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prevention is currently the only way to deal with it. 
Recently, numerous studies have been published to 
describe the epidemiology, clinical manifestations, and 
clinical and imaging features of COVID-19.[2-5]

The most common underlying diseases in hospitalized 
patients with COVID-19 were cardiovascular disease, 
hypertension, and diabetes with a prevalence of 12.11%, 
16.37%, and 7.87%, respectively.[6] Among patients 
with COVID-19, a high prevalence of preexisting 
cardiovascular disease has been reported, and this 

INTRODUCTION

The infectious disease caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) as 
a global pandemic, known as coronavirus disease-2019 
(COVID-19), started at December 2019 and its widespread 
crisis still continues. As of January 5, 2021, there were 
86,298,213 confirmed cases and 1,864,933 deaths due 
to COVID-19.[1] Attempts to find an effective treatment 
for this disease have so far been unsuccessful, and 

Background: The aim of this study was to evaluate the effect of coronary artery calcification on disease severity 
and prognosis in patients with coronavirus disease-2019 (COVID-19). Materials and Methods: One hundred 
and forty-one patients with COVID-19 were included in this study. The severity of pulmonary involvement 
and calcification of coronary arteries were assessed by computed tomography scan and calcification was 
classified by two methods: Weston and segmental. In both the methods, patients were divided into three 
groups with scores of 0, 1–6, and 7–12, which are called groups 1, 2, and 3, respectively. Results: The mean 
age of patients was 54.26 ± 14.55. Difference in score of pulmonary involvement was reported to be significant 
between deceased and discharged patients (11.73 ± 5.26 and 7.28 ± 4.47, P = 0.002, respectively). In Weston score 
system, the chance of recovery of Group 1 patients was significantly higher than Group 3 (odds ratio [OR] =6.72, 
P = 0.05, 95% confidence interval [CI] =1.901–50.257). Similar results were observed in the segmental scoring 
system (OR =6.34, P = 0.049, 95% CI =1.814–49.416). Despite the higher chance of severe disease in patients with 
coronary artery calcification, this increase was not statistically significant in either Weston or segmental methods 
(OR =0.47, P = 0.23 and OR =0.85, P = 0.79, respectively). Conclusion: Coronary artery calcification in patients 
with COVID-19 has a significant association with poor prognosis. However, no significant relationship was 
observed between this issue and the severity.
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underlying disease can lead to higher mortality rates.[7-10] One 
study found that patients with underlying cardiovascular 
disease are not only more vulnerable to deterioration 
than other patients, but were also more likely to develop 
abnormal liver function and elevated lactate dehydrogenase 
and creatinine. In addition, lymphocyte count, hemoglobin, 
and albumin in these patients are less than other patients.[11]

Recently, in a review study, prognostic factors were 
reported in patients with COVID-19. A wide range of factors 
including demographic characteristics, past medical history 
and comorbidities, symptoms, vital signs, and laboratory 
factors are involved in disease severity and survival.[12] 
However, data on the prognostic role of atherosclerosis 
and vascular calcification in COVID-19 are very limited. 
The atherosclerotic process evaluation is possible by 
examining the extent of vascular calcification in imaging 
assessments; hence, in this study, we want to evaluate the 
impact of severity of coronary atherosclerotic disease on 
COVID-19 severity and survival using coronary calcium 
score in patients without other possible risk factors (such 
as diabetes and hypertension).

MATERIALS AND METHODS

This prospective study was performed on patients with 
COVID-19 between March 1 and June 1, 2020, in Shahid 
Labbafinejad and Shahid Modares Hospitals. Consecutive 
sampling method was performed. One hundred and forty-
one patients were enrolled in the study after confirmation 
of COVID-19 diagnosis by reverse transcription–polymerase 
chain reaction. The study process was explained to the 
patients, and written informed consent was obtained. 
Exclusion criteria included chronic heart disease, coronary 
stent, diabetes, hypertension, chronic lung disease 
(asthma and chronic obstructive pulmonary disease), 
immunodeficiency, and hematologic diseases (such as acute 
and chronic leukemia). Patients were divided into moderate 
and severe groups according to the severity of the disease. 
Severe disease included fever and symptoms of respiratory 
infection with one of the followings: (1) respiratory rate more 
than 30 per min, (2) severe respiratory distress, (3) oxygen 
saturation <93% in room air, and (4) lung infiltrates >50% 
of the lung field within 24–48 h.[13] Moderate cases were 
patients with none of the mentioned factors. Severe cases 
were admitted to the intensive care unit (ICU). Preliminary 
information and vital signs of patients were collected at the 
time of admission, and all patients were evaluated by chest 
computed tomography (CT) scan. In one of the centers, 
chest CT scans were performed using a 64-slice scanner 
(SOMATOM Sensation 64; Siemens Medical Solutions; 
Erlangen, Germany), and the following scanning parameters 
were applied: gantry rotation time of 0.5 s, 64 mm ×0.6 mm 
collimation, pitch factor of 1.24, table speed of 45.2 mm/

rotation, tube current of 85 mA, and tube kilovoltage of 120 
kVp. The scanning characteristics of the other center were 
as follows: a 64-slice scanner was used (Brilliance 64; Philips 
Medical Systems; Ohio, USA), gantry rotation time of 0.5 
s, 64 mm ×0.625 mm collimation, pitch factor of 1.4, table 
speed of 45.2 mm/rotation, tube current of 56 mA, and tube 
kilovoltage of 120 kVp. CT scan images were evaluated using 
(Extended Brilliance Workspace; Philips Medical Systems; 
Best, Netherlands) workstation. The maximum time between 
the initial clinical evaluation and the CT scan of the patients 
was 1 day. CT scan was performed in full inspiration and 
in supine position. The results of the CT scan images were 
interpreted by two radiologists with 17 years and 4 years of 
experience in cardiothoracic radiology who were unaware 
of each other’s interpretation. We evaluated the following 
items in CT scans: extent of pulmonary involvement (focal or 
diffuse and unilateral or bilateral), involvement of different 
areas of the lung, evidence of ground-glass opacities, and 
consolidation. To categorize the severity of pulmonary 
involvement, we classified the volume of involvement in 
each lobe into the following degrees: 0, no involvement; 
1, ≤25%, 2, 26%–50%; 3, 51%–75%; and 4, >75%. Because 
there were three (upper, middle, and lower) lobes on the 
right side, we considered three (upper, lingula, and lower) 
lobes on the left side, so that the involvement score of 
each lobe was between 0 and 4 and the total score of each 
patient would be between 0 and 24. Weston[14,15] and a newly 
defined segmental scoring systems were used to evaluate the 
severity of coronary calcification. Weston scoring system is 
as follows: 0, no observation of calcification; 1, observation 
of calcification only in the form of a high-density pixel; 
2, existence of calcification without blooming artifact; 
and 3, existence of dense calcification which leads to the 
appearance of blooming artifact. These scores were applied 
for each coronary artery, separately, and the total score of 
the patient was calculated by the sum of the individual 
scores. In segmental method which is defined by us for 
the first time, coronary arteries were divided into several 
segments based on the American Heart Association coronary 
artery segmentation definitions,[16,17] which are shown in 
Table 1, and each segment was divided into three parts. The 
calcification scoring method in each segment is as follows: (1) 
less than one-third of its length; (2) one-third to two-thirds of 
its length; and (3) more than two-thirds of the length of the 
studied segment. To evaluate the effect of coronary artery 
calcification (segmental and Weston) on the prognosis and 
severity of the COVID-19, patients were adjusted based on 
age, sex, and lung involvement. Patients were followed up 
for 6 months following their CT assessment to evaluate the 
long-term symptoms of COVID-19.

Statistical analysis
Mean, standard deviation, frequency and percentage 
were used to describe the data. Distribution of the studied 
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variables was evaluated by Kolmogorov-Smirnov test 
and Chi-square test was used to compare the qualitative 
variables between the groups and t-test Independent test 
and Fisher exact test were used for quantitative variables. 
To investigate the effect of coronary artery calcification 
(with two methods: segmental and Weston) on the 
prognosis of patients with COVID-19, the subjects were 
divided into three groups in terms of lung involvement. 
Furthermore, patients were divided into two groups 
based on outcome and then adjusted based on age, sex, 
and severity of lung involvement. Using binary logistic 
regression test, the effect of coronary calcification on 
severity and prognosis was investigated. All analyzes 
were performed by SPSS 25.0 (IBM, NY, USA) statistical 
software and P < 0.05 was considered statistically 
significant.

Ethics approval
The study was performed in accordance with the 
Declaration of Helsinki and was approved by Shahid 
Beheshti University of Medical Sciences’ ethical committee 
(ethical code: IR.SBMU.MSP.REC.1399.376).

RESULTS

In this study, 141 patients including 98 men and 43 
women were evaluated. The mean age of patients was 
54.26 ± 14.55 years. Sixty-four patients were admitted to 
ICU which considered as severe cases and 11 patients, 
including 8 men and 3 women, died. The most common 

symptoms at the time of admission were dyspnea, 
weakness, lethargy, and anorexia. C-reactive protein was 
significantly higher in severe patients than in moderate 
patients (P = 0.004). Baseline characteristics of patients are 
given in Table 2.

Pulmonary involvement was assessed in all patients by 
CT scan. The mean score of pulmonary involvement in 
severe and moderate patients was not significantly different 
(7.64 ± 4.57 and 7.63 ± 4.83, P = 0.947, respectively). However, 
a significant difference was observed in deceased and 
discharged patients (11.73 ± 5.26 and 7.28 ± 4.47, P = 0.002, 
respectively) [Figure 1].

As shown in Table 3, the difference in the rate of coronary 
artery calcification was insignificant between severe and 
moderate cases, but this difference was significantly 
different between survived and nonsurvived patients. To 
more accurately investigate the adjusted effect of coronary 
artery calcification on disease severity and survival in 
patients with COVID-19, patients were divided into three 
groups of 0, 1–6, and 7–12 based on their Weston score 
and were named Weston groups 1, 2, and 3, respectively 
[Table 4]. Regarding Weston’s method, it was found 
that patients in Group 3 had a slight increase in risk 
compared to the other two groups for severe disease, 
but this increase in risk was not statistically significant. 
However, Group 1 patients had a better survival rate than 
Group 3 patients. The odds of recovery in this group was 
6.72 times the group 3 (P = 0.05). Furthermore, in Group 3, 
the odds of death were 4.47 times higher than Group 2. 
However, this increase in risk was statistically borderline Table 1: Coronary artery segments

Segment Name Description
1 Proximal right From ostium to ½ distance to the 

acute margin. Gives rise to the 
conus branch and sinus node branch

2 Mid right Up to the acute margin
3 Distal right Up to the RPD origin
4 Right posterior 

descending
May be absent if left dominant

5 Left main Ostium to bifurcation
6 Proximal left 

anterior descending
Up to origin of first septal perforator

7 Mid left anterior 
descending

Up to half the distance from the first 
septal perforator to the cardiac apex

8 Distal left anterior 
descending

9 First diagonal May include ramus intermedius
10 Second diagonal
11 Proximal circumflex Up to and including marginal branch 

origin
12 Obtuse marginal Largest branch
13 Distal circumflex Distal to marginal origin
14 Posterolateral May be small
15 Left posterior 

descending
Present in left dominant system

RPD=Removable partial denture

Figure 1: A 55-year-old male presented with 3-day history of fever and dry cough 
without any comorbidity with initial lung CT involvement score of twelve. The score 
of involvement of the right lung lobes was as follows: right lower lobe: 2, right 
upper lobe: 2, right middle lobe: 1. In the left lung lobes, the involvement scores 
were as follows: left lower lobe: 2, lingula: 3, left upper lobe: 2. Furthermore, the 
score of coronary calcification based on Weston and segmental methods was 
2, 1, and 3, respectively. The arrow shows calcification in the coronary arteries. 
CT = computed tomography
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(P = 0.065). Similarly, segmental scoring revealed that 
patients in Group 3 did not have a significantly increased 
risk of developing severe disease and hospitalization and 
ICU admission compared to groups 1 and 2. However, in 
relation to the survival, it was observed that the chance of 
discharge of patients in Group 1 of segmental classification 
was 6.34 times the Group 3 (P = 0.049). Although the survival 
rate of Group 3 was lesser than Group 2 and the probability 
of death in this group was 3.40 times the Group 2, this 
increment of risk was not statistically significant.

Patients were followed up for 6 months after their first 
CT for the evaluation of long-term complications of 
COVID-19. Three patients complained of fatigue and one 
patient complained of shortness of breath. One patient had 
lower extremity deep vein thrombosis (DVT) 2 weeks after 
discharge and was medically treated.

The findings indicate that radiologists can estimate the 
prognosis of patients with COVID-19 in the same age, 
gender, and pulmonary involvement status and extent by 
assessing coronary artery calcification in the mediastinal 
view of CT scans. Patients with a coronary artery calcification 
score of more than 7 need more care and attention, as this 
group has been shown to have higher mortality rates.

DISCUSSION

COVID-19 pandemics has now become a global crisis that 
has affected more than 200 countries around the world and 
has led to the collapse of health-care systems in many parts 
of the world.[18,19] SARS-Cov-2, like SARS and Middle East 
respiratory syndrome, causes respiratory infections and 
can lead to viral pneumonia and acute respiratory distress 
syndrome in involved patients.[20] In addition, uncontrolled 
SARS-Cov-2 infection can cause cytokine storm and 
multiorgan damage by proinflammatory cytokines.[21] 
Currently, studies have shown that both susceptibility 
and poor prognosis of COVID-19 are strongly associated 
with cardiovascular disease.[22,23] In addition, COVID-19 
can cause development of cardiovascular disorders such as 
myocardial injury, arrhythmia, acute coronary syndrome, 
and venous thromboembolism.[24,25] However, the role of 
atherosclerosis and vascular calcification in the prognosis 
of patients with COVID-19 has not been accurately 
evaluated. So far, very limited and scattered studies have 

Table 3: Comparison of lung involvement and coronary artery calcification scores
Total Severe patients (n=64) Moderate patients (n=77) P Deceased Discharged P

Mean score of lung involvement 7.63±4.67 7.63±4.83 7.64±4.57 0.947 11.73±5.26 7.28±4.47 0.002
Mean score of Weston method 2.16±2.92 2.3±3.26 2.04±2.62 0.603 4.64±3.29 1.95±2.8 0.003
Mean score of segmental method 2.4±3.6 2.4±3.29 2.39±3.96 0.984 5.91±5.61 2.1±3.23 0.001

Table 4: Relationship between Weston and segmental subgroups with disease severity and prognosis
Total (%) Severity Prognosis

OR 95% CI P* OR 95% CI P*
Weston classification

0 71 (50.4) 0.473 0.137–1.636 0.237 6.728 1.901–50.257 0.05
1–6 53 (37.6) 0.451 0.144–1.414 0.172 4.474 0.913–21.911 0.065
7–12 17 (12.1)

Segmental classification
0 71 (50.4) 0.854 0.26–2.801 0.794 6.341 1.814–49.416 0.049
1–6 53 (37.6) 0.831 0.271–2.549 0.747 3.407 0.658–17.628 0.144
7–12 17 (12.1)

*Adjusted for age, sex, and lung involvement. OR=Odds ratio; CI=Confidence interval

Table 2: Baseline characteristics of patients
Severe 

patients (n=64)
Moderate 

patients (n=77)
P

Age 55.45±15.07 52.86±13.89 0.296*
Sex (male) 44 53 0.366**
Primary symptoms

Dyspnea 43 29 <0.001**
Lethargy 54 46 0.002**
Loss of appetite 19 28 0.511**
Cough 37 26 0.007**
Fever 49 31 <0.001**
Diarrhea 10 2 0.007**

Vital signs
Blood pressure 130/80±30/10 125/80±20/10 0.239*
Pulse rate 95.06±27.07 92.56±14.43 0.485*
Respiratory rate 27.6±9.2 23.9±3.6 0.485*
Temperature 38.2±1.9 37.14±1.2 0.0001*
Oxygen saturation (%) 81.26±11.7 90.24±8.6 <0.001*

Laboratory data
CRP 64.67±34.41 47.76±33.52 0.004*
ESR 42.84±28.48 49.78±29.98 0.16*
LDH 728.42±364.91 603.11±524.53 0.11*
WBC (×103 C/ml) 7.68±3.18 7.11±2.77 0.26*
Hemoglobin (g/dl) 12.63±2.28 13.18±2.12 0.16*
Platelet (×103 C/ml) 178.67±73.38 188.46±86.24 0.47*

*t-test, **Fisher’s exact test. CRP=C-reactive protein; LDH=Lactate dehydrogenase; 
ESR=Erythrocyte sedimentation rate; WBC=White blood cells
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been performed on coronary calcification in patients with 
COVID-19 and its relationship with prognosis.

In this study, the correlation between coronary artery 
calcification in patients with COVID-19 with their disease 
severity and prognosis was evaluated. The severity 
of coronary calcification was assessed by Weston and 
segmental methods. Although coronary calcification was 
not significantly different between severe and moderate 
patients, this difference was significant between deceased 
and discharged patients. In both the methods, it was 
observed that the odds of discharge and recovery of 
Group 1 patients were significantly higher than Group 3. 
Although the odds of recovery of patients with a score of 1–6 
were higher than patients with that of 7–12, this increase in 
the probability of recovery was not statistically significant. 
However, no significant association was observed between 
coronary artery calcification and disease severity.

Dillinger et al. investigated the effect of coronary calcification 
on the initial outcome, including the need for invasive or 
noninvasive mechanical ventilation or death in the first 
30 days of hospitalization in patients with COVID-19. It was 
observed that the incidence of initial outcome in patients 
with coronary artery calcification was significantly higher 
than patients without calcification (P < 0.001). Furthermore, 
Cox analysis revealed that coronary artery calcification, 
regardless of age, sex, hypertension, diabetes, and smoking, 
was associated with initial outcome.[26] Although in our 
study, coronary artery calcification was associated with 
poor prognosis and mortality, no significant association 
was found between this variable and the severity of disease. 
This may be due to the presence of other comorbidities, such 
as chronic lung disease, which were not excluded in the 
previous studies and can affect the severity of COVID-19, 
independent of coronary artery calcification.

Alhaj et al. examining 1720 patients with pulmonary 
emphysema by electron beam CT found that there was 
a significant relationship between coronary calcification 
score above 100 and pulmonary emphysema (P = 0.013). In 
addition, age, sex, hypertension, and smoking play a role 
in the development of coronary calcification, independently 
and significantly.[27]

In the follow-up of patients for long-term complications of 
COVID-19, fatigue and shortness of breath were observed 
in 3 and 1 patients, respectively. In the study of Carfì et al., 
the most common long-term complications reported in 
patients with COVID-19 were fatigue and shortness of 
breath. These two symptoms were reported in 53.1% and 
43.4% of patients, respectively.[28] These results were similar 
to the findings of our study. However, the reduction in 
the long-term symptom rate in our study may be due to 

the follow-up time difference of the patients, which was 
2 months in the mentioned study and 6 months in ours.

Left lower extremity DVT was reported in one of our 
patients, approximately 2 weeks after discharge from the 
hospital and was medically treated. Coagulopathy is a 
common finding in patients with COVID-19 due to systemic 
inflammatory response syndrome. Approximately 20%–
50% of patients admitted with COVID-19 have hematologic 
changes in coagulation tests (elevated D-dimer, prolonged 
prothrombin time, thrombocytopenia, and/or low 
fibrinogen levels). These changes are more associated with 
thrombotic events than hemorrhagic ones.[29] In addition, 
COVID-19 infection can cause venous or arterial thrombosis 
due to increased inflammatory response.[30]

There were limitations in this study. The lack of information 
about active or passive smoking and pulmonary function 
tests was the most important limitation of this study.

CONCLUSION

It was found that coronary artery calcification in patients 
with COVID-19 has a significant association with poor 
prognosis and mortality. Given the high agreement 
between the interpretations of the two radiologists, it 
can be concluded that the assessment of coronary artery 
calcification on CT scan can also be performed accurately by 
novice radiologists. The chance of discharge and recovery 
of patients without calcification of coronary arteries is 
significantly higher than patients with calcification (odds 
ratio =6.72, P = 0.05). However, no significant relationship 
was observed between this variable and the severity of the 
disease. Coronary artery calcification is a prognostic factor 
in COVID-19, and by reporting it on CT scan results, it is 
possible to draw more attention to patients with this factor 
(especially with a score above 7). Therefore, by providing 
more effective medical care to patients with COVID-19 and 
presence of coronary artery calcification, it is possible to 
reduce mortality in these patients. Based on our findings, 
it might be recommended that radiologists who encounter 
extensive and heavily calcified coronary artery plaques 
when interpreting the chest CT of COVID-19 patients 
mention the high coronary calcification in their reports to 
let clinicians know about the higher risk of mortality and 
poor prognosis in their patients and to provide a more 
intense care.
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