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Summary
Background: The incidence of elevated liver chemistries and the presence of pre-
existing chronic liver disease (CLD) have been variably reported in COVID-19.
Aims: To assess the prevalence of CLD, the incidence of elevated liver chemistries 
and the outcomes of patients with and without underlying CLD/elevated liver chem-
istries in COVID-19.
Methods: A comprehensive search of electronic databases from 1 December 2019 to 
24 April 2020 was done. We included studies reporting underlying CLD or elevated 
liver chemistries and patient outcomes in COVID-19.
Results: 107 articles (n = 20 874 patients) were included for the systematic review. 
The pooled prevalence of underlying CLD was 3.6% (95% CI, 2.5-5.1) among the 
15 407 COVID-19 patients. The pooled incidence of elevated liver chemistries in 
COVID-19 was 23.1% (19.3-27.3) at initial presentation. Additionally, 24.4% (13.5-40) 
developed elevated liver chemistries during the illness. The pooled incidence of drug-
induced liver injury was 25.4% (14.2-41.4). The pooled prevalence of CLD among 
1587 severely infected patients was 3.9% (3%-5.2%). The odds of developing severe 
COVID-19 in CLD patients was 0.81 (0.31-2.09; P = 0.67) compared to non-CLD pa-
tients. COVID-19 patients with elevated liver chemistries had increased risk of mor-
tality (OR-3.46 [2.42-4.95, P < 0.001]) and severe disease (OR-2.87 [95% CI, 2.29-3.6, 
P < 0.001]) compared to patients without elevated liver chemistries.
Conclusions: Elevated liver chemistries are common at presentation and during 
COVID-19. The severity of elevated liver chemistries correlates with the outcome of 
COVID-19. The presence of CLD does not alter the outcome of COVID-19. Further 
studies are needed to analyse the outcomes of compensated and decompensated 
liver disease.
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1  | INTRODUC TION

Coronavirus disease-2019 (COVID-19) caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection is a global 
health problem. Severe COVID-19 can lead to multi-organ failure 
and may be associated with high mortality. Age, severity of the in-
fection and comorbidity are important predictors of poor outcomes 
in COVID-19.1,2 However, pandemics may not affect all populations 
equally, and certain populations are particularly vulnerable. Chronic 
liver disease (CLD) is one such population with increasing burden 
worldwide. Moreover patients with cirrhosis, being immunocom-
promised, are expected to be more susceptible and have worse 
outcomes in viral illness.3 The incidence of elevation in aminotrans-
ferases and/or bilirubin have been variably reported in COVID-19. 
Previous reviews have analysed a limited number of studies.4,5 
However, the incidence of elevated liver chemistries at initial pre-
sentation or during illness or the presence of pre-existing CLD on 
outcomes of COVID-19 has not been extensively reviewed so far. In 
this systematic review, we compiled all the data published and an-
alysed the liver involvement in COVID-19, describing each variable 
of liver chemistries in COVID-19 and the effect of COVID-19 in pa-
tients with pre-existing CLD. We aimed to answer these questions: 
(a) What is the prevalence of CLD in the global COVID-19 burden?; 
(b) What is the incidence of elevated liver chemistries at initial pre-
sentation and during the illness in COVID-19?; and (c) What is the 
association of elevated liver chemistries and pre-existing CLD on 
clinical outcomes of COVID-19?

2  | METHODS

We followed the meta-analysis of observational studies in epide-
miology (MOOSE) guidelines for data extraction and reporting.6 
Two independent reviewers performed a comprehensive search of 
electronic databases (by AVK and PK) including PUBMED, Excerpta 
Medica Database (EMBASE) and Scopus since 1 December 2019, to 
24 April 2020. Search items included "SARS-CoV-2", "Coronavirus," 
"COVID-19", "Cirrhosis," "Liver." Articles on drugs causing liver injury 
was made till 30 April through google search engine. The details of 
the search strategy for PUBMED are reported in the Appendix 1.

2.1 | Study selection and data abstraction

The data were abstracted by two investigators independently 
(AVK and PK) based on the protocol priori, which was registered on 
Prospero (CRD42020181962). Case reports (of >2 patients), case 
series, cross-sectional studies, case-control studies, cohort studies 
(retrospective and prospective), quasi-randomised and randomised 
controlled trials that mentioned elevated liver chemistries in pa-
tients with COVID-19 were included irrespective of age and gesta-
tional status. Studies that did not report any data on liver chemistries 
or underlying CLD were excluded. Furthermore, experimental 

studies, studies describing the mechanism, review articles, virology 
studies, studies describing only the radiological features or studies 
describing the usage of artificial intelligence in COVID-19, epidemi-
ology, transmission, and surveillance-related articles, editorials, in-
vestigations (testing)-related articles, guidelines, recommendations, 
unpublished data and management-related articles were excluded. 
The following parameters were recorded: first author country of 
study, number of patients, age, gender, underlying CLD and their 
outcomes, percentage of patients with elevated liver chemistries 
(defined as elevation above the laboratory upper limit of normal) 
at initial presentation, percentage of patients developing elevated 
liver chemistries during the illness, number of patients with severe 
disease/non-severe disease, and percentage of patients developing 
drug-induced liver injury (DILI) and the implicated drug and lastly the 
mortality if reported.

We also noted the percentage of patients who presented with 
elevated liver chemistries separately for each variable, that is, bil-
irubin, aspartate transaminase (AST), alanine transaminase (ALT), 
alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (GGT), 
albumin and prothrombin time (PT). We took AST or ALT levels 
above 40 U/L (or the upper limit of normal for that laboratory) as ele-
vated. The percentage of patients with elevated AST/ALT (whichever 
is higher) at initial presentation and during follow-up was recorded. 
Percentage of patients with elevated liver chemistries in severely 
infected and non-severely infected, if reported, was recorded. We 
also recorded the percentage of patients with elevated liver chem-
istries at initial presentation and during illness in alive (survivor) and 
dead (non-survivor) patients of COVID-19. If none of the enzyme 
elevations was reported, then the percentage of patients present-
ing with hyperbilirubinaemia was recorded. Two individuals (HT and 
MP) again separately checked the abstracted data. Any discrepancy 
in the data was discussed and sorted. Articles not in English were 
converted using the online google translate tool and included for 
review. The converted data were confirmed by a Chinese native 
speaker (XQ).

2.1.1 | Definitions

Underlying CLD was defined as any pre-existing liver disease be-
fore the SARS-CoV-2 infection.4 We took CLD/cirrhosis (due to 
any cause), chronic hepatitis B, chronic hepatitis C, non-alcoholic 
fatty liver disease (NAFLD), autoimmune hepatitis as the underly-
ing liver disease. We used the definitions given by the authors of 
the primary studies to define the rise in enzyme levels for ALP, GGT 
and prothrombin prolongation. We considered any elevation in liver 
enzymes or total bilirubin after the initiation of the drugs as DILI 
in the absence of identified common causes of liver disease (viral, 
autoimmune, etc) by the primary authors. Severe liver injury was 
defined as any elevation of enzymes over three times ULN (upper 
limit of normal) and bilirubin over 2 ULN.7 In general, we defined 
severe infection as per Chinese National Health Commission guide-
lines which defined severe infection as adult patients meeting any 
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of the following criteria (a) respiratory rate ≥30 beats/min in a rest-
ing state; or (b) a mean oxygen saturation of ≤93%; or (c) an arterial 
blood oxygen partial pressure (PaO2)/oxygen concentration (FiO2) 
≤300 mm Hg; (d) computed tomographic image showing significant 
lesion progression >50% within 24-48 hours or as per the authors 
of the primary studies.8 We also included severe pneumonia as 
those patients satisfying one major criterion or ≥3 minor criteria of 
American Thoracic Society (ATS) guidelines for community-acquired 
pneumonia.9 In the absence of such definitions, we considered pa-
tients with documented pneumonia requiring ICU care/oxygen sup-
port as severe disease.

Outcome measures
The study outcome measures were: number of liver disease patients 
with COVID-19 and their outcomes (pre-existing CLD in COVID-19); 
the pooled incidence of elevated liver chemistries at initial pres-
entation and during illness in COVID-19 and the effect of these 
elevated liver chemistries on the outcome of COVID-19; the inci-
dence of AST/ALT elevation at initial presentation in COVID-19; the 
incidence of ALP/GGT elevation at initial presentation in COVID-19; 
the incidence of hyperbilirubinaemia/hypoalbuminaemia at initial 
presentation in COVID-19; the incidence of PT prolongation and the 
incidence of DILI in COVID-19 patients.

Assessment of study quality
Two independent reviewers (AVK, PK) did the quality appraisal using 
the Appraisal tool for Cross-Sectional Studies (AXIS) checklist for 
cross-sectional studies and the Institute of Health Economics (IHE) 
checklist tool for case series.10,11 AXIS checklist has a total of 20 
points of which seven questions are related to the quality of report-
ing, seven related to study design and six questions are aimed to as-
sess the bias in the study. IHE is a comprehensive checklist of quality 

of study which covers both the risk of bias and quality of reporting. 
Randomised studies were assessed using the Cochrane collabora-
tion tool.12 New-castle Ottawa scale tool was used to assess the bias 
in case–control and cohort studies.13 Any discrepancy in the study 
quality assessment was discussed, and the best score was decided 
after confirming with a third independent individual (PNR) who 
acted as the ombudsman.

2.2 | Statistical methods

A database was generated in Microsoft Excel, and meta-analysis was 
performed using the Comprehensive Meta-analysis package (Ver. 
3.3.070; 2014). We expressed the percentages as the event rate 
and transformed the pooled data by Logit transformation method 
to assess the pooled incidence. The sample size (n) was entered, and 
the analysis was run. Studies with sample size <10 were excluded 
from the pooled meta-analysis. We included all patients irrespec-
tive of age, gender, comorbidity, type of infection (mild or severe) 
across different countries. And we also included pregnant patients. 
Hence, we expected high heterogeneity and used the random model 
effect. We used the odds ratio to express the measured effect. For 
studies reporting the proportion of patients with elevated liver 
chemistries for two comparative groups, odds ratios were used to 
describe the difference between severe vs non-severe and survivor 
vs non-survivor groups. We assessed the statistical heterogeneity 
by visual inspection of forest plots, and using the Chi-squared and 
the I2 statistics. A P value <0.10 was considered to indicate statisti-
cally significant heterogeneity. Q measure was used to evaluate the 
significance of heterogeneity and was considered statistically sig-
nificant when P was <0.1. Publication bias was assessed by funnel 
plot asymmetry and quantified using Egger's intercept.

F I G U R E  1   Flowchart depicting the 
articles screened, excluded and included 
for the systematic review
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3  | RESULTS

A total of 4213 articles were screened for eligibility. (Figure 1) 
Of the 169 full-text articles deemed eligible, 33 publications had 
neither mentioned the percentage of patients with elevated liver 
chemistries or underlying CLD, 21 articles were case reports of ≤2 
patients, and eight were liver transplant related (but had not men-
tioned any elevated liver chemistries). The details of the excluded 
articles are provided as Appendix 2 in the Supplementary Material. 
A total of 107 articles were included for the systematic review 
(Figure 1). Ninety-two articles (of which four included pregnant pa-
tients) reported adult patients infected with SARS-CoV-2. Eleven ar-
ticles included paediatric population, and four articles reported both 
adults and children infected with SARS-CoV-2.2,7,14-118 (Tables S1, 
S2 and S3) A total of 20 874 patients were included, of which 38 
were pregnant patients, 395 were paediatric patients and the rest 
were adult patients. Fifty-eight percent (11 882/20 479) were adult 
males. Fifty-one percent (202/395) were males in the paediatric 
group. Twelve articles were not from China. Three articles from the 
United States of America,14,75,78 one each from United Kingdom 
(UK),81 Italy,100 Thailand,57 France,64 South Korea,51 Singapore,115 
Hong Kong76 and Iran.66 One was a multicentre trial on remdesi-
vir conducted simultaneously at USA, Japan, Italy, Austria, France, 
Germany, Netherlands, Spain and Canada.93 A total of 7627 patients 
were reported from countries other than China. (Figure 2).

3.1 | Pre-existing liver disease in COVID-19

A total of 409 patients had underlying liver disease among the 
50 articles which reported it.7,14,16,17,19,21,23,27,31-34,36,38-45,48,50-

52,57,63,65,67,68,70,71,75,77,80,83,85-88,91,92,94-101,113 The pooled prevalence 
of underlying CLD was 3.6% (95% CI, 2.5-5.1) among the 15 407 
COVID-19 patients (Figure 3). The representation of data was not 
uniform in most of the studies regarding the underlying disease. 
CLD was reported in 61.12% (95% CI, 56.21-65.87), followed by 
NAFLD and chronic hepatitis B in 19.56% (95% CI, 15.82-23.74) and 
17.85% (95% CI, 14.25-21.91) of patients respectively. Of the 250 
CLD patients 11.6% (8%-16.2%) had cirrhosis (Table 1) There was no 
mention about the decompensations of liver disease in any of the 
articles, although one of the studies did mention the cause of death 
as variceal bleed in a SARS-CoV-2–infected patient.48

The pooled prevalence of CLD among 1587 severely infected 
patients was 3.9% (3%-5.2%) among 18 articles which reported it
.14,16,27,34,36,39,41,43,50,57,67,77,85,87,91,96,99,101 The pooled prevalence 
of CLD among 2699 non-severely infected patients was 3.1% 
(2.5-3.9) among 19 articles which reported it.16,27,34,36,38,41,43,44,

50,67,77,80,85,87,91,95,96,99,101 (Figure S1A,B) The prevalence of CLD 
was 4.7% (95% CI, 2.9-7.7) among 326 non-survivors reported in 
five articles.48,52,63,88,92 The prevalence of CLD was 3.6% (95% CI, 
2-6.6) amongst 292 survivors reported in four articles.38,52,63,88 
(Figure S1C,D) Of these 23 patients were hepatitis B, and the rest 
were CLD patients. The odds of developing severe COVID-19 in 

CLD patients was 0.81 (0.31-2.09; P = 0.67) compared to non-CLD 
patients among three articles which reported 70 CLD and 2161 
non-CLD patients.27,43,87 (Figure S2) Most of the articles had n <10 
patients (CLD) hence we could not meta-analyse the mortality dif-
ference among CLD and non-CLD patients. The incidence of mor-
tality among 11 hepatitis B patients was 45.5% which reported it.57

3.2 | COVID-19 and elevated liver chemistries

3.2.1 | Incidence of elevated liver chemistries in 
COVID-19 at initial presentation

Seventy-six articles, including 13 141 patients, de-
scribed elevated liver chemistries at initial presenta-
tion.7,14-34,46,47,49-52,54-75,77-84,86,88-93,102-112 The incidence of elevated 
liver chemistries varied from 1.1% to 68% in COVID-19 patients.84,89 
Furthermore, five studies reported normal liver functions tests at 
initial presentation.56,60,61,73,111 Two of which reported pregnant pa-
tients with COVID-19 having normal liver chemistries at initial pres-
entation.61,73 One study reported paediatric patients, and the other 
two reported adult patients with normal liver chemistries.56,60,111

For the pooled meta-analysis, we excluded studies report-
ing the incidence of elevated liver chemistries among <10 patie
nts.24,47,61,64,73,104,105,108 The pooled incidence of elevated liver 
chemistries was 23.1% (95% CI, 19.3-27.3) among 13 056 COVID-19 
patients and 68 studies. (Figure 4) The incidence of elevated liver 
chemistries in adults was 24.1% (95% CI, 20-28.8) among 12 756 
patients. The incidence of elevated liver chemistries in children 
was 17.8% (95% CI, 9.9-29.8) among 283 patients. The incidence of 
elevated liver chemistries in pregnant patients was 2.8% (95% CI, 
2-32.2) among 17 patients. From the reviewed literature, COVID-19 
did not have any adverse effects on foetal or maternal outcomes. 
Of the 58 patients who had gastrointestinal (GI) manifestations in 
COVID-19, elevated liver chemistries were the most common GI 
manifestation, followed by diarrhoea.84

3.2.2 | Elevated liver chemistries and the mortality/
severity in COVID-19

Forty-six studies reported mortality.14-17,20,21,27,29,34-36,39,40,48,52-55, 

60,63-68,70,74,75,77,78,80,82,83,85,88-91,93,96,98,100,102,103,118 Of which two of 
the studies had n <10.55,64 The pooled incidence of mortality was 
12.7% (95% CI, 9.9-16.2) among 12 778 patients. (Figure S3) The 
pooled incidence of mortality reported from China was 10.6% (95% 
CI, 7.5-14.8) among 38 articles. One article each from Italy and Iran 
reported 26% (95% CI, 24-28.2) and 18.3% (95% CI, 11.7-27.5) mor-
tality respectively.66,100 Three studies from the USA reported 38.5% 
(95% CI, 17.1-65.4) and one multicentre trial reported 13% (95% CI, 
6.3-25) mortality.14,75,78,118 Only two articles reported mortality in 
the paediatric population.102,103 The pooled incidence of mortality 
was 2.3% (95% CI, 0.1-33.2) in children.
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The incidence of elevated liver chemistries was significantly 
higher in non-survivors (43.3% [95% CI, 30-57.6]) than survivors 
(19.2% [95% CI, 16.4-22.3]). (Figure S4) Six articles mentioned ele-
vated liver chemistries in non-survivors (n = 468 patients) and four 
articles (n = 995 patients) mentioned elevated liver chemistries at ini-
tial presentation among survivors.20,27,48,52,88,89 Non-survivors had a 
higher risk of presenting with elevated liver chemistries at initial pre-
sentation than survivors (OR-3.46 [2.42-4.95, P < 0.001]) among the 
four articles which compared the elevated liver chemistries between 
survivors (n = 995) and non-survivors (n = 326) (Figure S5).20,27,52,88

The incidence of elevated liver chemistries in non-severe COVID-
19 patients was 19.9% (95% CI-14.8-26.3) among nine articles, which 
reported 1290 non-severely infected patients.16,17,27,29,34,67,74,91,102 
The definitions of severely infected and non-severely infected in the 
included studies are explained in Table S4. While the incidence was 
41.1% (95% CI, 33.1-49.5) in severely infected patients among the 
nine articles, which reported 780 sick patients.16,17,29,34,50,67,91,102 
(Figure S6) Severely infected patients had higher odds of presenting 
with elevated liver chemistries, that is, OR-2.87 (95% CI, 2.29-3.6, 
P < 0.001) among nine articles which compared severe (n = 690) and 
non-severe patients (n = 1290) (Figure S7).16,17,27,29,34,67,74,91,102

3.2.3 | Elevated liver chemistries during illness in 
COVID-19

The incidence of elevated liver chemistries during illness was 24.4% 
(95% CI, 13.5-40) among the eighteen articles which reported 5762 
infected patients.7,14,35,38,48,52-54,65,68,75,76,84,85,87,88,91,92 (Figure S8) 
Five articles reported severe liver injury during illness.7,14,52,75,88 Only 
three of them defined liver injury.7,52,75 Liver injury was defined as an 
elevation in total bilirubin level by ≥3 mg/dL and an acute increase 
in ALT ≥5 ULN and/or an increase ALP ≥2 ULN.52 Another study de-
fined liver injury as any elevation of enzymes over three times ULN 

and bilirubin over 2 ULN.7 Third study defined acute liver injury as >15 
times ULN elevation in aminotransferases.75 The incidence of severe 
liver injury was 10.7% (95% CI, 3%-32.1%) during the illness among 
3440 patients· The incidence was 24.9% (95% CI, 10.3%-49%) in 358 
non-severe patients vs 41.5% (95% CI, 15.1%-73.8%) in 317 severely 
infected patients during the illness.53,54,77 Severely infected patients 
had higher odds of developing elevated liver chemistries during the ill-
ness, that is, OR-2.46 (95% CI, 1.12-5.39, P = 0.02) among three articles 
which compared severe (n = 312) and non-severe COVID-19 patients 
(352) (Figure S9A).53,54,91 The incidence of elevated liver chemistries 
was 26.2% (7.8-59.8) in non-survivors (n = 151) vs 18.5% (2.4-67.9) in 
survivors (n = 270). Non-survivors had higher odds of developing el-
evated liver chemistries during the illness (OR-2.07 [95% CI, 0.4-10.72; 
P = 0.38]) among the two studies which reported it.35,52 (Figure S9B).

3.3 | COVID-19 and liver function tests

3.3.1 | Incidence of AST elevation at initial 
presentation in COVID-19

The pooled incidence of AST elevation was 22.5% (95% CI, 18.1-
27.6) among 47 studies and 11 914 adult patients. AST elevation was 
reported in six studies, including 251 children. The incidence was 
18.4% (95% CI, 9.4%-33.1%) among children. The pooled incidence 
of AST elevation was 22.5% (95% CI, 18.1-27.6). (Figure S10).

3.3.2 | Incidence of ALT elevation at initial 
presentation in COVID-19

The pooled incidence of ALT elevation was 20.1% (95% CI, 16.8-
23.8) among the 48 articles and 11 431 adult patients. The incidence 
of ALT elevation in children was 12.6% (95% CI, 8.9-17.3) among the 

F I G U R E  2   Countries from which studies were analysed. The number of studies and number of patients from each country in the table
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F I G U R E  3   Pooled prevalence of liver disease in COVID-19 patients

Study name Event rate and 95% CI

Event

Liu et al Hnagzhou, China

Xia XY et al. China

Pongpirul WA et al. THailand

Huang Y et al. China

Zhao D et al. Anhui, China

Arentz M et al Washington, USA

Kim Es et al. South Korea

Zhang L et al. wuhan China.

Zhu W et al. Hefei, China

Fang Z et al. China

Deng L et al.

Huang Y et al. Wuhan. China.

Huang C et al. Wuhan, China

Xu T et al. Changzhou, China

Wang Y et al. China

Xu Xw et al. Zhejiang province, China

Wang Z et al Wuhan, China

Wu J et al. Jiangsu, Shina

Wang X et al. Huazhong China

Shi H et al. Wuhan China

Du Y et al. China

Yang F et al. Wuhan, China

Zheng S et al, Hangzhou, China

Cao J et al, Wuhan, China

Du RH et al, Wuhan, China

Shen L et al, China

Wan S et al. northease Chongqing, China

Wang D et al. Wuhan, China

Zhang JJ et al. Wuhan, China

Sun C et al China

Fan Z et al. Shanghai, China

Mo P et al. Wuhan, China.

Zheng F et al. Hunan, China

Guo W et al. Wuhan, China

Wu C et al. Wuhan, China

Chen T et al China

Pan L et China-Cross sectional Multicente

Zhang G et al China

Chen J et al. Shanghai, China

Chen et al. Wuhan, China

Qian ZP et al. Shanghai China

Cai Q et al. China

Shi Y et al. China

Li X et al. Wuhan, China

Zhang X et al,Zhejiang, China

Jin X et al. Zhejiang, China

Guan WJ et al. China

Grasselli G et al, Lombardy, Italy

Richardson S et al, New York, USA

Heterogeneity: Tau2 = 1.4; Q = 533.82;
df = 48; I2 = 91; P<0.001.
Test of overall effect: Z = –17.23; P = 0.05
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six studies, including 261 patients which reported ALT elevation. The 
pooled incidence of ALT elevation was 17.9% (95% CI, 15.3%-21%). 
(Figure S11).

3.3.3 | Incidence of hyperbilirubinaemia at initial 
presentation in COVID-19

The incidence of hyperbilirubinaemia was 13.4% (95% 
CI, 9-19.4) among the 19 articles (n = 3248) in adults.  
7,27-29,31,49,52,58,62,65,66,71,77,82,86,89-92 (Figure S12A).

3.3.4 | Incidence of prothrombin time prolongation 
at initial presentation in COVID-19

Eleven articles reported prolongation in PT in adults ranging from 
2.1% to 58% at initial presentation. The pooled incidence of PT 
prolongation was 9.7% (95% CI, 4.6%-19.2%) among the 11 articles 
which reported it (n = 1739).2,21,32,36,49,70,71,79,82,86,92 The incidence of 
PT prolongation was 7.1% (95% CI, 1%-37%) in only 1 article, which 
reported PT prolongation amongst children.79 The pooled incidence 
of PT prolongation was 9.5% (95% CI, 4.7%-18.6%). (Figure S12B).

3.3.5 | ALP, GGT and albumin in COVID-19

Alkaline phosphatase elevation was reported among 5 articles 
(n = 918 patients). The incidence of ALP elevation was 6.1% (95% 
CI, 2.4%-14.2%).7,65,66,71,72 Incidence of GGT elevation was 21.1% 
(95% CI, 12.8-32.9) among six articles (n = 972) which reported 
it.7,23,59,65,71,82 (Figure S13A,B) And the incidence of hypoalbumi-
naemia was 55.5% (95% CI, 42.8-67.6) among 1990 patients re-
ported in 14 articles.18,28,29,32,49,52,58,63,71,72,77,82,91,92 (Figure S13C) 
Non-severely infected patients had hypoalbuminaemia ranging 
from 1.1%-45.8%.15,91 While the severely infected patients had 
significant hypoalbuminaemia reaching up to 72.9%.22,29,39,55,67,82 
Hypoalbuminaemia was reported among 78%-100% of deceased 
patients.48,92

3.4 | Incidence of drug-induced liver injury (DILI) in 
COVID-19

In total, 12 articles reported DILI.7,15,64,65,84,93,113-118 Two article 
sample size <10 and were excluded from the pooled analysis.64,114 
The pooled incidence of DILI was 25.4% (95% CI, 14.2-41.4). The 
incidence of DILI in 208 patients treated with remdesivir was 
15.2% (95% CI, 6.4-32). While the incidence was higher with lopi-
navir/ritonavir (LPV/r), that is, 37.2% (95% CI, 22.7-54.6) among 
775 COVID-19 patients who were treated with LPV/r (Table 2) 
Hyperbilirubinaemia was the most frequent adverse effect of LPV/r, 
followed by elevated aminotransferases.7,15,114 While remdesivir fre-
quently led to elevated aminotransferases.64,118 In some studies DILI 
was attributed to more than one drug.65,115 (Figure S14) A recent trial 
included 158 patients in remdesivir arm and 79 in the placebo arm.93 
The incidence of adverse effects were reported in 66% of remdesi-
vir recipients versus 64% in placebo recipients. Hyperbilirubinaemia 
developed in 10% (15/155) and AST elevation in 5% (7/155) in rem-
desivir group.93 Remdesivir was stopped early because of adverse 
events in 18 (12%) patients versus four (5%) patients who stopped 
placebo early.93 Interestingly, 28% in remdesivir group and 38% in 
the placebo group had received concomitant LPV/r. Three patients 
had to discontinue due to deranged liver function tests, that is, el-
evated ALT (2 patients) and bilirubin (1 patient). In another multicen-
tre study of 53 patients, a total of 23% (12/53) developed elevated 
aminotransferases, and two patients discontinued the drug due to 
elevated aminotransferase.118

3.5 | Publication bias and study quality

We included a vast number of trials ranging from case series to 
large studies which described 5700 patients with different age 
groups. There was no publication bias when the studies report-
ing underlying liver disease were assessed by funnel plot sym-
metry and Eggers's test (Egger's intercept: −1.28 [−2.97 to 0.39], 
P = 0.13). (Figure 5A) There was publication bias when the stud-
ies reporting elevated liver chemistries at initial presentation were 
evaluated. Egger's intercept was −4.25 ([−5.37 to −3.14], P < 0.001) 

TA B L E  1   Type of liver disease reported in the included studies

Type of liver disease N
Incidence % (95% CI, lower limit-upper 
limit) References

Chronic liver disease/Cirrhosis 250 61.12% (56.21-65.87) 7,14,16,17,19,21,31-33,36,38,39,42,43,48,50,51, 
57,63,65,67,68,70,80,83,85,87,88,92,94-101,113

NAFLD 80 19.56% (15.82-23.74) 41,45,71,80

Chronic hepatitis B 73 17.85% (14.25-21.91) 23,27,40,44,52,71,75,91,98

HBV -HCC 2 0.49% (0.05-1.75) 77

Chronic Hepatitis C 3 0.73% (0.15-2.12) 75

Chronic Hepatitis (unspecified) 1 0.24% (0.006-1.35) 34

Abbreviations: CI, confidence interval; HBV, Hepatitis B virus; HCC, Hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease.
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F I G U R E  4   Pooled incidence of elevated liver chemistries at initial presentation in COVID-19 patients
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for 68 articles reporting elevated liver chemistries, and there was 
funnel plot asymmetry. (Figure 5B) However, there was no publi-
cation bias when 18 studies describing elevated liver chemistries 
during the illness were assessed by Eggers test (Egger's intercept: 
0.68 [95% CI, −7.72 to 9.1; P = 0.86]) and funnel plot symmetry. 
(Figure 5C) And, for the 10 studies describing the DILI, there was 
publication bias based on Egger's test (Eggers's intercept: −5.77 
[−12.72 to 1.18], P = 0.09) and funnel plot asymmetry. (Figure 5D) 
The quality assessment of 30 case series, 20 cross-sectional 

studies, 55 cohort studies and two randomised controlled trials is 
reported in Table S5.

4  | DISCUSSION

In this systematic review, we evaluated the incidence of elevated liver 
chemistries in patients with COVID-19. The salient features noted in 
our exhaustive review of 107 studies from various countries are: (a) 

Drugs N
Incidence % (95% CI, lower 
limit-upper limit) References

Remdesivir 208 15.2% (6.4-32) 93,118

LPV/r 775 37.2% (22.7-54.6) 7,15,65,113,115-117

Arbidol 64 18.7% (12.5-63.6) 65,117

Antibiotic 130 38% (10.3-77.1) 65,84

Darunavir 13 45.4% (21.8-71.2) 65

Antivirals 170 36.4% (14.1-66.7) 65,84

Placebo (38% had 
received LPV/r)

78 9% (4.4-17.7) 93

Multiple drugs 217 13.8% (9.8-19.1) 115

Chloroquine 37 4.2% (0.09-17.9) 115

Umifenovir 119 18.1% (12.2-26.1) 115

Note: Antivirals: umifenovir, oseltamivir, acyclovir in Ref. [7]. The study by Lin et al84 has not 
mentioned the drugs.
Antibiotics: levofloxacin, azithromycin, cephalosporin in Ref. [7]. The study by Lin et al84 has not 
mentioned the drugs.
Abbreviations: CI, confidence interval; LPV/r, lopinavir/ritonavir.

TA B L E  2   Incidence of liver injury for 
different drugs

F I G U R E  5   Funnel plot of the studies included for (A) prevalence of chronic liver disease (B) incidence of elevated liver chemistries at 
initial presentation (C) incidence of elevated liver chemistries during the illness (D) incidence of drug-induced liver injury
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TA B L E  3   Reported meta-analysis of liver function/disease in COVID-19

Author (date of 
publication)Reference 

number
Included 
studies

Total 
number of 
patients

Liver disease 
(Yes/No)

Deranged LFT 
(yes/no) and %

Paediatric/
pregnant 
patients 
includeda  
(yes/no)

Impact of altered 
LFT or underlying 
CLD on outcome Comments

Mantovani A 
et al (April 4th)4

11 studies
Chronic liver 

disease or 
deranged liver 
function tests.

2034 3% (95% CI, 2-4) 
had CLD.

Main cause was 
hepatitis B/C.

No No No No meta-
analysis of 
deranged liver 
function tests.

Only Chinese 
patients.

Zheng Z et al (April 
23rd)5

13 studies 3027 No No No Increased AST 
predicted severe 
disease.

Analysed risk 
factors for 
severe disease.

Parohan M 
et al (May 9th)119

20 studies 3428 No Yes. (mean 
differences 
between mild 
and severe 
cases)

No Severely infected 
patients had higher 
AST, ALT and 
total bilirubin and 
hypoalbuminemia.

Only Chinese 
patients.

Sultan S et al (May 
11th)120

32 studies 
with liver 
abnormalities

2711 No Yes. abnormal 
AST and ALT 
in 15% and 
bilirubin in 
16.7%

No No Included both 
published 
and preprint 
studies.

Kukla M et al (11th 
May)121

SARS CoV-2-
11 studies; 
SARS-CoV-1- 
23. MERS- 9 
studies

2541 No No No No Systematic 
review 
comparing 
liver function/
histology in 
SARS-CoV-2 
vs SARS-
CoV-1 and 
MERS CoV.

Mao R et al (May 
12th)122

12 studies 
ith liver 
abnormalities. 
(4 paediatric 
studies)

1267 Pooled 
prevalence of 
digestive system 
comorbidities 
was 4% (95% CI 
2-5)

Abnormal 
LFT in 19% 
of adults. 
Increased ALT, 
AST, and total 
bilirubin in 
18%, 21% and 
6%

Yes. GI 
symptoms 
similar to 
adults.

Liver 
involvement 
in paediatric 
population 
not 
analysed.

No Mainly Chinese 
patients. 
Combined 
liver disease 
and other 
digestive 
comorbidities.

Wang H et al (May 
12th)123

16 studies 
reported 
liver function 
abnormalities

3678 0.8%-11% had 
chronic liver 
comorbidities

Abnormal LFT 
in 2.6%-53%.

No No Mainly Chinese 
patients. 
Meta-
analysis of GI 
symptoms and 
Systematic 
review of liver 
function tests.

Oyelade T et al (May 
15th)124

22 studies 
(kidney and 
liver disease)

5595 3% (95% CI; 
2%-3%) (CLD, 
Hepatitis B/C)

No No No Systematic 
review 
−57.33% of 
liver disease 
patients 
had severe 
COVID-19.

(Continues)
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The pooled prevalence of underlying CLD is 3.6% (95% CI, 2.5-5.1) 
in COVID-19; (b) The pooled prevalence of CLD among severely in-
fected patients is 3.9% (3%-5.2%); (c) The odds of developing severe 
COVID-19 in CLD patients is 0.81(0.31-2.09; P = 0.67) compared 
to non-CLD patients; (d) Elevated liver chemistries occurs in 23.1% 
(95% CI, 19.3-27.3) of patients at initial presentation in COVID-19; 
(e) The incidence of elevated liver chemistries and severe liver injury 
during the illness was 24.4% (95% CI, 13.5-40) and 10.7% (95% CI, 
3%-32.1%) respectively; (f) Patients with elevated liver chemistries 
have higher risk of severe COVID-19 (g) Hypoalbuminaemia indi-
cates severe infection; (h) The incidence of DILI was 25.4% (95% CI, 
14.2-41.4); (i) DILI due to of remdesivir, lopinavir/ritonavir and ar-
bidol is common but not life-threatening.

We have also compared our results with previous meta-analysis 
(Table 3).4,5,119-125 This is the first study to report the liver involve-
ment of all adults, pregnant patients and paediatric patients with 
COVID-19. We have analysed in-depth about the liver involvement 
in COVID-19, including elevated liver chemistries at initial presenta-
tion, during illness and the impact of this on the outcome. We have 
also reported the elevation in each variable of liver function tests, 
that is, AST, ALT, bilirubin, albumin, ALP, GGT and prolongation in 
PT. We also reported the incidence of DILI and the implicated drugs 
from the available data. Elevated liver chemistries at initial presen-
tation or during illness is an important marker of disease severity. 
Serum albumin, a negative acute phase reactant, also indicates se-
vere disease. Liver injury is more common in COVID-19 than non-
COVID-19 infections.23,126

Liver biopsy in COVID-19 is documented to show moderate 
microvesicular steatosis with mild lobular and portal activity.90,127 
SARS-CoV-2 enters cells through the angiotensin-converting en-
zyme 2 (ACE2) receptor.128 ACE2 receptors are located on alveolar 
cells, bile duct epithelial cells, and hepatocytes. Interestingly in our 
review, we noted hyperbilirubinaemia, elevated aminotransferases, 
a significant elevation in ALP and GGT indicating direct or indirect 

liver injury in COVID-19. But liver biopsy in three COVID-19 patients 
did not detect the virus on PCR testing and liver immunohistochem-
istry, implying other plausible mechanisms for liver injury.129

The second mechanism for liver injury is the cytokine storm, 
which leads to a surge in inflammatory cytokines and affects the 
liver.130 SARS-CoV-2 induced acute respiratory distress syndrome 
(ARDS) and systemic inflammatory response syndrome lead to hy-
poxia and shock, which can cause liver ischaemia and hypoxia-reper-
fusion injury.131 SARS-CoV-2 can infect the endothelial cells directly 
and result in widespread endotheliitis.132,133 Post-mortem histo-
logical evaluation of three patients infected with SARS-CoV-2 has 
demonstrated lymphocytic endotheliitis in lung, heart, kidney and 
liver along with hepatocyte necrosis.132 Further electron microscopy 
of one of the patients transplanted kidneys revealed viral inclusion 
structures in endothelial cells.132 The authors hypothesised that 
recruitment of immune cells, either by direct viral infection of the 
endothelium or immune-mediated, can result in widespread endo-
thelial dysfunction associated with apoptosis.132 Similarly, another 
study of 48 severe COVID-19 demonstrated significant vascular 
thrombosis along with steatosis, lobular inflammation and portal fi-
brosis on post mortem liver biopsy.133 Lastly, drugs itself may cause 
liver injury. Most patients tend to receive multiple drugs due to 
the absence of any proven therapy (polypharmacy). Drugs such as 
remdesivir, lopinavir, ritonavir, oseltamivir, umifenovir and hydroxy-
chloroquine in addition to paracetamol, have hepatotoxic potential 
which may exacerbate liver injury in patients of COVID-19. In search 
of newer drugs for the treatment of SARS-CoV-2, many of which 
have now been shown to be hepatotoxic, careful evaluation of newer 
drugs, especially in patients pre-existing elevated liver chemistries 
are needed.

The prevalence of CLD among COVID-19 patients is low. 
However, patients who got infected had lower odds of developing se-
vere COVID-19, although the data is limited and hence skewed. The 
relationship between ACE2 receptor, SARS-CoV-2 and angiotensin II 

Author (date of 
publication)Reference 

number
Included 
studies

Total 
number of 
patients

Liver disease 
(Yes/No)

Deranged LFT 
(yes/no) and %

Paediatric/
pregnant 
patients 
includeda  
(yes/no)

Impact of altered 
LFT or underlying 
CLD on outcome Comments

Youssef M et al (May 
23rd)125

20 studies
Mild vs Severe

3428 No No No Liver dysfunction 
associated with 
poor outcome.

Only Chinese 
patients. 
Lack of liver 
dysfunction 
definition.

Current 
meta-analysis

107 studies 20 874 Yes
3.6% (95% CI, 

2.5-5.1)

Yes, described 
each variable.

Yes Yes. Included 
worldwide 
data spanning 
3 continents. 
Also described 
DILI.

Abbreviations: DILI, drug induced liver injury; LFT, liver function test; MERS CoV, Middle East respiratory syndrome coronavirus; SARS-CoV, severe 
acute respiratory syndrome coronavirus.
aNone of the previous studies included pregnant patients. 
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(Ang II) is intriguing.134 The ACE2 receptor facilitates the entry of the 
SARS-CoV-2 into type 2 pneumocytes. After endocytosis of the viral 
complex, ACE2 is downregulated, which results in unopposed an-
giotensin II accumulation and worsening systemic complications.134 
In a small recent study, patients with COVID-19 appeared to have 
elevated levels of plasma Ang II, which were in turn, correlated with 
total viral load and degree of lung injury.30 Recombinant ACE2 in-
fusion is proven to reduce disease severity by decreasing Ang II 
along with increasing ACE2 levels in respiratory viral infection.135 
Increased renin-angiotensin-aldosterone system (RAAS) activity is 
involved in the pathogenesis of various complications in patients 
with liver cirrhosis. As the liver disease progresses and worsens, the 
alternate pathway of the renin-angiotensin system is activated, re-
sulting in a decrease in Ang II and a rise in ACE2.136,137 ACE2 activ-
ity is upregulated more than twofold in cirrhotic subjects.137 ACE2 
upregulation contributes to splanchnic vasodilatation by degrading 
Ang II.137 Increased ACE2 and low Ang II is responsible for increased 
splanchnic vasodilatation and worsening systemic haemodynamics 
in cirrhosis.136,137 Although the prevalence of CLD in COVID-19 is 
low, we wonder whether high ACE2 and low Ang II reduces the se-
verity of SARS-CoV-2 in advanced cirrhotic patients. Though this 
is highly speculative, more data is required to assess the outcomes 
of advanced liver disease patients with COVID-19. We concur with 
the recent review, which suggested that patients with CLD are not 
at greater risk for acquiring the infection based on our meta-anal-
ysis.138 However, we recommend for further focused research on 
the effect of existing liver-related comorbidities on treatment and 
outcome of COVID-19.

The main limitation of this meta-analysis is the high heteroge-
neity in the published articles. The lack of uniformity in classifying 
the liver disease to compensated or decompensated liver disease 
or chronic hepatitis in the included studies may limit the general-
isability of our findings in pre-existing CLD patients. We also did 
not analyse the data on liver transplant recipients as it is still evolv-
ing. There are some reports of increased mortality in liver trans-
plant recipients due to post-transplant metabolic complications 
which might outweigh immunosuppression as a risk factor for the 
development of severe COVID-19 disease.139,140 Conversely, some 
authors have suggested the absence of the role of comorbidities 
in predicting outcomes of COVID-19 in transplant recipients.141 
Elevated liver chemistries should be uniformly defined in COVID-
19, and the details of outcomes of liver disease patients should be 
appraised separately.

To date, this is the largest systematic review done on pre-existing 
CLD as well as elevated liver chemistries in COVID-19. We have ex-
tensively analysed all groups of the population, including paediatric 
and pregnant patients detailing the effect of elevated liver chemis-
tries on their outcomes. This is also the first comprehensive review 
to analyse the effects of drugs, namely remdesvir, lopinavir/ritonavir 
on hepatic injury in patients with SARS-CoV-2 infection.
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