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ABSTRACT

For numbered affiliations see
end of article.

Introduction Acute myocardial injury in patients with
COVID-19 infection has been recognised as one important
complication associated with in-hospital mortality. The
potential dose–response effect of cardiac troponin (cTn)
concentrations on adverse clinical outcomes has not
been systematically studied. Hence, we will conduct
a comprehensive dose–response meta-analysis to
quantitatively evaluate the relationship between elevated
cTn concentrations and in-hospital adverse clinical
outcomes in patients with COVID-19.
Methods We will search PubMed, EMBASE, Cochrane
Library and ISI Knowledge via Web of Science databases,
as well as preprint databases (medRxiv and bioRxiv), from
inception to October 2021, to identify all retrospective and
prospective cohorts and randomised controlled studies using
related keywords. The primary outcome will be all-cause
mortality during hospitalisation. The secondary outcome will
be major adverse event (MAE). To conduct a dose–response
meta-analysis of the potential linear or restricted cubic spline
regression relationship between elevated cTn concentrations
and all-cause mortality or MAE, studies with three or more
categories of cTn concentrations will be included. Univariable
or multivariable meta-regression and subgroup analyses
will be conducted to compare elevated and non-elevated
categories of cTn concentration. Sensitivity analyses will be
used to assess the robustness of our results by removing
each included study at one time to obtain and evaluate the
remaining overall estimates of all-cause mortality or MAE.
Ethics and dissemination In accordance with the
Institutional Review Board/Independent Ethics Committee
of Fuwai Hospital, ethical approval was waived for this
systematic review protocol. This meta-analysis will be
disseminated through a peer-reviewing process for journal
publication and conference communication.
PROSPERO registration number CRD42020216059.
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INTRODUCTION
Acute myocardial injury has been recognised
as one important complication associated
with in-
hospital morbidity and mortality in
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Strengths and limitations of this study
►► This systematic review and meta-analysis will be the

first to comprehensively explore the potential linear
or non-linear dose–response relationship between
elevated cardiac troponin (cTn) concentrations and
adverse clinical outcomes in COVID-19.
►► Further data on the prognostic outcomes of different cTn categories (three or more) in patients with
COVID-19 are needed.
►► High-
sensitive cTn measurements at different
time points are suggested to identify the potential
prognostic role of tiny acute myocardial injury (cTn
concentrations between detection limit and URL) in
patients with COVID-19.
►► The inclusion of both retrospective and prospective
studies may result in potential bias.
►► The sample size in each study and the number of
included studies may be relatively small.

adult patients with COVID-19 infection.1 2 As
of 31 October 2020, the COVID-19 pandemic
has caused 46 501 423 infections and 1 202 031
deaths in 215 countries worldwide.3
Some studies have shown that the incidence
of acute myocardial injury is common, with
an incidence of as much as 20%–40% based
on cardiac troponin (cTn) concentrations,4 5
particularly in patients with obvious cardiovascular risk factors and severe COVID-19.6 7
Although the main target of COVID-19 is the
respiratory system, the cardiovascular system
could also be affected through the neurohumoral regulation of the cardiovascular
system, unbalancing the myocardial oxygen
supply and demand, with lung injury-induced
hypoxia, acute systemic inflammatory reaction and cytokine storm.8–10
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Objectives
The purpose of this systematic review and meta-analysis is
to explore the potential optimal cut-off value of elevated
cTn concentration for acute myocardial injury in order
to predict adverse clinical outcomes in adult patients with
COVID-19.
METHODS AND ANALYSIS
Search strategy
We will report this meta-analysis following the guidelines
of the Preferred Reporting Items for Systematic Review
and Meta-
Analysis Protocols.15 PubMed, EMBASE,
Cochrane Library and ISI Knowledge via Web of Science
databases, as well as preprint databases (medRxiv and
bioRxiv), will be systematically searched from inception to
October 2021. Table 1 shows the related search keywords.
Figure 1 shows the flow chart of the search process. This
meta-analysis has been registered in PROSPERO (International Prospective Register of Systematic Reviews).
Type of participants
We will include adult patients with confirmed COVID-19
infection as study participants.
Type of studies
We will include all retrospective and prospective cohorts
or randomised controlled studies that have reported an
association between different cTn categories (three or
more) and incidence of major adverse clinical outcomes.
Trials published in English will be included. Studies
where we were unable to extract the OR or the HR and
the corresponding 95% CI will be excluded.
Type of outcomes
The primary outcome will be all-cause mortality during
hospitalisation. The secondary outcome will be major
adverse event (MAE). MAE is a combined endpoint
2

Table 1 Search strategy for PubMed, EMBASE, Cochrane
Library, ISI Knowledge via Web of Science, and medRxiv or
bioRxiv databases
Database Search items
PubMed

 

Number
 #1

((cardiac injury) OR (myocardial injury)) OR
(troponin)

 #2

(COVID-19) OR (SARS-CoV-2)

 #3

#1 and #2

EMBASE

 

 #1

cardiac AND injury OR (myocardial AND injury) OR
troponin

 #2

‘COVID-19 19’ OR ‘sars cov 2’

 #3

#1 and #2

Cochrane Library
 #1

cardiac injury in All Text OR myocardial injury in All
Text OR troponin in All Text

 #2

COVID-19 in All Text OR SARS-CoV-2 in All Text

 #3

#1 and #2

ISI Knowledge via Web of Science
 #1

TOPIC: (cardiac injury) OR TOPIC: (myocardial
injury) OR TOPIC: (troponin)
Timespan: all years.
Databases: WOS, BIOSIS, KJD, MEDLINE, RSCI,
SCIELO.
Search language: auto.

 #2

TOPIC: (COVID-19) OR TOPIC: (SARS-CoV-2)
Timespan: all years.
Databases: WOS, BIOSIS, KJD, MEDLINE, RSCI,
SCIELO.
Search language: auto.

 #3

#1 and # 2

medRxiv or bioRxiv
 #1

title “cardiac injury” (match any words) and
abstract or title “myocardial injury” (match any
words) and full text or abstract or title “troponin”
(match whole any)

 #2

title “COVID-19” (match any words) and abstract
or title “SARS-CoV-2” (match any words)

 #3

#1 and #2

during hospitalisation including all-cause death, myocardial infarction, congestive heart failure, acute kidney
injury, pulmonary embolism, deep venous thrombosis
or stroke. Additional outcomes will include incidence
of heart failure, need for and duration of mechanical
ventilation, and incidence of multiple organ dysfunction
syndrome.
Data extraction
Data will be extracted by two independent authors (YG and
YZ), and a third author (HP) will make the final decision
in case of discrepancies. The extracted data will include
study design (author, publication year, country, sample
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To date, different diagnostic thresholds of cTn concentrations for acute myocardial injury in patients with COVID-19
have been proposed. Some studies did not use 1×upper
reference limit (URL) as the cut-off value for cTn concentrations.11 Moreover, controversial prognostic relationships
of acute myocardial injury with clinical outcomes have been
published by various researchers using 1×URL for diagnosis.12 13 Additionally, COVID-19, a global pandemic that
recently broke out, is associated with high mortality (with
at least four times increased risk) and will have long-term
coexistence with other diseases in humans.14 Accordingly,
the optimal cut-off value of cTn concentration with prognostic relevance for acute myocardial injury needs to be
identified to initiate prompt beneficial intervention in the
future. However, there have been limited studies reporting
the clinical outcomes of different categories of cTn concentrations in COVID-19. Hence, we will conduct a comprehensive dose–response meta-analysis to quantitatively evaluate
the association between elevated cTn concentrations and
adverse clinical outcomes in patients with COVID-19.
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Flow chart of trial search and selection. cTn, cardiac troponin; CK-MB,creatine kinase MB isoenzyme; CK, creatine

size, percentage of positive cTn concentrations), patient
characteristics (mean age, male proportion, race, body
mass index, diabetes proportion, hypertension proportion, hyperlipidaemia proportion, smoking proportion,
coronary artery disease proportion, previous myocardial
infarction, chronic heart failure, history of atrial fibrillation, history of stroke or transient ischaemic accident,
acute kidney dysfunction, chronic kidney dysfunction,
history of lung disease, history of liver disease, beta-
blocker usage, statin usage, ACE inhibitor usage, angiotensin receptor blocker usage, calcium channel blocker
usage, aspirin usage), follow-up period, pattern, duration,
number of total testing, detection kit for cTn, URL of
cTn, detection limit of cTn, cut-off value of cTn and the
different categories of cTn concentrations.
Assessment of risk of bias
The Newcastle-Ottawa Quality Assessment Scale will be
used to evaluate the methodological quality of included
studies.16
Zhou C, et al. BMJ Open 2021;11:e046575. doi:10.1136/bmjopen-2020-046575

Data synthesis
The OR or the HR in each study will be extracted
from the elevated versus non-
elevated categories of
cTn concentration for the pooled analysis. For studies
that only provide log-rank test or Kaplan-Meier survival
curve, the HR will be calculated based on time-to-event
aggregate data.17 The referent category with non-
elevated cTn will be the lowest cTn concentration in
each study. Random-effect model using DerSimonian
and Laird method will be employed to identify potential clinical inconsistency among the included studies
in the pooled analysis. If one study reported multiple
cTn categories (three or more), we will calculate the
OR based on the number of cases and non-cases in all of
the elevated categories and referent groups for the high
versus low analysis. Univariable or multivariable meta-
regression and subgroup analyses will be conducted
to compare between elevated and non-elevated categories of cTn concentration, including study design,
demographic characteristics and different types of cTn
3
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DISCUSSION
Although the Fourth Universal Definition of Myocardial Infarction (UDMI) defines acute myocardial injury
as cTn concentrations >99th percentile URL under
a broad clinical condition,22 some studies have used
thresholds other than the URL,11 whereas others using
URL have obtained negative findings in patients with
COVID-19.12 13 Additionally, many studies have not used
high-
sensitive cTn assays and have only measured it
once at an early time point, resulting in an underestimated incidence and extent of acute myocardial injury
in COVID-19.
Recently, a meta-analysis has indicated that patients
with COVID-19 with acute myocardial injury (mostly
using URL as a cut-
off) showed a nearly four times
higher risk of mortality than those with non-
acute
myocardial injury.14 Mortality of as high as 80 times
with acute myocardial injury has also been reported in
an early univariable regression analysis.1 Therefore, an
optimal cut-off value of cTn concentrations for acute
myocardial injury needs to be explored for early risk
stratification and prompt therapy initiation and thereby
improve prognosis.23 Our previous analysis showed
similar findings, where a cut-off value of cTn concentrations for acute myocardial injury lower than the Fourth
UDMI cut-off value was proposed with prognostic relevance following elective percutaneous coronary intervention.20 Fortunately, there have been several studies
on this important issue.24–26 Additionally, high-sensitive
cTn measurements at different time points27 are
encouraged to identify the potential prognostic role of
tiny or subclinical acute myocardial injury (cTn concentrations between detection limit and URL) in patients
with COVID-19 infection.28–31
4

The major strength of this systematic review and
meta-analysis is comprehensively exploring for the first
time the potential linear or non-linear dose–response
relationship between cTn concentrations and adverse
clinical outcomes in COVID-19. Moreover, the study
will focus on the significance of subclinical or tiny acute
myocardial injury below the URL level for early diagnosis in order to improve prognosis and reduce related
mortality.28 In addition, we will try to provide some new
evidence for the new diagnostic criterion of the COVID19-related acute myocardial injury in the case of long-
term coexistence of COVID-19 with human beings.
There are also limitations to our analysis. First,
studies using retrospective and prospective design will
be included, resulting in potential bias. Second, the
sample size in each study may be small. Third, we could
not rule out the potential influence of different types
of detection kits and methods for cTn concentrations
in the included studies. Fourth, our analysis may not
be sufficient for diagnosis of myocardial infarctiondue
to lack of additional evidence of myocardial ischaemia
(electrocardiography, echocardiography, coronary CT
or angiography) in accordance with the Fourth UDMI
definition.
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assay.18 Sensitivity analyses will be used to assess the
robustness of our results by removing each included
study at one time to obtain and evaluate the remaining
overall estimates of all-cause mortality or MAE. Publication bias will be evaluated by Begg’s and Egger’s tests,
and symmetry will be visualised using funnel plot. A
dose–response meta-analysis of the potential linear or
restricted cubic spline regression relationship between
different categories of elevated cTn concentrations
and all-cause mortality or MAE will be performed. For
studies that only provide the numerical value of each
category of elevated cTn concentrations, the related
number of times of the corresponding URL in each
study will be calculated. The average concentration of
elevated cTn in each category will be estimated by the
mean of the lower and upper concentrations. If the
highest category has an open upper concentration, the
mean concentration will be estimated to be 1.2× the
lower concentrations.19–21 P<0.05 (two-
sided) will be
considered statistically significant. All statistical analyses
will be performed in Stata V.10.0 software and RevMan
V.5.0 software (Cochrane Collaboration, Oxford, UK).
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