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IMPORTANCE Coronavirus disease 2019 (COVID-19) has resulted in considerable morbidity
andmortality worldwide since December 2019. However, information on cardiac injury in
patients affected by COVID-19 is limited.

OBJECTIVE To explore the association between cardiac injury andmortality in patients with
COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This cohort studywas conducted from January 20,
2020, to February 10, 2020, in a single center at Renmin Hospital of Wuhan University,
Wuhan, China; the final date of follow-up was February 15, 2020. All consecutive inpatients
with laboratory-confirmed COVID-19 were included in this study.

MAIN OUTCOMES ANDMEASURES Clinical laboratory, radiological, and treatment data were
collected and analyzed. Outcomes of patients with and without cardiac injury were
compared. The association between cardiac injury andmortality was analyzed.

RESULTS A total of 416 hospitalized patients with COVID-19 were included in the final analysis;
the median age was 64 years (range, 21-95 years), and 211 (50.7%) were female. Common
symptoms included fever (334 patients [80.3%]), cough (144 [34.6%]), and shortness of
breath (117 [28.1%]). A total of 82 patients (19.7%) had cardiac injury, and compared with
patients without cardiac injury, these patients were older (median [range] age, 74 [34-95] vs
60 [21-90] years; P < .001); hadmore comorbidities (eg, hypertension in 49 of 82 [59.8%] vs
78 of 334 [23.4%]; P < .001); had higher leukocyte counts (median [interquartile range
(IQR)], 9400 [6900-13 800] vs 5500 [4200-7400] cells/μL) and levels of C-reactive protein
(median [IQR], 10.2 [6.4-17.0] vs 3.7 [1.0-7.3] mg/dL), procalcitonin (median [IQR], 0.27
[0.10-1.22] vs 0.06 [0.03-0.10] ng/mL), creatinine kinase–myocardial band (median [IQR], 3.2
[1.8-6.2] vs 0.9 [0.6-1.3] ng/mL), myohemoglobin (median [IQR], 128 [68-305] vs 39 [27-65]
μg/L), high-sensitivity troponin I (median [IQR], 0.19 [0.08-1.12] vs <0.006 [<0.006-0.009]
μg/L), N-terminal pro-B-type natriuretic peptide (median [IQR], 1689 [698-3327] vs 139
[51-335] pg/mL), aspartate aminotransferase (median [IQR], 40 [27-60] vs 29 [21-40] U/L),
and creatinine (median [IQR], 1.15 [0.72-1.92] vs 0.64 [0.54-0.78] mg/dL); and had a higher
proportion of multiple mottling and ground-glass opacity in radiographic findings (53 of 82
patients [64.6%] vs 15 of 334 patients [4.5%]). Greater proportions of patients with cardiac
injury required noninvasive mechanical ventilation (38 of 82 [46.3%] vs 13 of 334 [3.9%];
P < .001) or invasive mechanical ventilation (18 of 82 [22.0%] vs 14 of 334 [4.2%]; P < .001)
than those without cardiac injury. Complications were more common in patients with cardiac
injury than those without cardiac injury and included acute respiratory distress syndrome (48
of 82 [58.5%] vs 49 of 334 [14.7%]; P < .001), acute kidney injury (7 of 82 [8.5%] vs 1 of 334
[0.3%]; P < .001), electrolyte disturbances (13 of 82 [15.9%] vs 17 of 334 [5.1%]; P = .003),
hypoproteinemia (11 of 82 [13.4%] vs 16 of 334 [4.8%]; P = .01), and coagulation disorders (6
of 82 [7.3%] vs 6 of 334 [1.8%]; P = .02). Patients with cardiac injury had higher mortality
than those without cardiac injury (42 of 82 [51.2%] vs 15 of 334 [4.5%]; P < .001). In a Cox
regressionmodel, patients with vs those without cardiac injury were at a higher risk of death,
both during the time from symptom onset (hazard ratio, 4.26 [95% CI, 1.92-9.49]) and from
admission to end point (hazard ratio, 3.41 [95% CI, 1.62-7.16]).

CONCLUSIONS AND RELEVANCE Cardiac injury is a common condition among hospitalized
patients with COVID-19 inWuhan, China, and it is associated with higher risk of in-hospital
mortality.
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S inceDecember 2019, coronavirus disease 2019 (COVID-
19) caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has resulted in consider-

ablemorbidity andmortality inmore than30countriesworld-
wide. Recently, COVID-19–associated clusters of severe respi-
ratory illness havebeen independently associatedwith risk of
mortality, and mounting evidence substantiates the pres-
ence of cardiac injury in patients with COVID-19.1,2 Although
a recent study reported that 12% of patients had COVID-19–
associatedacutecardiac injury,1manifestingasanejection frac-
tion decline and troponin I elevation, and the American Col-
lege of Cardiology clinical bulletinhashighlighted the cardiac
implications of COVID-19,3 the association between COVID-
19–associated cardiac injury and risk ofmortality remains un-
clear.Thepresentstudytherefore retrospectivelyanalyzeddata
from a single center in Wuhan, China, to examine the poten-
tial association between cardiac injury and mortality among
patients with COVID-19.

Methods
Study Participants
Consecutive patients admitted to Renmin Hospital ofWuhan
University with laboratory-confirmed COVID-19 were in-
cluded in this retrospective cohort study, which was con-
ducted fromJanuary 20, 2020, to February 10, 2020.Renmin
Hospital ofWuhanUniversity, located inWuhan,Hubei Prov-
ince, China, was assigned responsibility for the treatment of
patientswith severeCOVID-19by theWuhangovernment.The
patients with COVID-19 enrolled in this study were diag-
nosed according to World Health Organization interim
guidance.4 The cases without cardiac biomarkers, including
valuesofhigh-sensitivity troponin I (hs-TNI) andcreatinineki-
nase–myocardial band (CK-MB), were excluded.

This studywas approvedby theNationalHealthCommis-
sionofChinaandthe institutional reviewboardatRenminHos-
pital of Wuhan University (Wuhan, China). Written informed
consent was waived by the ethics commission of the desig-
nated hospital for patients with emerging infectious dis-
eases.

Data Collection
The demographic characteristics (age and sex), clinical data
(symptoms, comorbidities, laboratory findings, treatments,
complications, and outcomes), laboratory findings, and re-
sults of cardiac examinations (cardiac biomarkers andelectro-
cardiography) forparticipantsduringhospitalizationwere col-
lected fromelectronicmedical records by 2 investigators (S.S.
andB.S.).Cardiacbiomarkersmeasuredonadmissionwerecol-
lected, includinghs-TNI,CK-MB, andmyohemoglobin.The ra-
diologic assessments included chest radiography or com-
puted tomography.All datawere independently reviewedand
entered intothecomputerdatabaseby2analysts (T.L.andY.C.).
Patients were categorized according to the presence or ab-
senceof cardiac injury.Cardiac injurywasdefinedasblood lev-
els of cardiac biomarkers (hs-TNI) above the 99th-percentile
upper reference limit, regardless of new abnormalities in

electrocardiography and echocardiography. Acute respira-
tory distress syndrome (ARDS) was defined according to the
Berlin definition.5 Acute kidney injurywas identified accord-
ing to the Kidney Disease: Improving Global Outcomes
definition.6 The clinical outcomes (ie, discharges, mortality,
and length of stay) were monitored up to February 15, 2020,
the final date of follow-up.

To confirm COVID-19, the Viral Nucleic Acid Kit (Health)
wasused toextractnucleic acids fromclinical samples accord-
ing to the kit instructions. A 2019-nCoVdetection kit (Bioper-
fectus)wasused todetect theORF1abgene (nCovORF1ab) and
theNgene (nCoV-NP) according to themanufacturer’s instruc-
tions, using real-time reverse transcriptase–polymerase chain
reaction.7 An infectionwas considered laboratory-confirmed
if thenCovORF1abandnCoV-NP tests both showedpositive re-
sults.

Statistical Analysis
Descriptive statisticswere obtained for all studyvariables. All
categorical variableswere compared for the studyoutcomeby
using the Fisher exact test or χ2 test, and continuous vari-
ables were compared using the t test or the Mann-Whitney U
test, as appropriate. Continuous data are expressed as mean
(SD) ormedian (interquartile range [IQR]) values. Categorical
data are expressed as proportions. Survival curveswere plot-
tedusing theKaplan-Meiermethodandcomparedbetweenpa-
tients with vs without cardiac injury using the log-rank test.
Multivariate Cox regression models were used to determine
the independent risk factors for deathduring hospitalization.
Data were analyzed using SPSS version 25.0 (IBM). Statistical
chartswere generatedusingExcel 2016 (Microsoft) or Prism5
(Graphpad). For all the statistical analyses, P < .05 was con-
sidered significant.

Results
Patient Characteristics
Figure 1 shows a flowchart for patient recruitment. Briefly, of
all 1004 patients in the medical record system who were
screened initially fromJanuary20,2020, toFebruary 10,2020,
218patientswhosecaseswerenotconfirmed, 141patientswith-
out availablemedical informationandduplicated records, and
229 patientswithmissing core results of laboratory examina-
tion (hs-TNI and CK-MB) were excluded. The median age of

Key Points
Question What is the incidence and significance of cardiac injury
in patients with COVID-19?

Findings In this cohort study of 416 consecutive patients with
confirmed COVID-19, cardiac injury occurred in 19.7% of patients
during hospitalization, and it was one independent risk factor for
in-hospital mortality.

Meaning Cardiac injury is a common condition among patients
hospitalized with COVID-19, and it is associated with higher risk of
in-hospital mortality.
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these 229 patients was 45 years (range, 22-90 years), and 130
(56.8%)were female; thedetailsofbaselinecharacteristicswere
presented in the eTable in the Supplement.

Finally, the study population included 416 patients hos-
pitalized with confirmed COVID-19: 82 patients (19.7%) with
cardiac injury and 334 patients (80.3%) without cardiac in-
jury. Themedianagewas64years (range, 21-95years), and211
(50.7%) were female. Among these patients, fever (334 pa-
tients [80.3%])was themost commonsymptom.Cough, short-
ness of breath, fatigue, sputum production, andmuscle ache
were present in 144 patients (34.6%), 117 patients (28.1%), 55
patients (13.2%), 23patients (5.5%), and 19patients (4.6%), re-
spectively. Diarrhea (16 patients [3.8%]), chest pain (14 pa-
tients [3.4%]), sore throat (12 patients [2.9%]), rhinorrhea (10
patients [2.4%]), and headache (9 patients [2.2%]) were rare.
Hypertension (127 patients [30.5%]) and diabetes (60 pa-
tients [14.4%]) were the most common coexisting condi-
tions.Of these416patients, 44 (10.6%)and22 (5.3%)hadcoro-
nary heart disease and cerebrovascular disease, respectively.
The proportion of chronic heart failure, chronic renal failure,
chronicobstructivepulmonarydisease, cancer,pregnancy,and
hepatitis B infection was 4.1% (17 patients), 3.4% (14 pa-
tients), 2.9% (12 patients), 2.2% (9patients), 1.7% (7 patients),
and 1.0% (4 patients), respectively.

Compared with patients without cardiac injury, patients
with cardiac injury were older (median [range] age, 74 [34-
95]yearsvs60 [21-90]years;P < .001), andmore likely tohave
chestpain (11 of 82patients [13.4%]vs 3of 334patients [0.9%];
P < .001).Moreover, comorbidities, includinghypertension (49
[59.8%] vs 78 [23.4%]), diabetes (20 [24.4%] vs 40 [12.0%]),
coronaryheart disease (24 [29.3%] vs 20 [6.0%]), cerebrovas-
cular disease (13 [15.9%] vs 9 [2.7%]), chronic heart failure (12
[14.6%]vs 5 [1.5%]), chronic obstructivepulmonarydisease (6
[7.3%]vs6 [1.8%]), andcancer (7 [8.5%]vs2 [0.6%]),werepre-
sent more often among patients with cardiac injury (all
P < .001) (Table 1).

Laboratory and Radiographic Findings
ThelaboratoryandradiologicfindingsareshowninTable1. Inthe
overall studypopulationof 416patients,median (IQR) levels of
C-reactiveprotein (4.5 [1.4-8.5]mg/dL; toconvert tomilligrams
per liter,multiplyby10)andprocalcitonin (0.07 [0.04-0.15]ng/
L)wereelevated,while themedianvaluesofother laboratory in-
dicatorswerewithin thenormal range, suchascountsof leuko-
cytes, lymphocytes, platelets, erythrocytes; hemoglobin level;
cardiacindicators;alanineaminotransferaselevel;aspartateami-
notransferaselevel;creatinineconcentration;andelectrolytelev-
els. The proportion of patietns with bilateral pneumonia was
74.8%(311patients)accordingtochestradiographyandcomputed
tomographyfindings,and68patients (16.3%)hadmultiplemot-
tling and ground-glass opacity. Distribution of hs-TNI based on
detectiontimefromhospitalization(median[IQR],2 [1-15]days)
is shown ineFigure 1 in theSupplement.Thedurationofhospi-
talizationbeforetestingwaslonger inpatientswithcardiacinjury
than thosewithout cardiac injury (median [range] time, 3 [1-15]
days vs 2 [1-8] days;P < .001).

In terms of laboratory findings, patients with cardiac in-
jury compared with patients without cardiac injury showed
higher median leukocyte count (median [IQR], 9400 [6900-
13 800] cells/μL vs 5500 [4200-7400] cells/μL), and levels of
C-reactive protein (median [IQR], 10.2 [6.4-17.0]mg/dL vs 3.7
[1.0-7.3] mg/dL), procalcitonin (median [IQR], 0.27 [0.10-
1.22]ng/mLvs0.06 [0.03-0.10]ng/mL),CK-MB(median [IQR],
3.2 [1.8-6.2] ng/mL vs 0.9 [0.6-1.3] ng/mL), myohemoglobin
(median [IQR], 128 [68-305] μg/L vs 39 [27-65] μg/L), hs-TNI
(median [IQR], 0.19 [0.08-1.12] μg/L vs <0.006 [<0.006-
0.009] μg/L), N-terminal pro-B-type natriuretic peptide (NT-
proBNP) (median [IQR], 1689 [698-3327] pg/mL vs 139 [51-
335]pg/mL),aspartateaminotransferase (median[IQR],40[27-
60] U/L vs 29 [21-40] U/L), and creatinine (median [IQR], 1.15
[0.72-1.92] mg/dL vs 0.64 [0.54-0.78] mg/dL) during hospi-
talization, but a lower median lymphocyte count (median
[IQR], 600 [400-900] cells/μL vs 1000 [800-1400] cells/μL),
platelet count (median [IQR], 172 [111-215] cells × 103/μLvs216
[165-273] cells × 103/μL), andalbumin level (median [IQR], 3.2
[2.9-3.4] g/dL vs 3.7 [3.3-3.9] g/dL), with significant differ-
ences ineachcase (allP < .001;Table 1; eFigure 1 in theSupple-
ment). In termsof radiologic findings, bilateral pneumonia (75
of 82patients [91.5%]vs 236of 334patients [70.7%]) andmul-
tiple mottling and ground-glass opacity (53 [64.6%] vs 15
[4.5%])weremoreprevalent inpatientswith than thosewith-
out cardiac injury (both P < .001, Table 1).

Of patients with cardiac injury, only 22 (26.8%) under-
went examination of electrocardiogram (ECG) after admis-
sion, and 14of 22ECGs (63.6%)wereperformedduring thepe-
riods of elevation of cardiac biomarkers. All 14 ECGs were
abnormal, with findings compatible with myocardial ische-
mia, such T-wave depression and inversion, ST-segment de-
pression, andQwaves.TheECGchanges in3patientswith rep-
resentative cardiac injury are shown in eFigure 2 in the
Supplement.

Treatment, Complications, and Clinical Outcome
The median time from symptom onset to admission was 10
(IQR, 1-30) days and similar between the 2 groups (P = .27;

Figure 1. Flowchart of Patient Recruitment

1004 Cases in medical record system

218 Nonconfirmed cases excluded

786 Cases with confirmed COVID-19

141 Cases excluded
No available medical information
Duplicated records

645 Cases with confirmed COVID-19

229 Cases without core examination
results

416 Cases with confirmed COVID-19 included
82

334
With cardiac injury (19.7%)
Without cardiac injury (80.3%)
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Abbreviation: IQR, interquartile range.

SI conversion factors: To convert leukocytes or lymphocytes to ×109/L, multiply
by 0.001; to convert platelets to ×109/L, multiply by 1.0; to convert
erythrocytes to ×1012/L, multiply by 1.0; convert hemoglobin to g/L, multiply by
10.0; to convert C-reactive protein to mg/L, multiply by 10.0; to convert
creatinine kinase–myocardial band to μg/L, multiply by 1.0; to convert troponin I
to ng/mL, multiply by 1.0; to convert alanine aminotransferase or aspartate

aminotransferase to μkat/L, multiply by 0.0167; to convert albumin to g/L,
multiply by 10; to convert creatinine to μmol/L, multiply by 88.4; to convert
potassium and sodium tommol/L, multiply by 1.0.
a Indicated that the lowest value of troponin actually measured is <0.006
ng/mL in our hospital, although the range of reference values is 0.00 to 0.04
ng/mL.

Table 1. Baseline Characteristics and Laboratory and Radiographic Findings of 416 PatientsWith COVID-19

Characteristic

Patients, No. (%)

P valueAll (n = 416)

Cardiac injury

With (n = 82) Without (n = 334)
Age, median (range), y 64 (21-95) 74 (34-95) 60 (21-90) <.001

Female 211 (50.7) 38 (46.3) 173 (51.8) .39

Signs and symptoms at admission

Fever 334 (80.3) 63 (76.8) 271 (81.1) .44

Cough 144 (34.6) 28 (34.1) 116 (34.7) >.99

Shortness of breath 117 (28.1) 26 (31.7) 91 (27.2) .41

Fatigue 55 (13.2) 15 (18.3) 40 (12.0) .15

Sputum production 23 (5.5) 3 (3.7) 20 (6.0) .59

Muscle ache 19 (4.6) 5 (6.1) 14 (4.2) .55

Diarrhea 16 (3.8) 1 (1.2) 15 (4.5) .22

Chest pain 14 (3.4) 11 (13.4) 3 (0.9) <.001

Sore throat 12 (2.9) 4 (4.9) 8 (2.4) .26

Rhinorrhea 10 (2.4) 3 (3.7) 7 (2.1) .42

Headache 9 (2.2) 2 (2.4) 7 (2.1) .69

Chronic medical illness

Hypertension 127 (30.5) 49 (59.8) 78 (23.4) <.001

Diabetes 60 (14.4) 20 (24.4) 40 (12.0) .008

Coronary heart disease 44 (10.6) 24 (29.3) 20 (6.0) <.001

Cerebrovascular disease 22 (5.3) 13 (15.9) 9 (2.7) <.001

Chronic heart failure 17 (4.1) 12 (14.6) 5 (1.5) <.001

Chronic renal failure 14 (3.4) 5 (6.1) 9 (2.7) .16

Chronic obstructive pulmonary disease 12 (2.9) 6 (7.3) 6 (1.8) .02

Cancer 9 (2.2) 7 (8.5) 2 (0.6) <.001

Pregnancy 7 (1.7) 0 7 (2.1) .35

Hepatitis B infection 4 (1.0) 2 (2.4) 2 (0.6) .18

Laboratory findings at admission, median (IQR)

Leukocytes/μL 5800 (4300-8300) 9400 (6900-13 800) 5500 (4200-7400) <.001

Lymphocytes/μL 900 (600-1300) 600 (400-900) 1000 (800-1400) <.001

Platelets ×103/μL 207 (153-265) 172 (111-215) 216 (165-273) <.001

Erythrocytes ×106/μL 4.1 (3.6-4.4) 4.0 (3.4-4.3) 4.1 (3.6-4.4) .01

Hemoglobin, g/dL 12.4 (11.1-13.4) 12.5 (10.8-13.2) 12.4 (11.2-13.5) .34

C-reactive protein, mg/dL 4.5 (1.4-8.5) 10.2 (6.4-17.0) 3.7 (1.0-7.3) <.001

Procalcitonin, ng/mL 0.07 (0.04-0.15) 0.27 (0.10-1.22) 0.06 (0.03-0.10) <.001

Creatinine kinase–myocardial band, ng/mL 1.0 (0.7-2.0) 3.2 (1.8-6.2) 0.9 (0.6-1.3) <.001

Myohemoglobin, μg/L 47 (28-93) 128 (68-305) 39 (27-65) <.001

High-sensitivity troponin I, μg/La <0.006 (<0.006-0.02) 0.19 (0.08-1.12) <0.006 (<0.006-0.009) <.001

N-terminal pro-B-type natriuretic peptide, pg/mL 219 (73-699) 1689 (698-3327) 139 (51-335) <.001

Alanine aminotransferase, U/L 28 (18-46) 29 (19-44) 28 (18-46) .93

Aspartate aminotransferase, U/L 30 (22-43) 40 (27-60) 29 (21-40) <.001

Albumin, g/dL 3.6 (3.2-3.8) 3.2 (2.9-3.4) 3.7 (3.3-3.9) <.001

Creatinine, mg/dL 0.67 (0.55-0.81) 1.15 (0.72-1.92) 0.64 (0.54-0.78) <.001

Potassium, mEq/L 4.0 (3.6-4.4) 4.0 (3.6-4.6) 4.0 (3.6-4.3) .65

Sodium, mEq/L 140 (138-144) 141 (138-146) 140 (138-143) .08

Chest radiography and computed tomography findings

Pneumonia

<.001Unilateral 105 (25.2) 7 (8.5) 98 (29.3)

Bilateral 311 (74.8) 75 (91.5) 236 (70.7)

Multiple mottling and ground-glass opacity 68 (16.3) 53 (64.6) 15 (4.5) <.001
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Table 2). A total of 399patients (95.9%)were treatedwithoxy-
gen, and the percentages of use of oxygen inhalation,
noninvasive ventilation, and invasivemechanical ventilation
were76.0%(316patients), 12.3% (51patients), and7.7%(32pa-
tients), respectively. The proportion of antiviral therapy use
wasthehighest (403[96.9%]), followedbyglucocorticoids (304
[73.1%]), intravenous immunoglobulin therapy (259 [62.3%]),
and antibiotic therapy (235 [56.5%]). Only 2 patients (0.5%)
amongall participantswere given continuouskidney therapy.
Overall, 97 patients (23.3%) had ARDS, and 8 patients (1.9%)
had acute kidney injury during hospitalization; other com-
mon complications included electrolyte disturbance (30 pa-
tients [7.2%]),hypoproteinemia (27 [6.5%]), anemia (13 [3.1%]),
andcoagulationdisorders (12 [2.9%]).During follow-up, a total
of 57 patients (13.7%) died, 40 patients (9.6%) were dis-
charged, and the rest (319 [76.7%]) remained hospitalized.
Comparedwith thosewithout cardiac injury,patientswithcar-
diac injury requiredmorenoninvasive ventilation (38 [46.3%]
vs 13 [3.9%];P < .001) and invasivemechanical ventilation (18
[22.0%] vs 14 [4.2%];P < .001) (Table 2). The use of antibiotic
treatment (68 [82.9%] vs 167 [50.0%]), glucocorticoids (72
[87.8%] vs 232 [69.5%]), and intravenous immunoglobulin
treatment (68 [82.9%] vs 191 [57.2%]) was also significant
higher inpatientswithcardiac injury than in thosewithoutcar-
diac injury (all P < .001; Table 2). In addition to anemia, other
complications were more common among patients with car-
diac injury than those without cardiac injury; these included
ARDS (48 [58.5%] vs 49 [14.7%]; P < .001), acute kidney in-
jury (7 [8.5%] vs 1 [0.3%]; P < .001), electrolyte disturbances

(13 [15.9%]vs 17 [5.1%];P = .003), hypoproteinemia (11 [13.4%]
vs 16 [4.8%]; P = .01), and coagulation disorders (6 [7.3%] vs
6 [1.8%]; P = .02) (Table 2).

Cardiac Injury andMortality
Patients with cardiac injury vs those without cardiac injury
had shorter durations from symptom onset to follow-up
(mean, 15.6 [range, 1-37] days vs 16.9 [range, 3-37] days;
P = .001) and admission to follow-up (6.3 [range, 1-16] days
vs 7.8 [range, 1-23] days; P = .039). The mortality rate was
higher among patients with vs without cardiac injury (42
[51.2%] vs 15 [4.5%]; P < .001) as shown in Table 2 and the
Kaplan-Meier survival curves in Figure 2. The mortality rate
increased in association with the magnitude of the refer-
ence value of hs-TNI (eFigure 3 in the Supplement). After
adjusting for age, preexisting cardiovascular diseases (hy-
pertension, coronary heart disease, and chronic heart fail-
ure), cerebrovascular diseases, diabetes mellitus, chronic
obstructive pulmonary disease, renal failure, cancer, ARDS,
creatinine levels greater than 133 μmol/L, and NT-proBNP
levels greater than 900 pg/mL, the multivariable adjusted
Cox proportional hazard regression model showed a signifi-
cantly higher risk of death in patients with cardiac injury
than in those without cardiac injury, either during time
from symptom onset (hazard ratio [HR], 4.26 [95% CI, 1.92-
9.49]) or time from admission to study end point (HR, 3.41
[95% CI, 1.62-7.16]) (Table 3). Under this hazard regression
model, ARDS was another independent risk factor for mor-
tality with COVID-19, with a high HR (7.89 [95% CI, 3.73-

Table 2. Treatment, Complications, and Clinical Outcome of 416 PatientsWith COVID-19

Characteristic

Patients, No. (%)

P valueAll (n = 416)

Cardiac injury

With (n = 82)
Without
(n = 334)

Time from symptom onset to admission,
edian (range), d

10 (1-30) 10 (1-30) 10 (1-28) .27

Treatment

Oxygen inhalation 316 (76.0) 26 (31.7) 290 (86.8) <.001

Noninvasive ventilation 51 (12.3) 38 (46.3) 13 (3.9) <.001

Invasive mechanical ventilation 32 (7.7) 18 (22.0) 14 (4.2) <.001

Continuous renal replacement therapy 2 (0.5) 2 (2.4) 0 .04

Antiviral treatment 403 (96.9) 82 (100) 321 (96.1) .08

Glucocorticoids 304 (73.1) 72 (87.8) 232 (69.5) <.001

Intravenous immunoglobulin therapy 259 (62.3) 68 (82.9) 191 (57.2) <.001

Antibiotic treatment 235 (56.5) 68 (82.9) 167 (50) <.001

Complications

ARDS 97 (23.3) 48 (58.5) 49 (14.7) <.001

Acute kidney injury 8 (1.9) 7 (8.5) 1 (0.3) <.001

Electrolyte disturbance 30 (7.2) 13 (15.9) 17 (5.1) .003

Hypoproteinemia 27 (6.5) 11 (13.4) 16 (4.8) .01

Anemia 13 (3.1) 4 (4.9) 9 (2.7) .30

Coagulation disorders 12 (2.9) 6 (7.3) 6 (1.8) .02

Clinical outcome

Remained in hospital 319 (76.7) 38 (46.3) 281 (72.2)
<.001

Discharged 40 (9.6) 2 (2.4) 38 (23.4)

Died 57 (13.7) 42 (51.2) 15 (4.5) <.001 Abbreviation: ARDS, acute
respiratory distress syndrome.
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16.66]) in model 1 and an HR of 7.11 (95% CI, 3.31-15.25) in
model 2 (Table 3).

Discussion
Thepresent studydemonstrates the statistically significant as-
sociationbetweencardiac injuryandmortality inpatientswith
COVID-19. Cardiac injury, as a commoncomplication (19.7%),
was associatedwith anunexpectedhigh risk ofmortality dur-
ing hospitalization.

As ofMarch 12, 2020, therehavebeen a total ofmore than
130000 laboratory-confirmed cases of COVID-19 globally, in-
cludingmore than80000withinmainlandChina. Becauseof
its high infectivity, this virus has managed to supersede se-
vere acute respiratory syndrome (SARS) and Middle East re-
spiratory syndrome (MERS) in death toll. Severe respiratory
distress is usually considered themain cause of coronavirus-
induceddeath.According to a recent studyof the largest clini-
cal sample in China,8 severe pneumonia was independently
associatedwith admission to an intensive careunit,mechani-
cal ventilation, or death. It is notable that a recent report on
138patientshospitalizedwithCOVID-19 found that 7.2%ofpa-
tients developed acute cardiac injury, and patients who re-
ceived care in the intensive care unitweremore likely to have
cardiac injury (22.2%) than non-ICU patients.2 This observa-
tion suggests that cardiac injury ispossibly associatedwith the
clinical outcomes of COVID-19. Consistently, our study also
found 19.7% of patients with cardiac injury and first demon-
strated that cardiac injurywas independently associatedwith
an increased riskofmortality inpatientswithCOVID-19. Com-
paredwith patients without cardiac injury, patients with car-
diac injury presented with more severe acute illness, mani-
festedbyabnormal laboratory and radiographic findings, such
as higher levels of C-reactive protein, NT-proBNP, and creati-
nine levels; more multiple mottling and ground-glass opac-
ity; and a greater proportion requiring noninvasive or inva-
sive ventilation.

In a study of cardiovascular complications of SARS in 121
patients,9 hypertensionoccurred in61 patients (50.4%) in the
hospital. Of these patients, 71.9%developedpersistent tachy-
cardia, including40%with continued tachycardiaduringout-
patient follow-up. Although tachycardic cardiovascular com-
plications were common in patients with SARS, they were
usually self-limiting and not associated with risk of death. In
contrast with that from SARS, more than half of the patients
withcardiac injuryexperienced in-hospitaldeath in this study,
indicating that COVID-19–induced cardiac injury is associ-
ated with major adverse clinical outcomes. However, the
mechanism of cardiac injury among these patients with
COVID-19 remains uncertain.

Evidence fromacase report showedthatMERS-CoVcauses
acutemyocarditis,manifestedasmyocardial edemaandacute
myocardial injury of the apical and lateral walls of the left
ventricle.10 This regional myocardial injury may result from
direct viral myocardial infection. On the basis of recent stud-
ies, angiotensin-converting enzyme 2 (ACE2) is a human cell
receptor with a strong binding affinity to the Spike protein of
SARS-CoV-2, and ACE2 is also highly expressed in heart.11,12

Thus, it is rational tohypothesize that COVID-19–induced car-
diac injury might be mediated by ACE2. However, a recent
pathological study found scarce interstitial mononuclear in-
flammatory infiltrates inheart tissuewithout substantialmyo-
cardial damage in a patient with COVID-19,13 suggesting that
COVID-19 might not directly impair the heart. The present
study lacksevidence frommagnetic resonance imagingorech-
ocardiography to determine the features of myocardial in-
jury.On thebasis of thepresent results ofhs-TNIandECGfind-
ings in a subset of patients, we can only estimate the severity

Figure 2. Mortality During Hospitalization Between PatientsWith vs
Without Cardiac Injury
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A-B, Kaplan-Meier survival curves for mortality during the time from symptom
onset (A) and admission (B). In (B), the maximum duration was 16 days. C,
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of cardiac injury. Thus, because of the current limited evi-
dence, the question of whether the SARS-CoV-2 virus can di-
rectly injure the heart requires further demonstration.

Incontrast, apreviousstudyfoundthat reversible, subclini-
cal diastolic left ventricular impairment appears to be common
in acute SARS infection, even among thosewithoutunderlying
cardiacdisease,14 suggesting that leftventriculardysfunction in
theacutephasemightbeattributable to thecytokinestormsyn-
drome.This isaserious life-threateningdiseasewithclinical fea-
turesofsystemic inflammation,methemoglobinemia,hemody-
namic instability,andmultipleorganfailure.15,16Thehallmarkof
cytokinestormsyndrome isanuncontrolledanddysfunctional
immuneresponse involving thecontinuousactivationandpro-
liferationof lymphocytesandmacrophages.Huangetal1 found
thatpatientswithCOVID-19whowereadmittedto the intensive
careunithadhigherplasma levelsof cytokines, including inter-
leukin (IL)–2, IL-7, IL-10,granulocyte-colonystimulating factor,
IgG-induced protein 10 (also known as C-X-Cmotif chemokine
10),monocyte chemoattractant protein-1,macrophage inflam-
matoryprotein1-alpha (alsoknownaschemokine ligand3), and
tumornecrosis factorα. In thepresent study,wealso foundthat
markers of inflammatory response, such as C-reactive protein,
procalcitonin,andleukocytes,weresignificantlyincreasedamong
patientswhosuffered fromcardiac injury.Theactivationoren-
hancedreleaseoftheseinflammatorycytokinescanleadtoapop-
tosis or necrosis ofmyocardial cells.

Inaddition,preexistingcardiovasculardiseasesmight also
be more susceptible COVID-19–induced heart injury, as ap-
proximately 30% and 60% of patients with cardiac injury in
the present study had a history of coronary heart disease and
hypertension, respectively, which were significantly more
prevalent than in those without cardiac injury. Similarly, in a
recent report,2 25% and 58.3% of patients whowere critically
ill with COVID-19 had underlying heart diseases and hyper-
tension, respectively. According to the “Diagnosis and Treat-
ment ofNovel Coronavirus Pneumonia (Trial Version4),”17 el-
derly patients with underlying diseases are more likely to be
infected with SARS-CoV-2 and tend to be severely ill, espe-
cially thosewithhypertension, coronaryheartdisease,anddia-
betes. Although there are few pieces of evidence to establish
a direct association between cardiac injury and cardiovascu-

lar comorbidities, it is rational to presume that patients with
coronary artery disease or heart failure are susceptible to car-
diac injury, and once such patients are infected with severe
pneumonia, myocardial ischemia or cardiac dysfunction are
more likely to occur, ultimately leading to a sudden deterio-
ration. On the other hand, acute inflammatory responses can
also lead to ischemia in thepresence of preexisting cardiovas-
culardiseases.The inflammatoryactivitywithin coronaryath-
erosclerotic plaques is exacerbated during systemic inflam-
matory response, making them prone to rupture.18

Inflammation also causes endothelial dysfunction and in-
creases theprocoagulant activity of theblood,which can con-
tribute to the formation of an occlusive thrombus over a rup-
tured coronary plaque.19 Basedon these lines of evidence,we
hypothesize that an intense inflammatory response superim-
posed on preexisting cardiovascular disease may precipitate
cardiac injury observed in patientswith COVID-19 infections.

Limitations
Some limitations existed in the present study. First, because
of the logistical limitations at the onset of these emerging in-
fections inWuhan, somedata, suchas echocardiographydata,
electrocardiography data, and cytokine level measurements,
were lacking from clinical examinations of patients in isola-
tion wards or the intensive care unit, which limits the deter-
mination of potential mechanisms of cardiac injury. Second,
because the clinical observation of patients is still ongoing,
manywith andwithout cardiac injury have not reached clini-
cal end points. Third, data from larger populations and mul-
tiple centers are warranted to further confirm the outcomes
of cardiac injury in COVID-19.

Conclusions
Cardiac injury is a common condition among patients hospi-
talized with COVID-19, and it is associated with a higher risk
of in-hospitalmortality.Although theexactmechanismof car-
diac injury needs to be further explored, the findings pre-
sented here highlight the need to consider this complication
in COVID-19 management.

Table 3. Multivariate Cox Regression Analysis on the Risk Factors AssociatedWithMortality in Patients
With COVID-19

Factor

From symptom onset From admission

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Age, y 1.02 (0.99-1.05) .07 1.02 (0.99-1.04) .18

Cardiovascular diseases 1.51 (0.70-3.30) .30 1.40 (0.65-3.03) .39

Cerebrovascular diseases 1.12 (0.46-2.70) .80 1.71 (0.71-4.09) .25

Diabetes 0.79 (0.41-1.52) .48 0.75 (0.38-1.50) .42

Chronic obstructive pulmonary
disease

0.37 (0.04-3.50) .38 0.39 (0.04-3.68) .41

Renal failure 1.10 (0.49-2.44) .82 0.66 (0.29-1.46) .30

Cancer 1.75 (0.43-7.16) .44 0.82 (0.18-3.65) .79

Acute respiratory distress syndrome 7.89 (3.73-16.66) <.001 7.11 (3.31-15.25) <.001

Cardiac injury 4.26 (1.92-9.49) <.001 3.41 (1.62-7.16) .001

Creatinine ≥1.50 mg/dL 0.59 (0.29-1.23) .16 1.22 (0.60-2.50) .58

N-terminal pro-B-type natriuretic
peptide ≥900 pg/mL

1.16 (0.54-2.47) .70 1.52 (0.74-3.10) .25
SI conversion factor: To convert
creatinine to μmol/L, multiply by
88.4.
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