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ABSTRACT

Objectives: Previous cbsmicnal studies have suggested that increased cardiac markers are commonly
found in COVID-19. This study aimed to determine the relationship between several cardiac markers and
the severity/mortality of COVID-19 patients.

Methods: Several carc@‘mrkers were analysed in this meta-analysis. RevMan 5.4 was used to provide
pooled estimates for standardised mean difference (SMD) with 95% confidence intervals.

Keywords: Results: Twenty-nine clinical studies were included in this meta-analysis. Significantly higher CK-MB
covs (0.64,95% C1 =0.19-1.09), PCT (0.47, 95% Cl = 0.26—0.68), NT-proBNP (1.90, 95% Cl = 1.63-2.17), BNP(1.86,
Severity 95% Cl=1.63—2.09), and p-dimer (130, 95% Cl=0.91-1.69) were found in severe compared with non-
Mortality severe COVID-19. Significantly higher CK-MB (3.84, 95% Cl=0.62-7.05), PCT (1.49, 95% C1=0.86-2.13),
NT-proBNP (4.66, 95%Cl=2.42—-6.91),BNP(1.96,95% Cl = 0.78—3.14), troponin ( 1.64 (95% Cl = 0.83-2.45),
and p-dimer (2.72, 95% Cl=2.14—3.29) were found in those who died from compared with survivors of
COVID-19.
Conclusions: High CK-MB, PCT, NT-proBNP, BNP, and p-dimer could be predictive markers for severity of
COVID-19, while high CK-MB, PCT, NT-proBNF, BNP, troponin, and p-dimer could be predictive markers
for sur I of COVID-19 patients.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction develop severe disease that require oxygen support (World Health

OVID-19 is a viral infectious disease that was first discovered
in Wuhan, China, at the end of 2019 and caused by SARS-CoV2
infection (Jin et al., 2020). Until 26 September 2020 a total of
32,429965 patients worldwide had been tested positive for
COVID-1 nd 985,823 had died (World Health Organization,
2020a). The clinical manifestations of COVID-19 include fever,
cough, fatigue, muscle aches, diarrhoea, and pneumonia, which
can develop into acute respiratory distress syndrome (ARDS),
fistabolic acidosis, and even liver, kidney or heart failure (Chen
et al. @W20b; Huang et al., 2020; Wang et al., 2020a). Even though
most COVID-19 cases have mild or moderate symptoms, up to 15%
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Urganization,@mb).

COVID-19 patients with comorbidities such as hypertension,
diabetes mellitus, coronary heart disease, cerebrovascular disease,
chronic obstructive pulmonary disease, and kidney disorders have
aworse clinical outcome (Jiet al., 2020a). Cardiovascular disease is
a comorbid factor that can aggravate COVID-19 infection. This is
due to the interaction of COVID-19 with the cardiovascular system
at various levels, increasing morbidity in patients with previous
underlying cardiovascular conditions, leading to injury and
myocardial dysfunction (Clerkin et al., 2020). The percentage of
global deaths from COVID-19 is almost 2% (Mahase, 2020; Yang
et al., 2020). COVID-19 can cause direct and indirect damage to the
myocardium through cytokine storm, systemic inflammation,
myocardial cytotoxicity, free radical formation, dysregulated
host-immune response, and loss of cellular homeostasis (Sattar
et al., 2020). 15

Acute heart injury 15 the mo ommonly found cardiac
abnormality in COVID-19 (about 8-12% of all cases). Direct
myocardial injury caused by viral involvement in cardiomyocytes
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and systemic inflammatory effects appear to be the most common
mechanisms involved in cardiac injury (Bansal, 2020), although
there are various other mechanisms, including: acute myocardial
infarction, myocardial supply-demand mismatch, viral myocardi-
tis, inflammation, and myocardial damage induced by O)P:ive
stress (Shi et al,, 2020). Troponin and natriuretic peptides (B-type
natriuretic peptide (BNP) or N-terminal-pro hormone BNP [NT-
proBNP)) in COVID-19 patients have been found to functmfor
cardiac risk prediction and prognostic determination of severe
COVID-19 patients (Mahajan et al,, 2020). Higher concentrations of
creatinine kinase-myocardial band (CK-MB), troponin, and NT-
proBNP have also been associated with the severity of COVID-19.
Therefore, close monitoring of cardiac biomarkers is essential in
reducing complications and mortality of COVID-19 (Han et al,
2020a). Procalcitonin (PCT) is an inflammatory marker that can
also serve as amarker for cardiac damage. It has prognostic value in
acute coronary syndrome and heart failure | glu et al., 2010;
Moclkel et al,, 2017). Procalcitonin can be an indicator of disease
severity and determine the severity of COVID-19 (Hu et al,, 2020).
About 94.44% of COVID-19 non-survivors showed high procalci-
tonin levels on the d f death (Shao et al, 2020). Another
parameter that can also be a marker of the severity and mortality of
COVID-19 is p-dimer (Yao et al., 2020). p-dimer is a marker of
thrombus formation that increases in early myocardial infarction
and acute coronary syndrome (Mansour and El-Sakhawy, 2020;
Reihani et al., 2018).

To obtain more convincing results, a meta-analysis of cardiac
biomarkers was performed to determine the increasing levels of
several cardiac markers in COVID-19 cases: CK-MB, PCT, NT-
proBNP, BNP, troponin, and p-dimer. The results were expected to
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be predictive factors Qseverity and mortality in patients with
COVID-19.

Materialﬁ methods
Search strategy and eligibility criteria

An electronic search in PubMed, Proquest, and EBSCO/CINAHL
was performed. The keywords were: “COVID-19", “Coronavirus”,
“SARS-CoV-2", "Cardiac injury”, "CK-MB", “Creatine kinase-MB",
“Procalcitonin”, “PCT", “NT-proBNP”", “BNP", “Brain Matriuretic
Peptide”, “Troponin”, and “Cardiac troponin”.

The electronic search was updated until August 2020. Inclusion
criteria were: (1) studies involving measurement of either CK-MB,
PCT, BNP, NT-proBNP, p-dimer, and/or troponin in COVID-19
patients cohort studies; (2) data about those parameters in
severe/non-severe patients or dead/survived cases; (3) English
language; (4) cohort study design; (5) included human subjects;
(6) adult patients; (7) no specific population (obese, DM, kidney
disease, etc); and (8) reported data in numerical values. The
exclusi fiteria were: (1) review articles, cross-sectional, case-
control, case reports, case series, and meta-analysis; (2) duplicated
studies; (3) paediatric patients; (4) specific population; (5) non-
English articles; and (6) insufficient data. Mild cases were defined
as mild symptoms absent of typical pneumonia changesfgh CT
scan. Severe COVID-19 additionally met at least one of the
following conditions: (1) respiratory distress, respiratory rate
=30/min; (2) oxygen saturation <93% at resting state; and (3)
partial pressure of arterial oxygen (Pa02)/oxygen concentration
(Fi02 =300mmHg (1 mmHg=0133kPa). The quality of the

Records identified through database
= searching
2 Pubmed (n=702)
Ei Proquest (n=1261)
Lo CINAHL (n =76)
o
k3
=
) A
Records after duplicates removed
(n=1987)
ob
=
'S
@
g A
@« Records screened

(n=1987)

Records excluded, due to:
*| Non-English language (n = 26)

- :

Full-text articles excluded, with
Full-text articles assessed ——
E’ for eligibility *  Non-cohort study design (n=
b (n=1961) 830)
= Trrelevant topies (n = 740)
= Irrelevant population (n = 49)
Did not specify between
) severe/non severe or
died/survived (n = 218)
— Insufficient data (n = 95)
3 A
El
= Studies included in this meta-analysis
= (n=29)
(18 for severity, 13 for mortality)

ﬁl‘! 1. PRISMA flow diagram of the literature search.
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studies was assessed using the MNewcastle Ottawa Quality Scale
(NOQS) for assessing non-randomised/observational studies
(Wells et al,, 2019) (Supplementary 1).

Data collection

Two investigators independently performed the search and
extracted the articles. Two other investigators selected and filtered
the studies. The investigators checked the article list and data
extractions for duplicated articles. The full texts of relevant articles
were then evaluated for eligibility criteria and included in this
meta-analysis. The final inclusion of studies was decided based on
the consensus of all investigators.

Statistical analysis

Heterogeneity between studies was evaluated wiQ—test and
12 test. The pooled estimated SMD was measured with models
Efsed on fixed effects or random effects assumptions. If P < 0.05, it
indicated heterogeneity across the studies; thus, a random-effects
model was used for analysis, otherwise a fixed-effect model was
chosen. The 95% confidence interval (Cl) of pool estimated SMD
was also calculated. Begg's funnel plot of parameters with the
number of studies =10 and Egger's test er et al, 1997) for
parameters with the number of studies »2 were performed to look
for evidence of publication bias. The funnel plot was asymmetric
and Egger's test was significant (P < 0.05) once publication bias
was present. Data that were not shown as mean and standard
pviation were extrapolated according to Hozo et al. (2005).
eview Manager version 5.4 (The Cochrane Collaboration, Oxford,
UK) and JASP version 0.13.1 (University of Amsterdam) were used
for this meta-analysis.

Results
Study characteristics

In the literature search, 2039 studies were initially retrieved
from database searching. After deleting duplicates, 52 articles were

excluded. The studies were further reviewed and 26 of them were
excluded due to non-English language. After screening the title and

Table 1
Characteristics of the incuded studies for severity.
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abstract, 1932 articles were excluded due to irrelevant study
design, irrelevant topics, irrelevant population, and insufficient
data or unqualified articles (Figure 1).

Finally, 29 studies consisting of 18 studies regarding COVID-19
severity and 13 regarding COVID-19 mortality were obtained. Studies
by Zhang et al. and Cen et al. provided data about both COVID-19
severity and mortality. The included studies included 972 partic-
ipants with severe COVID-19, 2590 with mild @8non-severe COVID-
19, 1386 deaths, and 4577 survived cases. Characteristics of all
included studies are shown in Tables 1 and 2. For the studies of
severity, almost all included studies took place in China, mainly in
Wuhan, and one study took place in Switzerland. For the studies of
mortality, 61.54% took place in China, 23.08%in ltaly,and the rest took
place in USA and Turkey. The study design of six of the 29 articles
(20.69%) was a prospective cohort, while the majority were
retrospective. The quality of the studies was chedted using NOQS.
It was found that almost all included studies had high quality, except
three studies: Liuet al, Shaobo et al, and Violi et al, which had scores
of 6 (possibly high risk of bias) (Supplementary 1).

Cardiac markers and COVID-19 severity and mortality

This meta-analysis examined the correlation between selected
cardiac markers and COVID-19 severity/mortalitfgAPatients with
severe COVID-19 had significantly higher CK-MB (SMD = 0.64, 95%
Cl=0.19-1.00, P=0.006), PCT (SMD=0.47, 95% Cl=0.26-0.68,
P <0.00001), NT-proBNP (SMD = 1.90, 95% Cl = 1.63-2.20,P=0.04),
BNP [Sg; 1.86, 95% Cl=163-2.09, P<0.0001), and p-dimer
(SMD =1.30, 95% Cl #R91-1.69, P < 0.00001) compared with mild
groups (Figure 2). When compared with mortality, COVID-19
patients who died had significantly higher biomarker cluding
CK-MB (SMD = 3.84, 95% Cl =0.62—-7.05, P =0.02), PCT (SMD = 1.49,
95% Cl=0.86-2.13, P <0.00001), NT-proBNP (SMD =4.66,
C[=2.42-6.91, P<0.0001), troponin (SMD =1.64,
Cl=0.83-2.45, P<0.0001), and bp-dimer (SMD=130, 95%
Cl=0.91-1.69, P <0.00001) (Figure 3).

Publication bias and sensitivity analysis

n terms of publication bias evaluation, it was found that the
studies by Zhang et al. and Cen et al. were the outliers. However,

No Author Study location Sample size Sample size Cardiac marker Study design
for severe for mild
cases (N=972) cases (N=2590)
1 Liu Lm:ZUZU] Henan Pruvince.ﬁna 30 70 Procalci ERTUSPECRWE cohort
2 Han et al. (2020a) Wuhan, China 60 198 CK-MB, troponin I, NT-proBNP Retrospective cohort
3 Han et al. (2020b) Tianjin, China 30 155 CK-MB, troponin I, p-dimer Retrospective cohort
4 Xu et al. (2020) Shanghai, Hubei and Anhui 85 400 CK-MB, procalcitonin, p-dimer Cohort
rovinces, China

5 L'twnm. (2020a) bi Province, China 25 69 CK-MB, procalcitonin, p-dimer Retrospective cohort
6 Yuan et al. (2020) na 56 60 Procalctonin, p-dimer Retrospective cohort
7 Jietal {2Ua ‘Wuhan, China 55 88 Procalcitonin Retrospective cohort
8 Gregoriano et al. (2020) Switzerland 33 53 Procalcitonin Retrospective cohort
] Cao et al. (2020) Beijing, China 27 53 Procalcitonin, Befponin | Cohort

10 Zhang etal. (2020b) ‘Wuhan, China 78 162 Procalcitonin, p-dimer Retrospective cohort
1 Duan et al. (2020) Chonging, China 20 328 Procalcitonin, p-dimer Retrospective cohort
12 Lu et al. (2020) Shanghai, China 9 44 Procalcitonin, p-dimer Retrospective cohort
13 Ha al. (2020c) Withan, China 48 59 CK-MB, troponin |, o-dimer Retrospective cohort
14 Hu et al. (2020) Wuhan, China 21 62 Procalcitonin Retrospective cohort
15 Cen et al. (2020) ‘Wuhan, China 200 409 Procalcitonin, p-dimer Retrospective cohort
16 Deng et al. (2020b) Wuhan, China 67 45 CK-MB, pru@ tonin, troponin [, Retrospective cohort

NT-proBNP, p-dimer
17 Wang et al. (2020b) Shenzen, China 70 253 CK-MB, procalcitonin, troponin T, Retrospective cohort
p-dimer
18 Zhang et al. (2020c) ‘Wuhan, China 58 82 Procalcitonin, p-dimer Retrospective cohort
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able 2

Characteristics of the included studies on mortality.
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No Author Study location Sample size Sample size Cardiac marker Study design

for deaths for survivors

(N=1386) (N =4577)
1 Aloisio et al. {2020) Italy 35 63 Troponin T, p-dimer %rﬂspﬁ:ti\fa cohort
2 Shi et al. (2020) China 62 609 CK-MB, pruca@;nin. troponin | Retrospective cohort
3 Wang et al. (2020a) China 56 60 Procalcitonin, p-dimer Cohort
4 Violi et al. (2020) Italy 64 225 Troponin, p-dimer Cohort
5 Bonetti et al. {2020) 70 74 Troponin [, p-dimer Cohort
G Zhang et al. (2020a) uhan, China 1 27 Troponin [, p-dimer Retrospective cohort
7 Zhang et al. (2020c) ‘Wuhan, China 49 240 Procalcitonin, p-dimer Retrospective cohort
8 Du et al. (2020) ‘Wuhan, China 21 158 Procalcitonin, troponin I, BNP, p-dimer Cohort
9 Barman et al. (2020) Turkey 103 504 CK-MB, procalcitonin, troponin [, p-dimer Retrospective cohort
10 Mikami et al. (2020) usa 806 204 Procalciton §sft roponin, p-dimer Retrospective cohort
1 L)L'naﬂ. (2020a) China 52 212 Troponin [, p-dimer Retrospective cohort
12 Cen et al. (2020) Wuhan, China 43 409 Procalcitonin, p-dimer Retrospective cohort
13 Li et al. (2020c) Wuhan, China 14 60 Procalcitonin, BNP, p-dimer Retrospective cohort

when a study was omitted, it did not affect the pooled analysis. The
Egger's test results were signifmt in CK-MB and PCT for severity
and p-dimer for mortality groups (P=0.021, P=0.039, and
P=0.007, respectively). However, in the remaining groups, there
was no evidence of publication bias (Table 3). Sensitivity analysis
was performed for groups containing low-quality studies only,
after excluding them from the analysis. According to the sensitivity
analysis, despite excluding studies with NOQS <7 (high-quality
studies only), the results remained stable. When one study in turn
was sequentially excluded to assess the stability of the results, no
study affected the pooled estimates. Most studies measured
troponin [, except for Wang and Elena who measured troponin T.
Two studies (Mikami and Violi) did not mentioned which troponin
was measured. A sensitivity analysis for studies with troponin [
only was performed; however, the pooled result was not much
different.

Discussion

This meta-analysis showed that an increase in several cardiac
markers was significantly associated with COVID-19 and mortality.
Cases of death due to COVID-19 in patients with increased cardiac
markers on admission, with or without prior history of heart
disease, have been quite widely reported (Clerlf@ et al, 2020).
Acute cardiac injury is characterised by elevated levels of cardiac
markers, electrocardiographic abnormalities, or myocardial dys-
function occurring in about ﬁﬂnf severe COVID-19 patients. Some
of the possible causes of this include: (1) changes in myocardial
demand and supply; (2) ac atherothrombosis due to inflam-
mation and viral infection; tnmicrovascular dysfunction due to
microthrombus or vascular damage; (4) stress-related cardiomy-
opathy; (5) cytokine storm; and (6) direct toxicity by viruses (Lang
et al., 2020). Angiotensin-converting enzyme (ACE) 2 receptor as
viral entry is also thought to be associated with myocardial injury
due to COVID-19 (Bohm et al., 2020).

In addition to classic cardiac markers such as troponin and CK-
MB, which have been shown to have increased in previous studies,
this meta-analysis also showed that PCT, NT-proBNP, BNP, and b-
dimer were also increased in severe COVID-19 and deaths from it.
NT-proBNP and BNP are markers of myocardial stretch injury used
for diagnosis, prevention, and safe discharge planning in heart
failure (Abboud and Januzzi, 2020). PCT is also an indicator of
myocardial damage, as patients with myocardial damage have
greater PCT levels than the 99th percentile of control patients
(Arneth, 2008). Serum PCT is also a predictor of in-hospital
biomarkers and 30-day outcomes for myocardial infarction
patients as well as an indicator of cardiogenic shock (Patel and
George, 2016). p-dimer is a degradation product of fibrin, which

w

indicates abnormal haemostasis and intravascular thrombosis
(Johnson et al, 2019). p-dimer levels are generally elevated in
cardiac ischaemia (Reihani et al,, 2018).

Several mechanisms explain the elevated cardiac markers in
severe COVID-19: viral myocarditis, cytokine-driven myocardial
damage, microangiopathy, and unmasked CAD. Myocardial ACE2
receptors are targets for SARS-CoV2 (Tersalvi et al., 2020). SARS-
CoV2 can induce indirect cardiovascular damage through activa-
tion of the immune system. The virus attaches to the pattern
recognition receptors (PRRs), which initiate host-immune defence.
The host-immune system induces inflaimmatory responses,
leading to cytokine storm. This causes myocardial damage through
the release of reactive oxygen species (ROS), endogenous nitric
oxide (NO), and damage-associated molecular proteins (DAMPs)
by the injured myocardium (Sattar et al, 2020). Cytokines and
host-immune dysregulation cause direct and indirect cardiac
injury, leading to an increase in troponin and CK-MB (Tersalviet al.,
2020). Myocardial wall stress induced by COVID-19 causes the
release of NT-proBNP and BNP. It can be worsened by renal failure
as a complication, which impairs their clearance (Cao et al., 2020;
Sorrentino et al, 2020). SARS-CoV2 can also cause direct
cytotoxicity through 3C proteinase-mediated apoptosis, impaired
host protein translation mechanisms, disbalance cellular homeo-
stasis, and dysregulation of the host immune response (Sattar
et al., 2020). Hypoxic conditions, respiratory distress, metabolic
acidosis, fluid/electrolyte disturbances, and activation of the
neurchormonal system can worsen heart damage, even triggering
arrhythmias and cardiac arrest (Song et al, 2020). Cardiac
inflammation occurring in this state can increase PCT levels
(Unudurthi et al,, 2020). In COVID-19, there can be an imbalance
between coagulation and inflammation, leading to hypercoagul-
opathy. Thereis an interaction between the innate immune system
and thrombosis, which can be €0 from the increase in p-dimer.
Increased levels of p-dimer can predict the severity and mortality
of COVID-19 patients (Colling and Kanthi, 2020). Endothelial
dysfunction, cytokine storm, Angiotensin Il upregulation, and
vasculitis promote coagulopathy, which results in o-dimer eleva-
tion (Tersalvi et al., 2020). q

The results of this meta-analysis are in line with previous
research. The meta-analysis conducted by Li et 020b) also
showed evidence of increased cardiac markers related to the
severity and mortality of patients with COVID-19. The study found
an increase in troponin, CK-MB, myoglobin, and NT-proBNP. This
study also found that troponin | and NT-proBNP increased just
before death from COVID-19 occurred (Li et al., 2020b). A study
with a large sample by Qin et al. (2020) also showed that elevated

onin [, CK-MB, NT-proBNP, and myoglobin were closely

associated with 28-day all-cause mortality due to COVID-19
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Savere Non severe 5td. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SO Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fangwang 2020 0.66 0.35 70 0.6 032 253 15.0% 0.18 [-0.08, 0.45] ™
Han a 2020 127 444 G0 0596 031 198 14.8% 0.14 [-0.15, 0.43] T
Han b 2020 7 6 30 7 6 155 14.1% 0.00 [-0.39, 0.39] -1
Han ¢ 2020 171 062 48 097 029 59 13.7% 1.57[1.13, 2.01] —
Li 2020 4.95 8.14 25 108 L78 69 13.4% 0.87 [0.39, 1.34] —_—
Qing 2020 3.18 1.48 67 122 048 45 13.8% 1.64 [1.20, 2.08) S
Xu 2020 135 23 B5 13,15 172 400 15.1% 0.19 [-0.04, 0.42] -
Total (95% C1) 385 1179 100.0% 0.64 [0.189, 1.09] e
Heterogenelty: Tau® = 0.33; Chi® = 74.77, df = 6 (P < 0.00001); I* = 92% t t i }

Test for overall effect: Z = 2.77 (P = 0.006)

Savere Non severe Std. Mean Difference

Favours [non severe] Favours [severe]

Std. Mean Difference

Study or Subgroup  Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Cao 2020 013 021 27 01 02 53 6GI%  0.15[-0.32,0.61] —

Cen 2020 0.08 0.21 200 0.1 021 409 63%  -0.10[-0.26, 0.07] i

Duan 2020 0.06 02 20 0.04 02 328 62%  0.10[-0.35, 0.55] v

Fangwang 2020 0.07 02 70 003 02 253 7%  0.20[-0.07, 0.46] T

Cregoriano 2020 0.31 0.25 33 0,00 021 53 6.2% 0.96 [0.51, 1.42]

Jin Zhang 2020 0.14 022 58 006 021 82 7.I% 0.37 [0.03,0.71] —

Jin Zhang2 2020 0.11 0.21 78 003 02 162 7.7% 0.39 [0.12, 0.66] —_—

i 0.13 0.22 25 0.06 0.02 69 6.1% 0.61[0.14, 1.08]

Liu 2020 0.15 0.21 30 0.06 02 70 64% 0.44 [0.01, 0.87]

Lu 2020 0.54 0.79 9 014 033 44 42% 0.90 [0.17, 1.64]

Mengyao 2020 0.08 0.21 55 005 0.02 88 7.1% 0.23 [-0.11, 0.57] T

Qing 2020 0.7 051 67 013 022 45  6.5% 1.35 [0.93, 1.77) —
Rui 2020 0.23 0.26 21 0.05 0.05 62 5.6% 1.31 [0.77, 1.B4] E—
Xu 2020 0.09 0.21 85 0.035 02 400 7.9% 0.27 [0.04, 0.51] ——

Yuan 2020 0.19 0.24 56 0.09 021 60 6.9% 0.44 [0.07, 0.81]

Total (95% CI) B34 2178 100.0% 0.47 [0.26, 0.68] -

Heterageneity: Tau? = 0.13; Chi’ = 74.69, df = 14 (P < 0.00001); I* = B1% k

-2

=1
Favours [non severe] Favours [severe]

5td. Mean Difference
IV, Fixed, 95% C1

Test for overall effect: Z = 4.44 (P < 0.00001)

vere Non severa Std. Mean Difference
Study or Subgrou Mean S0 Towal Mean  SD Towal Weight I, Fixed, 95% CI
Han a 2020 4117 246.2 60 136.86 65.92 198 G61.8% 2.08 [1.74, 2.42]
GQing 2020 2,157.2 1,607.43 67 1504 9523 45 38.2% 1.60[1.17, 2.03]
Total (95% CI) 127 243 100.0% 1.90 [163, 2.17)

Heterageneity: Chi® = 2,95, df = 1 (P = 0.09); I = 66%
Test for overall effect: Z = 13.88 (P < 0.00001)

-
-

*

-4 -2 4
Favours [non severe] Favours [severe]

Std. Mean Difference
IV, Fixed, 95% CI

Severe Non severe Stel. Mean Difference
Study or Subgroup Mean 50 Total Mean  SD Total Weight IV, Fixed, 95% CI
Han ¢ 2020 406.05 224.09 48 90.5 42.74 59 23.3% 2.04 [1.57, 2.52]
Xu 2020 76.5 3351 B5 41.63 1450 400 76.7% 1.81[1.55, 2.07)
Total {95% CI) 133 459 100.0% LE6 [L63, 2.09]

Heterogeneity: Chi® = 0.74, df = 1 (P = 0.39); I = 0%
Test for overall effect: Z = 16.01 (P < 0.00001)

=
*

-4 -2 i
Favours [non severe] Favours [severe]

Std. Mean Difference
IV, Random, 95% CI

Severe Non severe 5td. Mean Difference
Study or Sul Mean 5D Total Mean SO Total Welght IV, Random, 95% CI
Cao 2020 013 021 27 01 0.z 53 14.3% 0.15[-0.32, 0.61]
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Figure 2. Forest plot for the pooled stand ardised mean difference ( SMD) and 95% confidence interval (Cl) in severe and non-severe COVID-19 patients: (a) CKMB; (b) PCT: (c)
NT-pro BNP; (d) BNP; (e) troponin; (f) p-dimer.

(Qin et al, 2020). A longitudinal study also found that cardiac
injury was an independent marker of mortality among critically ill

COVID-19 cases (Li et

reported only elevated troponin as a marker of cardiac injury, for
example Zou et al. (2020) and Aikawa et al. (2020), while this paper
included several other
outcome with Odds Ratio, which means that they only included

al, 2020a). The previous studies mostly

cardiac markers. They also measured the
studies.

w
w
w

studies with categorical data (number of patients with elevated
cardiac troponin in cases and controls) but not all studies had such
data; therefore, the current study used mean + 5D to ensure that
studies showing only numerical data (mean/median) were
included. Additionally, those papers were conducted in the earlier
COVID-19 pandemic; therefore, the current study included more
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Figure 3. Forest plot fo r@e pooled standardised mean difference (SMD) and 95% confidence interval (Cl) indeaths and survivors of COVID-19: (a) CKMB; (b) PCT; (c) NT-pro
BNP; (d) BNP: (e) troponin; (f) p-dimer.

Cardiac markers with the highest SMD wvalues for predicting
COVID-19 severity were NT-proBNP, followed by BNP and p-dimer
(1.90, 1.86, and 1.30, respectively ). For predicting mortality, cardiac
markers with the highest SMD valuewere NT-proBNP, followed by p-

w
W
=1}

dimer and BNP (4.66, 2.72, and 1.64, respectively). However, the
number of included studies with NT-proBNP and BNP for both
severity and mortality groups was relatively small (two studies for
each biomarker/group). Thus, it is suggested that o-dimer is the best
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Table 3
Summary of findings.
Groups Number of cohorts SMD a5% Cl P (%) P Egzer test
CK-MB severity 7 0.64 0.19-1.00 a2 0.006 0.021
PCT severity 15 0.47 0.26- 068 81 <0.00001 0.039
NT-proBNP severity 2 190 1.63-220 66 0.04 -
BNP severity 2 186 1.63-2.09 i} <0.0001 -
Troponin severity 7 037 0.37-1.92 a9 0.18 0.992
D-dimer severity 12 1.30 0.91-1.69 a3 <0.00001 0.739
CK-MB mortality 3 3.84 0.62-7.05 a9 0.02 0.832
PCT mortality 7 1.49 0.86-213 a7 <0.00001 0175
NT-proBNP mortality 2 4.66 242691 a8 <0.0001 -
BNP* mortality 2 196 0.78-314 88 000 -
Troponin mortality 9 1.64 0.83-245 a9 <0.0001 0.087
D-dimer mortality 12 272 214-329 a7 <0.00001 0.007
Sensitivity analysis PCT severity 14 0.47 0.25-069 83 <0.0001 0,041
ty analysis troponin-I severity 5 024 0.09-0.57 74 015 0.714
ty analysis PCT mortality 6 1.31 0.60-202 a7 00003 0147
ty analysis CK-MB mortality 2 219 1.72-2.66 57 <0.00001 -
ty analysis troponin mortality 7 1.76 0.75-2737 99 00006 0.109
ty analysis troponin | mortality 6 1.87 099274 a7 <0.0001 0.646
ty analysis p-dimer mortality 11 284 220-348 a7 <0.00001 0.m7

23

predictor of severity and mortality in COVID-19, as it was found in
many includ studies (=10} and had high significance
(P < 0.00001). Cardiac injury generally associated with COVID-19
is diagnosed from the presence of increased levels of cardiac
enzymes, first detected electrocardiography, or echocardiography
abnormality. However, this definition varies from study to study
because there is no consensus that addresses COVID-19-associated
cardiac injury (Kim et al., 2020). Early cardiac marker assessment in
COVID-19 patients, especially ngtriage, is recommended so that
it can prevent worsening and high mortality in COVID-19 patients.

Limitation

It is believed that this meta-analysis with 32 included different
studies is the largest&valuate the prognostic role of several
cardiac markers on the severity and mortality of COVID-19
patients. However, this meta-analysis had several limitations.
First, the laboratory markers were taken at baseline on admission,
thus any shift of those markers in response to therapy could not be
predicted. Although in some cases the administration of treatment
in COVID-19 patients can normalise cardiac biomarkers (Kang
et al., 2020), drug-related heart damage should be a concern in
providing therapy (Zheng et al,, 2020). Levels of these biomarkers
can be increased through therapy and improved oxygenation,
leading to reperfusion-injury ischaemia. The release of pro-
inflammatory cytokines and free radicals through this process
can cause further damage to or, including the myocardium (Li
et al, 2020d). Some antivirals such as chloroquine and azithro-
mycin can even cause prolongation of the QT interval, which
should be taken into consideration (Kang et al., 2020). Further
clinical research is needed to determine the role of these cardiac
markers as predictors of therapeutic response. Second, BNP and
NT-proBNP studies were limited in number. In addition, most
studies did not distinguish the involvement of prior cardiovascular
disease in the elevation of those biomarkers; therefore, it is
difficult to determine whether the cardiac injury was caused by
COVID-19 induction or prior cardiovascular disease. Further
studies should b rformed to obtain more comprehensive
understanding on the mechanism of cardiac injury in COVID-19.

Conclusion

In conclusion, there we@igniﬁcant differences in CK-MB,
PCT, NT-proBNP, BNP, and p-dimer levels between severe and

w

non-severe COVID-19 patients. Differences in CK-MB, PCT, NT-
proBNP, BNP, troponin, and p-dimer level differences were also
found between those who died and those who survived. This
implies that cardiac markers (CK-MB, PCT, BNP, NT-proBNP,
troponin, and p-dimer levels) are key lab ory parameters for
diagnosis and prognosis, and with which to predict the severity
and mortality of COVID-19. p-dimer is suggested to be the best
predictor of severity and mortality in COVID-19, as it had been
examined in ny included studies and high significance
(P < 0.00001). Further research is req to determine the role
of more cardiac markers for predicting the prognosis of COVID-19
patients.
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