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Abstract

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, is associated with significant morbidity
and mortality due to pneumonia, acute respiratory distress syndrome (ARDS) and multiorgan failure.

Liver injury has been reported as a non-pulmonary manifestation of COVID-19 but characterization
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of liver test abnormalities and their association with clinical outcomes is incomplete. We conducted a
retrospective cohort study of 1827 patients with confirmed COVID-19 who were hospitalized within
the Yale-New Haven Health System (YNHHS) between March 14, 2020 and April 23, 2020. Clinical
characteristics, liver tests (AST, ALT, ALP, TBIL, albumin) at three time points (pre-infection
baseline, admission, peak hospitalization), and hospitalization outcomes (severe COVID-19, ICU
admission, mechanical ventilation, death) were analyzed. Abnormal liver tests were commonly
observed in hospitalized patients with COVID-19, both at admission (AST 66.9%, ALT 41.6%, ALP
13.5%, TBIL 4.3%) and peak hospitalization (AST 83.4%, ALT 61.6%, ALP 22.7%, TBIL 16.1%)).
Most patients with abnormal liver tests at admission had minimal elevations 1-2x ULN (AST 63.7%,
ALT 63.5%, ALP 80.0%, TBIL 75.7%). A significant proportion of these patients had abnormal liver
tests pre-hospitalization (AST 25.9%, ALT 38.0%, ALP 56.8%, TBIL 44.4%). Multivariate analysis
revealed an association between abnormal liver tests and severe COVID-19, including ICU
admission, mechanical ventilation, and death; associations with age, male gender, BMI, and diabetes
mellitus were also observed. Medications used in COVID-19 treatment (lopinavir/ritonavir,
hydroxychloroquine, remdesivir, and tocilizumab) were associated with peak hospitalization liver
transaminase elevations >5x ULN. Conclusion: Abnormal liver tests occur in most hospitalized

patients with COVID-19 and may be associated with poorer clinical outcomes.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first described in December 2019 in patients with severe pneumonia in Wuhan,
China [1]. The World Health Organization declared COVID-19 a global pandemic in March 2020 [2].
Although the initial burden of disease was predominantly found in China [1,3,4,5,6], the United States
(U.S.) has reported the most cases of COVID-19 and COVID-19-related death globally since March
26, 2020 and April 11, 2020, respectively [7]. This infection is estimated to have resulted in over 11
million cases and 500,000 deaths globally, including 3 million cases and 130,000 deaths in the U.S. as
of July 8, 2020 [7].

While patients with COVID-19 typically present with fever and respiratory symptoms consistent with
pneumonia [1,8], SARS-CoV-2 has been associated with multiple extrapulmonary effects [1],
including gastrointestinal and hepatic manifestations [9-22]. Previous studies have identified
increased liver tests in 14-78% of affected individuals, primarily serum aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) [16-18]. Although the prevalence and severity of
abnormal liver tests have been described [19], their relationship to baseline liver tests prior to
COVID-19 hospitalization remains poorly understood [20]. Furthermore, although studies from China
have reported associations between abnormal liver tests and hospitalization length of stay [14], risk

for progression to severe COVID-19 [16-18], and mortality [21], there are limited data about these
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relationships in U.S. cohorts [11, 23]. This study aims to characterize liver test abnormalities and
their association with clinical outcomes in hospitalized patients with COVID-19 in a major U.S.

hospital network.

Methods:

Study design and participants

Study inclusion was limited to patients admitted to five hospitals (Yale-New Haven Hospital,
Bridgeport Hospital, Greenwich Hospital, Lawrence and Memorial Hospital, Westerly Hospital)
within the Yale New Haven Health System (YNHHS) between March 14, 2020 and April 23, 2020
who tested positive for SARS-CoV-2 via nasopharyngeal swab polymerase chain reaction (PCR).
De-identified patient data were obtained by query of the Epic Systems electronic health record (EHR)
through the YNHHS Joint Data Analytics Team and Yale Center for Medical Informatics and deemed
exempt from regulatory requirements applicable to human subjects research by the Yale Human
Research Protection Program. Demographic information was obtained, including age at admission,
sex, body mass index (BMI), and diabetes mellitus (DM) based on ICD-10 code. Three values for
liver tests were obtained: pre-hospitalization, admission, and peak value during hospitalization. Liver
tests included serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), total bilirubin (TBIL), and albumin. Liver test abnormalities were defined as per
YNHHS laboratory reference range standards: AST >33 U/L, ALT >34 U/L, ALP >122 U/L, TBIL
>1.2 mg/dL, albumin <3.5 mg/dL. Medications used for the treatment of COVID-19 were assessed,
including lopinavir/ritonavir (n=136), hydroxychloroquine (n=1469), remdesivir (n=46), and
tocilizumab (n=772). Of 1827 patients with confirmed COVID-19 during the study period, 96%
completed liver tests at admission or during the hospitalization: AST (1756), ALT (1753), ALP
(1754), TBIL (1747), albumin (1746). Clinical characteristics data included oxygen saturation by
pulse oximetry (%), fraction of inspired oxygen (FiO2) supplemental oxygen requirement, oxygen
flow (L/min), ICU admission, respiratory failure requiring mechanical ventilation, use of vasopressors

or extracorporeal membrane oxygenation (ECMO), and death. Severe COVID-19 was defined as
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ICU admission, respiratory failure requiring mechanical ventilation, use of vasopressor therapy or

ECMO, or death. Death was assessed at end of study period on April 23, 2020.

Statistical analysis

Demographic characteristics and baseline admission liver tests were compared by severity group
using Student’s t-test for the mean and the non-parametric Wilcoxon rank sum test for the median of
continuous variables and chi-square test for categorical variables. The distribution of liver tests was
reported as within the normal range, 1-2 times the upper limit of normal (ULN), 2-5 times ULN, and
over 5 times ULN at three points in time, including pre-hospitalization, hospital admission, and peak
value during hospitalization. These results were summarized using count and percentage and
compared by using generalized linear models that account for the correlation among lab values
measured on the same patients across three time points. The association between demographics and
the presence of an abnormal liver test on admission was examined using Student’s t-test for the mean
and the non-parametric Wilcoxon rank sum test for the median of continuous variables and chi-square
test for categorical variables. The comparison of liver tests, stratified by severity, at both pre-
hospitalization and admission time points was performed using the Wilcoxon signed rank test.
Clinical outcomes were modeled using liver test results at admission and at their peak during
hospitalization using univariate logistic regression. Multivariate logistic regression was used to adjust
for age, gender, BMI, diabetes status, liver tests, and medications. P-values less than or equal to 0.05
were considered statistically significant. All analyses were completed in SAS (version 9.4; Cary, NC)

and R (version 3.6.2).

Results:

Clinical characteristics of the YNHHS cohort are summarized in Table 1. Of 1827 patients in this
cohort, the mean age was 65 years (range 1-103), 53.0% were male, the mean BMI was 29.8 (42.5%
obese), and 39.0% of patients had diabetes mellitus. On hospital admission, abnormal liver tests were
commonly observed (AST 66.9%, ALT 41.6%, ALP 13.5%, TBIL 4.3%, albumin 56.7%). Severe

COVID-19 infection was more likely to be seen in patients with increased age, male gender, higher
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BMI, and abnormal liver tests. The prevalence and severity of abnormal liver tests are summarized in
Table 2. Abnormal liver tests were commonly observed in hospitalized patients with COVID-19 both
pre-hospitalization (AST 20.3%, ALT 19.1%, ALP 13.4%, TBIL 4.1%, albumin 27.0%) and peak
hospitalization (AST 83.4%, ALT 61.6%, ALP 22.7%, TBIL 16.1%, albumin 86.6%). Most patients
with abnormal liver tests had minimal elevations pre-hospitalization or at admission, but an important
subset of patients experienced more extreme elevations of liver transaminases (>5x ULN) during
hospitalization (AST 16.6%, ALT 20.6%), although this was less commonly observed with other liver
tests (ALP 1.5%, TBIL 3.9%). Baseline pre-hospitalization values were available in greater than 70%
of patients with abnormal liver tests at admission (Table 3) and were abnormal in a significant
proportion (AST 25.9%, ALT 38.0%, ALP 56.8%, TBIL 44.4%, albumin 27.1%). Predictors of
abnormal liver tests at hospital admission are summarized in Table 4, including age, male gender,
BMI, diabetes mellitus, and pre-hospitalization abnormal liver tests. Predictors of peak
hospitalization abnormal liver tests >5x ULN are summarized in Table 5, including age, male gender,
BMI, diabetes mellitus, and medications (lopinavir/ritonavir, hydroxychloroquine, remdesivir, and
tocilizumab). The association between admission and peak hospitalization liver tests and clinical
outcomes (ICU admission, mechanical ventilation, and death) are summarized in Table 6. On
multivariate analysis, male gender, BMI, diabetes mellitus, and abnormal liver tests were associated
with ICU stay, mechanical ventilation, and death. The relationship between pre-hospitalization and
admission liver tests in patients with severe and non-severe COVID-19 is illustrated in Figure 1. A
significant increase in transaminases and significant decrease in albumin were observed regardless of
severity; a significant increase in total bilirubin was seen in patients with severe COVID-19. After
exclusion of patients with abnormal liver tests prior to hospital admission, key associations between
abnormal liver tests at admission and severe COVID-19, as well as between abnormal liver tests at
peak hospitalization and clinical outcomes (ICU admission, mechanical ventilation) were sustained on

multivariate analysis (Supplementary Tables 1-3).

Discussion:
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This study represents one of the largest reports of liver tests and clinical outcomes to date in
hospitalized patients with confirmed SARS-CoV-2 infection in the U.S. Although fever, cough, and
shortness of breath have been identified as the most common symptoms in affected individuals, liver
test elevation has been identified as one of a growing spectrum of non-pulmonary manifestations
described in COVID-19, which may potentially be attributable to hepatic expression of the primary
viral entry receptor, angiotensin converting enzyme II (ACE2) [24-25]. Based on a large systematic
review and meta-analysis (17 studies, 2711 patients), liver test abnormalities are estimated to occur in

approximately 15% of patients [26].

The current report has several key findings. First, abnormal liver tests are very common in
hospitalized patients with COVID-19, and possibly more common in U.S. patients than previously
reported in China. Whereas the prevalence of abnormal liver tests in studies from China was
estimated at 14.9% (14 studies, 2595 patients) [26], recent studies from the U.S. reveal higher
estimates ranging between 40.0-67.5% in cohorts ranging from 12-1059 patients [27-30]. In this
cohort, AST and ALT elevations were observed at admission in 66.9% and 41.6% of patients,
respectively, and during hospitalization in 83.4% and 61.6% of patients, respectively. Although
differences in baseline risk factors (e.g. fatty liver, alcohol, medications) and hospital management
(e.g. COVID-19 treatment) may potentially account for some of this disparity, future studies are
needed to clarify the extent to which such factors account for these differences. Second, the current
study is consistent with prior observations that the pattern of liver injury is predominantly
hepatocellular rather than cholestatic, although our study suggests that elevations in TBIL and ALP
may be more common than previously reported. The ACE2 receptor is much more heavily expressed
in cholangiocytes than in hepatocytes [31], so our findings may therefore suggest that the most
common mechanism of liver damage is not due to a direct cytopathic effect of the SARS-CoV-2
virus. Third, we found that abnormal liver tests are usually minimally elevated (1-2x ULN), although
more severe hepatitis (2-5x or >5x) may be observed. A previous study reported that 11.1% and 9.2%
of AST and ALT elevations, respectively, were beyond 2x ULN at the time of hospital admission
[16]. In contrast, our report reveals higher rates of abnormal liver transaminases >2x ULN at

admission (36.3% AST, 36.5% ALT) and peak hospitalization (55.2% AST, 58.4% ALT), and >5x
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ULN at peak hospitalization (55.2% AST, 58.4% ALT), signaling that severe hepatitis is more
common than previously described. Fourth, abnormal liver tests are pre-existing in a significant
proportion of patients prior to hospitalization for COVID-19, particularly among patients with
abnormal liver tests at hospital admission. We are not aware of previous U.S. studies that report pre-
hospitalization liver tests. Fifth, this study reveals an association between medications used in the
treatment of COVID-19 and abnormal liver transaminases during hospitalization, with the strongest
relationship observed with tocilizumab. The use of pharmacotherapy for COVID-19 may represent a
surrogate for disease severity and therefore this association may be confounded by indication,
although a contribution of drug-induced liver injury cannot be excluded. Finally, abnormal liver tests
during hospitalization are associated with worse outcomes in COVID-19 patients, with the strongest
associations observed between peak liver tests (AST, ALT, TBIL, ALP, albumin) and ICU

admission/mechanical ventilation, as well as peak liver tests (AST, TBIL) and death.

This study has several limitations, including retrospective observational cohort study design with
inclusion restricted to patients with COVID-19 who were hospitalized within a single health system,
and limited access to demographic, laboratory, imaging, and medication variables which may
influence key clinical outcomes. Liver outcomes such as acute liver failure could not be assessed due
to the absence of key variables to define severe coagulopathy. This report did not include a time
variable to permit Cox regression and Kaplan-Meier survival analyses. However, this study provides
robust new evidence characterizing the burden, severity, and pattern of abnormal liver tests, and
associated clinical outcomes, in a major U.S. hospital network with 1827 hospitalized patients with
confirmed SARS-CoV-2 infection. Future studies are needed to further elucidate the etiology and
implications of liver test elevations in ambulatory and hospitalized patients. Although histopathology
specimens from liver biopsies obtained in a single patient with SARS-CoV-2 infection revealed
lobular and portal activity which may be compatible with viral infection [31], liver injury in affected
patients may be attributable to a range of secondary effects of the systemic inflammatory response
and cytokine storm associated with COVID-19, as well as alternative etiologies such as drug-induced

liver injury, hepatic ischemia/shock, and alcoholic hepatitis [20]. Additional insights into the etiology
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and implications of liver injury may further strengthen evidence-based guidance in the care of patients

with COVID-19.

Footnote Page
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Table 1: Hospital admission liver tests of 1827 patients with COVID-19

Characteristic Total Non-severe Severe p-value
(n=1827) CoVID-19 CoVID-19
(n=1175) (n=652)
Age, mean (SD), years 64.6 (18.2) 63.4 (18.5) 66.7 (17.5) <0.001
Male gender, n (%) 969 (53.0%) | 574 (48.9%) 395 (60.6%) <0.001
BMI, mean (SD) 29.8(7.8) 29.2(7.3) 30.7 (8.5) <0.001
Diabetes mellitus, n (%) 712 (39.0%) | 412 (35.1%) 300 (46.0%) <0.001
Obesity, n (%) 748 (42.5%) | 455 (40.4%) 293 (46.1%) 0.019
AST, median (range), U/L 42 (8-3054) 38 (8-1399) 51 (12-3054) <0.001
AST abnormal (>33 U/L) 1158 (66.9%) | 667 (60.7%) 491 (77.8%) <0.001
ALT, median (IQR), U/L 29 (5-1831) 28 (5-1831) 31 (6-1441) <0.001
ALT, abnormal (>34 U/L) 726 (41.6%) | 440 (39.7%) 286 (44.8%) 0.035
ALP, median (IQR), U/L 76 (20-919) 76 (20-903) 76 (28-919) 0.79
ALP abnormal (>122 U/L) 237 (13.5%) | 140(12.6%) 97 (15.2%) 0.13
TBIL, median (IQR), mg/dL 0.5(0.1-8.9) | 0.4(0.1-8.0) 0.5(0.1-8.9) <0.001
TBIL, abnormal (>1.2 mg/dL) 74 (4.3%) 33 (3.0%) 41 (6.5%) <0.001
Albumin, median (IQR) mg/dL 3.5(1.2-5.4) | 3.5(1.3-5.4) 3.3(1.2-4.8) <0.001
Albumin, abnormal (<3.5 mg/dL) | 990 (56.7%) | 584 (52.6%) 406 (63.8%) <0.001

SD = standard deviation; BMI = body mass index; AST = aspartate aminotransferase; ALT = alanine

aminotransferase; IQR = interquartile range; ALP = alkaline phosphatase; TBIL = total bilirubin

Severe COVID-19 defined as: death OR ICU stay OR use of mechanical ventilation OR vasopressor

requirement, OR ECMO requirement.
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Table 2: Pre-hospitalization vs. admission vs.

peak hospitalization liver tests in patients with COVID-19

Liver Test Pre-Hospitalization Admission Peak Hospitalization
AST, U/L n=1288 n=1730 n=1756
Normal 1027 (79.7%) 572 (33.1%) 291 (16.6%)
Abnormal 261 (20.3%) 1158 (66.9%) 1465 (83.4%)
1-2x ULN 199 (76.2%) 738 (63.7%) 657 (44.8%)
2-5x ULN 53(20.3%) 351 (30.3%) 565 (38.6%)
>5x ULN 9 (3.4%) 69 (6.0%) 243 (16.6%)
ALT, U/L n=1362 n=1747 n=1753
Normal 1102 (80.9%) 1021 (58.4%) 673 (38.4%)
Abnormal 260 (19.1%) 726 (41.6%) 1080 (61.6%)
1-2x ULN 205 (78.9%) 461 (63.5%) 450 (41.7%)
2-5x ULN 49 (18.8%) 222 (30.6%) 408 (37.8%)
>5x ULN 6 (2.3%) 43 (5.9%) 222 (20.6%)
ALP, U/L N=1374 N=1752 N=1754
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Normal 1190 (86.6%) 1515 (86.5%) 1355 (77.3%)
Abnormal 184 (13.4%) 237 (13.5%) 399 (22.7%)
1-2x ULN 161 (87.5%) 191 (80.6%) 315 (78.9%)
2-5x ULN 20 (10.9%) 42 (17.7%) 78 (19.5%)
>5x ULN 3 (1.6%) 4 (1.7%) 6 (1.5%)
TBIL, mg/dL N=1343 N=1729 N=1747
Normal 1288 (95.9%) 1655 (95.7%) 1465 (83.9%)
Abnormal 55 (4.1%) 74 (4.3%) 282 (16.1%)
1-2x ULN 47 (85.4%) 56 (75.7%) 201 (71.3%)
2-5x ULN 5(9.1%) 14 (18.9%) 70 (24.8%)
>5x ULN 3 (5.5%) 4 (5.4%) 11 (3.9%)
Albumin, mg/dL | N=1370 N=1746 N=1746
Normal 998 (73.0%) 756 (43.3%) 234 (13.4%)
Abnormal 370 (27.0%) 990 (56.7%) 1512 (86.6%)

AST = aspartate aminotransferase; ULN = upper limit of normal; ALT = alanine aminotransferase; ALP =

alkaline phosphatase; TBIL = total bilirubin

Table 3: Pre-hospitalization liver tests in patients with abnormal liver tests at hospital admission

Abnormal test at admission Pre-hospitalization liver test

AST (n=768) Normal 569 (74.1%)

Abnormal 199 (25.9%)
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1-2x ULN=145 (72.9%)
2-5x ULN=45 (22.6%)
>5x ULN=9 (4.0%)

ALT (n=473) Normal 293 (62.0%)

Abnormal 180 (38.0%)
1-2x ULN=136 (75.6%)
2-5x ULN=40 (22.2%)
>5x ULN=4 (2.2%)

ALP (n=176) Normal 76 (43.2%)

Abnormal 100 (56.8%)
1-2x ULN=80 (80.0%)
2-5x ULN=18 (18.0%)
>5x ULN=2 (2.0%)

TBIL (n=63) Normal 35 (55.6%)

Abnormal 28 (44.4%)
1-2x ULN=21 (75.0%)
2-5x ULN=4 (14.2%)
>5x ULN=3 (10.7%)

Albumin (n=719) Normal 439 (61.1%)

Abnormal 280 (38.9%)

AST = aspartate aminotransferase; ULN = upper limit of normal; ALT = alanine aminotransferase; ALP =

alkaline phosphatase; TBIL = total bilirubin

This article is protected by copyright. All rights reserved




Table 4: Predictors for abnormal liver tests at time of hospital admission in patients with COVID-19

Characteristic AST ALT ALP TBIL Albumin
Age, mean, years 64.3 vs. 66.0 59.5vs. 68.6 62.8 vs. 65.2 67.1vs.65.0 61.9vs.67.2
(NS) (<0.001) (NS) (NS) (<0.001)

Male gender, n (%)

58.5 vs. 44.6%

64.7 vs. 46.2%

51.1vs.54.3%

75.7 vs. 53.2%

50.7 vs. 59.5%

(<0.001) (<0.001) (NS) (<0.001) (0.016)
BMI (mean) 30.0vs. 29.3 30.8 vs. 29.1 28.4vs. 30.0 27.9vs. 29.8 30.3vs.29.4
(NS) (<0.001) (0.002) (0.037) (0.012)
Diabetes mellitus (%) 38.4vs.41.8 | 33.1vs.44.2% | 40.1vs.39.5% | 32.4vs.39.8% | 40.1vs.39.1%
% (NS) (<0.001) (NS) (NS) (NS)

Preadmission AST

Abnormal (%)

23.1vs. 11.9%
(<0.001)

32.9vs. 13.4%
(<0.001)

34.3vs.17.9%
(NS)

36.5vs. 19.5%
(NS)

21.0vs. 19.5%
(NS)

Preadmission ALT, U/L
Abnormal (%)

23.2vs.11.8%
(<0.001)

38.0vs. 8.9%
(<0.001)

25.9vs. 18.4%
(NS)

23.8vs. 19.3%
(NS)

18.1vs. 20.6%
(NS)

Preadmission ALP, U/L

13.4 vs. 13.1%

13.8vs. 13.1%

56.8 vs. 6.6%

20.6 vs. 13.0%

9.9 vs. 15.9%

Abnormal (%) (NS) (NS) (<0.001) (<0.001) (0.006)
Preadmission TBIL, 5.0vs.2.9% 3.4 vs.4.6% 7.0vs.3.7% 444 vs. 2.1 5.1vs3.1%
mg/dL (NS) (NS) (0.015) (<0.001) (NS)

Abnormal (%)

AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase; TBIL =

total bilirubin; NS = not significant; BMI = body mass index
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Table 5: Predictors of abnormal liver tests greater than 5x ULN at time of peak liver test value during

hospitalization

Characteristic AST ALT ALP TBIL
n=243vs.1513 | n=222vs. 1531 | n=6vs. 1748 n=11vs. 1736
Age, mean, years 58.6 vs. 65.9 57.2 vs 66.0 63.8 vs 64.9 62.2 vs 65.0
(<0.001) (<0.001) (NS) (NS)

Male gender, n (%)

68.7 vs. 51.42%

72.1vs51.2%

16.7 vs. 54.0%

63.6 vs. 53.9%

(<0.001) (<0.001) (NS) (NS)
BMI (mean) 30.9vs.29.6 30.7 vs 29.6 25.8vs.29.8 29.7 vs. 29.8
(0.015) (NS) (NS) (NS)

Diabetes mellitus

(%)

30.0 vs. 41.0%
(0.001)

26.6 vs 41.4%
(<0.001)

16.7 vs. 39.7%
(NS)

9.1% vs. 39.8%
(NS)

Preadmission AST

Abnormal (%)

32.3vs. 18.4%
(<0.001)

25.8vs. 19.6%
(0.033)

60.0 vs 20.0%
(0.016)

55.6 vs 20.0%
(0.003)
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Preadmission ALT,
u/L
Abnormal (%)

31.8vs.17.5%
(<0.001)

34.5vs.17.5%
(<0.001)

40.0 vs. 19.3%
(NS)

11.1vs. 19.6%
(NS)

Preadmission ALP,

11.6 vs. 13.6%

9.7 vs. 13.8%

100 vs. 13.0%

33.3vs.13.2%

u/L (0.026) (NS) (<0.001) (0.003)
Abnormal (%)

Preadmission TBIL, 7.0vs. 3.8% 49vs. 4.1% 25.0vs.4.1% 66.7 vs. 3.8%

mg/dL (0.004) (NS) (0.018) (<0.001)
Abnormal (%)

Preadmission 24.1vs.27.4 21.0vs 27.8% 80.0vs. 26.8% | 55.6vs.26.7%

albumin, mg/dL (NS) (NS) (0.021) (NS)

Abnormal (%)

Hydroxychloroquine

91.8 vs. 84.4%

92.8 vs. 84.5%

66.7 vs. 85.5%

81.9vs. 85.5%

use (%) (p=0.003) (p<0.001) (NS) (NS)
Lopinavir/Ritonavir 12.4vs.7.3% 16.2 vs. 6.9% 33.3vs.8.0% 9.1vs.8.1%
use (%) (p=0.008) (p<0.001) (NS) (NS)
Remdesivir use (%) 5.8vs2.7% 59vs. 2.7% 0vs.3.2% 0vs3.2%
(p=0.011) (p=0.013) (NS) (NS)
Tocilizumab use (%) 69.1 vs. 40.0% 72.1vs. 40.0% 33.3vs.44.1% 36.45.44.2%
(p<0.001) (<0.001) (NS) (NS)

AST = aspartate aminotransferase; ALT = alanine aminotransferase; ALP = alkaline phosphatase; TBIL =

total bilirubin; NS = not significant; BMI = body mass index
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Table 6: Association (odds ratio) between admission and peak hospitalization liver tests and clinical

outcomes

ICU admission

(multivariate

Mechanical ventilation

(multivariate model)

Death (multivariate model)

model)

Age (1-year increase) 0.99 (p=NS) 0.99 (p=NS) 1.07 (p<0.001)
Male 1.66 (p<0.001) 2.06 (p<0.001) 1.71 (p=0.01)
BMI (1-point increase) 1.03 (p<0.001) 1.04 (p<0.001) 1.03 (p=0.03)
Diabetes mellitus 1.33 (p=0.04) 1.47 (p=0.03) 1.05 (p=NS)
Admission

Abnormal AST 2.36 (p<0.001) 3.09 (p<0.001) 1.12 (p=NS)

Abnormal ALT 0.85 (p=NS) 0.82 (p=NS) 1.01 (p=NS)

Abnormal ALP 1.62 (p=0.03) 1.74 (p=0.03) 0.95 (p=NS)

Abnormal TBIL 0.94 (p=NS) 0.78 (p=NS) 5.62 (p<0.001)

Abnormal albumin 1.33 (p=0.06) 1.54 (p=0.02) 1.33 (p=NS)
Peak Hospitalization

Abnormal AST 2.80 (p<0.001) 5.87 (p=0.004) 2.19 (p=0.02)

Abnormal ALT 2.00 (p<0.001) 2.70 (p<0.001) 0.88 (p=NS)

Abnormal ALP 2.24 (p<0.001) 3.76 (p<0.001) 1.09 (p=NS)

Abnormal TBIL

Abnormal albumin

2.10 (p<0.001)
2.95 (p<0.001)

2.26 (p<0.001)
2.36 (p<0.001)

3.41 (p<0.001)
1.00 (p=NS)

BMI = body mass index, NS = not significant; AST = aspartate aminotransferase; ALT = alanine

aminotransferase; ALP = alkaline phosphatase; TBIL = total bilirubin
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