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Abstract
BACKGROUND
The increase in circulating Troponin-I in the blood of patients suffering coronavirus disease 2019 (COVID-19) can be a strong prognostic factor for predicting disease poorer outcome. 

AIM
To review the literatures to approve this claim systematically.

METHODS
Two blinded reviewers independently screened the titles and abstracts of the manuscripts using the keywords and deeply searching the databanks including PubMed, SCOPUS, Google Scholar, and Web of knowledge, followed by profoundly appraisement of the full texts to assess the inclusion appropriateness.

RESULTS
The manuscripts entered into our final assessment were categorized as the two groups including 10 manuscripts describing and comparing death and disease-related complications between the subgroups of patients with raised serum troponin level and those with normal ranges of this biomarker and 7 manuscripts comparing the mean level of serum troponin concentration across the survived and non-survived groups. Comparing outcome of COVID-19 disease in the groups with raised troponin level and normal level of this markers showed increased the likelihood of death [hazard ratio (HR) = 4.967, P < 0.001], acute respiratory distress syndrome (HR = 5.914, P < 0.001), acute kidney injury (HR = 3.849, P < 0.001), and intensive care unit (ICU) admission (HR = 3.780, P < 0.001) following raise of troponin. The pooled analysis showed significantly higher concentration of this marker in the survived group compared to non-survived group (weighted mean differences of 22.278, 95%CI: 15.647 to 28.927, P < 0.001).

CONCLUSION
Raising troponin-I on admission can be linked to the increase risk for in-hospital death, acute respiratory distress syndrome, kidney injury, and ICU admission by 4.9, 5.9, 3.8, and 3.7 times as compared to those with initial normal troponin-I concentration. Thus, raising baseline value of troponin-I can be used as a prognostic factor for poor outcome of COVID-19. 
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Core Tip: We systematically reviewed the literatures to assess this claim that an increase in troponin-I levels could be a prognostic factor in predicting disease severity and mortality in patients with coronavirus disease 2019. According to our findings, regardless of the history of myocardial injuries or the presence of cardiovascular risk profile, the value of troponin I should be accurately assessed on admission. Raising troponin-I on admission can be linked to the increase risk for in-hospital death, acute respiratory distress syndrome, kidney injury, and intensive care unit admission by 4.9, 5.9, 3.8, and 3.7 times as compared to those with initial normal troponin I concentration.

INTRODUCTION
The new coronavirus known as coronavirus disease 2019 (COVID-19) has so far (15 February 15) infected more than 108 million people, leading to more than 2 million deaths. About 15 to 20 percent of patients experience a severe illness resulting in 2 to 3 percent mortality. The disease presents with acute respiratory syndrome with fever, dry cough, dyspnea and myalgia[1-4]. To date, there is no confirmed treatment for this disease. Therefore, accurate and early diagnosis and determination of its severity can prevent its further progression.
Along with acute respiratory failure as a prominent and debilitating manifestation of COVID-19, multidimensional organ defects have been also detected in the affected patients certainly resulting from the virus triggering role on pro-inflammatory cytokines activation and secretion, as well as coagulation abnormalities[5,6]. A complex of such events can predispose the patients to cardiovascular ischemic and thromboembolic events[7,8]. Some clinical data have supported the strong link of COVID-19 infection to cardiac and cerebrovascular ischemic events leading to high mortality and disabilities[9]. This infection is now suggested to promote myocardial injuries leading to cardiac arrhythmias, myocardial hypertrophy, acute coronary syndrome and even acute heart failure. We obvious a bidirectional interaction between the cardiovascular system and infection to COVID-19, however, the exact mechanisms responsible for such cardiovascular defects remains elusive. Some molecular-based studies emphasize the central role of pro-inflammatory cascades such as the activation of interleukin-6, interleukin-1beta, and tumor necrosis factor-α as the main flaring factors for such events[10]. Also, the presence of some specific receptors for the virus such as ACE2 as a gateway for the virus to enter tissues such as the myocardium seems necessary for the mentioned injuries[9]. There is also strong evidence on a close association between the effects of the virus and underlying cardiovascular risk factors such as hypertension and diabetes so that the presence of any of these risk factors increases the risk of ischemic events many times over. The body of evidence highlights the high risk of ischemic heart disease such as myocardial infarction in patients with COVID-19[11,12].
Therefore, one of the relatively prevalent adversity in patients with COVID-19, particularly in the elderly and patients with prior predisposing factors like hypertension or diabetes mellitus is cardiovascular lesions in the form of ischemic heart attacks, arrhythmias, and vascular disorders. In this regard, considering that the increase in the level of cardiac biomarkers such as troponin-I as a marker of myocardial damage has been fully proven[13], it seems that in COVID-19 patients with myocardial and arrhythmic lesions, we see an increase in this marker. The increase in circulating troponin-I in the blood of patients may be also a prognostic factor for predicting the severity of the disease and its mortality[14]. In this study, we systematically reviewed the literature to assess this claim that an increase in troponin-I levels could be a prognostic factor in predicting disease severity and mortality in patients with COVID-19.

MATERIALS AND METHODS
For performing the present systematic review and meta-analysis, the full guideline of the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses” was followed[15]. In the first step and after explaining the study’s main question and specific goals, all prospective and retrospective comparative studies that evaluated the link between the serum level of troponin-I and two COVID-19 related parameters including disease severity and mortality were considered to be eligible for primary assessment. In this regard, deeply searching the manuscript databanks including PubMed, SCOPUS, Google Scholar, and Web of knowledge was planned from inception to October 2020; The main keywords were: ‘covid-19’ OR ‘sars-cov-2’ OR ‘2019-ncov’ AND ‘troponin’ AND ‘mortality’ OR ‘death’. In the searches, the review papers, case presentations, letter to editors, and abstracts without full text access were all excluded. Non-English studies were excluded from the meta-analysis. Also, in cases of lack of access to the full text of the articles, correspondence was made with the author in charge of the articles to obtain the full article, and in case of lack of access to the original article; it was removed from the study. The manuscript reviewing was done by two blinded reviewers, screening the titles and abstracts followed by profound appraisement of the full texts independently to assess the inclusion appropriateness. The presence of any disagreement between them was judged and checked again by another reviewer as the last arbiter. The eligibility and reasons for not including the papers are schematically presented in Figure 1. The bias hazard was blindly assessed by two authors using the Cochrane risk of bias tool, afore finalizing the meta-analysis. The level of bias was qualitatively classified into high, uncertain, or low bias[16]. Accordingly, the following domains are typically used to specify the level of bias: How to select the participants (selection bias), how to perform the measurement of troponin-I along the management of disease-related outcomes including disease severity and in-hospital death, and how to manage confounders and missing data. The permanent effects or random-effects (in case of significant heterogeneity across the data) models were used to obtained pooled relative risk (with 95% confidence interval and corresponding P-values) for disease severity and death due to troponin-I raising as well as to obtained pooled dichotomous data using the mean difference (MD) for the level of troponin-I. The incongruity between the studies was evaluated by determining I2 values. A sensitivity analysis was also performed, in which observational studies at critical risk of bias were excluded from the analysis. Publication bias was also appraised by the rank correlation test and also affirmed by the funnel plot analysis. Reported values were two-tailed, and hypothesis testing results were assumed statistically significant at P = 0.05. We used the Comprehensive Meta-Analysis Software (CMA, version 3.0) for statistical analysis.

RESULTS
The study selection process is shown in Figure 1. On the field, 216 articles were prepared by the database searching at the beginning. We removed 137 articles as they were duplicated or unrelated to the subject of the systematic review. At first, 79 articles were initially under-screened. Fifty-nine articles were excluded based on the titles and abstracts. The extant 20 articles were specified for subsequent eligibility. We also excluded 3 more articles because the data and contents were not completed. Eventually, 17 articles were qualified for the final analysis[17-32]. Table 1 describes the baseline characteristics of the included studies. Evaluation of the publication and systematic bias demonstrated that approximately all articles were supposed as low risk or with unclear biases; hence, the obtained results could be considered valid and none of the articles was supposed to have a high risk of bias (Figure 2). 
The manuscripts entered into our final assessment were categorized as the two groups including 10 manuscripts describing and comparing death and disease-related complications between the subgroups of patients with raised serum troponin level and those with normal ranges of this biomarker[17-26] and 7 manuscripts comparing the mean level of serum troponin concentration across the survived and non-survived groups[18-33]. The main point concerning the present meta-analysis was to first present the value of troponin with different laboratory units that of course could be matched through unit conversion. However, the different techniques employed for troponin value assessment, the type of study as prospective or retrospective, the different cutoff values considered for defining troponin abnormal raise as well as the time considering for patients’ follow-up might lead to high heterogeneity across the two groups that were measured in our meta-analysis.
Overall, 10 studies assessed the early mortality and morbidity in the groups with and without raised serum troponin level (Table 1). In this regard, the outcome of COVID-19 was compared between the group with a normal troponin range (n = 4566) and the group with raised troponin level (n = 1846). The average age of participants in the two groups was 59.8 years and 71.2 years respectively. First, the overall rate of raising serum troponin level was estimated to be 32.2% (95%CI: 25.0% to 40.5%) in COVID-19 patients admitted to the hospitals. Comparing the outcome of COVID-19 disease in the groups with raised troponin level and normal level of this marker (Table 2) showed an increased likelihood of death [hazard ratio (HR) = 4.967, 95%CI: 2.883 to 8.557, P < 0.001], acute respiratory distress syndrome (ARDS) (HR = 5.914, 95%CI: 3.027 to 11.555, P < 0.001), acute kidney injury (HR = 3.849, 95%CI: 3.112 to 4.760, P < 0.001), and also intensive care unit (ICU) admission (HR = 3.780, 95%CI: 2.405 to 5.943, P < 0.001) following raise of troponin and thus the abnormal value of troponin on admission could effectively predict poor outcome in COVID-19 patients (Figure 3). The heterogeneity across the studies in the assessment of disease outcome was relevant with the I2 values ranged 74.877 to 91.317.
In the second assessment concerning the difference in the value of troponin-I between survived and non-survived patients suffering COVID-19 (Table 3), The pooled analysis showed significantly higher concentration of troponin-I in the survived group compared to non-survived group (weighted MD of 22.278, 95%CI: 15.647 to 28.927, P < 0.001). The statistical heterogeneity was significant with an I2 of 99.123. We showed a significant publication bias as evidenced by either funnel plot asymmetry or the Egger test for all comparative analyses.

DISCUSSION
High-sensitive troponin-I has been well known as a strong and even specific cardiac biomarker for diagnosing ischemic cardiac injury as well as predicting its poorer outcome. The observations among critically ill patients who are suffering from COVID-19 especially those who require intensive care also suggested higher levels of this marker on admission as well as within hospitalization. In this regard, recent studies have focused this point that by initially measuring troponin-I in patients hospitalized due to definitive diagnosis of COVID-19, predicting outcomes of disease especially occurring in-hospital death and disease severity may be certainly possible. As shown in our systematic review, assessing the baseline level of troponin-I not only can strongly predict death in COVID-19 patients, but also it can be used as a valuable factor to predict disease sequels including ARDS, kidney injury, and requiring ICU admission. Due to this fact, the appearance of each of these complications are indicators for disease severity (particularly ICU admission). Therefore, raising in troponin-I is a valuable indicator for disease severity. Overall, as well indicated in our meta-analysis, raising troponin-I on admission can be linked to the increased risk for in-hospital death, ARDS, kidney injury, and ICU admission by 4.9, 5.9, 3.8, and 3.7 times as compared to those with initial normal troponin-I concentration. It should be noted that the use of this parameter along with other known predictive parameters can be more valuable to predict non-survived patients or those with disease-related adverse events. Despite demonstrating the value of troponin-I as a strong predictor for COVID-19 poorer outcomes, our results exposed to a high heterogeneity across the findings. Such heterogeneity can be explained by first the difference insignificant divergent in the cutoff points defined for troponin-I raising, also by the difference in the baseline characteristics of study populations especially with respect to the presence of cardiovascular risk profiles, the sample size of the studies, the time for patients’ following–up, as well as the techniques for measuring troponin-I concentration. However, despite such heterogeneities across the studies, this marker should also be considered as an important and strong predictor of disease consequences. In a meta-analysis by Lippi et al[33] demonstrated a significant association between COVID-19 severity and elevated troponin-I level, despite their high heterogeneity.
Regarding the association between the raise of troponin-I and COVID-19 outcome, some probable mechanisms have been delivered. Firstly, it has been revealed that the patients with raised troponin-I level had higher rates of cardiovascular risk factors that are now shown to be closely linked to the increased risk for death and severity of COVID-19[19]. Also, any severe respiratory viral infections especially when lead to sepsis are also associated with increasing the level of troponin-I. Recently, a quadrilateral mediator loop is revealed describing the association between raising troponin levels and disease outcome[34,35]. These four loops include: (1) Secretion of pro-inflammatory cytokines that raised favored by ACE2 receptor suppression and induced oxidative stress and endothelial dysfunction; (2) Microangiopathy and prothrombotic states usually stimulated by both oxidative stress and endothelial dysfunction; (3) Myocardial infarction induced directly by viral invasion or by inflammatory cascades activation; and (4) Myocarditis by inflammatory reactions[36]. 

CONCLUSION
In conclusion, according to our findings, regardless of the history of myocardial injuries or the presence of cardiovascular risk profile, the value of troponin-I should be accurately assessed on admission because of its high predicting value for COVID-19 related mortality and morbidity.

ARTICLE HIGHLIGHTS
Research background
Troponin-I on admission has a high predicting value for coronavirus disease 2019 (COVID-19) related mortality. Troponin-I on admission has a high predicting value for COVID-19 related morbidity. Troponin-I can strongly predict disease sequels including acute respiratory distress syndrome (ARDS), kidney injury, and Intensive care units (ICU) admission requirement. 

Research motivation
Accurate and early diagnosis and determination of COVID-19 severity can prevent its further progression. The increase in circulating troponin-I in the blood of patients suffering COVID-19 can be a strong prognostic factor for predicting disease poorer outcome. We systematically reviewed the literatures to approve this claim.

Research objectives
The increase in circulating troponin-I in the blood of patients suffering COVID-19 can be a strong prognostic factor for predicting disease poorer outcome.

Research methods
Deeply searching the manuscript databanks was planned. All studies that evaluated the link between the serum level of troponin-I and two COVID-19 related parameters including disease severity and mortality were considered to be eligible for primary assessment. The review papers, case presentations, letter to editors, non-English studies, and abstracts without full text access were all excluded. The manuscript reviewing was done by two blinded reviewers, screening the titles and abstracts followed by profound appraisement of the full texts independently to assess the inclusion appropriateness. The presence of any disagreement between them was judged and checked again by another reviewer as the last arbiter.

Research results
Comparing outcome of COVID-19 disease in the groups with raised troponin level and normal level of this markers showed increased the likelihood of death [hazard ratio (HR) = 4.967, P < 0.001], acute respiratory distress syndrome (HR = 5.914, P < 0.001), acute kidney injury (HR = 3.849, P < 0.001), and ICU admission (HR = 3.780, P < 0.001) following raise of troponin. The pooled analysis showed significantly higher concentration of this marker in the survived group compared to non-survived group (weighted mean differences of 22.278, 95%CI: 15.647 to 28.927, P < 0.001).

Research conclusions
In conclusion, according to our findings, regardless of the history of myocardial injuries or the presence of cardiovascular risk profile, the value of troponin-I should be accurately assessed on admission because of its high predicting value for COVID-19 related mortality and morbidity.

Research perspectives
The value of troponin-I should be accurately assessed on admission because of its high predicting value for COVID-19 related mortality and morbidity.
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Figure Legends
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Figure 1 The flowchart of screening the eligible studies.
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Figure 2 The Assessment of the risk of bias.
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Figure 3 The hazard ratio in coronavirus disease 2019 related death. A: Acute respiratory distress syndrome; B: Acute kidney injury; C: ICU admission; D: In the group with raised troponin as compared to group with normal level of this marker in pooled assessment of the studies.

Table 1 The baseline details of studies included in our meta-analysis considering the groups with raised and normal values of troponin I
	Ref.
	Country 
	Population 
	Mean age
	Male/female
	Cutoff for TnI raising

	Arcari et al[17]
	Italy 
	Normal TnI: 39
	66 ± 17
	28/11
	14 pg/mL

	
	
	Raised TnI: 64
	79 ± 13
	19/45
	

	Fan et al[18]
	China 
	Normal TnI: 67
	58 ± 15
	38/29
	0.01 μg/L

	
	
	Raised TnI: 22
	71 ± 12
	11/11
	

	Guo et al[19]
	China 
	Normal TnI: 135
	53 ± 13
	57/78
	99th percentile

	
	
	Raised TnI: 52
	71 ± 9
	34/18
	

	Lala et al[20]
	United States
	Normal TnI: 2206
	66 ± 13
	1312/894
318/212
	0.09 ng/mL

	
	
	Raised TnI: 530
	68 ± 15
	
	

	Lombardi et al[21]
	Italy
	Normal TnI: 336
	64 ± 13
	234/102
201/77
	99th percentile

	
	
	Raised TnI: 278
	71 ± 12
	
	

	Lorente-Ros et al[22]
	Spain 
	Normal TnI: 560
	63 ± 12
	367/193
	14 ng/L

	
	
	Raised TnI: 147
	78 ± 14
	77/70
	

	Raad et al[23]
	United States
	Normal TnI: 630
	59 ± 11
	280/350
	18 ng/L

	
	
	Raised TnI: 390
	70 ± 13
	229/161
	

	Karbalai Saleh et al[24]
	Iran 
	Normal TnI: 271
	57 ± 15
	167/104
	99th percentile

	
	
	Raised TnI: 115
	65 ± 15
	69/46
	

	Shah et al[25]
	United States
	Raised TnI: 116
	59 ± 14
	70/123
	0.05 ng/ml

	
	
	Normal TnI: 193
	68 ± 14
	62/54
	

	Singh et al[26]
	United States
	Normal TnI: 129
	53 ± 11
	54/75
	17 ng/L


	
	
	Raised TnI: 132
	71 ± 12
	70/62
	



Table 2 The outcome of coronavirus disease 2019 considering the groups with raised and normal values of troponin 
	Ref.
	Raised TnI rate
	Death rate 
	ARDS
	Kidney injury 
	ICU admission

	Arcari et al[17]
	39/103
	Raised TnI: 12
	---
	---
	---

	
	
	Normal TnI: 7
	
	
	

	Fan et al[18]
	22/89
	---
	Raised TnI: 20
	Raised TnI: 9

	---

	
	
	
	Normal TnI: 12
	Normal TnI: 10
	

	Guo et al[19]
	52/187
	Raised TnI:3 1
	Raised TnI: 30
	Raised TnI: 14
	Raised TnI: 31

	
	
	Normal TnI: 12
	Normal TnI: 16
	Normal TnI: 4
	Normal TnI: 14

	Lala et al[20]
	530/2736
	Raised TnI: 223
	---
	---
	---

	
	
	Normal TnI: 102
	
	
	

	Lombardi et al[21]
	278/614
	Raised TnI: 102
	---
	Raised TnI: 41
	---

	
	
	Normal TnI: 43
	
	Normal TnI: 13
	

	Lorente-Ros et al[22]
	147/707
	Raised TnI: 60
Normal TnI: 130
	---
	---
	Raised TnI: 7
Normal TnI: 5

	Raad et al[23]
	390/1020
	Raised TnI: 128
	Raised TnI: 93
	Raised TnI: 224
	Raised TnI: 105

	
	
	Normal TnI: 52
	Normal TnI: 64
	Normal TnI:178
	Normal TnI:93

	Karbalai Saleh et al[24]
	115/386
	Raised TnI: 47
	Raised TnI: 46
	Raised TnI: 35
	Raised TnI: 41

	
	
	Normal TnI: 30
	Normal TnI: 30
	Normal TnI: 25
	Normal TnI: 38

	Shah et al[25]
	116/309
	Raised TnI: 44
	---
	Raised TnI: 13
	Raised TnI: 58

	
	
	Normal TnI: 22
	
	Normal TnI: 5
	Normal TnI: 52

	Singh et al[26]
	132/276

	Raised TnI: 20
	Raised TnI: 29
	---
	Raised TnI: 63

	
	
	Normal TnI: 5
	Normal TnI: 10
	
	Normal TnI: 25


 

Table 3 The baseline details of studies included in our meta-analysis considering the survived and non-survived groups
	Ref.
	Country 
	Population 
	Mean age
	Male/female
	Mean TnI

	Aladağ and Atabey[27]
	Turkey 
	Survived: 35

	68 ± 14
	22/13

	Survived: 0.001 ng/mL

	
	
	Non-survived: 15
	68 ± 15
	6/9
	Non-survived: 0.010 ng/mL

	Deng et al[28]
	China 
	Survived: 212

	62 ± 11
	97/115

	Survived: 0.006 ng/mL

	
	
	Non-survived: 52
	74 ± 15
	33/19
	Non-survived: 0.051 ng/mL

	Liberati et al[15]
	Italy 
	Survived: 425

	61 ± 13
	287/138

	Survived: 0.006 ng/mL

	
	
	Non-survived: 98
	76 ± 10
	68/30
	Non-survived: 0.036 ng/mL

	Nie et al[29]
	China 
	Survived: 200

	60 ± 11
	180/20

	Survived: 0.002 ng/mL

	
	
	Non-survived: 111
	72 ± 12
	88/23
	Non-survived: 0.032 ng/mL

	Rath et al[30]
	Germany
	Survived: 107

	67 ± 15
	65/42

	Survived: 0.014 ng/mL 

	
	
	Non-survived: 16
	73 ± 16
	12/4
	Non-survived: 0.024 ng/mL

	Shi et al[31]
	China
	Survived: 609

	61 ± 13
	287/322

	Survived: 0.006 ng/mL

	
	
	Non-survived: 62
	74 ± 15
	35/27
	Non-survived: 0.023 ng/mL

	Yang et al[32]
	China
	Survived: 145

	57 ± 13
	77/68

	Survived: 0.004 ng/mL

	
	
	Non-survived: 58
	67 ± 15
	38/20
	Non-survived: 0.020 ng/mL
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