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Abstract: Lifestyle changes should be the main basis for any treatment for metabolic
dysfunction-associated fatty liver disease (MAFLD), aiming to increase energy expenditure,
reduce energy intake and improve the quality of nutrients consumed. As it is a multifactorial
disease, approaches such as physical exercise, a better dietary pattern, and possible
pharmacological intervention are shown to be more efficient when used simultaneously to the
detriment of their applications. The main treatment for MAFLD is a lifestyle change consisting
of diet, activity, exercise, and weight loss. The variables for training prescription such as type
of physical exercise (aerobic or strength training), the weekly frequency, and the intensity
most indicated for the treatment of MAFLD remain uncertain, that is, the recommendations
must be adapted to the clinical conditions comorbidities, and preferences of each subjectin a
way individual. This review addresses recent management options for MAFLD including diet,

nutrients, gut microbiota, and physical exercise.
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Introduction

Fatty liver is a clinicopathological condition char-
acterized by the accumulation of lipids within
hepatocytes and encompasses a wide spectrum of
diseases. It is one of the most common forms of
liver disease primarily related to the progressive
increase in obesity in the world.! Initially, it was
considered a benign liver disease; however, it is
currently known that it is a multifactorial disease
that involves environmental and genetic factors
and can progress to more severe forms, such as
cirrhosis and hepatocellular carcinoma (HCC) in
patients without a history of alcohol consump-
tion.? Recently, Eslam ez al.? proposed to redefine
the diagnostic criteria to cover fatty liver associ-
ated with metabolic dysfunction, including
changing the nomenclature to metabolic dysfunc-
tion—associated fatty liver disease (MAFLD).
Obesity, overweight, type 2 diabetes mellitus
(T2DM), metabolic syndrome (MetS), and
genetic predisposition are the main risk factors.*
The prevalence of MAFLD has increased in all
populations in parallel with the increase in obesity

rates worldwide, mainly in the western world.
However, these values can change significantly
according to the diagnostic methods used and the
population studied.?

A recent meta-analysis support previous studies
and reports that the prevalence of MAFLD has
been affecting more than a third of the global
population,® while Liu ez al.” estimated a global
MAFLD prevalence as 50.7% among overweight/
obese adults.

The perfect non-pharmacological strategy for the
management of MAFLD is not yet well defined.
However, there is a consensus that excessive con-
sumption of carbohydrates and lipids is harmful.?
The high intake of carbohydrates (mainly soft
drinks and products with added fructose syrup)
and a high-fat diet have been identified as respon-
sible for the development of MetS°® and the accu-
mulation of fatty acids (FAs) in the liver,!0
important predictors of MAFLD!! (Figure 1). To
determine the contribution of the distribution of
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Figure 1. Genetic predisposition and environmental factors such as a diet rich in fats and simple sugars,
mainly fructose, lead to weight gain, and the development of T2DM, important risk factors for MAFLD. Lifestyle
changes including healthy eating and physical activity decrease weight and body fat mass which consequently

improves MAFLD.

dietary macronutrients in the development and
treatment of MAFLD, several studies have been
conducted, but the results presented are still
conflicting.12.13

It has been shown that a sedentary lifestyle is an
important factor in the predisposition of MetS,
obesity, and T2DM.!* Studies show that people
who have a physically active lifestyle develop less
insulin resistance (IR) and T2DM than sedentary
individuals.!>16 In addition, there is already a
consensus that changes in lifestyle, including
physical activity and weight loss, reduce risk fac-
tors for MAFLD.!7 There is evidence that physi-
cal activity, induces beneficial metabolic effects,
such as lowering blood glucose levels independ-
ent of weight loss.!8 The effects of physical activ-
ity, strength training (weight training), and
aerobics in the treatment of MAFLD have been
evaluated in clinical trials and observational
studies.19:20

Considering that so far data related to diet and
lifestyle in this pathology using the current
nomenclature are still scarce, in this review, we

will use the term MAFLD/metabolic associated
steatohepatitis (MASH) as a synonym for
NAFLD/nonalcoholic steatohepatitis (NASH).
In this review, we will present recent scientific evi-
dence on the non-pharmacological treatment and
management of MAFLD, including chapters on
dietary patterns, foods, nutrients, and lifestyle.

Hypocaloric diet and MAFLD

Several studies demonstrate the association
between caloric intake and liver fat content.21,22
Evidence shows that patients with MAFLD ingest
significantly more calories; however, the propor-
tion of macronutrients shows a short difference

compared to the general composition of the diet
of healthy individuals.23:24

Hypocaloric diets have been used to promote
faster body weight loss and consequently a signifi-
cant reduction in adipose tissue.?> It is postulated
that low-calorie intake can exert metabolic pro-
gramming and promote a more effective expendi-
ture of body energy reserves, decreasing oxidative
damage to cells.?6 Hypocaloric diets can have
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different macronutrient distributions from each
other and present distinct results. A low-carb diet
could be more effective in reducing body weight
than a low-fat diet. However, the patients have
difficulty maintaining their weight in the long
term and this weight loss is not sustained.?> Some
authors show that restricting carbohydrate intake
(<20g/day) and keeping a caloric deficit of 30%
(500-750kcal/day) improves NAS (Nonalcoholic
fatty liver disease Activity Score), serum liver
enzymes and liver lipids, i.e. a caloric deficit can
be considered an initial therapeutic approach for
MAFLD. The recommendation is a daily intake
of 1.200 kcal/day for women and 1.500 kcal/day
for men. However, these values can be adjusted
according to the caloric expenditure from your
physical activity (women: 1.500 kcal/day and
men: 1.800 kcal/day).2:27

Fat intake and MAFLD

Some studies have shown that MASH patients eat
more saturated fat and cholesterol and less poly-
unsaturated fatty acids (PUFAs) than healthy
individuals.?8:2% In addition, Eslam ez al.3° reported
that cholesterol intake was higher in patients with
lean MAFLD (Asian body mass index
(BMI) <23 kg/m? or non-Asian BMI < 25 kg/m?)
than in obesity patients and MAFLD. A high-fat
diet (55% of the total energy) has been shown to
increase fasting insulin levels and the number of
intrahepatic triglycerides (TGs), regardless of
body weight changes. Although the high con-
sumption of saturated FA stimulates endoplasmic
reticulum stress and hepatocytes damage.
Previous studies have shown that severe restric-
tion of these FAs may not be healthy for patients
with MAFLD, since excessive FA restriction can
also increase serum TG levels and reduce high-
density lipoprotein (HDL).31:32

On the contrary, oleic acid (monounsaturated
FA) present in avocado and olive oil brings ben-
efits to MAFLD patients as they reduce TG levels
and low-density lipoprotein (LDL) cholesterol.
Diets that have between 20% and 40% of mono-
unsaturated fats of the total caloric value have
shown benefits for patients with MAFLD,
decreasing lipogenesis [reducing activation of
sterol regulatory element-binding proteins
(SREBP)] and increasing the oxidation of other
FAs (by activating receptors activated by o and y
peroxisome proliferators).33

Carbohydrate intake and MAFLD

In the last decades, the consumption of sweet-
ened and fatty foods has increased gradually. Data
show that increased consumption of high—glyce-
mic index sugars, like fructose, is directly related
to a higher risk of developing T2DM, MetS, car-
diovascular disease (CVD), and MAFLD.3*

Studies show that higher dairy carbohydrate
intake can harm MAFLD patients demonstrating
an association with inflammation and disease
progression.%33 Diets with low carbohydrate
intake (=<45%) show positive results in body
weight loss, improvement of metabolic parame-
ters, and reduction of intrahepatic TG content in
obese individuals.?>

Recently, special attention has been given to
Fibroblast growth factor 21 (FGF21) gene poly-
morphisms, an endocrine hormone produced in
the liver that regulates energy metabolism and
stress responses, and also seems to be regulated
by nutritional factors.3%37 Although some exper-
imental studies demonstrate elevated FGF21
levels are reported in metabolic diseases,384!
the role of FGF21 in metabolic diseases is still
unclear. However, genetic studies have shown
that higher serum levels of FGF21 are associ-
ated with the minor rs838133 allele and
higher consumption of carbohydrates, particu-
larly sugar, and alcohol and lower consumption
of proteins.*%43 Recently, Bayoumi ez al
described that patients with MAFLD have
higher liver levels of FGF21 than healthy indi-
viduals. These findings have been related to the
minor allele in rs838133, which leads to altera-
tions in the synthesis of FGF21, inducing
peripheral resistance to this hormone, leading to
the increased FA supply to the liver and reduc-
ing FA utilization.3” Although the role of this
variant in MAFLD is still unclear, the authors
have associated this allele with increased liver
inflammation in animal models.3” On the con-
trary, experimental studies in rodents, non-
human primates, and preclinical and clinical
trials have demonstrated that FGF21 analogs
induce weight loss, regulate hepatic metabolic
pathways, protect against hepatic lipotoxicity,
improve steatosis, reduce inflammation, and
attenuate fibrogenesis in MASH models.*+45 In
addition, some studies demonstrated reduction
FGF21 levels in response to lifestyle modifica-
tion and bariatric surgery.4647
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Among the carbohydrate types, fructose is the
sugar most associated with MAFLD progres-
sion.4%:49 In the 1960s, high-fructose corn syrup
was introduced into the food industry as a substi-
tute for sugar, thus increasing its intake. Fructose
affects lipid metabolism and increases plasma TG
levels, leading to de novo lipogenesis, hyperferri-
tinemia, hyperuricemia, and IR. These changes
increase the risk of MAFLD. It has also been
described that high sugar consumption positively
regulates fructose transport through the GLUT5
transporter, leading to increased hepatic fructose
kinase levels regardless of excess energy intake. It
has been shown that high-fructose consumption
is associated with the prevalence of MAFLD in
obese children and adolescents.?® These data are
supported by evidence that daily consumption of
a high-fructose intake is associated with a higher
stage of liver fibrosis in young and elderly
patients.>!

It is also known that a high-fructose diet promotes
intestinal inflammation, increased epithelial dys-
function, endotoxin release, and reduced tight
junction proteins, regardless of the fat and calorie
diet. These data show the negative impact of
excess fructose intake on intestinal barrier func-
tion.>? There is a hypothesis that fructose can
cause dysbiosis, increasing intestinal permeability
and favoring the passage of endotoxins into the
blood.

High-protein diet and MAFLD

There is a limited number of studies that eluci-
date the relationship between a high-protein diet
and MAFLD. It is known that the quality, quan-
tity, and composition of dietary proteins in the
development and treatment of MAFLD is still
not clear, but it is known that malnutrition due to
protein deficiency can cause steatosis.>> Evidence
suggests that a high-protein diet leads to hepatic
lipid oxidation since hepatic catabolism of
ingested amino acids is a process of intense energy
expenditure. This may be effective in the treat-
ment of MAFLD.5* The short-term protein sup-
plementation showed improvement in lipid
profile and hepatic steatosis in obese sedentary
women.>> In addition, a hypocaloric high-protein
diet is associated with improved glucose homeo-
stasis, lipid profile, and reduced liver evidence.
This evidence is consistent with the positive
results of caloric restriction in the treatment of
MetS and improvement in liver histology. In

addition, when comparing different diets for the
treatment of MASH (hyperproteic, hypolipi-
demic and low in carbohydrates) the results are
equivalent, showing a reduction in intrahepatic
fat, the enzyme alanine aminotransferase (ALT),
visceral adiposity, in total weight and improve-
ment in insulin sensitivity.23:56

The ideal dietary pattern aims to ensure both ade-
quate protein intake and moderate caloric restric-
tion. According to European Society Guidelines
(EASL), although more evidence is lacking, spe-
cial attention should be paid to the protein intake
needed to maintain muscle mass, due to the
potential risk of exacerbating sarcopenia during
restrictive interventions for weight loss.2

Fiber intake and MAFLD

The dietary fibers can be grouped into soluble
fibers (pectins, gums, mucilages, and hemicellu-
loses) present in fruits, barley, oats, and legumes
such as beans, lentils, chickpeas, and insoluble
fibers (cellulose, lignin, and some hemicelluloses
and mucilages) present in wheat, grains, and veg-
etables.57 It has been shown that MASH patients
consume less-complex carbohydrates, more fat,
and less fiber than healthy individuals.>8 Intake of
dietary fiber, mainly derived from whole grains,
has shown benefits in reducing comorbidities
associated with MetS and MAFLD, reducing
liver fat and inflammation.>®

Mediterranean diet and MAFLD

The traditional Mediterranean diet (MD) is the
most studied dietary pattern in the management
of MAFLD. It shows a beneficial role in the met-
abolic profile and reduces the risk of CVD and
T2DM, comorbidities associated with MAFLD.
These results can be obtained regardless of body
weight loss.32-60

The MD is composed of a main higher intake of
vegetables, fruits, whole grains, olive oil, nuts,
and white meat (fish and poultry) and low con-
sumption of dairy products, red meat, processed
foods, sugary foods, and moderate alcohol
intake.®! Another characteristic of MD is the low
intake of carbohydrates (a maximum of 40% of
the total caloric value), especially simple and
refined sugars (fructose and sucrose). Reduced
intake of beverages artificially sweetened with
fructose improved MetS in obese subjects,
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disregarding dietary fruit consumption.®2-63 The
recommendation of fruit consumption in MD
should be safely sustained due to the diversity of
healthy nutrients present in fruits, such as anti-
oxidants, phytosterols, and fiber. Phytosterols
found in vegetables and derivatives (dark grapes,
oranges, passion fruit, fresh plums, sunflower
seeds, soybeans, olive oil, almonds, wheat germ,
wheat bran, and cauliflower) compete with the
cholesterol consumed in the diet and decrease the
intestinal absorption of LDL..64

Studies showed that MD adherence with higher
monounsaturated fatty acid (MUFA) and PUFA
intake reduces hepatic TG, increases insulin sen-
sitivity, and improves MASH and CVD risk-
related benefits.55:66 Consumption of nuts and
extra virgin olive oil present in MD significantly
reduces the risk of cardiovascular events in people
over 55years old, hypertensive, smokers, and
T2DM patients.%®

Adherence to the Mediterranean pattern leads to
a significant improvement in liver fat in MAFLD
overweight patients with or without T2DM and
was included as a therapeutic recommendation in
European and Latin American guidelines for the
treatment of MAFLD.32:60

Other nutritional strategies for MAFLD

Coffee and dark chocolate

Some studies showed that coffee consumption
may be associated with liver enzymes reduction
including ALT, aspartate aminotransferase
(AST), and gamma-glutamyltransferase (GGT),
as well as lower severity and lower rates of pro-
gression of liver disease.%7:%8 In addition, coffee
consumption has been inversely related to nonal-
coholic and alcoholic liver cirrhosis.®® Consuming
two to three cups of coffee daily appears to have
hepatoprotective benefits;’® however, there is still
scientific disagreement about coffee consumption
and the prevention or treatment of MAFLD.
Different ways of preparing coffee can have differ-
ent effects on MAFLD. Evidence attributes a
hepatoprotective role to filtered coffee consump-
tion, while unfiltered coffee has a harmful effect.
Perhaps this difference is due to the presence of
coffee oils (kahweol and cafestol), which are
released from ground coffee beans but removed
by paper filters.”!:72 On the contrary, studies show
that these substances, as well as caffeine, have

anti-carcinogenic effects, through the downregu-
lation of the antioxidant-responsive element sign-
aling pathway. In addition, kahweol and cafestol
also induce the activation of gamma-glutamyl-
cysteine synthetase (GCS) and glutathione-S-
transferase (GST), leading to protection against
mutagenesis and inhibiting N-acetyltransferase
(NAT).7>74

Like coffee, chocolate consumption, especially
dark chocolate may have a therapeutic role in
MAFLD.?> The epicatechin and other polyphe-
nolic compounds present in dark chocolate are
responsible for the antioxidant effect and reduc-
ing oxidative stress.’® Daily consumption of 40 g
of dark chocolate reduced nicotinamide adenine
dinucleotide phosphate oxidase (INOX) in MASH
patients. NOX is considered the main cellular
source of reactive oxygen species in humans, and
its activation is associated with liver damage.””

Furthermore, the polyphenols found in cocoa
improve endothelial function via NOX downreg-
ulation in MASH patients.”> Besides the antioxi-
dant effect, dark chocolate can act as a prebiotic.
Supplementing with 10 g of dark chocolate per
day increases the bacterial diversity in the gut.
This modulation in Gut microbiota (GM) may
have a potential therapeutic effect for MAFLD in
the future.”

Vegetarian diet

The consumption of fruits and vegetables present
in the vegetarian diet has been shown to have a
protective effect on metabolic diseases such as
T2DM, CVD, and MAFLD. The majority of
these foods their low caloric density and are rich
in antioxidant vitamins and fiber that promotes
satiety quickly, helping to lose weight.79:80

Fruits contain nutrients such as vitamin A, C,
and E, antioxidants and carotenoids, and vegeta-
bles provide vitamins A and E, fiber, and phyto-
chemicals (folate, tocopherols, and carotenoids)
that have shown antitumor properties in different
diseases®»8! and shows a protective effect on
MAFLD.82 Antioxidants and phytochemicals are
anti-inflammatory compounds that can keep
blood glucose, insulin, and free FA within normal
limits, besides preventing the development of
hepatic steatosis. The consumption of non-
starchy vegetables was associated with less fat
deposition in the liver, and the consumption of
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orange and/or yellow or dark green vegetables
with less visceral fat and better insulin sensitiv-
ity.83:8¢ Polyphenols found in these foods exert
anti-inflammatory and anti-fibrotic effects, pro-
mote beneficial effects on metabolic homeostasis,
inhibit de mnovo lipogenesis and stimulate f-
oxidation in MAFLD.%5

Omega 3 [-3) supplementation

The administration of ®-3 PUFA improves the
plasma lipid profile showing a protective effect in
the development and progression of MAFLD and
may be useful in its treatment; however, many
clinical trials show heterogeneity, including for-
mulation, supplementation time, and dose for the
MAFLD treatment.8%87 The use of -3 PUFA
showed improvement in steatosis and liver dam-
age in patients with MAFLD. These data cor-
roborate the findings obtained in an experimental
study with fish oil, which demonstrated a reduc-
tion in steatosis, inflammation, and hepatic fibro-
genesis.88 A randomized controlled trial evaluating
®-3 PUFA supplementation demonstrated a sig-
nificant impact on the lipid profile in patients
with MASH; however, no significant improve-
ment in NAS was found.8¢

Supplementation of 4000 mg/day of a synthetic
blend of eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) compared to placebo
showed a significant reduction in liver fat after
15-18 months.8° Similarly, another study supple-
menting 3000 mg/day of a fish oil-derived blend
of EPA and DHA wversus placebo soybean oil for
12 months demonstrated to improvement in liver
fat on magnetic resonance imaging (MRI) scans.87
In addition, EPA supplementation (2700 mg/day)
showed a decrease in steatosis after 12 months.?°
Although the studies have demonstrated consist-
ent improvement in liver fat content, recent evi-
dence has not shown any significant benefit in
liver histology or fibrosis.

Considering the difficulty for both science and
clinical practice to understand the interactions
between nutrients, foods and diets, recently, the
use of the Geometric Structure for Nutrition
(GFN) has been proposed to develop better ana-
lyzes between the relationship of nutrient intake,
types of diets and health. The authors propose the
use of GFN as a primary tool in precision medi-
cine to apply population, clinical and preclinical
data, first to visualize nutritional relationships

and then generate testable predictions that can be
used to develop nutritional interventions for pre-
vention and treatment of diseases, including liver
disease.®!

Physical activity, exercise and MAFLD

The practice of physical exercise has been recom-
mended as a non-drug strategy for MAFLD treat-
ment. Regular physical exercise improves the liver
profile, and reduces inflammation and oxidative
stress, besides reducing some liver damage mark-
ers such as ALT and AST.15 In addition, physical
exercise has the characteristic of increasing daily
energy expenditure, favoring a negative energy
balance, consequently, it is, together with food,
one of the main tools for weight reduction, more
specifically, reduction of body fat.24

Physical exercise acts directly or indirectly in
the prevention of MAFLD. Some studies
have demonstrated the importance of lifestyle
changes in the development and progression of
MAFLD.17:9293 A gystematic review found a posi-
tive correlation between a sedentary lifestyle and
the prevalence of MAFLD.%

It has recently been shown that lifestyle changes
including exercise and a healthy diet induce
weight loss and are capable of reversing hepatic
steatosis and even MASH and fibrosis. On the
contrary, physical exercise is effective even in the
absence of diet or body weight loss in patients
with MAFLD.%

The latest guidelines from the American
Gastroenterological Association (AGA), EASL,
National Institute for Excellence in Health and
Care (NICE), Italian Association for the Study of
the Liver (AISF), and American Association for
the Study of Liver Diseases (AASLD) recognize
and encourages physical exercise as a fundamen-
tal part of treatment.>% In addition, the Asian
Pacific Association for the Study of the Liver
(APASL) published the first guidelines for
MAFLD, including its epidemiology, diagnosis,
screening, evaluation, and treatment.®’

Aerobic exercise and MAFLD

Recent studies have demonstrated that aerobic
exercise is beneficial for patients with MAFLD
reducing ALT, BMI, and intrahepatic lipids.®8
Although there is strong evidence of the beneficial
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effects of aerobic exercise for this population, a
review study published by Machado® suggests
that aerobic or resistance exercise have similar
effects on the management of MAFLD.

A recent systematic review published by Farzanegi
et al.15 highlighted some beneficial effects of exer-
cise training on MAFLD such as reduced levels of
ALT, AST, and alkaline phosphatase (ALP)
enzymes, hepatic adipose components, IR, body
weight, hepatic fat, obesity, hepatic steatosis,
hepatic apoptotic cells, in addition to increased
insulin sensitivity.

The main benefit of aerobic physical exercise is the
improvement of cardiorespiratory capacity, conse-
quently reducing cardiovascular risk.%® Some stud-
ies demonstrate the benefits of using moderate-
high-intensity protocols with a volume of at least
150minutes per week (40—45minutes sessions,
thrice per week) for 12weeks.10%:101 A limitation to
these moderate-intensity continuous aerobic exer-
cise protocols is time. Some studies show some
benefits of using high-intensity interval training
(HIIT) and verifying up to 27% reduction in stea-
tosis, in addition to being a prescription alterna-
tive.190 Another limitation of this type of exercise is
the cardiovascular condition of the patients, who
are often impaired. It is up to professionals to verify
the possibilities with each individual.

In MAFLD, the main physiological mechanisms
consequent of aerobic physical exercise includes
activation of adenosine monophosphate—acti-
vated protein kinase (AMPK) and reduction of
malonyl coenzyme-A (malonyl Coa), allowing the
increase in the action of carnitine acyl transferase
1 (CAT1), increasing the efficiency of transport
and oxidation of FA in mitochondria. The mech-
anisms underlying the reduction in intrahepatic
lipids resulting from aerobic physical exercise also
appear to reflect improvements in insulin sensitiv-
ity. High levels of circulating insulin increase the
expression of SREBP transcription factors, mainly
SREBP-1c in the liver, increasing intrahepatic
lipids and stimulating de novo lipogenesis.102-104

The lipogenesis is constantly elevated in MAFLD
patients, contributing to the accumulation of
intrahepatic lipids and a high concentration of cir-
culating TG, which exacerbate MAFLD by creat-
ing a vicious cycle in which the high concentration
of intrahepatic lipid prevents the action of hepatic

insulin, raising the concentration of portal insulin
which in turn increases intrahepatic lipids.105

Evidence suggests that the introduction of physi-
cal exercise (aerobic or resistance) breaks this
vicious cycle improving lipid oxidation and blood
glucose control due to the increase in the glucose
transporter GLUT-4 and insulin receptors in the
skeletal muscle, the expression and activity of the
glycogen synthase enzyme, and muscle and liver
glycogen stores.!9¢ Aerobic exercise suppresses
the general and specific pro-inflammatory state
associated with IR, improves cardiovascular risk,
and induces weight loss.107-109

Resistance exercise and MAFLD

A systematic review published by Hashida er al.?0
showed that resistance to physical exercise can
improve alterations caused by dyslipidemia, arte-
rial hypertension, and IR. In addition, it may be
more effective for some MAFLD patients, espe-
cially overweight patients and those who present
low cardiorespiratory fitness or who cannot, for
some reason, practice aerobic physical exercises,
proving to be a useful and effective tool in the
treatment. Resistance to physical exercise has
been shown to increase body fat oxidizing capac-
ity and decrease up to 13% of liver fat in
MAFLD‘IOO,IIO

Resistance to physical exercise can also contrib-
ute to weight management, both for the direct
caloric cost while practicing the exercisan by the
residual elevation of VO? post-exercise, besides
by the greater fat oxidation post-exercise, due to
the excessive oxygen consumption effect.110

Some authors demonstrated that resistance phys-
ical exercise was also able to reduce ALT and
AST liver injury markers. Several studies demon-
strated a reduction in steatosis independent of
weight 10ss.9%100 In another study, participants
trained for 8 weeks at a frequency of three non-
consecutive days per week. After this period, the
resistance physical exercise group also showed
improvement in intra and intergroup compari-
sons in body composition, a significant decrease
in body weight, and in serum levels of AST and
ALT. In addition, liver fat levels assessed by
ultrasound also decreased significantly compared
to the pre-training period while the control group
increased significantly.!1!
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Therefore, it appears that resistance to physical
exercise contributes to the improvement of
MAFLD by increasing the uptake of circulating
glucose and FA, reducing the impact of insulin-
stimulated hepatic lipogenesis.!12

During exercise, specifically during muscle fiber
contraction, the hormone irisin is released, lead-
ing to increased energy consumption related to
thermogenesis through mainly brown adipose tis-
sue. Furthermore, in obese individuals, it appears
at lower concentrations, and it appears that irisin
can influence lipid metabolism in liver cells.!!3

Lifestyle and weight loss

Several studies reinforce that lifestyle modifica-
tion, including physical activity and dietary habits
should be the first line for the management of
MAFLD.114-116 Recent studies emphasize that
lifestyle change with weight loss is the most estab-
lished therapy with a clear dose-response associa-
tion.!1%:118 About 9% of body weight loss has been
found to significantly improve MAFLD. A 10%
of body weight loss resulted in a 45% reduction in
liver fat content. Besides lifestyle change through
exercise and caloric controlled ingestion, psycho-
logical behavior modification with guidance from
health experts leads to improvements in MAFLD.2
The combination of an adequate diet and exercise
practice improves fibrosis and the fat liver by an
average of 40%. The intensity of the lifestyle
modification can determine the degree of hepatic
fat reduction, this way it is necessary a more active
lifestyle for a 5-10% decrease in body weight.
Randomized controlled trials showed that life-
style modification in MAFLD patients leads to
weight loss; improves MAFLD activity score (a
composite of steatosis, hepatocyte balloon, and
inflammation), and decreases hepatic TG con-
tent as determined by MRI scans.!9:24119 The
majority of studies also elucidate that lifestyle
change is accompanied by simultaneous improve-
ment in the CVD risk factors such as IR and
serum lipid levels.120:121

Study showed an interface between adipokines
and neuroendocrine regulation of energy balance
and MASH.122 Campos ez al.1?3 demonstrated the
importance of the study of interdisciplinary treat-
ment in MAFLD obese adolescents, which
observed in this study that at the beginning of
therapy important clinical parameters such as vis-
ceral fat, BMI, Homeostatic Model Assessment

for Insulin Resistance (HOMA-IR), Quantitative
Insulin sensitivity Check Index (QUICKI), TG,
VLDL-cholesterol and liver enzymes were more
altered in MASH patients, who improve after
treatment.

Lifestyle changes are also necessary for lean
MAFLD treatment. As with overweight and
obese patients, MD, physical activity including
aerobics and resistance exercise is effective in
reducing body weight, improving inflammation,
liver enzymes and intrahepatic fat.!2¢ Younossi
et al.'?> showed a lean MAFLD prevalence of 7%,
mainly in females. Lean patients with MAFLD
despite have less severe metabolic disturbance
than overweight MAFLD, display altered body
fat distribution and more IR.2 The weight loss for
lean MAFLD patients of 3% to 5% shows similar
histological benefits in steatosis and MASH as
overweight or obese MAFLD patients. 126

Gut microbiota and MAFLD

The GM is a dynamic and complex ecosystem,
which assists in the proliferation, growth, and dif-
ferentiation of epithelial cells to fight infections
and improve immunity. Despite its important
role in the synthesis of vitamin K, folate, short-
chain fatty acids (SCFA) and peroxides, GM acts
as a major environmental and etiological factor
for the progression of many metabolic and liver
diseases including MAFLD.127

Several pathogens, including viruses and intesti-
nal microorganisms, use the mucous membranes
as a gateway.!?® Liver viruses violate intestinal
permeability, leading to intestinal dysbiosis and
releasing pro-inflammatory cytokines, which are
key to the development of liver cirrhosis and
HCC. It is also observed that the use of probiotics
reduces the tolerogenic response and increases
the mucosal defense against viral pathogens.!2°
In most liver diseases, especially cirrhosis,
intestinal dysbiosis increases Proteobacteria,
Enterobacteriaceae, and Veillonellaceae, while
decreasing Bacteroidetes and Lachnospiraceae.'3°

Evidence shows that GM composition may be
related to different stages of liver disease. A study
by Boursier er al.l3! demonstrated that the
reduced amount of Bacteroides was independently
associated with MASH and the prevalence of
Ruminococcus was associated with moderate fibro-
sis stage. In addition, Zhang ez al.132 showed that
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Lean MAFLD
(Non-Asian BMI <25 kg/m?
or Asian BMI <23 kg/m?) (104)

Figure 2.

the composition and function of the intestinal
microbiota in patients with a higher degree of
liver fibrosis is significantly altered, mainly with
an increase in Prevotella, Phascolarctobacterium
succinatutens, Eubactertum biform, and Collinsella
aerofaciens bacteria in MAFLD patients.

Gut Microbiota in Lean MAFLD

Endogenous factors such as GM may contribute
to the development of MAFLD in both obese and
lean patients.!?>*> The GM alterated and its inter-
action with bile acids impair Farnesoid X recep-
tor (FXR)-mediated signaling in both the liver
and intestine and may be one of the factors
responsible for the development of lean
MAFLD.!?7 Bacteria of the phylum Firmicutes are
the main intestinal commensal microorganisms
that present a greater diversity of bacteria capable
of metabolizing bile acids;!3* however, when there
is intestinal dysbiosis process, this metabolization
is slowed down, which in turn can affect the
energy balance.!3%136

Recently, Chen ez al.13% evaluated the intestinal
microbial composition of lean and obese subjects
with  MAFLD and found no differencesin

obacteriu

Obese MAFLD
(BMI1>30kg/m?
or Asian BMI>25 kg/m?) (104)

The differences in microbiota composition between lean and obese patients with MAFLD.

bacterial phyla but observed differences in the
genera and order of Dbacteria such as
Erysipelotrichaceae UCG-003, Clostridiales
Ruminococcus, Clostridium sensu stricto, Romboutsia,
and Ruminococcaceae that were more abundant in
lean MAFLD patients than in obese MAFLD
patients. This bacterial population is associated
with lower metabolism of bile acids and greater
stimulation of the inflammatory process.!?” In
addition, Duarte ez al.13® found a significant dif-
ference in the abundance of Faecalibacterium,
Ruminococcus, Lactobacillus, and Bifidobacterium
in lean MASH patients when compared to obese
controls. Another aspect of the lean MAFLD
microbiota is the presence of Gram-negative bac-
teria that produce lipopolysaccharides (LLPSs)
which in the intestine activate nuclear factor kf
(NF-kB) and tumor necrosis factor-alpha (TNF-
a) production, increasing the exposure of the
liver to endotoxins, an important role in the pro-
gression of steatosis to MASH.!3%140 Figure 2
shows the differences in microbiota composition
between lean and obese patients with MAFLD.
In addition, the increase in intestinal permeability
caused by dysbiosis leads to bacterial transloca-
tion and the endotoxins produced by these bacte-
ria penetrate the portal vein and activate
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inflammatory cells of the Toll-like receptors
(TLRs) type in hepatocytes!¥! and decreases
FIAF secretion by increasing LPL activity and
hepatic TGs accumulation.142:143

Diet and nutritional supplementation may be an
important factor for GM modulation in lean
MAFLD patients.!3¢ Consumption of probiotics
is associated with reduced liver inflammation,
decreased concentrations of LPS and levels of
aminotransferases.137:144,145 Supplementation
with  Lactobacillus  curvarus HY7601 and
Lactobacillus plantarum KY1032 increases the
expression of genes involved in hepatic oxidation
of FAs!'% and consumption of Bifidobacterium
pseudocatenulatum improves glucose tolerance,
the inflammatory state and hepatic steatosis.!4?
The clinical trial by Mofidi ez al.1*® demonstrated
that patients with MAFLD supplemented with
probiotics have a reduction in total cholesterol,
liver enzymes, improvement in IR, and TNF-a.
In addition, the use of probiotics has also been
associated with a decrease in LDLs in animals
and humans with hypercholesterolemia.!49150

The use of prebiotics increases the number of
beneficial bacteria in the gut, in particular
Bifidobacteria and Lactobacillus, and inhibits bac-
terial activities harmful to the health of the host;!5!
in addition, prebiotics can induce an increase in
Eubacterium-type bacteria rectale, Roseburia, and
Ruminicoccus bromii that are important producers
of butyrate in the colon.!52:153 This metabolite is
related to the prevention of steatosis and improve-
ment of oxidative stress indices and liver inflam-
mation and improvement of intestinal integrity.

Conclusion

In conclusion, several evidence has shown that
changes in lifestyle should be the main basis for
the menagenement of MAFLD in lean and obese
patients; however, further randomized studies
involving diet, nutrient, nutritional supplementa-
tion, and lifestyle changes should be performed.

In the Table 1, we list the main therapeutic rec-
ommendations related to lifestyle changes and
dietary treatment in MAFLD.

Table 1. Therapeutic recommendations related to lifestyle changes and dietary treatment in MAFLD.

5-10% reduction in initial body weight for overweight/obese patients, increasing these targets when there

are higher levels of MASH and fibrosis

3-5% reduction in initial body weight for lean MAFLD patients (especially if their excess abdominal fat and

is present has been recent weight gain)
Visceral fat reduction (abdominal circumference)

Visceral fat reduction (abdominal circumference)

A healthy diet with calorie restriction (daily reduction of 0.5000-1.000 kcal) or total intake between

1.200-1.800 kcal/day adapted to patient preferences

Prioritize consumption of olive oil, nuts, and fish, reduction of saturated fat, and avoid trans fat intake

Avoid foods and drinks that contain added fructose

There is no evidence of the harmful effect of fruits in their natural form if consumed in a reasonable

amount (generally 1-3 servings/day)

The daily protein intake recommendation should be equal to or more than 1.2-1.5g/kg/day

The Mediterranean diet is the better dietary strategy to improve steatosis and insulin sensitivity and their
adherence should be advised. Partial adherence can be advantageous if it reduced saturated fat, and
fructose intake, avoid added refined sugar, and prioritizes homemade food and minimally processed foods

Consumption of coffee in moderate amounts is recommended for patients with MAFLD

The ®-3 PUFAs may be considered to treat hypertriglyceridemia in patients with MAFLD, however, are not
recommended for the specific treatment of MAFLD or MASH

[Continued)
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Table 1. (Continued)

Avoiding excessive alcohol consumption and smoking can be beneficial both in preventing the progression
of MAFLD and in reducing the risk of hepatocellular carcinoma

Moderate-intensity aerobic exercise (150-200 min/week of 3-5 sessions)
Resistance training (weight training) promotes musculoskeletal fitness and is also effective to improve
effects on metabolic risk factors. Moderate-intensity exercise is effective to promote 7-10% of total weight

loss and sustaining this loss over time

Stimulate fat loss and lean mass increase in lean MAFLD patients with diet and exercise

MAFLD, metabolic dysfunction-associated fatty liver disease; MASH, metabolic associated steatohepatitis; PUFA,

polyunsaturated fatty acids.
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