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Objective: Cardiac injury is detected in numerous patients with coronavirus disease 2019 (COVID-19) and has been demonstrated to be closely related to poor outcomes. However, an optimal cardiac biomarker for predicting COVID-19 prognosis has not been identified.

Methods: The PubMed, Web of Science, and Embase databases were searched for published articles between December 1, 2019 and September 8, 2021. Eligible studies that examined the anomalies of different cardiac biomarkers in patients with COVID-19 were included. The prevalence and odds ratios (ORs) were extracted. Summary estimates and the corresponding 95% confidence intervals (95% CIs) were obtained through meta-analyses.

Results: A total of 63 studies, with 64,319 patients with COVID-19, were enrolled in this meta-analysis. The prevalence of elevated cardiac troponin I (cTnI) and myoglobin (Mb) in the general population with COVID-19 was 22.9 (19–27%) and 13.5% (10.6–16.4%), respectively. However, the presence of elevated Mb was more common than elevated cTnI in patients with severe COVID-19 [37.7 (23.3–52.1%) vs.30.7% (24.7–37.1%)]. Moreover, compared with cTnI, the elevation of Mb also demonstrated tendency of higher correlation with case-severity rate (Mb, r = 13.9 vs. cTnI, r = 3.93) and case-fatality rate (Mb, r = 15.42 vs. cTnI, r = 3.04). Notably, elevated Mb level was also associated with higher odds of severe illness [Mb, OR = 13.75 (10.2–18.54) vs. cTnI, OR = 7.06 (3.94–12.65)] and mortality [Mb, OR = 13.49 (9.3–19.58) vs. cTnI, OR = 7.75 (4.4–13.66)] than cTnI.

Conclusions: Patients with COVID-19 and elevated Mb levels are at significantly higher risk of severe disease and mortality. Elevation of Mb may serve as a marker for predicting COVID-19-related adverse outcomes.

Prospero Registration Number: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020175133, CRD42020175133.
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INTRODUCTION

Coronavirus disease 2019, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first reported in Wuhan City, Hubei province of China in December 2019 (1). The pandemic spread rapidly worldwide from China, resulting in 230 million confirmed cases and more than 4 million deaths by September 22, 2021. Clinical manifestations differ greatly among patients with coronavirus disease 2019 (COVID-19), ranging from asymptomatic infections to severe or critical disease and even death (2). Although SARS-CoV-2 was initially thought to be a respiratory tract virus, it has been widely reported that the adverse prognosis of patients with COVID-19 relates largely to the involvement of multisystem organs such as the heart, liver, kidney, brain, and the nervous system (3–5).

Cardiac injury, manifested as the elevation of cardiac biomarkers, namely, cardiac troponin I (cTnI), lactate dehydrogenase (LDH), creatine kinase (CK), CK isomer-MB (CK-MB), myoglobin (Mb), and B-type natriuretic peptide (BNP) or N-terminal pro-B type natriuretic peptide (NT-proBNP), has been detected in numerous patients with COVID-19, and is closely related to the clinical prognosis (6–9). In particular, elevation of cTnI, which was widely reported in several studies, has been identified as an independent variable associated with in-hospital mortality (10).

Nevertheless, elevation of Mb in patients with COVID-19 has been widely mentioned in several studies (11–15). More importantly, Mb presents a potential predictive value in COVID-19-related adverse outcomes. In a study reported by Qin et al., elevated Mb presented with higher frequency on admission and showed the highest overall performance for predicting the risk of COVID-19 mortality among the various cardiac biomarkers (16). However, to the best of our knowledge, a pooled analysis regarding the advantage of Mb in predicting the prognosis of COVID-19 is lacking. Therefore, we conducted a systematic review and meta-analysis to explore the predictive value of elevated Mb for adverse outcomes of patients with COVID-19.



METHODS


Study Protocol

This study was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and Meta-analysis of Observational Studies in Epidemiology (MOOSE) reporting guidelines (17, 18). The protocol was preregistered in the International prospective register of systematic reviews (PROSPERO, CRD42020175133). The detailed definitions of laboratory-confirmed COVID-19 cases and severe illness are described in Supplementary Method S1.



Search Strategy and Study Selection

Two investigators (DT and JG) independently searched the PubMed, Embase, and Web of Science Core Collection (Clarivate Analytics) databases for relevant articles published between December 2019 and September 8, 2021 using the following keywords: “coronavirus,” “nCoV,” “HCoV,” “SARS-CoV-2,” “COVID*,” “NCP*,” “cardiac injury,” “cardiac,” “biomarker*,” “myocardial,” “heart,” “troponin,” and “myoglobin” alone and in combination. The detailed search strategies are presented in Supplementary Methods S2. After removing duplicate studies, three reviewers (CM, DT, and JG) were assigned to independently screen the titles and abstracts, and then examine the full texts. Any disagreement was resolved by the senior authors (YB and XZ). The inclusion criteria were as follows: (1) diagnosis of COVID-19 according to the World Health Organization interim guidance (19), (2) gives the specific number of COVID-19 patients with the elevation of cTnI and/or Mb, (3) studies in English only, and (4) sample size of ≥10 individuals. The exclusion criteria were as follows: (1) studies with data that could not be reliably extracted, and (2) editorials, comments, expert opinions, case reports.



Data Extraction and Quality Assessment

Using a predesigned spreadsheet, three authors (DT, CM, and JG) independently extracted the relevant data from the included studies. Corresponding authors were asked via email to clarify or provide additional information. Study quality assessments were performed using the Quality Assessment Forms recommended by the Agency for Healthcare Research and Quality (AHRQ) for cross-sectional studies (Supplementary Methods S3). Studies were defined as high quality if a score of ≥7 was attained. Any conflicts with the assessments were resolved either by consensus or by the adjudicators (XZ and PL).



Statistical Analysis

Effect estimates were presented as pooled prevalence or odds ratio (OR) with 95% confidence interval (CI) and visualized with forest plots. A fixed or random-effects model was used according to heterogeneity across studies (if I2 ≤50%, fixed-effects model; if I2 >50%, random-effects model) (20). We performed Egger's test and the test performed by Peters et al., and visually inspected the funnel plots to investigate publication bias (21). Sensitivity analyses were performed by systematically removing each study in turn to explore its effect on the outcome. All the analyses were performed using R (version 3.5.3), RStudio (version 1.2.1335), and Comprehensive Meta-Analysis.



Patient and Public Involvement

Patients or the public were not involved in the design, conduct, reporting, and dissemination plans of our research.




RESULTS


Literature Search and Study Characteristics

A total of 106,925 articles were initially retrieved, of which the full texts of 6,542 articles were reviewed (Figure 1). Finally, 63 studies were eligible for our analysis (Table 1 and Supplementary Tables S1, S2), and included 64,319 confirmed patients with COVID-19 who presented to a hospital. All these studies were retrospective observational ones. Of the 63 studies, 31 were conducted in China, 18 in the United States, 5 in Italy, 4 in Spain, 2 in Turkey, and 3 in other countries (Libya, Finland, and Iran) (Supplementary Table S2). Among them, 45 studies only mentioned data of cTnI, 3 studies only mentioned Mb, and 15 studies included both Mb and cTnI. Regarding the differences in Mb or cTnI detection methods and criteria among different hospitals, we listed in Table 1 the average level of Mb or cTnI, cut-off value of abnormal Mb or cTnI, and number of patients with elevated Mb or cTnI in each study. In addition, preexisting cardiovascular conditions, such as the prevalence of coronary artery disease (CAD) and heart failure (HF), and the average level of BNP or NT-proBNP were also summarized (Table 1).


[image: Figure 1]
FIGURE 1. Flow chart of the study selection process. Mb, myoglobin; cTnI, cardiac troponin I. aEndNote software (Clarivate Analytics) was used to remove duplicates.



Table 1. Characteristics of the included studies.
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Incidence of cTnI/Mb Elevation

Among the 63 included studies, the pooled case-severity rate (CSR), case-fatality rate (CFR), and intensive-care unit (ICU)-admission rate were 31.3 (95% CI 23.2–39.4%, I2 = 99%), 12.5 (95% CI 10.7–14.6%, I2 = 98%), and 20.1% (95% CI 15.3–24.9%, I2 = 99%) (Supplementary Figure S1). The prevalence of elevated cTnI and Mb in the general population with COVID-19 was 22.9 (95% CI 19–27%, I2 = 99%) and 13.5% (95% CI 10.6–16.4%, I2 = 92%), respectively (Figure 2). Furthermore, the meta-analysis showed that elevated cTnI occurred in 30.7% (24.7–37.1%, I2 = 86%) of the patients in the severe disease group, while the estimated rate of elevated Mb was 37.7% (23.3–52.1%, I2 = 90%) in patients with severe COVID-19. For the non-survivor group, the elevation rate of Mb and cTnI was 53.4 (95% CI 46.9–59.9%, I2 = 0%) and 55.5% (95% CI 47.1–64%, I2 = 94%), respectively (Figure 3).


[image: Figure 2]
FIGURE 2. Forest plot for the pooled prevalence of elevated (A) Mb and (B) cTnI in general population. Mb, myoglobin; cTnI, cardiac troponin I. Proportions are presented with fixed-effects when I2 ≤ 50% and random-effects otherwise.
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FIGURE 3. Forest plot for the pooled prevalence of elevated Mb and cTnI in the severe disease and non-survivor groups. (A) Prevalence of elevated Mb in the severe disease group. (B) Prevalence of elevated cTnI in the severe disease group. (C) Prevalence of elevated Mb in the non-survivor group. (D) Prevalence of elevated cTnI in the non-survivor group. Mb, myoglobin; cTnI, cardiac troponin I. Proportions are presented with fixed-effects when I2 ≤50% and random-effects otherwise.


Meta-regression demonstrated that both CSR and CFR were positively associated with the proportion of patients with elevated cTnI or Mb. Regarding logit CSR, the prevalence of elevated Mb showed tendency of higher regression coefficient compared with cTnI (Mb: r = 13.9, [95% CI 3.51–24.29, p < 0.01] vs. cTnI: r = 3.93, [95% CI 0–8.52, p < 0.05]). A similar trend was observed in logit CFR (Mb: r = 15.42, [95% CI 11.2–19.65, p < 0.0001] vs. cTnI: r = 3.04, [95% CI 1.84–4.25, p < 0.0001]) (Figure 4).


[image: Figure 4]
FIGURE 4. Meta-regression of logit CSR or CFR on the rate of elevation of Mb or cTnI. (A) Regression of logit CSR on rate of elevation of Mb; R = 13.9, 95% CI 3.51–24.29, p < 0.01. (B) Regression of logit CSR on rate of elevation of cTnI; r = 3.93, 95% CI 0–8.52, p < 0.05. (C) Regression of logit CFR on rate of elevation of Mb; r = 15.42, 95% CI 11.2–19.65, p < 0.0001. (D) Regression of logit CFR on rate of elevation of cTnI; r = 3.04, 95% CI 1.84–4.25, p < 0.0001. CSR, case-severity rate; CFR, case-fatality rate; Mb, myoglobin; cTnI, cardiac troponin I. Each circle represents one study; size of the circle is proportional to the population size of each study.




Risk of Elevated cTnI/Mb for Adverse Outcomes

The ORs of elevation of Mb/cTnI for the development of severe illness and death were further estimated. In the overall analysis, patients COVID-19 and elevated cTnI were at higher risk of severe illness (OR = 7.06, 95% CI 3.94–12.65, n = 15, I2 = 88%). Nevertheless, elevated Mb showed tendency of better predictive value for severe illness (OR = 13.75, 95% CI 10.2–18.54, n = 6, I2 = 39%) compared with cTnI. Regarding in-hospital mortality, elevated cTnI (OR = 7.75, 95% CI 4.4–13.66, n = 13, I2 = 95%) and Mb (OR = 13.49, 95% CI 9.3–19.58, n = 3, I2 = 0%) were associated with COVID-19-related deaths (Figure 5).


[image: Figure 5]
FIGURE 5. Forest plot for the association of coronavirus disease 2019 (COVID-19)-related adverse outcomes with abnormal level of Mb or cTnI. (A) Severe illness and elevation of Mb. (B) Severe illness and elevation of cTnI. (C) In-hospital mortality and elevation of Mb. (D) In-hospital mortality and elevation of cTnI. Mb, myoglobin; cTnI, cardiac troponin I. Odds ratios (ORs) are presented with fixed-effects when I2 ≤50% and random-effects otherwise.




Sensitivity Analysis and Publication Bias

Sequential removal of each trial from the analysis revealed no meaningful differences (Supplementary Figure S2). We observed no evidence of publication bias by inspecting the funnel plot or with Egger's test, Begger's test or the test used by Peters et al. (p > 0.05; Supplementary Figure S3).




DISCUSSION

This systematic review and meta-analysis of 63 high-quality retrospective studies systematically investigated the predictive value of Mb for COVID-19-related severe disease or death compared with cTnI. The main findings of the study are as follows: (1) more patients with COVID-19-related severe disease showed elevated Mb compared with elevated cTnI; (2) elevated Mb presented obvious superiority over cTnI for predicting severe illness, showing 3-fold higher meta-regression coefficient and 2-fold higher OR; (3) furthermore, Mb elevation was more strongly associated with high risk of COVID-19-related death compared with cTnI.

Severe acute respiratory syndrome coronavirus 2 has been reported to be more contagious than previously discovered human coronaviruses (22), with the progression of the COVID-19 pandemic worldwide, there has been increasing concern regarding the “destructive power” of SARS-CoV-2 for multiple system organ damage, such as in the heart, liver, kidney, brain, and the nervous system (5, 23). Among them, myocardial injury is an important manifestation (6). Madjid et al. reported that up to 15% of hospitalized patients with COVID-19 exhibit myocardial injury, with some developing significant cardiac complications, such as biventricular heart failure, arrhythmias, and cardiogenic shock (9, 24). Liu et al. demonstrated that the mortality rate of patients with COVID-19 and cardiovascular disease was as high as 10.5%, which was 11.67 times higher than that of patients with COVID-19 with no preexisting conditions (25). Consistently, our analysis showed that the pooled incidence rate of cardiac injury was 22.9% in the general population, while the rate increased to 55.5% in the non-survivor group, indicating that cardiac injury was common in patients with COVID-19, especially those with poor prognosis.

Abnormal levels of cardiac biomarkers, including cTnI, CK-MB, Mb, and NT-proBNP, have been identified as indicators for COVID-19-related poor prognosis, such as severe illness (26), ICU admission and in-hospital mortality (27, 28). However, there is no consensus on the optimal biomarker for predicting COVID-19-related outcomes. cTnI elevation has been widely studied for its high prevalence in patients with COVID-19. However, in a study by Qin et al., elevated Mb presented with obviously higher frequency on admission compared with cTnI (12 vs. 6.5%) (16). Similarly, our subgroup analysis revealed that elevated Mb was more common in patients with severe COVID-19 than cTnI. Several recent studies have highlighted elevated cTnI as an important risk factor for adverse outcomes, such severe illness (29, 30), ICU admission (31, 32), and death (10, 26, 33). However, our meta-regression analysis suggested that the elevation rate of Mb presented 3-fold stronger association with CSR and 5-fold stronger association with CFR than cTnI. Notably, elevated Mb level showed higher risk of severe illness and mortality compared with cTnI. The results suggested that Mb may serve as a better biomarker for the severity of COVID-19. Accordingly, the dynamic monitoring of Mb might facilitate timely initiation of intensive care, thereby reducing the risk of other adverse events, such as COVID-19-related death.

Myoglobin is an iron and oxygen-binding protein that plays an important role in the storage of oxygen in skeletal and cardiac muscles (34). Previously, it was generally believed that Mb, while sensitive, was not specific for cardiac injury per se. Therefore, the prognostic value of Mb as a marker of myocardial injury in patients with COVID-19 has not been taken seriously (35). However, our meta-analysis suggested that Mb has a potential advantage over cTnI in predicting COVID-19-related adverse outcomes, such as the occurrence of severe illness and death. The mechanistic link between Mb and COVID-19 prognosis is unclear, but it may be the distribution of Mb in skeletal muscle besides myocardium, making it more sensitive to the dynamics of systemic states (36). de Andrade-Junior et al. reported that patients with severe COVID-19 are prone to develop muscle wasting and impaired muscle function (37). Moreover, Mb can be rapidly released into the blood in response to inflammatory stimuli (38). Wang et al. reported that oxidized Mb can act as a useful marker of myocardial inflammation (39). Furthermore, emerging evidence suggests that inflammatory responses, such as lymphopenia and cytokine storm, are closely associated with severe COVID-19 and high mortality (40, 41). Therefore, besides myocardial injury, the link between elevated Mb and COVID-19 prognosis may also be explained by inflammation and muscle injury. In addition to SARS-CoV-2 infection, increased Mb may also be caused by other preexisting comorbidities, such as chronic obstructive pulmonary disease (COPD), liver diseases, kidney diseases, and cardiovascular diseases, which have also been identified as risk factors for COVID-19 severity and mortality (42–45). Taken together, elevated Mb may be involved in damage directly caused by SARS-COV-2 infection and subsequent multiple organ failure, which partly explains the predictive value of Mb for adverse prognosis of COVID-19.

In the past year, the development and application of vaccines against SARS-CoV-2 brought hope to people worldwide. Notably, for the prevention of adverse outcomes of COVID-19, Chung et al. reported that two doses of mRNA COVID-19 vaccines were highly effective against symptomatic infection and severe consequences (46). Cornberg et al. demonstrated that priority vaccination for COVID-19 in patients with chronic liver diseases may be an important measure to intervene in the course of severe COVID-19 (47). However, the exact efficacy of COVID-19 vaccines against various comorbidities associated with myoglobin elevation is unknown and remains to be elucidated.

This meta-analysis had several potential limitations. First, all the studies included in this meta-analysis were retrospective, and there were relatively few studies involving both Mb and cTnI. Hence, the superiority of Mb over cTnI in predicting value should be interpreted as an observational conclusion. Further high-quality comparative studies are needed to confirm the difference between Mb and cTnI in predicting prognosis of COVID-19. Second, because of the nature of meta-regression and high heterogeneity across the analyses, we were unable to obtain a definite causal relationship between elevated Mb and poor prognosis of COVID-19. The potential sources of heterogeneity include different cutoffs of elevated cTnI or Mb, mean ages (48, 49), and sex ratios (50) in different studies. Therefore, considering the confounding factors, our results need to be further confirmed by rigorous prospective studies and randomized controlled trials. Third, because of the limited number of included studies, this meta-analysis did not analyze the predictive value of CK-MB, NT-proBNP, LDH, and other cardiac markers except Mb and cTnI. Fourth, studies enrolled in this meta-analysis had a relatively short follow-up period. Therefore, the predictive value of Mb for long-term prognosis of COVID-19 needs to be further explored.

In summary, this meta-analysis showed that patients with COVID-19 and elevated Mb levels are at higher risk of severe disease and mortality. Hence, elevated Mb could be used as a predictor of adverse outcomes in COVID-19. However, high-quality studies are required to confirm these findings and establish the link between elevated Mb and prognosis of patients with COVID-19.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

PL, XZ, and YB were the judicators and contributed to the conception of the study. CM, DT, JG, YB, ZG, and HW designed the protocol. CM, DT, and JG searched the databases and finished data extraction, quality assessment, and statistical analysis. CM and DT wrote the first draft of the manuscript. All authors reviewed the manuscript, provided critical revision, and have approved the final version for publication.



FUNDING

This study was supported in part by grants from the Chinese Natural Science Foundation (81870356 to PL), Shanghai Rising-Star Program (20QA1409000 to PL), and 234 Discipline Promotion Foundation of Changhai (2020YXK010 to YB).



ACKNOWLEDGMENTS

We sincerely wish to thank all the medical staff worldwide who made great contribution to the prevention and control of the COVID-19 pandemic. In addition, we are grateful to the investigators of all the studies included in this meta-analysis for providing access to their data.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.757799/full#supplementary-material



REFERENCES

 1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission dynamics in Wuhan, China, of novel coronavirus-infected pneumonia. N Engl J Med. (2020) 382:1199–207. doi: 10.1056/NEJMoa2001316

 2. Zeng J, Wu W, Qu J, Wang Y, Dong C-F, Luo Y-F, et al. Cardiac manifestations of COVID-19 in Shenzhen, China. Infection. (2020) 48:861–70. doi: 10.1007/s15010-020-01473-w

 3. Simoneau C, Ott M. Modeling multi-organ infection by SARS-CoV-2 using stem cell technology. Cell Stem Cell. (2020) 27:859–68. doi: 10.1016/j.stem.2020.11.012

 4. Synowiec A, Szczepański A, Barreto-Duran E, Lie L, Pyrc K. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): a systemic infection. Clin Microbiol Rev. (2021) 34:e00133–20. doi: 10.1128/CMR.00133-20

 5. Bae S, Kim S, Kim M, Shim W, Park S-M. Impact of cardiovascular disease and risk factors on fatal outcomes in patients with COVID-19 according to age: a systematic review and meta-analysis. Heart. (2021) 107:373–80. doi: 10.1136/heartjnl-2020-317901

 6. Dou Q, Wei X, Zhou K, Yang S, Jia P. Cardiovascular manifestations and mechanisms in patients with COVID-19. Trends Endocrinol Metabol. (2020) 31:893–904. doi: 10.1016/j.tem.2020.10.001

 7. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular implications of fatal outcomes of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol. (2020) 5:811–8. doi: 10.1001/jamacardio.2020.1017

 8. Kawakami R, Sakamoto A, Kawai K, Gianatti A, Pellegrini D, Nasr A, et al. Pathological evidence for SARS-CoV-2 as a cause of myocarditis: JACC review topic of the week. J Am Coll Cardiol. (2021) 77:314–25. doi: 10.1016/j.jacc.2020.11.031

 9. Li X, Guan B, Su T, Liu W, Chen M, Waleed KB, et al. Impact of cardiovascular disease and cardiac injury on in-hospital mortality in patients with COVID-19: a systematic review and meta-analysis. Heart. (2020) 106:1142–7. doi: 10.1136/heartjnl-2020-317062

 10. Nie S, Yu M, Xie T, Yang F, Wang H-B, Wang Z-H, et al. Cardiac troponin i is an independent predictor for mortality in hospitalized patients with COVID-19. Circulation. (2020) 142:608–10. doi: 10.1161/CIRCULATIONAHA.120.048789

 11. Han H, Xie L, Liu R, Yang J, Liu F, Wu K, et al. Analysis of heart injury laboratory parameters in 273 COVID-19 patients in one hospital in Wuhan, China. J Med Virol. (2020) 92:819–23. doi: 10.1002/jmv.25809

 12. Xu PP, Tian RH, Luo S, Zu ZY, Fan B, Wang XM, et al. Risk factors for adverse clinical outcomes with COVID-19 in China: a multicenter, retrospective, observational study. Theranostics. (2020) 10:6372–83. doi: 10.7150/thno.46833

 13. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. (2020) 395:507–13. doi: 10.1016/S0140-6736(20)30211-7

 14. Cai Q, Huang D, Ou P, Yu H, Zhu Z, Xia Z, et al. COVID-19 in a designated infectious diseases hospital outside Hubei Province, China. Allergy. (2020) 75:1742–52. doi: 10.1111/all.14309

 15. Zhang Q, Xu Q, Chen Y, Lou L, Che L-H, Li X-H, et al. Clinical characteristics of 41 patients with pneumonia due to 2019 novel coronavirus disease (COVID-19) in Jilin, China. BMC Infect Dis. (2020) 20:961. doi: 10.1186/s12879-020-05677-1

 16. Qin J, Cheng X, Zhou F, Lei F, Akolkar G, Cai J, et al. Redefining cardiac biomarkers in predicting mortality of inpatients with COVID-19. Hypertension. (2020) 76:1104–12. doi: 10.1161/HYPERTENSIONAHA.120.15528

 17. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. (2015) 350:g7647. doi: 10.1136/bmj.g7647

 18. Stroup D, Berlin J, Morton S, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis of Observational Studies in Epidemiology (MOOSE) group. JAMA. (2000) 283:2008–12. doi: 10.1001/jama.283.15.2008

 19. World Health Organization. Clinical Management of Severe Acute Respiratory Infection (SARI) When COVID-19 Disease Is Suspected: Interim Guidance, 13 March 2020. Geneva: World Health Organization (2020). doi: 10.15557/PiMR.2020.0003

 20. Higgins J, Thompson S, Deeks J, Altman D. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 21. Peters J, Sutton A, Jones D, Abrams K, Rushton L. Comparison of two methods to detect publication bias in meta-analysis. JAMA. (2006) 295:676–80. doi: 10.1001/jama.295.6.676

 22. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients with pneumonia in China, 2019. N Engl J Med. (2020) 382:727–33. doi: 10.1056/NEJMoa2001017

 23. Gupta A, Madhavan M, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al. Extrapulmonary manifestations of COVID-19. Nat Med. (2020) 26:1017–32. doi: 10.1038/s41591-020-0968-3

 24. Madjid M, Safavi-Naeini P, Solomon S, Vardeny O. Potential effects of coronaviruses on the cardiovascular system: a review. JAMA Cardiol. (2020) 5:831–40. doi: 10.1001/jamacardio.2020.1286

 25. Liu P, Blet A, Smyth D, Li H. The science underlying COVID-19: implications for the cardiovascular system. Circulation. (2020) 142:68–78. doi: 10.1161/CIRCULATIONAHA.120.047549

 26. Cipriani A, Capone F, Donato F, Molinari L, Ceccato D, Saller A, et al. Cardiac injury and mortality in patients with coronavirus disease 2019 (COVID-19): insights from a mediation analysis. Int Emerg Med. (2021) 16:419–27. doi: 10.1007/s11739-020-02495-w

 27. Metkus T, Sokoll L, Barth A, Czarny M, Hays AG, Lowenstein CJ, et al. Myocardial injury in severe COVID-19 compared to non-COVID acute respiratory distress syndrome. Circulation. (2020) 143:553–65. doi: 10.1161/CIRCULATIONAHA.120.050543

 28. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of cardiac injury with mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. (2020) 5:802–10. doi: 10.1001/jamacardio.2020.0950

 29. Zhao XY, Xu XX, Yin HS, Hu QM, Xiong T, Tang Y-Y, et al. Clinical characteristics of patients with 2019 coronavirus disease in a non-Wuhan area of Hubei Province, China: a retrospective study. BMC Infect Dis. (2020) 20:311. doi: 10.1186/s12879-020-05010-w

 30. Huang R, Zhu L, Xue L, Liu L, Yan X, Wang J, et al. Clinical findings of patients with coronavirus disease 2019 in Jiangsu province, China: a retrospective, multi-center study. PLoS Negl Trop Dis. (2020) 14:e0008280. doi: 10.1371/journal.pntd.0008280

 31. Singh N, Anchan RK, Besser SA, Belkin MN, Cruz MD, Lee L, et al. High sensitivity troponin-T for prediction of adverse events in patients with COVID-19. Biomarkers. (2020) 25:626–33. doi: 10.1080/1354750X.2020.1829056

 32. He F, Quan Y, Lei M, Liu R, Qin S, Zeng J, et al. Clinical features and risk factors for ICU admission in COVID-19 patients with cardiovascular diseases. Aging Dis. (2020) 11:763–9. doi: 10.14336/AD.2020.0622

 33. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study. BMJ. (2020) 368:m1091. doi: 10.1136/bmj.m1091

 34. Collman J, Boulatov R, Sunderland C, Fu L. Functional analogues of cytochrome c oxidase, myoglobin, and hemoglobin. Chem Rev. (2004) 104:561–88. doi: 10.1021/cr0206059

 35. Collinson P, Stubbs P, Kessler A. Multicentre evaluation of the diagnostic value of cardiac troponin T, CK-MB mass, and myoglobin for assessing patients with suspected acute coronary syndromes in routine clinical practice. Heart. (2003) 89:280–6. doi: 10.1136/heart.89.3.280

 36. Ali A, Kunugi H. Skeletal muscle damage in COVID-19: a call for action. Med. (2021) 57:372. doi: 10.3390/medicina57040372

 37. de Andrade-Junior M, de Salles I, de Brito C, Pastore-Junior L, Righetti RF, Yamaguti WP. Skeletal muscle wasting and function impairment in intensive care patients with severe COVID-19. Front Physiol. (2021) 12:640973. doi: 10.3389/fphys.2021.640973

 38. Hendgen-Cotta U, Kelm M, Rassaf T. Myoglobin functions in the heart. Free Radic Biol Med. (2014) 73:252–9. doi: 10.1016/j.freeradbiomed.2014.05.005

 39. Wang X, Kim H, Szuchman-Sapir A, McMahon A, Dennis JM, Witting PK. Neutrophils recruited to the myocardium after acute experimental myocardial infarct generate hypochlorous acid that oxidizes cardiac myoglobin. Archiv Biochem Biophys. (2016) 612:103–14. doi: 10.1016/j.abb.2016.10.013

 40. Cao X. COVID-19: immunopathology and its implications for therapy. Nat Rev Immunol. (2020) 20:269–70. doi: 10.1038/s41577-020-0308-3

 41. Mathew D, Giles J, Baxter A, Oldridge D, Greenplate AR, Wu JE, et al. Deep immune profiling of COVID-19 patients reveals distinct immunotypes with therapeutic implications. Science. (2020) 369:eabc8511. doi: 10.1126/science.abc8511

 42. Alqahtani J, Oyelade T, Aldhahir A, Alghamdi SM, Almehmadi M, Alqahtani AS, et al. Prevalence, severity and mortality associated with COPD and smoking in patients with COVID-19: a rapid systematic review and meta-analysis. PLoS ONE. (2020) 15:e0233147. doi: 10.1371/journal.pone.0233147

 43. Bajgain K, Badal S, Bajgain B, Santana M. Prevalence of comorbidities among individuals with COVID-19: a rapid review of current literature. Am J Infect Control. (2021) 49:238–46. doi: 10.1016/j.ajic.2020.06.213

 44. Oyelade T, Alqahtani J, Canciani G. Prognosis of COVID-19 in patients with liver and kidney diseases: an early systematic review and meta-analysis. Trop Med Infect Dis. (2020) 5:80. doi: 10.3390/tropicalmed5020080

 45. Pawlotsky J. COVID-19 and the liver-related deaths to come. Nat Rev Gastroenterol Hepatol. (2020) 17:523–5. doi: 10.1038/s41575-020-0328-2

 46. Chung H, He S, Nasreen S, Sundaram ME, Buchan SA, Wilson SE, et al. Effectiveness of BNT162b2 and mRNA-1273 covid-19 vaccines against symptomatic SARS-CoV-2 infection and severe covid-19 outcomes in Ontario, Canada: test negative design study. BMJ. (2021) 374:n1943. doi: 10.1136/bmj.n1943

 47. Cornberg M, Buti M, Eberhardt C, Grossi PA, Shouval D. EASL position paper on the use of COVID-19 vaccines in patients with chronic liver diseases, hepatobiliary cancer and liver transplant recipients. J Hepatol. (2021) 74:944–951. doi: 10.1016/j.jhep.2021.01.032

 48. Chen Y, Klein S, Garibaldi B, Li H, Wu C, Osevala NM, et al. Aging in COVID-19: vulnerability, immunity and intervention. Ageing Res Rev. (2021) 65:101205. doi: 10.1016/j.arr.2020.101205

 49. Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bellani G, et al. Risk factors associated with mortality among patients with COVID-19 in intensive care units in Lombardy, Italy. JAMA Int Med. (2020) 180:1345–55. doi: 10.1001/jamainternmed.2020.3539

 50. Bellou V, Tzoulaki I, van Smeden M, Moons K, Evangelou E, Belbasis L. Prognostic factors for adverse outcomes in patients with COVID-19: a field-wide systematic review and meta-analysis. Eur Respir J. (2021). doi: 10.1101/2020.05.13.20100495. [Epub ahead of print].

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Ma, Tu, Gu, Xu, Hou, Wu, Guo, Bai, Zhao and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-757799-g005.gif
bk

e
BT s

s o e

o oo
[t






OPS/images/fcvm-08-757799-t001.jpg
Authors No. Cardiovascular condition Mb cTnl Outcome

Arcari L et al. 1 GAD, 12 (11.0); HF, 8 (7.0) NA Average level of cTn, 17 Death
(6-47) py/mL; cut-off value,
14 pg/ml; elevated patients,

39/108 (37.9%)
Bardaji’ A et al. 186 ‘CAD, 20 (10.8); HF, 14 (7.5) NA Elevated patients, 41 Death, admission to
(22.0%) 1cu
Bhatla A et al. 700 CAD, 76 (11.0); HF, 88 NA Cut-off value, 0.01 ng/mL; NA
(18.0); BNP, 2,940 (7,962) clevated patients, 82/373
pg/mL (22.0%)
CaiQetal. 208 CAD, 25 (8.4); HF. 7 (2.3) Average level of Mb, 37.1 NA Death, discharge
(20.2-51.5) pg/L; elevated
patients, 10/260 (3.8%)
Calvo-Feréndez A 872 CAD, 59 (6.83); HF, 41 NA Cut-off value, 14.0 ng/L; Death, admission to
etal. @.73) elevated patients, 226/651 ICU, mechanical
(34.6%) ventilation
CaoJetal. 102 CAD, 5 (4.9); BNP, 12.2 NA Average level of cTrl, 8.0 Discharge, death
(0-63.1) pg/mL; NT-pro (3.0-85.7) pg/mL; cut-off
BNP, 417 (132-1,800) value, 0.026 ng/ml
pg/mL elevated patients, 15/55
(7.3%)
CaoJetal. 244 NA Average level of Mb in Cut-off value, 0.04 ng/mL; Severe COVID-19,
severe patients, 39.35 elevated patients, 27/244 death, mechanic
(29.21-74.19) pg/L; (11.1%) ventilation
Cut-off value, 110 pg/L
CaoMetal. 198 CAD, 12 (6.0) Average level of Mb, 5.9 Average level of cTrl, 0,02 Severe COVID-19
(2.8-16.7) pg/L; out-off (0.01-0.04) ng/mi; cut-off
value, 48.8 pg/L; elevated value, 0.04 ng/mL; elevated
patients, 33/194 (17.0%) patients, 22/194 (11.3%)
Chen N et al. 99 CAD, 40 (40.0) Average level of Mb, 49.5 NA Discharge, death

(32.2-99.8) pg/L; cut-off
value, 146.9 ug/L; elevated
patients, 15 (15.2%)
Chorin Eetal. 204 CAD, 25 (12.0); HF, 7 (3.0) NA Average level of cTni, 0.02 Death
(0.01-0.04) ng/MI; cut-off
value, 0.05 ng/mL;
elevated patients, 84

@1.2%)
Cipriani A et al. 109 CAD, 18 (17.0); HF, 16 NA Average level of cTnl, 18.0 Death, admission to
(16.0%); BNP, 90 (22-262) (7.0-96.0) ng/L; cut-off 1CU, discharge
pg/mi value, 32 ng/L for males, 16

ng/L for females; elevated
patients, 46 (42.2%)

Deng Qetal. 112 CAD, 15 (13.4); HF, 6 (5.4); NA Average level of cTl, 0.01 Severe COVID-19,
NT-pro BNP, 430.1 (0.00-0.14) ng/ml; cut-off death
(100.6-2859.3) ng/L. value, 0.04 ng/mL; elevated
patients, 42 (37.5%)
Ethadi M et al. 1207 CAD,25(2.1) NA Cut-off value, 26 pg/mL; Death, admission to
elevated patients, 90/292 Icu
(80.8%)
Feng Y etal. 476 CAD, 38 (8.0); BNP, 40.85 Average level of Mb, 18.85 Elevated patients, 86/384 Death, discharge,
(21.64-79.37) pg/mi (4.8-51.48) pg/L (22.4%) severe COVID-19
Ferguson J et al. 72 NA NA Cut-off value, 0.055ng/mL;  Death, mechanical
elevated patients, 2/45 ventilation, admission
(4.4%) tolcu
Ferrante G et al. 332 CAD, 49 (14.5); BNP, 725 NA Average level of cTrl, 11.4 Death, admission to
(84.5-198.0) pg/mL. (4.7-87.3) mg/L; cut-off 1cU

value, 0.02 ng/L; clevated
patients, 123 (37.0%)

Franks C et al. 182 NA NA Cut-off value, 0.03 ng/mL; Death
elevated patients, 80/143
(65.9%)
Garcia de 1280 CAD,328(25.6) NA Elevated patients, 344 Death, admission to
Guadiana-Romualdo L (26.9%) 1cu
etal.
Garibaldi BT et al. 832 CAD, 266 (32.0); HF, 127 NA Elevated patients, 194/682 Death, severe
(15.0); NT-pro BNP 214 (28.4%) covip-19
(45-960) p/mL.
Guo Tetal. 187 CAD, 21 (11.2); NT-proBNP,  Average level of Mb, 38.5 Elevated patients, 52 Death
268.4(75.3-689.1) pg/mL (21.0-78.0) pg/L (27.8%)
Han H et al. 273 NA Cut-off value, 110 pg/L; Cut-off value, 0.04 ng/mL; Death, severe
elevated patients, 29/273 elevated patients, 27/273 covip-19
(10.6%) (9.9%)
Harmouch F et al 560 Vascular disease, 36 (6.4); NA Cut-off value, 0.05 ng/mL; Death, mechanical
HF, 54 (9.6) elevated patients, 97/482 ventilation, admission
(20.1%) toIcu
He Fetal. 283 CAD, 85 (29.5); BNP, 35 Elevated patients, 8/276 Cut-off value, 0.03 ng/ml; Death, admission to
(18-117.5) pg/mL. (2.9%) elevated patients, 22/190 Icu
(11.6%);
He X etal. 1,031 CAD, 83 (8.1); NT-pro BNP NA Average level of T, 5.3 Death
124 (43-874) pg/mL (2.5-14.0) pg/Mi; elevated
patients, 215 (20.9%)
HuLetal. 323 CAD, 41 (12.7) NA Cut-off value, 0.04 pg/mL; Death, severe
elevated patients, 68 COVID-19, mechanical
@1.1%) ventilation
Huang C et al. 1 CAD, 6 (15.0) NA Average level of T, 8.4 Death, severe
(1.1-9.1) pg/mL; cut-off COVID-19, discharge

value, 0,028 ng/ml
elevated patients, 5/41

(12.2%)
Huang J et al. 98 CAD, 6 (6.0); BNP 119 NA Cut-off value, 0.0220ng/Mi;  Death, discharge,
(64-392) pg/mL. clevated patients, 7 (7.1%) severe COVID-19

Huang R et al. 202 CAD, 5 (2.5) NA Elevated patients, 2/103 Admission to ICU,
(1.9%) mechanical ventilation,

severe COVID-19

Karbalai Saleh S et al. 386 CAD, 97 (25.1) NA Cut-off value, 26 ng/L for Death, admission to
males, 11 ng/L for females; Icu
elevated patients, 115
(29.8%)

LalaAetal. 2736 CAD, 453 (16.6); HF, 276 NA Cut-off value, 0.03ng/mL; Death

(10.1) OR for in-hospital mortality,
1.75 (1.37-2.24);
elevated patients, 985
(86.0%)
Licetal. 2068 CAD,182(88) HF, 14(0.7;  Average level of Mb, 40.7 Average level of cTrl, 4.2 Death, severe
NT-pro BNP 108 (36-370) (28.4-73.8) pg/L; elevated (1.9-11.0) p/m_; elevated coviD-19
pg/mL. patients, 174/1,554 (11.2%) patients, 181 (8.8%)

LiXetal. 548 CAD, 34 (6.2) NA Cut-off value, 15.6 pg/mL; Discharge, death,
elevated patients, 119 severe COVID-19
@1.7%)

Maeda T et al. 181 CAD, 36 (19.9); HF, 24/180 NA Elevated patients, 54 Death

(13.3) (29.8%)
Majure D et al. 6247 CAD, 833 (13.0); HF, 529 NA Cut-off value, 0.045ng/mL;  Death, admission to
©0 clevated patients, 1,821 1CU, mechanical
(29.1%) ventilation
Manocha KK et . 446 CAD, 94 (21.1); HF, 38 (85  NA Average level of cTnl, 0.05 Death, admission to
BNP 84 (25-300) pg/mL (0-0.34) ng/MI; 1cu
cut-off value, 0.34 ng/mL;
elevated patients, 112
(25.1%)

Merugu GP et al. 217 NA NA Elevated patients, 34/201 Death
(16.9%)

Mikami T et al. 6493 NA NA Average level of T, 0.03 Death
(0.02-0.10) ng/dli; cut-off
value, 0.03 ng/dL; elevated
patients, 1,312/2,526
(61.9%)

Ozyilmaz S et al. 105 CAD, 14 (21.1) NA Average level of cTrl, 2.6 Death
(0-1774.5) pg/mL?; cut-off
value, 7.8ng/mL;
elevated patients, 21
(20.0%)

Palaiodimos L et al. 200 CAD, 83 (16.5); HF, 34 NA Cut-off value, 0.01 ng/mL; Mortality, intubation, Oy

(17.0) elevated patients, 56 requirement, ARDS,
(28.0%) 1CU, AKI, RRT, length
of stay

Peiro OM et al. 196 CAD, 19(9.7); HF, 14 (7.1) NA Average level of cTnl, 14 Death, admission to
(4-37) ng/L; ICU, mechanical
cut-off value, 21 ng/L; ventilation
elevated patients, 77
(89.3%)

Price-Haywood E et al. 3,481 CAD, 139 (4.0); HF, 128 NA Cut-off value, 0.06 ng/mL; Death, admission to

@7 elevated patients, Icu
270/1,084 (24.9%)
QinJetal. 3219 CAD,206(6.4) Elevated patients, Elevated patients, 95/1,462  Death
228/1,895 (12.0%); HR for (6.5%); HR for in-hospital
in-hospital mortality, 6.84 mortality, 9.5 (6.36-14.47);
(4.95-9.45) AUC for AUC for in-hospital
mortality, 0.83 (0.80-0.86) mortality, 0.78 (0.73-0.84)
Richardson S et al. 5700 CAD, 596 (11.1); HF, 371 NA Elevated patients, Admission to ICU,
(69 BNP, 385.5 801/3,533 (22.7%) mechanical ventiation,
(160-1996.8), n = 1,818 Kidney replacement
therapy, Death

Schiavone M et al. 674 HF, 111 (16.5) NA Average level of cTl, 18 Death, admission to
(8-40) ng/L; elevated 10U, mechanical
patients, 130 (19.3%) ventilation

Shah Petal. 309 CAD,28(Q.1); HF.65(21.0)  NA Elevated patients, 116 Death, admission to
(87.5%) 1CU, mechanical

ventilation

Shen Y etal. 325 NA Cut-off value, 48.8 pg/L; Cut-off value, 0.04 ng/mL; Death, discharge

elevated patients, 28/325 elevated patients, 80/325
©.6%) (24.6%)
Singh Nt al. 276 Vascular disease, 49 (17.8);  NA Cut-off value, 0.017ng/mL;  Death
HF, 66 (20.3) elevated patients, 132/276
(47.89%) OR for in-hospital
mortality, 4.43 (1.61-12.19)
Stefanini G et al. 397 Prior M, 33/395 (8.4); HF, NA Average level of cTnl, max Death, admission to
18/395 (4.6); BNP, 67 108 (4.3-39.5) ng/L, 1CU, discharge
(80-191) pg/mL. baseline 7.8 (4.5-25.6)
ng/L; elevated patients, 130
(82.7%)
Suleyman G et al. 463 CAD, 59 (12.7); HF, 49 NA Elevated patients, 107 Death, admission to
(10.6) (23.1%) Icu
Tanboga IH et al. 14,855 CAD, 2,341 (15.3); HF, 776 NA Average level of cTnl, Death, admission to
6.1) 0.08 (0.00-0.28) ng/mL; 10U, mechanical
elevated patients, 1,027 ventilation
(6.9%)
Tomasoni D et al. 692 CAD, 148 (21.4); HF, 90 NA Elevated patients, 272/605 Death
(18.0; NT-pro BNP 303 (45.0%)
(96-1,201) pg/mL.

Wang D et al. 138 CAD, 20 (14.5) NA Average level of cTnl, 6.4 Admission to ICU
(2.8-18.5) pg/mL; cut-off
value, 0.0262ng/mL;

Elevated patients, 10 (7.2%)
Wang Zetal. 293 CAD, 21 (7.2) Average level of Mb, Average level of cTnl, 0.007 Death
57.6 (308-116.4) pg/L; (0.006-0.046) ng/mL;
cut-off value, 110 pg/L; cut-off value, 0.0796 ng/mL;
elevated patients, 58/213 elevated patients, 36/216
(27.2%) (16.7%)
Wei J etal. 101 CAD, 5 (5.0); NT-pro BNP, NA Average level of cTnl, 6.8 Death, severe case,
71.2 (31.6-237.5) pg/mL (4.3-10.1) pg/mL; cut-off admission to ICU,
value, 0.014 ng/mL; mechanical ventilation
elevated patients, 16
(15.8%)
WuYetal. 125 CAD, 11 (8.8); BNP, 65.0 Average level of Mb, 35.0 Average level of cTnl, 3.9 Long-term
(23.0-178.0) pg/mL (27.7-75.65) pg/L; cut-off (1.9-10.3) pg/ml; cut-off hospitalization
value, 1549 pg/L; clevated  value, 0.0842ng/mL;
patients, 14 (11.2%) elevated patients, 10 (8.0%)
XuPetal. 703 CAD, 35 (5.0) Elevated patients, 33/181 NA Death, admission to
(18.2%) 10U, mechanical
ventilation

Zeng Jetal. 416 CAD, 13(3.1); HF, 5/57 (88)  Cut-off value, 100 pg/L; Cut-off value, 0.026ng/mL;  Death, discharge

elevated patients, 30/174 elevated patients, 29/345
(17.2%) 8.4%)

Zhang G etal, 221 CAD, 22 (10.0) NA Average level of cTrl, 7.6 Discharge, death,
(8.6-21.5) pg/m; cut-off severe COVID-19
value, 0.0262ng/mL;
elevated patients, 17 (7.7%)

Zhang Qetal, 4 CAD, 1 (2.4) Average level of Mb, Average level of cTl; 1.5 Severe COVID-19

26,0 (19.7-118.6) pg/L; (0.8-6.0) ng/mL; elevated
elevated patients, 11 patients, 41 (100%)
(26.8%)
Zhang Y et al, 166 CAD, 80 (18.1); NT-proBNP, Average level of Mb, 54.8 Average level of cTnl, 6.0 Discharge, death
179.0 (67.0-457.0) pg/mL. (33.8-127.2) g/L; cut-off (2:2-10.7) pg/m; cut-off
value, 106 pg/L; elevated value, 0.0156 ng/mL;
patients, 28/166 (16.9%) elevated patients, 17 /166
(10.2%)
Zhao Metal. 1,000 CAD,60(6.0) Average level of Mb, 44.54 Average level of cTnl, 0006 Death, discharge
(28.5-85.05) wg/L; cut-off (0.006-0.018) ng/mL;
value, 110 pg/L; elevated cut-off value, 0.0796 ng/mL;
patients, 132/754 (17.5%) elevated patients, 66/758
8.7%)

Zhao Xet al. 91 HF, 14 (15.4) NA Cut-off value, 0.01 ng/mL; Death, discharge
elevated patients, 3/88
(8.4%)

Zhou F et al. 191 CAD, 16 (8.0); HF, 44 (23.0) NA Average level of cTnl, 4.1 Death, admission to
(2.0-14.1) ng/mL; cut-off (<Y}

value, 28ng/mL; elevated
patients, 24/145 (16.6%)

No., confirmed number of patients with coronavirus disease 2019(COVID-19); Mb, myoglobin; cTn, cardiac troponin I; CAD, coronary artery disease; HF, heart failure; BNP, B-type
natriuretic peptide; NT-proBNP, N-terminal pro-B type natriuretic peptide; ICU, intensive-care unit; NA, data not available. *Median (range).
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