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Abstract

Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most prevalent liver pathology worldwide, affecting 
more than one-third of the general population. Its pathophysiology is complex and multifactorial, involving metabolic, immuno-
logical, genetic, and environmental alterations that interact synergistically to determine the patient’s phenotype. This review 
provides an in-depth analysis of the main mechanisms involved in the development and progression of MASLD, including 
energy excess and de novo lipogenesis, insulin resistance, lipid metabolism disturbances, oxidative stress and mitochondrial 
dysfunction, inflammation mediated by the inflammasome, genetic factors, and intestinal dysbiosis with increased gut perme-
ability. These alterations converge in hepatic microcirculatory dysfunction, which promotes hepatic stellate cell activation and 
progression toward fibrosis, advanced chronic liver disease, and hepatocellular carcinoma. Moreover, MASLD is associated 
with a significant increase in cardiovascular, metabolic, and neoplastic risk, reinforcing its multisystemic nature and the need 
for a comprehensive clinical approach. In this context, personalized medicine emerges as a key tool for risk stratification and 
therapeutic optimization, using biomarkers, genetic profiling, and microbiome analysis. A detailed understanding of the patho-
physiological mechanisms of MASLD is essential for the development of effective preventive and therapeutic strategies, and 
for improving the prognosis of patients affected by this silent yet clinically, economically, and socially impactful disease.
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Fisiopatología de la enfermedad hepática asociada a disfunción metabólica

Resumen

La enfermedad hepática asociada a disfunción metabólica (MASLD, Metabolic dysfunction Associated Steatotic Liver Disease) 
constituye la patología hepática de mayor prevalencia en todo el mundo, afectando a más de un tercio de la población gene-
ral. Su fisiopatología es compleja y multifactorial, pues involucra alteraciones metabólicas, inmunitarias, genéticas y ambien-
tales que interactúan de manera sinérgica para determinar el fenotipo del paciente. Este trabajo revisa en profundidad los 
principales mecanismos implicados en el desarrollo y la progresión de la MASLD, incluyendo el exceso de energía y la lipo-
génesis de novo, la resistencia a la insulina, las alteraciones en el metabolismo lipídico, el estrés oxidativo y la disfunción 
mitocondrial, la inflamación mediada por el inflamasoma, los factores genéticos y la disbiosis intestinal con aumento de la 
permeabilidad intestinal. Estas alteraciones convergen en una disfunción microcirculatoria hepática que favorece la activación 
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Introduction

Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) has consolidated as the main cause of 
chronic liver disease globally, with an estimated prev-
alence of around 30-40% of the adult population and 
an increasing trend in recent decades1. In 2023, an 
international multidisciplinary consensus proposed a 
nomenclature change from NAFLD/NASH (non-alco-
holic fatty liver disease/non-alcoholic steatohepatitis) to 
MASLD/MASH (metabolic dysfunction-associated ste-
atotic liver disease/metabolic dysfunction-associated 
steatohepatitis), framing it under the umbrella of SLD 
(steatotic liver disease). MASLD was defined by the 
presence of steatosis (≥ 5% of hepatocytes by imaging 
or histology) along with one or more cardiometabolic 
risk factors and absence of significant alcohol intake2. 
This update, already incorporated in the 2024 clinical 
guideline of the European Association for the Study of 
the Liver (EASL), the European Association for the 
Study of Diabetes (EASD), and the European 
Association for the Study of Obesity (EASO)3, rein-
forces the emphasis on metabolic dysfunction as the 
pathogenic axis and standardizes the criteria for its 
screening, risk stratification, and management.

The etiology of MASLD is heterogeneous and con-
verges in the interaction of lifestyle factors (hyperca-
loric diet, sedentary lifestyle), obesity, and metabolic 
syndrome, with relevant contributions from genetic and 
epigenetic factors, and intestinal dysbiosis4-10. In addi-
tion, exposure to environmental pollutants has been 
increasingly linked to the development of steatosis and 
disease progression, underscoring its multifactorial 
nature11-13. Therefore, MASLD is recognized today as a 
multisystemic disease that transcends the liver.

From a pathophysiological standpoint, the evolution 
of MASLD is best explained by the “multiple parallel 
hits” hypothesis, which replaces the old “two-hit” 
model14. It converges, synchronously, insulin resistance, 
lipotoxicity, and dysfunction of the gut-pancreas-liver 
axis, generating a hepatic microenvironment prone to 

chronic low-grade inflammation and fibrosis. Insulin 
resistance (hepatic and systemic) drives de novo lipo-
genesis, increased flux of free fatty acids to the liver, 
and accumulation of lipotoxic species (ceramides, dia-
cylglycerols), with compensatory hyperinsulinemia and 
inter-organ crosstalk (adipose tissue, muscle, pancreas) 
that perpetuates the metabolic vicious cycle15,16.

Oxidative stress and mitochondrial dysfunction con-
stitute central nodes of progression: substrate excess 
and lipid overload alter mitochondrial function, favor 
lipid peroxidation, endoplasmic reticulum stress, and 
generation of reactive oxygen species (ROS), with 
hepatocellular damage and increased profibrotic sig-
naling pathways17-19. Such processes are amplified by 
damage-associated molecular pattern (DAMP) and 
pathogen-associated molecular pattern (PAMP) sig-
nals, and by metabolites derived from the intestinal 
microbiota (lipopolysaccharides, endogenous ethanol, 
and short-chain fatty acids), which, when crossing a 
more permeable intestinal barrier, activate innate and 
adaptive pathways in the liver10,20,21. All this contributes 
to the transition toward steatohepatitis (MASH), defined 
histologically by steatosis with ballooning, lobular 
inflammation, and fibrosis (Fig. 1).

The persistence of metabolic-inflammatory injury 
precipitates hepatocyte death (through various path-
ways, including apoptosis, necrosis, and ferroptosis), 
sinusoidal endothelial cell dysfunction, and recruitment 
of the immune compartment (macrophages/Kupffer 
cells, monocytes, lymphocytes), generating a proin-
flammatory microenvironment, marked by the release 
of proinflammatory cytokines (tumor necrosis factor 
alpha [TNFα], interleukin [IL] 1β, transforming growth 
factor beta [TGFβ], among others) that will activate 
hepatic stellate cells22,23. These cells undergo a myo-
fibroblastic phenotypic transition, with proliferative, 
contractile, and migratory properties, and secrete 
excessive extracellular matrix, driving fibrogenesis24,25. 
In the “omics” era, at the single-cell level, subpopula-
tions of activated hepatic stellate cells with distinct 
fibrogenic and proinflammatory signatures have been 

de las células hepáticas estrelladas y la progresión hacia fibrosis, enfermedad hepática crónica avanzada y carcinoma hepa-
tocelular. Además, esta enfermedad se asocia con un incremento significativo del riesgo cardiovascular, metabólico y neoplá-
sico, lo que refuerza su carácter multisistémico y la necesidad de un abordaje clínico integral. En este contexto, la medicina 
personalizada emerge como una herramienta clave para la estratificación del riesgo y la optimización terapéutica, mediante 
el uso de biomarcadores, perfiles genéticos y análisis del microbioma. La comprensión detallada de los mecanismos fisiopa-
tológicos de la MASLD es esencial para el desarrollo de estrategias preventivas y terapéuticas eficaces, y para mejorar el 
pronóstico de los pacientes afectados por esta enfermedad silenciosa, pero de gran impacto clínico, económico y social.

Palabras clave: Esteatosis. Células hepáticas. Mecanismos de enfermedad.
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described, revealing the functional heterogeneity of this 
cell type and potentially facilitating the development of 
specific therapeutic targets26,27.

Clinically, the degree of fibrosis is the main predictor 
of hepatic and extrahepatic events and mortality, above 
other histological features, which would justify non-in-
vasive fibrosis stratification strategies and prioritization 
of antifibrotic objectives28-30. Fibrosis can progress to 
cirrhosis, with architectural distortion and regenerative 
nodules that would compromise hepatic function, and 
in a fraction of patients, can progress to hepatocellular 
carcinoma (HCC). It should be noted that the MASLD-
MASH-cirrhosis-HCC continuum is not always linear: a 
non-negligible proportion of HCC in MASLD occurs in 
patients without established cirrhosis, although with 
advanced fibrosis in many cases, which would compli-
cate screening and early detection31.

Beyond the liver, MASLD significantly increases car-
diovascular risk, being the main cause of death in these 
patients, and is associated with higher all-cause 
mortality, as well as an increase in extrahepatic 
neoplasms and cardiometabolic comorbidity32,33. This 
systemic risk profile reinforces the need for integrated 
management strategies with other clinical specialties, 
focused on lifestyle change, control of risk factors, and, 
when appropriate, specific therapies, in line with cur-
rent guidelines.

Overall, MASLD is a complex and multifactorial dis-
order in which dysregulated lipogenesis and lipid 
metabolism, insulin resistance, oxidative and endoplas-
mic reticulum stress, immune-mediated inflammation, 
genetic/epigenetic susceptibility, and intestinal dysbio-
sis converge. The following sections of this review will 
address in depth the main mechanistic axes with the 

Figure 1. Pathophysiology of liver disease associated with metabolic dysfunction. This figure shows the complex 
mechanisms that lead to progression from metabolic dysfunction-associated steatotic liver disease (MASLD) to 
metabolic dysfunction-associated steatohepatitis (MASH), and beyond. Among the main contributing factors are 
dyslipidemia, endothelial dysfunction, and chronic inflammation, which lead to the accumulation of lipids in the 
hepatocyte. In more advanced stages, mitochondrial dysfunction plays a key role in the progression of the disease. 
Additionally, the figure highlights the role of dysregulation of the intestine-liver axis and inflammation of adipose 
tissue in disease progression. Furthermore, fibrogenesis – driven by the activation of hepatic stellate cells and the 
deposition of extracellular matrix – is shown as a distinctive hallmark of the transition to more advanced liver 
disease. This multifactorial process culminates in liver injury, inflammation, and fibrosis characteristic of MASH. 
ACLD: advanced chronic liver disease; DNL: de novo lipogenesis; LSEC: liver sinusoidal endothelial cell; HSC: hepatic 
stellate cell; P/D AMPS: pathogen/danger-associated molecular patterns; ROS: reactive oxygen species.
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objective of integrating basic, translational, and clinical 
evidence that supports the pathophysiology and pro-
gression of the disease.

Most relevant pathophysiological aspects 
of MASLD

Energy excess and de novo lipogenesis

Energy excess, especially derived from the consump-
tion of hypercaloric diets rich in simple sugars (such as 
fructose) and saturated fats, constitutes one of the main 
triggering factors of MASLD. When energy intake 
exceeds the metabolic needs of the organism, the liver 
acts as a storage organ, accumulating triglycerides in 
hepatocytes. This process is exacerbated by the acti-
vation of de novo lipogenesis, a metabolic pathway that 
converts carbohydrates into fatty acids.

De novo lipogenesis is regulated by transcription fac-
tors, such as SREBP-1c (sterol regulatory element-bind-
ing protein 1c) and ChREBP (carbohydrate response 
element-binding protein), which are activated in 
response to the presence of elevated levels of insulin 
and glucose. These factors induce the expression of 
key enzymes, such as acetyl coenzyme A carboxylase 
and fatty acid synthase, responsible for fatty acid syn-
thesis. These fatty acids are subsequently esterified 
with glycerol to form triglycerides, which accumulate in 
the cytoplasm of hepatocytes34-36.

In addition, energy excess inhibits fatty acid oxidation 
and the secretion of triglyceride-rich lipoproteins (VLDL, 
very low density lipoproteins), further contributing to 
intrahepatic lipid accumulation37,38. This lipid overload 
not only generates hepatic steatosis but also induces 
lipotoxicity, a phenomenon in which certain lipids, such 
as ceramides and diacylglycerols, alter cellular function 
and generate oxidative stress, inflammation, and apop-
tosis39. Therefore, this imbalance between intake and 
energy expenditure and the liver’s capacity to handle 
lipids represents the first step in the pathogenic cascade 
of MASLD, setting the stage for progression toward more 
severe forms, such as MASH and hepatic fibrosis.

Insulin resistance

Insulin resistance is one of the most relevant patho-
physiological pillars in the development of MASLD. 
Under normal conditions, insulin regulates energy 
metabolism by promoting glucose uptake in peripheral 
tissues, inhibiting lipolysis in adipose tissue, and favor-
ing glycogen synthesis in the liver. However, in situa-
tions of insulin resistance, frequently associated with 

visceral obesity, sedentary lifestyle, and hypercaloric 
diet, these functions are compromised.

In adipose tissue, insulin resistance causes uncon-
trolled activation of lipolysis, which generates an 
increase in the release of free fatty acids into the portal 
circulation40. These free fatty acids are taken up by the 
liver, where they are re-esterified into triglycerides, con-
tributing to hepatic steatosis. In addition, free fatty acids 
can activate proinflammatory signaling pathways, such 
as that of nuclear factor kappa B and JNK (Jun-N-
terminal kinase), which interfere with the insulin signal-
ing pathway, perpetuating the state of resistance41,42.

In the liver, insulin resistance alters the balance 
between gluconeogenesis and lipogenesis43,44. Although 
insulin loses its capacity to inhibit hepatic glucose pro-
duction, it maintains its lipogenic effect, resulting in a 
metabolic paradox, since glucose production increases 
while lipids accumulate. This situation favors metabolic 
dysfunction and the development of lipotoxicity.

At the molecular level, a decrease in the phosphor-
ylation of the insulin receptor and key proteins such as 
IRS-1 and Akt has been described, which compromises 
signal transduction45-47. In addition, chronic low-grade 
inflammation, mediated by cytokines such as TNF-α 
and IL-6, contributes to its inhibition48. Overall, insulin 
resistance not only promotes hepatic fat accumulation 
but also establishes a proinflammatory and prooxida-
tive environment that facilitates progression toward 
MASH.

Lipid metabolism disturbances

Lipid metabolism in the liver is a dynamic process 
that involves the uptake, synthesis, oxidation, and 
export of fatty acids. In the context of MASLD, this bal-
ance is profoundly altered, favoring lipid accumulation 
in hepatocytes and contributing to the onset and pro-
gression of the disease.

Under physiological conditions, the liver takes up 
fatty acids from the diet, from adipose tissue lipolysis, 
and from de novo lipogenesis49. These fatty acids can 
be oxidized in the mitochondria, peroxisomes, or endo-
plasmic reticulum, or be esterified to form triglycerides 
that are stored or exported as VLDL50.

In MASLD, this process becomes unbalanced by sev-
eral mechanisms. First, fatty acid uptake increases due 
to insulin resistance and increased peripheral lipolysis, 
which elevates the lipid load in the liver49. Second, fatty 
acid oxidation is compromised by mitochondrial dys-
function, which reduces the capacity to eliminate 
excess lipids by the hepatocyte51. Finally, triglyceride 
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export as VLDL becomes insufficient, either due to 
defects in apolipoprotein synthesis or secretion system 
overload52,53.

Overall, this imbalance favors the accumulation of 
toxic lipids, such as ceramides, diacylglycerols, and free 
cholesterol, inducing lipotoxicity. These lipids alter var-
ious cellular signaling pathways, induce oxidative stress 
and inflammation, and promote hepatocyte apoptosis. 
In addition, the accumulation of free cholesterol in cell 
membranes can destabilize organelles, especially mito-
chondria and the endoplasmic reticulum. Therefore, the 
alteration of lipid metabolism not only contributes to 
hepatic steatosis but also acts as a driver of progression 
toward advanced stages of the disease.

Oxidative stress and mitochondrial 
dysfunction

As previously mentioned, oxidative stress and mito-
chondrial dysfunction are key elements in the progres-
sion of MASLD from simple steatosis to MASH and 
hepatic fibrosis. Excessive accumulation of lipids in 
hepatocytes, especially free fatty acids and cholesterol, 
overloads the mitochondria, which are responsible for 
the β-oxidation of fatty acids. This overload generates 
an increase in ROS production, exceeding cellular anti-
oxidant capacity54-57.

ROS, such as hydrogen peroxide (H2O2), superoxide 
anion (O2⁻), and hydroxyl radicals (OH·), can damage 
lipids, proteins, and nucleic acids, altering the integrity 
of cellular and organellar membranes58. In the liver, this 
damage translates into lipid peroxidation, endoplasmic 
reticulum dysfunction, activation of inflammatory path-
ways, and cell death by apoptosis or necrosis59.

Mitochondrial dysfunction also involves an alteration in 
mitochondrial dynamics (fusion and fission), loss of mem-
brane potential, decreased oxidative phosphorylation, and 
release of cytochrome c, which activates the apoptotic 
cascade. In addition, damaged mitochondria release dan-
ger signals, such as DAMPs, which activate the innate 
immune system, including the NLRP3 inflammasome60.

Another relevant aspect is the decreased activity of 
antioxidant enzymes, such as superoxide dismutase, 
catalase, and glutathione peroxidase, which aggravates 
the redox imbalance61. Oxidative stress can also inter-
fere with the function of nuclear receptors, among them 
PPAR-α (peroxisome proliferator-activated receptor 
alpha) and FXR (farnesoid x receptor), which regulate 
lipid metabolism and inflammation62.

Therefore, oxidative stress and mitochondrial dys-
function not only contribute to direct hepatocellular 

damage, but also amplify the inflammatory and fibro-
genic response, and are central elements in the tran-
sition from MASLD toward more severe stages.

Inflammation and inflammasome 
activation

Inflammation is a central component in the progres-
sion of MASLD, as the liver becomes an immunologi-
cally active organ, where multiple signals of cellular and 
metabolic damage trigger both innate and adaptive 
inflammatory responses. One of the most relevant 
mechanisms is inflammasome activation, especially the 
NLRP3 complex, which acts as a sensor of cellular 
stress63-65.

The NLRP3 inflammasome is activated in response 
to danger signals (DAMPs and PAMPs), such as bac-
terial endotoxins, cholesterol crystals, saturated fatty 
acids, and extracellular adenosine triphosphate. Its 
activation leads to caspase-1 activation, which in turn 
processes the proforms of IL-1β and IL-18 into their 
active forms. These cytokines are potent inflammatory 
mediators that amplify hepatic necroinflammation, 
favoring the recruitment of immune cells such as neu-
trophils, monocytes, and lymphocytes63,64,66,67.

In addition, inflammation in MASLD is modulated by 
the polarization of hepatic macrophages (also known 
as Kupffer cells) toward a proinflammatory phenotype 
(M1), which secretes TNF-α, IL-6, and other cytokines 
that interfere with insulin signaling and promote hepa-
tocellular damage68,69. This chronic low-grade inflam-
mation also affects sinusoidal endothelial cells and 
hepatic stellate cells, facilitating their activation and 
contributing to fibrogenesis70.

Inflammasome activation, in addition to having local 
implications in the liver, can also generate systemic 
effects, such as insulin resistance, endothelial dysfunc-
tion, and alterations in other organs71,72, so that the 
combination of inflammation and inflammasome activa-
tion represents a bridge between altered metabolism 
and the immune response, being fundamental mecha-
nisms in the progression of MASLD.

Genetic factors

Genetic factors play a fundamental role in individual 
susceptibility to the development and progression of 
disease73. Although environmental and metabolic fac-
tors are key determinants, genetic variability explains 
why some individuals develop severe forms of disease 
even in the absence of metabolic risk factors, while 
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others present mild steatosis without disease progres-
sion despite having multiple risk factors.

Among the most studied genes is PNPLA3 (pata-
tin-like phospholipase domain-containing protein 3), 
whose polymorphism rs738409 (I148M) is strongly 
associated with hepatic fat accumulation, inflammation, 
and fibrosis, as well as an increased risk of developing 
cirrhosis and HCC. This mutant allele reduces the 
lipase activity of the protein, favoring triglyceride reten-
tion in hepatocytes. Its effect is independent of insulin 
resistance, making it a robust genetic risk marker74,75.

Another relevant gene is TM6SF2 (transmembrane 6 
superfamily member 2), whose polymorphism rs58542926 
(E167K) is associated with a decrease in VLDL secre-
tion, which favors the accumulation of intrahepatic lip-
ids76. However, although this gene appears to protect 
against cardiovascular diseases by reducing plasma 
lipid levels, it has been shown to increase the risk of 
hepatic fibrosis77.

The gene MBOAT7 (membrane-bound o-acyltrans-
ferase domain-containing 7) has also been implicated 
in the regulation of phospholipid metabolism. Its variant 
rs641738 is associated with inflammation and fibrosis, 
possibly by altering the composition of cell membranes 
and intracellular signaling78.

More recently, the gene HSD17B13, variant rs72613567, 
has been identified; its loss of function appears to have 
a protective effect in progression toward MASH and fibro-
sis79-81. This finding has opened new therapeutic avenues 
based on genetic modulation.

Genetic factors not only modulate the clinical and 
phenotypic expression of MASLD, but also offer oppor-
tunities for personalized medicine, allowing identifica-
tion of high-risk individuals and development of targeted 
therapeutic strategies.

Dysbiosis and intestinal permeability

The gut-liver axis plays a crucial role in the patho-
physiology of liver diseases, specifically MASLD, and 
its alteration by intestinal dysbiosis and increased intes-
tinal barrier permeability contributes significantly to pro-
gression82. The intestine harbors a diverse microbial 
community that participates in digestion, nutrient 
metabolism, immune modulation, and epithelial barrier 
protection83. In MASLD, this microbiota is altered both 
in its composition and function, a phenomenon known 
as dysbiosis.

Intestinal dysbiosis is characterized by a decrease in 
beneficial bacteria (such as Faecalibacterium prausnit-
zii and Akkermansia muciniphila) and an increase in 

proinflammatory species (such as Enterobacteriaceae 
and Proteobacteria)84,85. This alteration favors the pro-
duction of harmful metabolites, such as endogenous 
ethanol, and the imbalance in the proportion of short-
chain fatty acids, ammonia, and lipopolysaccharides, 
which can cross the intestinal barrier when it is com-
promised, a phenomenon known as leaky gut86.

Increased intestinal permeability allows the passage 
of endotoxins and other bacterial products into the por-
tal circulation, reaching the liver and activating recep-
tors such as TLR4 (toll-like receptor 4) in Kupffer cells 
and hepatocytes. This activation triggers inflammatory 
responses, cytokine production, and inflammasome 
activation, contributing to hepatic necroinflammation 
and progression toward MASH87.

In addition, dysbiosis can influence bile acid metab-
olism, altering the signaling of receptors such as FXR 
and TGR5 (Takeda G protein-coupled receptor 5), 
which regulate energy homeostasis, inflammation, and 
insulin sensitivity88. It has also been observed that cer-
tain microbial profiles can modulate the expression of 
hepatic genes related to lipogenesis and fibrosis, high-
lighting the crucial role of intestinal dysbiosis in disease 
progression89.

Hepatic microcirculatory dysfunction and 
fibrosis

Hepatic microcirculatory dysfunction represents a 
direct consequence of the interaction of the pathophys-
iological mechanisms described in MASLD. The liver 
possesses a unique vascular architecture, composed of 
sinusoids that allow efficient exchange of nutrients, 
metabolites, and immune cells between portal blood 
and hepatocytes. In MASLD, this microcirculation is 
progressively altered, contributing to the functional dete-
rioration of the organ and the development of fibrosis.

Lipid accumulation in hepatocytes, oxidative stress, 
and chronic inflammation induce endothelial damage in 
sinusoidal endothelial cells. These cells lose their spe-
cialized phenotype, characterized by fenestrations and 
low expression of adhesion molecules, and adopt a 
proinflammatory, vasoconstrictive, and procoagulant 
state90. This transformation increases hepatic vascular 
tone and reduces exchange between blood and hepato-
cytes, promoting local hypoxia and metabolic dysfunc-
tion. In turn, hypoxia activates factors, such as HIF-1α 
(hypoxia-inducible factor 1-alpha), which promote patho-
logical angiogenesis and hepatic stellate cell activation. 
These cells, in response to inflammatory cytokines 
(TGF-β, platelet-derived growth factor, IL-1β), differentiate 
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into myofibroblasts, acquiring contractile, migratory, and 
secretory properties. The result is excessive production 
of extracellular matrix components (collagen type  I and 
III, fibronectin), which are deposited in the space of 
Disse, further altering microcirculation91,92.

Hepatic fibrosis is characterized by an imbalance 
between the synthesis and degradation of extracellular 
matrix, due to the inhibition of metalloproteinases and 
activation of their inhibitors93. This process distorts 
hepatic architecture, compromises portal blood flow, 
and can evolve toward cirrhosis, with regenerative nod-
ule formation and loss of hepatic function. Fibrosis, 
combined with the increase in vascular tone derived 
from sinusoidal endothelial cell dedifferentiation and 
hepatic stellate cell activation, leads to an increase in 
intrahepatic vascular resistance, a primary factor in the 
development of portal hypertension94.

Conclusions

MASLD represents a clinical and scientific challenge 
of growing relevance, given its high global prevalence 
and its multisystemic character. Throughout this review, 
its dynamic and multifactorial character has been ana-
lyzed, being the result of a complex interaction of 
genetic, environmental, metabolic, and cellular factors 
that converge in a cascade of pathological events.

Moreover, the pathophysiological progression of 
MASLD from hepatic steatosis to advanced fibrosis has 
significant clinical implications that affect not only the 
liver but also the general state of the patient, whose 
clinical consequences derive from the interaction of 
metabolic, inflammatory, genetic, immunological, and 
microcirculatory alterations95.

Systemically, it is associated with a significantly 
increased risk of cardiovascular disease, which rep-
resents the leading cause of death in these patients. 
Insulin resistance, dyslipidemia, chronic inflammation, 
and endothelial dysfunction contribute to the develop-
ment of atherosclerosis, hypertension, and major car-
diovascular events96-99. Furthermore, a higher incidence 
of type  2 diabetes mellitus, metabolic syndrome, and 
certain types of extrahepatic cancers, such as colorec-
tal and breast cancer, has been observed100-103. 
Intestinal dysbiosis and systemic inflammation may 
also affect renal function, the central nervous system, 
and overall immune status82,104,105.

In the liver, fat accumulation and progressive cellular 
damage can evolve toward MASH, characterized by 
necroinflammation, hepatocellular ballooning, and 
hepatic stellate cell activation25,106. This stage can lead 

toward the development of fibrosis, which can advance 
toward hepatic cirrhosis, with distortion of hepatic archi-
tecture, portal hypertension, hepatic insufficiency, and 
HCC risk92,107. It is important to highlight that this pro-
gression is not always linear, and some patients can 
develop HCC in the absence of cirrhosis, that is, in 
early stages of advanced chronic liver disease.

Moreover, this pathology is associated with a signif-
icant increase in cardiovascular, metabolic, and neo-
plastic risk, which reinforces the need for comprehensive 
diagnostic and therapeutic approaches. The identifica-
tion of specific biomarkers, the study of genetic vari-
ants, and the analysis of the intestinal microbiome open 
new avenues for personalized medicine and prevention 
of complications. In this complex scenario, personal-
ized medicine emerges as a promising strategy to 
improve the clinical management of the disease. The 
identification of genetic variants associated with greater 
susceptibility, together with the phenotypic analysis of 
the patient, allows a more precise risk stratification and 
a more rational selection of therapeutic interventions. 
In addition, the development of non-invasive biomark-
ers and molecular diagnostic tools will facilitate dynamic 
disease monitoring and evaluation of treatment 
response. Overall, personalized medicine not only opti-
mizes clinical efficacy, but also reduces the risk of 
adverse effects and improves patients’ quality of life, 
positioning itself as a fundamental pillar in the future of 
MASLD treatment108.

Finally, from the clinical point of view, these conse-
quences require a multidisciplinary approach in the 
management of the patient with MASLD, which will 
include hepatology, endocrinology, cardiology, and 
nutrition. Early identification of at-risk patients, the use 
of non-invasive biomarkers, and the implementation of 
personalized therapeutic strategies are essential to pre-
vent complications and improve prognosis, reducing 
their impact on the economic burden of public health 
systems.
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