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Abstract:
Background:

Acute inflammation induced by COVID-19 may lead to atherosclerotic plaque development or complicate existing plaque. In this study, we aimed
to determine the atherogenic effect of COVID-19 pneumonia, confirmed by thoracic computed tomography, on coronary and carotid arteries in
patients who recovered from the disease.

Methods:

Our study included patients who were diagnosed with COVID-19 in our hospital at least 1 year ago, recovered, and then underwent coronary CT
angiography with suspected coronary artery disease. The aim was to evaluate the burden of atherosclerotic plaque in the coronary arteries of these
patients who underwent coronary CT angiography.

Results:

Patients were assigned to 3 groups according to the results of the CT scan. Group 1 included patients in the control group with no history of
COVID-19 (n=36), group 2 included those with mild to moderate pneumonia symptoms (n=43), and group 3 included those with severe
pneumonia symptoms (n=29). The calcium scores were 23.25+£36.8 in group 1, 27.65+33.4 in group 2, and 53.58+55.1 in group 3. The calcium
score was found to be significantly higher in group 3 patients with severe pneumonia (group 1-2 p=0.885, group 1-3 p<0.05, group 2-3 p<0.05).

Conclusion:

Although there is no conclusive evidence of a relationship between COVID-19 and atherosclerosis, our study suggests a possible relationship
between them. Since this relationship was found especially in cases with severe disease in our study, we believe that the treatment should focus on
preventing excessive inflammatory response, and such patients should be under control in terms of coronary artery disease.
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1. INTRODUCTION

Coronavirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has
become a global health problem that can lead to viral
pneumonia, sepsis, multiple organ failure, and even death [1,
2]. During the peak periods of the COVID-19 epidemic, there
was a significant decrease in emergency department admis-
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sions and elective surgery cases due to the fear and anxiety
experienced by most patients, which caused serious
consequences for public health [2, 3]. The pathogenesis of
COVID-19 is mainly characterized by inflammation triggered
by viral entry via angiotensin-converting enzyme (ACE-2)
receptors in the lung [4]. Pro-inflammatory cytokines resulting
from stimulation have been linked to the severity and
progression of infection [5]. Although ACE-2 is predominantly
present in type 2 lung alveoli, it is also found in intestinal
epithelium, cardiac cells, renal and vascular endothelial cells
and cells in various tissues [6]. Pneumonia is the major clinical
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condition in COVID-19 patients, and acute respiratory distress
syndrome (ARDS) is one of the complications with a very high
mortality rate in patients with severe disease [7, 8]. Virus
infection of alveolar epithelial cells triggers a host immune
response, which induces the release of pro-inflammatory
cytokines. This results in the development of various
pathological conditions such as endothelial and epithelial cell
damage, vascular leakage, hemorrhage, and pulmonary
consolidation in the lungs [9]. In the «case of
hyperinflammation, overstimulation of the immune system and
cytokine storm may lead to ARDS [10, 11]. Indeed, the
cytokine storm is the underlying cause of tissue damage in all
organs and has been implicated in complications such as sepsis
and multiple organ failure.

In severe COVID-19 infection, clinical manifestations
usually start with respiratory symptoms, but the cardiovascular
system is also significantly affected and appears as an
important complication of the virus. The most common
complications are myocarditis, myocardial infarction,
cardiomyopathies, heart failure and arrhythmias [12].
Occasionally, cardiac involvement may appear as the first
symptom of the infection [13, 14]. Although not histologically
proven, direct viral toxicity, endothelial damage, microvascular
dysfunction, and susceptibility to thrombosis are possible
pathophysiological mechanisms. The endothelium prevents
thrombus formation by releasing nitric oxide and prostacyclin
(PGI2). Metabolic, toxic or immunological events are known to
cause endothelial dysfunction and predispose to atherosclerosis
[15, 16]. However, some infectious agents may directly or
indirectly cause endothelial damage, hypercoagulation, or local
inflammation, leading to atherosclerotic plaque formation or
further complicating the plaque [17 - 21]. Several studies have
reported that infectious agents accelerate plaque formation and
increase the risk of acute coronary syndrome [21, 22]. There
are epidemiological studies on the atherogenic roles of many
viral and bacterial infectious agents [23 - 25].

In this study, we aimed to determine the atherogenic effect
of COVID-19 pneumonia, confirmed by chest computed
tomography (CT) on coronary and carotid arteries in patients
who recovered from the disease.

2. MATERIALS AND METHODS

2.1. Patient Selection

The study included patients who were diagnosed with
COVID-19 at our hospital at least 1 year ago, recovered, and
then underwent coronary CT angiography with suspected
coronary artery disease. The demographic characteristics (age
and sex), clinical data, and RT-PCR test results of the patients
were retrospectively collected from the medical record system,
the CT images were retrospectively scanned from the PACS
system, and all images were recorded in the computerized
database. Patients in the control group were selected from those
who underwent coronary CT angiography for suspected
coronary artery disease but had no known history of
COVID-19 disease. The aim was to evaluate the burden of
atherosclerotic plaque in the coronary arteries of these patients
who had undergone coronary CT angiography. Patients with a
known history of diseases such as hypertension,
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hyperlipidemia, diabetes, arrhythmia, and smokers were
excluded from the study group. Written informed consent was
subsequently obtained from the enrolled patients, and carotid
intima-media thickness (CIMT) measurements were performed
and recorded in our radiology department.

2.2. Thoracic CT Protocol and Image Analysis

Thoracic CT scan of all patients was performed with a 128-
slice CT device (General Electric Revolution EVO, GE
Medical Systems, Milwaukee, WI, USA). The examination
area included the region from the apices of the lung to the
costophrenic sinuses. All images were acquired during deep
inspiration with the patients in the supine position. The CT
acquisition protocol was as follows: tube voltage 120 kVP;
mAs 40-70, pitch = 1.8, slice thickness = 2.5 mm. Chest CT
images of all patients were evaluated retrospectively. On chest
CT, ground-glass opacities, consolidations, or consolidations
associated with ground-glass opacities in the lung parenchyma
were interpreted as indicating the presence of involvement. The
presence of additional findings such as reticular pattern, crazy-
paving pattern, lymphadenopathy, halo sign, pleural and
pericardial effusion, and vascular and bronchial enlargements
were recorded. The severity of pneumonia was classified as
mild (parenchymal involvement <25%), moderate (parenchy-
mal involvement = 25-50%) and severe (parenchymal involve-
ment >50%) pneumonia according to the extent of total lung
volume involvement on chest CT [26, 27] (Fig. 1).

2.3. Coronary CT Angiography Protocol and Image
Analysis

To calculate the calcium load in all patients, the thoracic
area from the region under the tracheal carina to the base of the
heart was imaged without intravenous contrast administration.
The imaging protocol for coronary calcium scoring was as
follows: gantry rotation time 0.35 seconds, tube voltage 120
kV, 100 mAs, and slice thickness 2.5 mm. Patients were
administered sublingual nitroglycerin spray (0.4 mg) 1-2
minutes prior to coronary CT angiography for its vasodilator
effect on coronary arteries. Patients with a heart rate greater
than 75 beats/min were given intravenous metoprolol tartrate.
CT angiography scan was performed with a 128-slice CT
device (General Electric Revolution EVO, GE Medical
Systems, Milwaukee, WI, USA). The imaging protocol was
performed with appropriately selected parameters of gantry
rotation time of 0.35 seconds, tube voltage of 100-120
kilowatts, 250 milliamperes (mAs), and slice thickness of
0.625 millimeters. Images were acquired during a breath hold
by scanning in a craniocaudal direction from the ascending
aorta to the diaphragm. For coronary CT angiography, 1 mL/kg
of contrast was administered intravenously using an automatic
injector, followed by a 40 mL isotonic bolus at the same rate.
The automatic peak enhancement intensity of the proximal
descending aorta was +140 Hounsfield. Heart rate and
electrocardiographic (ECG) tracings were recorded throughout
the examination for segmental reconstruction. The resulting
images were reconstructed to find the percentile with the least
motion. While images of 75% of the R-R interval were
automatically provided by the device, images of additional
phases were manually determined in cases where this phase
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was insufficiently formed. Reconstructed images were
transferred to the workstation, and each coronary artery was
evaluated on the workstation using axial images as well as
reconstructed images generated using post-processing
techniques of multi-planar reconstruction (MPR), maximum
intensity projection (MIP), and 3D volume rendering (3D
VRD) using appropriate software on the workstation. The total
coronary artery calcium score (CACSc) of all patients was
obtained by summing the calcium values from all coronary
artery traces using the Agatston scoring system [28] (Fig. 2).

2.4. Measurement of Carotid Intima-Media Thickness
(CIMT)

To measure carotid intima-media thickness in the patients
enrolled in the study, a Samsung RS80 EVO RDUS device
(Samsung Medison Co., Ltd., Seoul, Korea) was used to
perform a test using a linear probe with a frequency of 14
MHz. Examinations were performed in the supine position
with the head extended and the neck at an angle of 30-40
degrees to the opposite side of the examination. All segments
of both common carotid arteries were examined in grayscale in
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the transverse and longitudinal planes. CIMT was measured
three times between the hyperechoic line facing the intima
lumen in the segment 1 cm proximal to the bilateral common
carotid artery bifurcation and the hyperechoic line formed by
the media-adventitia deep in the media layer and the average of
the values was calculated. Any thickening with a mean value
greater than 1.5 mm was considered to be diffuse plaque and
was not included in the study group (Fig. 3).

2.5. Statistical Analysis

SPSS 18.0 software (Statistical Package for the Social
Sciences, Chicago, IL) was used for data analysis. In the
evaluation of study data, the Shapiro-Wilk test was used to test
the normal distribution of continuous variables. The Mann-
Whitney test and Student's t-test were used for pairwise
independent group comparisons, and one-way ANOVA for
comparisons of more than two groups, followed by TUKEY's
test for differences between groups. The relationship between
categorical variables was examined using Pearson's correlation
coefficient. A significance level of p<0.05 was considered for
statistical results.
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Fig. (1). Moderate pneumonia findings on transaxial (al) and coronal (a2) thoracic CT: Consolidation associated with ground glass densities covering
25-50% of the total lung volume and “crazy-paving” pattern appearance. Severe pneumonia findings on transaxial (b1) and coronal (b2) thoracic CT:
Ground glass densities covering more than 50% of the total lung volume, consolidations, septal thickening, and “crazy-paving” pattern appearance.
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Fig. (2). CT images of coronary atherosclerotic plaques; arterial calcifications are seen in the left anterior descending coronary artery (LAD) on non-

contrast axial CT (A) and MIP CT angiography (B) (arrows).

Fig. (3). Carotid artery intima-media thickness (CIMT) measurement was made between the hyperechoic line facing the lumen of the intima and the
hyperechoic line formed by the media-adventitia deep in the media layer (arrows).

3. RESULTS

Of the 108 patients included in the study, 56.5% (n=61)
were male and 43.5% (n=47) were female. The mean age of all
patients was 50.5+7 years, ranging from 36 to 66 years. From
the medical records of these patients, 72 (66.7%) had been
hospitalized and treated for COVID-19 disease, and 36 (33.3%)
had no history of COVID-19 and had undergone coronary CT
angiography with suspected coronary artery disease, which
constituted the control group. The mean age of the patients
with a history of COVID-19 was 51.3+6.7 years, and that of

the patients in the control group was 48.8+7.4 years. We found
no statistically significant difference between the ages of the
two groups (p=0.107). According to the Agatston classification
of all patients included in the study, the calcium score was 0 in
44 (40.7%) patients, 1-10 in 15 (13.9%) patients, 11-100 in 40
(37.1%) patients, and 101-400 in 9 (8.3%) patients (Fig. 4).
None of the calcium scores were 400 or greater. The lowest
and highest calcium scores measured were 0 and 156,
respectively. According to the Agatston classification of the
patient group with a history of COVID-19, the calcium score
was 0 in 26 (36.1%) patients, 1-10 in 7 (9.7%) patients, 11-100
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in 32 (44.4%) patients, 101-400 in 7 (9.7%) patients. In the
control group, the calcium score was 0 in 18 (50%) patients,
1-10 in 8 (22.2%) patients, 11-100 in 8 (22.2%) patients, and
101-400 in 2 (5.6%) patients. In patients with a history of
COVID-19, the CIMT values were 0.51+0.09 mm in patients
with a calcium score of 0, 0.69+0.12 mm in patients with a
calcium score of 1-10, 0.84+£0.07 mm in patients with a
calcium score of 11-100, and 0.94+0.05 mm in patients with a
calcium score of 101-400. In the control group, it was 0.58+0.1
mm in patients with a calcium score of 0, 0.62+0.11 mm in
patients with a calcium score of 1-10, 0.80+0.04mm in patients
with a calcium score of 11-100, and 0.90+0.06mm in patients
with a calcium score of 101-400. Pearson's correlation analysis
showed a strong positive correlation between CACSc and
CIMT values both in patients with a history of COVID-19 and
in the control group (r=0.766, p<0.01 and r=0.744, p<0.01,
respectively).

Patients were divided into 3 groups according to their chest
CT findings. Group 1 included control patients with no history

37,04%
n=40
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of COVID-19 (n=36), group 2 included patients with mild to
moderate pneumonia symptoms (n=43), and group 3 included
patients with severe pneumonia symptoms (n=29). The calcium
scores were 23.25+36.8 in group 1, 27.65+33.4 in group 2, and
53.58455.1 in group 3. The ANOVA test was used to test
whether there was a significant difference in CACSc values
between the groups, and a significant difference was found
between the groups as a result of the test (p<0.05). Tukey’s test
was used to determine the direction of the difference, and
according to the test result, the calcium score was found to be
significantly higher in group 3 patients with severe pneumonia
(group 1-2 p=0.885, group 1-3 p<0.05, group 2-3 p<0.05)
(Table 1 and Fig. 5). The mean CIMT values were 0.65+0.13
mm in group 1, 0.67+0.12 mm in group 2, and 0.78+0.20 mm
in group 3. A significant difference in the mean CIMT values
between the groups was found by the ANOVA test, and
Tukey's test showed that the mean CIMT values in group 3
were significantly higher than the other two groups (group 1-2
p=0.759, group 1-3 p<0.05, group 2-3 p<0.05) (Table 1 and
Fig. 6).

CACSc
Mo
Mo.1-10
[@11-100
W101-400

Fig. (4). Coronary CT angiography calcium score distribution according to Agatston classification of all patients included in the study.

Table 1. Coronary artery calcium score (CACSc) values and carotid artery intima-media thickness (CIMT) measurements of

groups 1, 2 and 3.

- Group 1 (n=36) Group 2 (n =43) Group 3 (n=29) p

CACSc mean = SD < 0.05:

Group 1 vs 2 0,885
Group 1 vs 3 23.25+36.8 27.65+33.4 53.58+55.1 <0.05°
Group 2 vs 3 <0.05"
CIMT (mm) mean + SD <0.05"
b

Group I vs 2 0.65£0.13 0.67£0.12 0.78£0,20 0,759
Group 1 vs 3 <0.05"
Group 2 vs 3 <0.05

Note:’p < 0.05 was considered statistically significant (one-way ANOVA).

°p < 0.05 was considered statistically significant (one-way ANOVA with a post hoc Tukey test).
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Fig. (5). Comparison of apparent coronary artery calcium score (CACSc) values for each group. The horizontal lines within each box represent the
mean values. The horizontal lines inside each box represent the mean values while the bottom and top rows of each box represent the minimum and
maximum values respectively.
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Fig. (6). Comparison of apparent carotid artery intima-media thickness (CIMT) measurements for each group. The horizontal lines within each box
represent the mean values. The horizontal lines inside each box represent the mean values while the bottom and top rows of each box represent the
minimum and maximum values respectively.
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4. DISCUSSION

Acute inflammation caused by COVID-19 disease may
cause the development of atherosclerotic plaque or complicate
the existing plaque [29, 30]. Cardiac involvement is an
important complication of the coronavirus disease. The
receptor protein ACE2 receptor, which is used by the SARS-
CoV-2 virus to attach to alveolar epithelial cells, is also
commonly found in myocytes and vascular endothelial cells
[31]. Therefore, cardiac damage caused by COVID-19
infection could theoretically be caused by endothelial
activation mediated by ACE2 receptors. Endotheliitis, induced
by infection, is linked to increased levels of circulating
proinflammatory cytokines (IL-6, IL-2R, TNF-a) and
chemokines (MCP-1) that are released by dysfunctional
endothelial cells [32]. However, the uptake and degradation of
ACE2 receptors into the cell during virus entry also affects the
renin-angiotensin system (RAS), causing an increase in
angiotensin II (Ang-II). Research suggests that Ang-II
contributes to endothelial dysfunction, oxidative stress, and an
increase in Ca”" concentration in endothelial cells by activating
calmodulin. This process is reported to contribute to the
development of atherosclerosis [33]. In addition, cardiac
complications such as myocardial infarction, heart failure, or
arrhythmias have been reported to be common in patients with
pneumonia [34]. Therefore, it is possible that the cardiac
outcomes of COVID-19 are related to both the direct cardiac
effects of infection and the severity of pulmonary involvement.
As a result of viral replication, pro-inflammatory cytokines are
released that can cause cellular damage in the epithelium and
endothelium, and these pro-inflammatory cytokines recruit
neutrophils and monocytes to the site of infection to activate
other pro-inflammatory cytokines and chemokines. Conditions
such as endothelial and smooth muscle cell proliferation and
activation, activated macrophages and hypercoagulation as a
result of inflammation are the factors that prepare the
atherosclerotic ground during COVID-19 [35].

Usually, the demonstration of coronary artery
calcifications provides evidence of coronary artery disease
(CAD) and the presence of atheromatous plaques at the
localized sites. However, the relationship between plaque
calcification and plaque severity, risk, and luminal stenosis is
weak. Because atherosclerotic plaques have a polyphasic
progression, individuals with diffuse coronary calcification but
no significant luminal stenosis may be seen, whereas
individuals without calcification or with a low total calcium
score may have high-risk, active atherosclerotic plaques [36,
37]. However, apart from these extreme cases, many studies
have shown that a positive calcium score is indicative of the
presence of coronary artery disease and provides information
about the risk of developing a major coronary event in
proportion to the score [36, 38, 39].

Atherosclerosis is the most common underlying cause of
the worldwide epidemic of coronary heart disease. In addition
to known risk factors, infectious agents have been shown to
cause  endothelial  dysfunction, inflammation, and
atherosclerosis [40, 41]. Several studies have shown that the
inflammatory response in the plaque develops as a result of an
immune process due to high levels of acute phase proteins in
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coronary artery disease (CAD) and that T lymphocytes and
macrophages are detected in atherosclerotic lesions [22, 42,
43]. Especially in recent years, several studies have shown that
infectious agents and acute phase reactants both directly cause
the development of atherosclerosis and indirectly contribute to
the progression of atherosclerosis [18, 20]. Epidemiologic
studies have focused on the atherogenic role of infectious
agents such as Chlamydia pneumoniae (C. pneumoniae),
cytomegalovirus (CMV), herpes simplex virus (HSV),
Helicobacter  pylori, influenza A  virus, human
immunodeficiency virus (HIV), and hepatitis B and C viruses
[23 - 25, 44, 45].

C. pneumoniae has been detected in human atherosclerotic
lesions using various techniques such as electron microscopy,
immunohistochemistry, and PCR [35, 45]. In addition, an
increased frequency of C. pneumoniae has been found in
atherosclerotic lesions compared to normal vessels [46]. There
are several studies showing that C. pneumoniae initiates or
increases atherosclerotic lesions in animal experiments [47 -
50]. Raza-Ahmad et al. detected HSV antigens in coronary
artery biopsy samples taken during bypass grafting [51]. Patel
et al. found that the frequency of H. pylori infection was higher
in patients with coronary atherosclerosis [52]. Lo et al.
reported an increased incidence of coronary atherosclerosis in
HIV-positive men compared to healthy individuals [53]. Paton
et al. found atherosclerotic changes causing significant stenosis
in the coronary arteries of eight HIV-positive young men
(23-32 years) with no known coronary risk factors at autopsy
[54]. Animal studies have shown that atherosclerosis develops
after exposure to P. gingivalis and that vaccination against this
pathogen can halt or even improve the progression of
atherosclerosis [55, 56]. Streptococcus pneumoniae is another
pathogen that has been found to be associated with
atherosclerosis, and it has been reported that there is a
significant reduction in the rate of myocardial infarction in
cases followed up after pneumococcal vaccination [57, 58]. In
a meta-analysis study conducted by Hessami ef al., they found
that the prevalence of cardiovascular complications was higher
in hospitalized symptomatic COVID-19 patients [59].
Pillarisetti et al. reported that the mortality risk in COVID-19
patients who developed cardiac complications was significantly
higher than in the group of patients who did not develop
cardiac complications [60]. In our study, we found increased
coronary CTA calcium scores in the group of patients who had
severe pneumonia due to COVID-19 and recovered, compared
with the other two groups. The fact that there was no
significant difference in the patient group with mild to
moderate pneumonia compared to the control group suggests
that high levels of pro-inflammatory cytokines may have
contributed to plaque formation.

An association between carotid intima-media thickness and
cardiovascular disease has been reported [61]. Salonen et al.
found that the risk of CAD increased with increasing CIMT in
middle-aged men [62]. In a study by Demircan et al., carotid
intima-media thickness was found to be higher in patients with
coronary artery disease versus the control group [61]. Takashi
et al. found that atherosclerotic changes in the carotid artery
were more frequent in patients with coronary artery disease
versus the control group [63]. Adams et al. found a positive
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correlation between CIMT and the extent of coronary artery
atherosclerosis [64]. Similarly, in our study, we found a strong
positive correlation between carotid intima-media thickness
and coronary calcium score. Several studies suggest that
infectious agents may affect carotid intima-media thickness
and predispose to the risk of atherosclerosis [65, 66]. Dogan
and Ozdemir reported that carotid intima-media thickness
increased significantly in patients with a history of COVID-19
compared to the control group [67]. In our study, we found
higher carotid intima-media thickness in the group of patients
with severe pneumonia compared with the other two groups.

CONCLUSION

Although there is no conclusive evidence of an association
between COVID-19 and atherosclerosis, our study suggests a
possible relationship. However, it is clear that further studies
are needed to establish a definite relationship. Since this
relationship was found especially in cases with severe disease
in our study, we believe that treatment should focus on
preventing excessive inflammatory response, and such patients
should be under control in terms of coronary artery disease.

LIMITATIONS

There were several limitations in our study. First, due to
the small number of patients, our findings need to be supported
by studies with a larger patient population. Second, the patient
groups included in the study were selected cases with clinically
suspected coronary artery disease, and the values do not reflect
the normal population as they do not include the normal
population. Third, since the pre-study coronary calcium scores
and carotid artery intima-media thickness measurement values
of the subjects included in the study are unknown, long-term
observation and prospective studies are warranted to confirm
the atherogenic effect of COVID-19.
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