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Abstract

Background: We conducted this study to explore a novel risk score to

predict cardiovascular complications in patients with coronavirus disease

2019 (COVID‐19).
Methods: The current study was a retrospective, multicenter, observa-

tional study. The clinical data of COVID‐19 patients at admission were

collected. Patients were randomly divided into training set and testing set

(70% vs. 30% of patients). Independent risk factors were identified via

logistic regression analysis.

Results: Finally, 1207 patients were included. Ten independent risk factors

associated with cardiovascular complications were identified in training

set: male (odds ratio [OR]: 1.84; 95% confidence interval [CI]: 1.18, 2.85),

age ≥ 60 years old (OR: 2.01; 95% CI: 1.3, 3.2), cough (OR: 1.86; 95% CI:

1.16, 3), chronic heart disease (OR: 2.3; 95% CI: 1.19, 4.46), lymphocyte

count ≤1.1 × 109/L at admission (OR: 1.60; 95% CI: 1.03, 2.47), blood urea

nitrogen ≥7 mmol/L at admission (OR: 2.14; 95% CI: 1.27, 3.62), estimated

glomerular filtration rate ≤90 ml/min/1.73 m2 at admission (OR: 2.08; 95%

CI: 1.13, 3.83), activated partial thromboplastin time ≥37 s (OR: 3.07; 95%

CI: 1.37, 6.86), D‐dimer ≥ 0.5 mg/L (OR: 2.12; 95% CI: 1.33, 3.36) and

procalcitonin ≥0.5 μg/L (OR: 3.58; 95% CI: 1.40, 9.14). The area under

curve of ROC curve was 0.773 (95% CI: 0.723, 0.822; p < .01). The risk score

had robustness and generalizability after validation. Cardiovascular com-

plications were significantly associated with poorer survivals (log‐rank
test: p < .001).
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Conclusions: We developed and validated a novel risk score, which has

a promising predictive capacity for cardiovascular complications in

COVID‐19 patients.
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1 | BACKGROUND

The outbreak of novel coronavirus disease 2019 (COVID‐19),
caused by severe acute respiratory syndrome coronavirus
2 (SARS‐CoV‐2), began in December 2019.1,2 It has led to
a pandemic which caused over 17 million infected people
and 600,000 deaths in over 200 countries/regions so far.3

This new pandemic has also created an unprecedented
burden on healthcare systems throughout the world,
highlighting the urgency to improve the hospital man-
agement and early identification and stratification of
patients.

SARS‐CoV‐2 is considered principally as a re-
spiratory pathogen and the respiratory symptoms are
the most common symptoms. However, extra-
pulmonary manifestations or injury should not be ig-
nored as well. It has been reported that pre‐existing
cardiovascular diseases are associated with worse
prognosis in COVID‐19 patients.4 In contrast, cardio-
vascular complications caused by COVID‐19, including
arrhythmias, myocardial infarction (MI), myocarditis,
and heart failure (HF), and so forth are also significant
contributors to increased mortality and rate of admis-
sion to intensive care unit (ICU) of COVID‐19 pa-
tients.4–9 Therefore, it is of the greatest importance to
explore the damage caused by the SARS‐CoV‐2 to the
cardiovascular system.

Meanwhile, it is also of considerable value to identify
risk factors for predicting potential cardiovascular com-
plications at an early stage, which could guide and op-
timize the therapies for COVID‐19 under the
circumstance of limited healthcare resources. However,
related studies are still insufficient up to now. Early
prediction models that combine clinical features to
identify COVID‐19 patients at high risk of cardiovascular
events remain poorly defined and challenging to in-
vestigate. The current retrospective, multicenter, ob-
servational study was conducted aiming to develop and
validate a novel risk score used for predicting cardio-
vascular complications, and also to assess the relation-
ship between these complications and prognosis among
COVID‐19 patients.

2 | MATERIALS AND METHODS

2.1 | Study design

This retrospective, multicenter, observational study of
laboratory‐confirmed COVID‐19 patients was conducted
in accordance with the amended Declaration of Helsinki
and approved by the West China Hospital of Sichuan
University Biomedical Research Ethics Committee (No.
2020‐272). Written informed consent was waived because
of the urgent need to collect clinical data and retro-
spective observational design.

Clinical data of hospitalized patients from two major
COVID‐19 designated hospitals (Wuhan Red Cross
hospital and People's Hospital of Wuhan University) in
Wuhan city, and 36 COVID‐19‐designated hospitals in
Sichuan province, China between January 14 and March
9, 2020 were collected and analyzed. All included pa-
tients were randomly divided into training set and testing
set (70% percent vs. 30% of patients). The training set was
used to develop a risk score and a testing set was applied
to validate the robustness and generalizability of the risk
score.

All patient data were anonymously recorded to en-
sure confidentiality. Two doctors reviewed the medical
records of all patients independently. Any disagreement
was resolved through the third doctor and team discus-
sion until consensus reached.

2.2 | Participants and data collection

All patients enrolled in this study were diagnosed with
confirmed COVID‐19 according to World Health Orga-
nization interim guidance.10 The confirmed case is de-
fined as positive result of the nucleic acid of SARS‐CoV‐2
by real‐time reverse‐transcription polymerase chain
reaction.

The following exclusion criteria were used: (1) under
18 years old; (2) being pregnant; (3) died or having
missing baseline data on admission; (4) recovering from
cardiac arrest/cardiopulmonary resuscitation.

HUANG ET AL. | 639



Demographic characteristics, basic vital signs, symp-
toms and signs, comorbidities, chest computed tomo-
graphy (CT) scan images, and laboratory examinations
data were retrospectively collected from electronic med-
ical records. All these baseline data were recorded at
admission or within 24 h after admission to hospitals.
Continuous variables were categorized for further ana-
lysis. The threshold value of each continuous variable
was determined by the clinically relevant cut‐off value, or
upper limit or lower limit of the normal range. Two
doctors completed the data collection independently.

2.3 | Outcomes

The occurrence of cardiovascular complications was
considered if any of the following appeared during hos-
pitalization: (1) acute myocardial injury; (2) acute myo-
cardial infarction (AMI), including non‐ST elevation or
ST elevation MI; (3) new or worsening HF; (4) de novo
arrhythmia; (5) deep vein thrombosis (DVT) or pul-
monary embolism (PE).

This composite endpoint has been used in previous
studies that evaluated the cardiovascular complications of
pneumonia.11,12 According to Fourth Universal Definition
of Myocardial Infarction,13 myocardial injury was diag-
nosed by the detection of elevated cardiac troponin with at
least 1 value above the 99th percentile upper reference
limit, and criteria for AMI were acute myocardial injury
with at least one of the following: symptoms of myocardial
ischemia; new ischemic electrocardiograph (ECG) chan-
ges; imaging evidence of new loss of viable myocardium or
new regional wall motion abnormality; identification of a
coronary thrombus by angiography or autopsy. New or
worsening HF was considered in patients with clinical
signs (such as pulmonary edema, acute congestive HF,
cardiomegaly, vascular congestion, etc.) and supportive
findings on ECG or chest radiograph.14 De novo ar-
rhythmia was determined on the basis of a new episode of
arrhythmia documented by ECGs during hospitalization,
which was not detected before hospital admission. DVT or
PE was considered on the basis of clinical manifestations
and supportive findings of ultrasound or angiography CT.

Likewise, two doctors reviewed and checked the di-
agnosis of cardiovascular complications independently.
Any disagreement was resolved through the third doctor
and team discussion until consensus reached.

2.4 | Statistical analysis

Data were analyzed by using IBM SPSS Statistics version
23.0 (SPSS). Data were expressed as mean± standard

deviation or median (interquartile range) for continuous
variables, as well as counts and percentages for cate-
gorical variables. The data were tested by the
Kolmogorov–Smirnov normality test and Bartlett's test
for homogeneity of variance. The difference between the
two groups was tested using a two‐tailed independent
Student's t tests for normally distributed continuous
variables, the Mann–Whitney U test for non‐normally
distributed continuous variables, and χ2 test or Fisher's
exact test for categorical variables.

Variables with p < .10 were included in univariate
and multivariate logistic regression analysis to identify
independent risk factors. The odds ratio (OR) and
confidence interval (CI) were used to evaluate risk
factors. The score for each independent risk factor was
assigned as an integer value close to the regression
coefficient. The total risk score of each patient is the
sum of each single score. To assess the accuracy of risk
score as a predictor of cardiovascular complications of
COVID‐19, the receiver operating characteristics
(ROC) curve was conducted and the area under the
ROC curve (AUC) was reported. The optimal cut‐off
point of the risk score was based on the Youden's in-
dex of ROC curve, corresponding to the maximum
joint sensitivity and specificity.

After that, the variables required for calculating
the risk score were collected, calculated, and tested for
the testing set. The performance of risk score in
training set, testing set, and overall patients were
compared. We also conducted survival analysis in all
patients using the Kaplan–Meier method and log‐rank
test to explore the impacts of cardiovascular compli-
cations on the prognosis of COVID‐19 patients. p < .05
was considered statistically significant.

3 | RESULTS

3.1 | Baseline patient characteristics

A total of 1240 patients confirmed with COVID‐19 were
retrospectively enrolled in the study. Ultimately, 33 pa-
tients were excluded according to the exclusion criteria,
and 1207 patients were analyzed. Among them, 845 pa-
tients (70% of overall patients) were randomized to
training set and 362 patients (30% of overall patients)
were included in the testing set (Figure 1).

In the training set, 122 (14.4%) patients were found
to have cardiovascular complications. Among them,
98 patients had acute myocardial injury and 5 patients
further developed AMI. A total of 8 patients had new
or worsening HF and 30 patients had de novo ar-
rhythmia. Additionally, only one patient was
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diagnosed with DVT. The rate of male and the median
age of patients with complications were both sig-
nificantly higher than those of patients without com-
plications (63.9% vs. 44.3%, p < .001; 64.5 vs. 53 years
old, p < .001). There were also some other significant
differences between patients with or without cardio-
vascular complications in terms of fever (p = .031),
cough (p = .002), weakness/fatigue (p = .035), un-
consciousness (p = .036), chronic heart disease
(p < .001), diabetes mellitus (p = .036).

Furthermore, some differences in laboratory examina-
tions were also demonstrated. Compared with patients
without cardiovascular complications, patients with cardio-
vascular complications had higher white blood cell counts
(6.11 vs. 5.43 × 109/L; p= .001), neutrophil counts (4.73 vs.
3.29 × 109/L; p< .001), aspartate aminotransferase (30.5 vs.
23.7U/L; p< .001), and so on; however, lower lymphocyte
counts (0.9 vs. 1.25 × 109/L; p< .001), platelet counts (184 vs.
207 × 109/L; p= .005), estimated glomerular filtration rate
(eGFR; 85.8 vs. 102.3ml/min/1.73m2; p< .001), and so
forth. The detailed baseline characteristics of the patients are
shown in Table 1.

3.2 | Risk factors and risk score

The factors with p< .10 in Table 1 were added into the
logistic regression model analysis. In univariate and
multivariate analysis, continuous variables were con-
verted to categorical variables. Finally, 10 independent
risk factors associated with cardiovascular complications
were identified: male (OR: 1.84; 95% CI: 1.18, 2.85),
age≥ 60 years old (OR: 2.01; 95% CI: 1.3, 3.2), cough (OR:
1.86; 95% CI: 1.16, 3), chronic heart disease (OR: 2.3; 95%
CI: 1.19, 4.46), lymphocyte count ≤1.1 × 109/L at admis-
sion (OR: 1.60; 95% CI: 1.03, 2.47), blood urea nitrogen
≥7 mmol/L at admission (OR: 2.14; 95% CI: 1.27, 3.62),
eGFR≤ 90ml/min/1.73 m2 at admission (OR: 2.08; 95%
CI: 1.13, 3.83), activated partial thromboplastin time
(APTT)≥ 37 s (OR: 3.07; 95% CI: 1.37, 6.86),
D‐dimer≥ 0.5 mg/L (OR: 2.12; 95% CI: 1.33, 3.36), and
procalcitonin ≥0.5 μg/L (OR: 3.58; 95% CI: 1.40, 9.14).
The details and corresponding score for each risk factor
are showed in Table 2.

As a result, the total risk score for each patient varied
from 0 to 23 points. Finally, an optimal cut‐off value of

Patients admitted to Wuhan Red Cross 
hospital and People's Hospital of Wuhan 
University in Wuhan city, China between 
January 14 and March 9, 2020 (n = 917)

Patients admitted to thirty-six 
COVID-19 designated 
hospitals in Sichuan province, 
China between January 14 and 
March 9, 2020 (n = 323)

Overall patients met inclusion criteria (n =1240)

Patients included in analysis (n =1207)

Patients excluded (n =33)
-under 18 years old (n =12)
-being pregnant (n =2)
-died or having missing 
baseline data on admission 
(n=17)
-recovering from cardiac 
arrest/cardiopulmonary 
resuscitation (n =2)

Patients randomized to 
training set (n =845)

Patients randomized to 
testing set (n =362)

FIGURE 1 Study population. COVID‐19,
coronavirus disease 2019
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TABLE 1 Comparisons of clinical characteristics between patients with cardiovascular complications and patients without
cardiovascular complications in the training set

Variables Overall (n= 845)
With cardiovascular
complications (n= 122)

Without cardiovascular
complications (n= 723) p value

Demographic characteristics

Sex (male) 398 (47.1) 78 (63.9) 320 (44.3) <.001

Age (years) 55 (40, 65) 64.5 (47, 73) 53 (39, 63) <.001

≥60 333 (39.4) 76 (62.3) 257 (35.5) <.001

History of alcohol use 196 (23.3) 29 (23.8) 167 (23.1) .871

Smoking history 233 (27.6) 41 (33.6) 192 (26.6) .107

Vital signs on admission

Temperature (°C) 36.7 (36.4, 37.1) 36.7 (36.5, 37.5) 36.7 (36.4, 37) .052

Respiratory rate (breath/min) 20 (19, 21) 20 (19, 23) 20 (19, 21) .113

Heart rate (beat/min) 85 (78, 96) 85 (78, 96) 86 (78, 96) .755

Systolic pressure (mmHg) 128 (118, 140) 129 (118, 140) 128 (118, 140) .515

Diastolic pressure (mmHg) 80 (71, 86) 80 (73, 88) 79 (71, 86) .262

Glasgow Coma Scale 15 (15, 15) 15 (15, 15) 15 (15, 15) .726

Symptoms and signs

Fever 558 (66) 91 (74.6) 467 (64.6) .031

Cough 525 (62.1) 91 (74.6) 434 (60) .002

Hemoptysis 30 (3.6) 5 (4.1) 25 (3.5) .724

Shortness of breath/dyspnea 190 (22.5) 35 (28.7) 155 (21.4) .076

Weakness/fatigue 309 (36.6) 55 (45.1) 254 (35.1) .035

Sore throat 71 (8.4) 11 (9) 60 (8.3) .792

Rhinorrhea 22 (2.6) 1 (0.8) 21 (2.9) .303

Earache/ear pain 10 (1.2) 1 (0.8) 9 (1.2) 1

Wheeze 99 (11.7) 19 (15.6) 80 (11.1) .152

Stuffy nose 16 (1.9) 0 (0) 16 (2.2) .194

Chest pain/distress 192 (22.7) 30 (24.6) 162 (22.4) .594

Muscle ache/myalgia 72 (8.5) 11 (9) 61 (8.4) .832

Arthralgia 13 (1.5) 4 (3.3) 9 (1.2) .197

Headache 45 (5.3) 9 (7.4) 36 (5) .275

Unconsciousness 9 (1.1) 4 (3.3) 5 (0.7) .036

Stomachache 12 (1.4) 2 (1.6) 10 (1.4） 1.00

Nausea/vomiting 29 (3.4) 2 (1.6) 27 (3.7) .364

Diarrhea 95 (11.2) 11 (9) 84 (11.6) .4

Comorbidities

COPD 22 (2.6) 5 (4.1) 17 (2.4) .416

Asthma 6 (0.7) 0 (0) 6 (0.8) .601

Hypertension 225 (26.6) 40 (32.8) 185 (25.6) .096

Chronic heart disease 61 (7.2) 20 (16.4) 41 (5.7) <.001
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TABLE 1 (Continued)

Variables Overall (n= 845)
With cardiovascular
complications (n= 122)

Without cardiovascular
complications (n= 723) p value

Chronic liver disease 65 (7.7) 10 (8.2) 55 (7.6) .821

Diabetes mellitus 127 (15) 26 (21.3) 101 (14) .036

Cancer 20 (2.4) 2 (1.6) 18 (2.5) .803

Cerebrovascular disease 14 (1.7) 2 (1.6) 12 (1.7) 1.00

Chronic kidney disease 14 (1.7) 4 (3.3) 10 (1.4) .257

Chest CT scan images

Abnormal chest image 566 (67) 74 (60.7) 492 (68) .108

Ground‐glass opacity 531 (62.8) 71 (58.2) 460 (63.6) .251

Presence with consolidation 323 (38.2) 49 (40.2) 274 (37.9) .643

Laboratory examinations

White blood cell count (×109/L) 5.5 (4.25, 7.19) 6.11 (4.41, 8.27) 5.43 (4.2, 6.99) .001

≥9.5 76 (9) 22 (18) 54 (7.5) <.001

Neutrophils count (×109/L) 3.43 (2.42, 5.0) 4.73 (2.67, 6.99) 3.29 (2.36, 4.65) <.001

≥6.3 109 (12.9) 34 (27.9) 75 (10.4) <.001

Lymphocyte count (×109/L) 1.2 (0.84, 1.70) 0.9 (0.59, 1.29) 1.25 (0.9, 1.7) <.001

≤1.1 339 (40.1) 74 (60.7) 265 (36.7) <.001

Monocyte count (×109/L) 0.43 (0.30, 0.58) 0.41 (0.25, 0.58) 0.44 (0.3, 0.58) .27

Hemoglobin (g/L) 128 (117, 140) 129.5 (119, 142) 128 (117, 140) .344

Hematocrit 0.39 (0.34, 4.31) 0.39 (0.35, 36.7) 0.38 (0.34, 0.52) .395

Erythrocyte sedimentation rate 31 (18, 55) 32 (15, 73) 31 (18, 52) .401

Platelet count (×109/L) 201 (154, 269) 184 (136, 242) 207 (157, 271) .005

≤100 41 (4.9) 11 (9) 30 (4.1) .02

Triglyceride 1.24 (0.94, 1.79) 1.32 (1.03, 2.02) 1.24 (0.93, 1.76) .161

Cholesterol 4.04 (3.44, 4.74) 4.02 (3.38, 4.56) 4.05 (3.48, 4.78) .482

High‐density lipoprotein 1.03 (0.84, 1.29) 1 (0.79, 1.3) 1.03 (0.86, 1.29) .145

Low‐density lipoprotein 2.44 (1.94, 2.99) 2.38 (1.95, 2.75) 2.45 (1.94, 3.07) .19

ALT (U/L) 23.3 (15.2, 39) 27 (15.6, 45) 23 (15.1, 38) .193

AST (U/L) 24 (19, 34) 30.5 (22.8, 46.3) 23.7 (19, 33) <.001

≥35 174 (20.6) 42 (34.4) 132 (18.3) <.001

Total bilirubin (μmol/L) 10.2 (7.5, 14.5) 11.8 (8.6, 16.2) 10 (7.3, 13.9) .002

≥17.1 106 (12.5) 21 (17.2) 85 (11.8) .09

Direct bilirubin (μmol/L) 3.3 (2.2, 4.8) 4.3 (2.6, 6.2) 3.2 (2.2, 4.5) <.001

≥6.8 90 (10.7) 24 (19.7) 66 (9.1) <.001

Indirect bilirubin 7 (4.9, 9.9) 7.7 (5.1, 10.4) 6.8 (4.8, 9.7) .266

Blood urea nitrogen (mmol/L) 4.38 (3.4, 5.73) 5.4 (3.9, 7.4) 4.2 (3.4, 5.5) <.001

≥7 116 (13.7) 38 (31.1) 78 (10.8) <.001

Creatinine (μmol/L) 61 (50, 73) 69 (57, 83) 60 (49, 72) <.001

≥106 28 (3.3) 11 (9) 17 (2.4) <.001

(Continues)
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TABLE 1 (Continued)

Variables Overall (n= 845)
With cardiovascular
complications (n= 122)

Without cardiovascular
complications (n= 723) p value

eGFR (ml/min/1.73 m2) 100.9 (89, 114.7) 85.8 (62.3, 102.7) 102.3 (91.7, 117.3) <.001

≤90 79 (9.3) 25 (20.5) 54 (7.5) <.001

Uric acid 257 (204, 334) 264.5 (202, 362) 255 (205, 332) .269

Total protein 64.4 (59.8, 69.2) 62.5 (57.3, 67.7) 65 (60.3, 69.3) .007

≤60 210 (24.9) 49 (40.2) 161 (22.3) <.001

Albumin (g/L) 39 (34.8, 42.8) 35.8 (31.9, 40.2) 39.6 (35.7, 43.2) <.001

≤40 450 (53.3) 88 (72.1) 362 (50.1) <.001

Globulin 25.1 (22.2, 29.1) 26.5 (23.2, 29.6) 24.7 (22, 28.9) .004

≥30 166 (19.6) 30 (24.6) 136 (18.8) .137

Glucose (mmol/L) 5.59 (4.89, 6.99) 6.3 (5.1, 7.9) 5.5 (4.8, 6.9) .005

≥6 372 (44) 64 (52.5) 308 (42.6) .04

APTT (s) 27.8 (25.6, 30.9) 28.7 (25.9, 32.8) 27.7 (25.5, 30.5) .033

≥37 43 (5.1) 14 (11.5) 29 (4) .001

PT (s) 12 (11.3, 12.8) 12.5 (11.8, 13.4) 12 (11.2, 12.7) <.001

≥14 83 (9.8) 24 (19.7) 59 (8.2) <.001

INR 1.03 (0.96, 1.09) 1.05 (0.99, 1.14) 1.02 (0.95, 1.08) <.001

≥1.2 40 (4.7) 11 (9) 29 (4) .02

Fibrinogen (g/L) 3.56 (2.61, 4.82) 4.32 (3.29, 6.03) 3.49 (2.56, 4.69) <.001

≥4 268 (31.7) 62 (50.8) 206 (28.5) <.001

D‐dimer (mg/L) 0.58 (0.28, 1.48) 1.16 (0.51, 4.4) 0.53 (0.26, 1.21) <.001

≥0.5 366 (43.3) 82 (67.2) 284 (39.3) <.001

C‐reactive protein (mg/L) 27.3 (7.8, 64.3) 57.9 (16.8, 125.2) 24.1 (6.7, 55.48) <.001

≥5 289 (34.2) 59 (48.4) 230 (31.8) <.001

Procalcitonin (μg/L) 0.05 (0.03, 0.1) 0.11 (0.05, 0.29) 0.05 (0.03, 0.08) <.001

≥0.5 27 (3.2) 14 (11.5) 13 (1.8) <.001

Interleukin‐6 5.77 (3.86, 11.37) 7.37 (2.57, 39.83) 5.72 (3.99, 10.64) .77

CD3+ cell counts (cell/μl) 750 (503, 1102) 475 (282, 659) 841 (551, 1149) <.001

≤955 279 (33) 57 (46.7) 222 (30.7) .001

CD4+ cell counts (cell/μl) 457 (278, 673) 300 (192, 449) 493 (305, 712) <.001

≤450 201 (23.8) 44 (36.1) 157 (21.7) .001

CD8+ cell counts (cell/μl) 263 (158, 395) 141 (74, 220) 288 (174, 416) <.001

≤320 256 (30.3) 52 (42.6) 204 (28.2) .001

Note: Data are shown as median with interquartile range (IQR) for continuous variables or number with percentage for categorical variables.

Abbreviations: ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; COPD, chronic obstructive
pulmonary disease; CT, computed tomography; eGFR, estimated glomerular filtration rate; INR, international normalized ratio; n, numbers;
PT, prothrombin time.
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7.5 (specificity: 0.656, sensitivity: 0.780) was identified to
predict cardiovascular complications according to ROC
curve and AUC was 0.773 (95% CI: 0.723, 0.822; p< .01;
Figure 2).

3.3 | Validation and survival analysis

In the testing set, 62 (17.1%) patients were found to have
cardiovascular complications. The accuracy of the risk

score in the testing set (AUC: 0.756; 95% CI: 0.690, 0.822)
was similar to that in the training set. Furthermore, the
AUC of the risk score in overall patients (training set plus
testing set) was 0.766 (95% CI: 0.726, 0.806). The optimal
cut‐off value is also 7.5 (specificity: 0.620; sensitivity:
0.785). The results are summarized in Table 3. Generally,
our results were relatively stable and reliable and the
novel risk score had generalizability, to some degree.

In addition, cardiovascular complications were sig-
nificantly associated with poorer survival (log‐rank test:
p< .001) in the Kaplan–Meier curves, which showed
that cardiovascular complications had considerable
adverse impacts on the prognosis of COVID‐19 patients
(Figure 3).

4 | DISCUSSION

To our knowledge, this is the first predictive tool used
for predicting cardiovascular complications among
COVID‐19 patients at admission to hospital. Ten in-
dependent risk factors at admission were identified
and the total score varied from 0 to 23 points for each
patient. The risk score has also been validated. A
higher total score is correlated to increased risk of
cardiovascular complications which might lead to sig-
nificantly poor prognosis of COVID‐19 patients.
Therefore, early prediction of cardiovascular compli-
cations is important and necessary.

Wei et al.15 have ever conducted a similar study and
found age, pre‐existing cardiovascular disease, eGFR, and
procalcitonin were associated with acute myocardial in-
jury (defined as an hs‐TnT [high‐sensitivity troponin T]

TABLE 2 Independent risk factors associated with cardiovascular complications in multivariate analysis and corresponding risk score in
training set

Risk factors Multivariate OR (95% CI) p value Score

Sex (male) 1.84 (1.18, 2.85) .007 2

Age (years, ≥60) 2.01 (1.3, 3.2) .002 2

Cough 1.86 (1.16, 3) .01 2

Chronic heart disease 2.3 (1.19, 4.46) .01 2

Lymphocyte count (×109/L, ≤1.1) 1.60 (1.03, 2.47) .04 2

Blood urea nitrogen (mmol/L, ≥7) 2.14 (1.27, 3.62) .004 2

eGFR (ml/min/1.7 m2, ≤90) 2.08 (1.13, 3.83) .02 2

APTT (s, ≥37) 3.07 (1.37, 6.86) .006 3

D‐dimer (mg/L, ≥0.5) 2.12 (1.33, 3.36) .001 2

Procalcitonin (μg/L, ≥0.5) 3.58 (1.40, 9.14) .008 4

Abbreviations: APTT, activated partial thromboplastin time; CI, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio.

FIGURE 2 Receiver operating characteristic (ROC) curve for
prediction of cardiovascular complications in COVID‐19 patients.
Area under the curve was 0.773 (95% confidence interval: 0.723,
0.822; p< .01). COVID‐19, coronavirus disease 2019
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value >14 pg/ml) in COVID‐19 patients. Meanwhile,
acute myocardial injury was more correlated to severe/
critical, admission to ICU, mechanical ventilation, and
death. In the current study, more baseline variables were
included. Furthermore, the primary outcome of compo-
site cardiovascular events was adopted because they
should all be considered as important cardiovascular
complications of COVID‐19.16 It is believed that a risk
score might enable more accurate identification and
stratification than a single predictor for COVID‐19 pa-
tients. Therefore, based on independent risk factors, we
developed a novel, practical predictive risk score. As a
bedside tool, this score system comprehensively consists
of factors of demographic characteristics, symptoms, co-
morbidities, and laboratory examinations.

According to previous reports, cardiovascular
complications were common clinical manifestations
and could increase the health burden of SARS and
influenza in the last decades.17,18 The potential me-
chanisms for cardiovascular complications during
SARS‐CoV‐2 infection has not been thoroughly
explained. Possible mechanisms include direct

virus‐mediated cardiotoxicity, hypoxia‐related injury,
immune‐mediated cytokine storm and systemic
inflammation, and so forth.19 Infection of the peri-
cardium causing massive edema and myocardial fi-
brosis or scars have also been put forward in a recent
review.20 Besides, increased heart burden and cardi-
opulmonary dysfunction caused by SARS‐CoV‐2 in-
fection might be responsible for the myocardial
ischemia, worsening HF, and new arrhythmia.

Previous studies have demonstrated that myo-
cardial injury occurred in about 10% of patients with
COVID‐19.4,9 In the current study, composite cardio-
vascular complications were reported in 15.2% of
COVID‐19 patients. We included 917 (74%) patients
from Wuhan city, a high‐risk and high‐prevalence
area, and 323 (26%) patients from Sichuan province
which is a low‐risk district. Furthermore, these pa-
tients were randomly assigned to either the training set
or the testing set in an attempt to draw a relatively
comprehensive and fair conclusion. However, it must
be noted that incidence and types of cardiovascular
complications might be associated with severities of
illness and population characteristics. Future studies
are warranted to verify our conclusions.

In the risk score, some factors have been widely
confirmed to be connected with cardiovascular events,
including male, older age, chronic heart disease, pro-
longed APTT, elevated D‐dimer, and so on. Their pre-
dictive values for cardiovascular complications have
also been demonstrated in community‐acquired pneu-
monia.12 However, some arisen independent risk fac-
tors in multivariable analysis were unexpected or
uncommon, which should be treated cautiously.
Irwin21 has ever conducted a literature review and
found cough, an effective means of clearing the air-
ways, could also cause a variety of complications, in-
cluding cardiovascular complications. However, the
impact of cough on patients still remains to be clarified.
Decreased lymphocyte count is common in COVID‐19
patients according to previous studies.4,9 Systemic in-
flammatory response and immunocompromised status
might be responsible for it. One previous study also

TABLE 3 Performance of novel risk score

Data set
Patients with cardiovascular
complications/overall (%) AUC (95% CI)

Optimal cut‐off
value Sensitivity Specificity

Training set 122/845 (14.4) 0.773 (0.723, 0.822) 7.5 0.656 0.780

Testing set 62/362 (17.1) 0.756 (0.690, 0.822) 5.50 0.823 0.573

Training set plus
testing set

184/1207 (15.2) 0.766 (0.726, 0.806) 7.50 0.620 0.785

Abbreviations: AUC, area under the curve; CI, confidence interval.

FIGURE 3 Kaplan–Meier curves according to cardiovascular
complications in COVID‐19 patients (log‐rank test: p< .001).
COVID‐19, coronavirus disease 2019

646 | HUANG ET AL.



reported that the number of helper T cells and sup-
pressor T cells both significantly decreased, and were
more impaired in severe COVID‐19 cases. The authors
concluded that SARS‐CoV‐2 might mainly act on
lymphocytes, especially T lymphocytes.22 It is also re-
ported that lymphopenia plays a role in accelerated
atherosclerosis and increased incidence of cardiovas-
cular events.23 The association between blood urea ni-
trogen or eGFR and cardiovascular complications in
COVID‐19 is still unclear now. However, our results are
consistent with a previous study of influenza. Nin
et al.24 have revealed that patients with AKI presented
more cardiovascular dysfunction compared with those
without AKI in 2009 influenza A (H1N1) viral pneu-
monia. Procalcitonin often has high accuracy for the
diagnosis of bacterial infections in clinical practice. It is
understandable that patients with cardiovascular com-
plications were more likely to be severe cases and co-
infected with bacteria due to immunosuppression.
Additionally, in one previous population‐based
prospective study, procalcitonin was also found to be
correlated to several of the established cardiovascular
risk factors (C‐reactive protein, hypertension, renal
function, etc.) and positively associated with cardio-
vascular events and cardiovascular death.25

We found that some risk factors in the current study
were also applied in previous similar prediction models
for critical illness, admission to ICU, or mortality of
COVID‐19 patients. For instance, Gong et al.26 devel-
oped a nomogram in which older age and blood urea
nitrogen were associated with severe COVID‐19. In
another clinical prediction model for in‐hospital mor-
tality of COVID‐19 patients, age, history of heart dis-
ease, lymphocyte count, D‐dimer, and eGFR were
used.27 It has to be acknowledged that the AUC of the
current risk score is inferior to those of the above pre-
diction models, which varied from 0.8 to 0.9. We
speculated that some baseline data were missing due to
a retrospective study design, which might have com-
promised the discriminatory power of this risk score.
Then, it is possible that the endpoint of cardiovascular
complications was more heterogeneous than that of
severe illness or death. And the severities of various
cardiovascular complications were not identical among
included patients. However, our study has a larger
sample size (over 1200 patients). Clear and widely ac-
cepted definitions were adopted for all included patients
and the diagnosis of cardiovascular complications was
checked by different researchers to guarantee the ac-
curacy of our conclusions.

Given the lack of specific antiviral agents for
SARS‐CoV‐2 and significant adverse effects of

cardiovascular complications on the prognosis of pa-
tients, early identification of COVID‐19 patients at
high risk of cardiovascular complications, timely in-
tervention, and protection of target organ are im-
portant and essential. In the current study, all risk
factors are easy to obtain at admission to hospital and
this risk score has been well developed and validated
with promising predictive capacity. It might help
clinicians make optimal treatment decisions for pa-
tients who are prone to develop cardiovascular com-
plications, and help researchers explore more detailed
systemic damage and pathophysiological mechanisms
of COVID‐19 in the future.

There are several limitations to our study. First, it
was a retrospective observational study with potential
unavoidable selection bias. Second, the sample size
was relatively moderate, and the number of patients
was not equal between groups with or without cardi-
ovascular complications. Third, the drugs and thera-
pies before admission might have considerable
impacts on our results. Then, we only recorded car-
diovascular complications before discharge without
follow‐up. The long‐term damage of SARS‐CoV‐2 to
cardiovascular systems and related risk factors remain
to be explored. Further well‐designed, multicenter,
long‐term studies with better comparability are war-
ranted to clarify the characteristics of these risk fac-
tors and verify our conclusions.

5 | CONCLUSIONS

We developed and validated a novel risk score, which is
based on 10 risk factors at admission: male, age≥ 60
years, cough, chronic heart disease, lymphocyte count
≤1.1 × 109/L, blood urea nitrogen ≥7mmol/L, eGFR≤
90ml/min/1.73 m2, APTT≥ 37 s, D‐dimer≥ 0.5 mg/L
and procalcitonin ≥0.5 μg/L. This risk score has a pro-
mising predictive capacity for cardiovascular complica-
tions which could significantly impair the prognosis of
COVID‐19 patients. Our conclusions need to be further
confirmed in further studies.
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