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KEYWORDS Abstract Background and aims: Emerging data have linked the presence of cardiac injury with a
COVID-19; worse prognosis in novel coronavirus disease 2019 (COVID-19) patients. However, available data
SARS-CoV-2; cannot clearly characterize the correlation between cardiac injury and COVID-19. Thus, we con-
Cardiac injury; ducted a meta-analysis of recent studies to 1) explore the prevalence of cardiac injury in different
Prevalence; types of COVID-19 patients and 2) evaluate the association between cardiac injury and worse
Outcome prognosis (severe disease, admission to ICU, and mortality) in patients with COVID-19.

Methods and results: Literature search was conducted through PubMed, the Cochrane Library,
Embase, and MedRxiv databases. A meta-analysis was performed with Stata 14.0. A fixed-
effects model was used if the I? values < 50%, otherwise the random-effects model was per-
formed. The prevalence of cardiac injury was 19% (95% CI: 0.15—-0.22, and p < 0.001) in total
COVID-19 patients, 36% (95% CI: 0.25—0.47, and p < 0.001) in severe COVID-19 patients, and
48% (95% Cl: 0.30—0.66, and p < 0.001) in non-survivors. Furthermore, cardiac injury was found
to be associated with a significant increase in the risk of poor outcomes with a pooled effect size
(ES) of 8.46 (95% CI: 3.76—19.06, and p = 0.062), severe disease with an ES of 3.54 (95% CI: 2.25
—5.58, and p < 0.001), admission to ICU with an ES of 5.03 (95% CI: 2.69—9.39, and p < 0.001),
and mortality with an ES of 4.99 (95% CI: 3.38—7.37, and p < 0.001).

Conclusions: The prevalence of cardiac injury was greatly increased in COVID-19 patients, particularly
in patients with severe disease and non-survivors. COVID-19 patients with cardiac injury are more
likely to be associated with poor outcomes, severity of disease, admission to ICU, and mortality.

© 2020 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian So-
ciety of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico Il University.
Published by Elsevier B.V. All rights reserved.
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Cardiac injury in patients with COVID-19

infected cases have died across the globe (https://www.
who.int). As there are no effective treatments, COVID-19
has now become one of the deadliest pandemics in mod-
ern history [2].

On the basis of recent researches, SARS-CoV-2 enters
cells through the direct binding of the virus’s spike pro-
tein to the angiotensin-converting enzyme 2 (ACE2) re-
ceptor [3]. ACE2 has been identified, which has expressed
predominantly in the lungs but also throughout the car-
diovascular system [3]. Thus, though the most common
consequences of COVID-19 are pulmonary manifestations,
which cause severe pneumonia and respiratory distress
syndrome, accumulating evidence suggests the increased
frequency of a variety of cardiovascular complications in
patients infected with this virus [4—7]. Cardiac injury,
defined as an increase in the troponin level above the
99th percentile’s upper reference limit, is the most re-
ported cardiac abnormality in COVID-19 patients [8,9].
Furthermore, there was evidence that COVID-19 patients
with cardiac injury may face a greater risk of fatal out-
comes. Therefore, we need to pay more attention to such
patients and give them comprehensive management
[4,9].

As a novel disease, the shortage of clinical data has
greatly limited our understanding of the linkage be-
tween the cardiac injury and clinical outcome in COVID-
19 patients. Moreover, data available provide wide vari-
ations of results and may have resulted in relatively poor
conclusions. Therefore, we conducted a systemic review
and meta-analysis to explore cardiac injury’s prevalence
and its connection with prognosis in patients with
COVID-19.

Methods
Search strategy and study selection

The systematic review and meta-analysis were accom-
plished based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines.
We performed a comprehensive systematic literature
search from the following medical electronic database:
Medline, Embase, PubMed, Medrvix, and Cochrane Cen-
tral Databases with the search terms: (“COVID-19” OR
“SARS-CoV-2") AND (“heart injury” OR “cardiac injury”
OR “myocardial injury”). The studies were retrieved from
inception to June 5, 2020. In addition, we also manually
reviewed the reference lists of relevant articles for po-
tential studies. After an initial search, the duplicate re-
sults were then removed. The remaining articles were
screened for relevance by their titles and abstracts by two
authors independently (Guojun Zhao and Pan Huang). All
selected potential articles were then comprehensively
reviewed by the remaining investigators to ensure their
eligibility for inclusion in this review. Disagreements
about the eligibility of the literature were resolved by
consensus based on the agreements of all investigators.

Eligibility criteria

We include all research studies that meet the following
criteria: (1) cross-sectional studies or cohort studies and
(2) investigating the prevalence and outcomes of cardiac
injury among patients with COVID-19. Exclusion criteria
were as follows: (1) children or pregnant, (2) review, and
(3) language of studies with non-English.

Data extraction and quality assessment

Data extraction was performed by two independent au-
thors using the standardized form. The following infor-
mation was extracted: region, sample number, percentage
of male subjects, age, study design, the definition of car-
diac injury, and clinical outcome. Any disagreements were
resolved through discussions or referral to a third author.

For quality assessment, the Newcastle—Ottawa Scale
was applied to evaluate the quality and risk of bias of all
the selected studies. The studies with 7 points or more
were considered as high quality.

Statistical analysis

The statistical analysis was carried out using Stata 14.0
(Stata Corp, College Station, TX). The heterogeneity in
included studies was assessed by using the Cochran’s Q
chi-square and P statistic analysis. The fixed-effects model
was used when the P values < 50%, otherwise the
random-effects model was used. To investigate the asso-
ciation between disease severity and cardiac injury, we
evaluated the pool prevalence in the severe patients and
non-survivors. For clinical outcomes, we calculated the
pooled effect size (ES) for the association of cardiac injury
with all-cause mortality, admission to ICU, and disease
severity. Publication bias were evaluated by the Egger test
and Begger test.

Results
Study selection and characteristics

A total of 413 articles were found in the initial database
search. Of these, 227 studies were remaining after
removing duplicate publications and then screening
through title and abstract. Among those, we identified 43
articles for full text review. Ultimately, all the 43 studies
were included for review [2,4,9,10—49]. All of these
eligible studies were enrolled for analyzing the preva-
lence of cardiac injury in patients with COVID-19, and 32
of them were selected for analyzing the outcomes of
COVID-19 patients who have cardiac injury. The work-
flow of the process of study selection is demonstrated in
Fig. 1.

Essential characteristics of the included studies are
outlined in Table 1. A total of 43 studies that involved 9475
patients were included in this meta-analysis. Among those
studies, 40 were carried out in China, one in Korea, and
two in the USA. The sample size of studies varied from 21
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Figure 1 Flow diagram for study selection.

to 2737 patients, whilst the clinical outcome was defined
as poor outcomes in three studies, the severity of disease
in eight studies, ICU admission in seven studies, and death
in 20 studies. Of all 43 studies, 27 were retrospective
cohort studies and the remaining 16 were cross-sectional
studies. Most of the included studies defined cardiac
injury as Tnl elevation above 99th percentile. There are
studies that did not specify their definition of cardiac
injury, however, these studies may presumably use a
definition similar to the existing studies.

Prevalence of cardiac injury in patients with COVID-19

As cardiac injury is commonly recorded in patients with
COVID-19, it is particularly important to estimate the
prevalence of cardiac injury in COVID-19 patients. Thus,
we first analyzed the overall prevalence of cardiac injury in
COVID-19 patients. Forty-three studies that reported car-
diac injury in patients with COVID-19 were included in this
analysis [2,4,9,10—49]. Our pooled analysis revealed a 19%
(95% CI: 0.15—-0.22 and p < 0.001) prevalence of cardiac
injury in total COVID-19 patients (Fig. 2).

Furthermore, it appears that the COVID-19 patients
with cardiac injury have a higher risk of severe disease
and mortality according to some retrospective studies. We
next conducted the subgroup analysis to evaluate the
prevalence of cardiac injury in severe COVID-19 patients
or non-survivors. Fifteen studies reported data

on cardiac injury in severe COVID-19 patients
[11,13,15-18,21,24,25,27,35,36,39,44]. A pooled analysis
result showed 36% (95% CI: 0.25—0.47 and p < 0.001)
prevalence of cardiac injury in severe COVID-19 patients
(Fig. 3).

Twelve studies were included for the analysis of
prevalence of cardiac injury in nonsurvivors
[12,19,20,22,23,32,34,45—-47,49,50]. According to the
pooled analysis result, the prevalence of cardiac injury
was 48% (95% CI: 0.30—0.66 and p < 0.001) in the
nonsurvivors (Fig. 4). Obviously, the prevalence of car-
diac injury was greatly increased in patients with COVID-
19, particularly in patients with severe disease and non-
Survivors.

The subgroup analysis according to the quality of
included studies indicated a 19% (95% ClI: 0.14—0.23 and
p < 0.001) prevalence of cardiac injuries in the high
quality group and 19% (95% CI: 0.13—0.24, p < 0.001) in the
low quality group (Supplementary Table 1).

Clinical outcomes of cardiac injury in patients with
CoVID-19

As there was a high prevalence of cardiac injury in patients
with COVID-19, we conducted a systematic analysis of
association between cardiac injury and the common
adverse outcomes (poor outcomes, severity of disease,
need for ICU care, and mortality) in such patients.



Table 1 The characteristics of included studies.

Study Region Sample Male (%) Age Design Definition of cardiac injury Outcomes NOS score
Ni WT 2020 [10] China 176 57.4% 67 +£ 2.7 retrospective Tnl above the 99th percentile death [adjusted OR:6.93 (95%CI 8
cohort study 1.83,26.22)]
Wei JF 2020 [11] China 101 53.5% 49 +4.7 retrospective hs-TnT>14 pg/mL death [unadjusted OR:44.3 (95%CI 8
cohort study 2.17,906.88)]
severity [unadjusted OR:2.55 (95%CI
1.65,3.94)]
admission to ICU [unadjusted OR:2.53
(95%CI 1.49,4.3)]
Yang F 2020 [12] China 92 53.3% 69.8 + 14.5 cross-sectional increased myocardial enzymes 7
study
Yang QX 2020 [13] China 136 48.5% 56 + 3.3 retrospective unclear severity [unadjusted OR:3.64 (95%CI 5
cohort study 2.2,6.02)]
Shi SB 2020 [14] China 416 49.3% 64 + 12.3 retrospective hs-TNI above the 99th percentile death [adjusted HR:3.41 (95%CI 9
cohort study 1.62,7.16)]
Guo T 2020 [9] China 187 48.7% 58.5 + 14.7  cross-sectional elevated TnT levels death [unadjusted OR:15.13 (95%CI 7
study 6.72,34.06)]
Shi SB 2020 [14] China 671 48.0% 63 + 3.7 retrospective cardiac biomarkers above the 99th death [adjusted HR:1.25 (95%CI 9
cohort study percentile 1.07,1.46)]
Yang F 2020 [16] China 52 53.8% 63 + 16 retrospective unclear severity [unadjusted OR:2.54 (95%CI 7
cohort study 1.38,4.66)]
Lei SQ 2020 [17] China 34 41.2% 55+5 cross-sectional cardiac biomarkers above the 99th admission to ICU [unadjusted OR:2.62 6
study percentile or new abnormalities in (95%CI 1.52,4.51)]
electrocardiography and
echocardiography.
Zheng Y 2020 [18] China 34 67.6% 66 + 4.5 cross-sectional cardiac biomarkers above the 99th = 6
study percentile or new abnormalities in
electrocardiography and
echocardiography.
Chen T 2020 [19] China 274 62.0% 62 +5.7 retrospective cardiac biomarkers above the 99th death [unadjusted OR:3.59 (95%CI 8
cohort study percentile or new abnormalities in 2.69,4.79)]
electrocardiography and
echocardiography.
Deng Y 2020 [20] China 225 67.0% 69 + 2 retrospective unclear death [unadjusted OR:3.34 (95%CI 5
cohort study 2.6,4.28)]
Zhao XY 2020 [21] China 91 53.8% = retrospective elevated cardiac biomarkers severity [unadjusted OR:1.92 (95%CI 7
cohort study 1.08,3.41)]
Wang DW 2020 [22] China 107 53.3% 51 + 4.8 retrospective cardiac biomarkers above the 99th death [unadjusted OR:5.76 (95%CI 7
cohort study percentile or new abnormalities in 2.9,11.42)]
echocardiography.
Yang XB 2020 [23] China 52 67.0% 59.7 £ 13.3  retrospective hsTNI>28 pg/mL death [unadjusted OR:1.74 (95%CI 6
cohort study 1.13,2.68)]
Hong KS 2020 [24] Korea 98 38.8% 554 +17.1 cross-sectional cardiac biomarkers above the 99th admission to ICU [unadjusted OR:17.8 8
study percentile or new abnormalities in (95%Cl 6.57,48.22)]
electrocardiography and
echocardiography.
Zhan GQ 2020 [25] China 221 48.9% 55 + 4.6 cross-sectional cardiac biomarkers above the 99th severity [unadjusted OR:4.92 (95%CI 9

study

percentile or new abnormalities in
electrocardiography and
echocardiography.

3.62,6.69)]

(continued on next page)
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Table 1 (continued )

Study Region Sample Male (%) Age Design Definition of cardiac injury Outcomes NOS score
Wu ] 2020 [26] China 101 54.5% 62 +3.8 cross-sectional Tnl above the 99th percentile or new — 8
study abnormalities in electrocardiography
and echocardiography.
Huang CL 2020 [27] China 41 73.0% 41 +4.25 cross-sectional cardiac biomarkers above the 99th admission to ICU [unadjusted OR:3.2 7
study percentile or new abnormalities in (95%CI 1.56,6.55)]
electrocardiography and
echocardiography.
Zhang L 2020 [28] China 143 51.7% 63 + 14 retrospective hs-TNI above the 99th percentile = 8
cohort study
Yu'Y 2020 [29] China 226 61.5% 64 + 2.2 cross-sectional hs-Tnl > 28 ng/L or Tnl > 0.3 ng/mL — 7
study
Yang RR 2020 [30] China 212 43.0% — retrospective cardiac biomarkers above the 99th death [unadjusted OR:2.73 (95%CI 8
cohort study percentile or new abnormalities in 1.22,6.1)]
electrocardiography and
echocardiography.
Li DZ 2020 [31] China 182 54.4% 62.4 £ 5.7 cross-sectional hs-TNI above the 99th percentile = 8
study
Lala A 2020 [2] USA 2736 59.6% — cross-sectional TnI>0.03 ng/mL death [adjusted HR:3.23 (95%CI 9
study 2.59,4.02)]
Zhang F 2020 [32] China 110 54.5% 64.0 +£ 16.5 retrospective hs-TNI above the 99th percentile death [adjusted HR:10.902 (95%CI 7
cohort study 1.279,92.927)]
Liu YB 2020 [33] China 291 45.7% 48.1 (34—62) retrospective Tnl above the 99th percentile death [unadjusted OR:51.93 (95%CI 8
cohort study 2.2,1225.04)]
severity [unadjusted OR:11.24 (95%CI
6.55,19.32)]
admission to ICU [unadjusted OR:13.49
(95%ClI 7.56,24.08)]
Shi Q 2020 [34] China 101 59.4% 71 £3.5 retrospective hs-TNI above the 99th percentile death [unadjusted OR:1.27 (95%Cl 8
cohort study 0.83,1.93)]
Feng XB 2020 [35] China 114 62.3% 64.0 + 134  retrospective cardiac troponin I > 26.2 poor outcome [adjusted HR:5.02 (95%CI 7
cohort study 1.92,13.14)]
Hu L 2020 [36] China 323 51.4% 61 +£11.3 retrospective hs-Tnl >0.04 pg/mL poor outcome [unadjusted OR:6.52 (95% 7
cohort study CI 4.80,8.87)]
severity [unadjusted OR:9.66 (95%CI
2.31,40.39)]
Liu R 2020 [37] China 41 41.5% 39.1 £9.2 retrospective cardiac biomarkers above the 99th = 8
cohort study percentile or new abnormalities in
electrocardiography and
echocardiography
Wu CM 2020 [38] China 188 63.3% 51.9 + 143  retrospective Tnl above the 99th percentile death [unadjusted OR:5.25 (95%CI 7
cohort study 2.9,9.5)]
admission to ICU [unadjusted OR:2.19
(95%CI 1.4,3.45)]
Hou W 2020 [39] China 101 43.6% 509 + 20.1 retrospective unclear poor outcome [unadjusted OR:34.53 (95% 6
cohort study CI 8.423,141.589)]
Li YM 2020 [40] China 120 48.0% 61 + 14 retrospective abnormality in cardiac biomarkers =) 8

cohort study

and electrocardiography
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unclear

cross-sectional

53.7 +£10.3
study

55.4%

56

China

Liu K 2020 [41]

unclear

retrospective
cohort study

51.1% 60.1 + 16.7

90

Massachusetts

Mercuro NJ 2020 [42]

severity [unadjusted OR:0.83

(0.232,3.00)]

unclear

cross-sectional

study

53.3% 47 +£3.2

China 135

Wan SX 2020 [43]

6

admission to ICU [unadjusted OR:9.64

(95%CI 5.49,16.93)]

unclear

cross-sectional

study

49.0% 55+ 17.1

China 200

Yang LH 2020 [44]

cardiac biomarkers above the 99th
percentile or new abnormalities in

electrocardiography and
echocardiography.

21 81.0% 56.8 + 3.8 cross-sectional
study

China

Chen G 2020 [15]

death [unadjusted OR:6.69 (95%CI

Cardiac troponin I > 34.2 pg/mL
2.61,17.17)]

retrospective
cohort study

58 (40—70)

59.0%

101

China

Li KY 2020 [46]

8

death [unadjusted OR:10.94 (95%CI

6.83,17.52)]

Cardiac troponin I > 40 pg/mL

cross-sectional

43 (33-56)
study

38.9%

China 403

Luo XM 2020 [47]

7

death [unadjusted OR:81.19 (95%CI

11.38,579.41)]

hs-TNI above the 99th percentile

retrospective
cohort study

56 (46—67)

62.0%

China 191

Zhou F 2020 [50]

5

death [unadjusted OR:65.6 (95%CI

13.86,310.39)]

unclear

retrospective
cohort study
prospective

54 (37—67)

52.0%

102

China

Cao J 2020 [49]

8

death [unadjusted OR:7.2 (95%CI

1.518,34.139)]

Cardiac troponin I > 0.05 ng/mL
Abbreviations: hs-TNI, high sensitivity troponin I; Tnl, troponin I; NOS, Newcastle Ottawa Scale; ICU, intensive care unit; OR, odd ratio; and HR, hazard ratio.

54.2% 57.6 + 13.7

China 179

Du RH 2020 [45]

cohort Study

We first analyzed the relationship between cardiac
injury and poor outcome. A total of three studies reported
data on the association between cardiac injury and poor
outcome in patients with COVID-19 [35,36,39]. In the
pooled analysis, cardiac injury was found to be associated
with a significantly increased risk of poor outcomes in
COVID-19 patients (ES = 8.46, 95% CI: 3.76—19.06,
P = 63.9%, and p = 0.062), (Supplementary Fig. 1).

Additionally, there were eight studies that reported
data on the association between cardiac injury and COVID-
19 severity [11,13,16,21,25,33,36,43]. In the pooled analysis,
cardiac injury was found to be associated with a signifi-
cantly increased risk of a severe form of COVID-19
(ES = 3.54, 95% CI: 225-558, P = 80.3% and
p < 0.001), (Supplementary Fig. 2).

Moreover, we identified seven studies reporting data on
the association between cardiac injury and admission to
ICU in COVID-19 patients [11,17,24,27,33,38,44]. A pooled
analysis of these seven studies found that patients with
cardiac injury were five times more liable to require ICU
admission (ES = 5.03, 95% CI: 2.69-9.39, P = 87.2%, and
p < 0.001), (Supplementary Fig. 3).

Finally, 20 studies were enrolled in the pooled analysis
to explore the association between cardiac injury and
mortality in COVID-19 patients [2,4,9,10,11,14,19,20,22,23,
30,32—34,38,45—47,49,50]. Pooled analysis results showed
that patients with cardiac injury had an approximately a
five-fold higher risk of mortality (ES = 4.99, 95% CI:
3.38-7.37, P = 91.4%, and p < 0.001), (Fig. 5).

The subgroup analysis according to unadjusted or
adjusted for covariates indicated that cardiac injuries were
significantly associated with increased all-cause mortality
with 3.06 (95% CI: 1.52—6.16, ¥ = 93.1%, and p = 0.002)
for adjusting covariates and 5.83 (95% CI: 3.74—9.08,
P = 86.4%, and p < 0.001) for unadjusting covariates.

Discussion

COVID-19 has resulted in 12,768,307 confirmed infections
and 566,654 deaths worldwide over the past few months
according to the World Health Organization (WHO)
(https://www.who.int). Although the main clinical
characteristics of COVID-19 were dry cough, fever, and
shortness of breath, cardiac injury has been reported to be
highly prevalent in patients affected by this virus [4,51].
Our study evaluated the prevalence of cardiac injury in
patients with COVID-19 and investigated the association
between cardiac injury and prognosis in these patients.
Findings from this meta-analysis indicated that the prev-
alence of cardiac injury was increased in patients with
COVID-19, particularly correlated with the severity of the
disease. Furthermore, we found that cardiac injury is
significantly connected with poor outcomes and mortality
in patients with COVID-19. Together, our meta-analysis
results indicated that COVID-19 patients with cardiac
injury are more likely to develop severe disease, and more
prone to require ICU care or death.

Cardiac injury, usually defined as an elevation of troponin
above the 99th percentile of the upper reference, is
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Figure 2 Forest plot showing prevalence cardiac injury in total patients.

commonly recorded in hospitalized patients with COVID-19
[8,52]. The earliest retrospective study, involving 41 patients
with COVID-19, cardiac injury was detected in five patients
(12%) [51]. Since then, several retrospective studies have re-
ported an increased prevalence of cardiac injury in patients
with COVID-19, with the rate ranging from 5% to 28%

[4,9,11,50,51,53]. Additionally, patients with previous or un-
derlying cardiovascular diseases (CVD) showed a higher risk
of cardiac injury during COVID-19. Studies have demon-
strated that the prevalence of coronary artery disease and
hypertension among patients with cardiac injury is esti-
mated to be up to 20%—30% and 45%—65%, respectively [ 4, 9].
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Study %
ID ES (95% Cl) Weight
Ni WT 2020 —Is— 0.32 (0.17, 0.48) 6.93
Wei JF 2020 — 0.24 (0.10, 0.39) 6.99
Chen G 2020 —1T— E 0.09 (-0.08, 0.26) 6.71
Yang F 2020 —l‘:— 0.32 (0.11, 0.52) 6.21
Lei SQ 2020 —l:— 0.33 (0.09, 0.57) 5.83
Zheng Y 2020 — 0.38 (0.22, 0.55) 6.78
Zhao XY 2020 —l—é— 0.27 (0.11, 0.42) 6.85
Hong KS 2020 ——=——  0.69 (0.44, 0.94) 5.67
Zhan GQ 2020 —— 0.29 (0.17, 0.41) 7.27
Huang CL 2020 —li— 0.31 (0.06, 0.56) 5.67
Feng XB 2020 E —®—— 0.75(0.56, 0.94) 6.46
Hu L 2020 - 0.13 (0.08, 0.18) 7.82
Hou W 2020 | —=—— 0.82(0.64, 1.00) 6.56
Wan SX 2020 = E 0.05 (-0.02, 0.12) 7.71
Yang LH 2020 -—-— 0.52 (0.34, 0.70) 6.56
Overall (I-squared = 90.4%, p = 0.000) <> 0.36 (0.25, 0.47) 100.00
NOTE: Weights are from random effects analysis E

T T

-1 0

-

Figure 3 Forest plot showing prevalence cardiac injury in severe patients.

Our meta-analysis that enrolled 34 studies, showed
that the prevalence of cardiac injury was 19% (95% CI:
15%—22%) among patients with COVID-19, which might
represent the average incidence of cardiac injury in pa-
tients with COVID-19. Numerous studies have indicated
that cardiac Tnl increased significantly in severe cases
than in mild cases [54—57]. Furthermore, there was also a
significant increase of Tnl in the end-stage group when

compared with the severe group, which indicates that the
prevalence of cardiac injury might increase with the
severity of the disease [55,57]. Based on these retrospec-
tive studies, our meta-analysis revealed that the preva-
lence of cardiac injury is 36% (95% CI. 25%—47%) among
severe patients with COVID-19. Severe patients usually
have worse outcomes and higher death rate; therefore,
the investigators sought to evaluate the association of

Study %

D ES (95% Cl) Weight

Yang F 2020 —-— 0.34 (0.24, 0.43) 8.70

Chen T 2020 | —m—  064(055073) 873

Deng Y 2020 —m— 0.60 (0.50, 0.69) 8.72

Wang DW 2020 — 0.42 (0.20, 0.64) 7.88

Yang XB 2020 — 0.28 (0.13, 0.44) 8.37

Shi Q 2020 —%—  058(044,072) 8.47

Du RH 2020 ——=——— 061(041,082) 7.99

Li KY 2020 ———=————— 045(016,074) 7.24

Luo XM 2020 | —m—  065(056,0.74) 8.71

Zhang F 2020 — = 059(035,082) 7.78

Zhou F 2020 -.—-— 0.59 (0.46, 0.72) 8.52

Cao J 2020 - 0.04 (-0.00, 0.07) 8.88

Overall (I-squared = 97.1%, p = 0.000) <> 0.48 (0.30, 0.66) 100.00
|

NOTE: Weights are from random effects analysis E

823 0 823

Figure 4 Forest plot showing prevalence cardiac injury in non-survivors.
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Study %

ID ES (95% Cl) Weight
Ni WT 2020 —— 6.93 (1.83, 26.22) 3.92
Wei JF 2020 - 44.30 (2.17,906.88)  1.35
Shi SB 2020 = 3.41(1.62, 7.16) 5.72
Guo T 2020 . 15.13 (6.72, 34.06) 5.50
Shi SB 2020 | 1.25 (1.07, 1.46) 7.15
Chen T 2020 B 3.59 (2.69, 4.79) 6.96
Deng Y 2020 = 3.34 (2.60, 4.28) 7.03
Wang DW 2020 = 5.76 (2.90, 11.42) 5.91
Yang XB 2020 - 1.74 (1.13, 2.68) 6.64
Yang RR 2020 —=- 2.73 (1.22, 6.10) 5.52
Lala A 2020 B 3.23 (2,59, 4.02) 7.07
Zhang F 2020 —-—-— 10.90 (1.28, 92.93) 2.26
Liu YB 2020 - = 51.93 (2.20, 1225.04) 1.25
Shi Q 2020 = 1.27 (0.83, 1.93) 6.67
Wu CM 2020 E = 5.25 (2.90, 9.50) 6.19
Du RH 2020 — 7.20 (1.52, 34.14) 3.35

Li KY 2020 — 6.69 (2.61, 17.17) 5.08
Luo XM 2020 3 10.94 (6.83, 17.52) 6.54
Zhou F 2020 | ——@—— 81.19(11.38,579.41) 254
Cao J 2020 , — 65.60 (13.86, 310.39)  3.36
Overall (I-squared = 91.4%, p = 0.000) <> 4.99 (3.38,7.37) 100.00

NOTE: Weights are from random effects analysis E

T
51

Figure 5 Forest plot for association between cardiac injuries and mortality.

myocardial injury with mortality. Zhou et al. found that
there was a rapid rise of troponin in nonsurvivors starting
from day 10, which was not observed in survivors [50].
Besides, Ruan et al. showed that the top causes of death in
the nonsurvivors were respiratory failure, combination of
heart and respiratory failure, and heart failure, which
account for 53%, 33%, and 7% of all the death, respectively
[58]. Furthermore, the occurrence of acute cardiac injury
in hospitalized patients was associated with an increased
risk of mortality (ES = 4.99, 95% ClI: 3.38-7.37, and
p < 0.001) [9]. It is plausible to explain why there was up
to 44% incidence of cardiac injury in non-survivors with
COVID-19 according to our meta-analysis results. Thus,
our results support the notion that cardiac injury is very
common in patients with COVID-19 and the prevalence of
cardiac injury increased with the severity of the disease.

Although the association between cardiac injury and
prognosis in patients with COVID-19 has been consistently
described, data on its independent prognostic role remain
largely unexplored. Therefore, we systematically con-
ducted a meta-analysis to evaluate the outcome (poor
outcomes, severe disease, ICU admission, and mortality) in
consecutive patients with COVID-19 with and without
troponin elevation. In our meta-analysis, a pooled analysis
of the association between cardiac injury and poor out-
comes revealed that cardiac injury was associated with
poor outcomes in COVID-19 patients (ES = 8.46, 95% CI:
3.76—19.06, and p = 0.062). Our result was in accordance
with a previous brief meta-analysis, which showed that
troponin levels were significantly higher in patients with
severe disease as compared to those with mild forms of

the disease [52]. Therefore, it is reasonable to hypothesize
that if cardiac troponin is tested immediately after
admission, it may help to evaluate the severity of the
illness and the extent of injury in the heart. In a single-
center case series study performed by Huang et al., four
out of five patients with cardiac injury required ICU
admission [27]. Similarly, in another single-center case
series study of 138 patients, 36 of them were reported to
have had a higher level of TnT and CK-MB and required ICU
admission [53]. Thus, it appears that (COVID-19) patients
with cardiac injury are more likely to be admitted to the
ICU. Then, we analyzed the association between cardiac
injury and ICU admission and found ICU admission is truly
associated with cardiac injury (ES = 5.03, 95% CI:
2.69-9.39, P = 87.2%, and p < 0.001). Studies have shown
that myocardial injury is associated with a higher risk of
mortality and an overall fatal outcome of COVID-19. Of the
enrolled 416 COVID-19 patients, a case series study
revealed that patients with cardiac injury had a much
higher risk of death than those without cardiac injury
during the time from admission to study endpoint (HR:
3.41 and 95% CI: 1.62—7.16) [9]. Similarly, a retrospective
cohort study, including 188 patients found that patients
with high levels of hs-Tnl had a remarkably higher death
rate (50%) than that of patients with low or moderated
levels of hs-Tnl (9.1% or 10%). Furthermore, hs-Tnl levels
were negatively correlated with the patients’ survival time
(r = —0.42 and p = 0.005) [38]. Our meta-analysis results
further reinforced the conclusion that patients with
COVID-19 infection and cardiac injury have a significantly
high risk of mortality. Accordingly, our meta-analysis
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results are of prognostic importance, because patients
with cardiac injury have a higher risk of severe disease and
mortality and are more prone to require ICU care. Thus,
they deserve more clinical attention.

Up to now, the precise etiology of cardiac injury in
patients with COVID-19 remains under investigation, the
following potential mechanisms have been suggested.
One potential mechanism is that SARS-CoV-2 uses ACE2
as a receptor to enter target cells and causes direct
damage to the heart [59,60]. According to a previous
research, SARS-CoV genome was detected in 35% of
autopsied hearts obtained from the SARS-CoV-infected
patients [61]. As reported, ACE2 is highly expressed in
the heart, thus the SARS- CoV uses the ACE2 receptor for
entry into the host cells and downregulates ACE2
expression and subsequently inhibits protective signaling
pathways in cardiac myocytes [62,63]. As SARS-CoV-2
and SARS-CoV are highly homologous in the genome,
thus suggesting that SARS-CoV-2 may share the same
mechanism with SARS-CoV [64,65]. Then, COVID-19-
induced cardiac injury might potentially be mediated
by ACE2. The most recent researches address the marked
affinity of SARS-CoV-2 to the host ACE2 receptor, raising
the possibility of direct damage of cardiomyocytes by the
virus [66]. Furthermore, another research further iden-
tified that SARS-CoV-2 uses ACE2 as their receptor for
entry into the targeted cell [67]. All of these data further
suggested that the SARS- CoV-2 can have a direct inva-
sion and damage role to the myocardium. Viral infections
could trigger the activation of the immune-mediated
host antiviral response, including the activation of mac-
rophages, natural Kkiller cells, and virus-related T lym-
phocytes, which have been recognized as the most
frequent causes of cardiac injury [68]. Several studies
have highlighted that there exists a severe systemic in-
flammatory response, including elevated interleukin
levels, C-reactive protein, neutrophil and leukocyte
counts, and globulin [4,9]. Systemic inflammatory
response after infection may further cause the over-
expression of tissue-resident macrophages and leukocyte
adhesion molecule, causing reduction in the coronary
blood flow, decreases in oxygen supply, and destabiliza-
tion of the coronary artery [69,70]. Similarly, Guo et al.
revealed that in patients with COVID-19, the hs-CRP
levels were significantly positively correlated with
plasma TnT levels, which indicated that cardiac injury
may be closely associated with an inflammatory response
[9]. Huang et al. have found that in patients with COVID-
19, the plasma levels of cytokines, including MCP-1
(monocyte chemoattractant protein-1), interleukins (IL-
2, IL-7, and IL-10), MIP-1a. (macrophage inflammatory
protein 1-alpha), and TNF-o (tumor necrosis factor o)
were higher in patients who were admitted to the ICU
[51]. Elevated plasma cytokines can further activate the
proliferation of lymphocytes and macrophages, provoke
the dysfunction of the coronary microvasculature, acti-
vate the microvascular endothelium, and the consequent
cardiac injury [4,71]. Another suggested mechanism is an

imbalance between myocardial oxygen supply and de-
mand. Severe hypoxia due to acute lung injury and po-
tential subsequent systemic complications can result in a
mismatch between myocardial oxygen supply and de-
mand and hence cause myocardial injury [72,73]. Further,
hypoxia may also contribute to the development of sys-
tematic inflammatory response, which can be trans-
formed into myocardial ischemia and injury [74].
Additionally, the current data based on up-to-date evi-
dence suggests that patients with previous or underlying
CVD were susceptible to suffer from cardiac injury. Pa-
tients with coronary artery disease had a high potential
risk of coronary plaque rupture secondary to virus
infection induced by systemic inflammation [75]. Coag-
ulation abnormalities and arrhythmias are also common
in COVID-19 patients, though the mechanism is poorly
understood [76,77]. Furthermore, volume evidence has
indicated the presence of both preexisting CVD and car-
diac injury was associated with the highest death rate,
while patients with CVD but without elevated troponin
levels had a relatively favorable prognosis [9,78].

To the best of our knowledge, this systematic review is a
comprehensive analysis of existing literature to explore
the prevalence of cardiac injury in patients with COVID-19
and the clinical outcomes in COVID-19 patients with car-
diac injury. There were some limitations in this meta-
analysis. First, the limited number of studies available and
the interpretation of our findings might be restricted by
the small sample size. Second, the enrolled studies are
mainly from China, and the results of this meta-analysis
may restrict a more precise estimation in the context of
other regions of the world. Third, we could not distinguish
if the cardiac injury in COVID-19 patients was preexisting
or caused by a virus infection. Four, there existed a large
heterogeneity in our included studies. Fifth, there were
significant differences in adjusting confoundings in studies
investigating the association of cardiac injury with clinical
outcomes, which may weaken the reliability of our result.
Fortunately, the results from subgroup analysis according
to studies with unadjusting or adjusting for covariates,
cardiac injuries were significantly associated with
increased all-cause mortality.

It is concluded that COVID-19 has been associated with
an increased prevalence of cardiac injury, even more so in
patients with severe disease. The presence of cardiac
injury may act as a marker of adverse outcomes or a risk of
mortality in patients with COVID-19. Further studies are
warranted to elucidate the predominant etiology of cardiac
injury in patients with COVID-19 and thus to promote
targeted treatment programs and preventive strategies to
improve patients’ prognosis.
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