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Abstract

The coronavirus disease 2019 (COVID-19) outbreak has drawn the scientific
community's attention to pre-existing metabolic conditions that could aggravate
the infection, causing extended viral shedding, prolonged hospitalization, and
high death rates. Metabolic dysfunction-associated fatty liver disease (MAFLD)
emerges as a surrogate for COVID-19 severity due to the constellation of
metabolic alterations it entails. This review outlines the impact MAFLD exerts on
COVID-19 severity in obese subjects, besides the possible mechanistic links to the
poor outcomes. The data collected showed that MAFLD patients had poorer
COVID-19 outcomes than non-MAFLD obese subjects. MAFLD is generally
accompanied by impaired glycemic control and systemic arterial hypertension,
both of which can decompensate during the COVID-19 clinical course. Also,
MAFLD subjects had higher plasma inflammatory marker concentrations than
non-MAFLD subjects, which might be related to an intensified cytokine storm
syndrome frequently associated with the need for mechanical ventilation and
death. In conclusion, MAFLD represents a higher risk than obesity for COVID-19
severity, resulting in poor outcomes and even progression to non-alcoholic
steatohepatitis. Hepatologists should include MAFLD subjects in the high-risk
group, intensify preventive measurements, and prioritize their vaccination.

Key Words: Metabolic dysfunction-associated fatty liver disease; Obesity; COVID-19;
Severity; Cytokine storm syndrome
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Core Tip: It is notorious that obesity represents a risk for coronavirus disease 2019
(COVID-19) severity. However, COVID-19 often causes liver alterations or provokes
the progression of pre-existing liver diseases. This review outlines the role of metabolic
dysfunction-associated fatty liver disease in COVID-19 severity. The evidence
available thus far supports the notion that metabolic dysfunction-associated fatty liver
disease represents a more intense risk than obesity for hospitalization, extended viral
shedding, and death. A pro-inflammatory state with inflammasome activation,
implying increased susceptibility to cytokine storm syndrome, underlies these findings
and emerges as, in addition to massive vaccination of subjects with liver diseases,
potential targets for therapeutic strategies.

Citation: Vasques-Monteiro IML, Souza-Mello V. Coronavirus disease 2019 severity in obesity:
Metabolic dysfunction-associated fatty liver disease in the spotlight. World J Gastroenterol
2021; 27(16): 1738-1750
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INTRODUCTION

The infection caused by the coronavirus severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [coronavirus disease 2019 (COVID-19), Beta-coronavirus
genus, Coronaviridae family] was declared as a pandemic in March 2020 by the World
Health Organization and caused an unprecedented burden to health systems
worldwide because of its harmful evolution to severe acute respiratory syndromel’l.
Although most cases are asymptomatic, this fact facilitated the rapid viral spread
worldwide, resulting in overloaded hospitals due to the extended hospitalizations and
the frequent need for mechanical ventilation that severe COVID-19 requires™. From
December 2019 to February 14, 2021, COVID-19 caused almost 2.4 million deaths, and
more than 108 million confirmed cases in 222 countries or territories!'l.

The SARS-CoV-2 relies on binding to the angiotensin-converting enzyme 2 (ACE2)
receptor to enter target cells and start viral sheddingf. Much as the infection
frequently happens through the nasopharyngeal epithelium and has the lungs as the
chief target with respiratory commitment, COVID-19 represents a systemic disease
with adverse cardiac, circulatory, and cerebral outcomes after hematogenic
propagation and virus neurotropism for the vagus nerve that links lungs to the central
nervous system(™*.. Of note, the presence of ACE2 receptors in the brush border of
intestinal enterocytes and cholangiocytes makes possible the occurrence of
gastrointestinal symptoms and aggravation of pre-existing metabolic diseases!”'".
Figure 1 summarizes the most common infection and propagation pathways of SARS-
CoV-2 with adverse effects in the human body.

In this regard, overweight emerged as a high-risk factor to hospitalization due to
COVID-19, surpassed only by age = 65 in the New York population, emphasizing
the high risk of severe COVID-19. Body mass gain yields metabolic alterations that
start in the adipose tissue, with hypertrophy and hyperplasia as attempts to buffer
excessive energy intake by fat storagel””. In the long run, adipogenesis capacity
exhausts, and the existing enlarged adipocytes trigger lipolysis to manage a
continuous lipid accumulation through lipogenesis!"'!l. At this stage, excessive non-
esterified fatty acids (NEFAs) are diverted to other organs like the liver and drive
steatosis!'”l.

Hepatic steatosis is known as the hepatic manifestation of metabolic syndrome.
Hence, metabolic disturbances such as insulin resistance, systemic arterial
hypertension, and meta-inflammation, typical from obesity, coexist with this hepatic
impairment>*l. Therefore, it was recently renamed metabolic dysfunction-associated
fatty liver disease (MAFLD) as it represents better the constellation of metabolic
impairments involved in its etiology than the former acronym non-alcoholic fatty liver
disease!"’.
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Figure 1 Most common infection and propagation pathways of severe acute respiratory syndrome coronavirus 2 in the human body.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ACE2: Angiotensin-converting enzyme 2.
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MAFLD in obesity comprises lipotoxic effects on the liver by proinflammatory
adipokines that influence hepatic energy metabolism in an endocrine fashion. The
inflamed adipose tissue has been linked to enhanced viral systemic spread, entry, and
viral shedding in COVID-19 obese subjects!"’l. This hypothesis complies with an
intensified cytokine storm in obese patients with COVID-19, explaining the poor
outcomes™l.

Among the metabolic impairments caused by excessive body fat, pre-existing
MAFLD can result in COVID-19 patients being more prone to hospitalization and
worsening metabolic conditions!”!. This review outlined the impact MAFLD exerts on
COVID-19 severity in obese subjects in addition to the possible mechanistic links to
poor outcomes. The information gathered relating to COVID-19 was that available on
PubMed from the beginning of the pandemic until the end of 2020.

OBESITY AND FATTY LIVER: EPIDEMIOLOGY AND PATHOGENESIS

MAFLD is the most common chronic hepatic disease worldwide. Its global prevalence
is around 25%, with the highest prevalence in the Middle East (31.79%) and South
America (30.45%)"1. MAFLD is not a disease exclusive of obesity, but obese subjects
fall victim to fatty liver more frequently, as their insulin-resistant and pro-
inflammatory adipokine profile converge to the accumulation of ectopic fat!"**l. Recent
evidence shows the presence of obesity among 51.34% of MAFLD patients and 81.83%
of patients with non-alcoholic steatohepatitis (NASH)™. Although MAFLD silently
initiates without symptoms, its harmful progression towards NASH (with hepatic
fibrosis), cirrhosis, or hepatocellular carcinoma challenges the scientific community to
understand its metabolic basis.

The pathogenesis of fatty liver is multifactorial and linked to diet, metabolic factors,
intestinal microorganisms, and genetics. Exposure of hepatocytes to high levels of
lipids and carbohydrates, usually included in the diet of obese individuals, leads to
glucolipotoxicity and predisposes to MAFLD. Excessive circulating NEFAs come from
accelerated lipolysis and reduced fatty acid uptake in subcutaneous adipose tissue,
triggering ectopic fat accumulation (in the liver, skeletal muscle) and, therefore, insulin
resistance in multiple organs”’l. The release of NEFAs from dysfunctional and insulin-
resistant adipocytes causes lipotoxicity, induced by the ectopic accumulation of toxic
metabolites stemmed from triglycerides. Hence, inflammatory pathways are activated,
and cellular dysfunction occurs with liver incapacity to eliminate excessive NEFAs,
ending up in lipoapoptosis, an essential feature of NASH!",

Hepatic steatosis comprises approximately 60% of hepatic triglycerides from
adipose tissue, 25% from de novo lipogenesis and 15% from dietary lipids™!. Moreover,
visceral adipose tissue is more closely related to the fatty liver than subcutaneous
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adipose tissue, possibly because the former is more resistant to insulin than the
latter™. Increasing evidence shows that during adipose tissue expansion in obesity,
there are changes in the expression and secretion of adipokines, favoring pro-
inflammatory mediators for the development of MAFLD, progression to NASH, and
possible development of liver cirrhosis™l. Leptin and adiponectin are the adipokines
widely described in the literature as influences on fatty liver development.

In animal models of MAFLD, leptin seems to have a double action: It can protect
from hepatic steatosis, at least in the early stages of the disease, but it also can act as an
inflammatory and fibrogenic factor when the disease persists or progresses, that is
when the mechanisms of counterweight do not limit it®’. In this sense, leptin can
directly increase the production of pro-inflammatory cytokines, such as tumor necrosis
factor (TNF)-a, interleukin (IL)-6, IL-12, and IL-18, the chemokines IL-8 and monocyte
chemoattractant protein 1, and the lipid mediators prostaglandin E2, leukotrienes, and
LTB4, being responsible for the noxious MAFLD progression®l. Persisting
hyperleptinemia promotes liver inflammation and fibrosis as the disease progresses to
NASH.

On the contrary, adiponectin decreases as the fat mass increases. At physiological
conditions, adiponectin exerts an anti-steatotic effect on hepatocytes by increasing
beta-oxidation, while decreasing gluconeogenesis, fatty acid input to the liver, and de
novo lipogenesis. Furthermore, high molecular weight adiponectin isoform has anti-
inflammatory properties like TNF-a blockade and downregulation, resulting in insulin
resistance alleviation™. In the case of positive energy balance and overweight onset,
this critical balance is disrupted towards the side of TNF-a, contributing to chronic
low-grade inflammation, insulin resistance, and MAFLD™!. In humans, patients with
fatty liver exhibit low adiponectin concentrations, whereas control subjects show high
adiponectin concentrations. However, the adiponectin concentrations are even lower
in patients with NASH than in MAFLD. It can be argued that, initially, adipokine
actions can limit hepatic steatosis, but as adipose tissue expands, adipokine changes
become harmful and contribute to MAFLD progression'*l.

An innovative concept proposes that the gut-liver axis plays a crucial role in the
pathogenesis and progression of MAFLDF!. Although there are some controversies,
animal and human studies show that gut microbiota from obese subjects comprises an
increase in the relative abundance of firmicutes followed by a decrease of
bacteroidetes”™. Moreover, a higher prevalence of gram-negative bacteria, such as
proteobacteria, and reduced phylum-level diversity are usual features in non-alcoholic
fatty liver disease patients™. Changes in the gut microbiota in obesity disrupt the
intestinal endothelial barrier, eliciting systemic bacterial translocation and hepatic
inflammation by microbiota-related endotoxins and short-chain fatty acids that reach
the liver through the portal vein™!.

Concerning a possible genetic predisposition to MAFLD, the adipose tissue of obese
patients with fatty liver has upregulation of pro-inflammatory genes and
macrophages-producing cytokines compared to obese subjects that do not develop
MAFLD". This observation raises the hypothesis of a genetic polymorphism that
explains why some obese individuals develop MAFLD, while others do not!™.. Briefly,
an allele in the PNPLA3 gene is a surrogate for the MAFLD onset and hepatic
inflammation!™!. Other genes like FDFT1, TM6SF2, GCKR, and MBAT7 have already
been linked to the progression of MAFLD¥. However, the complete identity of
"MAFLD related to genetics" still needs to be further investigated.

CORONAVIRUS DISEASE 2019 PROGNOSIS IN METABOLIC
DYSFUNCTION-ASSOCIATED FATTY LIVER DISEASE PATIENTS

Hepatic outcomes of COVID-19

The clinical course of COVID-19 encompasses elevated aspartate aminotransferase and
alanine aminotransferase combined with a mild rise in bilirubin levels™. A study in
China found that 37.3% of patients had an abnormal liver function at hospital
admission™. In Mexico, 96.8% of patients (1 = 150) had a liver impairment but without
an association between abnormal liver function tests and mortality!"’l. A Chinese study
has suggested aspartate aminotransferase as a promising marker to predict hospital
stay, with higher values suggestive of prolonged periods. However, this information
might not apply to different populations and should be better addressed!'.
Concerning histological liver changes, a post-mortem study in Belgium revealed
histological alterations in all 14 deceased COVID-19 patients, with central lobular
necrosis and portal inflammation as the most frequent hepatic histological damages*’..
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In agreement with this, COVID-19 patients with acute respiratory distress syndrome
showed mild microvesicular steatosis and lobular and portal activity in China!. The
most common post-mortem histological findings in 40 North Americans that died
from COVID-19 were fatty liver (75%), mild acute hepatitis (50%), and portal
inflammation (50%). However, the fat distribution pattern was not typical of MAFLD
and might stem from the administration of steroids during hospitalization!.

In line with these previous findings, a Chinese study showed 96% of hepatocellular
liver injury among COVID-19 hospitalized subjects, with 50% of them presenting liver
injury at hospital admission and 75.2% showing liver injury during hospital stay!.
This observation emphasizes that not only could the pre-existing hepatic disease
produce a severe form of COVID-19, but the virus itself can trigger liver damage.
Indeed, it is hard to distinguish whether liver injury during hospital stay stemmed
from the COVID-19 infection or some drugs used as attempts to stop viral
replication!**’l. Hepatotoxic effects of paracetamol, lopinavir/ritonavir, remdesivir,
chloroquine, tocilizumab, and uminefovir can cause microvesicular steatosis and mild
hepatic inflammation!*’]. These findings are depicted in Figure 2.

METABOLIC DYSFUNCTION-ASSOCIATED FATTY LIVER DISEASE IN
CORONAVIRUS DISEASE 2019 PATIENTS: INCREASED SEVERITY WHEN
COMPARED TO OBESITY?

MAFLD is considered a pre-existing condition that turns individuals more vulnerable
to COVID-19 infection and virus-related complications. Furthermore, these patients
may have an increased risk of MAFLD to NASH progression, a long-term consequence
of viral infection™. As MAFLD is frequently associated with overweight/obesity, it is
sometimes hard to separate the single effect each one exerts on COVID-19 severity.
Herein, we outlined the most recent evidence after almost 1 year from the beginning of
the pandemic.

The presence of MAFLD could predict severe COVID-19 (more than 2-fold
prevalence) and critical illness in patients younger than 60 years old in China’, in
addition to longer viral shedding time (17.5 d vs 12.1 d on average)"”l. Furthermore,
Chinese MAFLD patients without type 2 diabetes showed a 4-fold high risk for severe
COVID-19, and a 12% increase in the risk for severe COVID-19 for each 1-unit
augmentation in body mass index™. Obesity conferred a 6 times greater risk of severe
infection in Chinese patients with MAFLD [odds ratio (OR) did not adapt 5.77, P =
0.029]. The association of obesity with COVID-19 severity remained after adjusting for
many factors (age, sex, smoking habits, diabetes, hypertension, and dyslipidemia, OR
compatible 6.32, P = 0.033)"'1.

Conversely, a study considering a large sample in the United States pointed out
MAFLD/NASH as a greater risk for hospitalization than obesity itself*. In line with
this, increased rates of COVID-19 clinical severity among MAFLD patients have been
observed even after controlling for obesity, suggesting that the effect of MAFLD on
disease severity may be more expressive than increased body mass index™.
MAFLD/NASH might have a significant role in maximizing chronic inflammation
and hypercoagulability, emerging as a pivotal surrogate for severe COVID-19 cases™.

A study in Brazil showed that hepatic steatosis was found in computed tomography
(CT) among 31.9% of COVID-19 positive patients, while only 7.1% of COVID-19
negative subjects showed hepatic steatosis. The OR was 4.698 after adjusting for age
and sex, but they did not evaluate the severity or poor clinical outcomes®. In this
context, a meta-analysis carried out with six Chinese studies with 1293 participants
revealed that patients with COVID-19 showed a high percentage of MAFLD and
increased risk of COVID-19 severity, indicating a need for intensive monitoring of
MAFLD patients with COVID-19%°.

In agreement with this, MAFLD entails a constellation of metabolic abnormalities
that can be aggravated during viral infection. Through univariate analysis, it was
shown that metabolic syndrome leads to a higher cumulative incidence of COVID-19,
with liver damage being the most associated with this outcome®. Moreover, COVID-
19 can cause hypoglycemia or hyperglycemia, compromising glycemic control due to
sedentarism, anxiety, or viral tropism to pancreatic tissuel”. Continuous monitoring of
blood glucose is encouraged as hypoglycemia should be avoided, and glycemia should
not exceed 180 mg/dL or 10 mmol/L in COVID-19 patients. MAFLD patients
commonly show hypertension, and surveillance of medication and blood pressure
levels can avoid shock in severe COVID-19 cases™.
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Despite showing similar COVID-19 symptoms to non-MAFLD, fever in 66.8% and
cough in 55.7% of patients™, MAFLD patients showed higher chances of intensive
care unit admission (intensive care unit, OR: 1.60), intubation (2.51), need for
vasopressors (1.22), and alanine aminotransferase > 5 times upper limit of normal
(2.12)1 In univariate analyses, when compared with patients without chronic liver
disease, subjects with MAFLD had significantly higher rates of intensive care unit
admission (50.9% vs 35.2%, P = 0.0095) and need for mechanical ventilation (49.1% vs
30.4%, P = 0.006)".

A possible explanation for increased COVID-19 severity due to MAFLD includes
higher C reactive protein (CRP) (107 vs 91.2 mg/L, P = 0.05) concentrations in COVID-
19 patients with MAFLD than controls without MAFLD in London!’. This favored
pro-inflammatory state can result in high death rates, as MAFLD patients who died
during hospitalization had higher concentrations of inflammatory markers like
ferritin, prothrombin time, and lactate dehydrogenase than patients with MAFLD
who survived hospitalization”’. Notably, the combination of high CRP levels with low
lymphocyte count predicted prolonged hospital stay (median 23 vs 18 d; P = 0.037) and
a higher proportion of severe COVID-19 (33.3% vs 14.7%, P = 0.007) compared to non-
obese patientst™. Figure 3 outlines the mild symptoms and the factors that lead to
severe forms of COVID-19.

Concerning imaging exams and COVID-19 prognosis in MAFLD patients, a CT
study in the Mexican population proposed the liver to spleen ratio (CTL/S) as a
surrogate for the diagnosis of MAFLD in COVID-19 patients, given that spleen does
not store fat. Both organs are visualized in the CT performed to evaluate the degree of
pulmonary commitment because it shows the upper abdomen, and the CTL/S < 0.9
indicated the presence of fatty liver. Hepatic steatosis was associated with severe
COVID-19 pneumonia, and CTL/S could be a substantial aid to estimate the prognosis
of COVID-19 in MAFLD patients!*.

A recent systematic review evaluating clinical studies from China, Israel, and the
United States showed that the presence of hepatic steatosis is a predictor for
symptomatic and severe COVID-19, even after the adjustment for obesity presence
(OR: 2.358, P < 0.001)’.. Moreover, COVID-19 infection in pre-existing chronic liver
disease patients from 13 different Asian countries caused decompensation in 20% of
the cirrhotic patients with high mortality. Among MAFLD patients, the presence of
comorbidities like obesity and type 2 diabetes entailed a risk of liver injuries due to
COVID-19 infection!*l. In agreement, a recent Indian study using non-COVID-19
cirrhotic patients as controls showed that COVID-19 infection resulted in a 100%
mortality rate in patients with acute-on-chronic liver failure in comparison with 53.3%
in acute-on-chronic liver failure controls. The poor outcome that COVID-19 imposes
on cirrhotic patients includes the need for mechanical ventilation and urges physicians
and hepatologists to consider patients with chronic liver diseases as a high-risk group
for COVID-19 and guarantee rigorous preventive measures!*l.
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Figure 3 Mild symptoms, inflammatory markers, and serious developments of coronavirus disease 2019. ALT: Alanine aminotransferase; CRP:
C reactive protein; ICU: Intensive care unit.
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INVOLVED PATHWAYS IN INCREASED SEVERITY OF CORONAVIRUS
DISEASE 2019 IN OBESE SUBJECTS WITH METABOLIC DYSFUNCTION-
ASSOCIATED FATTY LIVER DISEASE

The post-mortem evaluation of the livers from people that died of COVID-19 often
reveals that the virus causes inflammatory and immune-mediated liver damage rather
than cytopathic harm!*). The observation of different immune cell exudates near the
portal area reinforces this hypothesis and links hepatic damage to the cytokine storm
syndrome (CSS), which emerges as a promising explanation for the increased severity
of COVID-19 in obese patients with MAFLD**"1,

To put it simply, CSS comprises the activation of inflammasomes and the following
release of pro-inflammatory cytokines like IL-1 and IL-61*’)l. The inflammasomes are
complexes of proteins that reside in macrophages, activated by tool-like receptors
binding to a pathogen-associated molecular pattern or damage-associated molecular
patterns®”!l. The liver has the largest macrophage reservoir in the body (the Kupfer
cells); and, therefore, the activation of the NLR family pyrin domain containing 3
(NLRP3) inflammasome can damage this organ and acts as a promising marker of
COVID-19 severity in obese patients!*".

The adipose tissue expansion in obesity triggers fatty liver and inflammasome
activity by lipotoxicity”l. The dramatic changes that adipose tissue macrophages
undergo during weight gain (polarization to M1 state) reflect in the Kupfer cells that
produce inflammatory chemokines and cytokines, generating hepatic insulin
resistance and inflammation!”*”l. In this context, IL-6 emerges as a pivotal marker of
COVID-19 worsening as it can trigger the CSSI"’], besides being generally high in obese
and MAFLD subjects!”.

It can be supposed that the obese patient with MAFLD before catching COVID-19
could show a maximized CSS, which might be linked to the increased need for longer
hospitalizations and intensive care. Consistent with this suggestion, inflammasome
activation elicits massive augmentation of pro-inflammatory cytokine concentrations
and induces pyroptosisl. Cell death mediated by pyroptosis in macrophages relies on
NLRP3 activation and provokes severe acute respiratory syndrome in COVID-19
patients, picturing a frame of aggravated disease by the CSS in MAFLD patients”.
Furthermore, severe obese subjects can show serious infections in the lower
respiratory tract due to mechanical dysfunction, which also makes them more prone to
secondary infections!™l,

Additional mechanisms related to the intensification of COVID-19 in MAFLD obese
patients include the hepatocellular hypoxia in chronic liver diseases that leads to ACE2
overexpression!®]. Hence, these changes can cope with MAFLD progression towards
NASH by the overexpression of ACE2 in endothelial cells and the consequent
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Figure 4 Graphical abstract. Metabolic dysfunction-associated fatty liver disease (MAFLD) patients usually show a constellation of metabolic impairments that
include altered adipokine profile, glucolipotoxicity with ectopic lipid accumulation, and gut dysbiosis, besides a genetic background that favors these hepatic
alterations and pre-existing mechanical lung dysfunction when obese. These clinical conditions before coronavirus disease 2019 (COVID-19) infection can aggravate
the cytokine storm syndrome, with activation of macrophages that reside in the liver (Kupffer cells), resulting in inflammasome activation and cell death by pyroptosis.
MAFLD patients are at high risk of complications and severe COVID-19 clinical course, with frequent mechanical ventilation, prolonged hospitalizations, and extended
viral shedding. Upon survival, COVID-19 may act as a surrogate for MAFLD-non-alcoholic steatohepatitis progression, and hepatocellular hypoxia seems to underlie
this process. ACE2: Angiotensin-converting enzyme 2; FFA: Free Fatty Acid; IL: Interleukin; MAFLD: Metabolic dysfunction-associated fatty liver disease; MCP1:
Monocyte chemoattractant protein 1; NASH: Non-alcoholic steatohepatitis; NEFAs: Non-esterified fatty acids; NLRP: NLR family pyrin domain-containing; SARS-CoV-
2: Severe acute respiratory syndrome coronavirus 2; SCFA: Short-chain fatty acid; TNF-a: Tumor necrosis factor.

increased reactive oxygen species production, inflammatory pathways activated in the
Kupfer cells, and peroxisome proliferator-activated receptor-alpha down-regulation
with pro-lipogenic gene expression and steatosis maximization***l. In this regard, the
presence of hepatic steatosis before viral infection can amplify the symptoms of
COVID-19 as the lipotoxicity sustains the activation of Kupfer cells and allows the
progression to liver fibrosis. The main pathways involved with the severity of COVID-
19 in MAFLD patients are depicted in Figure 4.

CONCLUSION

In conclusion, pre-existing MAFLD increases the risk of severe COVID-19 that requires
hospitalization. MAFLD itself can represent an increased predisposition to CSS, and
high CRP concentrations, NLRP3 activation, and IL-6 concentrations emerge as likely
surrogates for the need for mechanical ventilation, with high death rates or evolution
to NASH among survivors.

It is urgent to consider that MAFLD surpassed obesity as a risk factor to COVID-19
severity in populations with diverse genetic backgrounds. Therefore, MAFLD subjects
should be ranked high-risk to catch COVID-19, submitted to rigorous preventive
measurements, and classified as a prioritized group for vaccination.
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