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Objective:  To  systematically  investigate  the  relationship  between  cardiac  biomarkers  and  COVID-19
severity  and  mortality.
Methods: We  performed  a literature  search  using  PubMed,  Web  of Science,  and  Google  Scholar.  The  stan-
dardized mean  difference  (SMD)  and  95%  confidence  interval  (CI)  were  applied  to  estimate  the  combined
results  of  67  studies.  A meta-analysis  of cardiac  biomarkers  was  used  to evaluate  disease  mortality  and
severity  in  COVID-19  patients.
Results:  A meta-analysis  of  7812  patients  revealed  that patients  with  high  levels  of cardiac  troponin  I
(SMD  =  0.81  U/L,  95% CI = 0.14–1.48,  P =  0.017),  cardiac  troponin  T (SMD  =  0.78  U/L,  95%  CI  =  0.07–1.49,
P = 0.032),  high-sensitive  cardiac  troponin  I (SMD  =  0.66  pg/mL,  95%  CI  =  0.51–0.81,  P <  0.001),  high-
sensitive  cardiac  troponin  T (SMD  = 0.93  U/L, 95%  CI  =  0.21–1.65,  P  =  0.012),  creatine  kinase-MB  (SMD =
0.54  U/L,  95%  CI = 0.39−0.69,  P  <  0.001),  and  myoglobin  (SMD  =  0.80 U/L,  95%  CI = 0.57–1.03,  P  < 0.001)
were  associated  with prominent  disease  severity  in COVID-19  infection.  Moreover,  9532  patients  with  a
higher serum  level  of  cardiac  troponin  I (SMD  = 0.51  U/L,  95%  CI = 0.37–0.64,  P  <  0.001),  high-sensitive
cardiac  troponin  (SMD =  0.51  ng/L,  95%  CI =  0.29–0.73,  P  < 0.001),  high-sensitive  cardiac  troponin  I  (SMD
=  0.51 pg/mL,  95%  CI  =  0.38–0.63,  P <  0.001),  high-sensitive  cardiac  troponin  T (SMD  =  0.85  U/L,  95%  CI  =
0.63–1.07,  P <  0.001),  creatine  kinase-MB  (SMD  =  0.48  U/L,  95% CI = 0.32–0.65,  P  <  0.001),  and  myoglobin
(SMD  =  0.55  U/L,  95%  CI = 0.45−0.65,  P <  0.001)  exhibited  a prominent  level  of  mortality  from  COVID-19
infection.

Conclusion:  Cardiac  biomarkers  (cardiac  troponin  I, cardiac  troponin  T, high-sensitive  cardiac  troponin,
high-sensitive  cardiac  troponin  I, high-sensitive  cardiac  troponin  T, creatine  kinase-MB,  and  myoglobin)
should  be  more  frequently  applied  in  identifying  high-risk  COVID-19  patients  so  that  timely  treatment
can  be  implemented  to reduce  severity  and  mortality  in COVID-19  patients.

© 2021  Published  by Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
This  is  an  open  access  article under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-

a
e
e

Introduction

In December 2019, a novel coronavirus pneumonia (corona-

virus disease 2019, COVID-19) outbreak was reported in Wuhan,
China, and developed into a global pandemic. SARS-CoV-2 infec-
tion is induced by a combination of the spike protein of the virus

Abbreviations: hs-cTnI, high-sensitive cardiac troponin I; hs-cTnT, high-sensitive
cardiac troponin T; hs-cTn, high-sensitive cardiac troponin; cTnI, cardiac troponin
I;  cTnT, cardiac troponin T; Mb,  myoglobin; CK-MB, creatine kinase-MB.
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nc-nd/4.0/).

nd an angiotensin-converting enzyme 2 (ACE2), which is strongly
xpressed in the heart and lungs [1]; it primarily invades alveolar
pithelial cells and causes respiratory symptoms. ACE2 is not only
xpressed in the lung, but also in the heart and blood vessels. There-
ore, SARS-CoV-2 may  cause acute myocardial injury and chronic
ardiovascular injury [2]. Myocardial injury, as shown by increased
ardiac biomarkers, was  identified among the first 41 patients with
OVID-19 in Wuhan [3].

Increases in lactose dehydrogenase (LDH), creatine kinase (CK),
nd aspartate aminotransferase (AST) can serve as markers of

yocardial damage, as well as damage to the lungs, liver, kidneys,

r other organs. In contrast, myoglobin (Mb), an oxygen binding
rotein, is mainly distributed in the cytoplasm of skeletal mus-
le and in the myocardium. Mb  is a marker that can be detected
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early after myocardial injury. Creatine kinase-MB (CK-MB), cardiac
troponin I (cTnI), and cardiac troponin T (cTnT) are also myocardial-
specific isoenzymes and proteins. Increases in CK-MB, cTnI, cTnT,
and hs-cTnT have high specificity in the diagnosis of myocardial
injury. High-sensitive cardiac troponin I (hs-cTnI) has high sensi-
tivity as a marker of early myocardial injury [4]. Some studies in
patients with COVID-19 reported that levels of specific myocar-
dial biomarkers including CK-MB, Mb,  and cTnI were higher in
patients treated in an intensive care unit (ICU) than in patients
who did not require ICU care [5–7]. In this regard, identification
of cardiac-specific biomarkers may  reflect the severity of COVID-
19 and improve outcomes by assisting with the management of
COVID-19 patients.

The purpose of the present research was to investigate the rela-
tionships between cardiac-specific biomarkers (cTnI, cTnT, hs-cTn,
hs-cTnI, hs-cTnT, CK-MB, and Mb)  and COVID-19 severity and mor-
tality through a meta-analysis.

Methods

Search strategy

This meta-analysis and systematic review is reported in accor-
dance with the Preferred Reporting Items and Meta-Analyses
(PRISMA) guidelines. Two researchers (An, Wang) screened the lit-
erature and chose the relevant studies using the Web  of Science,
PubMed, and Google Scholar for publications as of May 9, 2021, pub-
lished in either English or Chinese. The following terms were used
for the study search: (“SARS-CoV-2” or “COVID-19” or “Novel coro-
navirus 2019” or “coronavirus disease 2019”) and (“Cardiac injury”
or “Cardiac biomarkers” or “Heart” or “Myoglobin” or “Cardiac tro-
ponin I” or “cTnI” or “Cardiac troponin T” or “cTnT” or “Creatine
Kinase-MB” or “Ck-MB” or “High-sensitive cardiac troponin I” or
“hs-cTnI” or “High-sensitive cardiac troponin T” or “hs-cTnT” or
“High-sensitive cardiac troponin” or “hs-cTn”). Studies in the ref-
erence list of related papers were also included in the study. IRB
approval was not required.

Selection criteria

The inclusion criteria were as follows: (a) types of stud-
ies: observational, retrospective, prospective, case-control, or
descriptive studies of cardiac biomarkers including cTnI, cTnT, hs-
cTn, hs-cTnI, hs-cTnT, CK-MB, and Mb  in COVID-19 patients at
admission; (b) subjects: patients diagnosed with COVID-19; (c)
exposure/intervention: including at least one outcome of ICU vs.
non-ICU, severe vs. non-severe, or survived vs. deceased; and (d)
outcome measurements: mean and standard deviation or IQR for
each laboratory experiment and total sample size for events. Edito-
rial materials, reviews, summaries of discussions, and conference
abstracts were excluded.

Definition of endpoints

The end point of the severity of this study was the diagnosis of
severe or critical cases at admission (including other cases requir-
ing ICU care). Severe cases meet any of the following criteria: (1)
increased respiratory rate (≥30 beats/min), dyspnea or cyanosis of
lips; (2) decreased blood oxygen saturation ≤ 93% after inhalation;
(3) Arterial partial pressure of oxygen (PaO2) / oxygen concentra-
tion (FiO2) ≤300 mmHg  (1 mmHg  = 0.133 kPa). Critical cases meet

one of the following conditions: (1) respiratory failure requiring
mechanical ventilation; (2) shock; or (3) complicated with organ
failure requiring ICU monitoring and treatment. Or the severity in
accordance with the cap guidelines of the American Thoracic Soci-
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Fig. 1. Flow chart of the study selection process.

ty (ATS). The mortality rate was  determined by death regardless
f other causes.

ata abstraction

Data were extracted using a pre-designed excel worksheet. Any
ifferences were resolved by a third investigator. The following
ata were extracted from the studies: first author; sample size;
tudy design; age of patients; serum levels of cTnI, cTnT, hs-cTn,
s-cTnI, hs-cTnT, CK-MB, and Mb at admission; mortality; and
everity.

tatistical analysis

Standardized mean difference (SMD) and 95% confidence inter-
al (CI) for serum levels of cTnI, cTnT, hs-cTn, hs-cTnI, hs-cTnT,
K-MB, and Mb  at admission were used to estimate the pooled
esults. We  used fixed effects to evaluate the studies. Publication
ias was estimated using a funnel plot. Sensitivity analyses were
onducted to assess the impact of each study on the pooled effect.

 P value <0.05 was considered statistically significant. All statisti-
al analyses were carried out using Stata version 15.1 (StataCorp,
SA).

esults

tudy selection and characteristics

A total of 4607 articles were retrieved based on the keywords.
fter screening the abstracts and titles of the studies, 96 were
elected for full-text evaluation. Among them, 29 were excluded
wing to the lack of sufficient data such as median (IQR) or mean
SD). The final 67 studies were included in the meta-analysis and
omprised 28 articles comparing the performance of severe vs. non-
evere patients, and forty-one studies conducted to compare the
erformance of survivors vs. non-survivors (Fig. 1). The character-

stics of the included studies are listed in Table 1.
In the 28 (cTnI:8; cTnT:2; hs-cTnI:5; hs-cTnT:2; CK-MB:17;
b:6) studies comprising 7812 COVID-19-infected patients (severe
 2225 non-severe = 5587) with severity information, increased
TnI (SMD = 0.81 U/L, 95% CI = 0.14–1.48, P = 0.017), cTnT (SMD =
.78 U/L, 95% CI = 0.07–1.49, P = 0.032), hs-cTnI (SMD = 0.66 pg/mL,
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Table  1
Characteristics of the studies in the meta-analysis.

Study (years) Country Mean age, year Sample size Reported biomarkers

Severity (%) Mortality (%)

Du et al. [8] China 57.6 – 179 (12) cTnI
Shi  et al. [9] China 63 – 671 (9) cTnI
Lanza  et al. [10] China 65.9 – 324 (14) cTnI
Pan  et al. [11] China 65 – 124 (72) cTnI
Zhao  et al. [12] China 64 – 83 (59) cTnI
Ozdemir et al. [13] Turkey 76 – 350 (16) cTnI
Chen  et al. [14] China 65 – 681 (15) cTnI
Tuo  et al. [15] China 67 – 146 (34) cTnI, Mb
Peiro  et al. [16] China 67.5 – 196 (19) cTnI
Guo  et al. [17] China 61 – 74 (62) cTnI, CK-MB, Mb
Zhang et al. [18] Turkey 54 – 432 (95) cTnI, CK-MB, Mb
Zhu  et al. [19] China 68 – 64 (63) cTnI, CK-MB, Mb
Rodriguez-Nava et al. [20] USA 68 – 313 (32) hs-cTn
Bennouar et al. [21] Algeria 62.3 – 120 (31) hs-cTn
Kocayigit et al. [22] Turkey 69.6 – 103 (50) hs-cTn, CK-MB
Barman  et al. [23] Turkey 68.5 – 607 (17) hs-cTn, hs-cTnI, CK-MB
Luo  et al. [24] China 56 – 403 (25) hs-cTnI
Chen  et al. [25] China 62 – 274 (41) hs-cTnI
Ghio  et al. [26] Italy 68.6 – 405 (31) hs-cTnI
Zhang  et al. [27] China 64.03 – 48 (35) hs-cTnI
Li  et al. [28] China 57 – 102 (15) hs-cTnI
Viana-Llamas et al. [29] Spain 71 – 609 (21) hs-cTnI
Sit  et al. [30] Turkey 57.4 – 205 (31) hs-cTnI, CK-MB
Wang et al. [31] China 64 – 344 (39) hs-cTnI, CK-MB
Zhou et al. [32] China 56 – 191 (28) hs-cTnI
Hu  et al. [33] China 62 – 50 (32) hs-cTnI
Cao  et al. [34] China 56.6 – 101 (35) hs-cTnI, Mb
Primmaz et al. [35] Switzerland 64 – 129 (19) hs-cTnT
Zhou  et al. [36] China 59.5 – 220 (24) hs-cTnT
Larcher  et al. [37] France 67 – 32 (29) Hs-cTnT
Li  et al. [38] China 66 – 74 (19) CK-MB
Wu  et al. [39] China 51 – 84 (52) CK-MB
Vassiliou et al. [40] Greece 62 – 38 (26) CK-MB
Cortes-Telles et al. [41] Mexico 55 – 200 (39) CK-MB
Aladag  et al. [42] Turkey 68 – 50 (30) CK-MB
Ruan  et al. [43] China – – 150 (45) Mb
Wang  et al. [44] China 63 – 202 (16) Mb
Deng  et al. [45] China 64.5 – 262 (20) Mb
Wang  et al. [46] China 59.2 – 293 (40) Mb
Zhao  et al. [7] China 52 77 (26) 77 (53) CK-MB, Mb

Li  et al. [47] China 63
2068 (23) 476 (38) hs-cTnI
1539 (20) 305 (33) CK-MB
– 311 (33) Mb

Cao  et al. [48] China 50.1 175 (10) – cTnI
Li  et al. [49] China 50.1 299 (8) – cTnI
Chen  et al. [50] China – 126 (16) – cTnI
Liaqat  et al. [51] Pakistan 44.6 144 (28) – cTnI
Lano  et al. [52] France 73.5 122 (37) – cTnT
Vial  et al. [53] Chile 37 88 (20) – cTnT
Han  et al. [54] China 63 59 (45) – cTnI, CK-MB
Deng  et al. [55] China 65 45 (60) – cTnI, CK-MB
Peng  et al. [56] China 61 208 (15) – cTnI, CK-MB
Peng  et al. [57] China 62 96 (14) – cTnI, CK-MB
He  et al. [58] China 63 1031 (49) – hs-cTnI
Taghiloo et al. [59] Iran 62 61 (36) – hs-cTnI
Wang  et al. [6] China 56 138 (26) – hs-cTnI, CK-MB
Zhang et al. [60] China 55 221 (25) – hs-cTnI, CK-MB
Rivinius et al. [61] Germany 58.6 21 (38) – hs-cTnT
Xiong  et al. [62] China 58.5 116 (47) – hs-cTnT, CK-MB, Mb
Ma  et al. [63] China 48 84 (24) – CK-MB
Wang  et al. [64] China 45 242 (15) – CK-MB
Gong  et al. [65] China 49 177 (15) – CK-MB
Wu  et al. [66] China 43.12 280 (30) – CK-MB
Abohamr et al. [67] Saudi Arabia 46.36 768 (46) – CK-MB
Saleh  et al. [68] Germany 67 40 (33) – CK-MB
Zeng  et al. [69] China 64 416 (8) – CK-MB, Mb
Zheng  et al. [70] China 49.4 88 (35) – Mb
Li  et al. [71] China 57 193 (34) – Mb
Yang  et al. [72] China 56 136 (24) – Mb

*Disease severity based on the guidelines for diagnosis and management of COVID-19 by the National Health Commission of China and the World Health Organization interim
guidance  for COVID-19. cTnI: cardiac troponin I; cTnT: cardiac troponin T; hs-cTn: high-sensitive cardiac troponin; hs-cTnI: high-sensitive cardiac troponin I; hs-cTnT: high-
sensitive cardiac troponin T; CK-MB:creatine kinase-MB; Mb:  myoglobin.
Serum levels of cardiac troponin I, cardiac troponin T, high-sensitive cardiac troponin I, high-sensitive cardiac troponin T, creatine kinase-MB, and myoglobin and severity of
COVID-19 infection.
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Fig. 2. Severity of (a) cTnI, (b) cTnT, (c) hs-cTnI, (d) hs-cTnT, (e) CK-MB, and (f) Mb
cTnT:  cardiac troponin T; hs-cTnI: high-sensitive cardiac troponin I; hs-cTnT: high-

95% CI = 0.51–0.81, P < 0.001), hs-cTnT (SMD = 0.93 U/L, 95% CI =
0.21–1.65, P = 0.012), CK-MB (SMD = 0.54 U/L, 95% CI = 0.39–0.69, P <
0.001), and Mb  (SMD = 0.80 U/L, 95% CI = 0.57–1.03, P < 0.001) lev-
els were significantly associated with severe COVID-19 infection.
Forest plots of the severity are listed in Fig. 2.

Serum levels of cardiac troponin I, high-sensitive cardiac tro-
ponin, high-sensitive cardiac troponin I, high-sensitive cardiac
troponin T, creatine kinase-MB, myoglobin, and mortality of
COVID-19 infection.

In forty-one (cTnI:12; hs-cTn:4; hs-cTnI:13; hs-cTnT:3; CK-
MB:15; Mb:11) studies with mortality information, 9532 patients
with COVID-19 infection (deceased = 2858, survived = 6674) were
analyzed. High levels of cTnI (SMD = 0.51 U/L, 95% CI = 0.37–0.64,
P < 0.001), hs-cTn (SMD = 0.51 ng/L, 95% CI = 0.29–0.73, P < 0.001),
hs-cTnI (SMD = 0.51 pg/mL, 95% CI = 0.38–0.63, P < 0.001), hs-cTnT
(SMD = 0.85 U/L, 95% CI = 0.63–1.07, P < 0.001), CK-MB (SMD = 0.48
U/L, 95% CI = 0.32–0.65, P < 0.001), and Mb  (SMD = 0.55 U/L, 95% CI =
0.45–0.65, P < 0.001) were associated with a remarkable increase in
mortality from COVID-19 infection. The forest plots of the mortality
are listed in Fig. 3.

Publication bias and sensitivity analysis

The results of the sensitivity analysis (I2 > 50%) and publication

bias (n ≥ 10) showed that overall estimates were not dependent
on a single publication (Supplement Figs. S1–S15). The source of
heterogeneity and publication bias were mainly due to the different
measurement methods within the group.

r
r

m

119
: standardized mean difference; CI: confidence interval; cTnI: cardiac troponin I;
ive cardiac troponin T; CK-MB:creatine kinase-MB; Mb:  myoglobin.

iscussion

Based on a comprehensive analysis of a large number of studies,
his meta-analysis identified cardiac biomarkers at admission (cTnI,
TnT, hs-cTn, hs-cTnI, hs-cTnT, CK-MB, and Mb) related to COVID-
9 and analyzed their impact on the disease. One study showed that
levated serum myoglobin was  associated with increased hospi-
alization mortality in patients, while elevated creatine kinase-MB
nd cardiac troponin I were not [73]. However, this study suggests
hat an increase in serum cTnI, hs-cTn, hs-cTnI, hs-cTnT, CK-MB,
nd Mb except for cTnT is directly related to COVID-19 mortality,
hile a raise in serum cTnI, cTnT, hs-cTnI, hs-cTnT, CK-MB, or Mb

xcept for hs-cTn is directly related to the severity of COVID-19. Our
eta-analysis of 16,791 samples suggests that increased cardiac

iomarkers at admission in patients with COVID-19 infection are
elated to increased risk of disease and death. The present study’s
ndings of increase in mortality and severity risk among COVID-19
atients with cardiac abnormality biomarkers test are consistent
ith previous narrative reviews [9,74–76].

In COVID-19 infection patients, in addition to the typical clini-
al manifestations of the respiratory system, there is also a certain
roportion of patients with cardiac involvement in whom myocar-
ial injury is more common [77]. Published studies showed that
.2–19.7% of COVID-19 patients [6,9,78,32] had acute heart injury,
efined as cardiac troponin I above the 99th percentile. Studies also

evealed that patients with heart injuries had a higher mortality
ate [9,79].

There are several possible mechanisms of COVID-19-induced
yocardial injury: 1. Myocardial injury that is caused by an imbal-

4
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Fig. 3. The mortality of (a) cTnI, (b) hs-cTn, (c) hs-cTnI, (d) hs-cTnT, (e) CK-MB, (f) M
hs-cTn:  high-sensitive cardiac troponin; hs-cTnI: high-sensitive cardiac troponin I; 

ance of oxygen supply and demand. Severe clinical symptoms such
as arrhythmia, severe tachycardia, anaemia, and respiratory fail-
ure in patients with COVID-19 are related to increased cTnI due to
myocardial injury [80]; 2. Myocardial injury that is directly caused
by viral invasion. The SARS-CoV-2 virus enters human cells by bind-
ing with angiotensin-converting enzyme 2 (ACE2) receptors, which
is expressed in the heart and lungs. The binding of the SARS-CoV-2
virus to ACE2 receptors may  be the cause of acute myocardial and
lung injury [1]; 3. Excessive immune response further damages the
heart, leading to ischemia and hypoxia of the heart tissue, and this
overload of the heart maintains a high output and low resistance
state. This leads to further ischemic injury and changes in labora-
tory cardiac markers, such as CK-MB, troponin I, and N-terminal of
the prohormone brain natriuretic peptide (NT-proBNP) increases
[5]. Myocardial injury resulting in an excessive immune response
mechanism can increase the severity of the disease and mortality.

Evidence suggested that five (12%) of 41 COVID-19 cases
had virus-related myocardial injury that mainly manifested as
increased high-sensitive cardiac troponin I (hs-cTnI) (>28 pg/mL)
[3] and changes in laboratory cardiac biomarkers, such as increased
creatine kinase-MB and cardiac troponin I, which can reflect
ischemic damage of the heart [5]. There can also be progressive
myocardial injury in COVID-19 patients. Clinical evidence from
Wuhan showed that most of the 112 COVID-19 patients had nor-
mal  troponin level at admission but then showed a gradual increase

with clinical deterioration and systemic inflammation. The data
displayed an increase in 42 (37.5%) patients during hospitaliza-
tion and a significant increase in cardiac troponin I level in the
week before death [55]. Another study reported that, four days

s
C
b
l

119
D: standardized mean difference; CI: confidence interval; cTnI: cardiac troponin I;
T: high-sensitive cardiac troponin T; CK-MB: creatine kinase-MB; Mb: myoglobin.

fter the onset of symptoms, the high-sensitive cardiac troponin
 (hs-cTnI) level was 8.8 pg/mL in non-survivors and 2.5 pg/mL in
urvivors [81]. An elevated level of serum myoglobin (≥306.5 �g/L)
as  related to greater in-hospital mortality among non-survivors

73]. Elevated hs-cTnI is also associated with increased utiliza-
ion of non-invasive and invasive mechanical ventilation as well as
cute respiratory distress syndrome (ARDS) [82]. However, cardiac
iomarker levels at admission are also related to the mortality of
OVID-19 patients. High levels of high-sensitive cardiac troponin

 (hs-cTnI) (≥6.126 pg/mL) and creatine kinase-MB at admission
ere associated with increased mortality [83]. Furthermore, cre-

tine kinase-MB and cardiac troponin I have prognostic value in
he prognosis of COVID-19 [84]. Elevated cTnT levels are common
n patients with ARDS without electrocardiographic evidence of

yocardial ischemia. Therefore, potential myocardial injury can
e detected earlier by observing these biomarker levels at admis-
ion and comparing them to those during hospitalization. Once
bnormal changes in myocardial markers are detected in COVID-19
atients at admission, the attending doctor can administer timely
reatment to reduce the risk of serious disease and improve the
rognosis of patients.

imitations

A limitation of this study could be the source region of the

ample. Although samples from different countries were included,
hinese samples were predominant in this study. Some cardiac
iomarkers (hs-cTn, hs-cTnT, and cTnT) were involved in only a

imited number of studies, which may  have led to some bias in
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the results. For the comparison of cardiac markers and ECG, there
was no valid meta-analysis due to the lack of original study data.
Despite these limitations, we believe that the large sample from
various publications can somewhat attenuate the limitations.

Conclusion

The meta-analysis showed a clinically meaningful relationship
between serum levels of cardiac markers and the severity and mor-
tality of COVID-19 infection. The results suggest that the cardiac
biomarkers of cTnI, cTnT, hs-cTn, hs-cTnI, hs-cTnT, CK-MB, and Mb
have the potential to predict poor prognosis of COVID-19, espe-
cially in critically ill patients. In conclusion, detection of elevated
serum cardiac biomarkers at admission and during hospitaliza-
tion is invaluable for reducing mortality and severity in COVID-19
patients.
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