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Abstract

In the global context of COVID-19 outbreak, scientific efforts have been directed to investigate the risk factors associated
with the development of severe illness. Emerging evidence linked the metabolic syndrome to more severe forms of the disease.
The majority of the patients with these risk factors develop hepatic injury, particularly those previously diagnosed with non-
alcoholic fatty liver disease (NAFLD). NAFLD is the most common cause of chronic liver disease, affecting a quarter of the
population worldwide. While type Il diabetes mellitus is linked to a higher severity of COVID-19, it has not been established
whether patients with metabolic-associated fatty liver disease are prone to worse outcomes. To have a closer look at the
consequences of this association, we have systematically searched the latest updates and studies to assess the connection
between NAFLD and the severity of COVID-19, as well as the treatment considerations.

Rezumat

Tn contextul pandemiei COVID-19, eforturile cercetitorilor au fost indreptate spre a identifica factorii de risc asociati cu
progresia severa a bolii. Studii recente scot in evidenta legatura sindromului metabolic cu formele grave de COVID-19. O
proportie mare din pacientii cu tulburdri metabolice au dezvoltat afectare hepatica, in special cei diagnosticati anterior cu
boala ficatului gras non-alcoolic (FGNA), patologie ce afecteaza peste un sfert din populatia lumii. in timp ce diabetul zaharat tip
Il este cunoscut ca fiind factor de risc pentru evolutia severa a COVID-19, nu este inca stabilit daca pacientii cu FGNA asociat
cu sindromul metabolic au un prognostic nefast. Scopul acestei lucrari este de a analiza asocierea dintre FGNA si evolutia
COVID-19, precum si posibilele implicatii terapeutice, axandu-se pe cele mai recente actualizari si cercetari din domeniu.
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Introduction diseases [12]. A recent meta-analysis from China on
a cohort of 46,248 patients has shown that the most
common comorbidity found in people infected with
COVID-19 was hypertension (17 + 7.95% confidence
interval [CI] 14 - 22%), followed by diabetes (8 * 6,
95% CI 6 - 11%), cardiovascular diseases (5 + 4.95%
Cl 4 - 7%) and obesity [39]. Arthur Simonnet et al.
concluded in a study which documented the connection
between obesity and the risk factors for early invasive
mechanical ventilation in patients with COVID-19 that
disease severity increased with BMI, individuals with
BMI > 35 kg/m? having a 7-fold higher risk than
those with BMI < 25 kg/m? [33].

Hence, the metabolic syndrome, which is defined by
a cluster of conditions that include dyslipidaemia,
raised blood pressure, abdominal obesity and insulin
resistance, can be considered a risk factor for severe
COVID-19 [28]. Moreover, this constellation of
metabolic derangements is linked to a higher risk of

Coronavirus disease (COVID-19) is an infectious
condition caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2), its origins
being associated with the City of Wuhan, China [32].
Due to its rapid transmission and progressivity,
COVID-19 reached pandemic proportions, leading to
the scientific efforts meant to identify risk factors for
developing severe illness and death. Factors for poor
prognosis have been identified in previous studies
around the world and are represented by non-Caucasian
racial group, older individuals, male gender [15] and
the presence of comorbidities, particularly metabolic
conditions, such as diabetes mellitus, obesity, and
conditions involving liver function. In a study conducted
in the United States during March 2020 on a cohort
of 1482 patients hospitalized with COVID-19, 48.3%
were obese, 34.6% had chronic liver diseases, 28.3%
diabetes mellitus and 27.8% had cardiovascular
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type Il diabetes mellitus (T2DM) and coronary heart
disease.

The majority of patients with these comorbidities that
are also suffering from COVID-19 developed liver
damage, more frequently in severe infections than in
mild ones [11]. Recent reports found that the incidence
of hepatic injury in COVID-19 ranged between 14.8%
and 53%. Liver damage was indicated, in particular,
by increased alanine aminotransferase (ALT)/aspartate
aminotransferase (AST), low albumin levels, slightly
elevated bilirubin and increased gamma-glutamyl
transferase (GGT) that were mostly present in severe
patients [10, 15, 42]. In a study designed to determine
the clinical characteristics of non-survivors with
COVID-19, the incidence of liver injury was of 78%
[42], particularly in those presenting with non-alcoholic
fatty liver disease (NAFLD) and high BMI [19].
Therefore, NAFLD, which is known as the hepatic
consequence of the metabolic disorders, is included
as a risk factor for severe SARS-COV-2 infection.
NAFLD has a global prevalence of approximately
25% and is defined as an excessive fat accumulation
in the liver and the exclusion of other causes of hepatic
disease. The incidence of NAFLD is increasing with
the alarming rise of obesity and high prevalence of
T2DM, metabolic syndrome, and is now a leading
cause of chronic liver disease [41]. Emerging
observations highlight the important role of
NAFLD and T2DM in COVID-19 severity [19].
Researches on the link between these conditions are
still scarce and while the global pandemic of COVID-
19 evolves, the clinical and economic burden of
NAFLD is likely to increase.

This review will summarize the current state of
knowledge regarding the relationship between NAFLD
and COVID-19 and the treatment considerations in
these patients.

We have systematically searched Google Scholar
and Pub Med databases until July 1%t 2020 using the
following keywords: COVID-19, NAFLD, MAFLD,
liver, diabetes and metabolic syndrome.

SARS-CoV-2 infection and hepatic function

Recent studies on COVID-19 have shown that SARS-
CoV-2 infection causes a systemic multi-visceral
disease, causing major damage, including death [17].
Apart from patients with pre-existing advanced chronic
liver diseases who developed severe forms of COVID-
19 due to the “cytokine storm”, in most of the cases,
liver seems to be only mildly affected and liver-related
mortality is not casually expected [10].

Liver involvement is likely multifactorial due to
dysregulated immune response, sepsis, drug-induced
hepatotoxicity or direct viral cytopathogenic effect.
Single-cell genomics studies of healthy hepatic tissues
have shown that the SARS-CoV-2 receptor, represented
by the angiotensin-converting enzyme 2 (ACE2), has
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a higher expression in cholangiocytes, with a 20-fold
lower expression in hepatocytes [6, 27], which might
explain why viral hepatitis is not a frequent finding
in COVID-19 infection.

In the largest and most comprehensive study that
describes the liver laboratory test results in patients
with COVID-19, the findings are evocative. Out of
417 patients, 76.3% had elevated liver function tests
results and 21.5% had liver injury during hospital stay.
More than 90% with elevated liver enzymes were mild
(< 2 x ULN), and about 24% developed more than
> 3 x ULN during hospitalization. Regarding the
patterns, 20.75% were hepatocellular injury, 29.25%
were cholestatic and 43.4% were mixed type [4].
NAFLD in T2DM patients and COVID-19

NAFLD includes several clinic-pathologic elements:
non-alcoholic fatty liver (NAFL), non-alcoholic steato-
hepatitis (NASH), fibrosis and cirrhosis. Characterized
by more than 5% of hepatocellular fat infiltration
without other potential causes of liver injury, NAFLD
regularly coexists with metabolic disorders like T2DM,
cardiovascular disease and obesity. A global report on
diabetes has shown that its prevalence is estimated at
around 8.5% [36]. From among the T2DM patients,
70 - 80% have NAFLD [34]. They usually coexist, the
presence of NAFLD increasing the incidence of T2DM
and its complications, while T2DM accelerates the
progression of NAFLD to more severe forms of liver
diseases [1].

Since the prevalence rate of NAFLD increases with
higher BMI [29], obesity is considered to play a
pathogenic role in the association with insulin resistance,
diabetes and dyslipidaemia. Apart from the clear causal
relationship of obesity to the premature development
of cardiovascular diseases, there is also a metabolic
concern. In individuals with T2DM, excess fat tissue
leads to additional reduced B-cell function and insulin
resistance, one of the multiple hits determining NAFLD
and progression to NASH. Moreover, obesity was
demonstrated to be a major risk factor for poor out-
comes in SARS-CoV-2 infection. The OpenSafely
study (17,425,445 subjects, 5683 COVID-19 deaths)
has shown a dose-response association between excess
weight and the disease severity of SARS-CoV-2 infection,
from a 27% higher risk in the first class of obesity
(BMI 30 - 34.9; hazard ratio 1.27, 1.18 to 1.36) to
more than double the risk in the third class (BMI >
40; 2.27, 1.99 to 2.58) [37]. Smaller global reports
confirmed these findings [31, 33, 39]. Multiple common
metabolic and inflammatory pathways link obesity,
T2DM and NAFLD to SARS-CoV-2 infection; obesity
causes insulin resistance and hyperglycaemia, whereas
SARS-CoV-2 may cause elevated serum glucose as
well (however, the underlying mechanisms are yet to
be elucidated) [24]. Moreover, obesity and NASH
represent a state of chronic low-grade systemic
inflammation, that seems to cause dysfunctional
immune responses, as it has been shown in the case
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of the influenza virus [14], leading to a greater risk
of COVID-19 cytokine storm.

In a study conducted on 202 patients confirmed with
SARS-CoV-2 infection, information regarding NAFLD
status was gathered. Liver injury was detected in 50%
of the patients upon admission and in 75.2% during
hospitalization. Of all the patients, 19% had progressive
forms of the disease and 80.7% remained stable. Patients
with progressive forms had a higher BMI (OR 1.3; 95%
Cl1.0-1.8), T2DM (OR 6.3; 95% CI 2.3 - 18.8) and
NAFLD (OR 6.4; 95% CI 1.5 - 31.2). NAFLD was
linked to a higher probability of developing elevated
liver function tests from admission to discharge (70%
[53/76] vs. 11.1% [14/126]; p < 0.0001), longer viral
shredding time (17.5 £ 5.2 days vs. 12.1 + 4.4 days
p < 0.0001) and an increased risk for severe disease
(6.6% [5/126] vs. 44.7% [34/76] p < 0.0001) [19].
Autopsy liver biopsy specimens in one patient with
NAFLD showed diffuse micro-vesicular steatosis with
lobular and portal inflammation and hyper-activated
CD4 and CD8 T cells, suggesting that hepatic damage
is immune mediated and implying the over-activation of
T cells with a high cytotoxicity of CD8 subtypes [38].
Liver inflammation due to inflammatory cytokines
that are discharged by the adipose tissue becomes clear,
with an inflammatory status characterized by higher
circulating interleukin 6 (IL-6) levels. SARS-CoV-2
infection leads to a malfunction of immune response
in the adipose tissue of the liver associated with
dysregulation of cytokine profiles. A “cytokine storm”
is activated in this context, with potent inflammatory
cytokines such as tumour necrosis factor a (TNF -a),
interleukin 1 (IL-1) and IL-6 [22]. Liver adipose tissue
is one of the main sources of IL-6 that is a strong
predictor of mortality in this situation [31]. Associated
to these mechanisms are metabolic dysfunctions,
including insulin resistance with fatty acids oxidation
disorders [35].

A genomic analysis on the influence of MAFLD
(metabolic associated fatty liver disease — a proposed
nomenclature for fatty liver associated with metabolic
derangements) [9] on hepatic gene expression profiles
of the proteins involved in SARS-CoV-2 infection,
showed that none of the genes that are necessary for
COVID-19 were expressed neither in the control group
or in patients with NAFL or with NASH. The study
concluded that there is no link between MAFLD and
liver expression of genes involved in SARS-CoV-2
infection. This strengthens the hypothesis that the
cytokine storm is the mechanism that underlies liver
damage and not the direct cytopathic effects of the
virus [3].

One multi-centre study (COVID-MAFLD-CHESS)
connects the effects of MAFLD to COVID-19 poor
outcomes [44]. In patients below the age of 60, a 2-
fold higher risk of severe SARS-CoV-2 infection was
found in those with MAFLD compared to healthy
subjects. Moreover, MAFLD was not linked to poor
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prognosis in patients with advanced ages (p < 0.05).
The underlying mechanism is unknown. It is suggested
that the liver damage and immunological changes
induced by MAFLD leads to the “cytokine storm” in
patients with COVID-19 at earlier ages [25]. In older
subjects, other associated comorbidities are more
frequent and any link to MAFLD might be hidden by
these chronic conditions [15].

Treatment considerations

COVID-19 is triggered by the binding of SARS-CoV-
2 to the ACE2 receptor that is mostly expressed in the
upper and lower respiratory system, Kidney, heart and
liver. Recent data suggests that renin-angiotensin
system (RAS) inhibitors can increase the ACE2 levels
[43]. However, studies on patients that were on long-
term treatment with RAS inhibitors have shown that
the level of ACE2 receptors was increased in the
intestine, but not in the lungs, liver or heart [8].

In individuals with NAFLD and T2DM, there is a direct
link to COVID-19 explained by the higher level of
ACE?2 receptors on the pancreatic islets, with decreased
insulin secretion. Hyperglycaemia, a state of metabolic
inflammation that inhibits the immune system, leads
to a more severe form of COVID-19 and poor prognosis
[7]. This supports the fact that SARS-CoV-2 acutely
injures the pancreatic islets and can cause acute insulin
dependent diabetes mellitus [40].

Preventing measures for SARS-CoV-2 infection are
mandatory for these patients. As new evidence emerges,
patients with NAFLD and metabolic disorders such as
T2DM, obesity and hypertension, exhibit a higher
risk for severe SARS-CoV-2 infection and should be
admitted for inpatient care on COVID-19 wards or
hospitals. Although there is no specific antiviral drug
for COVID-19, a few drugs have been tested over the
last months [16]. Patients with chronic liver diseases
that are NAFLD-related are at a high of drug toxicity
(i.e. patients with Child B/C cirrhosis) and must be
closely monitored. Individuals with decompensated
cirrhosis, treatment of associated complications should
be continued. It is also important to highlight the
prevention of acetaminophen overdosing (2 - 3/day
is considered safe), since acetaminophen is preferable
for treating COVID-19-associated fever as compared
to NSAID (nonsteroidal anti-inflammatory drugs),
particularly in older patients who are more likely to
already have a compromised kidney function [30].
Since T2DM is one of the most common comorbidities
of COVID-19, with patients who developed SIRS and
furthermore, acute respiratory distress syndrome
(ARDS), metabolic control is essential. There are
multiple therapies to treat these patients and maintain
glycaemic control. Antidiabetic agents known as
glucagon-like peptide-1 (GLP-1) exert significant anti-
inflammatory effects, particularly in inflammation-
induced acute lung injury, as shown in murine models
[20]. These beneficial effects, which include inhibition
of the main inflammatory cytokines and chemokines,
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make GLP-1 therapeutic agents potential drugs for the
treatment of SARS-CoV-2 infection in patients with
or without T2DM. However, further clinical and
experimental researches on humans are needed to
demonstrate the correlation between these drugs and
COVID-19. Dipeptidyl peptidase-1V inhibitors (DPP-1V)
seem to play an important role in reducing macrophage
infiltration by modulating M1/M1 macrophage polarization
in diabetic mice [18], suggesting a promising target
to modify the disease progression and to reduce the
complications that T2DM may add to SARS-CoV-2
infection.

The insulin-sensitizing drug, metformin, does not
have an important benefit in improving histological
and clinical features in NASH or fibrosis and is
considered to have a weak effect on liver fat by
recent guidelines [13]. Accumulating evidence indicates
that pioglitazone, an actual treatment for NASH
recommended by the current guidelines in Europe and
United States [13], decreases death rate from sepsis
and acute respiratory distress syndrome in COVID-19
by reducing the levels of pro-inflammatory cytokine
in adipose liver and omental tissue [23]. Mechanisms
are still under study. Peroxisome proliferator-activated
receptor-gamma (PPAR-y), a nuclear hormone receptor
family, is expressed in T cells, dendritic cells and
macrophages. It has been shown that PPAR-y activation
by its ligand, pioglitazone, attenuates the antigen uptake
and dendritic T-cell interaction at the initiation of
immune response. A low dose of pioglitazone, 15 mg
per day, suppresses the inflammatory effects of TNF-a
and IL-6 and seems to be preferred as a treatment
option to induce anti-inflammatory effects for COVID-
19 patients [5]. Taken together, pioglitazone, which
is not a well-accepted treatment for T2DM because
of its many side effects, can be a new therapeutic
outlook in the treatment of COVID-19 by improving
the hepatic damage caused by SARS-CoV-2 infection
[26]. Moreover, recent diabetes management guidelines
suggest that an SGLT-2 inhibitor (empagliflozin) may
lower hepatic fat content in patients with T2DM and
can be used as the first-line treatment in NAFLD [21].
Since obesity has been found to play a key role in
the severity of SARS-CoV-2 infection, therapeutic
interventions are mandatory. People should be encouraged
to improve their lifestyle (e.g., exercise more, adopt
low-calorie diets, use proven weight loss drugs) to
reduce the risk of developing severe COVID-19.
Moreover, stronger messages should be adopted to
encourage people to eat healthier and make sustainable
changes. In the UK, the “Better Health” campaign led
by Public Health England was launched to help people
embrace a healthier lifestyle and lose weight.

Conclusions

Similarly to other studies and reports, this review paper
assesses the effects of NAFLD for severe courses of
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COVID-19, longer viral shredding time and a higher
frequency of liver injury (increased liver enzymes)
from admission to discharge. Autopsy liver biopsy
specimens in one patient with NAFLD-related liver
diseases showed diffuse micro-vesicular steatosis with
lobular and portal inflammation and hyper-activated
T cells, suggesting that hepatic damage is immune
mediated. In addition, recent studies suggest that
chronically elevated insulin levels in MAFLD are
linked to reduced lung function, even in non-diabetic
patients [2].

To put that into context, considering the worldwide
prevalence of NAFLD, 25% of the total population
carries a higher risk for COVID-19. This stands as
proof for the importance of the medical care, prophylaxis,
monitoring and treatment for this risk group. Overall,
the best approach for these patients during the COVID-
19 pandemic is to establish a good metabolic control.
Even so, further studies validated by large cohorts
of patients to acknowledge the role of NAFLD in
COVID-19 are needed.

Finally, the association between NAFLD, T2DM and
SARS-CoV-2 infection raises special challenges.
These findings highlight the urgent need for a multi-
disciplinary team-based approach, as this is an essential
approach to lower the risk of severe disease as much
as possible. Careful evaluation and management of
all the factors that increase the overall mortality in
COVID-19 patients and individualized, patient-centred
treatment might actually be the only way to over-
come this pandemic.
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