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Objective: To comprehensively analyze that how liver injury in patients with metabolic syndrome is affected
by coronavirus disease 2019 (COVID-19) and provide clinical reference to their prevention and treatment.
Background: The current COVID-19 pandemic poses a major threat to human life and health. Metabolic
syndrome is also a major global health problem, and evidence suggests that patients with metabolic syndrome
are at an increased risk of COVID-19 complications. Liver injury is one of the main manifestations of extra-
pulmonary organ injury in patents with COVID-19. Currently, the effects of metabolic syndrome on liver
injury in patients with COVID-19 are unclear.

Methods: In this study, we searched the PubMed, Embase, and China National Knowledge Infrastructure
(CNKI) databases for articles on the latest developments of liver injury in COVID-19 patients with
metabolic syndrome from 2019 to comprehensively analyze the current knowledge of how liver injury
in patients with metabolic syndrome is affected by COVID-19. We used the free key words “metabolic
syndrome” OR “hypertension” OR “obesity” OR “diabetes” OR “dyslipidemia” OR “liver injury” OR
“SARS-CoV-2” OR “COVID-19” in all fields. We imposed no language restrictions.

Conclusions: Both COVID-19 and metabolic syndrome and its components are closely related to liver
injury, may induce liver injury through direct or indirect mechanisms. Therefore, when COVID-19 is
combined with metabolic syndrome, it may increase the risk of liver injury, and it cannot be ruled out that

the two diseases have a superimposed effect on liver injury.
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Introduction

Coronavirus disease 2019 (COVID-19) has presented major
challenges to the fields of public health prevention and
control all over the world and remains a serious threat to

human health. COVID-19 has become a global pandemic

and the current coronavirus outbreak is due to the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
that was defined by the International Committee on
Taxonomy of Viruses on February 11th, 2020 (1-4). The
clinical symptoms of SARS-CoV-2 infection have been
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defined by the World Health Organization (WHO) as
COVID-19, which also declared the COVID-19 pandemic
in March 2020 (5). Daily epidemiological monitoring
statistics from the WHO show that as of January 7th 2021,
there were more than 85 million confirmed cases with
more than 1.87 million deaths resulting from COVID-19
worldwide. A large number of studies have shown that
metabolic syndrome increases the susceptibility of patients
to COVID-19 (6-9).

Metabolic syndrome is a combination of multiple
risk factors characterized by hypertension, diabetes,
dyslipidemia, and obesity. Saklayen e al. estimated that
approximately 25% of the global population suffers from
metabolic syndrome (10). Studies have shown that metabolic
syndrome affects around 25% of the world’s population (11)
with 12-37% of the Asian population being affected and
12-26% of the European population being affected (12).
The high incidence of metabolic syndrome creates severe
challenges in the prevention and treatment of chronic
diseases in the field of public health, and these challenges are
significantly enhanced by the current COVID-19 pandemic.
Patients with metabolic syndrome often also suffer from fatty
liver disease and have abnormally high levels of transaminase.
Additionally, COVID-19 can cause different degrees of liver
injury resulting in acute liver failure, which is more common
in critically ill COVID-19 patients than ordinary COVID-19
patients (13-15). Metabolic syndrome and COVID-19 are
closely related to liver injury; however, there were several
reviews on the relationship between COVID-19 and liver
injury, but their attention is paid to the impact of COVID-19
on liver injury and its possible mechanisms. There is a
lack of in-depth analysis of this common and complicated
situation when COVID-19 is combined with metabolic
syndrome, especially lack of relevance analysis between the
various metabolic components and liver injury. In this study,
we searched the PubMed, Embase, and China National
Knowledge Infrastructure (CNKI) databases for articles on
the latest developments of liver injury in COVID-19 patients
with metabolic syndrome from 2019 to comprehensively
analyze the current knowledge of how liver injury in patients
with metabolic syndrome is affected by COVID-19. We
present the following article in accordance with the Narrative
Review reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1398).

COVID-19, metabolic syndrome, and liver injury

Angiotensin-2 converting enzyme (ACE2) receptor is
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a functional receptor on the cell surface. It has been
confirmed that SARS-COV-2 virus can invade cells in the
body through the ACE2 receptor and cause the occurrence
of COVID-19 (16). At the same time, ACE2 is an important
regulator of the renin-angiotensin-aldosterone system
(RAAS). After SARS-COV-2 virus enters the body, it breaks
the balance of RAAS system-related hormones and activates
RASS, leading to the further progress of COVID-19 (16).
The main clinical symptoms of COVID-19 and the injury
of various organs and tissues may also be related to the
distribution and expression of ACE2 receptors in the body.

Respiratory system injury is the most common clinical
manifestation of COVID-19. However, SARS-CoV-2
infection can cause systemic damages, including myocardial
and liver injury, vasculitis, multiple system organ failure,
and even death in severe cases (17-19). At present, there are
many reports on the liver injury related to COVID-19, but
the description of hepatitis has not yet been defined. The
main manifestations of liver dysfunction include increased
levels of aspartate aminotransferase, alanine transaminase
(ALT), gamma-glutamyl transferase, alkaline phosphatase,
and total bilirubin (TBIL) (20). Liver injury is diagnosed
when any of the above liver function indices is more than
twice the upper limit of the normal range. A clinical study
of Chinese COVID-19 sufferers showed that 15.4% of
patients also suffered from liver injury (21).

At present, the mechanism by which COVID-19 causes
liver injury is not very clear; however, several potential
mechanisms have been proposed. The first mechanism involves
ACE2 receptors that are expressed at significantly higher
levels in the cells of the bile ducts (60%) than the hepatocytes
(3%) (22-24). SARS-CoV-2 binds to the ACE2 receptor of
cells in the bile ducts by binding to spike viral proteins; thus,
the virus could directly enter the target cells and cause liver
injury (25). Second, as COVID-19 injury to the respiratory
system is severe, this could lead to hypoxia in hepatocytes that
consequently increases the expression of ACE2 receptors and
hypoxia-inducible factors (HIFs) (24,26). As HIFs are closely
related to hepatocyte metabolism, this could result in hepatic
steatosis and liver injury (26). Third, SARS-CoV-2 infection
activates autoimmunity and inflammation in vivo that causes
significant increases in the expression of many cytokines,
such as interleukin-6 (IL-6) and interleukin-2 (IL-2) (27-29).
These elevated cytokine levels lead to an imbalance of
the innate immune response in the liver (hepatic innate
immunity) and the activation of natural immune cell
mass (30). These changes may result in necrosis of the liver
tissue, hepatocyte proliferation, and the upregulation of

Ann Palliat Med 2021;10(7):8264-8270 | https://dx.doi.org/10.21037/apm-21-1398


https://dx.doi.org/10.21037/apm-21-1398
https://dx.doi.org/10.21037/apm-21-1398

8266

ACE2 causing autoimmune injury to the liver (31). Fourth,
the drugs recommended for the treatment of COVID-19,
such as lopinavir/ritonavir and chloroquine, could lead
to liver injury. Finally, SARS-CoV-2 infection could also
enhance previous chronic liver disease.

Metabolic syndrome consists of a combination of
risk factors that result in cardiovascular disease, such as
hyperglycemia, elevated blood pressure, dyslipidemia,
(hypertriglyceridemia and low high-density lipoprotein
cholesterol), and obesity (32). The metabolic syndrome can
be diagnosed by any three or more of the following (33):
(I) blood glucose greater than 5.6 mmol/L (100 mg/dL)
or drug treatment for elevated blood glucose; (II) HDL
cholesterol <1.0 mmol/L (40 mg/dL) in men, <1.3 mmol/L
(50 mg/dL) in women or drug treatment for low HDL-C;
(III) blood triglycerides >1.7 mmol/L (150 mg/dL) or
drug treatment for elevated triglycerides; (IV) waist
>102 ¢cm (men) or >88 cm (women); (V) blood pressure
>130/85 mmHg or drug treatment for hypertension.
Metabolic syndrome is considered an important risk factor
in the occurrence and development of COVID-19 (34).
A study conducted in the United States (US) involving
1,482 COVID-19 patients showed that around 12% of
hospitalized patients had concomitant diseases. In this
group of COVID-19 patients, 49.7% had hypertension,
28.3% had diabetes, 48.3% were obese, and 34.6%
had chronic liver disease (35). The above components
of metabolic syndrome not only increase the risk of
COVID-19 infection but also increase the occurrence and
development of COVID-19-related complications (36),
particularly those related to liver injury and the abnormal
elevation of transaminase. The relationship between the
components of metabolic disorder and liver injury in

COVID-19 patients is discussed further below.

Hypertension and liver injury in COVID-19 patients

Hypertension is an important risk factor that affects the
occurrence and progression of COVID-19 (5). At present,
there is no report yet on the global incidence of hypertension
in COVID-19 patients. In a cohort study of patients with
COVID-19 and chronic metabolic diseases, COVID-19
had the highest incidence in patients with hypertension and
49.7% of COVID-19 patients suffer from hypertension (36).
Hypertension is associated with the abnormal activation
of the renin-angiotensin system (RAS) and the decreased
expression of ACE2 (37,38). Angiotensin II (Angll) is a key
regulator of the RAS that can promote oxidative stress and
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the inflammation of vascular endothelial cells and smooth
muscle cells to promote atherosclerosis (38). ACE2 is a
negative feedback regulator of the RAS that protects
blood vessels and organs by degrading the heptapeptide
angiotensin 1-7 produced by Angll to produce anti-
inflammatory and vasodilating functions (37). Patients with
hypertension have decreased levels of ACE2. As SARS-
CoV-2 invades the body through ACE2 receptors, these
observations contradict the conclusion that patients with
hypertension are susceptible to COVID-19. Alternatively,
it has been proposed that the prognosis of COVID-19
patients may be related to decreases in ACE2 activity in
patients with hypertension. SARS-CoV-2 infection reduces
the activity of ACE2 activity and its receptors. This can
disrupt the ACE2 pathway leading to the occurrence and
progression of COVID-19 (39).

Zheng et al. suggested that hypertension may increase
the risk of liver injury in COVID-19 patients (40), and
ACE?2 is undoubtedly involved in this process. ACE2
plays an important role in regulating the function of
the cardiovascular, renal, and liver systems (37). The
expression of ACE2 receptors is significantly higher in
bile duct cells than in hepatocytes. There is almost no
evidence of biliary injury being manifested as increases
in y-glutamyl transferase and alkaline phosphatase. Thus,
liver injury in hypertensive patients with COVID-19
is not necessarily related to the direct action of SARS-
CoV-2 on ACE?2 receptors.

Liver injury in COVID-19 patients may be due to
secondary factors, such as the activation of systemic
inflammatory reactions in the case of hypertension. Yang
et al. conducted a retrospective study of 251 COVID-19
patients, 126 of whom had hypertension. The study showed
that COVID-19 patients with hypertension had higher
levels of IL-6 and a higher sensitivity to C-reactive protein
and procalcitonin than non-hypertensive patients (41).
These data suggest that COVID-19 patients with
hypertension have a more severe systemic inflammatory
response than those without hypertension. This response
can affect liver metabolism and cause secondary liver injury
or multiple organ dysfunction in severe cases.

Diabetes and liver injury in COVID-19 patients

Diabetes is also a risk factor for COVID-19 (42-44). Kumar
et al. showed that up to 73.3% of patients with diabetes
mellitus complicated with COVID-19 have liver injury,
which indicates that diabetes is one of the risk factors
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of liver injury in COVID-19 (45). In the US, another
study involving 2,237 cases of COVID-19 showed that of
886 patients with diabetes, 16.7% had a more than 2-fold
increase in AL'T" and that diabetes was an independent-related
factor for abnormally elevated ALT (46).

Currently, most reports on liver injury in patients
with diabetes mellitus complicated with COVID-19
have rarely found abnormal increases in ALT and TBIL.
The mechanism of diabetes on liver injury in patients
with COVID-19 remains unclear. We hypothesize that
hyperglycemia contributes to the replication of SARS-
CoV-2, which increases the extent of viral invasion of the
virus. This then acts to aggravate the systemic inflammatory
response, causing multiple system organ damage or failure.
Additionally, diabetes is considered an autoimmune and
chronic inflammatory disease. Patients with diabetes
have autoimmune system dysfunction and imbalances of
CD4+T/CD8+T lymphocytes, natural killer cells and B
cells (47,48). These factors may be further enhanced by
COVID-19, resulting in systemic inflammatory reactions,
an inflammatory storm, and immune dysfunction.

The liver is also an important immunomodulatory organ
in the human body that participates in the phagocytosis of
exogenous microorganisms and the release of cytokines.
Diabetes mellitus complicated with COVID-19 may
increase the immunomodulatory load of the liver.
Inflammatory reactions and the inflammatory storm caused
by diabetes and COVID-19 may further affect various
organs, including the liver. Finally, hypoglycemic drugs,
such as acarbose, may also cause abnormal increases in
transaminase (49). It has also been reported that metformin
can aggravate immune-mediated liver injury (50).

Dyslipidemia and liver injury in COVID-19 patients

A study of COVID-19 patients showed that dyslipidemia was
the second most frequent complication after hypertension
(46.8%), and is strongly correlated with COVID-19 (35).
Dyslipidemia is an important component of metabolic
syndrome that is mainly characterized by abnormal
increases in triglycerides (T'C) and abnormal decreases in
the levels of high-density lipoprotein cholesterol (HDL-c).
Research has shown that after the onset of the disease,
COVID-19 patients’ levels of total cholesterol (TC),
Triacylglycerol (T'G), high-density lipoprotein cholesterol
(HDL-c) and low-density lipoprotein cholesterol (LDL-c)
lowered significantly. These changes were related to disease
severity and the mortality (51,52). The abnormal decrease
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in blood lipid levels is consistent with the dyslipidemia of
metabolic syndrome.

There is evidence that blood lipids and cholesterol are
involved in the replication and proliferation of the SARS
virus in cells (53). As the SARS virus is highly homologous
to SARS-CoV-2, we speculate that the abnormal decrease
of blood lipid components is caused by the synthesis and
packaging of virus particles using lipids while SARS-
CoV-2 invading host cells. The abnormal increase in TC
in patients with metabolic syndrome may create favorable
conditions for SARS-CoV-2 replication. As the liver is the
main site of lipid metabolism and the virus replicates in
large quantities in the liver, it is reasonable to hypothesize
that the virus directly causes damage to the liver and further
aggravates disorders of lipid metabolism. Patients with
metabolic syndrome and dyslipidemia often have liver lipid
metabolic overload that may have a synergistic effect when
combined with COVID-19. This may also be one of the
causes of liver injury; however, studies need to be conducted
to validate this theory.

Obesity and liver injury in COVID-19 patients

Obesity is an independent risk factor for COVID-19.
A cohort of 342 patients with COVID-19 showed that
52% of the patients were complicated with obesity (54).
Another study showed that 18.6% of COVID-19 patients
with obesity had liver injury (55). The specific mechanism
by which liver injury is caused in obese COVID-19
patients is unknown, but a number of potential causes may
explain this relationship. First, obese patients often also
suffer from non-alcoholic fatty liver disease (NAFLD) due
to the accumulation of visceral fat (30). The inflammatory
response of NAFLD itself can lead to chronic liver injury.
On this basis, COVID-19 and the drugs used to treat
COVID-19 may further aggravate liver injury. Second,
obese patients with impaired ventilation can suffer from
sleep apnea syndrome, which can lead to hypoxemia,
which in turn results in an anoxic environment for liver
metabolism and consequent liver injury (56). Third,
obesity has been shown to affect the immune system (57).
Adipocytes and immune cells share several similar
functions and can produce inflammatory mediators (57).
Obesity can lead to an imbalance in the regulation
of adipocytes and the immune system (58) that may
promote the occurrence of an inflammatory storm due
to COVID-19, which in turn could result in multisystem
organ injury.
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Conclusions

The COVID-19 pandemic has created a heavy medical
burden and poses health risks to the global population.
Liver injury is a common complication of COVID-19.
In this article, we reviewed current research findings on
liver injury in patients with COVID-19 in the context
of metabolic syndrome. Both COVID-19 and metabolic
syndrome cause liver damage through direct or indirect
mechanisms. Therefore, when COVID-19 is combined
with metabolic syndrome, it may increase the risk of liver
injury, and it cannot be ruled out that the two diseases have
a superimposed effect on liver injury. However, further
studies need to be conducted to determine the mechanisms
underpinning these observations to minimize the effects

of metabolic factors on liver injury in patients with
COVID-19.
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