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Cardiovascular risk in COVID-19 infection

Valter Lubrano1, Silvana Balzan2

1Fondazione G. Monasterio, CNR/Regione Toscana, Pisa, Italy; 2Istituto di Fisiologia Clinica, CNR, Pisa, Italy

Received June 5, 2020; Accepted September 12, 2020; Epub October 15, 2020; Published October 30, 2020

Abstract: A few months ago a new coronavirus was identified in Cina officially named by the WHO as COVID-19. 
The thousands of patients who died showed pneumonia and alveolar damage, but actually, according to several 
authors in addition to the acute respiratory distress syndrome the virus can give rise to multiorgan failure. In fact, 
many people died equally despite being intubated and treated for respiratory failure. In this review, we especially 
wanted to describe the virus effects on the cardiovascular system, probably the leading cause of death of thousands 
of deceased patients. Therefore, mortality is indirectly induced by the virus through vascular inflammation and car-
diovascular damage and patients with severe COVID-19 infection showed significantly increased levels of cardiac 
troponin I and inflammatory cytokines. The main activation of the signal pathways for the production of inflammatory 
cytokines are the toll-like receptors that recognize the presence of viral nucleic acids and the ACE-2 receptors, that 
the virus uses to infect the cells. The binding to ACE-2 also allows to promote high levels of angiotensin II by pro-
moting high levels of blood pressure. High levels of IL-6, IL-1B and IL-8 have been associated with plaque instability 
and increased thrombotic risk. Furthermore IL-6 is involved in the stimulation of matrix-degrading enzymes such as 
matrix metalloproteinases, and may contribute to the development of acute coronary syndrome. In addition, TNF-α, 
IL-1 and IL-6 present in patients with severe COVID-19 are associated with coagulation activation and thrombin 
generation resulting in disseminated intravascular coagulation or thrombotic microangiopathy. Considering these 
pathological effects of the virus, anti-inflammatory and anticoagulant treatments are to be considered to avoid car-
diovascular events. In this regard, heparin, in addition to its anticoagulant characteristics, has been shown to have 
good control over inflammation and to be a good anti-viral drug.
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Introduction

Coronaviruses consist of 26-32 kilobase sin-
gle-stranded RNA genomes, enveloped in a 
capsid made up of two phospholipid layers, 
covered with the spiked proteins and the 
hemagglutinin HE.

Coronaviruses belong to a family that has been 
divided genetically and serologically into 4 
classes, α, β, γ, and δ. Generally, in humans, 
the infections concern the α and β classes and 
it involves the upper respiratory tract giving rise 
to fever, headache, and cough although in 
some cases lower respiratory tract infections 
occur.

A new coronavirus was identified in Cina in 
2019 officially named by the WHO as COVID-
19, which has spread rapidly throughout China 
in the past five months [1-5] and it spread 
worldwide. 

COVID-19 has been identified in swabs per-
formed on the throat and nose of patients who 
suffer or are suspected of the disease and can 
cause mild or highly acute respiratory syn-
drome, which in many cases need to use artifi-
cial respiration. At the moment its mode of 
action is still unclear and the most valid strate-
gy to defeat it is the lockdown.

The thousands of patients who died referred to 
pneumonia and alveolar damage. Many patients 
have been intubated to improve breathing, but 
death may not be caused solely by lung failure. 
According to several authors, in addition to the 
acute respiratory distress syndrome, the virus 
can give rise to multiorgan failure [6].

However, some aspect of its mechanisms is 
beginning to be brought to light by resear- 
chers.

The disease is reported to affect more easily 
older people who have other comorbidities as 
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cardiovascular diseases and a weaker immune 
system [1, 7]. As SARS and MERS-CoV corona-
virus infection [8, 9] also COVID-19 induces an 
highly increment of inflammatory cytokines 
such as interleukin (IL)-1b, IL-6 [10], and the 
C-reactive protein (CRP) [11], that are associat-
ed with the damage to the lung alveoli  and car-
diovascular tissues [1, 7, 12].

Therefore, mortality is indirectly induced by the 
virus through the damage caused by inflamma- 
tion.

Here, we will look into the mechanisms involved 
between COVID-19 infections, vascular inflam-
mation, and cardiovascular risk. 

Toll-like receptor

Eukaryotic toll-like receptors (TLRs) have been 
identified as the primary immune receptors 
that distinguish between different pathogens 
and activate a rapid innate immune response 
[13]. TLRs are expressed in macrophages and 
other cell types [13]. A subset of TLRs, TLR3, 

TLR7/8, and TLR9, is involved in antiviral re- 
sponses by triggering the production of proin-
flammatory cytokines such as IL-6, NF-kB and 
type I interferons (IFNs). The start of TLR-
induced signal transmission occurs following 
their dimerization and interaction of cytoplas-
mic molecules called adapters such as the 
MyD88 or TRIF adapter [14, 15] (Figure 1). 
Innate immunity is needed in a precise regula-
tion to eliminate the virus, otherwise will result 
in immunopathology as it happens in patients 
with critical COVID-19 condition, where the 
virus particles invade the respiratory mucosa 
firstly and infect other cells, triggering a series 
of immune responses and the production of 
cytokine storm in the body [16].

In fact, the binding of COVID-19 to the TLR 
induces a vicious cycle of inflammation which is 
responsible not only for lung inflammation, 
fever, and fibrosis, but also for causing multiple 
injuries to the liver, heart, and kidneys [17]. 
Several studies have established that the hyper 
inflammatory response induced by COVID-19 is 
a major cause of disease severity and death, in 

Figure 1. The virus through TLR receptors can trigger the signal transmission path which determines the production 
of interferons and NF-kB. The biochemical cascade that induces vascular inflammation, promotes plaque rupture, 
disseminated intravascular coagulation, endothelial dysfunction, fibrosis and acute coronary syndrome.
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particular in patients with comorbidities such 
as cardiovascular diseases, where a link be- 
tween TLR signaling in cardiovascular diseases 
and production of pro-inflammatory cytokines 
has been reported [18, 19].

ACE-2 receptors

Several evidences describe Angiotensin-Co- 
nverting Enzyme 2 (ACE2) as a receptor used 
by SARS-CoV-2 to infect the cell via the virus 
spike protein [20, 21]. 

ACE-2 is a type I transmembrane metallocar-
boxypeptidase enzyme, known to be a key play-
er in the Renin-Angiotensin system (RAS) and a 
target for the treatment of hypertension [22]. 
The major substrate for ACE-2 is Angiotensin II 
[23]. Angiotensin II, binding angiotensin recep-
tor 1 (AT2R1) is responsible for vasoconstric-
tion and causes hypertension. ACE-2 degrades 
Angiotensin II, thereby, negatively regulating 
RAS [24] and exhibiting a protective function in 
the cardiovascular system [25].

In the presence of COVID-19, ACE2 provides an 
entry door for the virus contributing to develop 
lung injury and hyper-inflammation [26, 27]. 

Since ACE2 is also highly expressed in the he- 
art [28, 29], it has been rationally hypothesized 
that COVID-19 induced cardiac injury by ACE2 
[30, 31]; however, in a recent pathological study 
a patient with COVID-19 did not show substan-
tial myocardial damage [32] suggesting that 
COVID-19 not directly impairs the heart. 

Other studies suggest that ACE2 could be pro-
tective in several models of lung injury, includ-
ing lung injury by COVID-19 [33]. ACE2 acting as 
a counter-regulatory mechanism of the classi-
cal RAS system, besides to block the pro-hyper-
tensive features of angiotensin II [34], blocks 
angiotensin II ability to activate the production 
of proinflammatory cytokines [35].

In presence of a downregulation of ACE2, as 
observed in old subjects with comorbidities 
affecting the angiotensin system, such as 
hypertension or diabetes, it has been hypothe-
sized that COVID19 could remove the brakes 
from angiotensin II, inducing the local activa-
tion of immune cells and an uncontrolled in- 
flammatory response (Figure 2) [27, 36]. 
Therefore the treatment with the well-known 
category of anti-hypertensive medications ACE 
inhibitors and Angiotensin receptor blockers 

Figure 2. The virus by binding to ACE-2 receptors directly determines the production of inflammatory cytokines. 
Indirectly this link favors the increase in Angiotensin II levels inducing the production of various cytokines and high 
blood pressure.
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(ARB) could be helpful in patients with COVID-
19 and these comorbidities. The study by  
Meng et al. [37] in a hypertensive Chinese pop-
ulation with COVID-19 under treatment with 
ACEi/ARB drugs displayed an attenuated in- 
flammatory response and, during hospitaliza-
tion, 12 patients from the non-ACEi/ARB group 
were considered severe and one patient died 
versus ACEi/ARB group with 4 severe patients 
and no deaths. However further studies will be 
needed to clarify if the beneficial action of ACE2 
by Angiotensin II inhibition prevails on its dele-
terious action favouring the entry of the virus 
into the cell. 

COVID-19 infection and cardiovascular risk

Inflammatory cytokines and plaque instability

Some studies highlighted the association be- 
tween infections and vascular inflammation in 
atherosclerosis risk [38, 39].

The relationship between cytokines, migration 
of monocytes in the intima and development of 
atheroma is now well known. The atheroma 
recruits T-cells, mast cells, other inflammatory 
cells to the intima [40] and the production of 
several factors [41] that degrade collagen, 
resulting in thinning of the fibrous cap and its 
instability [42, 43]. IL 6 and IL 8 cytokine levels 
have been found to correlate with atheroscle-
rotic plaque instability [44].

The occlusion of the vessel lumen, which 
comes from atherosclerotic plaque rupture/
erosion initiating thrombus formation, is a com-
mon condition in the pathogenesis of signifi-
cant clinical forms of atherosclerosis, such  
as sudden death, myocardial infarction, and 
stroke [45].

Previous studies have highlighted that patients 
with sepsis secondary to infection in the inten-
sive care unit showed significantly increased 
levels of IL-6, which well correlated with Acute 
Physiology and Chronic Health Evaluation II 
score and overall mortality [46]. Acute infec-
tions, especially systematic respiratory tract 
infections, are associated with a transient 
increased risk for myocardial infarction, espe-
cially during the first 3 days of infection [47]. 
Various infections have been associated with 
inflammatory cytokines, as observed in pa- 
tients affected by rheumatoid arthritis, where 

increased levels of IL-6 in serum and synovial 
fluid [48] correlate with the inflammatory condi-
tion of these diseases, with an increased risk of 
mortality attributed largely to cardiovascular 
events [49].

Recent studies demonstrated the statistica- 
lly significant association between cardiac inju-
ry and mortality in hospitalized patients with 
COVID-19 in Wuhan, China [30].

Plasma concentrations of IL-6 and C-reactive 
protein (CRP) appear to reflect the intensity of 
occult plaque inflammation and the vulnerabili-
ty to rupture [50].

High IL-6 concentrations were reported in sam-
ples from patients with unstable angina [51, 
52], confirming IL-6 importance in the patho-
physiology of AMI syndrome [53].

CRP and IL-6 resulted as independent predic-
tors of future clinical events such as myocardial 
infarction, unstable angina, stroke, and periph-
eral vascular disease in symptomatic and in 
apparently asymptomatic patients [38, 52]. 
Furthermore, since IL-6 is a strong independent 
marker of increased mortality in unstable CAD, 
it can identify patients who could benefit from a 
strategy of early invasive management.

IL-6 is also involved in the stimulation of matrix-
degrading enzymes such as matrix metallopro-
teinases (MMPs) [54] and may contribute to the 
development of acute coronary syndrome [55]. 
When macrophages, vascular smooth muscle 
cells (VSMCs), and other cells overexpressing 
activated forms of MMPs accumulate locally, 
they may destroy the extracellular matrix (ECM) 
in atheroma and thereby destabilize and rup-
ture the plaque [56].

Studies in animal models [57] and human ath-
erosclerotic arteries [58] have evidenced that 
also interleukin-1B (IL-1B) is associated with 
the development of atherosclerosis. IL-1B, pro-
duced and secreted in particular by innate 
immune cells such as monocytes, macrophag-
es, and dendritic cells upon activation, is a key 
pro-inflammatory cytokine that induces the pro-
duction of other cytokines, adhesion mole-
cules, and metalloproteinases [59, 60]. In the 
arterial wall, IL-1B influences the inflammatory 
processes that lead to the development of ath-
erosclerotic plaques and acute coronary syn-
drome [40, 61].
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IL-1 has been considered as a crucial cytokine 
for hosts to defend against a broad range of 
pathogens. The classical IL-1 cytokines are 
IL-1A and IL-1B [62]. The IL-1 cytokines, particu-
larly IL-1B, have been studied for their role in 
the antifungal host response against Aspergillus 
fumigatus infection. Recent studies showed 
the association of serum IL-1B level with the 
disease activity of chronic pulmonary aspergil-
losis [63].

Recent literature showed that cardiac troponin 
I (cTnI) values are significantly increased in 
patients with severe COVID-19 infection com-
pared to those with milder forms of the disease 
[64]. This shows that it is important to measure 
cardiac damage biomarkers immediately after 
hospitalization for COVID-19 infection, as well 
as longitudinal monitoring during hospital stay, 
identifying a subset of patients with possible 
cardiac injury. Also, in this case, we should 
investigate the use of antiviral, anti-inflamma-
tory and antithrombotics drugs to avoid heart 
damage.

Thrombosis 

Many patients with severe COVID-19 have 
coagulation abnormalities and a substantial 
percentage of patients with severe COVID-19 
develop venous and arterial thromboembolic 
complications [65, 66]. The increased concen-
trations of pro-inflammatory cytokines, such as 
tumor necrosis factor-α (TNF-α) and IL-1 and 
IL-6 present in these patients induce tissue fac-
tor expression on mononuclear cells, with sub-

wall interaction due to ultra-large von Willebr- 
and factor multimers released from perturbed 
endothelial cells, normally cleaved by a disinte-
grin and metalloprotease (ADAMTS13). Since a 
significant reduction of ADAMTS13 has been 
observed in severe inflammation, we can spec-
ulate that ADAMTS13 could represent an 
important factor also in COVID-19 infection. 
The coagulation changes associated with 
COVID-19 suggest the presence of a hyperco-
agulable state that might increase the risk of 
thromboembolic complications [65]. Recent 
findings reported a 35-45% incidence of th- 
romboembolic complications in patients with 
COVID-19 [67]. Moreover, patients with in- 
creased concentrations of D-dimer (6 times the 
upper limit of normal) and treated with heparin 
have a lower mortality than those not treated 
[66]. 

However, mortality also exists in healthy elderly 
subjects. In older subjects in the presence of 
COVID-19, even without previous diseases, the 
possible presence of non-significant atheroma-
tous plaques could be sufficient to induce 
platelet aggregations and thrombi inducing car-
diac ischemic events.

A highly significant positive association be- 
tween age and IL-6 levels was observed by our 
group in a healthy general population (unpub-
lished data) (Figure 3). In conclusion, in older 
subjects, the presence of a high level of IL-6 
due to the age plus that produced by COVID-19 
is certainly more harmful than in young peo- 
ple.

Figure 3. Association between age and plasma IL-6 levels in a general popu-
lation of healthy subjects (our unpublished data). According to us, the pres-
ence of the virus in elderly subjects, that have already high basal IL-6 levels, 
is dangerous because it promotes a higher IL.

sequently coagulation activa-
tion and thrombin generation. 

Coronavirus infections are also 
associated with a remarkable 
activation of the fibrinolytic 
system, an important factor in 
lethality. A massive release of 
plasminogen activators by in- 
flammation-induced endotheli-
al cell injury could explain the 
high concentrations of D-dimer 
and fibrin degradation prod-
ucts observed in patients with 
severe COVID-19 [65].

Thrombotic microangiopathy is 
typically caused by pathologi-
cally enhanced platelet-vessel 
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Treatments

Given the need to neutralize the devastating 
effects of the COVID-19 at the vascular level, 
strategies target cytokine production, toll-like 
receptors, and ACE2 receptors are needed.

Inhibitors against these targets have been con-
sidered as promising therapeutics for COVID-
19 infection and are under examination for 
clinical trials [68] (see ClinicalTrials.gov websi- 
te).

It has been shown that inhibition of a group of 
enzymes with histone deacetylase activity 
modulates the immune response triggered by 
several pathogens and toll-like receptor (TLR) 
ligands in macrophages [69, 70]. These histone 
deacetylase enzymes (HDACs) have an impor-
tant cellular role in mediating different bio-
chemical and epigenetic processes involved in 
gene expression by eliminating acetyl groups 
from histone or non-histone proteins [71]. 
Valproic acid (VPA) is a well-known drug that 
increase in cerebral levels of gamma amino 
butyric acid (GABA), an inhibitory neurotrans-
mitter [72]. It has been reported that VPA such 
as trichostatin A (TSA) and vorinostat inhibitors 
of HDAC activity of several inflammatory dis-
eases showed a modulatory effect in the 
expression of inflammatory cytokines in in vivo 
models [71, 72]. Recent findings showed that 
HDAC inhibition with VPA during infection with 
dengue virus exerted an important regulatory 
effect in the production of inflammatory cy- 
tokines, representing a significant advance in 
the design of novel therapeutic viral infections 
treatments [73].

Therapies targeting ACE2 with blocking agents 
may be detrimental, with the risk of worsen- 
ing hypertension, while boosting ACE2 activity 
could represent a good treatment of COVID-19 
[74], as previously described for SARS [75].

The upregulation of proinflammatory cytokines 
observed in COVID-19 patients that induces a 
severe inflammation leads to a marked increase 
of D-dimers and the fibrinolysis [76].

Heparin may also be helpful in microvascular 
dysfunction in cardiac failure because it has 
been postulated that ischemic hypoxia in the 
subendocardial layer can make it lose its natu-
ral anticoagulant properties [77]. According to 
some authors the introduction of heparin to 

block thrombin could reduce the inflammatory 
response in COVID-19 patients [78]. One of the 
properties of heparin is its anti-inflammatory 
activity. As many authors have described, hepa-
rin can bind to cytokines, inhibit chemotaxis 
and leukocyte recruitment, neutralize the com-
plement factor C5a [79, 80].

Activation of the coagulation system is relevant 
in the pathogenesis of COVID-19 [81]. Treatment 
with heparin may thus help to mitigate this 
coagulopathy. A demonstration of this evidence 
resulted from a study where treatment with low 
molecular weight heparin within 7 days of the 
appearance of acute respiratory distress syn-
drome greatly reduces the risk of mortality [82]. 
Another increasingly recognized complication 
of COVID 19 is the endothelial dysfunction well 
known to contribute to cardiac effects [81].

Heparin therapy is also important for its recog-
nized antiviral activity. Thanks to its polyanionic 
nature capable of binding numerous proteins 
thus acting as an effective inhibitor of viral 
binding to cells [83].

Conclusions

The scientific community for a few months did 
not understand the pathological effect trig-
gered by this virus. The diagnosis of pneumonia 
prevailed for many days over the real pathologi-
cal picture that was occurring. This mistake 
added to the delays in understanding that the 
world was facing a new virus has caused thou-
sands of deaths. The even more tragic factor is 
that despite the treatments to improve the 
breathing of the patients it was not noticed that 
the people died anyway. Finally, today we are 
aware that the treatments to be carried out 
promptly in case of COVID-19 infection are 
mainly related to the reduction of inflammatory 
cytokines induced in large quantities by the 
virus and in the prevention of disseminated 
coagulation, factors that induce important 
damage to the cardiovascular system.
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