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Abstract

The terms non-alcoholic fatty liver disease and non-alcoholic steatohepatitis have some limitations as they use exclusionary confounder terms
and the use of potentially stigmatising language. Recently, a study with content experts and patients has been set to change this nomenclature.
The term chosen to replace non-alcoholic fatty liver disease was metabolic dysfunction-associated steatotic liver disease (MASLD), which avoids
stigmatising and helps improve awareness and patientidentification. MASLD is the most common cause of chronic liver disease with an increasing
prevalence, accounting for 25% of the global population. It is considered the hepatic manifestation of the metabolic syndrome with lifestyle
playing a fundamental role in its physiopathology. Diet change and physical activity are the cornerstones of treatment, encompassing weight
loss and healthier behaviours and a holistic approach. In Europe, there is no approved drug for MASLD to date and there is a substantial unmet
medical need for effective treatments for patients with MASLD. This review not only provides an update on advances in evidence for nutrition and
physical activity interventions but also explores the different therapeutic options that are being investigated and whose development focuses on

Keywords

pharmacological treatment

the restitution of metabolic derangements and halting inflammatory and fibrogenic pathways.
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Metabolic dysfunction-associated steatotic liver disease (MASLD) has
become the most common cause of chronic liver disease. It is already a
global public health issue affecting more than 25% of the global
population. It is a risk factor for liver cirrhosis; hepatocellular carcinoma;
liver decompensation and liver transplantation; extrahepatic
manifestations, such as cardiovascular and kidney disease; and
extrahepatic malignancies.”®

Lifestyle plays a prominent role in the development of MASLD.
Epidemiological evidence suggests a close relationship with unhealthy
lifestyles, which makes lifestyle correction mandatory for all patients with
MASLD. Key treatments for MASLD consist of interventions based on
physical activity and dietary changes to slow the progression and avoid
the development of liver fibrosis.”

There is no pharmacological treatment approved to date for the treatment
of metabolic-associated fatty liver disease (MAFLD) in Europe, but there
are more than 50 active clinical trials targeting metabolic factors and
inflammatory and fibrogenic pathways at the time of writing this review.
Until new drugs are approved, all the efforts in clinical practice in the
treatment of MASLD patients are directed at motivating lifestyle changes
regarding diet and physical activity.

MASLD and Cardiovascular Risk

The prevalence of coexisting conditions associated with MASLD is high,
including hypertension, diabetes, obesity and metabolic syndrome, and
MASLD is commonly considered as the hepatic manifestation of metabolic
syndrome.®

It is well-known that MASLD is associated with a higher risk of developing
cardiovascular complications, reaching a 2.6-fold higher risk.’ Indeed,
cardiovascular disease (CVD) is the most common cause of death in
MASLD patients."

In the last few years, several studies have supported a strong association
between MASLD and a higher risk of certain arrhythmias, such as
permanent AF, QTcinterval prolongation and ventricular tachyarrhythmias."
MASLD is also associated with endothelial dysfunction, increased pulse
wave velocity, increased coronary arterial calcifications and increased
carotid intima-media thickness, which are all established markers for

cardiovascular disease.2?

The mechanisms by which the liver might contribute to this higher
cardiovascular risk are complex and heterogeneous. The risk of CVD and
other cardiac complications goes in parallel with the severity of MASLD,
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especially fibrosis severity Indeed, MASLD exacerbates hepatic and
systemic insulin resistance, promotes atherogenic dyslipidaemia, induces
hypertension and triggers the synthesis of proatherogenic, procoagulant
and proinflammatory mediators that may contribute to the development
of cardiovascular disease and other cardiac/arrhythmic complications.”

This close relationship between CVD and MASLD raises the necessity of
creating awareness of MASLD among other specialists, such as
cardiologists, endocrinologists and care providers who treat metabolic
diseases.

Guidelines and Recommendations

Current clinical practice guidelines agree that the cornerstone of MASLD
treatment in obese/overweight patients is a lifestyle intervention involving
changes in diet and physical activity, aiming for a weight reduction of
7-10% and a calorie reduction of 500-1,000 kcal/day®" Evidence
suggests that calorie restriction can improve numerous metabolic
parameters beyond its effect on liver-related outcomes’ Regarding
macronutrient composition, there is a trend toward recommending a
Mediterranean diet as it has the most scientific evidence to support it.

Regarding physical activity (PA), moderate-intensity aerobic PA, such as
brisk walking or using an exercise bike, in 3-5 sessions for a total of
150-200 minutes per week is generally preferred and recommended.
Resistance training is also effective and promotes musculoskeletal fitness,
which affects metabolic risk factors and it could be an option for patients
with cardiorespiratory deficiency or osteoarticular functional impotence.
As PA has a dose-response relationship, vigorous rather than moderate
exercise, such as running, carries the full benefit, including for
steatohepatitis and fibrosis. Any engagement in PA or any increase in
activity is better than continuing to be inactive; thus, both diet and physical
activity should be individualised to ensure long-term adherence to this
healthier lifestyle.

Weight Loss

Weight loss is the key to improving histopathological features of MASLD.
In a meta-analysis of eight randomised controlled trials (RCTs), participants
with weight loss 7% improved histological disease activity, but this was
achieved by less than half of the patients.?’

These data have been supported by a 12-month prospective trial with
paired liver biopsies in 261 patients. In this trial, a dose-response curve
was demonstrated where the greater the degree of weight loss, the more
significant the improvement in histopathology, such that 10% weight loss
was associated with an improvement in all features of MASLD, including
portal inflammation and fibrosis. However, it is important to note that
those patients losing 5% of their body weight stabilised or improved
fibrosis in 94% of the cases. Unfortunately, only 50% of patients were able
to achieve at least a 7% weight loss at 12 months in this trial.?

In a real-world cohort with 2,019 participants, 32% of patients with MASLD
who were initially overweight or obese achieved 5% weight loss at some
time during follow-up but only 25% maintained >5% weight loss.? It is
important to note that maintenance of weight loss is an unmet need that
should be taken into account during follow-up of MASLD patients.

Although weight loss is the main goal, several systematic reviews have
shown that exercise even at low level, without associated weight loss, can
reduce intrahepatic lipid (IHL), although this reduction is modest when
compared with the effect when there is associated weight loss.??

It has been suggested that patients with MASLD and normal weight (also
known as lean-MASLD) have a phenotype of insulin resistance and they
are still prone to developing steatosis eased by genetic and gut
microbiota-related mechanisms.?*

In an RCT involving a 12-month lifestyle intervention programme, a 3-5%
weight reduction led to remission of MASLD among 50% of patients with
normal weight. Moreover, patients with normal weight were more likely to
maintain weight reduction and normal liver enzyme serum levels in the
long-term 6-year follow-up (n=154) than patients with obesity.?® Thus, the
current updated American Gastroenterology Association clinical practice
recommendations suggest a target weight loss of 3-5% in this group of
patients.?

Gut Microbiome and its Implication in MASLD

The human intestine harbours a diverse community of microbes that
promote metabolism and digestion in their symbiotic relationship with
the host. Microbial metabolites produced in a dysbiotic intestinal
environment and host factors are important in the pathogenesis of liver
disease.”

Gut dysbiosis is a common factor for type 2 diabetes, metabolic syndrome
and MASLD.? The study of the microbiome is still challenging; for example,
how to distinguish what is derived from the host and what comes from the
microbiota still requires a lot more investigation. Patients with MASLD
show increased numbers of Bacteroidetes and changes in the presence
of Firmicutes. The proteolytic bacteria, such as Bacilli, Streptococci,
Propionibacterium, Clostridium and Bacteroides are associated with the
pro-inflammatory responses and progression to MASLD.?

In advanced fibrosis (F3—F4) patients, a decrease in Firmicutes and a
greater number of Proteobacteria have been documented.®® Therefore,
numerous therapeutic options have been proposed to modulate the
intestinal microbiota, including probiotics, prebiotics and faecal microbiota
transplantation. The main genera of probiotics studied are Lactobacillus
and Bifidobacterium. The proposed mechanisms of actions are reducing
intestinal permeability, releasing antimicrobial peptides or preventing the
translocation of bacterial products.®

Studies using prebiotics in MASLD are limited compared to probiotics. A
meta-analysis of 21 studies including 1,252 participants reported that the
administration of probiotics and synbiotics (probiotics and prebiotics) was
associated with a reduction in liver stiffness measurement by elastography
and steatosis grade by ultrasound.®

However, a later comprehensive meta-analysis concluded that more
studies are needed to demonstrate the effects of probiotics, prebiotics
and synbiotics in patients with MASLD.® Last, faecal microbiota
transplantation in patients with cirrhosis and alcoholic hepatitis has been
proposed; however, studies evaluating the safety of faecal transplantation
for MASLD treatment are still scarce.®

Diet Intervention

Macronutrients, such as saturated fatty acids (SFA), trans fats, simple
sugars and animal proteins, have a harmful effect on the liver and
cardiovascular risk factors. MASLD patients usually have diets that are rich
in fizzy drinks, frozen junk food, juice, red meat, lard, processed meats,
whole fat dairy foods, fatty snack foods, takeaway foods, cakes and
biscuits, and poor in cereals, whole grains, fruit, vegetables, extra virgin
olive oil and fish. The benefits of different diet patterns have been studied.
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Mediterranean Diet

The Mediterranean diet is the generic name for the traditional dietary
patterns of individuals living in the Mediterranean region. It was first defined
by Ancel Keys as a diet low in saturated fat and high in vegetable oils.®

The Mediterranean diet varies by country and region, but in general is
high on extra virgin olive oil , green leafy vegetables, fruit, whole grains,
nuts and legumes. Fish, seafood, dairy and poultry are included in
moderation. Red meat and sweets are eaten only occasionally. At the
macronutrient composition, 40-50% of total energy intake should come
from carbohydrates (mostly complex carbohydrates such as wholemeal
bread, pasta and rice), 10-20% from protein (white meats, fish and
legumes), and 30-40% from fat, mainly monounsaturated fats and Q-3
polyunsaturated fatty acids.®® There is strong evidence linking this diet to
the improvement of liver steatosis, even in the absence of weight loss.”

The Mediterranean diet protects against MASLD progression and has a
beneficial effect on hepatocarcinoma.®® Although the strongest evidence
comes from studies with hepatitis viruses-related cirrhosis, closer
adherence to the Mediterranean diet appears to protect against
hepatocarcinoma.®

Evidence suggests the role of dietary modifications in the prevention and
management of cardiovascular risk factors. According to the latest
American Heart Association/American College of Cardiology (AHA/ACC)
guidelines, patients with CVD should follow dietary recommendations
such as sodium reduction, and increasing their intake of vegetables and
fresh fruits.”® A systematic review reported that adherence to the
Mediterranean diet can improve lipid profile as well as blood pressure,
insulin resistance and serum markers of inflammation in patients with
diabetes or metabolic syndrome.* Further, a network meta-analysis
indicated that adherence to the Mediterranean diet significantly reduced
blood glucose levels, total cholesterol and low-density lipoprotein
cholesterol when compared to the control diet.*

Forallthese reasons, the Mediterranean dietis the only dietrecommended
as a potential therapy for MASLD by several scientific societies: the
European Association for the Study of the Liver, the European Association
for the Study of Diabetes and the European Association for the Study of
Obesity®*

Other Dietary Patterns

Low-carbohydrate Diets

Although long-term studies of clinical outcomes are still lacking, evidence
suggests that reducing the consumption of added sugars in the form of
industrial fructose may be beneficial for MASLD patients. A reduction in
the intake of added sugars, soft drinks and processed foods to a target of
less than 2.5% of total calorie intake should be proposed.

Low-fat Diets

Although the evidence is low, patients with MASLD should be advised to
reduce their intake of saturated fatty acids, eliminate trans fatty acids and
increase their intake of monounsaturated and polyunsaturated fatty
acids.*

High-protein Diets

High-protein diets (>20% of total calorie intake) have been advocated for
their beneficial effects on weight loss, improvement of glycaemia and
lipid blood markers and reduction of hepatic steatosis.* In addition, high-
protein diets promote lean muscle mass retention, an important factor for

MASLD patients because sarcopenia is an independent risk factor for
MASLD progression.*®

Ketogenic Diet

A ketogenic diet consists of restricting carbohydrate intake below 10% of
total daily calorie intake (about 20-50 g carbohydrate per day). Although
it has been found to be effective for short-term weight loss compared to
low-fat diets, its efficacy in MASLD remains controversial.#

Intermittent Fasting

Intermittent fasting involves limiting calorie intake to specific periods of
time without changing other components of the diet. A recent systematic
review and meta-analysis concluded that intermittent fasting is
comparable to continuous energy restriction for short-term weight loss in
overweight and obese individuals.”® In this regard, intermittent fasting
could improve hepatic steatosis and metabolic markers. Some studies
suggest that intermittent fasting is easier to manage compared to a low-
calorie diet and may improve long-term adherence to the diet.*®

Effect of Different Nutrients on MASLD
There are several macronutrients that deserve special mention when we
look at the effect of nutrients in MASLD:

Fructose

Fructose has been associated with insulin resistance, IHL accumulation
and hypertriglyceridaemia and CVD.*® Excess fructose consumption
(seven drinks per week) has been associated with hepatic fibrosis,
independent of calorie intake, in a dose-dependent manner.®' Fructose
might provide a more direct substrate than glucose for de novo lipogenesis
due to its metabolisation being nearly exclusively limited to hepatocytes.®
Gluconeogenesis from fructose occurs independently of insulin and the
energy status of the cell. Thus, fructose (but not glucose-sweetened)
beverages have been associated with increased de novo lipogenesis,
dyslipidaemia, visceral adiposity and impaired insulin sensitivity.® Recent
RCTs have shown a decrease in liver intrahepatic triglycerides (IHT) after
6-8 weeks of a fructose-restricted diet or one that restricts free sugars in
MASLD patients.>** So, consumption of fructose is definitely discouraged.

Red and Processed Meats

An increasing number of studies regarding the negative impact of red and
processed meat have been published in the past few years. Recent
observational longitudinal and cross-sectional studies have linked high
consumption of only red meat to an increased prevalence of MASLD. Of
note, independent of the consumption of red meat, total white meat,
chicken or fish consumption did not show significant associations with
MASLD.%5-

Consistently high red and/or processed meat consumption is associated
with greater odds for significant fibrosis compared to consistently low
consumption.?" Minimising the consumption of red and/or processed meat
may help prevent MASLD and significant fibrosis. In addition, cooking meat
at high temperatures for a long duration forms heterocyclic amines, which
are related to oxidative stress and are associated with insulin resistance.
Thus, limiting the consumption of red and processed meat and improving
preparation methods may be considered part of MASLD lifestyle treatment.”?

Coffee

Coffee enhances the expression of chaperones and antioxidant proteins,
such as glutathione, ensuring correct protein folding and degradation in
the liver.® Also, chlorogenic acid, caffeine and kahweol exhibit anti-
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fibrotic properties by inhibiting hepatic stellate cell activation via down-
regulation of the transforming growth factor-B (TGF-B) pathway and
inhibiting connective tissue growth factor.*®

Two recent meta-analyses showed that although total caffeine
consumption is not related to the prevalence of MASLD, regular
consumption of coffee with caffeine may significantly reduce liver fibrosis
in these patients.®*¢" Another meta-analysis has provided a precise
quantification of the inverse relation between coffee consumption and
the risk of hepatocarcinoma.®

Alcohol

When talking about alcohol, it is noteworthy that not all types of alcohol
are the same. Despite a lack of consensus on a specific type of beverage
being beneficial to the heart, mounting evidence suggests that ethanol
and polyphenols within red wine can synergistically confer benefits
against chronic CVDs, mostly ischaemic heart disease.® In this sense,
light to moderate consumption of red wine has been described to be
cardiovascular protective due to its polyphenols, such as flavanols,
anthocyanin and stilbenes.®

Studies have demonstrated an association between a less serious fibrosis
in MASLD patients who have a modest consumption of alcohol.®® Other
data suggest that quercetin and resveratrol, two components of red wine,
can attenuate multiple profibrotic and proinflammatory gene pathways in
mice, and decrease fatty acid availability and reduce oxidative stress,
respectively.®®¢’

However, further studies have ratified alcohol’s harmful effect: analyses
show a linear positive association between moderate alcohol consumption
and MASLD fibrosis.®® Patients with type 2 diabetes who consume
moderate amounts of alcohol had the highest risk of advanced fibrosis,
indicating a synergistic effect of insulin resistance and alcohol on the
histopathological progression of MASLD.% In a study involving 8,345
patients with hepatic steatosis who participated in health examination
surveys, it was found that even low alcohol intake is associated with
increased risks for advanced liver disease and cancer compared to
lifelong abstainers. Low-to-moderate alcohol use is associated with
reduced mortality and cardiovascular risk but only among people who
had never smoked, this study found.”"

Areview of experts on this issue has recently been published and whether
there is a safe amount of alcohol in the general population is a matter of
intense debate.

Alcohol can be a cofactor for liver disease progression and intake should
be assessed on a regular basis. In the era of personalized medicine,
recommendations on how much alcohol may be beneficial for patients
can be determined by the degree of fibrosis found in individual patients.
Thus, in patients with low to mild fibrosis (F1-F2), a modest consumption
of alcohol (<1drink per day for women and <2 drinks per day for men; one
drink equals one bottle of regular beer (12 ounces), one glass of wine (5
ounces), or one shot of liquor or spirits (1.5 ounces)) seems to be liver-safe
as in the general population, while alcohol consumption must be
completely discouraged in patients with significant and advanced fibrosis
or cirrhosis (F3-F4).”°

Physical Activity
Sedentary behaviour and low levels of PA are leading risk factors of non-
communicable diseases and a major public health problem due to a large

proportion of the world’s population remaining physically inactive despite
of scientific evidence and recommendations. New actions, strategies,
guidelines and recommendations promoted by health authorities
encourage people to be active."”

Sedentary behaviour is defined as ‘waking behaviour at low energy
expenditure <1.5 metabolic equivalents (METs) while in a sitting, lying or
reclining posture’, such as watching television.” Sedentary behaviour is
not only associated with obesity and MASLD, but also negative health
outcomes.™ Interestingly, TV viewing time is independently associated
with a higher fatty-liver-index.”® In a population-based study including
1,899 adults, long total and prolonged sedentary time were associated
with increased likelihoods of MASLD, whereas having more breaks per
sedentary hour and reallocating sedentary time to light-intensity PA was
associated with reduced likelihoods of MASLD.”® Even in those patients
with MASLD-related advanced hepatic fibrosis or cirrhosis, regular
physical activity has been shown to reduce portal pressure, improve
frailty, sarcopenia and quality of life.”®

Other approaches, such as participation in structured lifestyle intervention
programmes and/or enrolment in clinical trials for the treatment of MASLD,
may increase the potential for adherence. There is also interesting data
about a protective effect on carcinogenesis obtained from epidemiological
studies reporting a lower incidence of hepatocarcinoma between the
groups with the most frequent physical activity.”®

Differences between physical activity carried out in leisure time and
occupational physical activity have been described regarding
cardiovascular effects. In a population study involving 104,046 participants
aged 20-100 years in the Copenhagen General Population study, data
suggested that leisure time PA is associated with a reduced risk of CVD
and all-cause mortality, while these relationships for occupational PA are
not apparent.®

The evidence regarding these differences in MASLD patients is weaker,
but there is a study with 21,015 participants, 4,942 of them with MASLD,
where those with 2150 minutes per week of recreational activity had a
reduced risk of MASLD, whereas =150 minutes per week of travel or work
activity did not show this reduction. Thus, physical activity should be
differentiated by domains when managing MASLD.?

Exercise

Exercise is a subset of PA that is planned, structured and repetitive and
has a final or intermediate objective of improving or maintaining physical
fitness. Even at 150 minutes per week, exercise without associated weight
loss can produce about 20-30% relative reduction in IHL, which is modest
when compared with a reduction induced by weight loss.?

Aerobic Exercise

In a short-term 8-week intervention, there were no differences in efficacy
on IHL reduction found if the exercise programme was either higher
intensity or of longer duration — both being about 30%.2? In a long-term
(12-month) intervention, both vigorous (defined as not being able to say
more than a few words without pausing for a breath, for example running)
and moderate (defined as being able to talk but not sing while performing
the physical activity, for example brisk walking) exercise (30 minutes, five
times per week) were equally effective in reducing IHL content, most
likely mediated by weight loss, when present; therefore, it was suggested
that moderate-intensity training would be good for prevention and
treatment of MASLD, because the target (IHL reduction) was reached at
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6 months and also persisted over time (12 months).% On the other hand,
another study showed that MASLD patients who engaged in at least 150
minutes per week, of which 50% was vigorous, obtained a significant
mortality benefit.®

A recent meta-analysis studied several heterogeneous aerobic exercise
interventions (130—-220 minutes per week and high-intensity or moderate-
intensity) showing a clear correlation between IHL changes and weight
and hepatic enzymes (alanine aminotransferase and aspartate
aminotransferase).®

Resistance Exercise

Resistance exercise improves MASLD with less energy consumption.
Thus, resistance exercise, such as push-ups, sit-ups and weight-lifting,
may be an option for MAFLD patients with poor cardiorespiratory fitness
or for those who cannot tolerate or participate in aerobic exercise, such
as those with osteoarthritis of the knee. These data may indicate a
possible link between resistance exercise and lipid metabolism in the
liver®

Invasive Treatments

When lifestyle intervention does not achieve the goals, a wide range of
invasive procedures are possible, from endoscopic techniques to bariatric
surgery. Endoscopic bariatric and metabolic surgery procedures are
promising less-invasive options: endoscopic intragastric balloons have
shown significant metabolic and histological improvements in MASLD
patients in a prospective study comprising 21 patients.®®® Endoscopic
sleeve gastroplasty has been shown to improve liver parameters, induce
weight loss, and reduce HbA,_levels in patients with MASLD.* However,
long-term safety and efficacy data are needed.

Evidence is more robust regarding bariatric surgery. Currently accepted
criteria for bariatric surgery are BMI 40 kg/m? irrespective of metabolic
comorbid disease or BMI 35 kg/m? with comorbidities, such as type 2
diabetes or pre-diabetes or uncontrolled hypertension. MASLD is
increasingly accepted as a comorbid condition that would benefit from
bariatric surgery.”® Bariatric surgery provides positive and sustainable
effects in terms of weight loss. Its effectiveness and safety depend
fundamentally on the type of technique and the experience of the centre.”
Vertical gastrectomy and gastric bypass provide higher weight loss rates
than gastric banding; however, they also have higher rates of complications
and mortality.

In general, bariatric surgery cannot be considered a primary therapy for
the treatment of compensated MASLD cirrhosis; however, it seems to be
safe in carefully selected patients in the setting of liver transplant or
research protocol in specialised centres.

Pharmacological Treatment

Numerous drugs with different targets have been developed in the past
15 years for MASLD. Many of them are in development or preclinical
studies or have already failed to show improvement in steatohepatitis
features.

The goal of the emerging drugs is the reduction of fatty acid accumulation,
reduction of inflammation and regression of fibrosis. The Food and Drug
Administration (FDA) and European Medicines Agency describe MASLD
resolution as the presence of any grade of steatosis, no ballooning and
only minimal (grade 1) lobular inflammation and — at the same time — no
worsening of the stage of fibrosis; or the improvement of fibrosis by at

least one stage without any worsening of steatohepatitis (no worsening of
ballooning and lobular inflammation and a one-grade change in steatosis
may be acceptable).

Lipogenesis Inhibitors

Aramchol, an inhibitor of stearoyl-CoA desaturase, is the most studied
drug targeting lipogenesis inhibition. However, aramchol did not meet the
primary endpoint — a significant reduction of IHL — of the phase Il trial. %> A
phase Il trial is ongoing and the main endpoints are the improvement in
liver fibrosis greater than or equal to one stage and no worsening of
steatohepatitis.

Omega-3 polyunsaturated fatty acids (w-3 PUFA) include a- linolenic acid
and its metabolites eicosapentaenoic and docosahexaenoic acids. Recent
meta-analyses have found that w-3 PUFA significantly decreases liver
transaminases, liver fat and insulin resistance, having no effect on body
weight in MASLD.” There are also artificial w-3 PUFAs, icosabutate (NST-
4016), being studied in a phase Il trial in patients with biopsy-confirmed
non-alcoholic steatohepatitis (NASH). Interim analysis data has indicated
improvements in non-invasive fibrosis and inflammatory biomarkers.**

Peroxisome Proliferator-activated

Receptor Agonists

Pioglitazone, a selective peroxisome proliferator-activated receptor y
(PPARY) agonist, did not achieve the primary endpoint of a two-point
reduction in non-alcoholic fatty liver disease (NAFLD) activity score (NAS)
without worsening fibrosis in the PIVENS trial.”® Several adverse events,
such as fluid retention, weight gain and bone loss, have led to questions
about its long-term use in NASH. Its use in clinical practice has been
replaced by newer insulin-sensitising agents (sodium-glucose
cotransporter-2 [SGLT-2] inhibitors and glucagon-like peptide 1 [GLP-1]
receptor agonists), with more pronounced effects on weight loss and
cardiovascular benefits.

Lanifibranor is a triple PPARa/y/6 agonist. Lanifibranor was well tolerated
and the percentage of patients with meaningful improvements in
steatosis, activity and fibrosis scores was significantly higher in the
lanifibranor-treated arms in a completed phase b study with 247
patients.” Two more trials to evaluate the efficacy of lanifibranor in
concomitant MASLD and type 2 diabetes and advanced fibrosis due to
NASH are ongoing.

Glucagon-like Peptide 1 Receptor Agonists
GLP-1receptor agonists are indicated and accepted by the FDA for obesity
and type 2 diabetes for children and adults.

Semaglutide treatment achieved the highest response rate in NASH
resolution in a trial to date without worsening of fibrosis in the recently
completed 72-week phase |l trial.”” However, there was a lack of fibrosis
reversal despite the massive weight loss, so there is the question whether
the effects are independent of weight loss.

Liraglutide has demonstrated a hepatitis activity reduction and fibrosis
reduction in a phase Il study.” In a meta-analysis of eight clinical trials, it
was shown that GLPIR agonist could improve histology in patients with
type 2 diabetes and MASLD and liver function with a reduction of BMI,
liver fat concentration and glycaemia levels.”

In addition, dual agonists are being studied for MASLD treatment, associating
GLP-1 with glucose-dependent insulinotropic polypeptide (GIP) agonists,
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Figure 1: Components of Lifestyle and Drug Interventions (Clinical Trials) That Impact MASLD
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inhibitor. Created with BioRender.com.

such as tirzepatide!® In a phase Ill double-blind RCT, tirzepatide showed
weight loss up to 20.9% with doses up to 15 mg once weekly compared with
3.1% with placebo, and absolute reduction in liver fat content of 8.1%.”

Thyromimetics

Resmetirom is the first oral, liver-directed thyroid hormone receptor-31-
selective agonist. In a 36-week phase Il randomised clinical ftrial,
resmetirom achieved NASH resolution in a subset of patients with control
biopsies. Liver steatosis and liver stiffness improved together with lipid
serum profile and fibrosis biomarkers, such as Pro-C3 and hepatic
enzymes, whereas a significant reduction in NAFLD activity was
observed

Sodium-Glucose Cotransporter-2 Inhibitors

Although the role of SGLT-2is in the treatment of MASLD is limited by a
small sample size and lack of histological outcomes, current data suggest
that SGLT-2i improve metabolic risk factor and liver fat content in patients
with MASLD.® Despite the limitations in available data on MAFLD/NASH,
their use for the treatment of diabetes may be beneficial for patients
needing an improvement in glycaemic control and optimising the
cardiometabolic risk factors associated with MAFLD/NASH.*

Farnesoid X Receptor Agonists
Obeticholic acid (OCA) is a first-in-class farnesoid X receptor (FXR) agonist

approved by the FDA for non-cirrhotic primary biliary cholangitis treatment.
It is close to being approved for liver fibrosis in MASLD as it induces
histological regression of fibrosis compared to placebo in non-diabetic
pre-cirrhotic MASLD patients.% In a phase Ill trial, 14.9% of MASLD patients
with F1-F3 fibrosis improved NASH without worsening fibrosis.%

OCA is not exempt from side-effects, such as pruritus and an increase in
LDL, so the FDA has delayed conditional approval until more efficacy and
safety data are available, mainly concerning the increase of LDL and its
possible cardiovascular effect. Second-generation FXR agonists, such as
MET409, tropifexor or cilofexor, are in development with the aim of
avoiding these side-effects.

Fibroblasts Growth Factor Analogues

Aldafermin is an engineered fibroblast growth factor (FGF)19 analogue
studied in MASLD patients with liver fibrosis stage 2 or 3. Fibrosis
improvement (=1 stage) with no worsening of NASH was achieved in 38%
of patients receiving aldafermin versus 18% of patients receiving placebo
(p=0.10)"" New trials are ongoing to determine whether aldafermin
improves liver fibrosis in NASH subjects with compensated cirrhosis.

Galectin Antagonist
Although the involvement of galectin in chronic liver disease remains
controversial, it seems that its increased expression is linked to accelerated
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cirrhosis development and worsening of liver function.® Belapectin is an
inhibitor of galectin-3 that has been evaluated in cirrhotic MASLD patients
with portal hypertension. In a 52-week phase IIb study, belapectin did not
change fibrosis or NAFLD activity, but a significant reduction of hepatic
venous-portal gradient and oesophageal varices development was

observed.® A new phase I/l trial has been initiated to evaluate belapectin

in patients with liver cirrhosis due to MASLD and clinical signs of portal
hypertension but without oesophageal varices at baseline.

Conclusion

The key cornerstone of MASLD treatment is based on lifestyle
recommendations regarding diet, mostly adopting a Mediterranean diet

until we have stronger evidence about other diet patterns; and
encouraging an increase in physical activity (Figure 7). As MASLD is
associated with a high cardiovascular risk, treating patients with MASLD
will reduce CVD-related mortality, which is indeed the most common
cause of mortality in these patients.

Despite the race to find new pharmacological treatments, lifestyle
recommendations are fundamental in these patients and should be the

first approach in chronic patients where the prescription should follow a
specific algorithm, evaluating the individual’s habitual diet habits, physical

and preferences. L

activity, physical function, health status, exercise response, stated goals

Younossi ZM, Koenig AB, Abdelatif D, et al. Global
epidemiology of nonalcoholic fatty liver disease —
metanalytic assessment of prevalence, incidence, and
outcomes. Hepatology 2016;64:73-84. https://doi.
0rg/10.1002/hep.28431; PMID: 26707365.

Younossi ZM, Blissett D, Blissett R, et al. The economic and
clinical burden of nonalcoholic fatty liver disease in the
United States and Europe. Hepatology 2016;64:1577-86.
https://doi.org/10.1002/hep.28785; PMID: 27543837.
Ampuero J, Romero-Gémez M. Influence of non-alcoholic
fatty liver disease on cardiovascular disease. Gastroenterol
Hepatol 2012;35:585-93. https://doi.org/10.1016/).
gastrohep.2012.02.005; PMID: 22541252.

Ampuero J, Gallego-Durdn R, Romero-Gémez M. Association
of NAFLD with subclinical atherosclerosis and coronary-
artery disease: meta-analysis. Rev Esp Enferm Dig
2015;107:10-6. PMID: 25603326.

Musso G, Cassader M, Cohney S, et al. Fatty liver and
chronic kidney disease: novel mechanistic insights and
therapeutic opportunities. Diabetes Care 2016;39:1830—-45.
https://doi.org/10.2337/dc15-1182; PMID: 27660122.

Kim GA, Lee HC, Choe J, et al. Association between non-
alcoholic fatty liver disease and cancer incidence rate. J
Hepatol 2017;68:140-6. https://doi.org/10.1016/;.
jhep.2017.09.012; PMID: 29150142.

Romero-Gémez M, Zelber-Sagi S, Trenell M. Treatment of
MAFLD with diet, physical activity and exercise. J Hepatol
2017;67:829-46. https://doi.org/10.1016/}.jhep.2017.05.016;
PMID: 28545937,

Sheka AC, Adeyi O, Thompson J, et al. Nonalcoholic
steatohepatitis: a review. JAMA 2020;323:1175-83. https://
doi.org/10.1001/jama.2020.2298; PMID: 32207804.

Shang Y, Nasr P, Widman L, Hagstrém H. Risk of
cardiovascular disease and loss in life expectancy in NAFLD.
Hepatology 2022;76:1495-505. https://doi.org/10.1002/
hep.32519; PMID: 35403232.

. Hagstrom H, Nasr P, Ekstedt M, et al. Fibrosis stage but not

NASH predicts mortality and time to development of severe
liver disease in biopsy-proven NAFLD. J Hepatol
2017;67:1265-73. https://doi.org/10.1016/j.jhep.2017.07.027;
PMID: 28803953.

Mantovani A, Dauriz M, Sandri D, et al. Association between
non-alcoholic fatty liver disease and risk of atrial fibrillation
in adult individuals: an updated meta-analysis. Liver Int
2019;39:758-69. https://doi.org/10.111/liv.14044;

PMID: 30657626.

. Francque SM, van der Graaff D, Kwanten WJ. Non-alcoholic

fatty liver disease and cardiovascular risk:
pathophysiological mechanisms and implications. J Hepatol
2016;65:425—-43. https://doi.org/10.1016/).jhep.2016.04.005;
PMID: 27091791.

. Lee SB, Park GM, Lee JY, et al. Association between non-

alcoholic fatty liver disease and subclinical coronary
atherosclerosis: an observational cohort study. J Hepatol
2018;68:1018—24. https://doi.org/10.1016/j.jhep.201712.012;
PMID: 29274406.

. Targher G, Corey KE, Byrne CD. NAFLD, and cardiovascular

and cardiac diseases: factors influencing risk, prediction
and treatment. Diabetes Metab 2021;47:101215. https://doi.
0rg/10.1016/.diabet.2020.101215; PMID: 33296704.

. Tilg H, Moschen AR. Evolution of inflammation in

nonalcoholic fatty liver disease: the multiple parallel hits
hypothesis. Hepatology 2010;52:1836—-46. https://doi.
0rg/10.1002/hep.24007; PMID: 21038418.

. European Association for the Study of the Liver (EASL),

European Association for the Study of Diabetes (EASD),

European Association for the Study of Obesity (EASO). EASL-
EASD-EASO clinical practice guidelines for the management
of non-alcoholic fatty liver disease. J Hepatol 2016;64:1388—

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

402. https://doi.org/10.1016/j.jhep.2015.11.004;

PMID: 27062661.

Sanyal, A. The diagnosis and management of nonalcoholic
fatty liver disease: practice guidance from the American
Association for the Study of Liver Diseases. Clin Liver Dis
(Hoboken) 2018;11:81. https:/doi.org/10.1002/cld.722;

PMID: 30992795.

. Eslam M, Sarin SK, Wong VW, et al. The Asian Pacific

Association for the study of the liver clinical practice
qguidelines for the diagnosis and management of metabolic
associated fatty liver disease. Hepatol Int 2020;14:889-919.
https://doi.org/10.1007/512072-020-10094-2;

PMID: 33006093.

Flanagan EW, Most J, Mey JT, Redman LM. Calorie
restriction and aging in humans. Annu Rev Nutr
2020;40:105-33. https://doi.org/10.1146/annurev-
nutr-122319-034601; PMID: 32559388.

Musso G, Cassader M, Rosina F, Gambino R. Impact of
current treatments on liver disease, glucose metabolism
and cardiovascular risk in non-alcoholic fatty liver disease
(NAFLD): a systematic review and meta-analysis of
randomised trials. Diabetologia 2012;55:885-904. https:/
doi.org/10.1007/s00125-011-2446-4; PMID: 22278337.
Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, et al.
Weight loss through lifestyle modification significantly
reduces features of nonalcoholic steatohepatitis.
Gastroenterology 2015;149:367-78.€5. https://doi.
0rg/10.1053/j.gastro.2015.04.005; PMID: 25865049.
Malespin MH, Barritt AS 4th, Watkins SE, et al. Weight loss
and weight regain in usual clinical practice: results from the
TARGET-NASH observational cohort. Clin Gastroenterol
Hepatol 2022;20:2393-95.e4. https://doi.org/10.1016/j.
€gh.2021.01.023; PMID: 33486083.

Keating SE, Hackett DA, George J, Johnson NA. Exercise
and non-alcoholic fatty liver disease: a systematic review
and meta-analysis. J Hepatol 2012;57:157-66. https://doi.
0rg/10.1016/j.jhep.2012.02.023; PMID: 22414768.

Chen F, Esmaili S, Rogers GB, et al. Lean NAFLD: a distinct
entity shaped by differential metabolic adaptation.
Hepatology 2020;71:1213-27. https://doi.org/10.1002/
hep.30908; PMID: 31442319.

Wong VW, Wong GL, Chan RS, et al. Beneficial effects of
lifestyle intervention in non-obese patients with non-
alcoholic fatty liver disease. J Hepatol 2018;69:1349-56.
https://doi.org/10.1016/}.jhep.2018.08.011; PMID: 30142427.

Long MT, Noureddin M, Lim JK. AGA clinical practice update:

diagnosis and management of nonalcoholic fatty liver
disease in lean individuals: expert review. Gastroenterology
2022;163:764-74.€1. https://doi.org/10.1053/j.
gastro.2022.06.023; PMID: 35842345.

Schnabl B, Brenner DA. Interactions between the intestinal
microbiome and liver diseases. Gastroenterology
2014;146:1513-24. https://doi.org/10.1053/j.
gastro.2014.01.020; PMID: 24440671.

He X, Ji G, Jia W, Li H. Gut microbiota and nonalcoholic fatty
liver disease: insights on mechanism and application of
metabolomics. Int J Mol Sci 2016;17:300. https:/doi.
0rg/10.3390/ijms17030300; PMID: 26999104.

Le Roy T, Llopis M, Lepage P, et al. Intestinal microbiota
determines development of non-alcoholic fatty liver disease
in mice. Gut 2013;62:1787-94. https://doi.org/10.1136/
gutjnl-2012-303816; PMID: 23197411,

Aron-Wisnewsky J, Warmbrunn MV, Nieuwdorp M, Clément
K. Nonalcoholic fatty liver disease: modulating gut
microbiota to improve severity? Gastroenterology
2020;158:1881-98. https://doi.org/10.1053/j.
gastro.2020.01.049; PMID: 32044317.

Hu H, Lin A, Kong M, et al. Intestinal microbiome and
NAFLD: molecular insights and therapeutic perspectives. J

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Gastroenterol 2020;55:142-58. https://doi.org/10.1007/
500535-019-01649-8; PMID: 31845054,

Sharpton SR, Maraj B, Harding-Theobald E, et al. Gut
microbiome—targeted therapies in nonalcoholic fatty liver
disease: a systematic review, meta-analysis, and meta-
regression. Am J Clin Nutr 2019;110:139-49. https://doi.
0rg/10.1093/ajcn/ngz042; PMID: 31124558.

Komolafe O, Buzzetti E, Linden A, et al. Nutritional
supplementation for nonalcohol-related fatty liver disease: a
network meta-analysis. Cochrane Database Syst Rev
2021;7:CD013157. https://doi.org/10.1002/14651858.CD0O13157.
pub2; PMID: 34280304.

Lang S, Schnabl B. Microbiota and fatty liver disease—the
known, the unknown, and the future. Cell Host Microbe
2020;28:233-44. https://doi.org/10.1016/.
chom.2020.07.007; PMID: 32791115.

Davis C, Bryan J, Hodgson J, Murphy K. Definition of the
Mediterranean diet; a literature review. Nutrients
2015;7:9139-53. https://doi.org/10.3390/nu7115459;

PMID: 26556369.

Martinez-Gonzélez MA, Salas-Salvadé J, Estruch R, et al.
Benefits of the Mediterranean diet: insights from the
PREDIMED study. Prog Cardiovasc Dis 2015;58:50—-60. https:/
doi.org/10.1016/j.pcad.2015.04.003; PMID: 25940230.
Younossi ZM, Corey KE, Lim JK. AGA clinical practice
update on lifestyle modification using diet and exercise to
achieve weight loss in the management of nonalcoholic
fatty liver disease: expert review. Gastroenterology
2021;160:912-8. https://doi.org/10.1053/j.gastr0.2020.11.051;
PMID: 33307021.

Luu HN, Behari J, Goh GB-B, et al. Composite score of
healthy lifestyle factors and risk of hepatocellular
carcinoma: findings from a prospective cohort study. Canc
Epidemiol Biomark Prev 2021;30:380—7. https://doi.
0rg/10.1158/1055-9965.EPI-20-1201; PMID: 33187965.

Turati F, Trichopoulos D, Polesel J, et al. Mediterranean diet
and hepatocellular carcinoma. J Hepatol 2014;60:606—11.
https://doi.org/10.1016/j.jhep.2013.10.034; PMID: 24240052.
Eckel RH, Jakicic JM, Ard JD, et. al. 2013 AHA/ACC guideline
on lifestyle management to reduce cardiovascular risk: a
report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. JAm
Coll Cardiol 2014;63:2960-84. https://doi.org/10.1016/.
jacc.2013.11.003; PMID: 24239922.

Grosso G, Mistretta A, Frigiola A, et. al. Mediterranean diet
and cardiovascular risk factors: a systematic review. Crit Rev
Food Sci Nutr 2014;54:593—610. https://doi.org/10.1080/10408
398.2011.596955; PMID: 24261534

Tsartsou E, Proutsos N, Castanas E, Kampa M. Network
meta-analysis of metabolic effects of olive-oil in humans
shows the importance of olive oil consumption with
moderate polyphenol levels as part of the Mediterranean
diet. Front Nutr 2019;6:6. https://doi.org/10.3389/
fnut.2019.00006; PMID: 30809527.

Francque SM, Marchesini G, Kautz A, et al. Non-alcoholic
fatty liver disease: a patient guideline. JHEP Rep
2021;3:100322. https://doi.org/10.1016/}.jhepr.2021.100322;
PMID: 34693236.

Rosqvist F, Kullberg J, Stahiman M, et al. Overeating
saturated fat promotes fatty liver and ceramides compared
with polyunsaturated fat: a randomized trial. J Clin Endocrinol
Metab 2019;104:6207-19. https://doi.org/10.1210/jc.2019-
00160; PMID: 31369090.

Markova M, Pivovarova O, Hornemann S, et al. Isocaloric
diets high in animal or plant protein reduce liver fat and
inflammation in individuals with type 2 diabetes.
Gastroenterology 2017;152:571-85.€8. https:/doi.
0rg/10.1053/j.gastro.2016.10.007; PMID: 27765690.

Hong HC, Hwang SY, Choi HY, et al. Relationship between


https://doi.org/10.1002/hep.28431
https://doi.org/10.1002/hep.28431
https://doi.org/10.1002/hep.28785
https://doi.org/10.1016/j.gastrohep.2012.02.005
https://doi.org/10.1016/j.gastrohep.2012.02.005
https://doi.org/10.2337/dc15-1182
https://doi.org/10.1016/j.jhep.2017.09.012
https://doi.org/10.1016/j.jhep.2017.09.012
https://doi.org/10.1016/j.jhep.2017.05.016
https://doi.org/10.1001/jama.2020.2298
https://doi.org/10.1001/jama.2020.2298
https://doi.org/10.1002/hep.32519
https://doi.org/10.1002/hep.32519
https://doi.org/10.1016/j.jhep.2017.07.027
https://doi.org/10.1111/liv.14044
https://doi.org/10.1016/j.jhep.2016.04.005
https://doi.org/10.1016/j.jhep.2017.12.012
https://doi.org/10.1016/j.diabet.2020.101215
https://doi.org/10.1016/j.diabet.2020.101215
https://doi.org/10.1002/hep.24001
https://doi.org/10.1002/hep.24001
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1002/cld.722
https://doi.org/10.1007/s12072-020-10094-2
https://doi.org/10.1146/annurev-nutr-122319-034601
https://doi.org/10.1146/annurev-nutr-122319-034601
https://doi.org/10.1007/s00125-011-2446-4
https://doi.org/10.1007/s00125-011-2446-4
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1016/j.cgh.2021.01.023
https://doi.org/10.1016/j.cgh.2021.01.023
https://doi.org/10.1016/j.jhep.2012.02.023
https://doi.org/10.1016/j.jhep.2012.02.023
https://doi.org/10.1002/hep.30908
https://doi.org/10.1002/hep.30908
https://doi.org/10.1016/j.jhep.2018.08.011
https://doi.org/10.1053/j.gastro.2022.06.023
https://doi.org/10.1053/j.gastro.2022.06.023
https://doi.org/10.1053/j.gastro.2014.01.020
https://doi.org/10.1053/j.gastro.2014.01.020
https://doi.org/10.3390/ijms17030300
https://doi.org/10.3390/ijms17030300
https://doi.org/10.1136/gutjnl-2012-303816
https://doi.org/10.1136/gutjnl-2012-303816
https://doi.org/10.1053/j.gastro.2020.01.049
https://doi.org/10.1053/j.gastro.2020.01.049
https://doi.org/10.1007/s00535-019-01649-8
https://doi.org/10.1007/s00535-019-01649-8
https://doi.org/10.1093/ajcn/nqz042
https://doi.org/10.1093/ajcn/nqz042
https://doi.org/10.1002/14651858.cd013157.pub2
https://doi.org/10.1002/14651858.cd013157.pub2
https://doi.org/10.1016/j.chom.2020.07.007
https://doi.org/10.1016/j.chom.2020.07.007
https://doi.org/10.3390/nu7115459
https://doi.org/10.1016/j.pcad.2015.04.003
https://doi.org/10.1016/j.pcad.2015.04.003
https://doi.org/10.1053/j.gastro.2020.11.051
https://doi.org/10.1158/1055-9965.EPI-20-1201
https://doi.org/10.1158/1055-9965.EPI-20-1201
https://doi.org/10.1016/j.jhep.2013.10.034
https://doi.org/10.1016/j.jacc.2013.11.003
https://doi.org/10.1016/j.jacc.2013.11.003
https://doi.org/10.1080/10408398.2011.596955
https://doi.org/10.1080/10408398.2011.596955
https://doi.org/10.3389/fnut.2019.00006
https://doi.org/10.3389/fnut.2019.00006
https://doi.org/10.1210/jc.2019-00160
https://doi.org/10.1210/jc.2019-00160
https://doi.org/10.1053/j.gastro.2016.10.007
https://doi.org/10.1053/j.gastro.2016.10.007

Treatment Options and Continuity of Care in MAFLD

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

sarcopenia and nonalcoholic fatty liver disease: the Korean
Sarcopenic Obesity Study. Hepatology 2014;59:1772-8.
https://doi.org/10.1002/hep.26716; PMID: 23996808.

Bueno NB, de Melo ISV, de Oliveira SL, da Rocha Ataide T.
Very-low-carbohydrate ketogenic diet v. low-fat diet for
long-term weight loss: a meta-analysis of randomised
controlled trials. BrJ Nutr 2013;110:1178—87. https://doi.
0rg/10.1017/S0007114513000548; PMID: 23651522.

Harris L, Hamilton S, Azevedo LB, et al. Intermittent fasting
interventions for treatment of overweight and obesity in
adults: a systematic review and meta-analysis. JBI Database
Syst Rev Implement Rep 2018;16:507-47. https://doi.
0rg/10.11124/JBISRIR-2016-003248; PMID: 29419624.
Beaulieu K, Casanova N, Oustric P, et al. Matched weight
loss through intermittent or continuous energy restriction
does not lead to compensatory increases in appetite and
eating behavior in a randomized controlled trial in women
with overweight and obesity. J Nutr 2020;150:623-33.
https://doi.org/10.1093/jn/nxz296; PMID: 31825067.

Taskinen MR, Packard CJ, Borén J. Dietary fructose and the
metabolic syndrome. Nutrients 2019;11:1987. https://doi.
0rg/10.3390/nu11091987; PMID: 31443567.

Abdelmalek MF, Suzuki A, Guy C, et al. Increased fructose
consumption is associated with fibrosis severity in patients
with nonalcoholic fatty liver disease. Hepatology
2010;51:1961-71. https://doi.org/10.1002/hep.23535;

PMID: 20301112.

Tappy L, L& KA. Metabolic effects of fructose and the
worldwide increase in obesity. Physiol Rev 2010;90:23-46.
https://doi.org/10.1152/physrev.00019.2009;

PMID: 20086073.

Schwimmer JB, Ugalde-Nicalo P, Welsh JA, et al. Effect of a
low free sugar diet vs usual diet on nonalcoholic fatty liver
disease in adolescent boys: a randomized clinical trial. JAMA
2019;321:256-65. https://doi.org/10.1001/jama.2018.20579;
PMID: 30667502.

Simons N, Veeraiah P, Simons PIHG, et al. Effects of fructose
restriction on liver steatosis (FRUITLESS); a double-blind
randomized controlled trial. Am J Clin Nutr 2021;113:391-400.
https://doi.org/10.1093/ajcn/nqaa332; PMID: 33381794.
Hashemian M, Merat S, Poustchi H, et al. Red meat
consumption and risk of nonalcoholic fatty liver disease in a
population with low meat consumption: the Golestan Cohort
Study. Am J Gastroenterol 2021;116:1667—75. https:/doi.
0rg/10.14309/ajg.0000000000001229; PMID: 33767101.
Ivancovsky-Wajcman D, Fliss-Isakov N, Grinshpan LS, et al.
High meat consumption is prospectively associated with the
risk of non-alcoholic fatty liver disease and presumed
significant fibrosis. Nutrients 2022;14:3533. https:/doi.
0rg/10.3390/nu14173533; PMID: 36079791.

Zelber-Sagi S, Ivancovsky-Wajcman D, Fliss Isakov N, et al.
High red and processed meat consumption is associated
with non-alcoholic fatty liver disease and insulin resistance.
J Hepatol 2018;68:1239-46. https://doi.org/10.1016/j.
jhep.2018.01.015; PMID: 29571924.

Salomone F, Li Volti G, Vitaglione P, et al. Coffee enhances
the expression of chaperones and antioxidant proteins in
rats with nonalcoholic fatty liver disease. Trans/ Res
2014;163:593-602. https://doi.org/10.1016/}.trsl.2013.12.001;
PMID: 24365744.

ShiH, Dong L, Dang X, et al. Effect of chlorogenic acid on
LPS-induced proinflammatory signaling in hepatic stellate
cells. Inflamm Res 2013;62:581-7. https://doi.org/10.1007/
$00011-013-0610-7; PMID: 23483217.

Wijarnpreecha K, Thongprayoon C, Ungprasert P. Coffee
consumption and risk of nonalcoholic fatty liver disease: a
systematic review and meta-analysis. Eur J Gastroenterol
Hepatol 2017;29:e8—e12. https://doi.org/10.1097/
MEG.0000000000000776; PMID: 27824642.

Liu F, Wang X, Wu G, et al. Coffee consumption decreases
risks for hepatic fibrosis and cirrhosis: a meta-analysis. PLoS
One 2015;10:20142457. https://doi.org/10.1371/journal.
pone.0142457; PMID: 26556483.

Bravi F, Tavani A, Bosetti C, et al. Coffee and the risk of
hepatocellular carcinoma and chronic liver disease: a
systematic review and meta-analysis of prospective studies.
Eur J Cancer Prev 2017,26:368-77. https://doi.org/10.1097/
CEJ.0000000000000252; PMID: 271112.

Haseeb S, Alexander B, Baranchuk A. Wine and
cardiovascular health: a comprehensive review. Circulation
2017;136:1434-48. https://doi.org/10.1161/
CIRCULATIONAHA117.030387; PMID: 28993373.
Ditano-Vézquez P, Torres-Pefia JD, Galeano-Valle F, et al.
The fluid aspect of the Mediterranean diet in the prevention
and management of cardiovascular disease and diabetes:
the role of polyphenol content in moderate consumption of
wine and olive oil. Nutrients 2019;11:2833. https://doi.
0rg/10.3390/nu11112833; PMID: 31752333.

Dunn W, Sanyal AJ, Brunt EM, et al. Modest alcohol

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

77.

78.

79.

80.

81.

82.

83.

consumption is associated with decreased prevalence of
steatohepatitis in patients with non-alcoholic fatty liver
disease (NAFLD). J Hepatol 2012;57:384-91. https://doi.
0rg/10.1016/j.jhep.2012.03.024; PMID: 22521357.

Marcolin E, San-Miguel B, Vallejo D, et al. Quercetin
treatment ameliorates inflammation and fibrosis in mice
with nonalcoholic steatohepatitis. J Nutr 2012;142:1821-8.
https://doi.org/10.3945/jn.112.165274; PMID: 22915297.
Gomez-Zorita S, Fernandez-Quintela A, Macarulla MT, et al.
Resveratrol attenuates steatosis in obese Zucker rats by
decreasing fatty acid availability and reducing oxidative
stress. BrJ Nutr 2012;107:202-10. https://doi.org/10.1017/
S0007114511002753; PMID: 21733326.

Aberg F, Puukka P, Salomaa V, et al. Risks of light and
moderate alcohol use in fatty liver disease: follow-up of
population cohorts. Hepatology 2020;71:835-48. https://doi.
0rg/10.1002/hep.30864; PMID: 31323122.

Blomdahl J, Nasr P, Ekstedt M, Kechagias S. Moderate
alcohol consumption is associated with advanced fibrosis in
non-alcoholic fatty liver disease and shows a synergistic
effect with type 2 diabetes mellitus. Metabolism
2021;,115:154439. https://doi.org/10.1016/j.
metabol.2020.154439; PMID: 33246008.

Romero-Gémez M, Arab JP, Oliveira CP, et al. Is there a safe
alcohol consumption limit for the general population and in
patients with liver disease? Semin Liver Dis 2024;44:69-78.
https://doi.org/10.1055/s-0044-1785228; PMID: 38574752.
Okely AD, Kontsevaya A, Ng J, Abdeta C. 2020 WHO
qguidelines on physical activity and sedentary behavior.
Sports Med Health Sci 2021;3:115-18. https://doi.org/10.1016/j.
smhs.2021.05.001; PMID: 35782159.

NCD Countdown 2030 collaborators. NCD Countdown
2030: pathways to achieving Sustainable Development Goal
target 3.4. Lancet 2020;396:918-34. https://doi.org/10.1016/
S0140-6736(20)31761-X; PMID: 32891217.

Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior
Research Network (SBRN) — Terminology Consensus Project
process and outcome. Int J Behav Nutr Phys Act 2017;14:75.
https://doi.org/10.1186/512966-017-0525-8; PMID: 28599680.
Ryu'S, Chang Y, Jung HS, et al. Relationship of sitting time
and physical activity with non-alcoholic fatty liver disease. J
Hepatol 2015;63:1229-37. https://doi.org/10.1016/j.
jhep.2015.07.010; PMID: 26385766.

Helajarvi H, Pahkala K, Heinonen OJ, et al. Television
viewing and fatty liver in early midlife. The Cardiovascular
Risk in Young Finns study. Ann Med 2015;47:519-26. https://
doi.org/10.3109/07853890.2015.1077989; PMID: 26362414.

. Han Q, Han X, Wang X, et al. Association of accelerometer-

measured sedentary behavior patterns with nonalcoholic
fatty liver disease among older adults: the MIND-China
study. Am J Gastroenterol 2023;118:569-73. https://doi.
0rg/10.14309/ajg.0000000000002135; PMID: 36621973.
Berzigotti A, Albillos A, Villanueva C, et al. Effects of an
intensive lifestyle intervention program on portal
hypertension in patients with cirrhosis and obesity: the
SportDiet study. Hepatology 2017,65:1293-305. https://doi.
0rg/10.1002/hep.28992; PMID: 27997989.

Williams FR, Berzigotti A, Lord JM, et al. Review article:
impact of exercise on physical frailty in patients with chronic
liver disease. Aliment Pharmacol Ther 2019;50:988-1000.
https://doi.org/10.1111/apt15491; PMID: 31502264.

Behrens G, Matthews CE, Moore SC, et al. The association
between frequency of vigorous physical activity and
hepatobiliary cancers in the NIH-AARP Diet and Health
Study. Eur J Epidemiol 2013;28:55-66. https://doi.org/10.1007/
510654-013-9767-1; PMID: 23354983.

Holtermann A, Schnohr P, Nordestgaard BG, Marott JL. The
physical activity paradox in cardiovascular disease and all-
cause mortality: the contemporary Copenhagen General
Population Study with 104 046 adults. Eur Heart J
2021;42:1499-511. https://doi.org/10.1093/eurheartj/ehab087;
PMID: 33831954.

Park Y, Sinn DH, Kim K, Gwak GY. Associations of physical
activity domains and muscle strength exercise with non-
alcoholic fatty liver disease: a nation-wide cohort study. Sci
Rep 2023;13:4724. https://doi.org/10.1038/s41598-023-31686-
6; PMID: 36959316.

Keating SE, Hackett DA, Parker HM, et al. Effect of aerobic
exercise training dose on liver fat and visceral adiposity. J
Hepatol 2015;63:174-82. https://doi.org/10.1016/).
jhep.2015.02.022; PMID: 25863524.

Zhang HJ, He J, Pan LL, et al. Effects of moderate and
vigorous exercise on nonalcoholic fatty liver disease: a
randomized clinical trial. JAMA Intern Med 2016;176:1074-82.
https://doi.org/10.1001/jamainternmed.2016.3202;

PMID: 27379904.

. Henry A, Paik JM, Austin P, et al. Vigorous physical activity

provides protection against all-cause deaths among adults
patients with nonalcoholic fatty liver disease (NAFLD).

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Aliment Pharmacol Ther 2023;57:709-22. https://doi.
org/10.1111/apt.17308; PMID: 36380111.

Baker CJ, Martinez-Huenchullan SF, D’Souza M, et al. Effect
of exercise on hepatic steatosis: are benefits seen without
dietary intervention? A systematic review and meta-analysis.
J Diabetes 2021;13:63-77. https://doi.org/10.1111/1753-
040713086; PMID: 32667128.

Hashida R, Kawaguchi T, Bekki M, et al. Aerobic vs.
resistance exercise in non-alcoholic fatty liver disease: a
systematic review. J Hepatol 2017,66:142-52. https://doi.
0rg/10.1016/j.jhep.2016.08.023; PMID: 27639843.

Jirapinyo P, McCarty TR, Dolan RD, et al. Effect of
endoscopic bariatric and metabolic therapies on
nonalcoholic fatty liver disease: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2022;20:511-24.e1.
https://doi.org/10.1016/j.cgh.2021.03.017; PMID: 33727164.
Bazerbachi F, Vargas EJ, Rizk M, et al. Intragastric balloon
placement induces significant metabolic and histologic
improvement in patients with nonalcoholic steatohepatitis.
Clin Gastroenterol Hepatol 2021;19:146-54.e4. https://doi.
0rg/10.1016/j.cgh.2020.04.068; PMID: 32360804.

Nunes BCM, de Moura DTH, Kum AST, et al. Impact of
endoscopic sleeve gastroplasty in non-alcoholic fatty liver
disease: a systematic review and meta-analysis. Obes Surg
2023;33:2917-26. https://doi.org/10.1007/s11695-023-06747-
4; PMID: 37537506.

Mazzini GS, Augustin T, Noria S, et al. ASMBS Position
Statement on the impact of metabolic and bariatric surgery
on nonalcoholic steatohepatitis. Surg Obes Relat Dis
2022;18:314-25. https://doi.org/10.1016/j.s0ard.2021.11.015;
PMID: 34953742.

Birkmeyer JD, Finks JF, O'Reilly A, et al. Surgical skill and
complication rates after bariatric surgery. N Engl J Med
2013;369:1434-42. https://doi.org/10.1056/NEJMsa1300625;
PMID: 24106936.

Ratziu V, de Guevara L, Safadi R, et al. Aramchol in patients
with nonalcoholic steatohepatitis: a randomized, double-
blind, placebo-controlled phase 2b trial. Nat Med
2021;27:1825-35. https://doi.org/10.1038/541591-021-01495-
3; PMID: 34621052.

Lee CH, FuY, Yang SJ, Chi CC. Effects of Omega-3
polyunsaturated fatty acid supplementation on non-
alcoholic fatty liver: a systematic review and meta-analysis.
Nutrients 2020;12:1-20. https://doi.org/10.3390/nu12092769;
PMID: 32932796.

Harrison S, Gunn NT, Sheikh MY, et al. Icosabutate, a novel
structurally engineered fatty acid, significantly reduces
relevant markers of NASH and fibrosis in 16 weeks: interim
analysis results of the ICONA trial. J Hepatol 2021;75:5294—
803.

Sanyal AJ, Chalasani N, Kowdley KV, et al. Pioglitazone,
vitamin E, or placebo for nonalcoholic steatohepatitis. N Eng/
J Med 2010;362:1675-85. https://doi.org/10.1056/
NEJM0a0907929; PMID: 20427778.

Francque SM, Bedossa P, Ratziu V, et al. A randomized,
controlled trial of the Pan-PPAR agonist lanifibranor in
NASH. N Engl J Med 2021;385:1547-58. https://doi.
0rg/10.1056/NEJM0a2036205; PMID: 34670042.

Newsome PN, Buchholtz K, Cusi K, et al. A placebo-
controlled trial of subcutaneous semaglutide in nonalcoholic
steatohepatitis. N Engl J Med 2021;384:1113-24. https://doi.
0rg/10.1056/NEJM0a2028395; PMID: 33185364.

Armstrong MJ, Gaunt P, Aithal GP, et al. Liraglutide

safety and efficacy in patients with non-alcoholic
steatohepatitis (LEAN): a multicentre, double-blind,
randomised, placebo-controlled phase 2 study. Lancet
2016;387:679-90. https://doi.org/10.1016/S0140-
6736(15)00803-X; PMID: 26608256.

Ghosal S, Datta D, Sinha B. A meta-analysis of the effects of
glucagon-like-peptide 1-receptor agonist (GLP1-RA) in
nonalcoholic fatty liver disease (NAFLD) with type 2
diabetes. Sci Rep 2021;11:22063. https://doi.org/10.1038/
541598-021-01663-y; PMID: 34764398.

100. Tall Bull S, Nuffer W, Trujillo JM. Tirzepatide: a novel, first-in-

101

class, dual GIP/GLP-1receptor agonist. J Diabetes
Complications 2022;36:108332. https://doi.org/10.1016/.
jdiacomp.2022.108332; PMID: 36375235.

. Jastreboff AM, Aronne LJ, Ahmad NN, et al. Tirzepatide
once weekly for the treatment of obesity. N Engl J Med
2022;387:205-16. https://doi.org/10.1056/NEJM0a2206038;
PMID: 35658024.

102. Harrison SA, Bashir M, Moussa SE, et al. Effects of

resmetirom on noninvasive endpoints in a 36-week Phase 2
active treatment extension study in patients with NASH.
Hepatol Commun 2021;5:573-88. https://doi.org/10.1002/
hep4.1657; PMID: 33860116.

103.Kahl S, Gancheva S, Strassburger K, et al. Empagliflozin

effectively lowers liver fat content in well-controlled type 2
diabetes: a randomized, double-blind, phase 4, placebo-


https://doi.org/10.1002/hep.26716
https://doi.org/10.1017/S0007114513000548
https://doi.org/10.1017/S0007114513000548
https://doi.org/10.11124/JBISRIR-2016-003248
https://doi.org/10.11124/JBISRIR-2016-003248
https://doi.org/10.1093/jn/nxz296
https://doi.org/10.3390/nu11091987
https://doi.org/10.3390/nu11091987
https://doi.org/10.1002/hep.23535
https://doi.org/10.1152/physrev.00019.2009
https://doi.org/10.1001/jama.2018.20579
https://doi.org/10.1093/ajcn/nqaa332
https://doi.org/10.14309/ajg.0000000000001229
https://doi.org/10.14309/ajg.0000000000001229
https://doi.org/10.3390/nu14173533
https://doi.org/10.3390/nu14173533
https://doi.org/10.1016/j.jhep.2018.01.015
https://doi.org/10.1016/j.jhep.2018.01.015
https://doi.org/10.1016/j.trsl.2013.12.001
https://doi.org/10.1007/s00011-013-0610-7
https://doi.org/10.1007/s00011-013-0610-7
https://doi.org/10.1097/MEG.0000000000000776
https://doi.org/10.1097/MEG.0000000000000776
https://doi.org/10.1371/journal.pone.0142457
https://doi.org/10.1371/journal.pone.0142457
https://doi.org/10.1097/cej.0000000000000252
https://doi.org/10.1097/cej.0000000000000252
https://doi.org/10.1161/circulationaha.117.030387
https://doi.org/10.1161/circulationaha.117.030387
https://doi.org/10.3390/nu11112833
https://doi.org/10.3390/nu11112833
https://doi.org/10.1016/j.jhep.2012.03.024
https://doi.org/10.1016/j.jhep.2012.03.024
https://doi.org/10.3945/jn.112.165274
https://doi.org/10.1017/S0007114511002753
https://doi.org/10.1017/S0007114511002753
https://doi.org/10.1002/hep.30864
https://doi.org/10.1002/hep.30864
https://doi.org/10.1016/j.metabol.2020.154439
https://doi.org/10.1016/j.metabol.2020.154439
https://doi.org/10.1016/j.smhs.2021.05.001
https://doi.org/10.1016/j.smhs.2021.05.001
https://doi.org/10.1016/S0140-6736(20)31761-X
https://doi.org/10.1016/S0140-6736(20)31761-X
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1016/j.jhep.2015.07.010
https://doi.org/10.1016/j.jhep.2015.07.010
https://doi.org/10.3109/07853890.2015.1077989
https://doi.org/10.3109/07853890.2015.1077989
https://doi.org/10.14309/ajg.0000000000002135
https://doi.org/10.14309/ajg.0000000000002135
https://doi.org/10.1002/hep.28992
https://doi.org/10.1002/hep.28992
https://doi.org/10.1111/apt.15491
https://doi.org/10.1007/s10654-013-9767-1
https://doi.org/10.1007/s10654-013-9767-1
https://doi.org/10.1093/eurheartj/ehab087
https://doi.org/10.1038/s41598-023-31686-6
https://doi.org/10.1038/s41598-023-31686-6
https://doi.org/10.1016/j.jhep.2015.02.022
https://doi.org/10.1016/j.jhep.2015.02.022
https://doi.org/10.1001/jamainternmed.2016.3202
https://doi.org/10.1111/apt.17308
https://doi.org/10.1111/apt.17308
https://doi.org/10.1111/1753-0407.13086
https://doi.org/10.1111/1753-0407.13086
https://doi.org/10.1016/j.jhep.2016.08.023
https://doi.org/10.1016/j.jhep.2016.08.023
https://doi.org/10.1016/j.cgh.2021.03.017
https://doi.org/10.1016/j.cgh.2020.04.068
https://doi.org/10.1016/j.cgh.2020.04.068
https://doi.org/10.1007/s11695-023-06747-4
https://doi.org/10.1007/s11695-023-06747-4
https://doi.org/10.1016/j.soard.2021.11.015
https://doi.org/10.1056/NEJMsa1300625
https://doi.org/10.1038/s41591-021-01495-3
https://doi.org/10.1038/s41591-021-01495-3
https://doi.org/10.3390/nu12092769
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.1056/NEJMoa2036205
https://doi.org/10.1056/NEJMoa2036205
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1038/s41598-021-01663-y
https://doi.org/10.1038/s41598-021-01663-y
https://doi.org/10.1016/j.jdiacomp.2022.108332
https://doi.org/10.1016/j.jdiacomp.2022.108332
https://doi.org/10.1056/NEJMoa2206038
https://doi.org/10.1002/hep4.1657
https://doi.org/10.1002/hep4.1657

Treatment Options and Continuity of Care in MAFLD

controlled trial. Diabetes Care 2020;43:298-305. https://doi.
0rg/10.2337/dc19-0641; PMID: 31540903.

104. Cusi K. Time to include nonalcoholic steatohepatitis in the
management of patients with type 2 diabetes. Diabetes Care
2020;43:275-9. https://doi.org/10.2337/dci19-0064;

PMID: 31959644.

105. Neuschwander-Tetri BA, Loomba R, Sanyal AJ, et al.
Farnesoid X nuclear receptor ligand obeticholic acid for
non-cirrhotic, non-alcoholic steatohepatitis (flint): a
multicentre, randomised, placebo-controlled trial. Lancet
2015;385:956-65. https://doi.org/10.1016/S0140-

6736(14)61933-4; PMID: 25468160.

106. Younossi ZM, Ratziu V, Loomba R, et al. Obeticholic acid for
the treatment of non-alcoholic steatohepatitis: interim
analysis from a multicentre, randomised, placebo-controlled
phase 3 trial. Lancet 2019;394:2184-96. https://doi.
0rg/10.1016/S0140-6736(19)33041-7; PMID: 31813633.

107. Harrison SA, Neff G, Guy CD, et al. Efficacy and safety of
aldafermin, an engineered FGF19 analog, in a randomized,
double-blind, placebo-controlled trial of patients with
nonalcoholic steatohepatitis. Gastroenterology 2021;160:219—
31.el. https://doi.org/10.1053/j.gastr0.2020.08.004;

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

PMID: 32781086.

108. Sun MJ, Cao ZQ, Leng P. The roles of galectins in hepatic
diseases. J Mol Histol 2020;51:473-84. https://doi.
0rg/10.1007/s10735-020-09898-1; PMID: 32734557.

109. Chalasani N, Abdelmalek MF, Garcia-Tsao G, et al. Effects of
belapectin, an inhibitor of galectin-3, in patients with
nonalcoholic steatohepatitis with cirrhosis and portal
hypertension. Gastroenterology 2020;158:1334—45.€5. https://
doi.org/10.1053/j.gastro.2019.11.296; PMID: 31812510.


https://doi.org/10.2337/dc19-0641
https://doi.org/10.2337/dc19-0641
https://doi.org/10.2337/dci19-0064
https://doi.org/10.1016/S0140-6736(14)61933-4
https://doi.org/10.1016/S0140-6736(14)61933-4
https://doi.org/10.1016/S0140-6736(19)33041-7
https://doi.org/10.1016/S0140-6736(19)33041-7
https://doi.org/10.1053/j.gastro.2020.08.004
https://doi.org/10.1007/s10735-020-09898-1
https://doi.org/10.1007/s10735-020-09898-1
https://doi.org/10.1053/j.gastro.2019.11.296
https://doi.org/10.1053/j.gastro.2019.11.296

