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ABSTRACT

Background: The objective is to evaluate the prognostic factor of lethality
of coronary calcifications by the scoring method of overall visual
assessment in patients with COVID-19 who underwent chest computed
tomography and also evaluate other clinical comorbidities.

Methods: This is a retrospective study that evaluated coronary
calcifications scoring by qualitative overall visual inspection of 201
patients with COVID-19 who required Chest computed tomography to
evaluate lung complications. The coronary calcifications scoring was
analyzed by qualitative evaluation of chest computed tomography scans
by radiologists who gave a rating on a scale of 0 to 4 (0= no coronary
calcifications CACs; 1= discrete coronary calcifications; 2= moderate
coronary calcifications; 3= marked coronary calcifications; 4= stent).
Results: The average age of patients who died from COVID-19 was 59
years (SD = 19) with a significant difference for those who did not die
(47.3 years (SD 11.9). The lethality of the sample was 9. 0%, being 35.3%
in the group with coronary calcifications (scale of 2; 3 and 4), while in the
group without coronary calcifications (scale of O and 1) it was 6.5% (p=
0.001). It is observed that patients with comorbidities have a statistically
significant association with the outcome of death when compared to groups
without these comorbidities: systemic arterial hypertension (18.3% vs 5.9%
p= 0.009), diabetes mellitus (29% vs 6. 2% p= 0.001), dyspnea (15.2%
vs 4.7% p=0.025) and chronic renal failure (28% vs 7.2% p=0.06). In the
multivariate analysis, coronary calcifications stood out as the main risk
factor for the death of patients with COVID-19 (p = 0.030; OR 5.13)
followed by diabetes mellitus (p = 0.010; OR 4.71) and chronic kidney
failure (p = 0.029; OR 3.98).

Conclusion: Moderate, severe coronary calcifications and stent are the
more relevant prognostic factor, being a major risk factor for lethality in

patients with COVID-19 in our study.
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1. Introduction

A new pandemic of coronavirus infection called
coronavirus disease 2019 (COVID-19) was first detected
in December 2019 ' in the city of Wuhan, China caused
by the novel coronavirus SARS-CoV2 virus. ' It is
suggested that this is probably a disease of zoonotic
origin, acquired from animals, because of the large
number of infected people who were exposed in a public
market in that city.! The main target of COVID-19 is the
human  respiratory tract and  person-to-person
transmission occurs mainly through direct contact via
droplets spread by the cough or sneeze of an infected
individual. ' Consequently, COVID-19 spread quickly to
all continents, affecting the populations of 240 countries,
areas or territories around the world.2 Despite COVID-
19 primarily affects the human respiratory system, it,
also, has been shown that it can involve multiple organ
systems, with severe cases resulting in significant
morbidity and mortality. !

After the fifth year of the onset of this new disease, there
is a cumulative total of 777,074,803 confirmed cases of
COVID-19 that have determined 7,079,142 deaths
around the world. (WHO 15/December/2024).2

Symptoms related to COVID-19 infection usually appear
after an incubation period of about five days. The most
common symptoms of COVID-19 are fever, cough and
fatigue; other symptoms include headache, haemoptysis
and dyspnoea, among others.! In more severe cases,
patients may develop pneumonia, acute respiratory
distress syndrome, acute cardiac complications and
death.!

Identifying  higher-risk  groups  through clinical,
radiological, laboratory and epidemiological factors
that may be more closely related to the severe form of
COVID-19 and the death of these patients can help
prevent complications and fatalities. Thus, the prognosis
of these high-risk patients could be improved if, upon
initial diagnosis of COVID-19, more intensive medical
care were established with earlier and more appropriate
treatment for the infection and its complications, seeking
to minimize sequelae and fatal cases.

To prevent COVID-19, vaccination was developed and
expanded around the world through vaccination
campaigns, starting in December 2020. 3With the
development of vaccination, there was a significant
reduction in cases of the disease. 4 Furthermore, it was
observed that the effect of vaccination mainly protects
against the most severe cases of the disease. 3

From the scientific literature, we were able to identify
studies that relate coronary artery calcifications (CACs)
and complications in patients with COVID-19. ¢8 In an
article, the authors performed a visual semi-quantitative

assessment of chest CT, where they found an association
between a higher level of CACs and increased risk of
intubation and use of assisted ventilation in patients
hospitalised due to COVID-19.7

Meanwhile, Gupta et al ? reinforced the importance of
qualitative analysis of CAC on non-contrast CT for the
prognosis of patients with COVID-19 by finding a
correlation between the presence of CAC and a higher
risk of intfubation and death.

Studies in general population before COVID-19 have
evaluated risk factors for cardiovascular disease, such as
age of patient, hypertension, diabetes, chronic kidney
failure and dyslipidaemia.!0.1!

Considering that these comorbidities are factors that
predispose to coronary atheromatous disease and
consequently to CACs 1011, more studies that evaluate if
CACs and/or comorbidity predisposes to an
unfavourable outcome in patients with COVID-19 are
necessary.

The aim of this retrospective study was to evaluate the
risk of lethality in patients with COVID-19 who underwent
chest computed tomography (CT) to assess pulmonary
complications, analyzing: a) levels of coronary artery
calcifications (CACs) on CT scans by the scoring method
of overall visual assessment and b) other clinical
comorbidities.

2. Materials and Methods

The Institutional Review Board of the Ethics Committee of
the “Universidade Federal de Pernambuco” approved
this observational, retrospective, cross-sectional study.
The Informed Consent was waived.

A survey of the cases was carried out to identify patients
with confirmed COVID-19 who had undergone chest
Computed Tomography (CT) scan in a radiology
department.

The radiological and clinical data were retrospectively
collected from 01 May 2021 to 23 May 2021. The origin
of the data is from a radiological unit in Recife,
Pernambuco, Brazil: “Real Hospital Portugués de
Beneficéncia em Pernambuco” which is a quaternary
hospital, and which has become a regional reference
regarding the care of COVID-19 patients.

We used a convenience sample of 201 cases from a
radiology department, who had undergone chest CT to
investigate for COVID-19 complication. The inclusion
criteria were laboratory confirmation of COVID-19
disease by reverse transcription polymerase chain
reaction real time (RT-PCR) or swab nasal antigen (Figure

1).
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Figure 1. Flow Diagram of the proposed research.

The clinical and radiological variables data were
retrospectively collected from the medical records. For
comparison the patients were divided into two groups: (a)
death or (b) not death, evaluating for both selected
variables: sex, age, systemic arterial hypertension,
diabetes mellitus, dyslipidaemia, chronic kidney failure,
dyspnoea, CACs scoring found in the chest CT and the
percentual extent of pulmonary lesions found in the chest

CT.

In this retrospective study, the radiologists used a
qualitative scoring method of overall visual assessment of
the CACs'2 in the COVID-19 patients who had undergone
chest CT scans due to pulmonary complications. By using
chest CT scans performed for evaluation of COVID-19
lung complication, a simple visual assessment of CACs
scoring was generated for risk assessment of death. 12

The severity of CACs was assessed by visual inspection in
a double-blind study independently by three residents of
radiology in third year (JCFR, TRC and MCL) and one
radiologist with 28 years of experience (MMPMLL).
When there was a discrepancy between the analyses, a
fifth radiologist (specialist in thoracic radiology) with 6
years of experience (FACSN), reevaluated the exam and
reported the final calcification score.

CACs was defined as hyperdensity at coronary arteries
by visual inspection, using the mediastinal window. A
qualitative scoring of overall visual assessment of CACs
was classified in a scale of 0-4 (0= no calcification; 1=
discrete calcification; 2= moderate calcification; 3=
severe calcification; 4= stent). Discrete calcification was
considered when there were only isolated foci of
calcification. Severe calcification was considered when
there was a continuous segment of vascular calcification
and moderate calcification when it was more than mild,
but without criteria for severe.

After retrospective evaluation of chest computed
tomography (CT) scans, using qualitative overall visual
CAC scoring method (none, mild, moderate and severe
CACs and stent), for statistical analysis COVID-19
patients were grouped into two groups called: 1) without

CACs (those patients classified as none and mild CACs);
2) with CACs (those patients with moderate and severe
CACGCs and stent).

The institution's radiologists analysed all chest exams, and
the qualitative score of pulmonary opacities of COVID-
19 patterns (viral pneumonia) was performed
independently, classifying the findings into: (a) less than
25%, (b) between 25% and 50% or (c) equal to or
greater than 50%. Our study considered only the
evaluation of chest CT reports by radiologists at the
Institution.

2.1. STATISTICAL ANALYSIS

Softwares SPSS 21.0 (Statistical Package for the Social
Sciences) for Windows and Excel 2010 were used. All
tests were applied with a 95% confidence.

The results are presented in Table 1 with their absolute
and relative frequencies respectively. The numerical
variables are represented by measures of central
tendency and measures of dispersion.

To verify the existence of an association, Fisher's Exact
Test for categorical variables was applied. T-student test
was used for the analysis of patient age when comparing
the mean between the groups (deaths and non-deaths).
The p < 0.05 was considered statistical significance.

A multivariate logistic regression model considering
death as the dependent variable was constructed using
the independent variables that presented a p-value <
0.10 in the univariate analysis and presented in the Table
2. The method used for multivariate regression analysis
was stepwise forward

3. Results

We analysed the profiles of the 201 COVID-19 patients
included in this study which are shown on Table 1. For
comparison, the patients were divided into two groups:
(a) death or (b) not death. Patients who died with COVID-
19 were statistically significantly older.
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Table 1. Univariate analysis of the risk of death from COVID-19 according to clinical variables, findings of lung lesions
and coronary calcifications on chest computed tomography.

Clinical outcome

Variables Death Not Death p-Value
n (%) n (%)
Sex
Male 13 (10.0%) 117 (90.0%) 0.483
Female 5 (7.0%) 66 (93.0%)
Age (years) "
Mean (£SD) 58.94(= 19.05) 47.31 (£ 11.89) <0.001
Hypertension
Yes 11 (18.3%) 49 (81.7%) 0.009*
No 7 (5.9%) 112 (94.1%)
Diabetes Mellitus
Yes 9 (29.0%) 22 (71.0%) 0.001*
No 9 (6.2%) 137 (93.8%)
Dyslipidaemia
Yes 3 (27.3%) 8 (72.7%) 0.091
No 15 (9.2%) 148 (90.8%)
Chronic kidney failure
Yes 7 (28.0%) 18 (72.0%) 0.006*
No 11 (7.4%) 138 (92.6%)
Dyspnoea
Yes 14 (15.2%) 78 (84.8%) 0.025*
No 4 (4.7%) 81 (95.3%)
Chest CT: Coronary artery calcification
Yes 6 (35.3%) 11 (64.7%) 0.001*
No 12 (6.5%) 172 (93.5%)
Chest CT: Extension pulmonary involvement 0.049%
Normal 0 (0.0%) 4 (100.0%) ’
Typical (T) <25% 7 (6.0%) 109 (94.0%)
T between 25-50% 4 (7.5%) 49 (92.5%)
T>50% 6 (25.0%) 18 (75.0%)
Total 18 (9.0%) 183 (91.0%) -
*p<0.05, F: Fisher Exact test, t: T Test
A greater frequency of deaths was found in males presented systemic arterial hypertension, diabetes

compared to females without statistical significance.
However, the patients who died (Figure 2 and 3) with
statistical significance were older and more frequently

mellitus, chronic kidney failure, dyspnoea, more than 50%
of extension pulmonary involvement and moderate-
severe CACs or coronary arterial stent.

Figure 2. Figure 2. 87-year-old male COVID-19
patient who died. The axial image of brain CT scan
without contrast (A) shows an old lacunar brain
stroke. The axial image of a chest CT scan, with lung
window (B) shows around 55% of ground glass
opacity and reticular interstitial lesions (long
arrows) and Dbilateral pleural effusion (black
arrows). The axial images with the mediastinal
window (C-D) exhibit severe calcifications the aorta
and on the left coronary artery and its mean
branches (C; long arrow). There are also signs of
chronic liver disease with irregular liver surface (D;
black arrow), ascites (D; long white arrow),
polycystic kidney (D; short arrow), splenomegaly (D;
arrowhead).
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Based on logistic regression using multivariate analysis, it
was found that patients with diabetes were
approximately 4.7 times more likely to die from COVID-
19 than patients without diabetes mellitus. While patients
with chronic kidney disease are approximately 4 times
more likely to die than patients without chronic kidney

Figure 3. Chest CT scan of 86 year-old
COVID-19 female patient who died. The lung
window of coronal (A) and axial images (B)
show more than 55% of ground glass opacity
and reticular interstitial lesions (long arrows)
of COVID-19 pneumonia and laminar
bilateral pleural effusion (short arrows). The
mediastinal window (C,D) shows calcifications
at the cross section of the aorta (arrow, C)
and moderate coronary calcifications in the
proximal segment of left coronary artery
(arrow, D).

failure. In the analysis, CACs highlighted as the main risk
factor for the death of patients with COVID-19, in which
patients who had severe, moderate CACs or stents were
5 times more likely to die than patients without CACs or
with discreet CACs (Table 2).

Table 2. Final logistic regression model for the death outcome according to clinical variables, findings of lung lesions and

coronary calcifications on chest computed tomography.

Variables Coefficient p-value Odds ratio (OR) Cl 95%

Diabetes Mellitus 1.55 0.010 4.71 1.44; 15.41
Chronic kidney failure 1.38 0.029 3.98 1.16; 13.75
Coronary artery calcification 1.63 0.030 5.13 1.17; 22.39

4. Discussion

In this retrospective study, by using chest CT scans
performed for evaluation of COVID-19 lung
complication, a simple visual overall assessment of CACs
scoring could be generated for risk assessment of death.
2 We observed an association between the group
denominated with presence of CACs (moderate and
severe CACs and stent) and patient lethality. Patients who
died due to COVID-19 were older and more frequently
presented with systemic arterial hypertension, diabetes
mellitus, chronic renal failure, dyspnoea and more than
50% extensive lung involvement on chest CT.

We also found that patients with CACs (moderate, severe
or stent) are approximately 5 times more likely to die
than patients without CACs. Patients with diabetes are
approximately 4.7 times more likely to die from COVID-
19 than patients without diabetes mellitus. While patients
with chronic kidney disease are approximately 4 times
more likely to die than patients without chronic kidney
failure.

It is known that the SARS-Cov-2 can cause respiratory
infections and it can lead to viral pneumonia and acute
respiratory distress. '3 Currently, COVID-19 is associated
with a high inflammatory burden that can induce vascular
inflammation, myocarditis, and cardiac arrhythmias.!4

Nevertheless, the role of presence of atherosclerosis and
vascular calcification in the prognosis of COVID-19
patients it is not well defined in the literature. Few studies
have described the correlation between coronary
calcification and the bad prognosis in COVID-19
patients, ¢-9

Our findings are in accordance with what was described
by Colombi and collaborators that coronary artery
calcification is associated with a greater probability of
fatal incidents and that CT metrics were better predictors
of death in comparison to clinical model.”

The group with presence of moderate and severe CACs
and stent was statistically significant on the risk of death
from COVID-19, regardless of age and/or history of
comorbidities such as  hypertension, diabetes,
dyslipidaemia and chronic kidney failure. Although the
patients who died were older with significance in the
univariate analysis (the age is also a factor in the
development of coronary heart disease), in our study, the
multivariate logistic regression analysis excluded age as
a statistically significant variable for the death outcome.

Our findings agree with Gupta et al. ¢ who found in CT
scans of the chest of patients with COVID-19 a greater
probability of the individuals with coronary calcification
needing intubation and dying, when compared to the

© 2025 European Society of Medicine 5



group without calcification. These authors also highlighted
that the increase in the degree of calcification was
related to a higher risk of intubation. However, they
found that the presence of stent, as a separated group,
did not demonstrate statistical significance on the risk of
intubation or death from COVID-19. ?

These findings are in line with the literature report in
which 15,16 demonstrated that older patients and/or with
a history of hypertension, diabetes, obesity, chronic
kidney disease or lung diseases had a worse prognosis
and greater chance of death.

Kotlo et al 7, reported that the presence of CAGCs is
associated with an increase in hospital admission to an
Intensive Care Unit and/or use of mechanical ventilation
in patients with COVID-19. Furthermore, the authors
found that patients with severe CACs, regardless of
previous heart disease, were at high risk of morbidity and
mortality from COVID-19.

Dillinger et al. '8 also demonstrated an association
between the presence of coronary calcifications and a
worse prognosis for patients hospitalised with COVID-19.
The authors further highlight that this may be due to the
potential of COVID-19 to exacerbate the severity of
immune response, endothelial dysfunction, and
myocardial stress in patients with a previous history of
subclinical coronary atherosclerosis. 19

The presence of the dyspnoea symptom was also
associated with the lethality of patients with COVID-19.
Qiu et al 19 also reported that patients with dyspnoea
were more vulnerable to death. The authors associated
this with the fact that dyspnoea is a sign of reduced lung
function and hypoxia, which places them in a greater
need for surveillance to prevent a worse prognosis.

As our study is retrospective, information was collected
from patients' medical records that did not contain any
information about the virus strain. However, in May 2021
the strains in circulation in Brazil were, Alpha (B.1.1.7),
Beta (B.1.351), Gamma (P.1) and Delta (B.1.617.2) 20,21
The limitation of our study is that it is retrospective. The
variables analysed were not always noted down in the
medical records of all patients.

Regarding mortality, Magro and collaborators found
that age, sex and C-reactive protein at day 1 are
predictors as possible risk factors but, transaminases
were not predictors for mortality in COVID-19 patients..
22 Another interesting study supported the existing data
that high load of inflammatory markers is associated with
more severe COVID-19 lung disease and indirectly high
mortality. This study found that three markers (interleukin
6, serum ferritin and lactate dehydrogenase) have
significant relation with chest CT severity of pulmonar
lesions. 23 However, our study did not aim to evaluate
inflammatory markers.

A limitation of our study was that the coronary arteries
were evaluated on chest CT using the protocol for
evaluating lung parenchyma. A major concern here it’s
that chest CT is not intended for the evaluation of
coronary artery disease but coronary angiotomography,

therefore, lacking of a comparison against a gold
standard, results might lead to erroneous conclusions.

On the other hand, our study suggests that in addition to
evaluation of pulmonary lesion involvement, the
identification of moderate, severe CACs or stent on the
same non-contrast chest CT scan will help to estimate the
patient's higher risk in the acute phase of COVID-19,
alerting for greater medical care. It can also serve as an
indicator for the need to continue the investigation, when
possible, with an adequate coronary evaluation through
a calcium scoring protocol, coronary CT angiography or
coronary arteriography.

So, an initial qualitative evaluation of coronary arteries
through chest CT can serve as a screening for CACs, which
will also serve as another imaging marker of the patient's
prognosis in addition to the quantification of pulmonary
lesions, in COVID-19 patients who are worsening and
being investigated. Chest TC scan can be easily
reproduced anywhere in the world without the need for
advanced software.

In this sense, our work contributes by reinforcing the
existence of an association between the presence of
moderate and severe CACs and stent and the greater
risk of lethality in patients with COVID-19. These patients
have about a 5 times greater chance of death. We also
found a higher risk of death in diabetic patients or chronic
renal failure in logistic regression.

In this way, we hope that our findings can be used as a
scientific basis for the use of antivirals, early
hospitalisations and other more intensive treatments in
patients positive for COVID-19 and who are at greater
risk of developing a severe form of the disease to avoid
serious sequelae and death.

We recommend prospective studies have a larger
sample of COVID-19 patients. More people with without
CACGs and with CACS are needed to confirm our findings
about the risk factors which lead to the development of
a severe form of the COVID-19 disease in the with CACs

group.

5. Conclusion

In this retrospective study, by using chest CT scans without
contrast performed for evaluation of COVID-19 lung
complication, a simple visual overall assessment of CACs
scoring could be generated for risk assessment of death.
We observed that the presence of moderate and severe
CACs and the presence of stent are the more relevant
prognostic factor. A stronger association was observed
between the group denominated with presence of CACs
(moderate, severe CACs and stent) and patient lethality.
Patients who died due to COVID-19 were older and
more frequently presented with systemic arterial
hypertension, diabetes mellitus, chronic renal failure,
dyspnoea and more than 50% extensive lung
involvement on chest CT. The group of patients with CACs
(moderate, severe CACs or stent) are approximately 5
times more likely to die than patients without calcification.
Patients with diabetes are approximately 4.7 times more
likely to die from COVID-19 than patients without

© 2025 European Society of Medicine 6
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diabetes mellitus. While patients with chronic kidney
disease are approximately 4 times more likely to die
than patients without chronic kidney failure.
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