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Abstract

MASLD encompasses a broad spectrum of pathologies ranging from fat accumulation alone (isolated steatosis) to fat accu-
mulation with associated inflammation and liver cell damage (hepatocyte ballooning), collectively referred to as metabolic
dysfunction-associated steatohepatitis (MASH; formerly known as nonalcoholic steatohepatitis [NASH]), and increasing degrees
of fibrosis up to cirrhosis (FO-F4). Stages of worsening disease, from isolated steatosis to MASH with fibrosis or cirrhosis, are
associated with progressively higher risks of adverse clinical outcomes. The progression of steatosis to MASH, fibrosis, and
liver carcinoma is heterogeneous, occurring over several years or decades, and is influenced by both nonmodifiable factors
(such as age, sex, race/ethnicity, heredity) and modifiable factors (such as diet, lifestyle, and medications). Since MASLD is
the hepatic manifestation of metabolic syndrome, it is part of a complex multiorgan disease, with a bidirectional relationship,
including overlapping risk factors. Regarding the genetic factors of MASLD and cardiovascular disease, several associated
genetic variants have been reported, such as TM6SF2E16K and PNPLA3I148M. In MASLD, there are cardiometabolic risk
factors such as high blood pressure, type 2 diabetes, obesity, and dyslipidemia that influence its diagnosis, prevalence, and
prognosis. This chapter will discuss each of these factors.

Keywords: Obesity. High blood pressure. Type 2 diabetes. Metabolic dysfunction Associated Steatotic Liver Disease. MASLD.
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Comorbilidad metabodlica en la enfermedad hepatica esteatdsica asociada
a disfuncion metabdlica

Resumen

La MASLD incluye una amplia gama de patologias que van desde la acumulacién de grasa Unicamente (esteatosis aislada)
hasta la acumulacién de grasa con inflamacion asociada y dafio de las células hepaticas (balonizacion de los hepatocitos),
denominada colectivamente esteatohepatitis asociada a disfuncion metabdlica (MASH, antes conocida como esteatohepatitis
no alcoholica [NASH]), y grados crecientes de fibrosis hasta cirrosis (FO-F4). Las etapas de empeoramiento de la enfermedad,
desde la esteatosis aislada hasta la MASH con fibrosis o la cirrosis, se asocian con un riesgo progresivamente mayor de
resultados clinicos adversos. La progresion de la enfermedad de esteatosis a MASH, fibrosis y hepatocarcinoma es hetero-
génea y ocurre en varios afios o décadas, influenciada por algunos factores no modificables (la edad, el sexo, la raza/etnia
y la herencia) y otros modificables (la dieta, el estilo de vida, los farmacos). Siendo la MASLD la manifestacion hepética del
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sindrome metabdlico, esta es parte de una enfermedad compleja multiorgénica, con una relacion bidireccional que incluye la
superposicion de factores de riesgo. Respecto a los factores genéticos de MASLD y enfermedad cardiovascular, se han re-
portado diferentes variantes genéticas asociadas, como TM6SF2E16K y PNPLA3I148M. En la MASLD existen factores de
riesgo cardiometabdlico, como la hipertension arterial, la diabetes tipo 2, la obesidad y la dislipidemia, que influyen en su
diagndstico, prevalencia y pronéstico. En el presente articulo se desarrollaran todos ellos.

Palabras clave: Obesidad. Hipertension arterial. Diabetes tipo 2. Enfermedad hepética esteatdsica asociada a disfuncion

metabdlica. MASLD. Fibrosis hepatica.

Introduction

Hepatic steatosis represents excessive fat accumu-
lation in the liver, whose etiology includes metabolic
disease, alcohol-related, drug-induced, and crypto-
genic causes'.

Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD), formerly known as non-alcoholic fatty
liver disease (NAFLD), is the most common cause of
liver disease. MASLD is a disease that is increasing
worldwide; currently, approximately 38% of adult
patients with MASLD and 7-14% of children and ado-
lescents are reported, posing a significant public health
problem. By 2040, the prevalence of MASLD is pro-
jected to reach up to 55% in adults, accompanied by
increasing rates of obesity and diabetes'S.

Although MASLD does not always progress to chronic
liver disease, it is the leading indication for transplan-
tation in the United States of America, particularly in
women, and with hepatocarcinoma. Cardiovascular dis-
ease (CVD) is the leading cause of mortality in patients
with MASLD?.

MASLD encompasses a broad spectrum of patholo-
gies, ranging from fat accumulation alone (isolated ste-
atosis) to fat accumulation with associated inflammation
and liver cell damage (hepatocyte ballooning), collec-
tively referred to as metabolic dysfunction-associated
steatohepatitis (MASH), formerly known as nonalco-
holic steatohepatitis (NASH), and increasing degrees
of fibrosis (FO-F4) up to cirrhosis. The worsening stages
of the disease, from isolated steatosis to MASH with
fibrosis or cirrhosis, are associated with progressively
higher risks of adverse clinical outcomes*.

The progression of disease from steatosis to MASH,
fibrosis, and hepatocarcinoma is heterogeneous,
occurring over several years or decades, and is influ-
enced by both nonmodifiable factors (age, sex, race/
ethnicity, heredity) and modifiable factors (diet, lifestyle,
medications)®.

Since MASLD is the hepatic manifestation of meta-
bolic syndrome, it is part of a complex multiorgan dis-
ease with a bidirectional relationship that includes

overlapping risk factors. Regarding the genetic factors
of MASLD and CVD, several associated genetic vari-
ants have been reported, such as TM6SF2E16K and
PNPLA3I148M¢.

In the NHANES Ill (National Health and Nutrition
Survey) study from 2017 to 2020, a prevalence of 35.5%
was reported, and the main comorbidity was obesity at
89.1%, followed by prediabetes at 66.6%, hypertension
at 50.1%, hypertriglyceridemia at 51.3%, and low
high-density lipoprotein cholesterol levels at 54.7%;
65% presented three or more comorbid conditions’.

Diabetes

In diabetic patients, the prevalence of MASLD world-
wide is up to 65%, compared to 38% in the global
population?.

A bidirectional association has been observed
between type 2 diabetes and MASLD, which increases
the incidence of MASLD in diabetic patients by up to
two-fold?8,

An increase in the prevalence of MASLD in patients
with diabetes has been described, from 13% in 1990-
2004 to 68.8% in 2016-20212. The highest prevalences
were in Western Europe (80.6%) and the Middle East
(71.2%), and the lowest was in Africa (53.1%)°.

Clinical practice guidelines recommend screening by
measuring the 4-factor-based fibrosis index (FIB-4),
with the aim of detecting patients at high risk of devel-
oping fibrosis and liver-related complications in the
presence of cardiometabolic risk factors; if the score is
> 1.3, performing vibration-controlled transient elastog-
raphy is suggested32.

In higher-risk patients, such as diabetics, it has been
observed that the FIB-4 cutoff point of 1.3 allows clas-
sification of those with increased risk of hepatic com-
plications and mortality within 5 years, considering that
FIB-4 is a low-cost system with an acceptable negative
predictive value but moderate sensitivity and positive
predictive value. Even the 2025 American Diabetes
Association guidelines mention that patients with
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diabetes and FIB-4 between 1 and 1.3 may have
advanced fibrosis, especially if they have obesity and
other cardiometabolic factors®.

In patients with biopsy-diagnosed NASH/MASH, the
overall prevalence was 66.4%, of which 40.8% pre-
sented significant fibrosis and 15.5% advanced
fibrosis?.

In patients with MASLD, excess insulin resistance
(IR) of adipose tissue has been observed, associated
with a lipid profile enriched in saturated lipids, increased
macrophage activity, and greater severity of hepatic
fibrosis, increasing de novo lipid synthesis, which is
also favored by the metabolism of free fatty acids from
the diet; the increase in de novo lipid synthesis is also
observed in various metabolic diseases®.

Excessive lipid accumulation is not only due to
excess free fatty acids but also to inadequate oxidation
of these, but also due to mitochondrial dysfunction or
decreased metabolic flexibility (ability to adapt to fluc-
tuations in energy demand and supply to maintain body
homeostasis)®.

This bidirectional effect in patients with diabetes and
increased body mass index (BMI) is associated with
reduced metabolic flexibility, which increases free fatty
acid oxidation. In early stages of MASLD, there is a
decrease in lipolysis due to increased insulin, accom-
panied by an increase in fatty acid oxidation and mito-
chondrial activity, as well as an increase in biogenesis.
However, in late stages, mitochondrial respiration is
reduced due to DNA and protein abnormalities®.

This vicious circle between MASLD and tissue IR is
key in pathophysiology, as the metabolic consequences
of IR are hyperglycemia, dyslipidemia, and increased
visceral adiposity, as well as increased abdominal fat.
IR decreases glucose uptake, releases free fatty acids,
and suppresses the supply of non-esterified fatty acids
to the liver during the postprandial period, which wors-
ens fat infiltration in the liver, especially by toxic lipids
such as ceramides. This hepatic fat accumulation
causes oxidative stress, inducing endoplasmic reticu-
lum stress, altering mitochondrial activation, with lyso-
somal dysfunction, inflammasome activation, cytokine
release, and lipid peroxidation, causing liver damage
or death'®-"2,

On the other hand, changes in gene expression
related to MASLD and diabetes have been reported,
with lower expression of the FYN, HNRNPU, and
FUBP1 genes. Fyn kinase regulates intestinal epithelial
permeability, and when the intestinal barrier is compro-
mised, it allows the passage of more bacterial endotox-
ins, which increase hepatic inflammation and the

development of steatohepatitis. The HNRNPU protein
plays an important role in RNA binding, in the regula-
tion of transcription genes, chromatin organization, and
cellular response to DNA damage. This protein,
together with heterogeneous nuclear ribonucleopro-
teins (hnRNP), modulates the expression of genes
related to insulin regulation, oxidative stress, and renal
function, which are highly relevant in the context of
diabetes. Therefore, these proteins have a protective
effect in the development of diabetes-associated com-
plications, including hypertension and renal injury. In
hepatic tissue, changes in hnRNP expression have
been observed in patients with NAFLD.

Regarding the FUBP1 gene, which encodes the far
upstream element binding protein 1 (FUBP1), it regu-
lates the expression of the c-Myc oncogene, thus play-
ing an important role in various cellular processes,
including proliferation, apoptosis, and differentiation.
Additionally, this protein regulates the expression of
hexokinase genes (HK1 and HK2), which regulate gly-
colysis pathways, which are essential in glucose
metabolism. Dysfunction of these pathways is directly
associated with IR and alterations in glucose homeo-
stasis. Furthermore, regulation of the c-Myc oncogene
by FUBP1 protein is important in liver diseases, as it
promotes the development and survival of hepatic
tumor cells'.

Hypertension

It has been reported that up to 50% of patients with
NAFLD or MASLD present with systemic arterial hyper-
tension (SAH); additionally, patients with SAH and
NAFLD have higher pressure levels (up to 20%), SAH
is an independent factor for NAFLD, and patients with
NAFLD have a higher risk of SAH incidence”™.

In a Chinese cohort, it was observed that MASLD is
associated with higher blood pressure levels, and that
the effect of SAH on MASLD is lower.

In the NHANES IIl cohort, with a follow-up of
22.3 years, a mortality of 19.5 per 1000 person-years
was observed. In patients with MASLD, the main
comorbidity associated with mortality was SAH
(adjusted hazard ratio [aHR]: 1.42; 95% confidence
interval [95% CI]: 1.25-1.61), followed by (pre)diabetes
(@HR: 1.28; 95% CI: 1.09-1.49) and hypertriglyceri-
demia (@aHR: 1.19; 95% CI: 1.05-1.34). An important
finding was that in ages 20 to 40 years, SAH was a
greater risk factor (aHR: 1.96; 95% CI: 1.29-2.99), and
in ages 60 to 80 years, this comorbidity was the only
one associated with mortality (aHR: 1.29; 95% CI:
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1.09-1.52), with SAH being the main disease as an
independent predictor of mortality in all age groups’.

The mechanism by which MASLD is related to higher
blood pressure levels is not completely understood;
however, it has been proposed that MASLD, hepatocel-
lular lipotoxicity, and hepatocyte damage activate the
innate immune system, promoting the production of
proinflammatory factors such as interleukin-6, tumor
necrosis factor alpha, and CC chemokine ligand 2.
These proinflammatory factors accelerate chronic
inflammation, which activates the sympathetic nervous
system, and this can elevate blood pressure.
Additionally, the inflammatory process can also activate
the renin-angiotensin system, which plays a fundamen-
tal role in the development of hypertension'.

A close relationship has been observed between
type 2 diabetes, insulin levels, and IR in the possible
mechanism related to increased blood pressure and
MASLD, as hepatocyte damage increases IR, and this
is also associated with activation of the sympathetic
nervous system. Additionally, ectopic perivascular fat
deposits and endothelial dysfunction promote vaso-
constriction and elevated blood pressure, along with
sodium reabsorption and water retention promoted
by IR'.

Another possible mechanism is related to steatotic
hepatocytes that release extracellular vesicles and
increase endothelial inflammation and promote angio-
genesis through miR-1, reduce Kruppel-like factor 4,
and activate nuclear factor kappa B™.

Regarding genetic risk factors, variants associated
with MASLD have been described, such as TM6SF2
E16K and PNPLA3 [148M, which cause steatosis by
impeding hepatic production of triglyceride (TG)-rich
lipoproteins®.

Overweight and obesity

The two main predisposing factors for prediabetes
and diabetes are overweight or obesity and MASLD,
with the increase in visceral adipose tissue mass being
linked to these diseases®'®.

In a microphysiological study, it was observed that
increased adipocyte-hepatocyte ratio affected hepato-
cyte function, as well as induced macrophage-mediated
inflammation secondary to lipid accumulation in hepato-
cytes and an increase in IR, which is consistent with
observations in MASLD'S.

The expansion of adipose tissue related to obesity is
associated with the infiltration and activation of immune

cells, such as macrophages, leading to a state of
chronic, low-grade inflammation”.

Both adipose tissue expansion and inflammation play
important roles in the pathogenesis of type 2 diabetes
through various mechanisms, including the release of
cytokines that directly interfere with the insulin signaling
pathway'. IR appears to be the pathophysiological link
connecting obesity, type 2 diabetes, and MASLD?.

In the United States of America, up to 40% of young
adults (18 to 44 years old) present with IR; this is more
frequent in those with higher BMI, with hypertension or
hypercholesterolemia, and of Mexican-American origin?.

The role of insulin in the development of MASLD
could be related to the presence of single-nucleotide
polymorphisms (SNPs) in the patatin-like phospholi-
pase domain-containing protein 3 (PNPLA3), suggest-
ing that individuals with MASLD and the PNPLA3 SNP
are insulin-resistant and could experience more adverse
hepatic outcomes due to their greater susceptibility to
the effects of obesity and diabetes. Therefore, this pop-
ulation could need earlier and more aggressive treat-
ment than other groups of patients with MASLD?.

Additionally, in patients with obesity, a significant
increase in GDF-15 (growth differentiation factor-15), a
cytokine of the transforming growth factor beta family,
has been observed. This increase is controversial, as
GDF-15 is an appetite inhibitor that acts in the nucleus
of the solitary tract of the area postrema, yet it has been
observed that GDF-15 is increased in liver samples
from patients with MASLD, as well as in visceral and
subcutaneous tissue from patients with obesity.
Interestingly, the presence of type 2 diabetes in patients
with obesity further increases GDF-15 expression in
adipose tissue.

There is an association between human adipose tis-
sue macrophage dysfunction and the hepatic pheno-
type of MASLD, which proposes a new mechanism
whereby aberrant differentiation and function of macro-
phages in adipose tissue can cause an alteration in
vascular barrier integrity, potentially contributing to
greater inflammatory signaling between adipose tissue
and the liver in patients with MASH'®,

Impact of metabolic syndrome on MASLD

In the study by Pustjens et al.”, during the follow-up
period (median 22.3 years [16.9-24.2]), 1405 deaths
were recorded in the MASLD population, resulting in a
mortality rate of 19.5 per 1000 person-years. In multi-
variable analysis, hypertension, (pre)diabetes, hypertri-
glyceridemia, and BMI were significantly associated
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with all-cause mortality’. Higher mortality rates were
observed for each additional cardiometabolic disorder
(log-rank, p > 0.001) (Figure 1). Compared with the
lowest possible cardiometabolic burden of one disorder
in the MASLD population, starting from three car-
diometabolic disorders, a positive association with all-
cause mortality was observed. When all five
cardiometabolic criteria were met, the risk of all-cause
mortality was almost double that of meeting only one
criterion (@aHR: 1.92; 95% Cl: 1.47-2.51)’.

Cardiovascular disease

Fundamentally, MASLD independently increases the
risk of CVD, which is the leading cause of death in this
population®1°,

Shared pathways underlie the bidirectional relation-
ship between MASLD and CVD; the ectopic fat depo-
sition that occurs with the development of MASLD also
occurs in the epicardium. In combination with the sys-
temic inflammation present in MASLD, these factors
increase endothelial dysfunction and intramyocardial
inflammation, and accelerate atherogenesis, leading to
coronary disease, increased risk of diastolic dysfunc-
tion and left ventricular hypertrophy, cardiac valvular
calcification, arrhythmias (mainly permanent atrial fibril-
lation), and heart failure®®,

Patients with three simultaneous criteria for MASLD,
characterized by diabetes, obesity, and multiple meta-
bolic abnormalities, present markedly elevated levels of
low-density lipoprotein cholesterol, triglycerides, gly-
cated hemoglobin, and atherosclerotic cardiovascular
disease (ASCVD), along with advanced hepatic fibrosis
indices (FIB-4 and NAFLD fibrosis score [NFS]). These
findings are consistent with previous evidence position-
ing MASLD as a determinant factor of cardiovascular
morbidity, often eclipsing hepatic sequelae in this
population'®.

The European Association for the Study of the Liver
(EASL), the American Association for the Study of Liver
Diseases (AASLD), the European Society of Cardiology
(ESC), and the American Heart Association (AHA)
strongly recommend CVD risk assessment in all
patients with MASLD. To this end, several risk scoring
systems can be used. Two 10-year CVD risk assess-
ment scales, the Framingham Risk Score (FRS) and
the Atherosclerotic Cardiovascular Disease (ASCVD)
scale, are validated for use in patients with MASLD,
although in relatively small studies that included only
309 and 1262 individuals, respectively®.

Number of
cardiometabolic
disorders

—

Survival (%)
8
1
L
’
L

Log-rank p>0.001

0 T T T T T T
0 50 100 150 200 250 300
Months of follow-up

Figure 1. Survival analysis of patients with MASLD
stratified by the number of cardiometabolic disorders’.

The SCORE2 (Systematic Coronary Risk Evaluation 2)
and SCORE2-OP (older persons) models were updated
by the ESC in 2021 to estimate the 10-year risk of
first-onset CVD events in the European population with-
out a history of CVD or diabetes, dividing European
countries into four regional risk zones (low, moderate,
high, and very high risk)®.

Patients at high or very high risk of a CVD event in
the next 10 years should initiate multimodal treatments
that include lifestyle changes, optimization of glycemic
control, lipid-lowering drugs, antihypertensive treat-
ment, and smoking cessation. While statin monother-
apy or antihypertensive treatment should be considered
in low-risk patients, if appropriate, initially it is recom-
mended to focus on lifestyle intervention®.

Chronic kidney disease

Chronic, low-grade systemic inflammation, driven by
the liver, appears to contribute not only to CVD but also
to chronic kidney disease (CKD)?.

MASLD is significantly associated with a 1.45-fold
increase in long-term risk of incident CKD stage > 3,
with MASLD being an independent predictor for CKD?.

This risk has been observed to be independent of
age, sex, obesity, hypertension, type 2 diabetes, and
other traditional renal risk factors. Additionally, the risk
of CKD increases further with more advanced liver dis-
ease, especially with the severity of hepatic fibrosis®.

CKD is a multisystemic disease that shares numer-
ous cardiometabolic risk factors with MASLD, making
it difficult to analyze the causal relationships between
both conditions, so it is likely that a complex combina-
tion of metabolic and hemodynamic changes, lipid
nephrotoxicity, and genetic predisposition drives the
development of CKD in people with MASLD?.
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Other comorbidities

Younossi et al.? found in their review that MASLD is
associated with de novo development of diabetes, CKD,
sarcopenia, and extrahepatic cancers, as well as heart
failure, atrial fibrillation, and some extrahepatic cancers,
with decreased quality of life, lower work productivity,
fatigue, and increased use of healthcare and health
resources, becoming a substantial economic burden?3.

Conclusion

The prevalence of MASLD is increasing along with
comorbidities such as obesity and type 2 diabetes, which
have a bidirectional effect on the development, severity,
and progression of diseases. Since MASLD is a systemic
disorder with significant impacts on cardiovascular
health, skeletal muscle function, and renal integrity, the
approach should be multidisciplinary and personalized,
prioritizing early detection and accurate risk assess-
ment to mitigate the progression of comorbidity.
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