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Liver injury is associated with severe coronavirus disease
2019 (COVID-19) infection: A systematic review and
meta-analysis of retrospective studies
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The coronavirus disease 2019 (COVID-19) outbreak is a major
threat to human beings. Lung injury has been reported as the
major outcome of COVID-19 infection. However, liver damage
has also been considered to occur in severe cases. The current
meta-analysis of retrospective studies was carried out to sum-
marize available findings on the association between liver injury
and severity of COVID-19 infection. Online databases including
PubMed, Scopus, Web of Science, and Cochrane Library were
searched to detect relevant publications up to 1 April 2020,
using relevant keywords. To pool data, a fixed- or
random-effects model was used depending on the heterogene-
ity between studies. Furthermore, publication bias test and sen-
sitivity analysis were also applied. In total, 20 retrospective
studies with 3428 COVID-19 infected patients (severe cases,
n =1455; mild cases, n =1973), were included in this meta-

analysis. Higher serum levels of aspartate aminotransferase
(weighted mean difference, 8.84 U/L; 95% confidence interval
[CI] 5.97 to 11.71; P <0.001), alanine aminotransferase (weighted
meandifference, 7.35U/L; 95%CI, 4.77 to 9.93;P <0.001), total bil-
irubin (weighted mean difference, 2.30 mmol/L; 95% CI, 1.24 to
3.36; P <0.001), and lower serum levels of albumin (weighted
mean difference, �4.24 g/L; 95% CI, �6.20 to �2.28; P <0.001)
were associated with a significant increase in the severity of
COVID-19 infection. The incidence of liver injury, as assessed by
serum analysis (aspartate aminotransferase, alanine aminotrans-
ferase, total bilirubin, and albumin levels), seems to be higher in
patients with severe COVID-19 infection.
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INTRODUCTION

INDECEMBER 2019, a cluster of severe acute respiratory
syndrome (SARS), now known as coronavirus disease

2019 (COVID-19), occurred in Wuhan, the capital of Hu-
bei Province, China.1–3 The disease has rapidly spread
from China to other countries. As of 4 April 2020, a total
of 1051635 COVID-19 confirmed cases and 56985 deaths
in 206 countries and territories have been reported.4

Full-genome sequencing indicated that COVID-19 is a dis-
tinct clade from the beta-coronaviruses associated with

human SARS and Middle East respiratory syndrome
(MERS).5

Severe acute respiratory syndrome, MERS, and
COVID-19 can cause intestinal, respiratory, neuronal,
and hepatic diseases, and could lead to respiratory distress
syndrome, organ failure, and even death in severe cases.5–7

Several studies have reported the clinical characteristics
and laboratory findings associated with different degrees
of liver injury in patients with COVID-19 infection.8–27

We are not aware of any meta-analysis that summarized
available findings in this regard. Thus, in this systematic re-
view andmeta-analysis, the laboratory findings andmech-
anism of liver injury caused by COVID-19 infection were
summarized.

METHODS

Study protocol

ASYSTEMATIC SEARCH of published works and a
quantitative meta-analysis were planned, carried out,
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and reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.28

Search strategy
We undertook a search of published works using the on-
line databases of PubMed, Scopus, Web of Science, and
Cochrane Library for relevant publications up to 1 April
2020. The following medical subject headings (MeSH)
and non-MeSH keywords were used in our search strategy:
(“COVID-19” OR “severe acute respiratory syndrome co-
ronavirus 2” OR “SARS-CoV-2” OR “novel coronavirus”
OR “2019-nCoV”) AND (“alanine transaminase”OR “ala-
nine aminotransferase” OR “SGPT” OR “aspartate amino-
transferase” OR “SGOT” OR “bilirubin” OR “serum
albumin” OR “liver”). The search was undertaken by two
reviewers (MP and SY). We also searched the reference lists
of the articles to identify missed studies. No restriction was
applied on time of publication or language. To facilitate
the screening process of studies from online databases,
all search results were downloaded into an EndNote li-
brary (version X8; Thomson Reuters, Philadelphia, PA,
USA). The search strategy is presented in detail in Table S1.

Eligibility criteria
Studies were included if they met the following inclusion
criteria: (i) observational studies with retrospective design;
(ii) all articles assessing the association between serum
levels of aspartate aminotransferase (AST), alanine amino-
transferase (ALT), albumin, bilirubin, and severe outcome
from COVID-19 infection as the major outcomes of inter-
est and reported mean (standard deviation [SD]) or me-
dian (interquartile range [IQR]) for serum levels of AST,
ALT, albumin, and bilirubin in both severe and
non-severe COVID-19 infected patients. Expert opinion ar-
ticles, review articles, books, and theses were excluded.

Data extraction and assessment for study
quality
Two reviewers (MP and AS) extracted the following data
from the studies: author’s name, publication year, study
design, sample size, age and gender of patients, serum
levels of AST, ALT, albumin, and bilirubin, and outcome
assessment methods.
The Newcastle–Ottawa Scale (NOS) was used for

assessing the quality of the included studies.29 Based on
the NOS, a maximum of nine points can be awarded to
each article. In this review, studies with a NOS score of
≥5 were considered as high quality publications.

Statistical analysis
Mean (SD) or median (IQR) for serum levels of AST, ALT,
albumin, and bilirubin were used to estimate the effect
size. The fixed or random-effect model was used based
on the heterogeneity test. Heterogeneity between studies
was evaluated using the Cochrane Q test.30 Publication
bias was evaluated by the visual inspection of funnel plot
and Egger’s regression tests.31 The sensitivity analysis was
done to assess the effect of each study on the pooled effect
size. All statistical analyses were undertaken using the Stata
14 software package (Stata, College Station, TX, USA).

RESULTS

Search results

OVERALL, 212 ARTICLES were identified in our initial
literature search. Of these, 35 duplicates, 29 non-

English, 3 non-human, 18 reviews, and 95 papers that
did not fulfill our inclusion criteria were excluded, leaving
32 articles for further evaluation. Out of the remaining 32
articles, 12 were excluded because they did not report
mean (SD) or median (IQR). Finally, we included 20 arti-
cles in this systematic review and meta-analysis (Fig. 1).

Study characteristics
All studies were carried out in China and used a retrospec-
tive design.8–27 The sample size of studies ranged from 21
to 651 patients (mean age, 53.3 years). All studies used
real-time reverse transcription–polymerase chain reaction
(RT-PCR) to identify COVID-19 infection. The
Newcastle–Ottawa Scale scores ranged between 4 to 9.
The characteristics of the included articles are presented
in Table 1.

Serum levels of AST, ALT, total bilirubin, and
albumin and severity of COVID-19 infection
In the overall pooled estimate of 20 studies with 3428
COVID-19 infected patients (severe cases, n =1455; mild
cases, n =1973), it was shown that higher serum levels
of AST (weighted mean difference, 8.84 U/L; 95% confi-
dence interval [CI], 5.97 to 11.71; P <0.001; I2 =73.4%;
Pheterogeneity <0.001; number of studies, 17) (Fig. 2), ALT
(weighted mean difference, 7.35 U/L; 95% CI, 4.77 to
9.93; P <0.001; I2 =57.2%; Pheterogeneity =0.001; number
of studies, 18) (Fig. 3), and total bilirubin (weighted
mean difference, 2.30 mmol/L; 95% CI, 1.24 to 3.36;
P <0.001; I2 =68.8%; Pheterogeneity <0.001; number of
studies, 11) (Fig. 4) were associated with a significant
increase in the severity of COVID-19 infections. In addi-
tion, combined results from the random-effects model
showed that lower serum levels of albumin (weighted
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mean difference, �4.24 g/L; 95% CI, �6.20 to �2.28;
P <0.001; I2 =95.7%; Pheterogeneity <0.001; number of
studies, 12) (Fig. 5), significantly increased severity of
the disease.

Publication bias and sensitivity analysis
Based on the results of Egger’s test (AST, P =0.465; ALT, P =
0.171; total bilirubin, P =0.663; and albumin, P =0.802)
and visual inspection of funnel plots, we found no evi-
dence of publication bias (Figs S1–S4). Furthermore, find-
ings from sensitivity analyses showed that overall
estimates did not depend on a single study (Figs S5–S8).

DISCUSSION

FINDINGS FROM THIS meta-analysis supported the
hypothesis that liver injury is associated with severe

outcomes in patients with COVID-19 infection. To our
knowledge, this study is the first systematic review and

meta-analysis to assess the association between serum
levels of AST, ALT, total bilirubin, and albumin with sever-
ity of COVID-19 infection.
Our results are in agreement with previous narrative

review.32 Previously, liver damage has been reported as
an important risk factor for severe outcome and death in
SARS and MERS.33–36

Mild cases of COVID-19 showed symptoms of dry
cough, fever, fatigue,myalgia, and diarrhea. In severe cases,
viral pneumonia, dyspnea, and hypoxemia occurred
1 week after the onset of the disease, which could progress
to acute respiratory distress syndrome, metabolic acidosis,
septic shock, and even death.12 Previous studies have
shown that the incidence of liver injury in severe
COVID-19 patients ranged from 58% to 78%,37,38 mainly
indicated by elevated AST, ALT, and total bilirubin levels
accompanied by slightly decreased albumin
levels.12,21,24,39 Currently, studies on the mechanisms of
COVID-19-related liver dysfunction are limited.

Figure 1 Flowchart of selection of studies reporting liver injury and severe COVID-19 infection. ALT, alanine aminotransferase; AST,
aspartate aminotransferase; IQR, interquartile range.

926 M. Parohan et al. Hepatology Research 2020; 50: 924–935

© 2020 The Japan Society of Hepatology



Ta
bl
e
1

C
h
ar
ac
te
ri
st
ic
s
of

re
po

rt
s
in
cl
ud

ed
in

th
e
m
et
a-
an

al
ys
is
of

st
ud

ie
s
o
fc
or
on

av
ir
us

di
se
as
e
20

19
(C

O
V
ID

-1
9)

in
fe
ct
io
n

Pr
im

ar
y

au
th
or

(y
ea
r)

D
es
ig
n

of
st
ud

y
C
ou

n
tr
y

M
ea
n
ag
e

(y
ea
rs
)

Sa
m
pl
e
si
ze

(s
ev
er
e

ca
se
s/
m
ild

ca
se
s)

Se
x

(m
al
e/

fe
m
al
e)

Pr
e-
ex
is
ti
n
g

ch
ro
n
ic
liv

er
di
se
as
e,
n
(%

)
C
O
V
ID

-1
9

de
te
ct
io
n

D
is
ea
se

se
ve
ri
ty

cr
it
er
ia

Se
ru
m

le
ve
ls

in
se
ve
re

ca
se
s

(m
ea
n
±
SD

)

Se
ru
m

le
ve
ls

in
m
ild

ca
se
s

(m
ea
n
±
SD

)

Ti
m
e
in
te
rv
al

be
tw

ee
n

la
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

C
he

n
G
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

56
.5
0

21
(1
1/
10

)
(1
7/
4)

N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(6
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,4
2.
00

±
12

.9
6

A
ST

,4
7.
00

±
34

.4
4

B
ili
ru
bi
n
,

8.
80

±
1.
92

A
lb
um

in
,

29
.6
0
±
3.
25

A
LT

,1
6.
00

±
6.
29

A
ST
,2

4.
00

±
3.
70

B
ili
ru
bi
n
,

7.
80

±
2.
29

A
lb
um

in
,

37
.2
0
±
2.
22

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

C
he

n
T
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

59
.5
0

27
4
(1
13

/
16

1)
(1
71

/
10

3)
N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(6
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,2
8.
00

±
21

.4
8

A
ST

,4
5.
00

±
26

.6
6

B
ili
ru
bi
n
,

12
.6
0
±
4.
40

A
lb
um

in
,

30
.1
0
±
3.
77

A
LT

,2
0.
00

±
12

.7
4

A
ST
,2

5.
00

±
9.
85

B
ili
ru
bi
n
,

8.
40

±
4.
00

A
lb
um

in
,

36
.3
0
±
4.
29

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

D
en

g
Y
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

54
.5
0

22
5
(1
09

/
11

6)
(1
24

/
10

1)
N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(6
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,2
2.
00

±
14

.0
7

A
ST

,3
4.
00

±
14

.8
1

A
LT

,1
8.
70

±
13

.2
0

A
ST
,2

2.
00

±
10

.4
4

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

G
ao

Y
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

44
.0
8

43
(1
5/
28

)
(2
6/

17
)

N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
Pa

ti
en

ts
w
er
e
di
ag
n
os
ed

ac
co
rd
in
g
to

th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r

C
O
V
ID

-1
9

A
LT

,2
7.
00

±
14

.8
1

A
ST

,2
7.
80

±
11

.4
2

A
LT

,2
4.
50

±
16

.2
9

A
ST
,3

3.
21

±
18

.2
4

M
ild

pa
ti
en

ts
us
ed

da
ta

fr
om

th
ei
r
fi
rs
t

la
bo

ra
to
ry

te
st
on

ad
m
is
si
on

;s
ev
er
e

pa
ti
en

ts
h
ad

th
ei
r

m
os
tr
ec
en

tl
ab

or
at
or
y

te
st
be

fo
re

th
ei
r

cl
in
ic
al

di
ag
n
os
is

H
ua

ng
C

et
al
.(
20

20
)

R
et
ro
sp
ec
ti
ve

C
h
in
a

49
.0
0

41
(1
3/
28

)
(3
0/

11
)

Se
ve
re
ca
se
s:
0

M
ild

ca
se
s:
1

(3
.5
7%

)

R
ea
l-
ti
m
e

R
T-
PC

R
D
ia
gn

os
is
of

pn
eu

m
on

ia
w
as

ba
se
d
on

cl
in
ic
al

ch
ar
ac
te
ri
st
ic
s,
ch
es
t

im
ag
in
g,
an

d
th
e
ru
lin

g
ou

to
fc
om

m
on

ba
ct
er
ia
l

A
LT

,4
9.
00

±
63

.7
0

A
ST

,4
4.
00

±
29

.6
2

A
LT

,2
7.
00

±
15

.1
8

A
ST
,3

4.
00

±
12

.2
2

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

(C
on
tin

ue
s)

Liver injury and severity of COVID-19 infection 927Hepatology Research 2020; 50: 924–935

© 2020 The Japan Society of Hepatology



Ta
bl
e
1.

(C
on
tin

ue
d)

Pr
im

ar
y

au
th
or

(y
ea
r)

D
es
ig
n

of
st
ud

y
C
ou

n
tr
y

M
ea
n
ag
e

(y
ea
rs
)

Sa
m
pl
e
si
ze

(s
ev
er
e

ca
se
s/
m
ild

ca
se
s)

Se
x

(m
al
e/

fe
m
al
e)

Pr
e-
ex
is
ti
n
g

ch
ro
n
ic
liv

er
di
se
as
e,
n
(%

)
C
O
V
ID

-1
9

de
te
ct
io
n

D
is
ea
se

se
ve
ri
ty

cr
it
er
ia

Se
ru
m

le
ve
ls

in
se
ve
re

ca
se
s

(m
ea
n
±
SD

)

Se
ru
m

le
ve
ls

in
m
ild

ca
se
s

(m
ea
n
±
SD

)

Ti
m
e
in
te
rv
al

be
tw

ee
n

la
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

an
d
vi
ra
lp

at
h
og

en
s
th
at

ca
us
e

pn
eu

m
on

ia

B
ili
ru
bi
n
,

14
.0
0
±
15

.5
5

B
ili
ru
bi
n
,

10
.8
0
±
2.
14

Ji
n
X
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

45
.6
1

65
1
(7
4/

57
7)

(3
31

/
32

0)
Se
ve
re
ca
se
s:
8

(1
0.
81

%
)

M
ild

ca
se
s:
17

(2
.9
5%

)

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(6
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,2
5.
00

±
16

.8
2

A
ST

,2
9.
35

±
13

.1
4

B
ili
ru
bi
n
,

10
.0
0
±
4.
92

A
lb
um

in
,

40
.1
3
±
4.
92

A
LT

,2
1.
50

±
13

.1
8

A
ST
,2

4.
40

±
9.
62

B
ili
ru
bi
n
,

9.
60

±
4.
51

A
lb
um

in
,

41
.5
0
±
3.
80

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

Li
u
W

et
al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

51
.5
0

78
(1
1/
67

)
(3
9/

39
)

N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(4
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,1
7.
40

±
22

.2
2

A
ST

,2
1.
60

±
24

.8
8

A
lb
um

in
,

36
.6
2
±
6.
60

A
LT

,1
8.
50

±
11

.2
5

A
ST
,2

0.
00

±
12

.5
9

A
lb
um

in
,

41
.2
7
±
4.
55

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

M
o
P
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

53
.5
0

15
5
(8
5/

70
)

(8
6/

69
)

Se
ve
re
ca
se
s:
5

(5
.8
8%

)
M
ild

ca
se
s:
2

(2
.8
5%

)

R
ea
l-
ti
m
e

R
T-
PC

R
D
ia
gn

os
is
of

pn
eu

m
on

ia
w
as

ba
se
d
on

cl
in
ic
al

ch
ar
ac
te
ri
st
ic
s
an

d
ch
es
t

im
ag
in
g

A
LT

,2
8.
00

±
18

.5
1

A
ST

,3
7.
00

±
29

.6
2

A
lb
um

in
,

36
.0
0
±
5.
92

A
LT

,2
0.
00

±
13

.3
3

A
ST
,3

2.
00

±
11

.1
1

A
lb
um

in
,

39
.0
0
±
4.
44

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

Pa
n
L
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

52
.9
1

20
4
(1
03

/
10

1)
(1
07

/
97

)
Se
ve
re
ca
se
s:
2

(1
.9
4%

)
M
ild

ca
se
s:

n
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
Pa

ti
en

ts
w
er
e
di
ag
n
os
ed

ac
co
rd
in
g
to

th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r

C
O
V
ID

-1
9

A
LT

,4
2.
24

±
43

.8
3

A
ST

,3
5.
12

±
26

.5
8

B
ili
ru
bi
n
,

13
.8
3
±
12

.0
3

A
lb
um

in
,

36
.1
6
±
6.
49

A
LT

,2
9.
53

±
23

.5
8

A
ST
,2

7.
48

±
23

.9
8

B
ili
ru
bi
n
,

13
.4
6
±
8.
11

A
lb
um

in
,

35
.8
4
±
5.
63

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

Q
ia
n
G
Q

et
al
.(
20

20
)

R
et
ro
sp
ec
ti
ve

C
h
in
a

57
.5
0

91
(9
/8
2)

(3
7/

54
)

N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(4
th

an
d
5t
h

ed
it
io
ns
,i
n
C
h
in
es
e)

by

A
LT

,1
9.
90

±
8.
88

A
ST

,2
7.
00

±
2.
40

A
LT

,1
8.
00

±
11

.8
5

A
ST
,2

1.
00

±
8.
88

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

(C
on
tin

ue
s)

928 M. Parohan et al. Hepatology Research 2020; 50: 924–935

© 2020 The Japan Society of Hepatology



Ta
bl
e
1.

(C
on
tin

ue
d)

Pr
im

ar
y

au
th
or

(y
ea
r)

D
es
ig
n

of
st
ud

y
C
ou

n
tr
y

M
ea
n
ag
e

(y
ea
rs
)

Sa
m
pl
e
si
ze

(s
ev
er
e

ca
se
s/
m
ild

ca
se
s)

Se
x

(m
al
e/

fe
m
al
e)

Pr
e-
ex
is
ti
n
g

ch
ro
n
ic
liv

er
di
se
as
e,
n
(%

)
C
O
V
ID

-1
9

de
te
ct
io
n

D
is
ea
se

se
ve
ri
ty

cr
it
er
ia

Se
ru
m

le
ve
ls

in
se
ve
re

ca
se
s

(m
ea
n
±
SD

)

Se
ru
m

le
ve
ls

in
m
ild

ca
se
s

(m
ea
n
±
SD

)

Ti
m
e
in
te
rv
al

be
tw

ee
n

la
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

th
e
N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
lb
um

in
,

38
.5
5
±
2.
16

A
lb
um

in
,

40
.2
0
±
3.
25

Q
u
R
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

54
.7
2

30
(3
/2
7)

(1
6/

14
)

Pa
ti
en

ts
w
it
h

liv
er

di
se
as
e

w
er
e

ex
cl
ud

ed
.

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(6
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,3
6.
00

±
19

.5
2

A
ST

,4
5.
33

±
12

.9

A
LT

,3
3.
59

±
24

.5
4

A
ST
,4

3.
56

±
21

.0
3

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

R
ua

n
Q

et
al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

58
.5
0

15
0
(6
8/

82
)

(1
02

/
48

)
Se
ve
re
ca
se
s:
1

(1
.4
7%

)
M
ild

ca
se
s:
3

(3
.6
5%

)

R
ea
l-
ti
m
e

R
T-
PC

R
D
ia
gn

os
is
of

pn
eu

m
on

ia
w
as

ba
se
d
on

cl
in
ic
al

ch
ar
ac
te
ri
st
ic
s
an

d
ch
es
t

im
ag
in
g

B
ili
ru
bi
n
,

18
.1
0
±
10

.7
0

A
lb
um

in
,

28
.8
0
±
3.
80

B
ili
ru
bi
n
,

12
.8
0
±
6.
80

A
lb
um

in
,

32
.7
0
±
3.
80

N
ot

re
po

rt
ed

W
an

S
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

50
.0
0

13
5
(4
0/

95
)

(7
2/

63
)

Se
ve
re
ca
se
s:
1

(2
.5
0%

)
M
ild

ca
se
s:
1

(1
.0
5%

)

R
ea
l-
ti
m
e

R
T-
PC

R
Pa

ti
en

ts
w
er
e
di
ag
n
os
ed

ac
co
rd
in
g
to

th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r

C
O
V
ID

-1
9

A
LT

,2
6.
60

±
13

.9
2

A
ST

,3
3.
60

±
13

.7
0

B
ili
ru
bi
n
,

9.
80

±
5.
77

A
lb
um

in
,

36
.0
0
±
4.
07

A
LT

,2
1.
70

±
16

.3
7

A
ST
,2

2.
40

±
10

.0
7

B
ili
ru
bi
n
,

8.
60

±
6.
22

A
lb
um

in
,

49
.9
0
±
4.
59

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

W
an

g
D
et
al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

58
.5
0

13
8
(3
6/

10
2)

(7
5/

63
)

Se
ve
re
ca
se
s:
0

M
ild

ca
se
s:
4

(3
.9
2%

)

R
ea
l-
ti
m
e

R
T-
PC

R
Pa

ti
en

ts
w
er
e
di
ag
n
os
ed

ac
co
rd
in
g
to

th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r

C
O
V
ID

-1
9

A
LT

,3
5.
00

±
28

.1
4

A
ST

,5
2.
00

±
29

.6
2

B
ili
ru
bi
n
,

11
.5
0
±
6.
66

A
LT

,2
3.
00

±
15

.5
5

A
ST
,2

9.
00

±
12

.5
9

B
ili
ru
bi
n
,

9.
30

±
3.
40

La
bo

ra
to
ry

te
st
s
w
er
e

do
n
e
on

ad
m
is
si
on

.
Th

e
m
ed
ia
n
ti
m
e

fr
om

ad
m
is
si
on

to
de

ve
lo
pi
n
g
se
ve
re

ou
tc
om

e
w
as

1
da

y
(I
Q
R
,0

–
3
da

ys
)

W
an

g
Z
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

53
.7
5

69
(1
4/
55

)
(3
2/

37
)

Se
ve
re
ca
se
s:
0

M
ild

ca
se
s:
1

(1
.8
2%

)

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(3
rd

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,3
1.
50

±
21

.4
8

A
ST

,4
0.
50

±
28

.1

A
LT

,2
4.
00

±
17

.7
7

A
ST
,2

6.
00

±
13

.3
3

La
bo

ra
to
ry

te
st
s
w
er
e

do
n
e
on

ad
m
is
si
on

.
Th

e
m
ed

ia
n
ti
m
e
fr
om

ad
m
is
si
on

to
de

ve
lo
pi
n
g
se
ve
re

ou
tc
om

e
w
as

1
da

y
(I
Q
R
,0

–
2
da

ys
).

(C
on
tin

ue
s)

Liver injury and severity of COVID-19 infection 929Hepatology Research 2020; 50: 924–935

© 2020 The Japan Society of Hepatology



Ta
bl
e
1.

(C
on
tin

ue
d)

Pr
im

ar
y

au
th
or

(y
ea
r)

D
es
ig
n

of
st
ud

y
C
ou

n
tr
y

M
ea
n
ag
e

(y
ea
rs
)

Sa
m
pl
e
si
ze

(s
ev
er
e

ca
se
s/
m
ild

ca
se
s)

Se
x

(m
al
e/

fe
m
al
e)

Pr
e-
ex
is
ti
n
g

ch
ro
n
ic
liv

er
di
se
as
e,
n
(%

)
C
O
V
ID

-1
9

de
te
ct
io
n

D
is
ea
se

se
ve
ri
ty

cr
it
er
ia

Se
ru
m

le
ve
ls

in
se
ve
re

ca
se
s

(m
ea
n
±
SD

)

Se
ru
m

le
ve
ls

in
m
ild

ca
se
s

(m
ea
n
±
SD

)

Ti
m
e
in
te
rv
al

be
tw

ee
n

la
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

W
u
C
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

53
.2
5

20
1
(8
4/

11
7)

(1
28

/
73

)
A
ll
pa

ti
en

ts
:7

(3
.4
8%

)
R
ea
l-
ti
m
e

R
T-
PC

R
Pa

ti
en

ts
w
er
e
di
ag
n
os
ed

ac
co
rd
in
g
to

th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r

C
O
V
ID

-1
9

A
LT

,3
5.
00

±
22

.9
6

A
ST

,3
8.
00

±
16

.6
6

B
ili
ru
bi
n
,

12
.9
0
±
5.
59

A
lb
um

in
,

30
.4
0
±
4.
59

A
LT

,2
7.
00

±
17

.4
0

A
ST
,3

0.
00

±
10

.7
4

B
ili
ru
bi
n
,

10
.5
0
±
3.
74

A
lb
um

in
,

33
.7
0
±
3.
96

La
bo

ra
to
ry

te
st
s
w
er
e

do
n
e
on

ad
m
is
si
on

.
Th

e
m
ed
ia
n
ti
m
e

fr
om

ad
m
is
si
on

to
de

ve
lo
pi
n
g
se
ve
re

ou
tc
om

e
w
as

2
da

ys
(I
Q
R
,1

–
4
da

ys
)

Ya
ng

X
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

58
.2
5

52
(3
2/
20

)
(3
5/

17
)

Se
ve
re
ca
se
s:
9

(2
8.
12

%
)

M
ild

ca
se
s:
6

(3
0.
00

%
)

R
ea
l-
ti
m
e

R
T-
PC

R
Pa

ti
en

ts
w
er
e
di
ag
n
os
ed

ac
co
rd
in
g
to

th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r

C
O
V
ID

-1
9

B
ili
ru
bi
n
,

19
.5
0
±
11

.6
0

B
ili
ru
bi
n
,

13
.1
0
±
4.
30

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

Z
h
an

g
X
et
al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

40
.7
7

64
5
(5
73

/
72

)
(3
28

/
31

7)
Se
ve
re

ca
se
s:

23
(4
.0
1%

)
M
ild

ca
se
s:
2

(2
.7
7%

)

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(5
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

an
d
th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r
C
O
V
ID

-1
9

A
LT

,2
9.
37

±
25

.7
1

A
ST

,3
0.
08

±
20

.3
7

B
ili
ru
bi
n
,

11
.2
6
±
8.
04

A
lb
um

in
,

41
.0
2
±
4.
47

A
LT

,2
5.
53

±
19

.9
6

A
ST
,2

5.
67

±
15

.5
2

B
ili
ru
bi
n
,

9.
11

±
4.
86

A
lb
um

in
,

42
.5
3
±
4.
70

La
bo

ra
to
ry

te
st
s
w
er
e

do
n
e
on

ad
m
is
si
on

.
Th

e
ti
m
e
fr
om

on
se
tt
o

C
O
V
ID

-1
9
in
fe
ct
io
n

co
nfi

rm
at
io
n
w
as

5.
0

(2
.5
–
7.
0)

da
ys

am
on

g
pa

ti
en

ts
w
it
h
se
ve
re

ou
tc
om

e
Z
h
ou

B
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

65
34

(8
/2
6)

(1
7/

17
)

N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(4
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

A
LT

,4
9.
00

±
34

.0
7

A
ST

,4
4.
00

±
16

.2
9

A
LT

,3
4.
00

±
29

.6
2

A
ST
,3

2.
00

±
14

.8
1

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

Zh
ou

F
et

al
.

(2
02

0)
R
et
ro
sp
ec
ti
ve

C
h
in
a

60
.5
0

19
1
(5
4/

13
7)

(1
19

/
72

)
N
ot

re
po

rt
ed

R
ea
l-
ti
m
e

R
T-
PC

R
G
ui
de

lin
es

fo
r
di
ag
n
os
is

an
d
m
an

ag
em

en
t
of

C
O
V
ID

-1
9
(6
th

ed
it
io
n
,

in
C
hi
n
es
e)

by
th
e

N
at
io
n
al

H
ea
lt
h

C
om

m
is
si
on

of
C
h
in
a

an
d
th
e
W
H
O

in
te
ri
m

gu
id
an

ce
fo
r
C
O
V
ID

-1
9

A
LT

,4
0.
00

±
20

.0
0

A
lb
um

in
,

29
.1
0
±
3.
55

A
LT

,2
7.
00

±
18

.5
1

A
lb
um

in
,

33
.6
0
±
4.
29

La
bo

ra
to
ry

te
st
s
an

d
di
se
as
e
se
ve
ri
ty

w
er
e

as
se
ss
ed

at
th
e
sa
m
e

ti
m
e
on

ad
m
is
si
on

A
LT

,a
la
ni
n
e
am

in
ot
ra
ns
fe
ra
se
;A

ST
,a
sp
ar
ta
te

am
in
ot
ra
n
sf
er
as
e;
F,
fe
m
al
e;
M
,m

al
e;
R
T-
PC

R
,r
ev
er
se

tr
an

sc
ri
pt
io
n
–
po

ly
m
er
as
e
ch
ai
n
re
ac
ti
on

.

930 M. Parohan et al. Hepatology Research 2020; 50: 924–935

© 2020 The Japan Society of Hepatology



COVID-19 uses the angiotensin converting enzyme 2
(ACE2) as the binding site to enter the host cell in lungs,
kidneys, and heart.40 A previous study showed that both
liver and bile duct cells express ACE2.41 In addition, the

ACE2 expression of bile duct cells ismuch greater than that
of liver cells. Bile duct epithelial cells are known to play im-
portant roles in initiation and regulation of immune re-
sponses and liver regeneration.42 However, it is unclear

Figure 2 Forest plot for the association between serum levels of aspartate aminotransferase and severity of COVID-19 infection using
random-effects model. CI, confidence interval; WMD, weighted mean difference.

Figure 3 Forest plot for the association between serum levels of ALT and severity of COVID-19 infection using random-effects model.
CI, confidence interval; WMD, weighted mean difference.
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whether liver injury is due to direct liver and bile duct in-
volvement by the virus or due to multiorgan failure in pa-
tients with COVID-19 infection.
Serum concentrations of pro-inflammatory cytokines,

including interleukin-1β, interleukin-6, and tumor

necrosis factor-α increased in the majority of severe cases,
suggesting cytokine storm syndrome might be associated
with disease severity.43 Similarly, SARS and MERS were
also characterized by exuberant inflammatory responses
and end-organ damage.44,45 Cytokine storm syndrome

Figure 4 Forest plot for the association between serum levels of total bilirubin and severity of COVID-19 infection using random-effects
model. CI, confidence interval; WMD, weighted mean difference.

Figure 5 Forest plot for the association between serum levels of albumin and severity of COVID-19 infection using random-effects
model. CI, confidence interval; WMD, weighted mean difference.

932 M. Parohan et al. Hepatology Research 2020; 50: 924–935

© 2020 The Japan Society of Hepatology



was observed in severe COVID-19 cases,43 yet whether it
results in liver injury in patients remains to be
investigated.
Mild lobular and portal activity along with moderate

microvascular steatosis were observed in liver biopsy spec-
imens, which might be caused by either COVID-19 infec-
tion or drug-induced liver injury.46 Similar to the
situation in SARS and MERS, steroids, antivirals, and anti-
biotics are widely used for the treatment of COVID-19
patients.47–49 Although these drugs are potential causes
of liver dysfunction, there is little evidence that currently
available drug combinations impair liver function in pa-
tients with COVID-19 infection.24 Actually, a recent study
showed that the liver dysfunction might be caused by
lopinavir/ritonavir, which is used as an antiviral for the
treatment of COVID-19 patients.50

The present study has some limitations. First, interpreta-
tion of our meta-analysis findings might be limited by the
small sample size. Second, there is a lack of reports that
liver failure occurs in COVID-19 patients with chronic liver
diseases and our meta-analysis did not include data such
as chronic hepatitis B or C infection.

CONCLUSION

IN THIS META-ANALYSIS of 3428 patients with con-
firmed COVID-19 in China, liver dysfunction as

assessed by serum analysis (AST, ALT, total bilirubin, and
albumin levels) was associated with severe outcome from
COVID-19 infection. From a clinical perspective, attention
should be paid to monitor the occurrence of liver dysfunc-
tion in patients with COVID-19 infection.
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SUPPORTING INFORMATION

ADDITIONAL SUPPORTING INFORMATION may be
found online in the Supporting Information section

at the end of the article.

Table S1 Systematic literature review search terms and
strategy.

Figure S1 Funnel plot for the association between serum
levels of aspartate aminotransferase (AST) and severity of
COVID-19 infection. Based on visual inspection of funnel
plots, we found no evidence of publication bias.

Figure S2 Funnel plot for the association between serum
levels of alanine aminotransferase (ALT) and severity of
COVID-19 infection. Based on visual inspection of funnel
plots, we found no evidence of publication bias.

Figure S3 Funnel plot for the association between serum
levels of total bilirubin and severity of COVID-19 infec-
tion. Based on visual inspection of funnel plots, we found
no evidence of publication bias.

Figure S4 Funnel plot for the association between serum
levels of albumin and severity of COVID-19 infection.

Based on visual inspection of funnel plots, we found no
evidence of publication bias.

Figure S5 Sensitivity analysis graph for the association be-
tween serum levels of aspartate aminotransferase (AST)
and severity of COVID-19 infection. The results of the sen-
sitivity analysis showed that no study had an obvious in-
fluence on the outcomes of this meta-analysis.

Figure S6 Sensitivity analysis graph for the association be-
tween serum levels of alanine aminotransferase (ALT) and
severity of COVID-19 infection. The results of the sensitiv-
ity analysis showed that no study had an obvious influence
on the outcomes of this meta-analysis.

Figure S7 Sensitivity analysis graph for the association be-
tween serum levels of total bilirubin and severity of
COVID-19 infection. The results of the sensitivity analysis
showed that no study had an obvious influence on the
outcomes of this meta-analysis.

Figure S8 Sensitivity analysis graph for the association be-
tween serum levels of albumin and severity of COVID-19
infection. The results of the sensitivity analysis showed that
no study had an obvious influence on the outcomes of this
meta-analysis.
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