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Liver Chemistries in Patients With 
COVID-19 Who Were Discharged Alive 
or Died: A Meta-analysis
Qing-Qing Xing,1* Xuan Dong,2* Yan-Dan Ren,3* Wei-Ming Chen,2 Dan-Yi Zeng,2 Yan-Yan Cai,1 Mei-Zhu Hong,4 and  
Jin-Shui Pan 1,2

Although abnormal liver chemistries are linked to a higher risk of coronavirus disease 2019 (COVID-19)–related death, 
liver manifestations may be diverse and even confusing. Thus, we performed a meta-analysis of published liver man-
ifestations and described the liver damage in patients with COVID-19 who died or discharged alive. We searched 
PubMed, Google Scholar, medRxiv, bioRxiv, the Cochrane Library, Embase, and three Chinese electronic databases 
through April 22, 2020. We analyzed pooled data on liver chemistries stratified by the main clinical outcome of 
COVID-19, using a fixed or random-effects model. In our meta-analysis of 19 studies, which included a total of 4,103 
patients, the pooled mean alanine aminotransferase and aspartate aminotransferase levels were, respectively, 31.7 IU/L 
and 51.0  IU/L in the patients with COVID-19 who died and 27.7 IU/L and 32.9  IU/L in those discharged alive 
(both P  <  0.0001). Compared with the patients discharged alive, those who died tended to have lower albumin levels 
but longer prothrombin time and higher international normalized ratio. Conclusion: In this meta-analysis, according to 
the main clinical outcome of COVID-19, we comprehensively describe three patterns of liver impairment related to 
COVID-19: hepatocellular injury, cholestasis, and hepatocellular disfunction. The patients who died from COVID-19 
tended to have different liver chemistries from those discharged alive. Special caution should be given to the patients 
with a relatively higher index of liver chemistries. (Hepatology Communications 2021;5:12-23).

Coronavirus disease 2019 (COVID-19) is 
caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), a nonseg-

mented positive-sense RNA virus with an envelope 
belonging to the family Coronaviridae. The coronavi-
rus is widely distributed in humans and other mam-
mals. In the past 20 years, the coronavirus has caused 
several localized epidemics and even global pandem-
ics, such as severe acute respiratory syndrome (SARS), 

Middle East respiratory syndrome (MERS), and 
the ongoing COVID-19 pandemic. Worldwide, the 
spread and upward trend of COVID-19 have accel-
erated dramatically. According to the situation report 
released by the World Health Organization (WHO), 
as of April 25, 2020, 2,719,897 COVID-19 cases were 
confirmed globally, with a fatality rate of 6.9%.(1) In 
response to the emerging threat, the WHO declared 
a Public Health Emergency of International Concern 
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intervals; COVID-19, coronavirus disease 2019; GGT, γ-glutamyltransferase; MD, mean difference; MERS, Middle East respiratory syndrome; PT, 
prothrombin time; SARS, severe acute respiratory syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TBIL, total bilirubin.
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on January 30, 2020, and further labeled the outbreak 
as a pandemic on March 11, 2020. Compared with 
the case fatality rates of SARS and MERS, which are 
6.8% and 60%, respectively, that of COVID-19 is rel-
atively lower.(2,3) However, the reproductive number 
of COVID-19 is even higher than that of SARS.(4) 
Owing to its huge number of confirmed cases, 
COVID-19 causes many more deaths than SARS or 
MERS.

Apart from lung injury, myocardial dysfunction, 
liver impairment, and acute kidney injury can also 
result from COVID-19.(5,6) Chronic hypertension 
and other cardiovascular comorbidities are frequent 
risk factors of COVID-19-related death.(6,7) Other 
conditions can also contribute to death. According to 
the observation by Wu et al.,(7) coagulation dysfunc-
tion is linked to the likelihood of death. Moreover, 
univariable logistic regression revealed the association 
of alanine aminotransferase (ALT) and total biliru-
bin (TBIL) levels with higher risk of COVID-19-
related death.(8) In another study, Fu et al.(9) showed 
the potential relationship among hypoproteinemia, 
cholestasis, and higher fatality rate in patients with 
COVID-19. Our meta-analysis also revealed the dif-
ferent patterns of abnormal liver chemistries between 
patients with severe and nonsevere COVID-19.(10)

According to the clinical guideline proposed by the 
American College of Gastroenterology, liver chem-
istries can be classified into three groups as follows: 
hepatocellular injury-related indexes, including ALT 
and aspartate aminotransferase (AST); cholestatic 
injury-related indexes, including γ-glutamyltransferase 

(GGT) and alkaline phosphatase (ALP); and hepato-
cellular function–related indexes such as prothrombin 
time (PT) and albumin (ALB).(11) In clinical practice, 
TBIL, direct bilirubin (DBIL), and globulin (GLB) 
levels, and international normalized ratio (INR) are 
also assessed. The liver manifestations of COVID-19 
are diverse and even confusing. Comprehensive eval-
uations of liver chemistry abnormalities in patients 
with COVID-19 are rather few. Hence, the aim of 
this study was to provide a comprehensive view of liv-
er-test parameters in patients with COVID-19 who 
died or were discharged alive.

Materials and Methods
STUDY SELECTION

The following databases were searched from 
December 1, 2019, to April 22, 2020: PubMed, Google 
Scholar, medRxiv, bioRxiv, Embase, the Cochrane 
Library, and three Chinese electronic databases 
(Chinese National Knowledge Infrastructure, CQVIP, 
and Wanfang Data). “COVID-19,” “Coronavirus,” 
“SARS-CoV-2,” “2019-nCoV-2,” and “novel corona-
virus” were used as search keywords. The PRISMA 
guideline was implemented in the retrieval of poten-
tial studies.(12) Details of the search in PubMed are 
found in the Supporting Information. Endnote X9.3 
(Thompson and Reuters, Philadelphia, PA) was used 
to manage the retrieved articles. Duplicated articles 
were removed.
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SELECTION CRITERIA
Two authors (X.D. and Q-Q.X.) independently 

determined the eligibility of the potential stud-
ies. Dissonance was arbitrated by the third author 
( J-S.P.). The inclusion criteria were as follows: (1) 
study population: adult patients with COVID-19 
who died or were discharged alive; (2) study design: 
case report, case series, retrospective cohort study, pro-
spective cohort study, randomized controlled trial, and 
case-control study; and (3) language: studies published 
in English or Chinese. The exclusion criteria were as 
follows: (1) pregnant women or pediatric patients; (2) 
patients who lacked nucleic acid data or serological 
evidence of SARS-CoV2 infection; (3) asymptomatic 
patients with SARS-CoV2 infection; (3) study design: 
commentary, editorial, review article, or meta-analysis; 
and (4) results: studies that only reported the percent-
ages of the indexes related to liver chemistries rather 
than the mean or average values, and single-arm stud-
ies (e.g., only the data of mortality cases were reported, 
excluding data from survival cases, and vice versa).

DATA EXTRACTION
For the eligible articles, the following items were 

recorded: first author, study location, sample size, 
patient age and sex, and liver chemistry–related 
indexes such as TBIL, DBIL, ALT, AST, GGT, ALP, 
and ALB levels. The main outcome (either died or 
discharged alive) of COVID-19 was also recorded.

DATA ANALYSIS
R statistical platform version 3.2.3 (R Foundation 

for Statistical Computing) was used for the statisti-
cal analysis. Continuous variables with normal dis-
tributions were expressed as mean ± SD, while those 
with skewed distributions were expressed as median 
(interquartile range). The method developed by Luo 
et al.(13) was used to estimate the sample mean and 
SD of the continuous outcomes from the studies 
that provided summary data of median, minimum, 
and maximum values. The related online tool is pro-
vided at http://www.math.hkbu.edu.hk/~tongt/​paper​
s/media​n2mean.html. A forest plot was constructed 
for the 95% confidence intervals (CIs). Heterogeneity 
among studies was detected using the Cochran Q 
test, with a P value of <0.10 indicating significant 

heterogeneity. The proportion of the total variation 
among the studies, from which heterogeneity was 
derived, was measured with the I2 statistics. I2 values 
of <25%, 25%-75%, and >75% represent low, moder-
ate, and high heterogeneity, respectively.(14) A funnel 
plot was used to evaluate publication bias. A subgroup 
analysis was performed according to the main clinical 
outcome: either died or discharged alive.

Results
CHARACTERISTICS OF THE 
STUDIES INCLUDED IN THE 
META-ANALYSIS

The selection process of the potential studies is 
depicted in Fig. 1. From the 3,033 identified studies, 19 
were included in the meta-analysis. The characteristics 
of the enrolled studies are listed in Table 1.(6-8,15-29)  
Information on the study location, sample size, age, 
sex, clinical outcome, PT, INR, and levels of TBIL, 
DBIL, ALT, AST, GGT, ALP, ALB, and GLB 
was recorded. The mean ages of the patients with 
COVID-19 who were discharged alive and died were 
56.4 and 68.7 years, respectively (Supporting Fig. S1). 
In the enrolled studies, male patients accounted for 
55.0% of all patients. Among the studies that reported 
mortality cases, deaths accounted for 31.6% (range, 
11.7%-61.5%) of the cases.

HEPATOCELLULAR  
INJURY–RELATED LIVER 
CHEMISTRY ABNORMALITIES

Of the enrolled studies, 15 reported the ALT or 
AST assays of 2,842 patients with COVID-19. All but 
one these studies were from China. Of the 19 enrolled 
studies, 14 (73.7%) were from Hubei Province, where 
Wuhan is located. The pooled mean ALT level was 
31.7 IU/L in the patients with COVID-19 who died 
and 27.7 IU/L in those discharged alive (95% CI, −6.0 
to −2.8, P < 0.0001; Fig. 2A), with moderate heteroge-
neity among the studies (I2 = 39%, P = 0.06). Similarly, 
the pooled mean AST level was 51.0 IU/L in the 
patients who died and 32.9 IU/L in those discharged 
alive (95% CI: −19.7 to −9.8, P  <  0.0001; Fig. 2B). 
High heterogeneity was observed for the AST levels 

http://www.math.hkbu.edu.hk/%7Etongt/papers/median2mean.html
http://www.math.hkbu.edu.hk/%7Etongt/papers/median2mean.html
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among the studies (I2 = 78%, P < 0.01), which was sig-
nificantly higher than that of the ALT levels (I2 = 39%, 
P = 0.06). Potential publication bias due to ALT/AST 
levels was evaluated using a funnel plot (Supporting 
Fig. S2). In the patients with COVID-19, the mean 
AST level tended to be higher than the mean ALT 
level in both the mortality and discharged-alive (sur-
vival) groups. Moreover, the gaps between the AST 
and ALT levels (51.0 IU/L and 30.9 IU/L, respec-
tively) were even more significant in the group that 
died (Fig. 3). The evaluation of potential publication 
bias is presented in Supporting Fig. S3.

Cholestasis-Related Liver Chemistry 
Abnormalities

We could not enroll an adequate number of stud-
ies for the analyses of the cholestasis-related indexes 
such as ALP and DBIL levels, as only few studies 
focused on these indexes. Of the enrolled studies 
for the meta-analysis, 3 reported GGT assays and 
11 reported TBIL measurements. The pooled mean 
GGT level was 46.3 IU/L in the mortality group and 
34.3 IU/L in the group discharged alive (Fig. 4A). 
The pooled mean TBIL level in the mortality group 
was slightly higher than that in the group discharged 

alive. However, the mean TBIL level remained within 
the normal range in both groups (Fig. 4B). For the 
TBIL levels, moderate heterogeneity was observed 
among the studies (I2  =  36%, P  =  0.11). The fun-
nel plot of the TBIL levels is shown in Supporting  
Fig. S4.

HEPATOCELLULAR FUNCTION–
RELATED LIVER  
CHEMISTRY ABNORMALITIES

Eleven studies compared the mean ALB levels 
according to the main clinical outcome of COVID-19, 
between 938 mortalities and 2,018 cases discharged 
alive, respectively (Fig. 5A). High heterogeneity was 
observed among the studies (I2 = 81%, P < 0.01). The 
mean ALB level in the mortality group was signifi-
cantly lower than that in the group discharged alive. 
Significant differences in the coagulation-related 
indexes such as PT and INR were found between the 
two groups. The mortality group had longer PT (95% 
CI: −1.5 to −0.7, P < 0.0001; Fig. 5B) or higher INR 
(Fig. 5C). The evaluation of publication bias related 
to ALB level and PT is shown in Supporting Fig. S5. 
Association between lactate dehydrogenase and clini-
cal outcome is shown in Supporting Fig. S6.

FIG. 1. Study selection flow diagram. If all of the liver chemistry indexes were not reported, they were excluded from the meta-analysis. 
Single-arm studies (e.g., only the data of mortality cases were reported, excluding the data of survival cases, and vice versa) were also 
excluded.
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Discussion
In this meta-analysis, all but one of 19 studies from 

China that consisted of a total of 4,103 patients with 
COVID-19 were enrolled. Three patterns of liver 
impairment, namely, hepatocellular injury, cholestasis, 
and hepatocellular dysfunction, developed in a propor-
tion of patients with COVID-19, especially in those 
who eventually died. Briefly, the patients who died 
of COVID-19 tended to have higher baseline ALT/
AST levels, TBIL levels, and INR, and prolonged 
PT but lower ALB levels than those who were dis-
charged alive. The patients with COVID-19 usually 
had higher AST levels than ALT levels, especially in 
the group that died. The proportion of deaths tended 
to be higher in the elderly patients.

The pooled percentage of death cases accounted for 
up 31.6% of all cases, which was calculated accord-
ing to the proportion of death cases in each enrolled 
study. However, this does not mean that the percent-
age of deaths in the whole population was high, as 
several reasons may lead to the higher percentages of 
deaths in the enrolled studies than in the whole pop-
ulation. First, as the patients in the enrolled studies 
were all hospitalized or even critically ill, the higher 
percentage of deaths in the enrolled studies than in 
the whole population is reasonable. Second, the com-
positions of the enrolled studies differed because of 
the selection of the reporter. Similarly to our previ-
ous study, most studies focused on ALT and AST 
levels rather than on cholestasis-related indexes such 
as ALP and GGT levels.(10) The actual prevalence of 
abnormal liver chemistries could be underestimated in 
the studies that reported clinical features of COVID-
19. Thus, the role of liver chemistries was compro-
mised in disease monitoring and early warning against 
potential death.

The possible mechanisms of COVID-19-related 
liver injury include the direct damage caused by SARS-
CoV-2 to the liver and the secondary liver injury 
caused by stress and systemic inflammatory response, 
liver ischemia or hypoxia, exacerbation of underlying 
liver disease, or drug-induced liver injury.(30) In hepa-
titis B surface antigen–positive patients, the following 
events can also lead to liver injury: sudden cessation of 
ongoing antiviral treatment in patients with chronic 
hepatitis B, which may result in sharp deterioration 
of liver chemistries or acute-on-chronic liver failure, 
and application of high-dose corticosteroids without St
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antiviral therapy, which may activate the replication of 
hepatitis B virus. Clinically, secondary liver injury is 
far more frequent than direct liver injury.(31)

The most frequent complications of COVID-19 in 
the deceased patients were the following: acute respi-
ratory distress syndrome, sepsis, acute cardiac injury, 
type I respiratory failure, and heart failure.(6) The per-
centage of cases that developed acute liver injury was 
9% in the deceased patients and only 2% in the recov-
ered patients.(6) An investigation by Deng et al.(17) 
also indicated high frequencies of developing acute 
respiratory distress syndrome (89.9%), acute cardiac 

injury (59.6%), and acute kidney injury (18.3%) in the 
patients who died. Sepsis and liver ischemia caused 
by acute respiratory distress syndrome or heart fail-
ure can further cause liver chemistry abnormalities or 
even disordered coagulopathy.

On the whole, the alteration of liver chemistries 
between the group that died and the group discharged 
alive is similar to that between the severe and nonse-
vere groups, as shown in our recent study,(10) although 
some differences were observed. Also similar was 
the age difference between the severe and nonsevere 
groups. In our analysis, the mean age of the group that 

FIG. 2. Forest plot of the association between serum ALT/AST level and the main clinical outcome, either died or discharged alive. Pooled 
levels of ALT (A) and AST (B) in the patients with COVID-19 are stratified by clinical outcome. Abbreviation: MD, mean difference.
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died was significantly higher than that of the group 
discharged alive. The mean ALT and AST levels in 
the mortality group were also higher than those in the 
group discharged alive. Moreover, both in the group 
that died and the group discharged alive, the mean 
AST level was higher than the mean ALT level, sim-
ilar to our previous study.(10) The GGT level in the 
group that died was higher than that in the group 
discharged alive. However, the difference was not sta-
tistically significant. This may be due to the underre-
ported GGT levels. The TBIL level in the group that 
died was also higher than that in the group discharged 
alive, whereas the mean TBIL levels in both groups 

were within the normal range. The ALB level in the 
group that died was significantly lower than that in 
the group discharged alive, which was in accordance 
with our study, which compared severe and nonsevere 
groups.(10) In the group that died, PT and INR were 
significantly longer and higher, respectively, than in 
the group discharged alive, with an even more remark-
able difference than we previously observed between 
the severe and nonsevere groups. This suggests that 
the coagulation function of the group that died was 
significantly worse than that of the group discharged 
alive. As almost all coagulation factors are synthesized 
in the liver, we can speculate that the hepatocellular 

FIG. 3. Forest plot of the comparison between ALT and AST levels in the patients with COVID-19 stratified by clinical outcome. (A) 
Forest plot for the comparison of ALT and AST levels in the group discharged alive. (B) Forest plot for the comparison of ALT and AST 
levels in the group that died.
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dysfunction in the group that died was exacerbated 
under the influence of multiple factors such as hypox-
emia, inflammation storm, and infection. In fact, 
severe sepsis is almost invariably associated with sys-
temic activation of coagulation.(32,33)

In this study, we found that the liver chemistry 
abnormalities in the group that died was worse than 
those in the group discharged alive, which suggests 
that vigilance is needed to reduce the mortality risk 
of patients with significantly abnormal liver chemis-
tries on admission. Marked hypoalbuminemia usually 
developed in the group that died. Thus, solid nutrition 
support is necessary for this patient group. In addi-
tion, for patients with obvious coagulation dysfunc-
tion on admission, clinicians must be aware of the risk 
of progression to severe disease or even death. The 
coagulation dysfunction must be corrected as early 
as possible to prevent further deterioration of the 
patient’s condition.

This study has several substantial merits. First, 
the enrolled studies focused on COVID-19-related 

abnormal liver chemistries, which are rapidly 
evolving and sometimes confusing. This meta- 
analysis comprehensively summarized the related 
literature according to the main clinical outcome: 
either died or discharged alive. The extensive cover-
age of over 4,000 cases allowed a more precise eval-
uation of liver chemistry abnormalities in patients 
with COVID-19. Our analysis revealed that abnor-
mal liver chemistries were associated with worse 
clinical outcomes and even death, which highlights 
the importance of a more extensive monitoring of 
liver chemistries for both diagnostic and prognos-
tic purposes. Second, three patterns of liver impair-
ment, namely, hepatocellular injury, cholestasis, and 
hepatocellular dysfunction, were all extensively cov-
ered in this analysis. However, cholestasis-related 
indexes such as ALP and GGT levels tended to be 
inadvertently ignored, even more significantly than 
in our previous study.(10) We also compared hepa-
tocellular dysfunction between the group that died 
and the discharged alive group. The alarmingly high 

FIG. 4. Forest plot of the association between the cholestasis-related indexes and clinical outcome. Pooled levels of GGT (A) and TBIL 
(B) in the patients with COVID-19.
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prevalence of hypoalbuminemia and coagulation 
dysfunction in the group that died requires vigilance. 
Third, we also covered eligible studies preprinted in 
medRxiv, which ensured that our meta-analysis has 
a clear leading position.

However, our study has a few limitations. As men-
tioned previously, cholestasis-related indexes were 
remarkably underreported, which hindered us from 
obtaining more precise pooled data. Second, most of 
the enrolled studies were from mainland China, which 

FIG. 5. Forest plot of the association between the synthetic function-related indexes and clinical outcome. Pooled ALB levels (A), PTs 
(B), and INRs (C) in the patients with COVID-19.
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restricted a more precise estimation of abnormal 
liver chemistries in the context of diverse ethnicity. 
However, this conversely helps to abate the heteroge-
neity caused by the physiological differences.

In summary, in this analysis we comprehen-
sively described three patterns of liver impairment 
related to COVID-19, namely, hepatocellular injury, 
cholestasis, and hepatocellular dysfunction, according 
to the main clinical outcome of COVID-19. Patients 
with abnormal liver chemistries are at higher risk of 
worse outcome. Special caution should be given to 
the patients with a relatively higher index of liver 
chemistries.
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