
Vol:.(1234567890)

Chinese Journal of Academic Radiology (2022) 5:20–28
https://doi.org/10.1007/s42058-021-00072-4

1 3

ORIGINAL ARTICLE

Coronary artery calcification and risk of mortality and adverse 
outcomes in patients with COVID‑19: a Chinese multicenter 
retrospective cohort study

Song Luo1 · Xiao Ming Qiu2 · Xian Jun Zeng3 · Dong You Zhang4 · Bing Wan5 · Xiao Li1,6 · Rong Hua Tian7 · 
Jiang Tao Wang8 · Mei Yun Wang9 · Juan Zhu10 · Can Zhang11 · Ran Yang12 · Feng Chen13 · Yi Liang14 · Bin Fan15 · 
Hui Jie Jiang16 · Xi Ming Wang17 · Wei Chen18 · Kai Xu19 · Jian Bo Gao20 · Chao Du21 · Li Na Zhang22 · Yi Yang4 · 
Shi Jun Jia8 · Hao Ren8 · Zi Yue Zu1 · Peng Peng Xu1 · Jing Zhong1 · Yu Ting Yang1 · Chang Sheng Zhou1 · Wei Zhang1 · 
Xiao Xue Liu1 · Qi Rui Zhang1 · Fei Xia1 · Li Qi1 · Meng Jie Lu1 · Long Jiang Zhang1  · Yu Xiu Liu23 · Guang Ming Lu1

Received: 5 February 2021 / Revised: 2 May 2021 / Accepted: 4 June 2021 / Published online: 28 June 2021 
© The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd. 2021

Abstract
Background Coronary artery calcification (CAC) is an independent risk factor of major adverse cardiovascular events; 
however, the impact of CAC on in-hospital death and adverse clinical outcomes in patients with coronavirus disease 2019 
(COVID-19) remains unclear.
Objective To explore the association between CAC and in-hospital mortality and adverse events in patients with COVID-19.
Methods This multicenter retrospective cohort study enrolled 2067 laboratory-confirmed COVID-19 patients with defini-
tive clinical outcomes (death or discharge) admitted from 22 tertiary hospitals in China between January 3, 2020 and April 
2, 2020. Demographic, clinical, laboratory results, chest CT findings, and CAC on admission were collected. The primary 
outcome was in-hospital death and the secondary outcome was composed of in-hospital death, admission to intensive care 
unit (ICU), and requiring mechanical ventilation. Multivariable Cox regression analysis and Kaplan–Meier plots were used 
to explore the association between CAC and in-hospital death and adverse clinical outcomes.
Results The mean age was 50 years (SD,16) and 1097 (53.1%) were male. A total of 177 patients showed high CAC level, 
and compared with patients with low CAC, these patients were older (mean age: 49 vs. 69 years, P < 0.001) and more likely 
to be male (52.0% vs. 65.0%, P = 0.001). Comorbidities, including cardiovascular disease (CVD) ([33.3%, 59/177] vs. [4.7%, 
89/1890], P < 0.001), presented more often among patients with high CAC, compared with patients with low CAC. As for 
laboratory results, patients with high CAC had higher rates of increased D-dimer, LDH, as well as CK-MB (all P < 0.05). The 
mean CT severity score in high CAC group was also higher than low CAC group (12.6 vs. 11.1, P = 0.005). In multivariable 
Cox regression model, patients with high CAC were at a higher risk of in-hospital death (hazard ratio [HR], 1.731; 95% CI 
1.010–2.971, P = 0.046) and adverse clinical outcomes (HR, 1.611; 95% CL 1.087–2.387, P = 0.018).
Conclusion High CAC is a risk factor associated with in-hospital death and adverse clinical outcomes in patients with con-
firmed COVID-19, which highlights the importance of calcium load testing for hospitalized COVID-19 patients and calls 
for attention to patients with high CAC.
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PCI  Percutaneous coronary intervention
CABG  Coronary artery bypass grafting
CVD  Cardiovascular disease
COPD  Chronic obstructive pulmonary disease
LDH  Lactate dehydrogenase
CK-MB  Creatine kinase myocardial band
ICU  Intensive-care unit
GGO  Ground-glass opacity
ILD  Interstitial lung disease
SD  Standard deviation
IQR  Interquartile range
HR  Hazard ratio
CI  Confidence interval

Introduction

Since December 2019, coronavirus disease-19 (COVID-
19) has ravaged more than 200 countries and regions with 
an increasing number of cases every day around the world. 
Although the overall case fatality rate of COVID-19 (7%) 
seems to be lower than that of severe acute respiratory syn-
drome coronavirus (SARS) (10%) and Middle East respira-
tory syndrome (MERS) (37%) [1–4], COVID-19 has caused 
far more deaths than SARS and MERS combined. As of 
June 29, 2020, a total of 10,021,401 patients have been diag-
nosed with COVID-19, including 499,913 deaths [1].

Although patients with confirmed COVID-19 mainly 
present with respiratory symptoms, lots of patients were 
reported to have developed serious cardiac complications 
[4, 5], which were reported to be associated with adverse 
outcomes. In addition, cardiovascular comorbidities are 
common in patients with COVID-19 who are at higher risk 
of morbidity and mortality [6–7]. The detection of coronary 
artery calcification (CAC) is considered to play an indelible 
role in primary prevention of coronary artery disease (CAD) 
[8], as the existence, scope, and progress of CAC has been 
recognized as a strong predictor for cardiovascular event and 
all-cause mortality in general population [9, 10]. However, 
despite being a well-described imaging biomarker of the 
burden of atherosclerosis, to date, the association between 
CAC and the risk of in-hospital mortality as well as adverse 
outcomes in patients with confirmed COVID-19 remains 
unclear.

Therefore, this study aimed to analyze the association 
between CAC and in-hospital mortality and adverse events 
in patients with COVID-19. We retrospectively analyzed 
data from a total of 2067 patients with laboratory-confirmed 
COVID-19 with definitive clinical outcomes from 22 tertiary 
hospitals in China to investigate the impact of the severity 
degree of CAC on in-hospital mortality and adverse events 
in COVID-19 patients to further optimize patients’ clinical 
management.

Materials and methods

Study participants

This multicenter retrospective cohort study was performed in 
22 medical centers across 11 provinces and municipalities in 
China (Figure S1). Consecutive patients admitted from Janu-
ary 3, 2020 to April 2, 2020 were included. Inclusion crite-
ria were: (a) infection of severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) was confirmed by reverse 
transcription–polymerase chain reaction (RT–PCR) assay 
for nasal and pharyngeal swab specimens or high-throughput 
sequencing; (b) thin-section chest CT scan was performed 
on admission; (c) definitive prognosis information was 
available (death or discharge). The exclusion criteria were: 
(a) unavailable CT images, and (b) previous history of per-
cutaneous coronary intervention (PCI) or coronary artery 
bypass grafting (CABG). This study was approved by the 
institutional review boards of Jinling Hospital (2020NZKY-
005–02). Written informed consent was waived owing to 
retrospective data. This study has been registered with the 
Chinese Clinical Trial Registry (the registration number: 
ChiCTR2000030863).

Data collection

All data of patients on admission were extracted from elec-
tronic medical record systems by primary investigators of 
each center. The following demographic and clinical char-
acteristics were collected: age, sex, preexisting comorbid-
ity (cardiovascular disease [CVD], diabetes, hypertension, 
chronic obstructive pulmonary disease [COPD], chronic 
liver disease, chronic kidney disease, malignancy). Labora-
tory values included lymphocyte, D-dimer, lactate dehydro-
genase (LDH), creatine kinase myocardial band (CK-MB), 
cardiac troponin, and procalcitonin. Data were sent to a 
computerized database and cross-checked by two physicians 
(S.L. and P.P.X.) in core lab in Jinling Hospital, Medical 
School of Nanjing University. Incomplete data were recon-
firmed and clarified by primary investigators of each center.

Chest CT acquisition and image analysis

CT scanners and scanning protocols included in this study 
are presented in Supplemental materials. All chest CT 
images were reviewed by four cardiothoracic radiologists 
(Z.Y.S., L.Q., F. X., and X.L.Z. with 18, 6, 5, and 5 years 
of experiences, respectively) in core lab in Jinling Hospi-
tal, Medical School of Nanjing University. They indepen-
dently evaluated initial CT images without being informed 
of patient’s clinical or laboratory results. Any disagreement 
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between reviewers was resolved through consultation with 
another senior physician (G.M.L., with 32 years experiences 
in chest imaging). The following CT manifestations were 
analyzed and recorded: pure ground-glass opacity (GGO), 
pure consolidation, GGO with consolidation, interstitial 
lung disease (ILD), crazy-paving pattern, pleural effusion, 
and pericardial effusion. We proposed a CT severity score 
based on lung segment to evaluate the severity of COVID-
19 pneumonia [11]. If both lungs are involved, the highest 
score is 20.

CAC evaluation

In this study, we adopted a simple visual CAC scoring 
method throughout the entire coronary circulation in 
noncontrast noncardiac chest CT scans recommended 
by 2016 SCCT/STR guidelines [12]. In the CAC scoring 
adopted, the calcification degree was recorded according 
to the severity of calcification: 0: no calcification; 1: only 
isolated spot of CAC within a segment; 2: the degree of 
calcification is between 1 and 3 points; 3: continuous CAC 
within a segment [12]. Some representative images are 
shown in Fig. 1. We merged points 0 and 1 into low CAC 

group, while points 2 and 3 were combined into high CAC 
group. CAC was evaluated independently by two cardio-
thoracic radiologists (J.Z. and S.L. both with 12 years of 
experiences in cardiovascular radiology) in core lab of 
Jinling Hospital, Medical School of Nanjing University. 
Any disagreement was resolved by consensus reading.

Outcomes

The primary outcome was COVID-19-associated in-
hospital death, and the secondary composite outcome 
included in-hospital death, admission to ICU, and requir-
ing mechanical ventilation. The composite outcome was 
adopted, because ICU admission, mechanical ventilation, 
as well as death were serious outcomes of COVID-19 
and had been used to evaluate the severity of other seri-
ous infectious diseases in the previous studies [13, 14]. 
Discharge criteria included: afebrile for at least 3 days, 
both lungs showed significant improvement on chest CT, 
respiratory symptoms were alleviated in clinical practice, 
and repeated negative RT–PCR results ≥ 24 h interval [15].

Fig. 1  Representative CAC evaluation of patients with COVID-19, A 
Point 0: no coronary calcification is observed on chest CT image; B 
Point 1: only isolated spot of CAC is seen within a segment; C Point 
2: the degree of calcification is between points 1 and 3; D Point 3: 

continuous CAC is observed within a segment. Points 0 and 1 are 
classified as low CAC groups, while points 2 and 3 are classified as 
high CAC groups
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Statistical analysis

Kolmogorov–Smirnov test was used to assess the normal-
ity of quantitative data. Mean with standard deviation (SD) 
and median with interquartile range (IQR) were used to 
describe continuous variables where necessary, while fre-
quency with percentage was used to describe categorical 
variables. Student’s t tests and Wilcoxon’s rank sum tests 
were used for comparing the differences between continu-
ous variables, while Pearson’s Chi-square tests and Fisher’s 
exact tests were used for comparing categorical variables. 
Univariable Cox proportional hazard regression model was 
performed for identifying potential risk factors for death and 
adverse outcomes. Those variables with P < 0.05 in univari-
able analysis were selected into multivariable Cox regression 
model by stepwise regression method. Hazard ratio (HR) 
and 95% confidence interval (CI) were calculated and miss-
ing data in multivariable analysis for categorical variables 
were coded as an unknown class to regress. The propor-
tionality of hazard assumption was evaluated by Schoenfeld 
residuals. Kaplan–Meier plots and log-rank test were used 
to compare the cumulative event rate of death and adverse 
outcomes between groups. A P value < 0.05 was considered 
as statistical significance. All analyses were conducted using 
SAS 9.4 (SAS Institute, Cary, North Carolina, USA).

Results

Patient characteristics

A total of 2067 patients with mean age of 50 years (SD 
16), including 1097 (53.1%) males and 970 (46.9%) females, 
were enrolled in this study. 222 patients were excluded 
because of unavailable CT images (n = 200), previous per-
cutaneous coronary intervention (n = 21), and coronary 
artery bypass grafting (n = 1). The study flowchart is shown 
in Figure S2.

Table 1 shows the clinical characteristics, laboratory 
results, and chest CT findings of patients with COVID-19 in 
different CAC groups. The median interval between admis-
sion and discharge/death was 19 [14–25] days. A total of 
1989 (96.2%, 1989/2067) patients recovered and discharged, 
while 78 patients (3.8%, 78/2067) did not survive. It was 
noteworthy that during hospitalization, 165 patients (8%, 
165/2067) developed adverse outcomes. In addition to 78 
(3.8%, 78/2067) deceased, 128 patients (6.2%, 128/2067) 
were transmitted to ICU, and 96 patients (4.6%, 96/2067) 
received mechanical ventilation.

Compared with patients in low CAC group (91.4%, 
1890/2067), patients with high CAC (8.6%, 177/2067) 
were older (mean age: 68.7 vs. 48.5, P < 0.001) and more 
likely to be male ([65.0%, 115/177] vs. [52.0%, 982/1890], 

P = 0.001). More comorbidities, including CVD ([33.3%, 
59/177] vs. [4.7%, 89/1890], P < 0.001), diabetes ([31.1%, 
55/177] vs. [8.5%, 161/1890], P < 0.001), hypertension 
([53.1%, 94/177] vs. [16.9%, 320/1890], P < 0.001), COPD 
([6.2%, 11/177] vs. [1.5%, 28/1890], P = 0.0003), and 
malignancy ([5.1%,9 /177] vs. [1.6%, 30/1890], P = 0.005), 
were found in patients with high CAC than patients with 
low CAC. As for laboratory results, patients with high CAC 
had higher rates of increased D-dimer, LDH, as well as 
CK-MB (all P < 0.05). In terms of signs of CT, high CAC 
group showed more ILD ([90.4%, 160/177] vs. [80.2%, 
1515/1890], P = 0.001), pleural effusion ([15.3%, 27/177], 
vs. [5.2%, 98/1890] P < 0.001), as well as pericardial effu-
sion ([7.3%, 13/177] vs. [2.3%, 43/1890], P = 0.001) than 
low CAC group. The mean CT severity score in high CAC 
group was also higher than low CAC group (12.6 vs. 11.1, 
P = 0.005). Comparisons between discharge and death, sta-
ble, and adverse outcomes groups are shown in Supplemen-
tal Table 1.

Relations between clinical characteristics, 
laboratory results, CT Imaging features, and death 
and adverse outcomes on cox regression analysis

In univariable analysis, older age (> 60 years), sex (male), 
high CAC, comorbidity (CVD, hypertension, diabetes, 
COPD, chronic kidney disease, malignancy), lymphope-
nia, higher level of D-dimer, CK-MB, LDH, procalcitonin, 
higher CT severity score, the presence of pleural effusion, 
and pericardial effusion were shown to be associated with in-
hospital death and adverse outcomes (all P < 0.05) (Table 2, 
Supplemental Table 2).

In multivariate Cox regression model, older age 
(> 60 years) (HR, 2.892; 95% CI 1.668–5.014, P < 0.001), 
sex (male) (HR,1.979; 95% CI 1.217–3.217, P = 0.006), 
CVD (HR, 3.184; 95% CI 1.901–5.334, P < 0.001), higher 
CAC (HR, 1.731; 95% CL 1.010–2.971, P = 0.046), lym-
phopenia (HR, 4.559; 95% CI 2.333–8.911, P < 0.001), 
and higher CT severity score (HR, 1.070; 95% CI 
1.030–1.111, P < 0.001) were associated with higher risk 
of in-hospital death. Risk factors associated with adverse 
outcomes included older age (> 60  years) (HR, 2.097; 
95% CI 1.455–3.022, P < 0.001), CVD (HR, 1.952; 95% 
CI 1.324–2.878, P = 0.001), diabetes (HR, 1.517; 95% 
CI 1.036–2.222, P = 0.032), COPD (HR, 3.592; 95% CI 
2.177–5.927, P < 0.001), higher CAC (HR, 1.611; 95% CI 
1.087–2.387 P = 0.018), lymphopenia (HR, 2.010; 95% CI 
1.405–2.874, P = 0.0001), pleural effusion (HR, 2.121; 95% 
CI 1.499–3.213, P < 0.001), pericardial effusion (HR, 2.194; 
95% CI 1.283–3.505, P = 0.003), and higher CT severity 
score (HR, 1.080; 95% CI 1.050–1.111, P < 0.001).

As shown in Fig. 2, Kaplan–Meier curves with log-rank 
test were generated to test the ability of CAC to distinguish 
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cumulative event rates of mortality and adverse outcomes 
groups. Apparently, patients with higher CAC significantly 
improved the performance of predicting in-hospital death 
(log-rank: X2 = 46.264, P < 0.0001) as well as adverse 

outcomes (log-rank: X2 = 81.248, P < 0.0001). The outcome 
of lower CAC group without comorbidities was better than 
the high CAC group without comorbidities (Supplemental 
Table 3).

Table 1  Clinical characteristics, laboratory results, and chest CT findings of patients with COVID-19 in different CAC groups

Data are given as mean (SD), n (%) or median (IQR). The normal range refers to the criteria of each hospital. Increased means over the upper 
limit of the normal range and decreased means below the lower limit of the normal range
COVID-19 Coronavirus Disease-19, CAC  coronary artery calcification, SD standard deviation, IQR interquartile range, CVD cardiovascular dis-
ease, COPD chronic obstructive pulmonary disease, ICU intensive care unit, LDH lactate dehydrogenase, CK-MB creatine kinase myocardial 
band, GGO ground-glass opacity, ILD interstitial lung disease

Variables All patients (n = 2067) Low CAC (n = 1890) High CAC (n = 177) P value

Age, year ± SD 50.3 ± 15.6 48.5 ± 14.8 68.7 ± 12.4  < 0.001
 Age > 60 years—no. (%) 578 (28.0) 442 (23.4) 136 (76.8)  < 0.001

Sex (male)—no. (%) 1097 (53.1) 982 (52.0) 115 (65.0) 0.001
Comorbidity—no. (%)
 CVD 148 (7.2) 89 (4.7) 59 (33.3)  < 0.001
 Diabetes 216 (10.5) 161 (8.5) 55 (31.1)  < 0.001
 Hypertension 414 (20.0) 320 (16.9) 94 (53.1)  < 0.001
 COPD 39 (1.9) 28 (1.5) 11 (6.2) 0.0003
 Chronic liver disease 77 (3.8) 72 (3.8) 5 (2.8) 0.678
 Chronic kidney disease 21 (1.0) 17 (0.9) 4 (2.3) 0.099
 Malignancy 39 (1.9) 30 (1.6) 9 (5.1) 0.005

Adverse outcomes—no. (%) 165 (8.0) 132 (6.9) 45 (27.3)  < 0.001
 Death 78 (3.8) 52 (2.8) 27 (15.3)  < 0.001
 ICU admission 128 (6.2) 91 (4.8) 37 (20.9)  < 0.001
 Mechanical ventilation 96 (4.6) 73 (3.9) 23 (13.0)  < 0.001

The interval between admission and 
discharge/death (IQR)

19 (14–25) 18 (13–24) 20 (16–27)  < 0.001

Laboratory results—no. (%)
 Lymphopenia 819 (39.6) 748 (39.6) 69 (39.0) 0.288
 Missing 413 (20.0) 393 (20.8) 20 (11.3)
 D-dimer (increased) 405 (19.6) 331 (17.5) 74 (41.8)  < 0.001
 Missing 989 (47.8) 931 (49.3) 58 (32.8)
 LDH (increased) 516 (25.0) 450 (23.8) 66 (37.3) 0.007
 Missing 805 (39.0) 754 (39.9) 51 (28.8)
 CK-MB (increased) 63 (3.0) 51 (2.7) 12 (6.8) 0.026
 Missing 924 (44.7) 860 (45.5) 64 (36.2)
 Cardiac troponin (increased) 358 (17.3) 309 (16.3) 49 (27.7) 0.206
 Missing 1623 (78.5) 309 (16.3) 49 (27.7)
 Procalcitonin (increased) 206 (10.0) 184 (9.7) 22 (12.4) 0.980
 Missing 1023 (49.9) 957 (50.6) 66 (37.3)

Chest CT finding
 Signs—no. (%)
  GGO 123 (6.0) 113 (6.0) 10 (6.0) 0.860
  Consolidation 56 (2.7) 48 (2.5) 8 (4.5) 0.140
  GGO + consolidation 1769 (85.6) 1612 (85.3) 157 (88.7) 0.263
  ILD 1675 (81.0) 1515 (80.2) 160 (90.4) 0.001
  Crazy paving pattern 1291 (62.5) 1179 (62.4) 112 (63.3) 0.814
  Pleural effusion 125 (6.0) 98 (5.2) 27 (15.3)  < 0.001
  Pericardial effusion 56 (2.7) 43 (2.3) 13 (7.3) 0.001

CT severity score (SD) 11.2 ± 7.0 11.1 ± 7.0 12.6 ± 6.9 0.005
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Discussion

CAC has been widely known to be associated with cardio-
vascular events. Recent evidences showed that elevated 
CAC was significantly associated with non-CVD, such as 
cancer, chronic kidney disease, COPD, and even hip frac-
tures [16, 17]. Some researchers pointed out that elevated 
CAC may be a marker of an individual’s overall health 
status [17]. In this study, we stratified COVID-19 patients 

with definitive prognosis information according to the 
degree of CAC severity and proved for that higher CAC 
was associated with higher risk of in-hospital death and 
adverse outcomes in COVID-19 patients. This highlights 
the important of special attention of CAC load to make the 
proper risk stratification and management.

Chest CT is used to detect COVID-19 pneumonia 
[18–19], which can easily and quickly detect and quan-
tify CAC [12]. Previous studies have demonstrated that 
good agreement was noted between the visual assessment 

Table 2  Univariable and 
multivariable cox regression 
results on the risk factors 
associated with mortality and 
adverse outcomes in patients 
with COVID-19

Adverse outcomes group was composed of in-hospital death, admission to ICU and requiring mechanical 
ventilation
COVID-19 Coronavirus Disease-19, ICU intensive care unit, HR hazard ratio, CI confidence interval, CVD 
cardiovascular disease, CAC  coronary artery calcium, COPD chronic obstructive pulmonary disease

Variables Univariable Multivariable

HR 95% CI P values HR 95% CI P values

Mortality
 Age > 60 years 5.859 3.314–9.769  < 0.001 2.892 1.668–5.014  < 0.001
 Sex (Male) 1.999 1.235–3.235 0.005 1.979 1.217–3.217 0.006
 Higher CAC 4.511 2.811–7.242  < 0.001 1.731 1.010–2.971 0.046
 CVD 6.621 4.175–10.499  < 0.001 3.184 1.901–5.334  < 0.001
 Lymphopenia 5.500 2.818–10.733  < 0.001 4.559 2.333–8.911  < 0.001
 CT severity score 1.084 1.043–1.126  < 0.001 1.069 1.029–1.111  < 0.001

Adverse outcomes
 Age > 60 years 5.263 3.807–7.276  < 0.001 2.097 1.455–3.022  < 0.001
 CVD 5.553 3.959–7.787  < 0.001 1.952 1.324–2.878 0.001
 Diabetes 2.755 1.924–3.946  < 0.001 1.517 1.036–2.222 0.032
 COPD 10.231 6.464–16.192  < 0.001 3.592 2.177–5.927  < 0.001
 High CAC 4.224 2.998–5.951  < 0.001 1.611 1.087–2.387 0.018
 Lymphopenia 2.698 1.898–3.835  < 0.001 2.010 1.405–2.874 0.0001
 Pleural effusion 5.517 3.874–7.856  < 0.001 2.121 1.499–3.213  < 0 .001
 Pericardial effusion 5.400 3.347–8.713  < 0.001 2.194 1.283–3.505 0.003
 CT severity score 1.124 1.093–1.156  < 0.001 1.080 1.050–1.111  < 0 .001

Fig. 2  Kaplan–Meier survival curve for mortality and adverse out-
comes during hospitalization between low and high CAC groups. A 
Patients with high CAC had a higher rate of mortality in log-rank 

test (log-rank: X2 = 46.264, P < 0.0001). B Patients with high CAC 
had a higher rate of adverse outcomes in log-rank test (log-rank: 
X2 = 81.248, P < 0.0001). CAC  coronary artery calcium, No number
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in non-gated chest CT examinations and Agatston score 
categories [13, 20]. Chiles et  al. evaluated 1575 low-
dose non-gated chest CT scans from the National Lung 
Screening Trial using a simple visual assessment of CAC 
compared with Agatston scoring and demonstrated that 
the simple visual way could be feasible for risk assess-
ment of outcome [13]. In this study, we adopted visual 
assessment from the conventional chest CT examinations 
to quantify CAC burden. We found the correlation between 
CAC and adverse outcomes including in-hospital death 
and adverse outcomes in patients with confirmed COVID-
19. Many studies have confirmed that CVD was the main 
comorbidity and risk factor associated with fatal outcome 
in patients with COVID-19 [5–7, 16, 21]. A nationwide 
study in China showed [21] that CVD was an independ-
ent risk factor associated with fatal outcome. Our study 
also supported that high CAC was a strong risk factor for 
the fatal outcome. Virmani et al. [22] summarized that 
2–7% of acute coronary events resulted from the forma-
tion of coronary thrombosis caused by calcified nodules. 
Protruding calcified nodules may cause discontinuities in 
endothelial lining and underlying collagen matrix, eventu-
ally leading to acute luminal thrombosis [23]. Inflamma-
tion can also cause endothelial dysfunction and increase 
the blood procoagulant activity, which may contribute to 
the formation of occlusive thrombosis [7]. Patients with 
sepsis showed an increased inflammatory response in coro-
nary plaque and adventitia compared with patients who 
died from non-infectious disease [24]. Additionally, as 
age increases, CAC is more common and severe in males 
[25]. Our study also showed that older age and males were 
independent predictors of death. Although the association 
between SARS-CoV-2 and human atherosclerotic plaques 
has not been investigated, based on above-mentioned evi-
dences, it is reasonable to speculate that the superimposed 
effect of COVID-19 infection and CAC may exacerbate the 
disease in patients with COVID-19.

Similar with previous studies [11, 15, 21], our results 
also showed that older age, CVD, lymphopenia, and higher 
CT severity score were independent predictors of death and 
adverse outcomes in patients with COVID-19, while dia-
betes, COPD, incidence of pleural effusion, or pericardial 
effusion increased the risk odds of adverse outcomes, but 
were not associated with death. We speculated that although 
diabetes and COPD aggravated the symptoms in patients 
with COVID-19, the lethality might be less than cardio-
vascular disease. Of course, it cannot be ruled out that the 
lack of awareness and related tests might lead to inadequate 
diagnosis of these two comorbidities [21, 26]. On the other 
hand, when patients presented with pleural effusion or peri-
cardial effusion on CT images, physicians should pay great 
importance to it and intervene as soon as possible to avoid 
adverse outcomes.

This study still has some limitations. First, as a large 
retrospective cohort study, it was inevitable that some data 
might be missing, and CT data of 200 patients were excluded 
because of unavailable CT images. The laboratory values 
although we double checked all data with principal investi-
gators of each enter. To solve this problem, in multivariable 
Cox regression analysis, missing categorical variable data 
were encoded as an unknown class for statistics. Second, 
we did not take account of the impact of treatment meas-
ures on the prognosis. However, clinical interventions on 
COVID-19 patients are still limited to symptomatic treat-
ment, without specialized treatment available to date. Third, 
this study only included PCR-positive hospitalized patients, 
we did not include PCR-negative hospitalized patients and 
out-patients with COVID-19. Further studies are needed to 
clarify the role of these factors.

Conclusions

This large retrospective prognostic study from China shows 
that high CAC is an independent risk factor associated with 
in-hospital death and adverse outcomes in patients with 
COVID-19, which highlights the importance of calcium 
load testing for hospitalized COVID-19 patients and calls 
for paying special attention to patients with high CAC to 
make the proper risk stratification and timely management.
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