise that some people with 
MASLD may have other unrelated but relatively common 
comorbid conditions (unrelated to MASLD) that may also 
increase the CVD risk. These comorbid conditions that need to 
be considered and recognised as important additional CVD risk 
factors include rheumatoid arthritis, severe mental ill health and 
associated treatments, and periodontal disease.

For assessing global CVD risk, some countries/regions/organ-
isations now recommend vascular health checks or risk assess-
ments targeted at individuals of a certain age and who do not 
have pre- existing CVD, T2DM or CKD as recognised easily 
identifiable risk factors for CVD. For example, the ACC/AHA 
(American College of Cardiology/American Heart Association) 
guidelines and in England and Wales, the National Institute for 
Health and Care Excellence (NICE) guidelines recommend that 
everyone between the ages of 40 and 75 years should be invited 
for a health check.105 106 This health check includes a CVD risk 
assessment, evaluation of alcohol consumption, physical activity 
levels, plasma LDL- C level, body mass index and screening 
for T2DM and CKD with an assessment of haemoglobin A1c 
and eGFR. Additionally, it is important to assess psychological 
stressors and health literacy and provide appropriate support 
where necessary.103 The CVD risk assessment tools should be 
specific to the region/country of interest, and in England and 
Wales, it is recommended that the QRISK CVD risk calculator 
is used, as this has been validated in the UK. In the USA, pooled 
cohort equations are recommended for CVD risk assessment.103 
The European Society of Cardiology (ESC) recommends using 
sex- specific SCORE- 2 calculators in European populations. For 
example, the ESC recommends the use of the SCORE- 2 risk 
calculator up to the age of 70 years; for older persons (OP) 
above this age, the SCORE- 2 OP calculator, and for people with 
T2DM, the SCORE- 2 Diabetes calculator.107–109 The SCORE- 2 
Diabetes calculator was validated in people with T2DM without 
pre- existing CVD. Sex- specific competing risk- adjusted models 
were used, including both traditional CVD risk factors (age, 
smoking, systolic blood pressure, total cholesterol and HDL- 
cholesterol levels) and diabetes- related variables (age at diabetes 
diagnosis, haemoglobin A1c and eGFR). These models were 
recalibrated to CVD incidence in four European risk regions.108

It is recommended that global CVD risk is assessed every ~5 
years,103 106 and it is important to bear in mind that ageing is 
the major unmodifiable risk factor that powerfully influences the 
estimate of the risk of a CVD event over the next 10 years. The 
2019 ACC/AHA guideline on the primary prevention of CVD103 
contains appropriate guidance that should be used for people with 
MASLD, bearing in mind all of the other CVD risk factors linked 
(and not linked) to MASLD considered above. In the ACC/AHA 
guideline, it is recommended that adults who are 40–75 years of 
age and are being evaluated for CVD prevention should undergo 
a 10- year CVD risk estimation and have a clinician–patient risk 
discussion before starting on pharmacological therapy, such as 
antihypertensive therapy, a statin or aspirin (aspirin should be 
used infrequently in the routine primary prevention of CVD 
because of lack of net benefit).103 For younger individuals, for 
example, 20–39 years of age, it is reasonable to assess common 
CVD risk factors every ~5 years.103

Statin therapy is the first- line treatment for primary preven-
tion of CVD in people considered to be at increased risk. There 
is still uncertainty about the level of risk at which healthcare 
practitioners should advocate intervention with statin treat-
ment. In the USA, it is considered good practice to recommend 

statin treatment in individuals at ‘intermediate risk’ (ie, ≥7.5% 
10- year estimated CVD risk),103 whereas in the UK a ≥10% 
threshold for intervention is advocated.106 With the lower 
threshold of CVD risk, it is important to realise that virtually 
every 60- year- old man would be treated with a statin based 
on their age alone, regardless of CVD risk factors. In certain 
individuals with other risk- enhancing factors or in persons at 
intermediate CVD risk who are not keen to start statin treat-
ment, high- resolution CT scanning of the coronary arteries to 
detect coronary artery calcium has a place in helping refine 
decision- making regarding reassurance, advice that treatment is 
recommended or advice that referral to Cardiology specialists is 
needed for consideration of further diagnostic cardiac tests.105 In 
such subjects, assessment of coronary artery calcium with high- 
resolution CT of the coronary arteries to assess the presence, 
quantity and location of coronary artery calcium is a valuable 
investigation to assist in refining risk prediction either upwards 
or downwards, as part of the process of helping shared decisions 
between patients and healthcare professionals. For example, 
if the coronary artery calcium score is ≥100 Agatston units 
(or ≥75 th age/sex/race percentile), a subject might be moved 
upward, and if the coronary artery calcium score is 0, a subject 
can be reassured.103 For younger adults, an estimation of lifetime 
CVD risk in the 20–59 years age group may also be considered. 
Additionally, non- pharmacological interventions are recom-
mended for all adults with elevated blood pressure or hyperten-
sion, and for those requiring pharmacological therapy, the target 
blood pressure should generally be <130/80 mm Hg.103

Lifestyle changes and drug treatments for CVD prevention in MASLD
Healthcare professionals should advocate the cessation of 
smoking and the consumption of a healthy diet that encourages 
vegetables, fruits, nuts and minimally processed whole grains. 
Vegetables, lean animal or fish proteins will reduce the consump-
tion of trans fats and red meats, processed meats, refined carbo-
hydrates, sucrose, fructose and sweetened drinks should be 
limited.105 For most individuals with MASLD who are over-
weight or obese, the benefits of calorie restriction to decrease 
body fat, reduce liver fat and inflammation, and improve the 
associated metabolic syndrome features should be emphasised. 
There remains debate about whether small amounts of daily 
alcohol consumption are harmful or beneficial. That said, mild- 
moderate alcohol intake and metabolic syndrome are highly 
prevalent in the population and can frequently coexist. The few 
available prospective studies have indicated that mild- moderate 
alcohol intake is associated with an increased risk of liver- related 
outcomes.110 Systems biology analyses have suggested that 
alcohol intake and metabolic syndrome may potentiate the effects 
of each other, affecting common pathways in fatty liver disease 
to worsen liver- related outcomes.110 Consequently, regardless 
of any impact of modest alcohol intake on the risk of CVD in 
MASLD, for benefitting liver health, it would seem prudent to 
advocate alcohol abstinence for patients with MASLD. Patients 
should also be encouraged to undertake ≥150 min of moder-
ately intense or 75 min of vigorous physical activity per week.105 
When considering the effects of lifestyle advice to specifically 
treat obesity and reduce CVD risk in patients with MASLD, it 
is important to consider that weight loss is best achieved with 
calorie restriction. For example, it has been shown that marked 
calorie restriction induces T2DM remission in overweight or 
obese people recently diagnosed with T2DM.111 In this open- 
label, cluster- randomised, controlled trial (DiRECT trial), 
participants randomly assigned to an integrated structured, 
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intense, weight- management programme (intervention) reached 
a significantly greater weight reduction ≥15 kg and remission 
of T2DM at 2 years compared with those assigned to the best- 
practice care in accordance with guidelines (control).111 Thus, 
a structured calorie restriction programme focused on weight 
loss induces T2DM remission over 2 years, although in this trial, 
it was uncertain how many patients also had MASLD. Losing 
body fat is very important for decreasing plasma glucose levels, 
ameliorating MASH and improving metabolic syndrome features 
but, to date, in MASLD it is uncertain whether these benefits can 
be sustained, not least if people relapse and regain body fat. It is 
also uncertain whether the improvement in cardiometabolic risk 
factors caused by calorie restriction and weight loss, translates 
into longer- term benefits on CVD events.

When considering potential drug treatments that may benefit 
MASLD and CVD, it is important to consider drug actions that 
are beneficial for treating cardiometabolic risk factors and that 
are at least neutral or may benefit liver disease in MASLD. Ideally, 
a treatment for improving CVD risk factors in MASLD would 
also attenuate hepatic steatosis, inflammation and fibrosis. Many 
of the risk factors for CVD (that also characterise a diagnosis 
of MASLD), such as the features of metabolic syndrome, are 
also strong risk factors for comorbidities such as T2DM, hyper-
tension and CKD associated with MASLD as a “multisystem 
disease”. These cardiometabolic risk factors include increased 
blood pressure, atherogenic dyslipidaemia, dysglycaemia and 
abdominal obesity.

The presence of T2DM further increases the risk of both 
macrovascular disease and microvascular disease, both of which 
may increase the risk of CKD, and when CKD or microalbu-
minuria/proteinuria occurs, these renal abnormalities will 
further increase the risk of CVD. Since chronic hyperglycaemia 
that happens with T2DM is also a significant risk factor for 
microvascular disease, it is, therefore, essential to treat hyper-
glycaemia with glucose- lowering agents to attenuate the risk of 
microvascular disease to reduce the risk of end- organ disease in 
the kidneys that will further affect the risk of CVD. Although it 
should be noted that there is no randomised placebo- controlled 
trial evidence specifically testing the effect of drugs on CVD 
outcomes in people with MASLD, we have considered the 
available evidence from cardiovascular endpoint trials and then 
extrapolated that evidence to people with MASLD. In doing 
this, we have considered the benefits, harms and licensed indi-
cations of drugs and whether these drugs may have a place in 
attenuating CVD risk in MASLD. In online supplemental table 
1, we summarise the drug classes, principal modes and sites of 
action, indications for use, benefits and side effects of drugs that 
may potentially reduce CVD risk in MASLD. For people with 
obesity, it should be noted that incretin receptor agonists can 
induce ~10%–15% decreases in body weight. In figure 2, we 
have summarised in a flow diagram a pragmatic approach to the 
assessment and management of CVD risk in adults with MASLD. 
Figure 3 summarises the randomised controlled trial evidence of 
current therapeutic approaches for MASLD or MASH that also 
have beneficial or neutral effects on the CVD risk profile.

CONCLUSION
Epidemiological evidence suggests an excellent concordance 
rate between NAFLD and MASLD definitions—that is, ~99% 
of individuals with NAFLD meet MASLD criteria and, there-
fore, both definitions have similar natural histories. MASLD 
is a “multisystem disease” where insulin resistance and related 
metabolic dysfunction play a pathogenic role in the development 

of MASLD and its most relevant liver- related morbidities and 
extrahepatic complications (such as CVD, T2DM, CKD and 
certain extrahepatic cancers). Since MASLD is an independent 
risk factor for CVD morbidity and mortality and most patients 
die from the consequences of CVD rather than from liver- related 
complications, it is important to try and attenuate that risk of 
CVD. Patients with MASLD have a heterogeneous cluster of 
CVD risk factors, and the absolute risk of CVD events varies 
considerably according to age, sex, ethnicity, region and indi-
vidual risk factors. Consequently, it is essential to assess CVD 
risk in subjects with MASLD using region- specific CVD risk 
calculators. Statins are usually safe in people with MASLD and 
should be advocated where the 10- year estimated CVD risk of 
a vascular event is ≥10% (or ≥7.5% as recommended in the 
USA). Beyond supporting lifestyle improvements, many licensed 
treatments for T2DM, for example, GLP- 1 receptor agonists, 
SGLT2 inhibitors or pioglitazone, have now been shown to 
reduce the risk of adverse CVD outcomes and improve coex-
isting risk factors. These and other well- established drug treat-
ments that have also been shown to be beneficial for attenuating 
CVD risk (eg, RAS inhibitors) should be considered in individual 
patients with MASLD as part of a holistic approach to reducing 
CVD risk in this patient population.
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