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Adiposity is the Crucial Enhancer of COVID-19

Hidekatsu Yanai

To the Editor

A very recent study showed that patients with overweight and
obesity admitted in a medical ward for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)-related pneumonia,
despite their younger age, required more frequently assisted
ventilation and access to intensive care units (ICUs) or semi-
ICU than normal-weight patients [1]. However, it remains still
unknown why obese patients with coronavirus disease 2019
(COVID-19) develop severe outcomes.

Potential risks for severe COVID-19 in obesity before
SARS-CoV-2 infection and the mechanisms for adiposity-
mediated exacerbation of COVID-19 were shown in Figure 1.
Angiotensin-converting enzyme (ACE) 2 is the cellular entry
receptor of SARS-CoV-2 [2]. Increased ACE2 expression in
chronic obstructive pulmonary disease (COPD) patients who are
overweight compared to those not-overweight was observed [3],
indicating that SARS-CoV-2 is more likely to enter the human
body in obese people as compared with non-obese people. ACE2
is also present in vascular endothelial cells, the epithelia of lung
and small intestine, and its expression is increased in lung alveo-
lar epithelial cells and adipose tissue due to obesity [4]. Given
that angiotensin receptor blockers (ARBs) and an ACE inhibi-
tor (ACEI) upregulated ACE2 expression in animal studies, the
concern might arise regarding whether ARBs and ACEIs would
increase the morbidity and mortality of COVID-19 [5]. How-
ever, no clinical data exist regarding the effects of ARBs and
ACEIs on human tissue ACE2 expression or activity in vivo [5].
Further, a very recent large study has shown the protective ef-
fects of ACEIs/ARBs against mortality in COVID-19 [6], chal-
lenging the association between ACEIs/ARBs use and severe
COVID-19. The S1 domain of SARS-CoV-2 spike glycoprotein
potentially interacts with human dipeptidyl peptidase 4 (DPP4),
a key immunoregulatory factor for hijacking and virulence [7].
Increased DPP4 expression was observed in vascular endothe-
lial cells, adipose tissue and liver in obese people [8], which can
also make it easy for SARS-CoV-2 to enter human tissues.

It has been proposed that the increase of secretion of in-
terleukin-6 and tumor necrosis factor-alpha by adipose tissue
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in obesity-induced insulin resistance, could underlie the asso-
ciations of insulin resistance with endothelial dysfunction and
coagulopathy [9]. Insulin resistance is associated with elevated
concentrations of fibrinolytic inhibitor plasminogen activator
inhibitor-1 (PAI-1), and increased expression and secretion of
PAI-1 by hepatocyte and endothelial cell are induced by in-
sulin, triglyceride-rich lipoproteins [9]. Von Willebrand factor
(VWF) is elevated in insulin-resistant states, suggesting insu-
lin-resistance induces endothelial dysfunction [9].

: Adipose tissue
a Bronchi Liver

ACE2
- E\. DPP4 t
DPP4 t

i
|IL6 TNF-a, IL-18 1
IChronlc Low—grade Inflammation I\‘
/ IInsuIln Resistance | f |PAI 1 TI @

Endothelial Dysfunction

DPP41 ACE2 t =)

Procoagulant State

Blood vessel

=]
Endothelium

Atherosclerotic plaque

b Adipose tissue

* SARSCoV-2 Atherosclerotic plaque

Figure 1. Potential risks for severe COVID-19 in obesity before SARS-
CoV-2 infection (a) and the mechanisms for adiposity-mediated ex-
acerbation of COVID-19 (b). COVID-19: coronavirus disease 2019;
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ACE:
angiotensin-converting enzyme; DPP4: dipeptidyl peptidase 4; FFA: free
fatty acids; IL: interleukin; LPL: lipoprotein lipase; PAI-1: plasminogen
activator inhibitor-1; TGRL: triglyceride-rich lipoprotein; TNF-a: tumor
necrosis factor-alpha; VWF: von Willebrand factor.
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Elevation of inflammatory cytokines, endothelial dysfunc-
tion and procoagulant state already exist in obese people even
before SARS-CoV-2 infection. SARS-CoV-2 infection may
enhance elevation of inflammatory cytokines which leads to
cytokine storm and induces endothelial injury. A highly inflam-
matory disorder may increase release of free fatty acids from
adipose tissue and inactivate lipoprotein lipase [10], resulting in
increase of triglyceride-rich lipoprotein which further enhance
PAI-1 expression in vascular endothelium. Elevated PAI-1 and
endothelial injury induce thrombosis. Multivariable regression
showed remarkably increasing odds of in-hospital death associ-
ated with d-dimer (the marker for thrombosis) greater than 1
pg/mL (18.42, 2.64 - 128.55; P = 0.0033) on admission [11].
Elevated VWF (the marker for endothelial injury) level was also
observed in COVID-19 patients in ICU [12]. Fibrinogen and d-
dimer also increased in patients in ICU, however, such patients
did not develop acute disseminated intravascular coagulation
(DIC), rather they showed hypercoagulability together with a
severe inflammatory state [12], which I would call as “systemic
severe coagulopathic vasculitis (SSCV)”.I have to mention that
the mechanical depression of ventilation due to morbid obesity
may be associated with severity of COVID-19 [13].

In conclusion, obese people have various factors includ-
ing high likelihood of entry of SARS-CoV-2 into human vital
tissues, elevated cytokines, endothelial dysfunction and proco-
agulant state, which may enhance the severity of COVID-19.
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