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ABSTRACT
Objective Liver injury has frequently been reported in 
COVID-19 patients. The clinical relevance of liver injury 
related to SARS- CoV-2 infection remains unclear with 
a need for prospective studies on the impact of liver 
function test (LFT) abnormalities at baseline.
Design Data of 217 patients without pre- existing liver 
disease prospectively included in the COVID-19 registry 
of the LMU university hospital were analysed in order 
to assess the association of abnormal LFT at admission 
and course of the disease. Severe course was defined as 
admission to the intensive care unit (ICU) or as COVID-
19- related death.
Results Abnormal LFT at baseline was present in 
58% of patients, with a predominant elevation of 
aspartate aminotransferase (AST) (42%), gamma- 
glutamyltransferase (GGT) (37%) and alanine 
aminotransferase (ALT) (27%), hypoalbuminaemia was 
observed in 33%. Elevation of ALT and GGT, as well 
as hypoalbuminaemia, was associated with higher 
proportions of patients requiring ICU treatment and 
mechanical ventilation. After adjusting for age, gender 
and comorbidities, hypoalbuminaemia combined with 
abnormal AST or GGT at hospital admission was a highly 
significant independent risk factor for ICU admission 
(OR 46.22 and 38.8, respectively) and for a composite 
endpoint of ICU admission and/or COVID-19- related 
death (OR 42.0 and 26.9, respectively).
Conclusion Abnormal LFTs at hospital admission, in 
particular GGT and albumin, are associated with a severe 
course of SARS- CoV-2 infection.

INTRODUCTION
COVID-19 predominantly affects the pulmo-
nary tract causing mainly respiratory symptoms,1 
however, involvement of other organ systems has 
been described, including myocarditis, acute kidney 
injury, neurological abnormalities and acute liver 
injury.2–4 Especially the latter has been reported 
for a large proportion of COVID-19 patients with 
numbers as high as 76% of patients presenting with 
liver biochemistry abnormalities.5–7 However, the 
clinical relevance of abnormal liver function tests 
(LFT) in COVID-19 is still subject of debate.8 9 This 
especially holds true for the impact of baseline LFT 
on severity, since the majority of available studies 
focused on liver injury at peak levels during hospi-
talisation for COVID-19.10 11

Therefore, we evaluated the proportions of 
elevated liver enzymes at hospital admission 
and their association with severe COVID-19 in 
a prospectively acquired cohort of COVID-19 
patients from the University Hospital in Munich.

METHODS
Study design and patient selection
From March 2020 to July 2020 275 patients 
were prospectively included in the Registry of 
the LMU Klinikum (CORKUM, WHO trial ID 
DRKS00021225). Inclusion was based on the 
diagnosis or suspicion of COVID-19. The detailed 
inclusion criteria were: (1) patients and members 

Significance of this study

What is already known on this subject?
 ► During infection with SARS- CoV-2 liver injury 
occurs in a relevant proportion of patients. 
As yet, mainly elevation of aminotransferases 
has been described, while abnormalities 
of cholestatic parameters, that is, gamma- 
glutamyltransferase and alkaline phosphatase 
were reported less frequently. Liver function 
test (LFT) peak levels correlate with severity 
and/or outcome in COVID-19 patients. However, 
the association of baseline LFT abnormalities 
with the course of the disease has not been 
prospectively evaluated.

What are the new findings?
 ► In our prospective COVID-19 cohort, 58% of 
patients had LFT abnormalities at the time 
of hospital admission. Hypoalbuminaemia, 
in particular in combination with an 
elevation of aminotransferases or gamma- 
glutamyltransferase, was highly significant 
independent risk factors for a severe course.

How might it impact on clinical practice in the 
foreseeable future?

 ► Patients with hypoalbuminaemia and 
abnormal aminotransferases or gamma- 
glutamyltransferase are at high risk for a 
severe course of COVID-19 disease and should 
be closely monitored and considered for early 
intensive care unit admission.
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of the hospital staff with a positive test for SARS- CoV-2 or a 
highly likely SARS- CoV-2 infection based on typical radiological 
findings, respiratory symptoms, absence of a more likely diag-
nosis and negative testing for influenza and respiratory syncytial 
virus; (2) patients and members of the hospital who have a high 
risk of more severe COVID-19 due to known comorbidities or 
treatments, in particular immunosuppression, underlying malig-
nant disease or underlying cardiovascular and/or pulmonary 
conditions; (3) patients and members of the hospital with initial 
suspicion of SARS- CoV-2 infection who were tested negative for 
SARS- CoV-2. Written informed consent was obtained from each 
patient or their respective legal representatives in case the patient 
was unable to give informed consent, and from each member 
of the hospital included in the study. In case informed consent 
was not obtained, eg, due to fulminant course of disease, data 
were used in an anonymised and aggregated way only. Patients 
and the public were not involved in the design, or conduct, or 
reporting, or dissemination plans of this research. Out of the 
275 patients included until July 2020, 235 were diagnosed 
with SARS- CoV-2 infection using reverse- transcriptase PCR of 
nasopharyngeal swab specimens in the accredited diagnostic 
laboratories at the Pettenkofer- Institute, Munich, as previously 
described.12 Patients without available baseline liver chemistry 
results (n=14) or with underlying chronic liver disease (n=4) 
were excluded from the analysis leaving 217 patients for analysis 
(figure 1). Patient history including gender, age and underlying 
medical conditions were recorded. Laboratory tests including 
liver enzymes were performed on admission and repeatedly until 
discharge. Values at admission as well as respective minimal and 
peak values were obtained via automated data extraction tools. 
LFT analysis included aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), gamma- 
glutamyltransferase (GGT), total bilirubin (TBIL) and albumin. 
Further analyses included C reactive protein (CRP) and inter-
leukin 6 (IL-6). In case the patient had been transferred from 
another hospital, laboratory values from the initial admission 
were extracted from the patients’ files. Endpoints for severe 
COVID-19 were defined as admission to the intensive care unit 

(ICU), COVID-19- related death and a composite endpoint for 
severe COVID-19 comprising both ICU admission and COVID-
19- related death. In case of missing single liver biochemistry 
values at the time of admission, we calculated the proportions 
of patients reaching each endpoint according to the numbers of 
patients for whom the respective laboratory parameters were 
available. The Charlson Comorbidity Index which is based on 
age and comorbidities was calculated.13

Statistical analysis
Statistical analyses were performed using SPSS V.26 (IBM). 
Categorical variables are presented as number and percentage 
(n (%)). Continuous variables are presented as median (range). 
After testing for normal distribution, parametric or non- 
parametric tests (χ2 test or Mann- Whitney U test) were applied. 
To analyse the association between LFT abnormalities and the 
severity of disease a hierarchical binary logistic regression anal-
ysis was conducted adjusting for age, gender, arterial hyperten-
sion, diabetes, coronary artery disease and previous myocardial 
infarction, which are risk factors that have previously been iden-
tified to have a high association with severity,14 and also showed 
association with severity in our cohort (online supplemental table 
1). Furthermore, logistic regression was performed adjusting for 
gender and the Charlson Comorbidity Index. Pearson’s correla-
tion was applied to calculate a relationship between the liver 
biochemistry abnormalities and inflammatory parameters at 
admission. Receiver operating characteristic (ROC) curves were 
calculated using SPSS to evaluate a cut‐off value for albumin that 
could distinguish best between severe and non- severe COVID-19 
and the respective sensitivity and specificity values.

RESULTS
Clinical characteristics
The baseline clinical characteristics of COVID-19 patients from 
our cohort are summarised in table 1. The median age was 
63 years and 66% were male. The most prevalent underlying 
medical conditions were arterial hypertension, diabetes mellitus 
type II, coronary artery disease and chronic kidney disease.

Clinical course and outcome
Out of the 217 patients with SARS- CoV-2 infection that were 
included in our cohort, 36% required treatment in the ICU and 
32% underwent mechanical ventilation. The total fatality rate 
was 14.7%, mostly related to COVID-19 (table 2). Median time 
from hospital admission to ICU admission was 1 day. Twenty- 
seven out of 77 patients (35%) were admitted to the ICU on the 
same day of admission, while the majority of the ICU patients 
had an interval of two or more days from admission and 15 of 
77 (19%) an interval of a week or more.

LFT abnormalities
Liver biochemistry abnormalities of any kind (including ALT, 
AST, GGT, ALP and TBIL) at the time of admission were 
detected in 125 patients (58%). Elevation of ALT and AST at 
the time of hospital admission was observed in 27% and 42%, 
respectively (table 3). Most of the patients had mild elevation 
of ALT (n=40/59, 68%) and AST (n=67/91, 74%) below two 
times the upper limit of normal (ULN). Regarding elevation of 
liver biochemistry at respective peak levels, ALT and AST eleva-
tion was found in 64% and 72% of patients with relatively high 
proportions presenting with pronounced elevation of ALT and 
AST of five times or more ULN (17% and 14% of all patients, 
respectively).

Figure 1 Flow chart of patient inclusion.
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Association of liver biochemistry abnormalities at admission 
with severe COVID-19
COVID-19 patients who required ICU treatment showed 
significantly higher baseline levels of AST, ALT, GGT and TBIL 
(p<0.05) and peak levels of AST, ALT, TBIL, GGT and ALP 
(p<0.001) as well as significantly lower albumin levels at base-
line and respective nadir (p<0.001; online supplemental table 
2). Patients with severe COVID-19 as defined by ICU admission 
and/or a COVID-19- related fatal outcome showed significantly 
lower albumin levels at baseline and respective minimal levels 
(p<0.001) and significantly higher baseline levels of TBIL and 
AST (p<0.05) as well as significantly higher peak levels of AST, 
TBIL, GGT and ALP (p<0.001; online supplemental table 2).

AST and ALT elevation at hospital admission were associated 
with higher rates of ICU admission and mechanical ventilation 
(table 4): 50% of patients with abnormal AST and 51% with 
abnormal ALT but only 27% or 31% with normal AST or ALT 
at hospital admission were transferred to the ICU. The OR for 

ICU treatment for patients with AST elevation at baseline was 
2.68 (95% CI 1.50 to 4.80) and 2.35 (95% CI 1.26 to 4.36) 
for patients with ALT elevation (online supplemental table 3). 
AST elevation was associated with a significantly increased risk 
of severe COVID-19 (OR 2.2; 95% CI 1.25 to 3.87). However, 
neither AST nor ALT abnormalities at admission were related to 
mortality (p>0.05; table 4).

TBIL elevation at admission was associated with signifi-
cantly higher all- cause mortality and mortality rate related to 
COVID-19 (OR 4.56; 95% CI 1.21 to 17.39; online supple-
mental table 3), but not with the risk of ICU admission nor 
mechanical ventilation (table 4). Patients with ALP elevation at 
admission were more likely to require extracorporeal membrane 
oxygenation (18% vs 3%, p=0.004). However, rates of ICU 
admission rate, mechanical ventilation and mortality were not 
different (data not shown).

GGT at admission was associated with higher rates of ICU 
admission and mechanical ventilation: 45% of patients with 
GGT elevation at baseline required ICU treatment, while only 
30% of patients with normal GGT did (OR 1.96; 95% CI 1.10 
to 3.50; online supplemental table 3). However, no associa-
tion with all- cause mortality or COVID-19- related death was 
observed (table 4).

Hypoalbuminaemia was associated with a significantly higher 
risk for severe COVID-19: The composite endpoint of ICU 
admission and/or COVID- related mortality was reached in 
80% of patients with initial albumin deficiency but only in 26% 
patients with normal albumin at admission (p<0.001; table 4). 
Baseline hypoalbuminaemia or AST elevation was associated 
with a shorter time from hospital admission to ICU admission, 
while no association was observed for the other LFT. Hypo-
albuminaemia was also associated with significantly higher 
mechanical ventilation and mortality rates (table 4). Twenty- 
three per cent of patients with baseline hypoalbuminaemia had 
a COVID-19- related fatal outcome, while only 9% of patients 
with normal albumin levels did (p<0.05; table 4). Therefore, the 
risk of a severe course of COVID-19 in patients with albumin 
deficiency at baseline was significantly increased: OR for ICU 

Table 1 Clinical characteristics in patients with COVID-19

Age (years) 63 (18–97)

Gender

  Female 73 (33.6%)

  Male 144 (66.4%)

Arterial hypertension 115 (53.0%)

Diabetes mellitus type II 51 (23.5%)

Coronary artery disease 43 (19.8%)

Chronic kidney disease 39 (18.0%)

  Renal replacement therapy 7 (3.2%)

Solid malignant disease 38 (17.5%)

  Active malignant disease, localised 15 (6.9%)

  Active malignant disease, metastasised 6 (2.8%)

  Former tumour disease, in remission 17 (7.8%)

Myocardial infarction in patient history 20 (9.2%)

Chronic obstructive pulmonary disease 16 (7.4%)

Charlson Comorbidity Index 3 (0–10)

Smoking status 44 (20.3%)

Active smoker 13 (6.0%)

Former smoker 31 (14.3%)

Categorial variables are presented as number and percentage (n (%)). Continuous 
variables are presented as median (range).

Table 2 Clinical course and outcome in patients with COVID-19

ICU admission 77 (35.5%)

Length of ICU treatment (days) 21 (1–209)

Time until ICU admission (days) 1 (0–62)

Mechanical ventilation 70 (32.3%)

  NIV 3 (1.4%)

  IV 67 (30.9%)

ECMO 9 (4.1%)

Fatal outcome 32 (14.7%)

  Fatality related to COVID-19 29 (13.4%)

  Fatality unrelated to COVID-19 3 (1.4%)

Composite endpoint for severe COVID-19* 88 (40.6%)

Categorical variables are presented as number and percentage (n (%)). Continuous 
variables are presented as median (range).
*The composite endpoint is comprised of ICU admission and/or COVID-19- related 
death.
ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IV, invasive 
ventilation; NIV, non- invasive ventilation.

Table 3 Proportion of patients with abnormal LFT at hospital 
admission and at respective peak levels

Liver biochemistry abnormalities at admission

Liver biochemistry abnormality of any kind 125 (57.6%)

ALT elevation 59 (27.2%)

AST elevation 91 (41.9%)

GGT elevation 80 (36.9%)

ALP elevation 22 (10.1%)

TBIL elevation 10 (4.6%)

Hypoalbuminaemia 71 (32.7%)

Liver biochemistry abnormalities at respective peak levels*

Liver biochemistry abnormality of any kind 179 (82.5%)

ALT elevation 139 (64.1%)

AST elevation 156 (71.9%)

GGT elevation 130 (59.9%)

ALP elevation 65 (30.0%)

TBIL elevation 43 (19.8%)

Hypoalbuminaemia 109 (50.2%)

Variables are presented as number and percentage (n (%)).
*Albumin levels are presented at respective minimal levels.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, gamma- glutamyltransferase; LFT, liver function test; TBIL, 
total bilirubin; ULN, upper limit of normal.

 on D
ecem

ber 25, 2022 by guest. P
rotected by copyright.

http://gut.bm
j.com

/
G

ut: first published as 10.1136/gutjnl-2020-323800 on 29 January 2021. D
ow

nloaded from
 

https://dx.doi.org/10.1136/gutjnl-2020-323800
https://dx.doi.org/10.1136/gutjnl-2020-323800
https://dx.doi.org/10.1136/gutjnl-2020-323800
https://dx.doi.org/10.1136/gutjnl-2020-323800
https://dx.doi.org/10.1136/gutjnl-2020-323800
https://dx.doi.org/10.1136/gutjnl-2020-323800
https://dx.doi.org/10.1136/gutjnl-2020-323800
http://gut.bmj.com/


1928 Weber S, et al. Gut 2021;70:1925–1932. doi:10.1136/gutjnl-2020-323800

COVID-19

admission was 12.71 (95% CI 6.00 to 26.92), while the OR for 
the composite endpoint for severe COVID-19 was 11.86 (95% 
CI 5.59 to 25.17; online supplemental table 3).

When hypoalbuminaemia was combined with elevation of any 
other LFT, the risk of ICU admission was markedly increased 
with the highest OR observed for the combination of hypoal-
buminaemia and abnormal GGT (OR 35.79; 95% CI 8.16 to 
157.04; online supplemental table 3). Combination of hypoal-
buminaemia and TBIL elevation was associated with a ninefold 
risk increase for COVID-19- related mortality (online supple-
mental table 3).

Association of abnormal baseline liver functions tests and 
COVID-19 disease severity by multivariable logistic regression
Since LFT abnormality of any kind, of AST, ALT, TBIL and 
GGT as well as hypoalbuminaemia and the combination of 
hypoalbuminaemia with those parameters showed the strongest 
association with a severe course of the disease, a multivariable 
logistic regression was performed adjusting for age, gender and 
relevant comorbidities with the highest individual OR for severe 
COVID-19. Logistic regression had shown that confounding 
variables with risk increase of severe COVID-19 were age (OR 
1.03, p<0.0001), arterial hypertension (OR 2.69; p=0.001), 
diabetes (OR 2.36, p=0.009), coronary artery disease (OR 
2.36, p=0.014) and previous myocardial infarction (OR 3.03, 
p=0.024; online supplemental table 1). Male gender was also 
associated with a tendency to a higher risk in our cohort, although 
statistical difference was not reached (OR 1.79, p=0.06; online 
supplemental table 1). Table 5 shows that also after adjustment, 
liver biochemistry abnormalities of any kind, AST, ALT, GGT 
and albumin at admission correlated strongly with a higher risk 
of ICU admission. The OR for the composite endpoint for severe 
COVID-19 was 2.51 (95% CI 1.30 to 4.82) for liver biochem-
istry abnormality of any kind, 2.54 (95% CI 1.33 to 4.84) for 
AST and 2.10 (95% CI 1.07 to 4.11) for baseline ALT elevation. 
GGT elevation was also associated with a twofold risk increase 
for ICU admission (OR 2.06; 95% CI 1.08 to 3.92). TBIL 
elevation did not correlate with ICU admission rates but was 
an independent risk factor for COVID-19- related death (OR 
4.80; 95% CI 1.14 to 20.16). Hypoalbuminaemia was associated 
with a significantly increased risk of ICU admission (OR 13.95; 
95% CI 5.72 to 34.03) and the composite endpoint for severe 
COVID-19 (OR 9.95; 95% CI 4.40 to 22.78). Strinkingly, when 
albumin deficiency and elevation of AST, ALT, GGT or of any 
liver parameter at admission were combined a more than 20- fold 
risk increase of ICU admission was observed with the highest 
OR detected for the combination of hypoalbuminaemia and 
AST (OR 46.22, p<0.001) and of hypoalbuminaemia and GGT 
(OR 38.82, p<0.001). The combination of hypoalbuminaemia 
and TBIL elevation at admission on the other hand was associ-
ated with a nearly 10- fold risk increase for COVID-19- related 
death. Furthermore, we performed logistic regression adjusting 
for gender and the Charlson Comorbidity Index, which is used 
for the risk stratification of hospitalised COVID-19 patients,15 
and similar results were obtained (online supplemental table 4). 
Any liver biochemistry abnormality, elevation of AST, ALT and 
GGT as well as hypoalbuminaemia remained strongly associated 
with ICU admission, while liver biochemistry abnormality of any 
kind, AST elevation and hypoalbuminaemia were independent 
risk factors for the composite endpoint of severe COVID-19. 
In addition, hyperbilirubinaemia (OR 4.22) as well as hypoal-
buminaemia alone (OR 2.69) or in combination with any liver 
biochemistry abnormality (OR 2.82) or TBIL elevation (OR Ta
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10.61) was associated with an increased risk of COVID-19- 
related death (online supplemental table 4).

ROC analysis for albumin
Since particularly hypalbuminaemia was strongly associated 
with poor outcome, an ROC analysis was performed. Albumin 
at admission showed the best differentiation at 3.55 g/dL with 
sensitivity and specifity for the composite endpoint ICU admis-
sion and/or COVID-19- related death of 80%, respectively (area 
under receiver operating characteristic (AUROC) 0.85; figure 2).

Correlation with inflammatory markers
To investigate whether liver injury at admission and its associ-
ation with poor outcome was predominately caused by more 
severe disease states with higher levels of inflammation, we anal-
ysed the correlation between LFT and inflammation markers 
(CRP and IL-6) at baseline (table 6). The only relevant correla-
tion found was between albumin and CRP (r=−0.58, p<0.001). 
A weak correlation was also observed for GGT and IL-6 
(r=0.15, p=0.048) and albumin and IL-6 (r=−0.18, p=0.037), 
while ALT, AST, ALP and TBIL did not correlate with any of the 
inflammation markers at baseline.

DISCUSSION
SARS- CoV-2 has infected more than 85 million people world-
wide causing severe strains on healthcare systems.16 Therefore, 
a better understanding of risk factors for more severe courses 
has become particularly important. A wide array of data is avail-
able now showing that male gender, age and comorbidities such 
as arterial hypertension and diabetes mellitus type II correlate 
with worse outcomes and more severe COVID-19 infections.17 
In addition, it has become evident that liver injury is present in 
a relevant proportion of patients during SARS- CoV-2 infection 

Figure 2 Receiver operator characteristic (ROC) curve for albumin as 
the most discriminating factor regarding the composite endpoint ICU 
admission and/or death. ICU, Intensive care unit.

Table 6 Pearson’s correlation coefficients between CRP, IL-6 and liver 
function tests at admission

CRP IL-6

Correlation R P value Correlation R P value

ALT −0.07 0.34 −0.04 0.62

AST 0.04 0.60 0.07 0.37

GGT 0.02 0.83 0.15 * 0.048*

ALP −0.06 0.46 0.06 0.49

TBIL −0.06 0.42 −0.02 0.84

Albumin −0.58* <0.001* −0.18* 0.037*

* Bold values show a statistical significance (p≤0.05).
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; CRP, C reactive protein; GGT, gamma- glutamyltransferase; IL-6, 
interleukin 6; TBIL, total bilirubin.

Table 5 Association of abnormal liver test results with severity of the COVID-19 infection adjusted for age, gender and comorbidities

ICU admission COVID-19- related death
Composite endpoint of severe 
outcome†

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Liver biochemistry abnormality‡ 2.99 1.52 to 5.88 0.002* 1.22 0.46 to 3.23 0.69 2.51 1.30 to 4.82 0.006 *

AST elevation 3.43 1.75 to 6.72 <0.001* 0.90 0.35 to 2.34 0.83 2.54 1.33 to 4.84 0.005 *

ALT elevation 3.01 1.51 to 5.99 0.002 * 0.90 0.29 to 2.75 0.85 2.10 1.07 to 4.11 0.030 *

TBIL elevation 0.76 0.18 to 3.15 0.76 4.80 1.14 to 20.16 0.032 * 1.32 0.35 to 4.99 0.68

GGT elevation 2.06 1.08 to 3.92 0.028 * 1.33 0.48 to 3.71 0.58 1.57 0.84 to 2.95 0.16

Hypoalbuminaemia 13.95 5.72 to 34.03 <0.001 * 1.76 0.61 to 5.10 0.30 9.95 4.40 to 22.78 <0.001 *

Hypoalbuminaemia and any liver biochemistry 
abnormality

24.13 8.61 to 67.60 <0.001 * 2.02 0.74 to 5.51 0.17 17.84 6.57 to 48.41 <0.001 *

Hypoalbuminaemia and AST elevation 46.22 13.33 to 160.29 <0.001 * 2.29 0.84 to 6.22 0.10 42.04 11.08 to 159.57 <0.001 *

Hypoalbuminaemia and ALT elevation 20.37 5.34 to 77.73 <0.001 * 1.10 0.31 to 3.90 0.89 12.39 3.37 to 45.54 <0.001 *

Hypoalbuminaemia and TBIL elevation 2.40 0.34 to 16.81 0.38 9.64 1.35 to 68.96 0.024 * 4.46 0.46 to 47.25 0.20

Hypoalbuminaemia and GGT elevation 38.82 8.31 to 181.35 <0.001 * 2.10 0.66 to 6.73 0.21 26.85 5.82 to 123.89 <0.001 *

Stated are the OR for liver biochemistry parameters at admission (adjustment for age, gender and arterial hypertension, diabetes mellitus, coronary artery disease and previous 
myocardial infarction).
*Bold values show a statistical significance (p≤0.05).
†The composite endpoint is comprised of ICU admission and/or COVID-19- related death.
‡Liver biochemistry abnormalities included ALT, AST, GGT, ALP and TBIL but not albumin.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma- glutamyltransferase; ; ICU, intensive care unit; TBIL, total bilirubin.
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and might also correlate with worse outcomes.6 18 Even cases of 
acute liver failure have been described.5 19 However, the mecha-
nism behind liver injury in SARS- CoV-2 and its clinical relevance 
remain a subject of debate. Importantly, the association between 
liver damage in COVID-19 patients and poor outcomes has 
only been evaluated retrospectively in the majority of studies, 
prospective studies on the clinical characteristics of COVID-19 
patients are still scarce.20 21 Furthermore, the available reports 
mainly focus on liver injury occurring during hospitalisation, 
while reports on an elevation of liver parameters at admis-
sion and analyses of the effect of baseline liver parameters on 
outcome and severity are rare.11 22 The correlation of LFT at the 
time of admission with severity is therefore less clear but of great 
clinical importance. We here present novel data on the associa-
tion of LFT at the time of admission and course of the disease 
in a prospectively collected and well- characterised cohort of 217 
COVID-19 patients.

At the time of hospital admission, liver biochemistry abnor-
malities of any kind were observed in 58% of all COVID-19 
patients included. Forty- two per cent of patients had elevation of 
AST, 37% of GGT, 27% of ALT, 10% of ALP and 5% of TBIL, 
respectively. The finding that GGT was one of the predomi-
nantly elevated liver- specific parameters is in contrast to the 
majority of available data. While Aghemo et al reported GGT 
elevation in 36.2% of patients,23 the many studies so far have 
reported an elevation of serum aminotransferase rather than of 
GGT and ALP,4 however, largely without providing data on ALP 
and/or GGT, respectively.20 24–33

Our findings of frequently abnormal GGT at admission might 
indicate that SARS- CoV-2 could directly cause liver injury. Various 
causes have been proposed for liver injury in COVID-19 patients 
such as the cytokine storm in severe COVID-19 with a consec-
utive multiorgan damage, ischaemic hepatitis following cardiac, 
circulatory and/or respiratory failure, mechanical ventilation- 
induced disturbance of the venous return especially if high end- 
expiratory positive pressures are needed and drug- induced liver 
injury.34–36 Additionally, direct viral effects on the liver have been 
discussed,18 35 37 38 since the ACE2, which has been identified as 
the receptor through which SARS- CoV-2 mainly infects the host 
cells,39 is not only expressed in pulmonary tissue but also in a 
subset of cholangiocytes. Expression in hepatocytes, however, is 
low.37 40 41 Therefore, it has been hypothesised, that SARS- CoV-2 
could induce bile duct damage, followed by hepatocyte injury. 
However, several publications report elevation of serum amino-
transaminases rather than of ALP or GGT,7 35 42 as it would be 
expected if biliary damage was the main mechanism of liver 
injury. Thus, our observation that GGT levels are elevated in a 
relevant proportion of patients at the time of admission could be 
an indication for direct SARS- CoV-2- mediated liver damage via 
the affection of cholangiocytes. Since baseline liver parameters 
and not peak levels were regarded, potential alternative causes of 
liver injury, such as a cytokine storm, which rather occurs in later 
phases of the infection,43 liver damage induced by mechanical 
ventilation, prone positioning or vasopressor therapy and drug- 
induced liver injury caused by the medication used to alleviated 
SARS- CoV-2 infection or its side effects, are rather unlikely. Yet, 
since patients who are admitted due to COVID-19 per se have 
a more severe disease than patients that can be treated in outpa-
tient care, more severe inflammation might have contributed 
to liver injury. To address this issue, we performed a correla-
tion analysis, which showed that the only liver parameter that 
correlated significantly with both CRP and IL-6 was albumin. 
GGT did not correlate with CRP, while a weak correlation was 
observed with IL-6. An inflammatory- syndrome- driven liver 

injury as the cause of elevated liver enzymes is therefore less 
likely, while more severe inflammation might have contributed 
to albumin deficiency. The latter is feasible since hypoalbu-
minaemia can be the consequence of a capillary leak syndrome 
induced by severe inflammation, which can lead to extravasa-
tion of albumin.44 However, other LFT abnormalities were not 
influenced to a significant degree by severe inflammation adding 
evidence that liver injury at admission was not merely a reflec-
tion of more severe inflammatory responses. Our findings are 
contractionary to Da et al who showed a significant association 
between liver injury and IL-6.45 However, in their work liver 
injury was defined as AST and/or ALT above three times ULN 
at any given time during hospitalisation. Applying this definition 
causes two issues from our point of view: peak values are highly 
influenced by procedures and treatments during the full period 
of hospitalisation, for example, vasopressor therapy, ventilation, 
antibiotics, all of which were over- represented in patients with 
liver injury in their study.45 Furthermore, by defining liver injury 
as ALT or AST elevation, patients who have a predominant AST 
elevation might be declared as having liver injury. However, AST 
can be elevated due to various extrahepatic causes, for example, 
myositis and cardiomyopathy, which have also been described in 
COVID-19 patients.46 47

Interestingly, liver biochemistry abnormalities at admission 
had an impact on severity and outcome. AST, ALT and GGT 
elevation at baseline were associated with higher rates of ICU 
admission and requirement for mechanical ventilation, while 
TBIL elevation at admission was associated with higher rates of 
COVID-19- related deaths. In addition, hypoalbuminaemia was 
associated with higher rates of ICU admission and COVID-19- 
related mortality.

After adjusting for age, gender and relevant comorbidities, 
we observed a significantly increased risk of ICU admission if 
any liver parameter was abnormal. The highest risk increase was 
observed for hypoalbuminaemia with 14 times higher odds for 
ICU admission. Strinkingly, when elevation of ALT and hypoal-
buminaemia at admission were combined, we observed a 20- fold 
risk increase for ICU admission and a 12- fold risk increase for the 
composite endpoint of ICU admission and/or COVID-19- related 
death. Moreover, the combination of GGT elevation and hypo-
albuminaemia was associated with very pronounced increase of 
ICU admission or the composite endpoint for severe COVID-19 
(OR 38.82 and 26.85, respectively). The same applied for AST 
elevation in combination with hypoalbuminaemia, for which 
an OR of 46.22 and 42.04, respectively, was observed for ICU 
admission or the composite endpoint of ICU admission and/
or COVID-19- related death. Hyperbilirubinaemia, although 
rare at admission, on the other hand was an independent risk 
factor for COVID-19- related death also after adjustment for 
comorbidities, gender and age. When hyperbilirubinaemia and 
hypoalbuminaemia were combined the association with COVID-
19- related mortality was even higher, showing a nearly 10- fold 
risk increase. These results were comparable when adjustment 
was performed for gender and the Charlson comorbidity index, 
which indicates that the associated between liver injury at admis-
sion and poor outcome was not predominately caused by higher 
frailty of patients with abnormal LFT.

Our results are contradictory to earlier studies that showed 
no independent association of baseline LFT abnormalities and 
severity.5 48 49 The discrepancies might be due to the retrospec-
tive nature of those studies and differences in data collection. 
For instance, Zhou et al only adjusted for age and gender but not 
comorbidities,32 while Cai et al did not evaluate the influence of 
liver parameters separately nor did they analyse the association 
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between hypoalbuminaemia and severity.5 On the other hand, 
some studies have observed an association between abnormal 
LFT and severity,10 11 42 yet, there are methodical issues that 
should be addressed. Phipps et al and Lei et al evaluated the asso-
ciation only between peak ALT levels and severity but did not 
analyse the association for baseline ALT, GGT nor albumin.10 11 
Furthermore, exclusion of patients with previous liver disease 
was not universally conducted confounding the analyses.10 11

In summary, we could show in a prospective cohort of 
COVID-19 patients without previous liver disease that relevant 
proportions of patients present with abnormal LFT at hospital 
admission. These baseline LFT, in particular the combination of 
AST, ALT or GGT elevation and hypoalbuminaemia are asso-
ciated with a more severe course of infection with higher risk 
of ICU treatment. In addition, we exhibit the impact of hypo-
albuminaemia in SARS- CoV-2- infected patients for the first 
time in a prospective cohort in line with recent retrospective 
analysis.50 51 We found that hypoalbuminaemia on admission 
correlated strongly with more severe SARS- CoV-2 infections, 
even after adjusting for other risk factors such as age, gender 
and relevant comorbidities. With a cut- off of 3.55 mg/dL, which 
is the lower limit of normal in our laboratory institute, albumin 
could differentiate between less and more severe cases with a 
sensitivity and specificity of 80%, respectively.

Our study has limitations. Only patients who presented or 
were referred to our University Hospital serving as the regional 
tertiary care centre were included in the study. Thus, there is 
a potential bias towards more severe COVID-19 cases. It can, 
therefore, not be fully excluded that LFT elevation at admission 
might represent a more severe course of SARS- CoV-2 infection 
with multiorgan affection including hepatobiliary inflammation. 
However, regardless of the cause of liver injury at the time of 
admission, we show a strong association between severity and 
liver parameters at admission rather than peak values, which can 
help to guide clinical decisions early in the course of the disease. 
Further strengths of our study are the prospective data collec-
tion, the exclusion of patients with underlying chronic liver 
disease and the adjustment for relevant cofounding risk factors 
for severe COVID-19.

In conclusion, we present data showing a significant correla-
tion of elevation of baseline LFT, including GGT, as well as 
hypoalbuminaemia with more severe courses of SARS- CoV-2 
infections. Thus, baseline hypoalbuminaemia when combined 
with other abnormal LFT in particular with abnormal AST or 
GGT should be regarded as a red flag indicating a more severe 
course of the disease and could support clinical decisions 
regarding closer monitoring and intensive care of patients with 
COVID-19.

Acknowledgements We wish to acknowledge the excellent help and support by 
all the healthcare workers and students during this COVID-19 pandemic, who helped 
to treat patients and to collect data for the COVID-19 Registry of the LMU Klinikum 
(CORKUM). We would like to thank all CORKUM investigators and staff. The authors 
thank the patients and their families for their participation in the CORKUM registry.

Contributors SW: data collection, first draft of the manuscript. JCH, CS and MM: 
supervision of COVID-19 Registry of the LMU Klinikum (CORKUM), data collection 
and revision of the manuscript. JM and ALG: Supervision and revision of the 
manuscript.

Funding SW received funding from the Friedrich- Baur- Institution.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The study protocol conforms to the ethical guidelines of the 
Declaration of Helsinki and was approved by the ethics committee of the Faculty 
of Medicine, LMU Munich (Project Number 20–245). Written informed consent 
was intended from each patient or their respective legal representatives in case 

the patient was unable to give informed consent, and from each member of the 
hospital included in the study. In case informed consent was not obtained, eg, due 
to fulminant course of disease, data were used in an anonymised and aggregated 
way only.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Sabine Weber http:// orcid. org/ 0000- 0001- 7077- 8078
Julia Mayerle http:// orcid. org/ 0000- 0002- 3666- 6459

REFERENCES
 1 Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients 

with 2019 novel coronavirus- infected pneumonia in Wuhan, China. JAMA 
2020;323:1061–9.

 2 Xie H, Zhao J, Lian N, et al. Clinical characteristics of non- ICU hospitalized patients 
with coronavirus disease 2019 and liver injury: a retrospective study. Liver Int 
2020;40:1321–6.

 3 Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients 
with SARS- CoV-2 pneumonia in Wuhan, China: a single- centered, retrospective, 
observational study. Lancet Respir Med 2020;8:475–81.

 4 Zhao J- N, Fan Y, Wu S- D. Liver injury in COVID-19: a minireview. World J Clin Cases 
2020;8:4303–10.

 5 Cai Q, Huang D, Yu H, et al. COVID-19: abnormal liver function tests. J Hepatol 
2020;73:566–74.

 6 Yadav DK, Singh A, Zhang Q, et al. Involvement of liver in COVID-19: systematic 
review and meta- analysis. Gut 2021;70:807–9.

 7 Zhang C, Shi L, Wang F- S. Liver injury in COVID-19: management and challenges. 
Lancet Gastroenterol Hepatol 2020;5:428–30.

 8 Portincasa P, Krawczyk M, Machill A, et al. Hepatic consequences of COVID-19 
infection. Lapping or biting? Eur J Intern Med 2020;77:18–24.

 9 Sultan S, Altayar O, Siddique SM, et al. AGA Institute rapid review of the 
gastrointestinal and liver manifestations of COVID-19, meta- analysis of international 
data, and recommendations for the consultative management of patients with 
COVID-19. Gastroenterology 2020;159:320–34.

 10 Lei F, Liu Y- M, Zhou F, et al. Longitudinal association between markers of liver injury 
and mortality in COVID-19 in China. Hepatology 2020;72:389–98.

 11 Phipps MM, Barraza LH, LaSota ED, et al. Acute liver injury in COVID-19: prevalence 
and association with clinical outcomes in a large U.S. cohort. Hepatology 
2020;72:807–17.

 12 Muenchhoff M, Mairhofer H, Nitschko H, et al. Multicentre comparison of 
quantitative PCR- based assays to detect SARS- CoV-2, Germany, March 2020. 
Eurosurveillance2020;25:25.

 13 Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic 
comorbidity in longitudinal studies: development and validation. J Chronic Dis 
1987;40:373–83.

 14 Wang X, Fang X, Cai Z, et al. Comorbid chronic diseases and acute organ injuries are 
strongly correlated with disease severity and mortality among COVID-19 patients: a 
systemic review and meta- analysis. Research 2020;2020:1–17.

 15 Tuty Kuswardhani RA, Henrina J, Pranata R, et al. Charlson comorbidity index and a 
composite of poor outcomes in COVID-19 patients: a systematic review and meta- 
analysis. Diabetes Metab Syndr 2020;14:2103–9.

 16 Who coronavirus disease (COVID-19) Dashboard. Available: https:// covid19. who. int 
[Accessed 07 Jan 2021].

 17 Yang J, Zheng Y, Gou X, et al. Prevalence of comorbidities and its effects in patients 
infected with SARS- CoV-2: a systematic review and meta- analysis. Int J Infect Dis 
2020;94:91–5.

 18 Jothimani D, Venugopal R, Abedin MF, et al. COVID-19 and the liver. J Hepatol 
2020;73:1231–40.

 on D
ecem

ber 25, 2022 by guest. P
rotected by copyright.

http://gut.bm
j.com

/
G

ut: first published as 10.1136/gutjnl-2020-323800 on 29 January 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7077-8078
http://orcid.org/0000-0002-3666-6459
http://dx.doi.org/10.1001/jama.2020.1585
http://dx.doi.org/10.1111/liv.14449
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
http://dx.doi.org/10.12998/wjcc.v8.i19.4303
http://dx.doi.org/10.1016/j.jhep.2020.04.006
http://dx.doi.org/10.1136/gutjnl-2020-322072
http://dx.doi.org/10.1016/S2468-1253(20)30057-1
http://dx.doi.org/10.1016/j.ejim.2020.05.035
http://dx.doi.org/10.1053/j.gastro.2020.05.001
http://dx.doi.org/10.1002/hep.31301
http://dx.doi.org/10.1002/hep.31404
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.24.2001057
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.34133/2020/2402961
http://dx.doi.org/10.1016/j.dsx.2020.10.022
https://covid19.who.int
http://dx.doi.org/10.1016/j.ijid.2020.03.017
http://dx.doi.org/10.1016/j.jhep.2020.06.006
http://gut.bmj.com/


1932 Weber S, et al. Gut 2021;70:1925–1932. doi:10.1136/gutjnl-2020-323800

COVID-19

 19 Weber S, Mayerle J, Irlbeck M, et al. Severe liver failure during SARS- CoV-2 infection. 
Gut 2020;69:1365–7.

 20 Feng X, Li P, Ma L, et al. Clinical characteristics and short- term outcomes of severe 
patients with COVID-19 in Wuhan, China. Front Med 2020;7:491.

 21 Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel 
coronavirus in Wuhan, China. Lancet 2020;395:497–506.

 22 Fan Z, Chen L, Li J, et al. Clinical features of COVID-19- related liver functional 
abnormality. Clin Gastroenterol Hepatol 2020;18:1561–6.

 23 Aghemo A, Piovani D, Parigi TL, et al. COVID-19 digestive system involvement and 
clinical outcomes in a large academic hospital in Milan, Italy. Clin Gastroenterol 
Hepatol 2020;18:2366–8.

 24 Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99 
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. 
Lancet 2020;395:507–13.

 25 Cao W, Shi L, Chen L. Clinical features and laboratory inspection 
of novel coronavirus pneumonia (COVID-19) in Xiangyang, Hubei. 
medRxiv2020:2020.02.23.20026963.

 26 Chen X, Zheng F, Qing Y. Epidemiological and clinical features of 291 cases with 
coronavirus disease 2019 in areas adjacent to Hubei, China: a double- center 
observational study. medRxiv2020:2020.03.03.20030353.

 27 Guan W- J, Ni Z- Y, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in 
China. N Engl J Med 2020;382:1708–20.

 28 Huang Y, Yang R, Xu Y. Clinical characteristics of 36 non- survivors with COVID-19 in 
Wuhan, China. medRxiv2020:2020022720029009.

 29 Shi H, Han X, Jiang N, et al. Radiological findings from 81 patients with COVID-19 
pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis 2020;20:425–34.

 30 Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory distress 
syndrome and death in patients with coronavirus disease 2019 pneumonia in Wuhan, 
China. JAMA Intern Med 2020;180:934–43.

 31 Xu X- W, Wu X- X, Jiang X- G, et al. Clinical findings in a group of patients infected with 
the 2019 novel coronavirus (SARS- Cov-2) outside of Wuhan, China: retrospective case 
series. BMJ 2020;368:m606.

 32 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult 
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 
2020;395:1054–62.

 33 Chen J, Qi T, Liu L, et al. Clinical progression of patients with COVID-19 in Shanghai, 
China. J Infect 2020;80:e1–6.

 34 Alqahtani SA, Schattenberg JM. Liver injury in COVID-19: the current evidence. United 
European Gastroenterol J 2020;8:509–19.

 35 Bertolini A, van de Peppel IP, Bodewes FAJA, et al. Abnormal liver function tests 
in patients with COVID-19: relevance and potential pathogenesis. Hepatology 
2020;72:1864–72.

 36 Zhan K, Liao S, Li J, et al. Risk factors in patients with COVID-19 developing severe 
liver injury during hospitalisation. Gut 2021;70:628–9.

 37 Chai X, Hu L, Zhang Y. Specific ACE2 expression in cholangiocytes may cause liver 
damage after 2019- nCoV infection. bioRxiv2020:2020.02.03.931766.

 38 Zhao B, Ni C, Gao R, et al. Recapitulation of SARS- CoV-2 infection and cholangiocyte 
damage with human liver ductal organoids. Protein Cell 2020;11:771–5.

 39 Hoffmann M, Kleine- Weber H, Schroeder S, et al. SARS- CoV-2 cell entry depends 
on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell 
2020;181:271–80.

 40 Hamming I, Timens W, Bulthuis MLC, et al. Tissue distribution of ACE2 protein, 
the functional receptor for SARS coronavirus. A first step in understanding SARS 
pathogenesis. J Pathol 2004;203:631–7.

 41 Hikmet F, Méar L, Edvinsson Åsa, et al. The protein expression profile of ACE2 in 
human tissues. Mol Syst Biol 2020;16:e9610.

 42 Yip TC- F, Lui GC- Y, Wong VW- S, et al. Liver injury is independently associated with 
adverse clinical outcomes in patients with COVID-19. Gut 2021;70:733–42.

 43 Siddiqi HK, Mehra MR. COVID-19 illness in native and immunosuppressed states: a 
clinical- therapeutic staging proposal. J Heart Lung Transplant 2020;39:405–7.

 44 Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: pathogenesis and clinical 
significance. JPEN J Parenter Enteral Nutr 2019;43:181–93.

 45 Da BL, Kushner T, El Halabi M, et al. Liver injury in hospitalized patients with 
COVID-19 correlates with HyPer inflammatory response and elevated IL-6. Hepatol 
Commun 2020. doi:10.1002/hep4.1631. [Epub ahead of print: 16 Oct 2020].

 46 Bader F, Manla Y, Atallah B, et al. Heart failure and COVID-19. Heart Fail Rev 
2021;26:1–10.

 47 Paliwal VK, Garg RK, Gupta A, et al. Neuromuscular presentations in patients with 
COVID-19. Neurol Sci 2020;41:3039–56.

 48 Zhang Y, Zheng L, Liu L, et al. Liver impairment in COVID-19 patients: a retrospective 
analysis of 115 cases from a single centre in Wuhan City, China. Liver Int 
2020;40:2095–103.

 49 Vespa E, Pugliese N, Piovani D, et al. Liver tests abnormalities in COVID-19: trick or 
treat? J Hepatol 2020;73:1275–6.

 50 Aziz M, Fatima R, Lee- Smith W, et al. The association of low serum albumin level with 
severe COVID-19: a systematic review and meta- analysis. Crit Care 2020;24:255.

 51 Huang J, Cheng A, Kumar R, et al. Hypoalbuminemia predicts the outcome of 
COVID-19 independent of age and co- morbidity. J Med Virol 2020;92:2152–8.

 on D
ecem

ber 25, 2022 by guest. P
rotected by copyright.

http://gut.bm
j.com

/
G

ut: first published as 10.1136/gutjnl-2020-323800 on 29 January 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1136/gutjnl-2020-321350
http://dx.doi.org/10.3389/fmed.2020.00491
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/j.cgh.2020.04.002
http://dx.doi.org/10.1016/j.cgh.2020.05.011
http://dx.doi.org/10.1016/j.cgh.2020.05.011
http://dx.doi.org/10.1016/S0140-6736(20)30211-7
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1016/S1473-3099(20)30086-4
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1136/bmj.m606
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://dx.doi.org/10.1016/j.jinf.2020.03.004
http://dx.doi.org/10.1177/2050640620924157
http://dx.doi.org/10.1177/2050640620924157
http://dx.doi.org/10.1002/hep.31480
http://dx.doi.org/10.1136/gutjnl-2020-321913
http://dx.doi.org/10.1007/s13238-020-00718-6
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://dx.doi.org/10.1002/path.1570
http://dx.doi.org/10.15252/msb.20209610
http://dx.doi.org/10.1136/gutjnl-2020-321726
http://dx.doi.org/10.1016/j.healun.2020.03.012
http://dx.doi.org/10.1002/jpen.1451
http://dx.doi.org/10.1002/hep4.1631
http://dx.doi.org/10.1002/hep4.1631
http://dx.doi.org/10.1007/s10741-020-10008-2
http://dx.doi.org/10.1007/s10072-020-04708-8
http://dx.doi.org/10.1111/liv.14455
http://dx.doi.org/10.1016/j.jhep.2020.05.033
http://dx.doi.org/10.1186/s13054-020-02995-3
http://dx.doi.org/10.1002/jmv.26003
http://gut.bmj.com/

	Liver function test abnormalities at hospital admission are associated with severe course of SARS-­CoV-2 infection: a prospective cohort study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and patient selection
	Statistical analysis

	Results
	Clinical characteristics
	Clinical course and outcome
	LFT abnormalities
	Association of liver biochemistry abnormalities at admission with severe COVID-19
	Association of abnormal baseline liver functions tests and COVID-19 disease severity by multivariable logistic regression
	ROC analysis for albumin
	Correlation with inflammatory markers

	Discussion
	References


