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Introduction

Coronavirus disease 2019 (COVID-19) is a global pan-
demic impacting 213 countries and territories around the 
world. As of 31 May 2020, a total of 5,934,936 COVID-
19 confirmed cases and 367,166 deaths have been 
reported worldwide.1 Full-genome sequencing indicated 
that the novel coronavirus belongs to the β genus of coro-
navirus, which also includes severe acute respiratory syn-
drome (SARS) and Middle East respiratory syndrome 
(MERS).2
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COVID-19 infection is caused by binding of the viral 
spike protein to the angiotensin-converting enzyme 2 
(ACE2) receptor following activation of the viral spike pro-
tein by transmembrane protease serine 2.3 ACE2 is highly 
expressed in the lung, vascular endothelium, intestinal epi-
thelium, liver and the kidneys, providing a mechanism for 
the multi-organ failure that can be seen with COVID-19 
infection.4,5 ACE2 is also expressed in the heart, counter-
acting the effects of angiotensin II in states with intense 
activation of the renin–angiotensin system such as conges-
tive heart failure, hypertension and atherosclerosis.4

Several studies have reported the clinical and laboratory 
findings associated with cardiovascular disease in patients 
with COVID-19 infection.6–27 We are aware of no system-
atic review and meta-analysis that summarized available 
findings in this regard. Thus, in the present study, the labo-
ratory findings and mechanism of cardiac dysfunction 
caused by COVID-19 infection were summarized.

Methods

Study protocol

A systematic literature search and a quantitative meta-anal-
ysis were conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
guidelines.28

Search strategy

We conducted a literature search using the online databases 
of Scopus, PubMed, Web of Science, Cochrane Library and 
Google Scholar for relevant publications up to 20 May 2020. 
The following medical subject headings (MeSH) and non-
MeSH keywords were used: (‘Severe acute respiratory syn-
drome Coronavirus 2’ OR ‘SARS-CoV-2’ OR ‘COVID-19’ 
OR ‘Novel Coronavirus’ OR ‘2019-nCoV’) AND 
(‘Cardiovascular Disease’ OR ‘Heart’ OR ‘Troponin I’ OR 
‘Creatine Kinase’ OR ‘Creatine Kinase, MB Form’ OR 
‘Myoglobin’ OR ‘Lactate Dehydrogenase’). The literature 
search was performed by two independent researchers (MP 
and AS). We also searched the reference lists of the relevant 
articles to identify missed studies. No restriction was applied 
to language and time of publication. To facilitate the screen-
ing process of articles, all search results were downloaded 
into an EndNote library (version X8, Thomson Reuters, 
Philadelphia, USA). The search strategies and keywords are 
presented in detail in Supplementary Material Table 1 online.

Eligibility criteria

Studies were included in this review if they met the follow-
ing inclusion criteria: (1) observational studies with retro-
spective or prospective design; (2) all articles assessing the 
association between serum levels of cardiac troponin I, 

creatine kinase, creatine kinase-MB, myoglobin, lactate 
dehydrogenase and severe outcome or death from COVID-
19 infection as the major outcomes of interest and reported 
median (interquartile range; IQR) or mean (SD) for serum 
levels of these biomarkers. Review studies, books, expert 
opinion articles and theses were excluded.

Data extraction and assessment for study 
quality

Two independent researchers (MP and SY) extracted the 
following data from the studies: time of publication, first 
author’s name, age and gender of patients, sample size, 
study design, serum levels of cardiac troponin I, creatine 
kinase, creatine kinase-MB, myoglobin and lactate dehy-
drogenase and outcome assessment methods.

The Newcastle–Ottawa Scale was used for quality 
assessment of included articles.29 Based on these criteria, a 
maximum of nine points can be awarded to each study. In 
this systematic review and meta-analysis, studies with the 
Newcastle–Ottawa Scale score of ⩾ 5 were considered as 
high quality studies.

Statistical analysis

Median (IQR) or mean (SD) for serum levels of cardiac tro-
ponin I, creatine kinase, creatine kinase-MB, myoglobin and 
lactate dehydrogenase were used to estimate the effect size. 
The fixed- or random-effect model was used based on the het-
erogeneity between studies. Heterogeneity of the studies was 
assessed using the Cochrane Q test and I2 statistics.30 The 
publication bias was evaluated by the Egger’s regression tests 
and visual inspection of funnel plot.31 The sensitivity analysis 
was performed to evaluate the effect of each study on the 
pooled effect size. All statistical analyses were done using the 
Stata 14 software package (Stata Corp., College Station, 
Texas, USA).

Results

Search results

Overall, 239 publications were identified in our literature 
search. Of these, 54 duplicates, 24 non-English, 15 reviews 
and 110 publications that did not fulfill our eligibility crite-
ria were excluded, leaving 36 articles for further assess-
ment. Out of remaining 36 articles, 14 were excluded 
because of the following reason: did not report median 
(IQR) or mean (SD). Finally, we included 22 articles in the 
present systematic review and meta-analysis (Figure 1).

Study characteristics

All studies were conducted in China. Twenty studies used 
retrospective design6,7,9–18,20–27 and two studies used 
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prospective design.8,19 The sample size of studies ranged 
from 10 to 645 patients (mean age in severe patients: 60.95 
years, mean age in non-severe patients: 46.95 years). All 
studies used real-time reverse transcriptase–polymerase 
chain reaction to confirm COVID-19 infection. The charac-
teristics of the included studies are presented in Table 1.

Serum levels of lactate dehydrogenase, 
creatine kinase-MB, creatine kinase, cardiac 
troponin I, myoglobin and severity of 
COVID-19 infection

In the pooled estimate of 17 studies6,8–16,18,20–22,24–26 with 
2467 COVID-19 infected patients (severe patients = 1095 
and non-severe patients = 1372), it was shown that higher 
serum levels of lactate dehydrogenase (weighted mean dif-
ference = 108.86 U/L, 95% confidence interval (CI) = 
75.93 to 141.79, p<0.001, I2 = 85.4%, pheterogeneity <0.001) 
(Figure 2) and creatine kinase-MB (weighted mean differ-
ence = 2.60 U/L, 95% CI = 1.32 to 3.88, p<0.001,  
I2 = 0.0%, pheterogeneity = 0.517) (Figure 3) were associated 
with a significant increase in the severity of COVID-19 

infection. Combined results showed that serum levels of cre-
atine kinase (weighted mean difference = 15.10 U/L, 95% 
CI = –0.93 to 31.12, p = 0.065, I2 = 46.9%, pheterogeneity = 
0.058) (Figure 4), cardiac troponin I (weighted mean differ-
ence = 4.05 pg/mL, 95% CI = –0.20 to 8.30, p = 0.062, I2 
= 0.0%, pheterogeneity = 0.591) (Figure 5) and myoglobin 
(weighted mean difference = 21.40 ng/mL, 95% CI = –0.22 
to 43.02, p = 0.052, I2 = 29.3%, pheterogeneity = 0.243)  
(Figure 6) had no significant association with severity of the 
disease.

Serum levels of lactate dehydrogenase, 
creatine kinase-MB, creatine kinase, cardiac 
troponin I, myoglobin and mortality from 
COVID-19 infection

Six studies7,14,17,19,23,27 including a total of 1217 patients 
with COVID-19 infection (non-survivor = 365 and survi-
vor = 852) reported mortality as an outcome measure. 
Combined results showed that higher serum levels of lac-
tate dehydrogenase (weighted mean difference = 213.44 
U/L, 95% CI = 129.97 to 296.92, p<0.001, I2 = 90.4%, 
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IQR: interquartile range



668 European Heart Journal: Acute Cardiovascular Care 9(6)

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 in

cl
ud

ed
 in

 t
he

 m
et

a-
an

al
ys

is
.

A
ut

ho
rs

 
(y

ea
r)

D
es

ig
n 

of
 

st
ud

y
C

ou
nt

ry
M

ea
n 

ag
e,

 
ye

ar
s

Sa
m

pl
e 

si
ze

Se
x

Pr
e-

ex
is

tin
g 

C
V

D
s,

 n
 (

%
)

C
O

V
ID

-1
9 

de
te

ct
io

n
D

is
ea

se
 s

ev
er

ity
 c

ri
te

ri
a

Se
ru

m
 le

ve
ls

 in
 

se
ve

re
 c

as
es

, 
m

ea
n±

SD

Se
ru

m
 le

ve
ls

 
in

 m
ild

 c
as

es
, 

m
ea

n±
SD

T
he

 t
im

e 
in

te
rv

al
 b

et
w

ee
n 

la
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty

C
he

n 
G

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

56
.5

21 Se
ve

re
 c

as
es

: 
11 M

ild
 c

as
es

: 
10

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
Th

e 
gu

id
el

in
es

 fo
r 

di
ag

no
sis

 a
nd

 
m

an
ag

em
en

t o
f C

O
VI

D
-1

9 
(6

th
 

ed
iti

on
, i

n 
C

hi
ne

se
) 

by
 t

he
 

N
at

io
na

l H
ea

lth
 C

om
m

is
si

on
 o

f 
C

hi
na

LD
H

: 
53

7.
0±

20
2.

1
C

K
: 

21
4.

0±
17

7.
1

LD
H

: 
22

4.
0±

38
.1

C
K

: 6
4.

0±
19

.2

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

C
he

n 
T

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

59
.5

27
4

Se
ve

re
 c

as
es

: 
11

3
M

ild
 c

as
es

: 
16

1

F/
M

D
ea

th
 c

as
es

: 
16

 (
14

%
)

R
ec

ov
er

ed
 

ca
se

s:
 7

 (
4%

)

R
ea

l-t
im

e 
R

T
-P

C
R

Th
e 

gu
id

el
in

es
 fo

r 
di

ag
no

sis
 a

nd
 

m
an

ag
em

en
t o

f C
O

VI
D

-1
9 

(6
th

 
ed

iti
on

, i
n 

C
hi

ne
se

) 
by

 t
he

 
N

at
io

na
l H

ea
lth

 C
om

m
is

si
on

 o
f 

C
hi

na

LD
H

: 
56

4.
5±

21
0.

9
cT

nI
: 4

0.
8±

10
6

C
K

: 1
89
±

20
7.

4

LD
H

: 
26

8.
0±

75
.7

cT
nI

: 3
.3
±

3.
8

C
K

: 8
4.

0±
66

.3

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

D
u 

R
H

 
et

 a
l. 

(2
02

0)
 (

a)

R
et

ro
sp

ec
tiv

e
C

hi
na

70
.7

10
9

Se
ve

re
 c

as
es

: 
51 M

ild
 c

as
es

: 
58

F/
M

Se
ve

re
 c

as
es

: 
15

 (
29

.4
%

)
M

ild
 c

as
es

: 
22

 (
37

.9
)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
ac

co
rd

in
g 

to
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

M
yo

: 7
1.

4±
86

.4
M

yo
: 

68
.1
±

72
.7

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

D
u 

R
H

 
et

 a
l. 

(2
02

0)
 (

b)

Pr
os

pe
ct

iv
e

C
hi

na
57

.6
17

9
D

ea
th

 c
as

es
: 

21 R
ec

ov
er

ed
 

ca
se

s:
 1

58

F/
M

D
ea

th
 c

as
es

: 
12

 (
57

.1
%

)
R

ec
ov

er
ed

 
ca

se
s:

 1
7 

(1
0.

8%
)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
ac

co
rd

in
g 

to
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

M
yo

: 
16

2.
0±

21
8.

0
M

yo
: 

32
.3
±

33
.2

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

H
an

 H
 

et
 a

l. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

21
3

Se
ve

re
 c

as
es

: 
15 M

ild
 c

as
es

: 
19

8

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
T

he
 p

at
ie

nt
s 

w
er

e 
di

ag
no

se
d 

ac
co

rd
in

g 
to

 t
he

 W
or

ld
 H

ea
lth

 
O

rg
an

iz
at

io
n 

in
te

ri
m

 g
ui

da
nc

e 
fo

r 
C

O
V

ID
-1

9

cT
nI

: 1
0.

0±
14

.8
M

yo
: 7

5.
3±

66
.1

cT
nI

: 1
0.

0±
7.

4
M

yo
: 

34
.7
±

20
.8

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

H
ua

ng
 

C
 e

t 
al

. 
(2

02
0)

Pr
os

pe
ct

iv
e

C
hi

na
49

.0
41 Se

ve
re

 c
as

es
: 

13 M
ild

 c
as

es
: 

28

F/
M

Se
ve

re
 c

as
es

: 
3 

(2
3%

)
M

ild
 c

as
es

: 3
 

(1
1%

)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 d
ia

gn
os

is
 o

f p
ne

um
on

ia
 w

as
 

ba
se

d 
on

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s,

 
ch

es
t 

im
ag

in
g,

 a
nd

 t
he

 r
ul

in
g 

ou
t 

of
 c

om
m

on
 b

ac
te

ri
al

 a
nd

 v
ir

al
 

pa
th

og
en

s 
th

at
 c

au
se

pn
eu

m
on

ia

LD
H

: 
40

0.
0±

18
8.

9
cT

nI
: 3

.3
±

11
8.

5
C

K
: 

13
2.

0±
30

4.
4

LD
H

: 
28

1.
0±

91
.8

cT
nI

: 3
.5
±

3.
4

C
K

: 
13

3.
0±

94
.8

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

Ji
 D

 e
t 

al
. 

(2
02

0)
R

et
ro

sp
ec

tiv
e

C
hi

na
44

.0
20

8
Se

ve
re

 c
as

es
: 

40 M
ild

 c
as

es
: 

16
8

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
T

he
 g

ui
de

lin
es

 fo
r 

di
ag

no
si

s 
an

d 
m

an
ag

em
en

t 
of

 C
O

V
ID

-1
9 

by
 

th
e 

N
at

io
na

l H
ea

lth
 C

om
m

is
si

on
 

of
 C

hi
na

 a
nd

 t
he

 W
or

ld
 H

ea
lth

 
O

rg
an

iz
at

io
n 

in
te

ri
m

 g
ui

da
nc

e 
fo

r 
C

O
V

ID
-1

9

LD
H

: 
30

4.
0±

10
5.

2
LD

H
: 

22
4.

0±
48

.9
La

bo
ra

to
ry

 t
es

ts
 a

nd
 d

is
ea

se
 

se
ve

ri
ty

 w
er

e 
as

se
ss

ed
 a

t 
th

e 
sa

m
e 

tim
e 

on
 a

dm
is

si
on



Parohan et al. 669

A
ut

ho
rs

 
(y

ea
r)

D
es

ig
n 

of
 

st
ud

y
C

ou
nt

ry
M

ea
n 

ag
e,

 
ye

ar
s

Sa
m

pl
e 

si
ze

Se
x

Pr
e-

ex
is

tin
g 

C
V

D
s,

 n
 (

%
)

C
O

V
ID

-1
9 

de
te

ct
io

n
D

is
ea

se
 s

ev
er

ity
 c

ri
te

ri
a

Se
ru

m
 le

ve
ls

 in
 

se
ve

re
 c

as
es

, 
m

ea
n±

SD

Se
ru

m
 le

ve
ls

 
in

 m
ild

 c
as

es
, 

m
ea

n±
SD

T
he

 t
im

e 
in

te
rv

al
 b

et
w

ee
n 

la
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty

L
o 

IL
 e

t 
al

. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

54
.0

10 Se
ve

re
 

ca
se

s:
 4

M
ild

 c
as

es
: 6

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
Th

e 
gu

id
el

in
es

 fo
r 

di
ag

no
sis

 a
nd

 
m

an
ag

em
en

t o
f C

O
VI

D
-1

9 
(6

th
 

ed
iti

on
, i

n 
C

hi
ne

se
) 

by
 t

he
 

N
at

io
na

l H
ea

lth
 C

om
m

is
si

on
 o

f 
C

hi
na

LD
H

: 
23

8.
0±

52
.0

LD
H

: 
18

3.
0±

61
.0

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

M
o 

P
 e

t 
al

. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

53
.5

15
5

Se
ve

re
 c

as
es

: 
85 M

ild
 c

as
es

: 
70

F/
M

Se
ve

re
 c

as
es

: 
14

 (
16

.5
%

)
M

ild
 c

as
es

: 0

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 d
ia

gn
os

is
 o

f p
ne

um
on

ia
 w

as
 

ba
se

d 
on

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

an
d 

ch
es

t 
im

ag
in

g

LD
H

: 
29

3.
0±

17
8.

5
C

K
: 8

9.
0±

59
.2

LD
H

: 
24

1.
0±

10
3.

7
C

K
: 

10
0.

0±
63

.7

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

Q
u 

R
 e

t 
al

. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

54
.7

30 Se
ve

re
 

ca
se

s:
 3

M
ild

 c
as

es
: 

27

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
Th

e 
gu

id
el

in
es

 fo
r 

di
ag

no
sis

 a
nd

 
m

an
ag

em
en

t o
f C

O
VI

D
-1

9 
(6

th
 

ed
iti

on
, i

n 
C

hi
ne

se
) 

by
 t

he
 

N
at

io
na

l H
ea

lth
 C

om
m

is
si

on
 o

f 
C

hi
na

LD
H

: 
77

2.
3±

29
2.

3
LD

H
: 

52
8.

1±
18

8.
6

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

R
ua

n 
Q

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

58
.5

15
0

Se
ve

re
 c

as
es

: 
68 M

ild
 c

as
es

: 
82

F/
M

D
ea

th
 c

as
es

: 
13

 (
19

%
)

R
ec

ov
er

ed
 

ca
se

s:
 0

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 d
ia

gn
os

is
 o

f p
ne

um
on

ia
 w

as
 

ba
se

d 
on

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

an
d 

ch
es

t 
im

ag
in

g

cT
nI

: 
30

.3
±

15
1.

0
M

yo
: 

25
8.

9±
30

7.
6

cT
nI

: 3
.5
±

6.
2

M
yo

: 
77

.7
±

13
6.

1

N
ot

 r
ep

or
te

d

W
an

 S
 

et
 a

l. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

50
.0

13
5

Se
ve

re
 c

as
es

: 
40 M

ild
 c

as
es

: 
95

F/
M

Se
ve

re
 c

as
es

: 
6 

(1
5%

)
M

ild
 c

as
es

: 1
 

(1
 %

)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
ac

co
rd

in
g 

to
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
30

9.
0±

11
4.

4
C

K
: 8

2.
0±

66
.6

LD
H

: 
21

2.
0±

58
.9

C
K

: 5
7.

0±
37

.0

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

W
an

g 
D

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

58
.5

13
8

Se
ve

re
 c

as
es

: 
36 M

ild
 c

as
es

: 
10

2

F/
M

Se
ve

re
 c

as
es

: 
9 

(2
5%

)
M

ild
 c

as
es

: 
11

 (
10

.8
%

)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
ac

co
rd

in
g 

to
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
43

5.
0±

21
7.

8
cT

nI
: 1

1.
0±

15
.4

C
K

: 
10

2.
0±

14
0.

7
C

K
M

B:
 

18
.0
±

17
.0

LD
H

: 
21

2.
0±

89
.6

cT
nI

: 5
.1
±

5.
7

C
K

: 8
7.

0±
49

.6
C

K
M

B:
 

13
.0
±

2.
9

La
bo

ra
to

ry
 t

es
ts

 w
er

e 
do

ne
 

on
 a

dm
is

si
on

. T
he

 m
ed

ia
n 

tim
e 

fr
om

 a
dm

is
si

on
 t

o 
de

ve
lo

pi
ng

 
se

ve
re

 o
ut

co
m

e 
w

as
 o

ne
 d

ay
 

(IQ
R

, 0
–3

 d
ay

s)

W
an

g 
L

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

69
.0

33
9

D
ea

th
 c

as
es

: 
65 R

ec
ov

er
ed

 
ca

se
s:

 2
74

F/
M

D
ea

th
 c

as
es

: 
21

 (
32

.8
%

)
R

ec
ov

er
ed

 
ca

se
s:

 3
2 

(1
1.

7%
)

R
ea

l-t
im

e 
R

T
-P

C
R

Th
e 

gu
id

el
in

es
 fo

r 
di

ag
no

sis
 a

nd
 

m
an

ag
em

en
t o

f C
O

VI
D

-1
9 

(6
th

 
ed

iti
on

, i
n 

C
hi

ne
se

) 
by

 t
he

 
N

at
io

na
l H

ea
lth

 C
om

m
is

si
on

 
of

 C
hi

na
 a

nd
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
43

9.
0±

20
9.

6
C

K
: 8

4.
0±

12
7.

4

LD
H

: 
28

6.
0±

10
0.

0
C

K
: 6

0.
0±

42
.2

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

 (C
on

tin
ue

d)

Ta
bl

e 
1.

 (
C

on
tin

ue
d)



670 European Heart Journal: Acute Cardiovascular Care 9(6)

A
ut

ho
rs

 
(y

ea
r)

D
es

ig
n 

of
 

st
ud

y
C

ou
nt

ry
M

ea
n 

ag
e,

 
ye

ar
s

Sa
m

pl
e 

si
ze

Se
x

Pr
e-

ex
is

tin
g 

C
V

D
s,

 n
 (

%
)

C
O

V
ID

-1
9 

de
te

ct
io

n
D

is
ea

se
 s

ev
er

ity
 c

ri
te

ri
a

Se
ru

m
 le

ve
ls

 in
 

se
ve

re
 c

as
es

, 
m

ea
n±

SD

Se
ru

m
 le

ve
ls

 
in

 m
ild

 c
as

es
, 

m
ea

n±
SD

T
he

 t
im

e 
in

te
rv

al
 b

et
w

ee
n 

la
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty

W
an

g 
Z

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

53
.7

69 Se
ve

re
 c

as
es

: 
14 M

ild
 c

as
es

: 
55

F/
M

Se
ve

re
 c

as
es

: 
5 

(3
6%

)
M

ild
 c

as
es

: 3
 

(5
%

)

R
ea

l-t
im

e 
R

T
-P

C
R

Th
e 

gu
id

el
in

es
 fo

r 
di

ag
no

sis
 a

nd
 

m
an

ag
em

en
t o

f C
O

VI
D

-1
9 

(3
rd

 
ed

iti
on

, i
n 

C
hi

ne
se

) 
by

 t
he

 
N

at
io

na
l H

ea
lth

 C
om

m
is

si
on

 o
f 

C
hi

na

LD
H

: 
51

7.
5±

20
8.

9
LD

H
: 

20
7.

0±
68

.9
La

bo
ra

to
ry

 t
es

ts
 w

er
e 

do
ne

 
on

 a
dm

is
si

on
. T

he
 m

ed
ia

n 
tim

ef
ro

m
 a

dm
is

si
on

 t
o 

de
ve

lo
pi

ng
 s

ev
er

e 
ou

tc
om

e 
w

as
 o

ne
 d

ay
 (

IQ
R

, 0
–2

 d
ay

s)
.

W
u 

C
 

et
 a

l. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

53
.2

20
1

Se
ve

re
 c

as
es

: 
84 M

ild
 c

as
es

: 
11

7

F/
M

Se
ve

re
 c

as
es

: 
5 

(6
%

)
M

ild
 c

as
es

: 3
 

(2
.6

%
)

D
ea

th
 c

as
es

: 
4 

(9
.1

%
)

R
ec

ov
er

ed
 

ca
se

s:
 4

 
(1

0%
)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
ac

co
rd

in
g 

to
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
39

6.
0±

14
8.

9
C

K
M

B:
 

17
.0
±

5.
5

D
ea

th
 c

as
es

:
LD

H
: 

48
4.

0±
16

1.
1

C
K

M
B:

 
17

.0
±

5.
2

LD
H

: 
25

7.
0±

81
.1

C
K

M
B:

 
15

.0
±

5.
2

R
ec

ov
er

ed
 

ca
se

s:
LD

H
: 

34
9.

5±
90

.7
C

K
M

B:
 

16
.0
±

5.
7

La
bo

ra
to

ry
 t

es
ts

 w
er

e 
do

ne
 

on
 a

dm
is

si
on

. T
he

 m
ed

ia
n 

tim
e 

fr
om

 a
dm

is
si

on
 t

o 
de

ve
lo

pi
ng

 s
ev

er
e 

ou
tc

om
e 

w
as

 t
w

o 
da

ys
 (

IQ
R

, 1
–4

 d
ay

s)

W
u 

J 
et

 a
l. 

(2
02

0)
R

et
ro

sp
ec

tiv
e

C
hi

na
43

.1
28

0
Se

ve
re

 c
as

es
: 

83 M
ild

 c
as

es
: 

19
7

F/
M

Se
ve

re
 c

as
es

: 
43

 (
51

.8
%

)
M

ild
 c

as
es

: 
14

 (
7.

1%
)

R
ea

l-t
im

e 
R

T
-P

C
R

T
he

 p
at

ie
nt

s 
w

er
e 

di
ag

no
se

d 
ac

co
rd

in
g 

to
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
23

5.
0±

13
7.

0
C

K
: 7

6.
0±

16
8.

1
C

K
M

B:
 

13
.0
±

12
.5

LD
H

: 
18

4.
0±

79
.2

C
K

: 6
7.

0±
38

.5
C

K
M

B:
 

9.
0±

5.
2

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

Z
ha

ng
 

X
 e

t 
al

. 
(2

02
0)

R
et

ro
sp

ec
tiv

e
C

hi
na

40
.7

64
5

Se
ve

re
 c

as
es

: 
57

3
M

ild
 c

as
es

: 
72

F/
M

Se
ve

re
 c

as
es

: 
5 

(1
%

)
M

ild
 c

as
es

: 0

R
ea

l-t
im

e 
R

T
-P

C
R

Th
e 

gu
id

el
in

es
 fo

r 
di

ag
no

sis
 a

nd
 

m
an

ag
em

en
t o

f C
O

VI
D

-1
9 

(5
th

 
ed

iti
on

, i
n 

C
hi

ne
se

) 
by

 t
he

 
N

at
io

na
l H

ea
lth

 C
om

m
is

si
on

 
of

 C
hi

na
 a

nd
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
21

3.
0±

70
.4

C
K

: 7
3.

0±
46

.7

LD
H

: 
17

4.
5±

64
.8

C
K

: 6
2.

5±
27

.2

la
bo

ra
to

ry
 t

es
ts

 w
er

e 
do

ne
 

on
 a

dm
is

si
on

. T
he

 t
im

e 
fr

om
 

on
se

t 
to

C
O

V
ID

-1
9 

in
fe

ct
io

n 
co

nf
ir

m
at

io
n 

w
as

 5
.0

 (
2.

5–
7.

0)
 

da
ys

 a
m

on
g 

pa
tie

nt
s 

w
ith

 
se

ve
re

 o
ut

co
m

e
Z

he
ng

 
F

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

45
.0

16
1

Se
ve

re
 c

as
es

: 
30 M

ild
 c

as
es

: 
13

1

F/
M

Se
ve

re
 c

as
es

: 
2 

(6
.7

%
)

M
ild

 c
as

es
: 2

 
(1

.5
%

)

R
ea

l-t
im

e 
R

T
-P

C
R

Th
e 

gu
id

el
in

es
 fo

r 
di

ag
no

sis
 a

nd
 

m
an

ag
em

en
t o

f C
O

VI
D

-1
9 

(5
th

 
ed

iti
on

, i
n 

C
hi

ne
se

) 
by

 t
he

 
N

at
io

na
l H

ea
lth

 C
om

m
is

si
on

 o
f 

C
hi

na

LD
H

: 
22

6.
2±

90
.1

C
K

: 
10

0.
3±

24
9.

8

LD
H

: 
16

2.
0±

55
.4

C
K

: 6
8.

7±
50

.4

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

Ta
bl

e 
1.

 (
C

on
tin

ue
d)



Parohan et al. 671

A
ut

ho
rs

 
(y

ea
r)

D
es

ig
n 

of
 

st
ud

y
C

ou
nt

ry
M

ea
n 

ag
e,

 
ye

ar
s

Sa
m

pl
e 

si
ze

Se
x

Pr
e-

ex
is

tin
g 

C
V

D
s,

 n
 (

%
)

C
O

V
ID

-1
9 

de
te

ct
io

n
D

is
ea

se
 s

ev
er

ity
 c

ri
te

ri
a

Se
ru

m
 le

ve
ls

 in
 

se
ve

re
 c

as
es

, 
m

ea
n±

SD

Se
ru

m
 le

ve
ls

 
in

 m
ild

 c
as

es
, 

m
ea

n±
SD

T
he

 t
im

e 
in

te
rv

al
 b

et
w

ee
n 

la
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty

Z
ho

u 
B

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

65
34 Se

ve
re

 
ca

se
s:

 8
M

ild
 c

as
es

: 
26

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
Th

e 
gu

id
el

in
es

 fo
r 

di
ag

no
sis

 a
nd

 
m

an
ag

em
en

t o
f C

O
VI

D
-1

9 
(4

th
 

ed
iti

on
, i

n 
C

hi
ne

se
) 

by
 t

he
 

N
at

io
na

l H
ea

lth
 C

om
m

is
si

on
 o

f 
C

hi
na

LD
H

: 
51

3.
0±

16
8.

1
cT

nI
: 

46
.8
±

19
6.

7
C

K
: 

19
9.

0±
15

4.
1

C
K

M
B:

 
13

.0
±

11
.1

M
yo

: 
10

1.
7±

11
3.

3

LD
H

: 
28

7.
0±

62
.9

cT
nI

: 4
.8
±

4.
4

C
K

: 8
8.

0±
59

.2
C

K
M

B:
 

10
.0
±

2.
9

M
yo

: 
62

.8
±

40
.5

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

Z
ho

u 
F

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

60
.5

19
1

Se
ve

re
 c

as
es

: 
54 M

ild
 c

as
es

: 
13

7

F/
M

D
ea

th
 c

as
es

: 
13

 (
24

%
)

R
ec

ov
er

ed
 

ca
se

s:
 2

 (
1%

)

R
ea

l-t
im

e 
R

T
-P

C
R

Th
e 

gu
id

el
in

es
 fo

r 
di

ag
no

sis
 a

nd
 

m
an

ag
em

en
t o

f C
O

VI
D

-1
9 

(6
th

 
ed

iti
on

, i
n 

C
hi

ne
se

) 
by

 t
he

 
N

at
io

na
l H

ea
lth

 C
om

m
is

si
on

 
of

 C
hi

na
 a

nd
 t

he
 W

or
ld

 H
ea

lth
 

O
rg

an
iz

at
io

n 
in

te
ri

m
 g

ui
da

nc
e 

fo
r 

C
O

V
ID

-1
9

LD
H

: 
52

1.
0±

22
6.

7
cT

nI
: 2

2.
2±

57
.4

C
K

: 3
9.

0±
97

.4

LD
H

: 
25

3.
5±

73
.3

cT
nI

: 3
.0
±

3.
2

C
K

: 1
8.

0±
29

.3

La
bo

ra
to

ry
 t

es
ts

 a
nd

 d
is

ea
se

 
se

ve
ri

ty
 w

er
e 

as
se

ss
ed

 a
t 

th
e 

sa
m

e 
tim

e 
on

 a
dm

is
si

on

Z
ho

u 
Y

 e
t 

al
. 

(2
02

0)

R
et

ro
sp

ec
tiv

e
C

hi
na

41
.8

17 Se
ve

re
 

ca
se

s:
 5

M
ild

 c
as

es
: 

12

F/
M

N
ot

 
re

po
rt

ed
R

ea
l-t

im
e 

R
T

-P
C

R
Th

e 
gu

id
el

in
es

 fo
r 

di
ag

no
sis

 a
nd

 
m

an
ag

em
en

t o
f C

O
VI

D
-1

9 
(5

th
 

ed
iti

on
, i

n 
C

hi
ne

se
) 

by
 t

he
 

N
at

io
na

l H
ea

lth
 C

om
m

is
si

on
 o

f 
C

hi
na

LD
H

: 
15

7.
0±

72
.6

LD
H

: 
18

0.
0±

13
5.

5
La

bo
ra

to
ry

 t
es

ts
 a

nd
 d

is
ea

se
 

se
ve

ri
ty

 w
er

e 
as

se
ss

ed
 a

t 
th

e 
sa

m
e 

tim
e 

on
 a

dm
is

si
on

C
O

V
ID

-1
9:

 c
or

on
av

ir
us

 d
is

ea
se

 2
01

9;
 F

: f
em

al
e;

 M
: m

al
e;

 C
V

D
: c

ar
di

ov
as

cu
la

r 
di

se
as

e;
 R

T
-P

C
R

: r
ev

er
se

 t
ra

ns
cr

ip
ta

se
–p

ol
ym

er
as

e 
ch

ai
n 

re
ac

tio
n;

 L
D

H
: l

ac
ta

te
 d

eh
yd

ro
ge

na
se

; C
K

: c
re

at
in

e 
ki

na
se

; c
T

nI
: c

ar
di

ac
 t

ro
po

ni
n 

I; 
M

yo
: 

m
yo

gl
ob

in
; C

K
M

B:
 c

re
at

in
e 

ki
na

se
-M

B;
 IQ

R
: i

nt
er

qu
ar

til
e 

ra
ng

e

Ta
bl

e 
1.

 (
C

on
tin

ue
d)



672 European Heart Journal: Acute Cardiovascular Care 9(6)

NOTE: Weights are from random effects analysis
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Figure 2. Forest plot for the association between serum levels of lactate dehydrogenase and severe outcome or death from 
COVID-19 infection using random-effects model.
WMD: weighted mean difference; CI: confidence interval
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Figure 3. Forest plot for the association between serum levels of creatine kinase-MB and severe outcome or death from 
COVID-19 infection using fixed-effects model.
WMD: weighted mean difference; CI: confidence interval
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NOTE: Weights are from random effects analysis
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Figure 4. Forest plot for the association between serum levels of creatine kinase and severe outcome or death from COVID-19 
infection using random-effects model.
WMD: weighted mean difference; CI: confidence interval
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Figure 5. Forest plot for the association between serum levels of cardiac troponin I and severe outcome or death from 
COVID-19 infection using random-effects model.
WMD: weighted mean difference; CI: confidence interval
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pheterogeneity <0.001) (Figure 2), creatine kinase (weighted 
mean difference = 48.10 U/L, 95% CI = 0.27 to 95.94, p 
= 0.049, I2 = 85.0%, pheterogeneity = 0.001) (Figure 4), car-
diac troponin I (weighted mean difference = 26.35 pg/mL, 
95% CI = 14.54 to 38.15, p<0.001, I2 = 4.1%, pheterogeneity 
= 0.352) (Figure 5) and myoglobin (weighted mean differ-
ence = 159.77 ng/mL, 95% CI = 99.54 to 220.01, p<0.001, 
I2 = 0.0%, pheterogeneity = 0.409) (Figure 6) were associated 
with a significant increase in the mortality of COVID-19 
infection.

Publication bias and sensitivity analysis

Based on the results of Egger’s test, we found no evidence 
of publication bias for lactate dehydrogenase (p=0.454), 
creatine kinase-MB (p=0.367), creatine kinase (p=0.220), 
cardiac troponin I (p=0.961) and myoglobin (p=0.748). 
Furthermore, findings from sensitivity analysis indicated 
that overall estimates did not depend on a single publica-
tion (Supplementary Figures 1–5).

Discussion

Findings from this review supported the hypothesis that 
heart injury is associated with severe outcome and death in 
patients with COVID-19 infection. To our knowledge, this 

study is the first meta-analysis to assess the association 
between serum levels of cardiac biomarkers and severity of 
COVID-19 infection.

Our results are partially in line with previous narrative 
reviews.32–36 Previously, cardiac lesion has been reported as 
a risk factor for severe outcome and death in SARS and 
MERS.37–40

Older age (⩾65 years), male gender and presence of 
comorbidities such as hypertension, diabetes, chronic obstruc-
tive pulmonary disease and cancer are known to be the major 
risk factors for COVID-19 mortality.41 Presence of myocardi-
tis and cardiac injury (defined by elevated cardiac troponin I 
levels greater than the 99th percentile upper limit) are other 
independent risk factors associated with mortality.27,42

COVID-19 may either exacerbate underlying cardiovas-
cular diseases and/or induce new cardiac pathologies. 
Previous studies have shown that the incidence of acute 
cardiac injury in severe COVID-19 patients and death cases 
ranged from 5% to 31% and 59% to 77%, respectively.7,8,11,17 
Contributory mechanisms include hemodynamic changes, 
induction of pro-coagulant factors and systemic inflamma-
tory responses that are mediators of atherosclerosis directly 
contributing to plaque rupture through local inflammation, 
which predispose to thrombosis and ischemia.43–45

In addition, ACE2, the receptor for COVID-19, is 
expressed on vascular endothelial cells and myocytes,46,47 
so there is at least theoretical potential possibility of direct 
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Figure 6. Forest plot for the association between serum levels of myoglobin and severe outcome or death from COVID-19 
infection using fixed-effects model.
WMD: weighted mean difference; CI: confidence interval
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cardiovascular involvement by the virus. In theory this 
could have a potential impact on patients taking angioten-
sin-converting enzyme inhibitors, resulting in greater risk 
of acquiring COVID-19 infection and increased severity of 
the disease.33

Other suggested mechanisms of COVID-19 related 
heart injury include cytokine storm, mediated by increased 
pro-inflammatory cytokine production by innate immunity 
after COVID-19 infection, and hypoxia induced excessive 
intracellular calcium leading to myocyte apoptosis.17,36

COVID-19 appears to affect the myocardium and cause 
myocarditis.48 Interstitial mononuclear inflammatory infil-
trates in myocardium has been documented in death cases 
of COVID-19.48 Furthermore, cases of myocarditis with 
reduced systolic function have been reported after COVID-
19 infection.32 Cardiac injury is likely associated with 
ischemia and/or infection-related myocarditis and is an 
important prognostic factor in patients with COVID-19 
infection.

Cardiac biomarker studies suggest a high prevalence of 
heart injury in death cases of COVID-19 infection.48,42 
Mortality was significantly higher in patients with high 
serum levels of lactate dehydrogenase, cardiac troponin I, 
creatine kinase and myoglobin. The mechanism of cardiac 
biomarker elevation in COVID-19 infection is not fully 
understood. The underlying pathophysiology is suggestive 
of a cardio-inflammatory response as many severe COVID-
19 infected patients demonstrate concomitant elevations in 
cardiac biomarkers and acute phase reactants such as 
C-reactive protein.33 The rise in cardiac biomarkers with 
other inflammatory biomarkers raises the possibility that 
this reflects cytokine storm and may present clinically as 
fulminant myocarditis.33

Until effective and specific antiviral therapies against 
COVID-19 become available, the treatment of COVID-19 
infection will be primarily based on the treatment of com-
plications and supportive care. Treatment of cardiovascular 
complications should be based on optimal use of guideline-
based therapies. As with other triggers for cardiovascular 
events, the use of β-blockers, statins and antiplatelet agents 
are recommended per practice guidelines.

The present study has some limitations. First, interpreta-
tion of findings might be limited by the small sample size. 
Second, this study did not include data such as body weight, 
body mass index and smoking history, which are potential 
risk factors for disease severity.

Conclusion

In this meta-analysis of 3534 patients with confirmed 
COVID-19, cardiac injury as assessed by serum analysis 
(lactate dehydrogenase, cardiac troponin I, creatine kinase 
(-MB) and myoglobin) was associated with severe outcome 
and death from COVID-19 infection. With the fast-moving 
development of COVID-19 across the globe and with better 

understanding of the mechanisms of cardiac involvement in 
patients with COVID-19 infection, cardiac biomarkers can 
be utilized as an indicator of improving response due to car-
dioprotective intervention or as a metric of a worsening 
clinical scenario.
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