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Prevalence of abnormal liver biochemistry and its impact on 
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Background Abnormalities in aminotransferases are frequently observed in hospitalized 
COVID-19 patients, but their clinical impact is poorly characterized.

Methods A total of 1046 patients hospitalized to the non-intensive care unit ward with documented 
COVID-19 were included retrospectively. Demographic, clinical and laboratory characteristics on 
admission and during hospital stay, including the presence of liver injury (LI), defined as aspartate 
aminotransferase (AST) >200 IU/L, were recorded.

Results On admission, 363 (34.7%) and 269 (25.7%) patients had abnormal AST and ALT values 
(i.e., >40  IU/L), respectively, while during hospitalization 53  (5%) patients fulfilled the criteria 
for LI. In multivariate logistic regression analysis, AST (odds ratio [OR] 1.023, 95% confidence 
interval [CI] 1.016-1.029; P<0.001), and ferritin (OR 1.01, 95%CI 1.001-1.02; P<0.001) were the 
baseline factors independently associated with the development of LI during hospital stay. One 
hundred twenty-three (11.7%) patients died during hospitalization. The independent variables 
associated with mortality were: age (hazard ratio [HR] 1.043, 95%CI 1.029-1.056; P<0.001), 
ferritin (HR 1.1, 95%CI 1.05-1.2; P<0.001), platelets (HR 0.996, 95%CI 0.994-0.999; P=0.003), and 
administration of remdesivir (HR 0.50, 95%CI 0.30-0.85; P=0.009). The patients with abnormal 
baseline AST (i.e., >40 IU/L), compared to those with normal AST values, had worse outcomes 
(log rank test: 8.8, P=0.003).

Conclusions Elevated aminotransferases are commonly seen in COVID-19 patients. They possibly 
reflect disease severity and may be associated with in-hospital mortality.
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Abstract

system, several other organs might be affected including the 
gastrointestinal, cardiovascular, hemopoietic, and central 
nervous systems, contributing to greater morbidity and 
mortality [2]. These extrapulmonary manifestations are probably 
due to multiple organs expressing the main viral entry receptor, 
the angiotensin-converting enzyme (ACE) 2 receptor [3].

Regarding hepatic involvement, abnormalities in liver 
biochemical parameters can range from asymptomatic to 
severe liver injury, while very rare cases with liver failure have 
been observed [4]. It has been reported that over half of the 
patients hospitalized for COVID-19 have at least one abnormal 
liver enzyme on admission, while more than 75% will develop 
abnormal liver enzymes during their hospitalization  [5]. 
Interestingly, although the ACE2 receptor is highly expressed 
in bile duct cells, hepatocellular damage with aminotransferase 
elevation is more frequent, while a lower prevalence of increased 
bilirubin and cholestatic enzymes is observed [6]. On the 
histological level, it has been shown that COVID-19 patients 
have mild portal and lobular inflammation and steatosis, as 

Introduction

COVID-19 is caused by the novel strain of SARS-CoV-2 [1], 
and, although the latter mainly involves the respiratory 
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well as hepatocellular necrosis attributable mainly to drug-
induced liver injury or systemic inflammatory syndrome 
caused by the SARS-CoV-2 infection, since no viral inclusions 
were observed [7,8].

Nevertheless, data in the literature suggest that hepatic 
involvement with abnormal liver enzymes during COVID-19 
is associated with more frequent development of complications 
and poor outcomes of COVID-19 [8]. In this study, we aimed 
to evaluate the prevalence and severity of liver enzyme 
abnormalities on admission and during the hospital stay, as well 
as their impact on the outcome, in Greek patients hospitalized 
with COVID-19.

Patients and methods

Patient population

Consecutive adult patients who had been admitted and 
hospitalized with documented COVID-19 to the non-intensive 
care unit  COVID-19 ward at Laiko General Hospital, Athens, 
Greece, between March 2020 and October 2021, were included 
retrospectively in this single-center study. The patients were 
enrolled if they fulfilled the following criteria: (a) adults 
≥18  years old at the time of hospitalization; (b) at least one 
positive real-time polymerase chain reaction test for SARS-
CoV-2 performed on a nasopharyngeal swab specimen; and (c) 
hospitalized for more than 3 days. Pregnant women and patients 
without available medical records were excluded. All patients 
were followed until discharge or death. The study protocol 
was approved by the Data Protection Officer and Institutional 
Review Board and conformed to the ethical guidelines of the 
1975 Declaration of Helsinki (as revised in 2000). Because of the 
retrospective design of the study, a waiver for informed consent 
was granted by the Institutional Review Board.

Baseline evaluation

Demographic, clinical and laboratory characteristics on 
admission (i.e., at baseline) were recorded, including age, sex, 
body mass index (BMI), as well as past medical history, including 

antihypertensive and antidiabetic drugs. The diagnosis of 
arterial hypertension was defined as systolic blood pressure 
≥140  mmHg and/or diastolic blood pressure ≥90  mmHg 
in the sitting position, while severe (or class  II) obesity was 
defined as the presence of BMI>35 kg/m2 [9]. Administration 
of medications for COVID-19, including remdesivir, 
dexamethasone and tocilizumab, was also recorded. At baseline, 
laboratory variables during the first 24  h of admission were 
obtained from the electronic medical record system, including 
white blood cell count, platelets (PLT), albumin, creatinine, 
total bilirubin, clotting profile (international normalized 
ratio [INR], fibrinogen and D-dimers), aspartate (AST) and 
alanine (ALT) aminotransferases, alkaline phosphatase (ALP), 
γ-glutamyl transpeptidase (γ-GT), lactate dehydrogenase 
(LDH), C-reactive protein (CRP) and ferritin. In addition, 
HBsAg/anti-HCV serological status was recorded whenever 
available. Elevated serum aminotransferases at baseline were 
defined as ALT >40 IU/L or AST >40 IU/L. As in a previous 
study [10], since AST abnormalities are the most frequent 
laboratory finding regarding liver biochemistry, the patients 
were then divided on admission into two groups, based on the 
presence of liver injury (LI) according to the baseline serum 
AST levels: a) no LI with AST ≤200 IU/L; and b) LI with AST 
>200 IU/L [11].

Follow up and changes in baseline parameters during 
hospitalization

During their hospitalization, all patients received supportive 
care with a prophylactic dose of low-molecular-weight heparin 
(or a therapeutic dose in cases of confirmed thromboembolic 
event), fluid and electrolyte replacement therapy, and oxygen 
supplementation (delivered by nasal catheters, masks or high-
flow nasal cannula), as needed according to the institutional 
guidelines. The administration of all medications, including 
antibiotics, was at the discretion of the attending physician. 
In addition, laboratory abnormalities were recorded during 
the hospitalization in order to identify the peak values of ALT 
and AST. The development of LI (i.e., AST >200 IU/L) during 
hospital stay was also recorded. The primary outcome of the 
study was in-hospital mortality.

Statistical analysis

Continuous variables in our cohort are presented as mean 
± standard deviation (normally distributed) or median with 
range (non-normally distributed), while categorical variables 
are expressed as frequencies or percentages. Comparisons of 
variables between patients were performed using Student’s 
t or Mann-Whitney U tests for normally and non-normally 
distributed continuous variables, respectively, and the chi-
square test for categorical variables. We used multivariate Cox 
regression analysis to identify baseline factors independently 
associated with the outcome. The discriminative ability of the 
independent variable was evaluated using the area under the 
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receiver operating characteristic curve (AUC) [12]. A P-value 
of <0.05  (2-tailed) was considered statistically significant. 
Statistical analysis was conducted using SPSS (IBM Corp. 
Released 2017. IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.) and MedCalc for Windows 
(MedCalc Software, Mariakerke, Belgium).

Results

Baseline characteristics

One thousand forty-six COVID-19  patients (613  male, 
age 63.5±17  years) were evaluated. All patients had clinical 
manifestations of COVID-19, including fever and respiratory 
symptoms, with or without the diagnosis of pneumonia 
based on radiological findings. The baseline clinical and 
laboratory characteristics are shown in Table  1. Thirty-one 
(2.9%) patients were HBsAg positive, while 7 (0.7%) were anti-
HCV positive. On admission, 363  (34.7%) and 269  (25.7%) 
patients, respectively, had abnormal AST and ALT values (i.e., 
>40 IU/L), while 83 (8%) of the patients had AST>80 IU/L and 
only 12 (1.14%) patients fulfilled the criteria for LI (i.e., AST 
>200 IU/L). Only 2 patients had AST >400 IU/L. In addition, 
51 (4.8%) and 169 (16.2%) of the patients had abnormal levels 
of total bilirubin (i.e., >1.2 mg/dL) and ALP (i.e., >104 IU/L), 
respectively. The correlation between AST and ALT on 
admission was excellent (Spearman r=0.87, P<0.001). The 
patients with baseline AST≤40 (n=683), compared to those 
with AST >40 (n=363), were less frequently male (56% vs. 
65%, P=0.037) or severe obese (5.5% vs. 11%, P=0.003), and 
they had significantly lower levels of CRP (22±9  vs. 79±28 
mg/L, P<0.001), ferritin (392 [10-789] vs. 829 [43-2940] ng/
mL, P<0.001), and fibrinogen (545±213  vs. 634±237  mg/dL, 
P<0.001). However, no difference was observed between the 
2 groups regarding the other baseline variables, including age 
(63±17 vs. 63±17 years), albumin (4.3±0.45 vs. 4.1±0.55 g/dL), 
and PLT (213±95 vs. 212±87 ×109/L) (P-values always >0.05).

At baseline, men compared to women had significantly 
higher AST (35 [4-957] vs. 31 [7-834] IU/L, P<0.001), ALT (27 
[3-825] vs. 22 [3-993] IU/L, P<0.001), γ-GT (39 [5-818] vs. 29 
[6-746] IU/L, P<0.001), total bilirubin (0.5 [0.12-58] vs. 0.4 
[0.11-11.6] mg/dL, P<0.001), LDH (370±55 vs. 340±70 IU/L, 
P=0.03), fibrinogen (562±151  vs. 518±141  mg/dL, P<0.001), 
ferritin (651 [28-2940] vs. 337 [10-2790] ng/mL, P<0.001), 
and albumin (3.9±053 vs. 3.78±0.55 g/dL, P<0.001), as well as 
lower PLT (198±82 vs. 225±95 ×109/L, P<0.001).

Baseline factors associated with LI development during 
hospitalization

During hospitalization, 53  (5%) patients fulfilled the 
criteria for LI (i.e., AST >200 IU/L), while 16 (1.5%) patients 
developed AST >400  IU/L. In univariate analysis, the 
patients who developed LI, compared to those without LI 

during hospitalization, had significantly higher baseline 
AST (61  [14-957] vs. 32 [4-305] IU/L, P<0.001), ALT 
(52 [8-993] vs. 24 [3-199] IU/L, P<0.001), γ-GT (65 [12-714] 
vs. 33 [5-818] IU/L, P<0.001), ALP (72 [29-386] vs. 65 [25-
1074] IU/L, P=0.002), total bilirubin (0.65 [0.17-58] vs. 
0.46 [0.11-11.6]  mg/dL, P<0.001), CRP (88 [4.7-508] vs. 53 
[0.7-147] mg/L, P=0.003), ferritin (766 [43-1520] vs. 518 
[10-2940] ng/mL, P=0.005), fibrinogen (585 [338-902] vs. 534 
[40-1074] mg/dL, P=0.037), and LDH (418 [201-1136] vs. 317 
[9-3552] IU/L, P<0.001) (Table 2).

In multivariate logistic regression backward analysis, 
baseline AST (odds ratio [OR] 1.023, 95% confidence interval 
[CI] 1.016-1.029; P<0.001) and ferritin (OR 1.01, 95%CI 1.001-
1.02; P<0.001) were the only baseline factors independently 
associated with the development of LI during hospital stay, 
while excluding baseline liver biochemistry tests (AST, ALT, 
ALP, γ-GT and bilirubin), ferritin (OR 1.02, 95%CI 1.001-1.03; 
P=0.001), and LDH (OR 1.003, 95%CI 1.001-1.004; P=0.002) 
were the only admission factors independently associated with 
the development of LI during hospitalization. In addition, 
baseline ferritin and LDH showed relatively good discriminative 
ability for the development of LI during hospitalization (AUC 

Table 1 Baseline clinical and laboratory characteristics of 1046 
COVID-19 patients

Variable Patients, 
n=1046

Age (mean±SD, years) 63.5±17

Sex, male n, (%) 613 (58.6)

Comorbidities, n (%)
Diabetes mellitus
Severe (class II) obesity (body mass index 
≥ 35 kg/m2)
Arterial hypertension
Regular use of alcohol

186 (18)
65 (6.2)

330 (31.5)
152 (14.5)

AST (median, range, IU/L) 33 (4-957)

ALT (median, range, IU/L) 25 (3-993)

ALP (median, range, IU/L) 66 (25-1074)

γ-GT (median, range, IU/L) 34 (5-818)

Total bilirubin (median, range, mg/dL) 0.47 (0.11-58)

LDH (median, range, IU/L) 320 (9-3552)

Albumin (median, range, g/dL) 3.9 (1.8-5.4)

CRP (median, range, mg/L) 55 (0.7-508)

INR (median, range) 1.0 (0.7-9.9)

D-dimers (median, range, mg/dL) 0.9 (0.09-52)

Fibrinogen (median, range, mg/dL) 536 (40-1074)

Ferritin (median, range, ng/mL) 533 (10-2940)

WBC (median, range, x109/L) 6.2 (1.2-95)

PLT (mean±SD, ×109/L) 210±93
AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
ALP, alkaline phosphatase; γ-GT, γ-glutamyl transpeptidase; LDH, 
lactate dehydrogenase; CRP, C-reactive protein; WBC, white blood count; 
PLT, platelet; INR, international normalized ratio
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0.78, 95%CI 0.65-0.84 and 0.71, 95%CI 0.58-0.79, respectively). 
Interestingly, ferritin was an independent factor associated 
with LI development in specific subgroups of patients (men, 
OR 1.023, 95%CI 1.016-1.031; P<0.001; women, OR 1.018, 
95%CI 1.009-1.028; P<0.001; patients ≤65 years old, OR 1.024, 
95%CI 1.016-1.032; P<0.001; and patients >65 years old, OR 
1.016, 95%CI 1.006-1.025; P<0.001).

Factors associated with mortality of COVID-19

One hundred twenty-three (11.7%) patients died in hospital 
after a median of 8 (4-72) days of hospitalization. In univariate 
analysis, mortality was associated with age (hazard ratio [HR] 
1.04, 95%CI 1.031-1.054; P<0.001), diabetes mellitus (HR 

1.54, 95%CI 1.018-2.32; P=0.004), and baseline AST (HR 
1.002, 95%CI 1.0-1.005; P=0.03), LDH (HR 1.001, 95%CI 1.0-
1.01; P=0.012), albumin (HR 0.93, 95%CI 0.91-0.96; P<0.001), 
ferritin (HR 1.01, 95%CI 1.001-1.3; P<0.001), INR (HR 1.2, 
95%CI 1.02-1.39; P=0.02), PLT (HR 0.97, 95%CI 0.95-0.99; 
P=0.013), as well as administration of remdesivir (HR 0.56, 
95%CI 0.35-0.91; P=0.017). The presence of AST at levels 2 
or more times the upper limits of normal (i.e., >80 IU/L) was 
not associated with mortality (HR 1.74, 95%CI 1.013-3.003; 
P=0.07) (Table 3). In multivariate Cox regression analysis, the 
only factors independently associated with mortality were age 
(HR 1.043, 95%CI 1.029-1.056; P<0.001), ferritin (HR 1.1, 
95%CI 1.05-1.2; P<0.001), PLT (HR 0.996, 95%CI 0.994-0.999; 
P=0.003), and administration of remdesivir (HR 0.50, 95%CI 
0.30-0.85; P=0.009). However, all these independent variables 

Table 2 Clinical and baseline laboratory characteristics of 1046 patients based on the development of liver injury (LI) during hospitalization for 
COVID-19

Variable Patients with LI, n=53 Patients without LI, n=993 P-value

Age (mean±SD, years) 65±16 62±17 0.14

Sex, male n, (%) 32 (60) 581 (58) 0.52

Comorbidities, n (%)
Diabetes mellitus
Severe obesity (BMI ≥35 kg/m2)
Arterial hypertension
Regular use of alcohol

9 (17)
4 (7.5)
13 (25)
8 (15.1)

177 (17)
61 (6)

317 (32)
144 (14.5)

0.53
0.37
0.23
0.92

AST (median, range, IU/L) 61 (14-957) 32 (4-305) <0.001

ALT (median, range, IU/L) 52 (8-993) 24 (3-199) <0.001

ALP (median, range, IU/L) 72 (29-386) 65 (25-1074) 0.002

γ-GT (median, range, IU/L) 65 (12-714) 33 (5-818) <0.001

Total bilirubin (median, 
range, mg/dL)

0.65 (0.17-58) 0.46 (0.11-11.6) <0.001

LDH (median, range, IU/L) 418 (201-1136) 317 (9-3552) <0.001

Albumin (median, range, g/dL) 3.9 (1.8-4.7) 3.9 (2.2-5.4) 0.55

CRP (median, range, mg/L) 88 (4.7-508) 53 (0.7-147) 0.003

INR (median, range) 1.0 (0.8-1.3) 1.0 (0.7-9.9) 0.79

D-dimers (median, range, mg/dL) 1.1 (0.3-52) 0.9 (0.09-21) 0.87

Fibrinogen (median, range, mg/dL) 585 (338-902) 534 (40-1074) 0.037

Ferritin (median, range, ng/mL) 766 (43-1520) 518 (10-2940) 0.005

WBC (median, range, x109/L) 7.2 (1.8-25) 6.1 (1.2-95) 0.83

PLT (mean±SD, x109/L) 226±100 209± 93 0.31

HΒsAg (+)/anti-HCV (+), n, % 0 (0)/0 (0) 31 (3)/7 (0.7) 0.23/0.54

COVID-19 medication, n, (%)
Remdesivir
Dexamethasone
Tocilizumab 

27 (51)
32 (61)
7 (13)

725 (73)
763 (76)
93 (9.4)

0.28
0.58
0.07

Need for intubation, n, (%) 5 (9) 70 (7) 0.36

Length of hospital stay, days, median (range) 8 (4-35) 8 (3-72) 0.76
Values are presented as n (%) using the chi-square test and mean±SD, or median (range) using Student’s t or Mann-Whitney U tests, respectively 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; γ-GT, γ-glutamyl transpeptidase; LDH, lactate dehydrogenase; 
CRP, C-reactive protein; WBC, white blood count; PLT, platelet; BMI, body mass index; INR, international normalized ratio; HBsAg, hepatitis B surface antigen; 
HCV, hepatitis C virus; SD, standard deviation



294 E. Cholongitas et al

Annals of Gastroenterology 35 

had low discriminative ability for mortality (AUC always <0.70). 
Interestingly, the patients with abnormal baseline AST (i.e., 
>40 IU/L) had worse outcomes compared to those with normal 
AST values (log rank test: chi square: 8.8, P=0.003) (Fig. 1).

Discussion

This is the first single-center study to evaluate the prevalence 
and the impact of liver enzyme abnormalities in a Greek cohort of 
COVID-19 patients. In addition, it is currently the largest study 
from Greece reflecting our experience regarding the baseline 
characteristics and the outcomes of the COVID-19  patients 

admitted and managed in our center. In agreement with data 
in the literature [13], we found that abnormal values in serum 
aminotransferases were frequently observed on admission 
(in our cohort 35% and 26%, respectively, of the patients had 
AST and ALT values >40 IU/L). However, at baseline, only 1% 
and 0.2% of the patients had LI (i.e., AST>200  IU/L) or AST 
>400  IU/L, respectively. Thus, in accordance with previous 
studies [10,14,15], we confirmed that liver biochemistry 
abnormalities in COVID-19  patients are usually mild and 
predominantly hepatocellular, while AST values are more 
frequently abnormal than ALT. Nevertheless, no indication for 
liver dysfunction was observed, since no severe abnormalities 
in INR were recorded (range 0.7-1.3 in patients not receiving 
anticoagulants). The exact pathogenetic mechanisms associated 
with COVID-19 liver enzyme abnormalities have not been 
elucidated, though direct SARS-CoV-2-  or drug-induced liver 
injury, ischemic damage and a cytokine-driven effect have been 
proposed [8]. In our cohort, as in previous studies [10], we found 
that abnormal AST levels were associated with higher values of 
inflammatory markers reflecting the severity of COVID-19, such 
as CRP, ferritin and fibrinogen, indicating that aminotransferase 
abnormalities appear to be observed in the context of systemic 
hyperinflammatory syndrome and cytokine storm.

Although aminotransferase abnormalities were observed 
more frequently during hospitalization than at baseline, 
they remained mild in the majority of cases, since only 5% 
and 1.5% of the patients, respectively, developed LI (i.e., 
AST>200  IU/L) or AST>400  IU/L, and again without any 
evidence of liver failure. The use of several medications during 
hospital stay (antibiotics, drugs specific for COVID-19) 
could be an explanation for these findings. However, in 
multivariate analysis, and taking into account several baseline 
characteristics, underlying viral hepatitis status and COVID-
related medications during hospitalization, it was found that 
baseline AST and ferritin were the only independent factors 
associated with LI development, suggesting that the same 
mechanisms (COVID-19-induced inflammatory storm) might 

Table 3 Baseline risk factors associated with mortality in 1046 
COVID-19 patients (univariate analysis)

Variables Hazard 
Ratio

95% 
Confidence 

Interval

P-value

Age, years 1.04 1.031-1.054 <0.001

Sex, male 1.16 1.0-1.005 0.38

Comorbidities 
Diabetes mellitus
Severe (class II) obesity (body 
mass index ≥35 kg/m2)
Arterial hypertension
Regular use of alcohol

1.54
0.51

1.035
1.022

1.018-2.32
0.19-1.40

0.69-1.54
0.51-2.11

0.004
0.19

0.86
0.77

AST (IU/L) 1.002 1.0-1.005 0.03

AST >80 IU/L 1.74 1.013-3.003 0.07

ALT (IU/L) 0.99 0.98-1.004 0.52

ALP (IU/L) 1.001 1.0-1.002 0.074

γ-GT (IU/L) 1.001 1.0-1.002 0.45

Total bilirubin (mg/dL) 0.97 0.88-1.054 0.45

LDH (IU/L) 1.001 1.0-1.01 0.012

Albumin (g/dL) 0.93 0.91-0.96 <0.001

CRP (mg/L) 1.001 0.99-1.002 0.78

INR 1.2 1.02-1.39 0.02

D-dimers (mg/dL) 1.001 1.0-1.002 0.15

Fibrinogen (mg/dL) 1.0 0.99-1.001 0.55

Ferritin (ng/mL) 1.01 1.001-1.3 <0.001

WBC (x109/L) 0.995 0.991-1.004 0.62

PLT (x109/L) 0.97 0.95-0.99 0.013

HBsAg (+) or anti-HCV (+) 1.42 0.63-3.2 0.39

COVID-19 medication 
Remdesivir
Dexamethasone
Tocilizumab

0.56
1.55
0.89

0.35-0.91
0.72-3.3

0.53-1.47

0.017
0.26
0.39

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; γ-GT, γ-glutamyl transpeptidase; LDH, lactate dehydrogenase; 
CRP, C-reactive protein; WBC, white blood count; PLT, platelet; INR, 
international normalized ratio; HBsAg, hepatitis B surface antigen; HCV, 
hepatitis C virus

p=0.003

AST ≤ 40IU/L

AST > 40IU/LC
um
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Figure 1 Kaplan-Meier curves showing difference of survival among 
COVID-19 patients based on the presence or not of abnormal values 
of aspartate aminotransferase (AST) on admission
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be responsible for the aminotransferase abnormalities, both on 
admission and during hospital stay.

Regarding the variables associated with mortality, as might 
be expected, parameters such as age, ferritin and PLT were 
independently associated with the outcome. Thus, we were 
able to confirm previous studies, in which hyperferritinemia 
was an independent predictor of in-hospital mortality in 
COVID-19  patients [16]. In addition, low PLT were a risk 
factor for mortality (HR 0.996, 95%CI 0.994-0.999; P=0.003), 
possibly reflecting the severity of the systemic inflammatory 
response and the presence of multiple organ dysfunction 
in SARS-CoV-2  patients [17]. Interestingly, we found that 
diabetes mellitus was a risk factor for mortality (HR 1.54, 
95%CI 1.018-2.32; P=0.004), but this finding was not 
confirmed in multivariate analysis. Nevertheless, literature 
data have revealed that diabetes mellitus may increase the 
replication of SARS-CoV-2 via immune system dysfunction 
and the release of proinflammatory cytokines, leading to a 
worse outcome [18]. Although there are conflicting literature 
data regarding the efficacy of remdesivir (a nucleotide prodrug 
that interferes with the viral RNA-dependent RNA polymerase 
activity of SARS-CoV-2) [19], in our study we found that its 
administration was a protective factor against mortality (HR 
0.50, 95%CI 0.30-0.85; P=0.009).

In our cohort, low albumin on admission as a continuous 
variable was significantly associated with mortality (HR 0.93, 
95%CI 0.91-0.96; P<0.001), while the patients with abnormal 
baseline albumin (i.e., <3.5 g/dL) had worse survival (log rank 
test: chi  square 10.1, P=0.001) (data not shown). A  previous 
study [20] has demonstrated that hypoalbuminemia at the 
time of admission to the hospital was associated with higher 
mortality, possibly reflecting poor nutritional status and 
severe underlying comorbidities. In the same study [20], it was 
shown that elevations of AST and ALT during hospitalization 
increased the risk for complications and a poor outcome. In 
our study we found that baseline AST was associated with poor 
survival, but this was not confirmed in multivariate analysis. 
In previous studies [7,14,21], abnormal liver biochemical tests 
have been related with severe course and poor outcome in 
patients admitted with SARS-CoV-2 infection, reflecting the 
prognostic impact of liver test abnormalities in this clinical 
setting. Nevertheless, in our cohort, the patients with abnormal 
baseline AST (i.e., >40 IU/L) had worse outcomes compared to 
those with normal AST values (log rank test: chi square: 8.8, 
P=0.003) (Fig. 1).

Our study has several limitations, including the fact that 
it was a single-center retrospective study without details 
regarding concomitant medication for previous comorbidities 
or development of extrapulmonary infections during hospital 
stay. However, all eligible patients were included, while their 
laboratory variables were recorded from the electronic medical 
record system of our hospital. In addition, it is the largest study 
from Greece and the first in which the prevalence and the clinical 
impact of aminotransferase abnormalities were evaluated in a 
COVID-19 Greek cohort of patients, showing that their baseline 
values can be used to predict LI development during hospital 
stay and might be related with the outcome of COVID-19.
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Summary Box

What is already known:

•	 Although SARS-CoV-2 mainly involves the 
respiratory system, several other organs might be 
affected, including the liver

•	 Abnormalities in liver biochemical parameters are 
frequently observed

•	 These abnormalities have been associated with more 
frequent development of complications and poor 
outcomes of COVID-19

What the new findings are:

•	 This is the first and largest study from Greece to 
evaluate the prevalence and the clinical impact of 
aminotransferase abnormalities in a cohort of Greek 
COVID-19 patients

•	 It was confirmed that abnormal values in serum 
aminotransferases were frequently observed on 
admission and during hospital stay

•	 These liver biochemistry abnormalities were usually 
mild, and possibly in the context of systemic 
hyperinflammatory syndrome and cytokine storm

•	 The patients with abnormal baseline aspartate 
aminotransferase ([AST], i.e., >40 IU/L) had worse 
outcomes compared to those without normal AST 
values
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