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Liver function test abnormalities at hospital
admission are associated with severe course of SARS-
CoV-2 infection: a prospective cohort study

Sabine Weber
Maximilian Muenchhoff,*” Julia Mayerle

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,’
however, involvement of other organ systems has
been described, including myocarditis, acute kidney
injury, neurological abnormalities and acute liver
injury.”™* 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.”” However, the
clinical relevance of abnormal liver function tests
(LFT) in COVID-19 is still subject of debate.®® 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.'0 !

" Johannes C Hellmuth,? Clemens Scherer

" Alexander L Gerbes'

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.

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
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COVID-19

Suspected SARS-CoV-2 infection
n=275

Subjects excluded due to negative
SARS-CoV-2 swab test
n=40

Tested positive for SARS-CoV-2
n=235
(85 %)

Subjects excluded n=18

- Missing baseline liver par ters n=14
- Chronic liver disease n=4

SARS-CoV-2-positive patients
included
n=217

Figure 1  Flow chart of patient inclusion.

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.' 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."

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 (y* 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,'* 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 429%,
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).
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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 Il 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%)

31 (14.3%)

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

Former smoker

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

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%)
\% 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%)

71 (32.7%)
Liver biochemistry abnormalities at respective peak levels*
179 (82.5%)

Hypoalbuminaemia

Liver biochemistry abnormality of any kind

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.

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<0.03; 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
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COVID-19

Table 4 Clinical course in patients with COVID-19 according to LFT abnormality at hospital admission

Albumin

GGT

GGT

TBIL

TBIL

ALT

ALT

AST

AST

Hypoalbuminaemia

normal

elevation

normal

elevation

normal

elevation

normal

elevation
n=91

normal

P value

n=74
80.30%
76.10%

n=91
25.60%

P value

n=80
46.30%

n=129
37.20%
29.50%

P value

n=10
50%

n=197

41.60%
37.10%
1(0-62)

P value

n=59
50.80%

n=147
38.10%
30.60%

P value
0.006*
0.001*

n=116
33.60%

<0.001*

ns ns

ns

52.70%
49.50%

Severe COVID-19t

ICU admission

<0.001*
0.037*

20.00%

0.022*

ns

45.00%

ns

30.00%

0.006*

ns

50.80%

26.70%

1(0-62)

3(0-28)

1(0-62)

1(0-28)

ns

3 (0-41)

0.006* 2 (0-62) 1(0-34)

1(0-41)

Time to ICU admission 2 (0-62)

(days)

<0.001*

71.80%
2.80%

16.70%
0.00%

0.004*
0.013*

43.80%
1.30%

30.00% ns 24.80%

33.50%
1.00%
32.50%
4.10%

0.001*

50.80%
1.70%
49.20%
6.80%

25.90%
1.40%
24.50%
3.40%

0.001*

0.002*

46.20%
2.20%

Mechanical ventilation 23.30%

<0.001*

1.60%
23.30%
2.30%

ns

10.00%
20.00%

0.002*

0.90%

NIV
\%
ECMO

69.00%
8.50%

16.70%
3.30%

42.50%
6.30%

21.90%
7.70%

22.40%
1.70%

ns

ns

ns

10.00%
40.00%
40.00%

ns

0.037*

ns

0.010*

25.40%

10.00%
8.90%

ns

15.00%
13.80%

12.40%
11.60%

0.023*
0.015*

13.70%
12.70%

ns

11.90%
10.20%

15.60%
14.30%

16.50%
13.20%

13.80%
13.80%

All-cause mortality
COVID-19-related
mortality

0.016*

22.50%

ns

ns

ns

Data are presented as the percentage of patients with abnormal findings of the respective parameters in relation to all patients within the respective groups. Time from admission to ICU admission is presented as median (range).

*Bold values show a statistical significance (p<0.05).

tSevere COVID-19 is defined as the composite endpoint comprised of ICU admission and/or COVID-19-related death.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECMO, extracorporeal membrane oxygenation; GGT, gamma-glutamyltransferase; ICU, intensive care unit; IV, invasive ventilation; LFT, liver function test; NIV, non-invasive

ventilation; ; ns, not significant; TBIL, total bilirubin.

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

Composite endpoint of severe

ICU admission COVID-19-related death outcomet

OR 95% CI P value OR 95% Cl Pvalue OR 95% Cl P value
Liver biochemistry abnormality# 2.99 1.52 t0 5.88 0.002* 1.22 0.461t03.23 0.69 2.51 1.30 t0 4.82 0.006 *
AST elevation 3.43 1.75106.72 <0.001*  0.90 035t0234 0.83 254 1.33t04.84 0.005 *
ALT elevation 3.01 1.51 10 5.99 0.002 *  0.90 0.29t02.75 0.85 2.10 1.07 to 4.1 0.030 *
TBIL elevation 0.76 0.18t03.15 0.76 4.80 1.141020.16 0.032* 1.32 0.35 t0 4.99 0.68
GGT elevation 2.06 1.08 to 3.92 0.028 * 133 0.48t03.71 0.58 1.57 0.84 t0 2.95 0.16
Hypoalbuminaemia 13.95 5.72 t0 34.03 <0.001* 1.76 0.61t05.10 0.30 9.95 4.40 t0 22.78 <0.001 *
Hypoalbuminaemia and any liver biochemistry  24.13 8.61 t0 67.60 <0.001 *  2.02 0.74t05.51 0.17 17.84 6.57 to 48.41 <0.001 *
abnormality
Hypoalbuminaemia and AST elevation 46.22 13.33 t0 160.29 <0.001 * 229 0.84t06.22 0.10 42.04 11.08 t0 159.57  <0.001 *
Hypoalbuminaemia and ALT elevation 20.37 5.34t0 77.73 <0.001* 1.10 0.31t03.90 0.89 12.39 3.37 to 45.54 <0.001 *
Hypoalbuminaemia and TBIL elevation 2.40 0.34t0 16.81 0.38 9.64 1.35t068.96 0.024* 4.46 0.46 to 47.25 0.20
Hypoalbuminaemia and GGT elevation 38.82 8.31 10 181.35 <0.001 *  2.10 0.66t06.73  0.21 26.85 5.8210123.89 <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).

tThe composite endpoint is comprised of ICU admission and/or COVID-19-related death.
tLiver 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.

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).

ROC Curve
1.0

0.8

0.6

Sensitivity

0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
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.

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.'® 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.'”
In addition, it has become evident that liver injury is present in
a relevant proportion of patients during SARS-CoV-2 infection

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.
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and might also correlate with worse outcomes.® '® Even cases of
acute liver failure have been described.’ ' 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.”’ *' 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.!' ?> 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,” the many studies so far have
reported an elevation of serum aminotransferase rather than of
GGT and ALR* however, largely without providing data on ALP
and/or GGT, respectively.”’ >+

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.***° Additionally, direct viral effects on the liver have been
discussed,'® % 3738 since the ACE2, which has been identified as
the receptor through which SARS-CoV-2 mainly infects the host
cells,” is not only expressed in pulmonary tissue but also in a
subset of cholangiocytes. Expression in hepatocytes, however, is
low.” ***1 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,” ** ** 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,* 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.** 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.* 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.* 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.*® *’

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.” * * 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,** while Cai et al did not evaluate the influence of
liver parameters separately nor did they analyse the association

1930

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

‘y6uAdod Ag pajoslold 1sanb Aq 220z ‘Sz Jaquiadad uo jwod fwig inby:dny woly papeojumoq ‘TzZ0z Arenuer 6z U0 008€ZE-0202-UlNB/9ETT OT St paysiignd 1siy N9


http://gut.bmj.com/

COoVID-19

between hypoalbuminaemia and severity.” On the other hand,
some studies have observed an association between abnormal
LFT and severity,'® 1 *? 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.'® !
Furthermore, exclusion of patients with previous liver disease
was not universally conducted confounding the analyses.'® !

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.’® °* 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.
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