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1 | INTRODUCTION

Abstract

Recently, Coronavirus Disease 2019 (COVID-19) pandemic is the most significant
global health crisis. In this study, we conducted a meta-analysis to find the asso-
ciation between liver injuries and the severity of COVID-19 disease. Online data-
bases, including PubMed, Web of Science, Scopus, and Science direct, were searched
to detect relevant publications up to 16 April 2020. Depending on the heterogeneity
between studies, a fixed- or random-effects model was applied to pool data. Pub-
lication bias Egger's test was also performed. Meta-analysis of 20 retrospective
studies (3428 patients), identified that patients with a severe manifestation of
COVID-19 exhibited significantly higher levels of alanine aminotransferase, aspar-
tate aminotransferase, and bilirubin values with prolonged prothrombin time.
Furthermore, lower albumin level was associated with a severe presentation of
COVID-19. Liver dysfunction was associated with a severe outcome of COVID-19
disease. Close monitoring of the occurrence of liver dysfunction is beneficial in early

warning of unfavorable outcomes.
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cough, anosmia, and headache, which may evolve to respiratory
failure.>* The pathogen, however, displays a wide range of severity

In December 2019, a novel virus known as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was identified as a causative
pathogen for a cluster of pneumonia initially detected in Wuhan City,
China.® As of 3 May 2020, the World Health Organization has re-
ported Worldwide 3267 184 confirmed cases and 229 971 deaths.
The United States has reported 1067 127 confirmed cases and
57 406 deaths.”

Coronavirus Disease 2019 (COVID-19) is typically characterized

by the symptoms of viral pneumonia, such as fever, fatigue, dry

causing difficulty in determining infection outcome. COVID-19 may
cause hepatic, intestinal, and respiratory diseases, and lead to re-
spiratory distress syndrome, organ failure, and even death in severe
cases.”®

Currently, studies about the relationship between underlying
mechanisms of COVID-19 and liver dysfunction are limited. COVID-19
uses the angiotensin-converting enzyme 2 (ACE2) as the binding
site to enter the host cell in the lungs, kidneys, and heart.” Chai et al®

found that both liver cells and bile duct cells express ACE2. However,

Abbreviations: ACE2, angiotensin-converting enzyme 2; AKI, acute kidney injury; ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate aminotransferase;
COVID-19, Coronavirus Disease 2019; PT, prothrombin time; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SMD, the standardized mean difference; TSA, trial sequential

analysis.
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the ACE2 expression of bile duct cells is much higher than that of
liver cells.” These findings suggest that liver injury in patients with
COVID-19 may be the result of damage to bile duct cells. Various studies
have reported the laboratory findings and the clinical characteristics
associated with different degrees of liver dysfunction in patients with
COVID-19 disease.”***

However, to date, there is still limited research regarding the
concomitant association between the COVID-19 and the hepato-
biliary system. Therefore, by meta-analyzing data in the observa-
tional studies available so far, our study aimed to assess liver
dysfunction among patients infected with SARS-CoV-2 to investigate
the potential relationship between acute liver injury and COVID-19.

2 | METHODS
2.1 | Literature search strategy

A comprehensive literature review of all qualifying studies was
conducted to identify the association of COVID-19 with acute liver
injury based on Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.’® Two authors (RE, MY)
independently screened the following medical electronic database:
PubMed, Web of Science, Scopus, and Science direct for relevant
data published up to 16 April 2020, using a combination of the fol-
lowing keywords and medical subjects headings (MeSHs): (‘COVID-19"
OR “SARS-CoV-2" OR “severe acute respiratory syndrome coronavirus
2" OR “coronavirus SARS-CoV-2” OR “2019-nCoV” OR “Wuhan
coronavirus” OR “Wuhan pneumonia”) AND (“Liver” OR “Acute Liver
injury” OR “Liver enzymes” Chronic Liver”) AND (“outcome” OR
“survival” OR “mortality” OR “complications” Or “infection”). The
reference list of previous studies and systematic reviews were also
searched for identifying eligible studies. The identified records were
screened for the inclusion criteria specified for the present systematic

review and meta-analysis.

2.2 | Eligibility criteria

We applied the following criteria to all extracted studies: (a) Types of
studies: observational, retrospective cohort, prospective case-control, or
clinical trials reporting laboratory features of COVID-19 patients, in-
cluding alanine aminotransferase (ALT), aspartate aminotransferase
(AST), bilirubin, albumin, and prothrombin time (PT); (b) Subjects: diag-
nosed patients with COVID-19, and (c) Severity: mild cases of COVID-19
disease with patients that do not require extraordinary measures to
manage the diseases and severe cases of COVID-19 infection who
developed COVID-related complications such as acute respiratory dis-
tress syndrome (ARDS) and respiratory failure, or expired. Exclusion
criteria were as follows: (a) duplicate data (b) case reports, series,
abstract-only articles, conference article and comment, editorials and
expert opinions (c) studies with insufficient outcome data, and (d) pre-

prints (articles in the peer-review stage).

2.3 | Data extraction

Data extraction was conducted by four authors (MY, GZ, AA, and AF).
The process included using a two-step approach: first, we screened
titles and abstracts for eligibility according to the study objective,

and second, we screened the full-text article of relevant abstracts.

2.4 | Quality assessment

The Newcastle-Ottawa Scale was used for assessing the quality of
eligible manuscripts. Publication bias was assessed with the
Newcastle-Ottawa Quality Assessment Scale cohort studies.’”

2.5 | Pairwise comparison and heterogeneity
assessment

The pooled estimates were extracted using RevMan version 5.3.
Descriptive summary statistics in the form of mean, standard de-
viation, and range for continuous parametric measures were tabu-
lated. Pairwise comparison between mild and severe COVID-19
patients was performed. Overall pooled odds ratio (OR) or standar-
dized mean difference (SMD) with 95% confidence intervals (Cl)
were estimated for categorical and quantitative variables, respec-
tively. A Fixed-effects model was employed unless significant het-
erogeneity was detected. In this case, the Random-effects model has
applied.’® Heterogeneity was considered significant if the 12 value
exceeds 50%, or its P value was less than .1.

Subgroup analyses by the location of the patients, publication
date, sample size, and quality score were performed. Sensitivity
analysis was carried out by removing one study each time, to reflect
its effect size on the overall OR.

Publication bias was assessed via Begg's funnel plot and Egger's
linear regression approach using Comprehensive Meta-analysis
software.’” An asymmetric funnel-shape or a P value less than .1

indicated significant bias.”®

2.6 | Meta-regression analysis

Meta-regression analysis was employed using OpenMeta Analyst
software, taking into consideration the following study character-
istics; sample size, mean age of patients, percentage of males, city of
the hospital, publication date, and quality score.

2.7 | Trial sequential analysis

To evaluate the reliability of statistical appraisal of this meta-analysis
study, we used trial sequential analysis (TSA) software (version
0.9.5.10 beta) by merging several available sample sizes of applicable

studies with the threshold of statistical influence to reduce the
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unintentional miscalculations and improve the strength of anticipa-
tions. We used two-side trials and type | error with a calculated
power of 5% and 80%. If the cumulative Z-curve crosses the mon-
itoring boundaries, no additional trials would be required. On the
contrary, if the Z-curve did not accomplish the boundary levels, the
necessary threshold requires additional records to achieve a promi-

nent significance.

3 | RESULTS
3.1 | Characteristics of the included studies

Following the removal of duplicates (n = 1870), our database search
identified 2582 unique citations, of which 186 full-text articles were
assessed. A total of 20 eligible retrospective cohort studies, including
3428 positively confirmed COVID-19 patients, were enrolled in the

MEDICAL VIROLOGY

current meta-analysis. The workflow of the process of study selection
is demonstrated in Figure 1. All articles were published during the
period between 30 January and 16 April 2020. Most of them were
from Wuhan city (13), three from Zhejiang, one from Guangdong, one
from Hubei, one from Guangdong, and one from Anhui. As depicted
in Table 1, the sample size of studies ranged from 21 to 651 cohorts.
The mean age of patients was 53.8 years, and 57.8% were men. In the
included studies, the severe disease was detected in 36.2% of pa-
tients and the average survival rate was 72.18%. All studies except
for three scored more than 5 on the scale. Two studies scored a

three, and one study scored a two.

3.2 | Pooled analysis of laboratory findings

Table 2 summarizes pairwise comparison, heterogeneity analysis, and
publication bias of the meta-analysis. Patients who had severe

Records identified Records identified Records Records identified
through Web of through PubMed identified in through Science
Science searching searching Scopus searching Direct searching
5 (n=257) (n=1688) (n =1105) (n=1402)
®
O
&
c
Q v L 2 L 2
5,
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P )\ ‘ . .
» Exclude duplication (n = 1870)
2 :
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2 l
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FIGURE 1 The workflow of the selection process
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presentations of COVID disease had higher levels of AST (SMD = 0.36;
95% Cl=0.27; 0.44; P<.001), ALT (SMD =0.44; 95% Cl =0.35, 0.52;
P <.001), bilirubin (SMD = 0.40; 95% Cl =0.31, 0.50; P <.001), and PT
(SMD =0.69; 95% Cl=0.57, 0.81; P<.001). In contrast, lower
albumin level was associated with severe presentation (SMD = -0.68;
95% Cl=-0.7, -0.58; P<.001) (Figure S1). Apart from ALT data,
significant heterogeneity was detected in laboratory results. Sub-
group analysis by the origin of the hospital, publication date, sample
size, and quality score of the studies failed to resolve the obvious

heterogeneity.

3.3 | Pooled analysis of comorbidities

The analysis showed that patients with hypertension (OR = 2.37; 95%
Cl=1.86-3.01; P<.001), chronic kidney disease (OR=7.28; 95%
Cl=3.26-16.26; P<.001), and diabetes (OR=2.72; 95% Cl=2.06-
3.61; P<.001) were nearly twofold more risk to develop severe
presentation of COVID-19. Patients with underlying cardiovascular
disease or cerebrovascular disease were five-times more liable to
develop severe phenotype (OR=5.11; 95% Cl=204-12.83;
P<.0001 and OR=5.73; 95% Cl=252-13.04; P<.0001, respec-
tively). Cancer patients also exhibited severe manifestations of the
disease (OR = 2.20; 95% Cl = 1.28-3.78; P = .004) (Figure S2). Apart of

cardiovascular disease, homogeneity between studies was detected.

3.4 | Pooled analysis of treatment

A total of 17 studies reported treatment to be administered to
COVID-19 patients. On comparison between the two groups, severe
patients were nearly three times more likely to receive steroids
(OR=3.17; 95% Cl=3.02-4.97; P<.001) and immunoglobulins
(OR=275; 95% Cl=1.09-6.94; P=.032). Sensitivity analysis re-
vealed that the studies of Wang®® and Zhang®® contributed in the

significant heterogeneity observed in treatment results (Table 2).

3.5 | Pooled analysis of COVID-19 outcomes

Our analysis confirmed that patients with severe COVID-19 disease
had higher odds of developing ARDS (OR=18.84; 95% Cl=5.39-
65.87; P<.0001) and sepsis (OR=21.19; 95% Cl=4.21-106.7;
P <.001). Similarly, acute liver injury (OR=1.93; 95% Cl=1.12-
3.34; P=.001) and acute kidney injury (OR=7.2; 95% Cl=1.38-
37.74; P<.001) were more prevalent among patient with severe
disease. Moreover, our analysis revealed that mortality was more
likely to occur among patients with severe COVID-19 patients
(OR=55.22; 95% Cl=12.62-241.66; P<.001) (Figure S3). Con-
siderable heterogeneity was observed for the outcomes. Meta-
regression analysis for study characteristics showed higher odds of
mortality in articles involving Wuhun hospitals (coefficient = 4.30;
95% Cl =3.07-5.54; P<.001) (Table S1).

3.6 | Publication bias

The funnel plot of laboratory and clinical parameters is shown in
Figure S4. Egger's test showed no publication bias for all variables
(P >.1) except for two; cardiovascular and cerebrovascular diseases
(P=.061 and .041) (Table 2).

3.7 | Trial sequential analysis

We applied TSA on mortality rate available among all eligible articles
of COVID-19 patients with a mild and severe exhibition and in-
dicated that the cumulative Z-curve transverses the monitoring
boundaries before reaching the required sample size and achieving
considerable significant and so no further studies are necessary
(Figure 2).

4 | DISCUSSION

Our meta-analysis including 3428 subjects from 20 retrospective
studies explored the potential relationship between liver injury and
the severity of COVID-19 disease. We found that liver dysfunction
seemed to be higher in patients with severe outcomes from
COVID-19 infection.

Our results were in agreement with a previous study review.>¢
Previously, liver injury has been reported as an important risk factor
for severe outcome and death in SARS and Middle East Respiratory
Syndrome.>>°7-%?

Patients in our study who had severe presentations of COVID-19
disease had higher levels of AST, ALT, bilirubin, and lower albumin
levels. Our results are consistent with recent studies on COVID-19
disease that showed that the incidence of liver injury ranged from
58% to 78%, mainly indicated by elevated AST, ALT, and total bilir-

ubin levels accompanied by slightly decreased albumin levels.*** In

a recent study, Guan et al*?

documented that higher serum levels of
AST were observed in nearly 18% of patients with nonsevere
COVID-19 disease and approximately 56% of patients with severe
COVID-19 infection. Moreover, in that study, higher serum levels of
ALT were also observed in nearly 20% of patients with nonsevere
COVID-19 presentation, and approximately 28% of patients with
severe COVID manifestation.*? Similar findings in Huang et al* were
also observed, where patients with severe COVID-19 features had an
increased incidence of liver injury.

Postmortem liver biopsies specimens were observed in deceased
COVID-19 patients. The findings showed mild lobular and portal
activity along with microvascular stenosis, indicating the injury could
have been caused by either COVID-19 disease or drug-induced liver
injury.3 Similar to the treatment of SARS, steroids, antivirals, and
antibiotics are widely used for the treatment of COVID-19.34%344
These drugs are all potential causes of liver injury during COVID-19

t22

treatment but have not yet been eviden A recent study reported

that the liver injury observed in COVID-19 patients might be caused
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FIGURE 2 Trial sequential analysis for mortality

by lopinavir, which is used as an antiviral for the treatment of
SARS-CoV-2 infection.* It is worth noting that the specific underlying
causes of liver injury and elevated levels of liver enzymes in COVID-19
patients are still limited. However, collectively the proposed
mechanisms might include “hyperactivated immune responses and
cytokine storm-related systemic inflammation, psychological stress,
drug toxicity, and progression of pre-existing liver diseases” as detailed
by Li and Fan.*®

Further studies are needed to investigate the mechanisms of
liver dysfunction in COVID-19 disease as a direct outcome of
infection and the possible effects that treatment has on
the liver.

Limitations of our study include the following; First, all the stu-
dies included in this meta-analysis used a case-control or cohort
design, which are susceptible to recall and selection biases. Second,
we could not distinguish if the liver dysfunction in COVID-19
patients was an acute liver injury or exacerbated chronic liver
disease. Last, the enrolled studies focused on Chinese patients, which
restricted a more precise estimation of liver dysfunction in the
context of other races.

5 | CONCLUSIONS

In this meta-analysis, we comprehensively analyzed liver dysfunction

in accordance with the severity of clinical outcomes in COVID-19

8 /-curve

patients. Liver dysfunction was associated with severe COVID-19
infection. Patients presented with abnormal liver function tests are at
higher risk of severe clinical outcomes. Close monitoring of the
presence of liver dysfunction may be beneficial as an early indicator
of worse outcomes. This may serve to better prepare the treatment

of patients.
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