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A B S T R A C T

Background: Cardiac injury is frequently encountered in patients with coronavirus disease 2019 (COVID-
19) and is associated with increased risk of mortality. Elevated troponin may signify myocardial damage
and is predictive of mortality. This study aimed to assess the prognostic value of troponin above the 99th
percentile upper reference limit (URL) for mortality, and factors affecting the relationship.
Methods: A comprehensive literature search of PubMed (MEDLINE), Scopus and Embase was undertaken,
from inception of the databases until 16 December 2020. The key exposure was elevated serum troponin,
defined as troponin (of any type) above the 99th percentile URL. The outcome was mortality due to any
cause.
Results: In total, 12,262 patients from 13 studies were included in this systematic review and meta-
analysis. The mortality rate was 23% (20–26%). Elevated troponin was observed in 31% (23–38%) of
patients. Elevated troponin was associated with increased mortality [odds ratio (OR) 4.75, 95% confidence
interval (CI) 4.07–5.53; P < 0.001; I2 = 19.9%]. Meta-regression showed that the association did not vary
with age (P = 0.218), male gender (P = 0.707), hypertension (P = 0.182), diabetes (P = 0.906) or coronary
artery disease (P = 0864). The association between elevated troponin and mortality had sensitivity of 0.55
(0.44–0.66), specificity of 0.80 (0.71–0.86), positive likelihood ratio of 2.7 (2.2–3.3), negative likelihood
ratio of 0.56 (0.49–0.65), diagnosis odds ratio of 5 (4–5) and area under the curve of 0.73 (0.69–0.77). The
probability of mortality was 45% in patients with elevated troponin and 14% in patients with non-
elevated troponin.
Conclusion: Elevated troponin was associated with mortality in patients with COVID-19 with 55%
sensitivity and 80% specificity.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Background

Coronavirus disease 2019 (COVID-19) has affected more than
105 million people globally and resulted in at least 2.3 million
deaths (World Health Organization, 2021). Although most patients
with COVID-19 have mild symptoms or are asymptomatic, a
significant proportion of patients will experience multiple
complications, potentially resulting in death (Lim et al., 2020).
Biomarkers are crucial in decision-making in order to facilitate
efficient resource allocation (Huang et al., 2020).

Cardiac injury is frequently encountered in patients with COVID-
19 and is associated with increased risk of death (Nishiga et al., 2020;
Shi et al., 2020). Elevated troponin may signify myocardial damage
and is predictive of mortality. However, the prognostic performance
of troponinandwhether itsvalue isaffectedby variouscomorbidities
that may be present in patients with COVID-19 are not known. This
study aimed to assess the prognostic value of troponin above the
99th percentile upper reference limit (URL) for mortality, and factors
affecting this relationship.

Methods
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ligibility criteria

This study included both prospective and retrospective
bservational studies containing primary data on: (1) confirmed
ases of COVID-19; (2) troponin with cut-off point above the 99th
ercentile URL; and (3) mortality rate based on the troponin cut-off
oint. Preprints, abstract-only publications, letters without pri-
ary data, case reports, editorials, commentaries and non-
nglish-language articles were excluded from this study.

earch strategy and study selection

A comprehensive literature search of PubMed (MEDLINE),
copus and Embase was undertaken using the keywords ‘covid-19’
R ‘sars-cov-2’ OR ‘2019-ncov’ AND ‘troponin’ AND ‘mortality’ OR
eath’ OR ‘non-survivor’ from inception of the search databases
ntil 16 December 2020. Following the initial search, duplicates
ere excluded. Titles and abstracts of the identified articles were
creened for eligibility by two independent authors, and the full-
ext of potentially eligible studies was assessed based on the
nclusion and exclusion criteria.

ata extraction

Two authors extracted data independently using a form. Data of
nterest included first author, year of publication, sample size,
tudy design, type of troponin, cut-off point for elevated troponin,
ge, sex, hypertension, diabetes, coronary artery disease and
ortality rate.

The key exposure in this study was elevated serum troponin,
defined as troponin (of any type) above the 99th percentile URL.
The outcome was mortality, defined as clinically validated death/
non-survival due to any cause.

The association between key exposure and outcome has been
reported as odds ratio (OR) and 95% confidence interval (CI). To
assess the prognostic value of elevated troponin, pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood ratio
(NLR), diagnostic odds ratio (DOR) and area under the curve (AUC)
were calculated.

Risk-of-bias assessment

The Newcastle–Ottawa Scale (NOS) was used by two indepen-
dent authors to assess the risk of bias of the included studies.
Discrepancies that arose were resolved by discussion.

Statistical analysis

STATA 16 (Stata Corp, College Station, TX, USA) was used to
perform the meta-analysis. Meta-analysis of proportion was
performed to pool the prevalence of elevated troponin and
mortality. The OR and 95% CI of the main outcome was calculated
using the DerSimonian and Laird random-effects model. P < 0.05
was considered to indicate significance. Heterogeneity among the
studies was assessed using the I2 and Cochran Q tests, in which a
value <50% or P < 0.10, respectively, indicates significant
heterogeneity. Meta-regression analysis was performed using
age, gender, hypertension, diabetes and coronary artery disease as
Figure 1. PRISMA flowchart.
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moderators. Funnel plot analysis, Egger’s test and Deek’s asym-
metry test were used to assess the risk of publication bias and
small study effects. Trim-and-fill analysis was performed to
‘normalize’ the asymmetric funnel plot. Pooled sensitivity,
specificity, summary receiver operating characteristic (SROC)
curve, Fagan’s nomogram and Deek’s asymmetry plot were
generated.

Results

In total, this systematic review and meta-analysis included
12,262 patients from 13 studies (Figure 1) (Al Abbasi et al., 2020;
Arcari et al., 2020; Connor-Schuler et al., 2020; Du et al., 2020;
Heron and Chiu, 2020; Li et al., 2020; Lombardi et al., 2020; Maeda
et al., 2020; Raad et al., 2020; Shah et al., 2020; Harmouch et al.,
Figure 2. Elevated troponin and mortality. (A) Forest plot. (B) Funnel plot. (C) Trim-and-fill analysis. CI, confidence interval.

314



2
w
e
i

E

4
M
(
d
t
f
i
(

P

h
0
D
n
p
r
D
r
n
a
s
s

A. Wibowo, R. Pranata, M.R. Akbar et al. International Journal of Infectious Diseases 105 (2021) 312–318
021; Majure et al., 2021; Metkus et al., 2021) The mortality rate
as 23% (20–26%). Thirty-one percent (23–38%) of patients had
levated troponin. The risk-of-bias assessment using the NOS
ndicates low–moderate risk of bias.

levated troponin and mortality

Elevated troponin was associated with increased mortality [OR
.75 (95% CI 4.07–5.53], P < 0.001; I2 = 19.9%, P = 0.242] (Figure 2).
eta-regression showed that the association did not vary with age

P = 0.218), male gender (P = 0.707), hypertension (P = 0.182),
iabetes (P = 0.906) or coronary artery disease (P = 0.864). Egger’s
est showed no indication of a small study effect (P = 0.536). The
unnel plot was asymmetric (Figure 2B). Trim-and-fill analysis by
mputation of two studies resulted in OR of 4.52 (95% CI 3.82–5.36)
Figure 2C).

rognostic value

The association between elevated troponin and mortality
ad sensitivity of 0.55 (0.44–0.66), specificity of 0.80 (0.71–
.86) (Figure 3), PLR of 2.7 (2.2–3.3), NLR of 0.56 (0.49–0.65),
OR of 5 (4–5) and AUC of 0.73 (0.69–0.77) (Figure 4). Fagan’s
omogram indicated that elevated troponin resulted in 45%
ost-test probability of mortality, and non-elevated troponin
esulted in 14% post-test probability of mortality (Figure 5).

Discussion

Figure 3. Sensitivity and specificity. CI, confidence interval.

Figure 4. Summary receiver operating characteristics (SROC) curve. SENS,
sensitivity; SPEC, specificity; AUC, area under the curve.
eek’s funnel plot indicated symmetry with respect to the
egression line, and the quantitative plot asymmetry test was
ot significant (P = 0.86) (Figure 6). Univariate meta-regression
nd subgroup analyses indicated that age, male gender, hyperten-
ion and diabetes did not significantly affect pooled sensitivity or
pecificity (Figure 7).
31
Elevated troponin was associated with an almost five-fold
increase in mortality compared with patients without elevated
troponin, with 55% sensitivity and 80% specificity.

Meta-regression indicated that the association between elevat-
ed troponin and mortality did not vary with age, male gender,
hypertension, diabetes or coronary artery disease, indicating that
5
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although some of the abovementioned factors are associated with
mortality, myocardial damage/dysfunction (Zethelius et al., 2006;
Pattanshetty et al., 2012; Mcevoy et al., 2015; Segre et al., 2015;
Cavender et al., 2017; Whelton et al., 2017; Lombardi et al., 2020)
and mortality in patients with COVID-19 (Huang et al., 2020;
Pranata et al., 2020c,d,g), these factors did not modify the
troponin–mortality relationship. However, other crucial variables
such as chronic kidney disease and chronic obstructive pulmonary
disease cannot be assessed because they were not reported in most
of the studies (Pranata et al., 2020e,f).

reduced the effect estimate. Thus, it is improbable that publication
bias has altered the positive association between elevated troponin
and mortality. Furthermore, Egger’s test and Deek’s asymmetry
test did not detect possible publication bias. The pooled effect
estimate had low heterogeneity, indicating consistency despite
different types of troponin and populations. This low heterogene-
ity is likely due to the use of a cut-off point above the 99th
percentile URL instead of a specific cut-off point, as the result was
less likely to be altered by laboratory reference values and
calibrations.

Figure 5. Fagan’s nomogram. LR, likelihood ratio.
Elevated troponin was associated with 80% specificity and 45%
chance of mortality with 23% pre-test probability of mortality.
However, it had low sensitivity (50%), so elevated troponin is best
used for ruling in the risk of mortality rather than ruling it out. The
funnel plot was slightly asymmetric, indicating possible publica-
tion bias; a trim-and-fill analysis was performed which slightly
316
Cardiac injury is frequently encountered in patients with
COVID-19. Although the mechanism is only vaguely understood,
the interaction between the S protein and angiotensin-converting
enzyme 2 is likely to be essential (Nishiga et al., 2020; Shi et al.,
2020). In addition to cardiac injury, COVID-19 may also cause
arrhythmia, myocardial ischaemia and thromboembolism (Pranata
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t al., 2020b). Other cardiac biomarkers, such as natriuretic
eptide, are often elevated in patients with COVID-19 and signify
oor prognosis (Pranata et al., 2020a).
Additionally, echocardiographic parameters such as global

ongitudinal strain, right ventricular strain and tricuspid annular

plane systolic excursion have been shown to be valuable tools in
patients with COVID-19 (Martha et al., 2021; Wibowo et al., 2021).
These parameters may signify cardiac injury and right ventricular
performance, which may be affected by ongoing lung pathologies
in patients with COVID-19.

Clinical implications

This meta-analysis found that troponin above the 99th
percentile URL increases mortality five-fold with 55% sensitivity
and 80% specificity. It has a PLR of 2.7, NLR of 0.56 and AUC of 0.73.
However, sensitivity is low. To enhance performance, echocardio-
graphic and laboratory parameters such as natriuretic peptides
need to be integrated into the prognostic model. This may result in
greater sensitivity and specificity, which may increase its clinical
usefulness.

Limitations

The main limitation of this review is that most studies were
retrospective. Additionally, a significant proportion of the studies
did not report crucial variables such as chronic kidney disease,
chronic obstructive pulmonary disease and heart failure; thus,
these variables could not be included in the meta-regression.

Figure 6. Deek’s asymmetry plot.
Figure 7. Univariate meta-regression and subgroup analyses. CI, confidence interval.
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Nevertheless, the low heterogeneity means that, despite variation
in these comorbidities, the association between elevated troponin
and mortality was consistent.

Conclusion

Elevated troponin was associated with mortality with 55%
sensitivity and 80% specificity. The association did not vary with
age, male gender, hypertension, diabetes or coronary artery
disease.
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