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ABSTRACT

Background: Research has examined the relationships between coronary artery calcium (CAC)
scores and mortality, mechanical ventilation, and intensive care unit admissions. This paper sum-
marizes the predictive value of coronary artery calcification scoring for hospitalized COVID-19
patients in terms of mortality, mechanical ventilation, and intensive care unit admission.

Methods: The patients in this single-center retrospective analysis have COVID-19 and were
hospitalized at the Firouzabadi hospital in Tehran between 2019 and 2020. coronary artery
calcificationscore was estimated based on chest non-contrast CT scans on the day of admission.
Based on the coronary artery calcification score, the patients were categorized into Very Low,
Mild to Moderate, and Moderate to Severe. After a univariate analysis of the critical factors,
odds ratio (OR) analysis and multivariate analysis of variables that could be linked to COVID-19
advancement were carried out.

Results: a total of 719 patients were examined. Among them, 414 patients were men. Mortality
with a 17.1 % prevalence was statistically significant between CAS score levels (P < 0.001). This
factor has high OR with mild to moderate and moderate to severe CAS (OR: 2.14; 95% CI: 1.71 to
3.06, and OR: 2.31; 95% CI: 1.84 to 3.57). Oxygen saturation was a significant statistic between
CAS score levels (P = 0.02). This factor has a high OR with mild to moderate and moderate to
severe CAS (OR: 1.09; 95% CI: 0.71 to 3.60, and OR: 2.38; 95% CI: 0.89 to 2.9). There was no
statistical difference between the groups’ outcomes of mechanical ventilation and admission types.

Conclusion: In this study, the coronary artery calcification scores of patients with COVID-19
were compared, while the outcomes of interest mortality, mechanical ventilation, and intensive
care unitU admission were closely investigated. In light of these findings, coronary artery cal-
cificationscoring can help in patient stratification, enabling earlier therapies for disorders to
progress quickly.
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INTRODUCTION

In December 2019, a type of pneumonia of un-
known cause broke out in Wuhan, China. After a
short period, this disease has spread from Wuhan
to other parts of China and other countries [4sse-
lah T et al. 2021]. Through gene sequence analy-
sis, the virus responsible for this pandemic has
been named SARS-CoV-2 by the International
Committee on Classification of Viruses (ICTV),
and this disease was named COVID-19 by the
World Health Organization (WHO) [Ludwig S,
Zarbock A 2020, She J et al. 2020]. On April 6 In,
2019, this disease was declared a pandemic by the
World Health Organization. Until April 20, 2019,
more than one million four hundred thousand pa-
tients have been confirmed, and more than eighty
thousand deaths due to this virus have been re-
ported [Cucinotta D, Vanelli M 2020]. Given the
highly contagious nature of the virus and the lack
of preventive/therapeutic strategies, early diag-
nosis of COVID-19 can play an essential role in
identifying and isolating infected patients. De-
spite the high diagnostic accuracy of RT-PCR, it
has been shown that early RT-PCR may have a
limited role in ruling out COVID-19 infection
due to its low sensitivity of 30-60%. Also, evi-
dence shows that a CT scan of the chest (CT) is a
more sensitive method for diagnosing COVID-19
pneumonia on the first visit, with a sensitivity of
56 to 94% [Habibzadeh P et al. 2021; Kevadiya B
etal 2021].

Due to the initial involvement of the respira-
tory system, a CT scan of the chest is recom-
mended in suspected cases of COVID-19, both
for initial evaluation and follow-up [Awulachew
E et al. 2020; Kwee T, Kwee R 2020]. Chest ra-
diographs have been shown to have little diagnos-
tic value in the early stages, whereas CT findings
may be present even before the onset of symp-
toms. A chest radiograph may show the develop-
ment of acute respiratory syndrome (ARDS) in
the intermediate to advanced stages of the dis-
ease. In addition, it has been proven that CT scan
findings are diagnostic in several patients with a
false negative RT-PCR screening test [Gaia C et
al. 2020; Yang W et al. 2020].

The severity of several diseases, including ath-
erosclerosis-related conditions like hypertension,
diabetes, and coronary artery disease, is known to

be correlated with COVID-19 [Nishiga M et al.
2020]. According to a number of reports, a high
percentage of COVID-19 patients who are seri-
ously ill are said to have diseases related to athero-
sclerosis [Aggarwal G et al. 2020; Madjid M et al.
2020; Mehta C et al. 2020; ITkari Y et al. 2021;
Scoccia A et al. 2021]. However, only a few papers
have quantified the amount of atherosclerosis to
show their association with COVID-19 [Del Brutto
O et al. 2022]. The coronary artery calcium score
can quantify coronary artery calcification (CAC),
a CT finding indicating atherosclerosis (CACS)
[Neves P et al. 2017]. This study’s aim was to as-
sess the prognostic value of CACS in COVID-19
patients using changes in mortality and morbidity
indices.

MATERIALS AND METHODS

Study design and subjects: This cross-sectional
study retrospectively examined the CT scan find-
ings in patients with COVID-19. For this purpose,
patient data were collected from Firouzabadi Hos-
pital in Tehran province from March 2018 to May
2019, and electronic medical records were ana-
lyzed. CT images and clinical data of outpatients
were collected by phone call to check comorbidity,
and inpatients were collected by checking elec-
tronic file files regarding comorbidity.

Clinical assessment: To check the CT scan,
high-resolution scans in all patients with 64-slice
multi-detector CT scanners (Toshiba Aqualion-64,
Philips Brilliance-64, General Electric Speed-64,
Siemens Syndication-64, and NewsoftWiz-64)
were done. Patients were scanned from the apex of
the lung to the xiphoid angles in the supine posi-
tion during breath holding. The desired parameters
were as follows: Tube voltage 100-120 kV, tube
current 110-280 mA, or one smart milliamp per
second (50-300 mAs), step 1.375, FOV 350-400
mm. Images with a thickness of 1.25 mm or 2.5
mm were reconstructed using a high-frequency re-
construction algorithm, and lung coils were stored
in the PACS system. Two senior radiologists inde-
pendently read all images. The location, shape,
number, and size of CT scan abnormalities and
scores were carefully observed and recorded ac-
cording to the guidelines.

In this study, patients were first divided into
four groups: outpatients, hospitalized in the ward,
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hospitalized in intensive care unit (ICU), and de-
ceased, and then all CT scans were reviewed, and
radiological findings were recorded for each pa-
tient. Also, the prognosis of the patients in this
study was examined based on symptoms, hospital-
ization in the intensive care unit, intubation, and
death.

The score for coronary artery calcium

Every artery received a calcium score of 0, 1, 2,
or 3, corresponding to absence, mild, moderate, or
severe CAC. A third or less of the vessel length was
considered mild CAC, one third to two third was
considered moderate CAC, and more than two thirds
of the vessel length was considered severe CAC.
Each vessel’s score was added up to create the over-
all score. The final classifications were 0 (undetect-
able), 1-3 (mild), 4-5 (moderate), and 6 for the over-
all score (severe) [Luchian ML et al. 2021].

Statistical analysis: The central index of the
mean and the dispersion index of the standard de-
viation were used to check the data distribution.
Univariate and multivariate regression analysis
was used to evaluate the diagnostic potential of the
studied variables. All analyzes were performed
using SPSS statistical analysis software, version
25. First, the prevalence of imaging findings was
estimated as the percentage of patients who showed
each abnormality. The Pearson correlation coeffi-
cient test was used to check the relationship be-
tween clinical and demographic data with the inci-
dence of each finding. Also, the Odds ratio (OR)
test was used to check the incidence of severe dis-
ease in people with different radiological back-
grounds. The measured data were expressed as
mean and standard deviation. One-way analysis of
variance was used to analyze the data. A P value of
less than 0.05 was considered to be statistically
significant. Finally, the power of analysis and data
was checked by Sample power analysis, and if the
power of 80% was reached, the study results were
reported as acceptable with sufficient power.

RESULTS

Study Characteristics: In this study, a total of
719 patients were examined. Among them, 414 pa-
tients were men. In the studied population, there
was a range of comorbidities. The most common
comorbidities were high blood pressure (18.8%),
diabetes (18.6%), and coronary artery disease

TABLE 1.
Demographic and clinical information on arrival for

all patients.

Variables Nur;llb;r -
Gender, Male, N (%) 414 (57.5)
Age, years, mean + SD 69.7 £ 4.21
Very Low 388 (53.8)
Calcium score, N (%) Mild to Moderate 191 (26.4)
Moderate to 139 (19.3)
Severely
Outpatient 364 (50.6)
Admission type, N (%) Hospitalization 355 (49.4)
ICU 152 (21.1)
Pregnancy 4 (0.6)
Hypertension 135 (18.8)
COPD 26 (3.6)
CAD 84 (11.7)
Underlying diseases/ CLD 12 (1.7)
comorbidities, N (%) CKD 35(4.9)
Autoimmune 13 (1.8)
Malignancy 12 (1.7)
Smoking 33 (4.6)
Diabetes 134 (18.6)
Shortness of
Clinical Signs, N (%) breath 23232.2)
Cough 163 (22.6)

Oxygen saturation percentage, mean = SD 87.62+10.03

Length of hospitalization (days),

mean < SD 9.05 £ 8.48
Intubation 54 (7.5)
Follow-up, N (%) -
Mortality 123 (17.1)

(11.7%). Also, the reported clinical symptoms in-
cluded cough, dyspnea, and secretions, with the
highest prevalence of symptoms related to dyspnea
(32.2%) (Table 1).

Admission

In this analysis, there was not a significant sta-
tistic between admission types (outpatient, hospi-
talization, and ICU) and CAS score levels (P >
0.05). However, hospitalization and ICU types
were associated with CAS in COVID-19 patients
with OR > 1 (Table 2).

Oxygen saturation

Oxygen saturation was a significant statistic be-
tween CAS score levels (P = 0.02). This factor has
high OR with mild to moderate and moderate to
severe CAS (OR: 1.09; 95%CI: 0.71 to 3.60, and
OR: 2.38; 95% CI: 0.89 to 2.9) (Table 2).

Mortality

Mortality with a 17.1 % prevalence was statisti-
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TABLE 2.
CAS and deterioration of some variables in COVID-19 patients.
. CACS 0Odds ratio; 95% CI
Variables - P-Value
Very Low Mild to Moderate Moderate to Severely

Outpatient 0.21; 0.15-0.42 0.11; 0.09-0.23 0.57,0.21-0.80 0.54
Hospitalization 0.14; 0.1-0.53 1.41; 1.01-1.50 1.3; 0.96-1.65 0.68
ICU 1.04; 0.74-1.15 1.54; 1.3-3.06 1.61; 1.49-2.95 0.9
Oxygen saturation 1.013; 0.91-1.07 1.09; 0.71-3.60 2.38;0.89-2.9 0.02
Mortality 0.94; 0.69—1.12 2.14; 1.71-3.06 2.31; 1.84-3.57 <0.001
Mechanical Ventilation 0.7; 0.63—-1.4 1;0.81-1.93 1.04; 0.93—1.64 0.39
Shortness of breath 0.89; 0.66 —0.97 1.08; 0.23 —4.06 2.78;0.39 -5.29 0.97
Cough 0.83; 0.75-0.99 1.26; 1.12-1.37 1.42;1.17-1.84 0.078

cally significant between CAS score levels (P <
0.001). This factor has high OR with mild to mod-
erate and moderate to severe CAS (OR: 2.14;
95%CI: 1.71 to 3.06, and OR: 2.31; 95%CI: 1.84
to 3.57) (Table 2).

Mechanical Ventilation

Mechanical ventilation was not statistically sig-
nificant between CAS score levels (P = 0.39). This
factor has high OR with mild to moderate and mod-
erate to severe CAS (OR: 1; 95%CI: 0.81 to 1.93,
and OR: 1.04; 95% CI: 0.93 to 1.64) (Table 2).

Discussion

The key finding of this study is that compared
to other general risk factors for admission types
mechanical ventilation, patients with high COVID-
19 and CAC scores may be more significantly con-
nected with death and oxygen saturation.

There are several ways to define CAC scoring;
Agatston scoring, volume scoring, mass scoring,
and visualization scoring (V-CACS). Patients with
elevated atherosclerosis risk can be identified and
risk-stratified using the clinical application of the
CAC score [Shabestari A 2013; Yousefimoghad-
dam F et al. 2022]. A non-contrast computed to-
mography of the chest, which may be performed
during COVID-19 diagnosis, can be used to deter-
mine the CAC score. The actual used scoring and
cutoffs for coronary examinations are user and in-
stitution-dependent, although standardized cutoff
values for CAC have previously been evaluated
[Neves P et al. 2017].

This analysis sought to provide a mechanism for
comparing CAC scores to aggregate data, given the
variation in study methodologies. Only a few re-
search [Gaia C et al. 2020; Yang W et al. 2020] used

V-CACS to categorize the patients as absent, mild,
moderate, or severe. Agatston format scores were
reported in other investigations [Dillinger J et al.
2020; Fazzari F et al. 2021; Lee K et al. 2022;
Mousseaux E et al. 2021, Pergola Vet al. 2022] .

According to one study, there were “low CAC”
and “high CAC” groups [Zimmermann G et al.
2020]. The reviewers divided the data into low-
CAC and high-CAC groups based on the supplied
information. Since the authors’ opinions formed
the basis of this distinction, observer bias might
have affected it. Objective data on the existence or
absence of CAC were examined to reduce the pos-
sibility of observer bias. The probability of three
clinical outcomes—death, mechanical ventilation,
and ICU admission—was evaluated using these
two measures. In hospitalized COVID-19 patients,
a coronary atherosclerotic disease (CAD) history
has been linked to a 10% increased mortality risk
[Luo S et al. 2022]. Similar results have been found
in another research. Furthermore, COVID-19 has
been linked to several cardiovascular issues [Mad-
jid M et al. 2020].

Even with additional cardiac risk factors, CAC
demonstrated a high negative predictive value for se-
vere adverse cardiac events in patients hospitalized
with COVID-19. According to the analysis, hospital-
ized COVID-19 patients had a higher mortality risk
when CAC was present alone. It may be safe to as-
sume that individuals without a known CAD history
will benefit from a CAC score as a predictive indica-
tor for hospital death [Ferrante G et al. 2020].

Acute respiratory distress syndrome (ARDS), a
primary respiratory illness that can cause COVID-
19, may necessitate mechanical ventilation in many
individuals [Luchian ML et al. 2021]. Noncardio-
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genic pulmonary edema, which can cause life-
threatening hypoxia due to improper oxygen ex-
change within the lung parenchyma, defines as
ARDS. Although low tidal volume mechanical ven-
tilation is the basis of care for critically sick pa-
tients, ARDS therapy in COVID-19 is interdisci-
plinary [Bai C et al. 2020]. Age, obesity, cardiovas-
cular disease, and socioeconomic status are a few
variables that can increase the likelihood of needing
mechanical ventilation [Arentz, M, et al. 2020].

Heart failure had an odds ratio of 1.9 in a sin-
gle-center cohort study of 5279 patients, making it
the highest risk factor for developing severe illness
and the need for intubation [Botta, M, et al. 2021].
Whether CAC was a potential risk factor for intu-
bation and mechanical ventilation was the goal of
this investigation. Among the studies examined,
Luo et al. (2021) found a higher risk of mechanical
ventilation with high CAC scores, but the total
data did not support this conclusion. All other ex-
amined studies concluded that there was no dis-
cernible increase in the risk of mechanical ventila-
tion associated with CAC levels. These findings
imply that in hospitalized COVID-19 patients,
CAC presence and severity are not standalone risk
factors for mechanical ventilation.

Patients with COVID-19 who are hospitalized
are more likely to develop multi-organ systemic
diseases. The median time from admission to criti-
cal care services was 2.5 days after the onset of
symptoms, according to a study of 138 patients
who experienced critical illness [Petrilli C.M, et
al. 2020]. Although the infection’s acute pulmo-
nary insult can be blamed for this rapid deteriora-
tion, many patients also have other non-pulmonary
problems requiring ICU admission. During these
admissions, acute renal injury, encephalopathy,
thrombosis, and heart injury are among the most
frequently discovered complications [Botta, M, et
al. 2021]. Cardiomyopathy, arrhythmia, myocar-
dial infarction, and cardiac arrest have all been
cardiac problems [Gabarre P et al. 2020; Wang D,
et al. 2020]. Cardiomyopathy was detected in 33
percent of critically ill COVID-19 patients in a
single-center cohort [Goyal P et al. 2020]. This
cardiomyopathy is generally assumed to be either

direct viral pathogen harm to the cardiac myocytes
or the hypercoagulable state from elevated inflam-
mation leading to coronary thrombosis and isch-
emic heart disease [Arentz, M, et al. 2020]. How-
ever, it is still unclear how these problems contrib-
ute to serious adverse cardiovascular outcomes. In
a study of 700 severely ill COVID-19 patients with
arrhythmias, nine individuals experienced cardiac
arrest while all were in the intensive care unit.
Acute in-hospital mortality was linked to the de-
velopment of cardiac arrest [Zheng Y et al. 2020].
Early prognosis by CAC scoring may be helpful to
risk-stratify patients because of the short median
time from admission to an ICU transfer and the
recognized cardiovascular problems that follow.
For the risk of ICU admission, there was no dis-
cernible difference between high and low CAC
scores. Whether or not a CAC was discovered,
there was also no discernible difference in the like-
lihood of ICU admission. These results suggest
that the probability of ICU admission for hospital-
ized COVID-19 patients is multivariate but unre-
lated to CAC scores.

CONCLUSION

The collected data indicate that coronary artery
calcification was linked to an almost 2-fold in-
crease in mortality. Uncertainty exists regarding
the precise mechanism via which coronary artery
calcification raises mortality rates. It could be
brought on by myocarditis, type 1 or 2 myocardial
infarctions, or other factors such as a higher risk of
cardiac arrest. It is well-recognized that coronary
atherosclerosis poses a considerable risk for unfa-
vorable outcomes in COVID-19 hospitalizations.
Through the coronary artery calcification score,
patients without a documented history of coronary
atherosclerotic disease can be non-invasively eval-
uated for potential coronary atherosclerosis. In this
patient population, coronary artery calcification
scoring may not be correlated with the probability
of mechanical breathing or intensive care unit ad-
mission. In light of these findings, coronary artery
calcification scoring can help in patient stratifica-
tion, enabling earlier therapies for disorders to
progress quickly.
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