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Metabolic Syndrome and COVID-19

Hidekatsu Yanai

Abstract

Recent studies showed that comorbidities such as diabetes, hyperten-
sion and obesity contribute to severe and worse outcomes of corona-
virus disease 2019 (COVID-19), suggesting that metabolic syndrome
and its components are associated with severity of COVID-19. Here,
I systematically reviewed a possible association of metabolic syn-
drome with the susceptibility to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and severity of COVID-19 by
literature search. A population-based study and UK Biobank studies
showed that patients with metabolic syndrome is highly susceptible
to SARS-CoV-2 infection. Recent meta-analyses showed that meta-
bolic syndrome is significantly associated with the development of
severe COVID-19. Angiotensin-converting enzyme (ACE) 2 is the
cellular entry receptor of SARS-CoV-2. Enhanced ACE2 expression,
pre-existing endothelial dysfunction and procoagulant state induced
by adipocytokines dysregulation in metabolic syndrome may play a
crucial role for the development of severe COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
Cov-2), which causes coronavirus disease 2019 (COVID-19)
has reached a pandemic level. In a retrospective cohort study
of COVID-19, comorbidities such as diabetes and hyperten-
sion were present in nearly half of patients [1]. The odds of
in-hospital death were significantly higher in patients with dia-
betes and hypertension [1]. Among 383 COVID-19 Chinese
patients, after adjusting for other risk factors, obesity was as-
sociated with about 2.4-fold higher odds for developing severe
pneumonia, compared to patients with normal weight [2]. The
components of metabolic syndrome seem to be associated with
severe COVID-19. Here, I will describe a possible association
of metabolic syndrome and its components with the suscepti-
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bility to SARS-CoV-2 infection and severity of COVID-19.

Metabolic Syndrome and Susceptibility to
SARS-CoV-2 Infection

Ghoneim et al performed a population-based study to deter-
mine the relationship of metabolic syndrome and its com-
ponents with the risk of COVID-19 [3]. They reviewed data
from a large commercial database that aggregates electronic
health records from 26 large nationwide healthcare systems.
Out of 61.4 million active adult patients in the database, 8,885
(0.01%) had documented COVID-19. The cumulative inci-
dence of COVID-19 was higher in patients with metabolic
syndrome (odds ratio (OR), 7.00; 95% confidence interval
(CI), 6.11 - 8.01). The adjusted OR of having COVID-19 was
higher in patients with hypertension (OR, 2.53; 95% CI, 2.40
- 2.68), obesity (OR, 2.20; 95% CI, 2.10 - 2.32), diabetes (OR,
1.41; 95% CI, 1.33 - 1.48), hyperlipidemia (OR, 1.70; 95% CI,
1.56 - 1.74). This study showed that patients with metabolic
syndrome and/or its each component is highly susceptible to
SARS-CoV-2 infection.

Scalsky et al examined the effect of body mass index
(BMI), lipid profiles, diabetes on the risk of testing positive
for SARS-CoV-2 among 9,005 UK Biobank (UKBB) partici-
pants tested for SARS-CoV-2 from March 16 through June 29,
2020 [4]. BMI, type 2 diabetes and hemoglobin Alc (HbAlc)
were associated with increased SARS-CoV-2 infection risk (P
< 0.05) while high-density lipoprotein (HDL) and apolipopro-
tein A were associated with decreased SARS-CoV-2 infection
risk (P <0.001) [4]. This study also indicated a significant as-
sociation of metabolic syndrome components such as obesity,
diabetes and dyslipidemia with the susceptibility to SARS-
CoV-2 infection.

Leong et al performed an inverse-variance weighted av-
erages of variant-specific causal estimates for susceptibility,
defined as people who tested positive for COVID-19 vs. popu-
lation controls, and performed the analysis for BMI using ef-
fect estimates from UKBB [5]. Genetically increased BMI was
causally associated with testing positive for COVID-19 (OR,
1.08; 95% CI, 1.03 - 1.13). Genetic evidence supported BMI as
a causal risk factor for COVID-19 susceptibility.

Very recently, I studied the correlation of SARS-CoV-2
infection and the prevalence of overweight/obesity and mean
BMI in the Top 50 SARS-CoV-2 endemic countries [6]. The
prevalence of overweight and obesity, and mean BMI was sig-
nificantly and positively correlated with the number of SARS-
CoV-2 infected patients, showing a significant association
between overweight/obesity and the susceptibility to SARS-
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CoV-2 infection by using the world-wide epidemiological data.

Angiotensin-converting enzyme (ACE) 2 is the cellular
entry receptor of SARS-CoV-2 [7]. Increased ACE2 expres-
sion in chronic obstructive pulmonary disease (COPD) pa-
tients who are overweight compared to those not-overweight
was observed [8], indicating that SARS-CoV-2 is more likely
to enter into the human body in obese people as compared with
non-obese people. Enhanced expression of ACE2 in metabolic
syndrome induced by obesity may explain partly a significant
association between metabolic syndrome and the susceptibility
to SARS-CoV-2 infection.

Metabolic Syndrome and Severity of COVID-19

I searched the prevalence of diabetes and hypertension in all
COVID-19 patients, severe and non-severe COVID-19 pa-
tients by using PubMed [9], and I found 12 studies. Six stud-
ies showed a statistically significantly higher prevalence of
diabetes in severe patients than in non-severe patients [9]. In
the meta-analysis, the prevalence of diabetes in severe patients
was significantly higher than that in non-severe patients (OR,
3.52;95% CI: 2.65 - 4.67). Five of 12 studies showed a statisti-
cally significantly higher prevalence of hypertension in severe
patients than in non-severe patients [9]. In the meta-analysis,
the prevalence of hypertension in severe patients was signifi-
cantly higher than non-severe patients (OR, 2.69; 95% CI, 2.16
- 3.34). Further, I studied the prevalence of cardiovascular dis-
ease (CVD) in severe and non-severe COVID-19 patients. Four
of 11 studies showed a statistically significantly higher preva-
lence of CVD in severe patients than in non-severe patients [9].
In the meta-analysis, the prevalence of CVD in severe patients
was significantly higher than that in non-severe patients (OR,
5.37;95% CI, 3.73 - 7.74). Our study demonstrated that diabe-
tes, hypertension which are components of metabolic syndrome
and CVD which is induced by metabolic syndrome are associ-
ated with the development of severe COVID-19.

A recent meta-analysis on the association between obe-
sity and severe COVID-19 showed that COVID-19 patients
with obesity were more severe and have a worse outcome than
those without obesity (OR, 2.31; 95% CI, 1.3 - 4.12) [10].
Hariyanto et al systematically searched all articles published
on COVID-19 and dyslipidemia by using PubMed [11]. A total
of seven studies with a total of 6,922 patients were included in
their analysis, and this meta-analysis showed that dyslipidemia
is associated with severe COVID-19 (relative risk (RR), 1.39;
95% CI, 1.03 - 1.87; P = 0.03). Obesity which is the principal
cause for metabolic syndrome and dyslipidemia which is the
component of metabolic syndrome were also associated with
the development of severe COVID-19.

Recently, I suggested the potential risks for severe COV-
ID-19 in obesity before SARS-CoV-2 infection and the mecha-
nisms for adiposity-mediated exacerbation of COVID-19 [12].
Expression of ACE2 is enhanced in obesity, which makes it pos-
sible that SARS-CoV-2 is more likely to enter into the human
body in obese people as compared with non-obese people. The
greater expression of ACE2 may induce more SARS-CoV-2 en-
try into the human body, which may increase cytokines release
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and result in exacerbation of COVID-19. ACE2 is present in
lung alveolar epithelial cells, small intestinal epithelial cells,
vascular endothelial cells and adipose tissue, and its expres-
sion is increased due to obesity [13]. The greater expression of
ACE2 may also expand the distribution of SARS-CoV-2 in hu-
man body, inducing severe COVID-19. However, further stud-
ies are warranted to elucidate the association between enhanced
ACE?2 expression and severity of COVID-19.

Given that angiotensin receptor blockers (ARBs) and ACE
inhibitors (ACEIls) upregulated ACE2 expression in animal
studies, the concern might arise regarding whether ARBs and
ACEIs would increase the morbidity and mortality of COV-
ID-19 [14]. Recently, two meta-analyses on ARBs and ACEIs
and outcomes in patients with COVID-19 were performed. Lo
et al searched PubMed and CINAHL databases as well as pre-
print servers for studies investigating usage of ACEIs/ARBs
in patients with COVID-19 compared to a control group of
COVID-19 patients without ACEI/ARB use [15]. Twenty-one
studies were included in the meta-analysis. For mortality with
ACEI/ARB use, the pooled OR was 1.29 (95% CI, 0.89 - 1.87;
P =0.18), and the pooled OR for COVID-19 severity was 0.94
(95% CI, 0.59 - 1.50; P = 0.81). In combining both mortality
and severe disease outcomes, the pooled OR was 1.09 (95% CI,
0.80 - 1.48; P = 0.58). They concluded that the use of ACEI/
ARB was not associated with increased mortality or severe
COVID-19. In the meta-analysis by Grover et al, a search was
conducted on PubMed, Google Scholar, EMBASE, and various
preprint servers for studies comparing clinical outcomes and
mortality in COVID-19 patients on ACEIs and/or ARBs [16].
A total of 16 studies were included for the meta-analysis. In a
pooled analysis of four studies, there was a statistically non-sig-
nificant association of ACEI/ARB use with lower odds of de-
veloping severe disease vs. non-users (OR, 0.81; 95% CI, 0.41
- 1.58; P=0.53). In a pooled analysis of six studies, there was a
statistically non-significant association of ACEI/ARB use with
lower odds of mortality as compared with non-users (OR, 0.86;
95% CI, 0.53 - 1.41; P=0.55). They concluded that ACEIs and
ARBs should be continued in COVID-19 patients, reinforcing
the recommendations made by several medical societies.

It has been proposed that the increase of secretion of in-
terleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)
by adipose tissue in obesity-induced insulin resistance, could
underlie the associations of insulin resistance with endothe-
lial dysfunction and coagulopathy [17]. Insulin resistance is
associated with elevated concentrations of fibrinolytic inhibi-
tor plasminogen activator inhibitor-1 (PAI-1), and increased
expression and secretion of PAI-1 by hepatocytes and endothe-
lial cells are induced by insulin, triglyceride-rich lipoproteins
[17]. Von Willebrand factor (VWF) is also elevated in insulin-
resistant states, suggesting the existence of insulin-resistance-
induced endothelial dysfunction [17]. Elevation of inflamma-
tory cytokines, endothelial dysfunction and procoagulant state
already exist in obese people even before SARS-CoV-2 infec-
tion. SARS-CoV-2 infection may enhance elevation of inflam-
matory cytokines which leads to cytokine storm, and induce
endothelial injury and thrombosis.

As shown in Figure 1 [10-12], recent meta-analyses
showed that obesity, dyslipidemia, hypertension and diabe-
tes, which are the components of metabolic syndrome, are
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Figure 1. A significant association between metabolic syndrome and severity of COVID-19. OR (odds ratio) and RR (relative
risk) indicate the risk for the development of severe COVID-19. AGT: angiotensinogen; Cl: confidence interval; CVD: cardiovas-
cular disease; FFA: free fatty acids; IL: interleukin; PAI-1: plasminogen activator inhibitor-1; TNF-a: tumor necrosis factor-alpha;

COVID-19: coronavirus disease 2019.

strongly involved in the aggravation of COVID-19. In addi-
tion, my meta-analysis showed that CVD, which is caused by
metabolic syndrome, is also involved in the aggravation of
COVID-19.

Pre-existing endothelial dysfunction observed at early
stage of atherosclerosis in patients with metabolic syndrome
may play a crucial role for the development of severe COV-
ID-19. Varga et al showed the presence of viral elements
within endothelial cells and an accumulation of inflammatory
cells, with evidence of endothelial and inflammatory cell death
[18]. They suggested that COVID-19-endotheliitis could ex-
plain the systemic impaired microcirculatory function in dif-
ferent vascular beds and their clinical sequelae in patients with
COVID-19 [18]. They proposed that the therapies to stabilize
the endothelium while tackling viral replication could be par-
ticularly relevant for vulnerable patients with pre-existing en-
dothelial dysfunction [18], supporting my hypothesis.

Systemic Severe Coagulopathic Vasculitis
(SSCV) and Severe COVID-19

High levels of acute-phase proteins, very high levels of D-di-
mers (the marker for thrombosis), and absence of disseminated
intravascular coagulation (DIC) have been observed in patients
with severe COVID-19, suggesting the crosstalk between in-
flammation and coagulation in severe COVID-19 [19]. There
appear to be high rates of venous thromboembolism and also,
what has been poorly described before in acute lung injury,
a high rate of pulmonary immune-thrombosis [19]. SSCV,
thrombosis secondary to inflammation may play a crucial role
in development of severe COVID-19 [12, 19].

Vascular endothelium influences not only the three clas-
sically interacting components of hemostasis: vessels, plate-
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lets and clotting and fibrinolytic systems of plasma, but also
the natural sequelae: inflammation and tissue repair [20]. Un-
der physiological conditions endothelium mediates vascular
dilatation, prevents platelet adhesion and activation, blocks
thrombin formation and mitigates fibrin deposition [20]. En-
dothelial injury due to inflammation induces completely op-
posing actions such as vasoconstriction, platelet and leukocyte
activation and adhesion by upregulation of VWF and platelet
activating factor (PAF), promotion of thrombin formation and
coagulation and fibrin deposition at the vascular wall by up-
regulation of tissue factor (TF) and PAI-1 [20]. TNF-a expres-
sion has been reported to stimulate expression of TF, VWF and
PAF, and release of PAI-1 [21].

Possible mechanisms for inflammatory cytokines-induced
thrombosis were shown in Figure 2. PAF activates platelets,
and TF and VWF are associated with elevation of coagula-
tion and platelet adhesiveness, respectively. Further, PAI-1 de-
creases fibrinolysis. Inflammatory cytokines-induced vascular
injury induces thrombosis via various cascades.

Multivariable regression showed remarkably increasing
odds of in-hospital death associated with D-dimer greater than
1 pg/mL (OR, 18.42; 95% CI, 2.64 - 128.55; P = 0.0033) on
admission [1]. Significantly higher VWF, fibrinogen and D-
dimer levels were observed in COVID-19 patients in intensive
care unit (ICU) as compared with non-ICU patients [22].

Coagulopathies and thrombosis may be significantly as-
sociated with the development of severe COVID-19.

A Significant Association Between Dysregula-
tion of Adipocytokines in Metabolic Syndrome
and Severity of COVID-19

Accumulated visceral adipose tissue play an important role for
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the pathogenesis of metabolic syndrome by increased secretion
of ILs, TNF-a, angiotensinogen (AGT), leptin, free fatty acids
(FFA) and PAI-1, and by decreased secretion of adiponectin
(Fig. 1).

ILs

In the meta-analysis of 23 studies involving 3,400 COVID-19
patients, IL-6 levels were lower in mild group (weighted mean
difference (WMD), -24.49; 95% CI: -34.64 - -14.34; P<0.001)
but significantly increased in critically ill group (WMD, 30.66;
95% CI, 7.53 - 53.78; P = 0.009) [23]. A subgroup analysis
comparing patients by survival, found an even higher IL-6 lev-
els was observed in patients who died (WMD, 41.32; 95% CI,
28.15-54.49; P<0.001).

The meta-analysis including a total number of 21 studies
showed that IL-6 and IL-10 were strong discriminants for se-
vere COVID-19 [24]. The meta-analysis including a total of 14
studies documenting the outcomes of 4,659 patients showed
that those who died, compared with those who survived, dif-
fered on IL-6 (+4.6 ng/mL, 95% CI, 3.6 - 5.6; P < 0.00001)
[25].

The meta-analysis including 50 studies with 7,865 patients
showed a significant increase in I1L-2, IL-4, IL-6, IL-8, IL-10,
TNF-a and interferon-gamma (INF-y) in the severe group
compared to the non-severe group [26]. However, no signifi-
cant differences were found in IL-1p and IL-17 between the
two groups. Other eight meta-analyses suggested a significant
association between an increase of IL-6 and severe COVID-19
[27-34]

TNF-a

Only one meta-analysis showed a significant increase in
TNF-a (WMD, 0.24 pg/mL; 95% CI, 0.01 - 0.47; P<0.001) in
the severe group compared to the non-severe group [26].
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AGT, leptin and adiponectin

There were no studies which showed a significant association
of AGT, leptin and adiponectin levels with severe COVID-19.

FFA

To investigate metabolic effects of SARS-CoV-2 infection,
Thomas et al evaluated serum metabolites of patients with
COVID-19 (n = 33) as compared with COVID-19-negative
controls [35]. All FA levels, except for nonanoic acid, were
increased in all patients with COVID-19, independent of IL-6
levels.

PAI-1

Zuo et al found markedly elevated levels of tissue-type plas-
minogen activator (t-PA) and PAI-1 among patients hospital-
ized with COVID-19 [36]. Both factors demonstrated a strong
correlation with neutrophil counts and markers of neutrophil
activation, but not with D-dimer. High levels of t-PA and PAI-1
were associated with worse respiratory status.

Nougier et al evaluated fibrinolytic activity and thrombin
generation in 78 COVID-19 patients [37]. Forty-eight patients
admitted to ICU and 30 patients admitted to the internal medi-
cine department were included in the study. They found a sig-
nificantly higher level of PAI-1 (96.3 + 35 ng/mL, P = 0.017
vs. non-ICU patients) in ICU patients than in non-ICU patients
(76.8 = 40 ng/mL).

Conclusions

Metabolic syndrome and its components are significantly as-
sociated with the susceptibility to SARS-CoV-2 infection and
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severity of COVID-19. Enhanced ACE2 expression, pre-exist-
ing endothelial dysfunction and procoagulant state induced by
adipocytokines dysregulation in metabolic syndrome may play
a crucial role for the development of severe COVID-19.
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