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Background: In this systematic review and meta-analysis, we aimed to explore the association between cardiac

injury and mortality, the need for intensive care unit (ICU) care, acute respiratory distress syndrome (ARDS),

and severe coronavirus disease 2019 (COVID-19) in patients with COVID-19 pneumonia.

Methods: We performed a comprehensive literature search from several databases. Definition of cardiac injury

follows that of the included studies, which includes highly sensitive cardiac troponin I (hs-cTnl) N99th percen-

tile.The primary outcome was mortality, and the secondary outcomes were ARDS, the need for ICU care, and se-

vere COVID-19. ARDS and severe COVID-19 were defined per the World Health Organization (WHO) interim

guidance of severe acute respiratory infection (SARI) of COVID-19.

Results: There were a total of 2389 patients from 13 studies. This meta-analysis showed that cardiac injury was

associated with higher mortality (RR 7.95 [5.12, 12.34], p b 0.001; I2: 65%). Cardiac injury was associated with

higher need for ICU care (RR 7.94 [1.51, 41.78], p = 0.01; I2: 79%), and severe COVID-19 (RR 13.81 [5.52,

34.52], p b 0.001; I2: 0%). The cardiac injury was not significant for increased risk of ARDS (RR 2.57 [0.96, 6.85],

p=0.06; I2: 84%). The level of hs-cTnI was higher in patients with primary+ secondary outcome (mean differ-

ence 10.38 pg/mL [4.44, 16.32], p = 0.002; I2: 0%).

Conclusion: Cardiac injury is associated with mortality, need for ICU care, and severity of disease in patients with

COVID-19.

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

A series of pneumonia cases of unknown origin emerged in Wuhan,

the Hubei province of China, in December 2019, and the clinical presen-

tations were most similar to viral pneumonia [1]. This pneumonia is a

newly recognized illness that has spread rapidly across the country

and around the world. A few days after the initial outbreak, Chinese sci-

entists managed to identify a novel coronavirus [1], which was later

named severe acute respiratory syndrome—coronavirus 2 (SARS-CoV-

2). This virus is classified as a ß CoV of group 2B and has at least similar-

ity in genetic sequence to severe acute respiratory syndrome—coronavi-

rus (SARS-CoV-1). SARS is a zoonosis caused by SARS-CoV-1, which first

appeared in China in 2002 and spread to 29 countries in 2003, causing a

global outbreak with 8903 cases [2].

Coronaviruses are viruses with single-stranded RNA enveloped by a

fat-coated substance. This virus belongs to the Coronaviridae family and

is encountered in humans and mammals. Although coronavirus infec-

tion is generally mild, the previous two betacoronavirus epidemics,

namely SARS-CoV-1 andMiddle East respiratory syndrome coronavirus

(MERS-CoV), has caused a cumulative case of 10,000 patients with a

10% case fatality rate for SARS-CoV-1 and 37% for MERS-CoV [3,4].

The clinical spectrumof SARS-CoV-2pneumonia ranges frommild to

critically ill cases. The previous studies reported only the epidemiologi-

cal findings, the clinical presentation, and the clinical outcomes. How-

ever, more specific information identifying critically ill patients

remains unknown. Recently, cardiac injury has been reported to be as-

sociated with mortality [5]. The mortality of critically ill patients with

SARS-CoV-2 pneumonia is substantial [6]. Older patients with comor-

bidities and adult respiratory distress syndrome (ARDS) are at increased

risk of death [6]. Therefore, studying the association of acute cardiac in-

jurywith themortality in COVID-19 is essential and justified for preven-

tion and preparation in the hospitals facing these global pandemics.
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In this systematic review and meta-analysis, we aimed to explore

the association between acute cardiac injury and mortality, the need

for Intensive Care Unit (ICU) care, acute respiratory distress syndrome

(ARDS), and severe COVID-19 in patients with COVID-19.

2. Methods

This meta-analysis was accomplished in agreement with the pre-

ferred reporting items for systematic reviews and meta-analysis

(PRISMA) statement [7].

2.1. Eligibility criteria

We included all research articles in adult patients diagnosed with

COVID-19 with information on hs-cTnl, cardiac injury, and clinical

grouping or outcome of the clinically validated definition of mortality,

the need for ICU care, acute respiratory distress syndrome (ARDS), or

severe COVID-19. The following types of the article were excluded: arti-

cles other than original research (e.g., case report or series, review arti-

cles, letters to editor, editorials or commentaries), duplicate publication,

and non-English articles.

2.2. Search strategy and study selection

We systematically searched PubMed, SCOPUS, EuropePMC,

ProQuest, and Cochrane Central Databases with the search terms

“COVID-19” or “SARS-CoV-2” and “CardiacDisease” and “Cardiovascular

Disease” and “Acute Cardiac Injury” and “ARDS” and “critically ill

COVID-19”; search results were limited to the year 2020. Duplicate re-

sults were removed. The remaining articles were independently

screened for relevance by its abstracts with two authors. The remaining

investigators read full selected articles that met the requirements and

provided final suggestions. These articles were thoroughly read, and

those that fulfilled our criteria were included in the study. The final in-

clusion of studies was merely based on the agreements of all investiga-

tors; then, any disagreement was resolved by consensus.

The full text of residual articles was assessed according to the inclu-

sion and exclusion criteria. The search was finalized on March 29th,

2020.

2.3. Data extraction

Data extraction was performed independently by two authors, and

we used standardized forms that include authors, year of the study,

study design, age, gender, hs-cTnl (including its cut-off point), history

Fig. 1. PRISMA study flow diagram.
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of hypertension, history of coronary artery/cardiovascular diseases, car-

diac injury, mortality, ARDS, need for ICU care, and severe COVID-19.

Definition of cardiac injury follows that of the included studies,

which includes highly sensitive cardiac troponin I (hs-cTnl) N99th per-

centile, regardless of electrocardiography and echocardiography. As a

result, studies that reported elevation of hs-cTnl above the 99th percen-

tile were considered as a cardiac injury.

The primary outcome was mortality, and the secondary outcomes

were ARDS, the need for ICU care, and severe COVID-19. Acute respiratory

distress syndrome was defined as per the World Health Organization

(WHO) interim guidance on Severe Acute Respiratory Infection (SARI)

of COVID-19, including the acute onset, chest imaging, origin of pulmo-

nary infiltrates, and oxygenation impairment [8]. Severe COVID-19 was

defined as patients who had any of the following features at the time of,

or after, admission: (1) respiratory distress (≥30 breaths permin); (2) ox-

ygen saturation at rest ≤93%; (3) ratio of the partial pressure of arterial ox-

ygen (PaO2) to the fractional concentration of oxygen inspired air (fiO2)

≤300mmHg; or (4) critical complication (respiratory failure, septic shock,

and/or multiple organ dysfunction/failure) [9].

2.4. Statistical analysis

To perform a meta-analysis, ReviewManager 5.3 (Copenhagen: The

Cochrane Collaboration, 2014) and Stata version 16 (StataCorp LP, Texas

77845, USA) were used. The continuous variables were reported as

means with standard deviations (SDs) and were calculated using the

inverse-variance method. Dichotomous variables were calculated

using the Mantel-Haenszel formula. Random effects models were used

regardless of heterogeneity. Mean differences (MDs) and risk ratios

(RRs) were reported with 95% confidence intervals (CIs) for continuous

and dichotomous variables, respectively. The P-value was two-tailed,

and the statistical significance set at ≤0.05. Sensitivity analysis by

leave-one-out was performed to single out heterogeneity.

Heterogeneity was assessed with the Q-statistic test and the I2 test.

The I2 statistic measured the percentage of total variation across the

studies due to clinical or methodological heterogeneity instead of

chance. If the significant Q statistics (P b 0.05) indicated heterogeneity

across the studies, a random effect model was utilized for meta-

analysis. Otherwise, a fixed-effect model was utilized. Substantial het-

erogeneity was represented by I2 for N50% [10].

To assess the small-study effect and publication bias, we performed

the regression-based Egger's test for continuous variable and Harbord's

test for a binary outcome.We also performed qualitative assessment for

publication bias by using inverted plot analysis, an asymmetrical shape

indicates publication bias.

3. Results

3.1. Baseline characteristics and study selection

We found a total of 157 records, and 147 remained after the removal

of duplicates. One hundred and twenty-one recordswere excluded after

screening the title/abstracts. After assessing 26 full-text for eligibility,

we excluded 13 full-text articles because: 1) no dichotomous outcome

of interest (elevated troponin/cardiac injury) and/or hs-cTnI (n = 11),

and 2) specific population (myocarditis and cardiovascular manifesta-

tion) (n = 2). We included 13 studies in qualitative synthesis and 12

in meta-analysis (Fig. 1). There were a total of 2389 patients from 13

studies [5,11-24]. The baseline characteristics of the included studies

are presented in Table 1. All of the studies were retrospective observa-

tional. Most of the included studies defined cardiac injury as hs-cTnI el-

evation above 99th percentile. There are studies that did not specify

their definition of cardiac injury, however, these studies presumably

used similar definition to the existing studies (Fig. 2).

3.2. Cardiac injury and mortality

This meta-analysis showed that cardiac injury was associated with

higher mortality (RR 7.95 [5.12, 12.34], p b 0.001; I2: 65%, p = 0.009).

Sensitivity analysis showed that heterogeneity for mortality outcomes

Table 1

Characteristics of the included studies

Authors Study design Samples Cardiac injury definition Troponin Troponin

cut-off

Male

(%)

Age HTN

(%)

CAD (%) Outcome

Chen T

2020

Observational

retrospective

274

(113/161)

hs-cTnl above 99th

percentile

hs-cTnl N15.6 pg/mL 73 vs

55

68.0 (62.0–77.0) vs

51.0 (37.0–66.0)

48 vs

24

16 vs 7 Mortality

Li K 2020 Observational

retrospective

32

(11/21)

Unspecified hs-cTnl N34.2 pg/mL 73 vs

22

69 (57–78) vs 51

(33–70)

45 vs

19

9 vs 0 Mortality

Luo XM

2020

Observational

retrospective

403

(100/303)

Unspecified hs-cTnl N40 pg/mL 57 vs

44.9

71 (65–80) vs 49

(37–62)

60 vs

17.5

16 vs 6.6 Mortality

Shi S 2020 Observational

retrospective

416 hs-cTnl above 99th

percentile

hs-cTnl Unspecified N/A N/A N/A N/A Mortality, ARDS,

severe COVID-19

Wu C

2020a
Observational

retrospective

188 Unspecified hs-cTnl ≥6.126 pg/mL N/A N/A N/A N/A Mortality, ICU care,

ARDS,

Wang D

2020

Observational

retrospective

138

(36/102)

hs-cTnl above 99th

percentile

hs-cTnl ≥26.2 pg/mL 61.1 vs

52

66 (57–78) vs 51

(37–62)

58.3 vs

21.6

25 vs 10.8

(CVD)

Need for ICU care

Zhang F

2020

Observational

retrospective

48

(17/31)

hs-cTnl above 99th

percentile (N26 pg/mL)

hs-cTnl N26 pg/mL 70.6 vs

67.7

78.65 ± 8.31 vs

66.16 ± 13.66

70.6 vs

64.5

23.5 vs 29 Mortality

Zhang

Guqin

2020

Observational

retrospective

221

(55/166)

hs-cTnl above 99th

percentile

hs-cTnl N26.2 pg/mL 63.6 vs

44

62.0(52.0–74.0) vs

51.0 (36.0–64.3)

47.3 vs

16.9

23.6 vs 5.4 Severe COVID-19

Zhou 2020 Observational

retrospective

191 hs-cTnl above 99th

percentile

hs-cTnl N28 pg/mL 70 vs

59

69.0 (63.0–76.0) vs

52.0 (45.0–58.0)

48 vs

23

24 vs 1 Mortality

Huang

2020

Observational

retrospective

41

(13/28)

hs-cTnl above 99th

percentile

hs-cTnl N28 pg/mL 85 vs

68

49.0 (41.0–61.0) vs

49.0 (41.0–57.5)

15 vs

14

23 vs 11

(CVD)

ICU Care

Hu L 2020 Observational

retrospective

323

(172/151)

Unspecified hs-cTnl N0.04 pg/mL 52.9 vs

49.7

65 vs 56 38.3 vs

25.8

19.2 vs 5.3

(CVD)

Severe COVID-19

Hu B 2020 Observational

retrospective

36

(16/20)

Unspecified hs-cTnl N/A 68.8 vs

65

66.5 (61.3–75.0) vs

56.0 (48.5–67.5)

50 vs

40

43.8 vs 0

(CVD)

Mortality

Zhao W

2020

Observational

retrospective

78

(20/58)

Unspecified hs-cTnl N50 pg/mL 55 vs

40.4

69 ± 15 vs 45 ± 17 40 vs

14

30 vs 5.3

(CVD)

Severe COVID-19

CAD: Coronary artery disease; COVID-19: Coronavirus disease 2019; cTnI: Cardiac troponin I; CVD: Cardiovascular Disease; hs-cTnI: Highly sensitive cardiac troponin I; ICU: Intensive Care

Unit; N/A: Not available.
a Group was not poor outcome vs good outcome (high troponin vs low-moderate troponin; cardiac injury vs no cardiac injury).
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could be reduced by removal of Zhou 2014 et al. study (RR 7.22 [4.97,

10.47], p b 0.001: I2: 54%, p = 0.05).

3.3. Cardiac injury and secondary outcome

Cardiac injury was associated with a higher need for ICU care (RR

7.94 [1.51, 41.78], p = 0.01; I2: 79%, p = 0.009) and severe COVID-19

(RR 13.81 [5.52, 34.52], p b 0.001; I2: 0%, p = 0.38) (Fig. 3). Cardiac in-

jury was not significant for an increased risk of ARDS (RR 2.57 [0.96,

6.85], p = 0.06; I2: 84%, p = 0.01). The removal of the Wu et al. study

reduced heterogeneity for the need for ICU care (RR 16.85 [4.93,

57.62], p b 0.001; I2: 0%, p = 0.36).

3.4. Highly sensitive cardiac troponin I and primary + secondary outcome

The level of hs-cTnI was higher in patients with primary + second-

ary outcome (mean difference 10.38 pg/mL [4.44, 16.32], p=0.002; I2:

0%, p = 0.92) (Fig. 4).

3.5. Publication bias

The funnel-plot analysis showed an asymmetrical shape for all

outcomes (Fig. 5A, B, and C), indicating possible publication bias.

Regression-based Harbord's test showed no indication of small-study

effects for mortality (p = 0.882). Egger's test showed an indication of

small-study effects for sensitive troponin I and primary + secondary

outcome (p = 0.035).

4. Discussion

This meta-analysis demonstrated that acute cardiac injury, repre-

sented by elevated troponin concentration, was associated with in-

creased mortality, the need for ICU care, and severe COVID-19.

Although the association between cardiac injury and ARDS did not

show statistical significance, it is essential from a clinical standpoint.

These findings are beneficial and should be considered in clinical man-

agement, prevention, and preparation for patient safety issues in the

hospital in the setting of the COVID-19 global pandemic. As previously

reported, the mortality of critically ill patients with COVID-19

Fig. 3. Cardiac injury and secondary outcome. Cardiac injurywas associatedwith an increased need for ICU care and severe COVID-19. The associationwas not significant for ARDS. ARDS:

Acute Respiratory Distress Syndrome, ICU: Intensive Care Unit.

Fig. 2. Cardiac injury and mortality. Cardiac injury was associated with increased mortality.
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pneumonia is high. The survival period of the non-survivors is likely to

bewithin 1 to 2weeks after ICU admission. Elderly patientswith comor-

bidities and ARDS are at increased risk of mortality. Consequently, the

severity of COVID-19 pneumonia poses a high burden to hospital care

resources, and a shortage of medical personnel [25].

Previously, a letter to the editor reporting a meta-analysis of 4 stud-

ies showed that troponin levels were associated with the severity of the

disease (presented as standardized mean difference). The result from

the subgroup analysis of cardiac injury and severe COVID-19 further

supported this notion. To the best of the authors' knowledge, this

study is the first meta-analysis that evaluates the relationship between

cardiac injury and mortality in COVID-19 and presents the effect esti-

mate in dichotomous form as RR (also applicable for the secondary out-

come). The present meta-analysis showed that cardiac injury is

associatedwith RR of 8 formortality. This result gave cliniciansmore in-

formation on the impact and clinical importance of cardiac injury.

Mortality from COVID-19, as shown in the study, is likely due to cy-

tokine storm syndrome and fulminant myocarditis. Fulminant myocar-

ditis is primarily caused by a viral infection. It arises quickly, progresses

rapidly, and results in severe heart failure and circulatory failure. The

clinical presentation is hypotension and cardiogenic shock, with a mor-

tality rate as high as 50%–70% [26,27]. In a portion of patients with

COVID-19, interstitial mononuclear cells were shown to infiltrate myo-

cardium in autopsies [28]. Case reports on COVID-19-induced myocar-

ditis are also available [29,30]. While the exact mechanism is still

unknown, myocardial damage might be due to the direct injury from

the virus and exacerbated by the host's secondary immune response.

Such a phenomenon has been observed in viral myocarditis of other

causes and possibly also applies to COVID-19 [31,32].

Following spike protein activation by transmembrane protease ser-

ine 2 (TMPRSS2), the viral surface spike (S) protein binds to

Angiotensin-converting Enzyme 2 (ACE2) [33]. The receptor-binding

domain (RBD) in the SARS-CoV-2 S protein has a higher binding affinity

for human ACE2 and is significantly higher compared to SARS-CoV-1

[34,35]. Although ACE2 is only slightly expressed in the cardiomyocyte,

it was highly expressed in the pericytes. COVID-19may attack pericytes,

which is essential for endothelial stability, causing capillary endothelial

dysfunction, which leads to microcirculatory disorders [36]. This ex-

plains why, although ACE2 is only slightly expressed in the

cardiomyocytes, COVID-19 may cause cardiac injury. Patients with car-

diovascular comorbidity such as heart failure are thought to be more

susceptible to cardiac injury due to significantly increased ACE2 expres-

sion [36]; this is further reflected by ameta-analysis of six studies show-

ing that patients with cardiovascular, metabolic disease were at risk for

increased severity [37]. However, the rise of troponin in cardiac injury

was also paralleled by the increase in inflammatory biomarkers which

may indicate the role of cytokine storm in addition to direct cardiac in-

jury [38]. Such manifestation may explain why the cardiac injury is po-

tentially linked to ARDS, which might a be a surrogate marker for

cytokine storm or vice versa [39].

4.1. The implication for clinical practice

Our meta-analysis suggests elevated troponin and cardiac injury

were associated with poor outcomes. Nevertheless, troponin and car-

diac injury can be a marker of poor prognosis in patients with COVID-

19. We simply encourage the inclusion of troponin when constructing

a prognostication model for a patient with COVID-19. During a
Fig. 5. Funnel-plot analysis. Funnel-plot analysis showing asymmetrical funnel plot for

mortality.

Fig. 4. Highly-sensitive troponin I and primary + secondary outcome. Elevated hs-cTnI was associated with poor outcome. hs-cTnI: Highly-sensitive Troponin I.
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pandemic, risk stratification in triage is necessary, and troponin can be a

potential indicator of high-risk patients.

4.2. Limitation

The limitation of this study is first, the presence of publication bias;

this is possibly due to the shortage of studies pertinent to the issues.

Most of the articles included in the study were preprints; nevertheless,

the authors have made exhaustive efforts to ensure that only sound

studies were included. Most of the studies are from China; the patients

might overlap across the reports. Second, the included studies were also

mostly retrospective in design.

5. Conclusion

Cardiac injury is associated with mortality, need for ICU care, and se-

verity of disease in patients with COVID-19. The high mortality in

COVID-19 is very likely due to cytokine storm and fulminantmyocarditis.
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