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ABSTRACT - Purpose: Since December 2019, coronavirus disease 2019 infection has become a global
pandemic. The cases of Coronavirus Disease 2019 (COVID-19)-related acute cardiac injury with unknown
pathophysiologic mechanism has become increasingly prevalent. However, it is not yet understood how the extent
of cardiac injury differs with the intensity of viral infection. In the current study, we aimed to assess the association
between elevated cardiac biomarkers and the severity of COVID-19 infection. Methods: A systematic literature
search was performed across PubMed and Embase databases from December 1, 2019 to July 10, 2020, to identify
studies that reported cardiac biomarkers of troponin (Tnl) and creatine kinase-myocardial band (CK-MB) in
patients with COVID-19. These studies compared non-severe patients with severe patients, or survivors with non-
survivors or medical patients with critically ill patients. The data were extracted for Tnl, CK-MB, N-terminal-
brain natriuretic peptide (NT-BNP), D-dimer, and lactate dehydrogenase (LDH), C-reactive protein (CRP), and
interleukin 6 (IL-6). Wherever possible, the data were pooled for meta-analysis (Review Manager, RevMan.
version 5.3) with standard or weighted mean or median difference and corresponding 95% confidence intervals
(95% CI). Results: A total of 25 studies involving 5,626 patients were included in the present analysis. More
severe COVID-19 infection was found to be associated with higher mean values of Tnl (-0.54 [-0.72, -0.36])
(ng/mL), CK-MB (-1.55 [-2.23, -0.88]) (ng/mL) and (-4.75 [-13.31, 3.82]) (units/L), NT-BNP (-815.7 [-1073.97,
-557.42]) (pg/mL), D-dimer (-1.4 [-2.04, -0.77]) (mcg/mL), and LDH (-176.59 [-224.11, -129.06]) (units/L), as
well as CRP (-64.03 [-68.88, -59.19]) (mg/L) and IL-6 (-22.59 [-29.39, -15.79]) (pg/mL). Conclusions: There is
significant association between elevated cardiac biomarkers and the severity of COVID-19, which underlines the
increased risk of acute cardiac injury with more severe viral infection. This highlights the need to understand the
cardiac history among the COVID-19 patients during initial assessment and for monitoring.

INTRODUCTION

On March 11, 2020, the World Health Organization potential abnormal function of vital organ systems,
(WHO) designated Coronavirus Disease 2019 including pulmonary and cardiovascular (4).
(COVID-19) as a global pandemic following the first COVID-19 enters pulmonary and cardiac cells
reported human case in December 2019 (1). As of through the angiotensin converting enzyme 2
October 7, 2020, the WHO has reported over 35 (ACEZ2) protein as entry receptors, in addition to its
million COVID-19 cases and more than 1 million invasion into the vasculature via the gastrointestinal
deaths worldwide (2). In most patients, the clinical tract (4). From there, it can cause direct damage to
presentation of COVID-19 includes fever, cough, the cells or induce an inflammatory response by
headache, and shortness of breath (3). However, activation of cytotoxic T-lymphocytes. Additionally,
inflammatory response to COVID-19 leads to patients with prior history of cardiac diseases may
systemic increased inflammatory markers and experience recurrent cardiovascular events due to
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atherosclerotic  plaque rupture, catecholamine
release, or demand ischemia (3, 5).

The cases of COVID-19-related acute cardiac
injury have become increasingly prevalent. One of
the most prominent types of cardiac injury is
myocarditis. Myocarditis generally occurs due to
inflammation of the myocardium without probable
ischemic etiology. In the United States, Canada, and
other developed countries, viral infection is the most
common cause. Other common causes of
myocarditis include bacteria (e.g., streptococcus,
staphylococcus), toxins, and inflammatory disorders
(e.g. sarcoidosis) (3, 6, 7). While endomyocardial
biopsy is the most accurate diagnostic test, it is rarely
performed due to invasiveness and higher level of
expertise required to interpret results (8). Other types
of COVID-19-related cardiac injury include cytokine
release syndrome, acute coronary syndrome, stress
induced cardiomyopathy, and sepsis induced
cardiomyopathy (3, 6, 7). The primary goal of this
meta-analysis is to investigate the association
between cardiac biomarker elevations and the
severity of COVID-19 infection.

METHODS
Data Sources,
Criteria

This meta-analysis was conducted based on the
Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA), and in compliance
with the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) checklist (9, 10).
Electronic searches were performed for all clinical
studies describing cardiac and inflammatory
enzymes in patients infected with COVID-19 in
PubMed and EMBASE databases through July 10,
2020. The searches were conducted using the
following key words: “covid-19”, “coronavirus
disease 20197, “SARS-Cov-2”, “severe acute
respiratory syndrome coronavirus 2”, “2019-nCOV”,
“2019 novel coronavirus”, “coronavirus”, “cardiac
injury”, “troponin”, “arrhythmia”. A manual search
in the secondary sources such as references of
initially  identified  articles, reviews, and
commentaries was done to identify additional
relevant studies. Duplications were screened by
Rayyan (https://rayyan.qgcri.org) and double-checked
independently by two investigators (CPW, SD)
before removal. These two investigators also
independently assessed the search results for
relevancy by titles, abstracts, and/or full texts in
Rayyan. Conflicts were resolved via discussion and

Search Terms and Inclusion

consensus. The studies were included based on the
following inclusion criteria: 1) studies of adult
patients infected with COVID-19, 2) studies
included troponin 1 (Tnl) and creatine kinase-
myocardial band (CK-MB), 3) studies included a
comparison group such as severe versus (vs.) non-
severe or mild vs. moderate vs. severe or critical vs.
non-critical or survivors vs. non-survivors. The
articles were restricted to English language. Studies
that stratified patient populations based on the
history of specific disease conditions (i.e., diabetes
mellitus, obesity, stroke, ST-elevation myocardial
infarction, chronic  kidney disease, kidney
transplantation) were excluded. The articles were
assessed independently by the third investigator (HL)
and differences were resolved via discussion and
consensus among all investigators.

Laboratory Markers

The primary focus of this data analysis was to
investigate the association between the elevations of
cardiac biomarkers (Tnl, CK-MB, N-terminal-brain
natriuretic peptide (NT-BNP), D-dimer, and lactate
dehydrogenase (LDH)) and the severity of COVID-
19 infection. The inflammatory biomarkers such as
C-reactive protein (CRP) and interleukin-6 (IL-6)
were also assessed to understand the potential
mechanism behind cardiac injury with their
significant elevations. These biomarkers were found
to be the most common in all the included studies. If
only the median and interquartile range (IQR25,
IQR75) were reported, then it was assumed that the
median was equal to the mean and that the standard
deviation (SD) was (Q75-Q25)/1.35.

Data Analysis

Using Review Manager (RevMan. version 5.3.
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014), the Binary Random
Effects model with the DerSimonian-Laird method
was applied to calculate mean differences of these
laboratory parameters between non-severe group
(mild and moderate) and severe group of COVID-19
infected patients. The I? statistic test was performed
to assess 1% of <25%, 25-50%, 50-75%, and >75%
indicating no, low, moderate, and high degree of in-
between study heterogeneity, respectively. The
statistical significance was set at 95% confidence
interval (95% CI) and p value < 0.05. Each laboratory
parameter from the included studies were reported in
different units, which were all converted into one
common unit for the final analysis, with the only
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exception for CK-MB. There were six studies
reported CK-MB in ng/mL and four studies in
units/L; hence, two separate analyses were
performed based on these two units for this
biomarker.

RESULTS

Study Characteristics
As depicted in Figure 1, a total of twenty five studies
involving 5,626 patients were included in our
analysis (11-33, 43, 44). Thirteen studies compared
COVID-19 survivors with non-survivors, while the
remainder compared non-severe patients with severe
patients or medical patients with intensive care unit
(ICU) patients. Overall, the mean or median age in
these studies were in the range of 50s to 60s years of
age, with the severe or non-survivor group being
significantly older, except for Chen et al. study with
age being insignificantly different (11). Various
comorbidities were assessed and compared between
two groups, except Medetalibeyoglu et al. and Zheng
et al. studies which did not assess comorbidities of
the subjects (12, 13). The comorbidities that were
more significantly common in the severe groups
included cardiovascular diseases (i.e., coronary
artery disease, heart failure) in ten studies (14-24),
hypertension in nine studies (14, 16-19, 21, 22, 24,
25), chronic respiratory diseases in nine studies (17,
19, 20, 23-28), diabetes mellitus in seven studies (11,
16, 18, 21, 22, 25, 29), cerebrovascular diseases in
five studies (15, 16, 18, 21, 24), chronic kidney
disease in four studies (18, 22-24), cancer in one
study (25), and immunosuppression in one study
(17). Four studies did not find significant association
between the infection severity and the patients’
comorbidities (30-33). Tanriverdi et al. study only
found the overall significant association of all
comorbidities combined with the infection severity
(27). The most common initial symptoms reported
were high fever, dry cough, and dyspnea. Less
common symptoms were headache, dizziness,
abdominal pain, diarrhea, and nausea-vomiting.
Only eight studies in our analysis described the
active treatments for COVID-19 infection and
empiric treatment for bacterial and/or fungal co-
infections during hospitalization (21, 22, 28, 29, 32,

33, 38, 43). These treatments included antiviral
agents (i.e., arbidol, oseltamivir, lopinavir-ritonavir,
ribavirin, ganciclovir, interferon-alpha), antibiotics
(i.e., fluoroguinolones, cephalosporins, imipenem or
meropenem, linezolid, penicillins, azithromycin),
antifungal agents, glucocorticoid (i.e.,
methylprednisone), unspecified corticosteroid, and
immunoglobulin.  Among these therapies, only
antiviral therapies were found to make no significant
difference in patient outcome between two groups in
all these studies.

Difference in Cardiac Markers and Disease

Severity
All laboratory parameters, both cardiac (Tnl, CK-
MB, NT-BNP, D-dimer, and LDH) and

inflammatory (CRP and IL-6) biomarkers, were
found to have significant mean differences between
the non-severe group and the severe group, except
CK-MB (units/L) (Figures 2-9). Because CK-MB
values were reported in ng/mL in six studies and in
units/L in four studies, two separate analyses were
performed for each unit. The mean difference of CK-
MB in ng/mL between the two groups was found to
be significant at -1.55, 95% CI [-2.23, -0.88] while it
was not the case for the mean difference of CK-MB
in units/L between the two groups (-4.75, 95% CI [-
13.31, 3.82]. Heterogeneity of the studies were very
high for all biomarkers with 12 ranging from 79% to
98% (p < 0.1), except NT-BNP (units/L) with 1% of
27% (p = 0.23).

DISCUSSION

This meta-analysis was aimed to compare the status
of different cardiac and inflammatory markers with
the severity of COVID-19. Our data demonstrated
that levels of cardiac biomarkers (Tnl, CK-MB, NT-
BNP, D-dimer, and LDH) as well as inflammatory
markers (CRP and IL-6) were significantly elevated
in patients with severe COVID-19 infection
compared with non-severe infection. Severe
COVID-19 cases tend to be older and have pre-
existing diseases, specifically cardiovascular
diseases, hypertension, cerebrovascular disease,
chronic pulmonary diseases, diabetes mellitus,
cancer, and immunosuppression.
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covid-19 patients with history of obesity.
myocardial infarction, diabetes, stroke or
being co-infected with influenza
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chronic kidney disease, liver damage.
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n = 1: patients on active treatment for
covid-19

n = 1: no report on number of subjects in
each group

n = 1: duplicated publication

n=1: review /

Q 1: pre-print

Figure 1. The PRISMA flow chart demonstrates systematic literature review,
identification of studies, article screening, and study selection.

The findings from the current study are consistent
with previously conducted meta-analyses on COVID-19
and cardiac injury. An earlier meta-analysis of 28 reports,
which included published patient data from December 16,
2019 to February 20, 2020, found that cardiac injury
biomarkers  (Tnl, CK-MB, NT-proBNP) were
significantly higher in severely ill COVID-19 patients
compared to non-severe cases and were also associated
with pre-existing hypertension (p = 0.03) (34). Mortality
was higher in patients with acute cardiac injury compared
to those without (summary risk ratio (RR) 3.85 [2.13,
6.96], p < 0.001) and in more severe cases compared to
non-severe (summary RR 13.90 [7.32, 13.90], p < 0.001).
This analysis did not find a significant difference in serum
myoglobin levels between severe and non-severe cases. It
was noted that this meta-analysis included publications in
non-PubMed indexed journals.

A second meta-analysis of 13 reports of (search
finalized on March 29, 2020) showed that cardiac injury
was associated with higher mortality (RR 7.95 [5.12,
12.34], p < 0.001; 1> = 65%, p = 0.009) and a higher need
for ICU care (RR 7.94 [5.52, 34.52], p < 0.001; 1%= 0%,
p = 0.38) (35). The level of Tnl was significantly higher in
patients with acute cardiac injury (mean difference 10.38
pg/mL [4.44, 16.32], p = 0.002, 12 = 0%, p = 0.92). The
most current meta-analysis at the time of our review
analyzed 12 studies (published between December 20,
2019 and March 15, 2020) and confirmed the previous
findings that mortality from COVID-19 infection was
significantly associated with non-survivors and elevated

cardiac biomarkers (Tnl, LDH, and CK-MB) (36). Among
the non-survivor patients, risk factors for cardiovascular
disorders including male gender, age (>50 years), and
comorbidities such as  dyslipidemia, smoking,
hypertension, and diabetes were more prevalent. These
three meta-analyses analyzed reported data only from
Chinese patients in various provinces in China, especially
Wuhan. Our study is the first to include reports of patients
from wider geographical regions (i.e., China, Korea,
Turkey, Italy, Spain, Iran, the United States, Switzerland,
England). Also, since we excluded the studies that
classified patients based on pre-existing cardiac, liver or
metabolic diseases, our findings more closely reflect the
effect of COVID-19 on cardiac health in the infected
patients based on the viral disease severity.

Tnl and CK-MB are two major cardiac biomarkers
that are affected by COVID-19 infection. Because Tnl is
critical in regulating the interplay between myosin and
actin via calcium, different negative changes with the
cardiac structure is responded with the elevation of Tnl
(37). From several studies with COVID-19 patients, it can
be observed that these cardiac markers are elevated as a
result of diverse mechanistic damage to the
cardiomyocytes and eventually heart. Examples of
potential mechanisms of cardiac injury from COVID-19
include damage to the microvascular structure, ischemia
from low oxygen availability, immune response-related
inflammatory syndrome, and direct viral infection of the
heart (11, 37-40). From previous non-COVID-19 studies,
it is known that inflammation can negatively affect
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cardiovascular health through actuating the renin-
angiotensin system (RAS) and thus disturbing the
homeostasis of vasodilator and  vasoconstrictor
angiotensin peptides in the heart (41, 42). Since both Tnl
and CK-MB are structural cardiac proteins, the severity of
COVID-19 infection will determine the intensity of
changes in these cardiac-specific markers. Indeed, the
studies included in the present meta-analysis indicate that
these markers are significantly different between the non-
severe and severe patients. For example, the intensity of
acute respiratory distress syndrome of the patients can
determine the level of oxygen supply and ischemic injury
to cardiomyocytes and eventually liberation of troponin
into the general circulation (43). Similarly, CK-MB,
which is generally located in the myocardium, can be

released following cytokine storm-related
hyperinflammatory  situations or other putative
mechanisms  during COVID-19 infection (40).

Inflammation of the myocardium mediated by COVID-
19-generated interleukins and tumor necrosis factor-a can
lead to myocyte necrosis, loss of contractility, and
eventually severe cardiomyopathy (43). In addition,
angiotensin-converting enzyme 2 (ACE2), which is
considered to be the main anchoring protein of SARS-
CoV-2, is abundantly expressed in the heart (11). This
facilitates direct viral infection of the cardiac structures,
leading to cardiac injury. Overall, the COVID-19 infection
can influence the cardiac-specific biomarkers through
direct or indirect mechanisms, leading to acute or long-
term cardiac dysfunction. Since there is no medical
standard of care available at this time, efforts should be
made to lower the systemic inflammation in the COVID-
19 patients. Examples of potential agents to decrease
proinflammatory cytokine effects include tocilizumab
(anti-IL-6  receptor  monoclonal  antibody) and
gevokizumab (anti-IL-1B monoclonal antibody) (47, 48).

The current study has several limitations. Firstly,
there is a significant heterogeneity among the studies,
which is as expected and in line with the current published
literature. However, unlike previous systematic reviews
and meta-analyses, we excluded non-PubMed indexed
articles and pre-prints to ensure only peer-reviewed
publications be included. Secondly, in some of the clinical
studies we identified various reporting units for laboratory
markers, which resulted in 10° factors in difference upon
unit conversion (i.e., 0.01 to 10,000). We speculate that
possible errors might have occurred in reporting those
laboratory marker units. In addition, CK-MB was reported
in both ng/mL and units/L, which was not possible to be
converted to a common unit. Two separate analyses were
performed for each unit, resulting in one being statistically
significant and the other not. Thirdly, we chose Tnl and
CK-MB as our primary cardiac enzymes as part of our
inclusion criteria; hence, any studies without one or both
of the markers were excluded. Though Tnl and CK-MB
are the clinically preferred diagnostic markers of cardiac

health, there is also a possibility that we have excluded
studies with other cardiac enzymes (i.e., proNT-BNP, D-
dimer, myoglobin) that could be useful in assessing
cardiac injury in COVID-19 patients. Fourthly, although
only eight studies in our analysis reported COVID-19
treatments (i.e., antivirals, antibiotics, immunoglobulin,
corticosteroids), they did not address the cardiovascular
effects of these medications. Azithromycin was cited as
part of the COVID-19 treatment in these studies but not
hydroxychloroquine. There have been several studies,
both observational studies and randomized control trials,
demonstrating the risk of QT prolongation with
hydroxychloroquine, chloroquine, and/or azithromycin
(49, 50, 51, 52). On April 24, 2020, the US Food & Drug
Administration published a drug safety communication
warning health care professionals and patients of the
known risk of QT prolongation associated with
hydroxychloroquine or chloroquine in combination with
azithromycin, especially their increased use through the
outpatient prescriptions for treating or preventing COVID-
19 (53). On the side note, in the comprehensive review by
Kohan and colleagues, all the agents currently used to
COVID-19 infection have direct or indirect anti-
inflammatory effects and/or direct or indirect interactions
with ACE-2 protein. They suggested that the influence of
inflammation on response to cardiovascular drugs, and the
choice of medication are important considerations in
COVID-19 treatment since the infection is associated with
cardiovascular complication (54). Fifthly, Yang et al.
reported 129 out of 136 patients in their retrospective
study were treated with Chinese traditional medicines in
addition to Western medicines (22). These herbal
medicines were not specified; hence, it is unknown the
extent of drug-herb interactions among these patients and
whether these interactions had any adverse effects on the
patients’ overall clinical condition and acute cardiac injury
specifically. This leads us to ponder if patients included in
other studies in China were treated with this combination
regimen and were not reported in their publications.
Finally, we did not analyze the significance of pre-existing
comorbidities and mortality associated with acute cardiac
injury in COVID-19 infection.

CONCLUSIONS

There is significant association between elevated cardiac
biomarkers and the severity of COVID-19, which
underscores the increased risk of acute cardiac injury with
more severe viral infection. This calls for attention of the
healthcare team to understand the cardiac history of
COVID-19 patients during the initial assessment and
monitor their cardiac function during the progression of
COVID-19.
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Figure 2. Forest plot of troponin (Tnl, ng/mL)
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Figure 3. Forest plot of kinase-myocardial band (CK-MB , ng/mL)
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Figure 4. Forest plot of kinase-myocardial band (CK-MB, units/L)
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Figure 5. Forest plot of N-terminal-brain natriuretic peptide (NT-BNP, pg/mL)
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Figure 6. Forest plot of D-dimer (ug/mL)
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Figure 7. Forest plot of and lactate dehydrogenase (LDH, units/L)
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Figure 8. Forest plot of C-reactive protein (CRP, mg/L)
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Figure 9. Forest plot of interleukin 6 (IL-6, pg/mL)
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