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Abstract  

Background: The ongoing outbreak of COVID-19 is associated with higher levels of 

morbidity and mortality among patients with comorbidities including the metabolic 

syndrome. Liver impairment has been reported in up to 54% of hospitalized patients with 

COVID-19. The impact of COVID-19 on a preexisting chronic liver disease is an actively 

studied area of research. The contribution of our study is in determining the predictors of 

severity and the outcome of liver injury among hospitalized patients with COVID-19 

infection, including patients with a preexisting liver disease and COVID-19.  

Methods: This single center retrospective cohort study, included all patients ≥18 years, 

admitted in Sheba Medical Center with confirmed COVID-19 infection. Demographic, 

clinical and laboratory data were obtained using MDClone platform and rechecked after 

data decryption using electronic health records.  

Results: Of 382 patients with COVID-19, 66.4% had increased liver biochemistry. Mild 

increase was observed in 76.7%. Higher level of FIB-4 at admission was independently 

associated with higher mortality rate.  Preexisting liver disease was detected in 15.4% 

patients. Most common etiology was NAFLD (78.7%). The mortality of hospitalized 

patients with preexisting liver disease was 16.7% compared to 6.8% in patients without 

preexisting liver disease (RR=2.792, p=0.01). In multivariate analysis liver disease 

adjusted to age and BMI was associated with mortality with high statistical significance. 

Conclusions: Patients with preexisting chronic liver disease were at a higher risk of 

mortality. FIB-4 level at admission was associated with worse prognosis. These findings 

should be reevaluated in a larger cohort of patients.  

Keywords: COVID-19, liver injury, NAFLD, preexisting liver disease  
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Introduction:  

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel beta-

coronavirus that causes critical disease with an overall fatality rate of 3.4%.  Since the 

first reports on Coronavirus disease (COVID-19) in Wuhan, China, the infection has 

spread rapidly across the world (1). The clinical presentation of COVID-19 ranges from 

mild to critical disease. Although most patients have mild symptoms, the disease can also 

be fatal, with a mortality rate of 25% and more among patients hospitalized in ICU, 

mainly due to progressive respiratory failure and shock. Currently, there is no established 

treatment. Risk factors for developing severe COVID 19 are old age, obesity, diabetes 

mellitus, hypertension (all of these being the components of the metabolic syndrome), as 

well as cardiovascular disease (2). Liver impairment has been reported in up to 54% (3) 

of hospitalized patients with COVID-19, more commonly in more severe COVID-19 

cases. It is usually accompanied by elevated transaminases during the second 

(pulmonary) stage of the disease. The causes of elevated liver biochemistries in COVID-

19 are related to a direct virus-induced cytopathic effect, immune liver damage from the 

provoked inflammatory response (the so called “cytokine storm"), as well as 

microthrombi in the liver parenchyma. Furthermore, the therapeutic agents that are used 

to manage symptomatic COVID-19 can also cause liver damage e.g. remdesivir and 

tocilizumab.  In addition, impaired  liver functions can also develop due to hypoxia & 

hemodynamic instability, and finally due to a pre-existing chronic liver disease (4). Some 

rare cases of severe acute liver injury have been described in patients with COVID-19 (5). 

Patients with chronic liver disease, especially viral hepatitis B and/or C, may be more 

susceptible to liver damage from COVID-19, as was the case with SARS-CoV, but 

supporting data are lacking (5). Nonalcoholic Fatty Liver Disease (NAFLD) is associated 

with the metabolic syndrome which includes obesity, type 2 diabetes mellitus, and 

hypertension (6).  These underlying conditions are the main risk factors for developing 

severe COVID-19. Therefore, patients with NAFLD may be at a higher risk of 

developing more severe forms of COVID-19 and may be more susceptible to liver 

damage than patients who do not have these risk factors (7)(8). 
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The clinical data that exists regarding the impact of a preexisting chronic liver disease on 

the clinical course of COVID-19 and vice versa are scarce. 

Our aims were to establish the prevalence, severity and outcome of liver injury among 

hospitalized patients with COVID 19 in our center and to evaluate the impact of COVID 

19 in a subgroup cohort of patients with a pre-existing liver disease.  

Materials and Methods: 

The study was conducted at Sheba Medical Center, the largest referral center of COVID 

19 patients in Israel. The study was approved by a local institutional review board (7093-

20-SMC).  The study included all consecutive adult (≥18years old) patients who were 

hospitalized and had confirmed SARS-COV-2 infection (using the real-time reverse-

transcriptase polymerase-chain-reaction (RT-PCR)-based assay of nasopharyngeal swab 

specimens) between February 21th and May 10th 2020.  

The data were initially accessed using MDClone - a synthetic data engine that creates 

non-human subject data which is statistically comparable to the original but contains no 

actual patient’s information, enabling medical research without sacrificing patients' 

privacy. Demographic, clinical, laboratory, and outcome data were extracted using 

MDClone platform. For collecting information of preexisting liver disease synthetic data 

were decrypted and the information regarding blood tests and liver images prior to 

current hospitalization were obtained retrospectively using electronic health records.  The 

data on background comorbidities, severity of COVID 19 disease, ICU care, use of 

invasive mechanical ventilation, outcome and mortality were re-checked afterwards using 

electronic health records.  

The severity of disease was classified (9) as asymptomatic in patients without clinical 

symptoms compatible with COVID-19. Mild disease was defined if patients had mild 

upper respiratory symptoms. Moderate disease was defined if patients had dyspnea and 

signs of pneumonia in CXR. Severe disease was defined as tachypnea >30/min. or blood 

oxygen saturation below 93% in room air, or PO2/FIO2 less than 300 and evolving 

pulmonary infiltrates in more than 50% of lung parenchyma within 24-48 hours in CXR 
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or chest CT. Critical disease included patients with respiratory failure, shock and multi-

organ dysfunction.  

Patients with preexisting liver disease were defined as those with confirmed diagnosis of 

a preexisting liver disease by laboratory and imaging study. One of the following criteria 

had to be fulfilled: 

1. Diagnosis of chronic liver disease obtained from electronic  medical charts, including 

chronic hepatitis C, chronic hepatitis B, Primary Biliary Cholangitis, Primary 

Sclerosing Cholangitis, Autoimmune Hepatitis, NAFLD, cirrhosis with or without 

portal hypertension i.e. the presence of esophageal varices or portal hypertensive 

gastropathy observed at upper gastrointestinal endoscopy, Doppler ultrasonographic 

signs (splenomegaly with portal flux inversion and presence of collateral veins)  

ascites, hepatic encephalopathy;  

2.  Radiologic findings of hepatosplenomegaly and/or hyperechoic (Fatty Liver) or 

irregular/nodular liver (US, CT, MRI);  

3. Chronic elevation of liver enzymes above upper limit of normal (ULN) (documented 

at least twice, 6 months prior to admission): AST > 31 UI/l, ALT > 31 UI/l, ALP > 

115 UI/l, GGT > 39 UI/l level);  

4. Positive serology to HBs Ag positive, or HCV Ab positive with detectable 

HCVRNA. 

Patients with chronic liver disease and COVID-19 were compared to COVID 19 patients 

without pre-existing liver disease. 

The AST to ALT (AST/ALT) ratio, the APRI and the FIB-4 {age (year) x AST [U/L]/ 

(platelets [109/L] x (√ALT [U/L)} were calculated from baseline laboratory values at 

hospital admission. 

Statistical Analysis. Continuous variables are presented as median and interquartile range 

(IQR) and categorical variables expressed as the number (percentage). The categorical 

variables were compared by using Chi-square analysis and Fisher exact test. Continuous 

measurements were compared by Student's t test or Mann-Whitney U test according to 

their distribution. The starting point for survival analysis was the date of hospitalization 
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with confirmed SARS-COV-2 infection. The endpoints for survival analysis were in 

hospital death or discharge. Univariate survival was plotted using the Kaplan-Meier 

method and compared using the log rank test. In order to explore the independent 

association of liver dysfunction with the pre-specified outcome a regression logistic 

model was used. Similarly, we explore the association of AST, ALT, AST/ALT ratio, the 

APRI and the FIB-4 as a continues variables and the in-hospital mortality outcome. 

Accuracy of prediction mortality by AST, ALT, AST/ALT ratio, the APRI and the FIB-

4 were evaluated by area under the curve (AUC) of the receiver-operating 

characteristic (ROC) curve. Covariant for the multivariate models were selected using 

clinical judgment and variables that significantly differed between groups. P < 0.05 was 

determined as with statistically significant differences. All tests were two-sided. The 

SPSS package was used for all statistical analysis (IBM co.) 

Results 

From February 2020 to May 2020 three hundred and eighty-two consecutive adult 

patients, were admitted to Sheba Medical Centre.  Their median age was 59 years 

(interquartile range(IQR), 46-71; range 18-95 years); 61% were males. Clinical and 

laboratory baseline characteristics of all patient cohort are presented in Table 1.  

Most of the patients (56.5%) had a mild form of the disease.  Severe-critical cases were 

observed in 16.2% of patients (Table 1). At the end of the study 297 (77.7%) were 

discharged, 32 (8.6%) died during hospitalization, and 53 (13.9%) are currently 

hospitalized (Table 1).  A total of 45 (11.8%) patients were admitted to our ICU, and 44 

of 382 (11.5%) required mechanical ventilation. 

Patients who died were significantly older, median age 75.5 (IQR 66.6-87.2 years) 

p<0.0001, and had significantly more comorbidities: hypertension (71.9%) p<0.0001, 

diabetes mellitus (34.4%) p=0.003, dyslipidemia (37.5%) p=0.021, cardiovascular disease 

(40.6%) p<0.0001, and pre-existing liver disease (31.3%) p=0.01.  

Elevated liver enzymes above ULN at baseline were detected in 66.4% of patients with 

the increase of 5 X ULN in transaminases observed in only 0.8% at admission. The 

predominant pattern of liver injury was hepatocellular with AST level higher than ALT in 
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76.7%. Bilirubin elevation above the ULN was detected in 10.3 % of patients at 

admission. Patients who died had significantly higher level of baseline AST compared to 

ALT.  

We performed calculation of AST/ALT ratio, APRI and FIB-4 scores at admission. 

Patients who died had significantly higher levels of AST, AST/ALT ratio, APRI and 

FIB-4 scores (Table 1). 

The ROC curves for prediction of mortality according to AST, AST/ALT ratio, APRI 

and FIB-4 scores are shown in Figure 1. The area under the curve (AUC) for the 

prediction of mortality using baseline FIB-4 score was 0.78 (p >0.0001). FIB-4 score 

cutoff of 2.8 predicted in-hospital mortality with sensitivity of 82% and specificity of 

74%, which is higher than rest of the scores. 

In the multivariate regression analysis higher levels of AST, AST/ALT ratio, APRI and 

FIB-4 scores were associated with higher risk of death after adjusting for age, gender, 

BMI, and comorbidities (Figure 2 and Table 2). 

Pre-existing liver disease was detected in 59 (15.4%) patients. Clinical and laboratory 

characteristics of these patients are presented in Table 3. The median age was 64 years 

(IQR 50-73; range 19-95 years); 69.5% males. The most common etiology of liver 

disease was NAFLD (47;78.7%). Other etiologies included: chronic hepatitis B 

(n=2;3.4%), chronic hepatitis C (n=2;3.4%), and unspecified liver disease, (n=8; 13.6%). 

Two patients were diagnosed with pre-existing cirrhosis according to the EMR. The 

etiology of cirrhosis was NASH in the first and HCV in the second. The patient with 

HCV cirrhosis died after 31 days in ICU and the second patient was still hospitalized 

after 41 days in ICU and required mechanical ventilation.  

ALT and AST median level at admission in patients with pre-existing liver disease were 

elevated compared to patients without liver disease. AST/ALT ratio was similar in both 

groups. Median levels of APRI and FIB-4 scores were higher in patients with pre-

existing liver disease. Lactate dehydrogenase was higher and platelets count was lower in 

patients with pre-existing liver disease. The levels of INR, Albumin, Bilirubin, Troponin, 
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Ferritin, Creatinine Kinase, Interlukin-6, Procalcitonin, C reactive protein, Fibrinogen, D-

dimer were similar in both groups (Table 3). 

Patients with pre-existing liver disease had significantly more comorbidities, compared to 

patients without known liver disease (Table 3). Hypertension was present in 42 (71%) of 

the patients with liver disease and 101 (31.3%) among patients without liver disease (RR 

5.4, 95% CI 2.9-10, p<0.0001), diabetes mellitus was found in 27 (45.8%) and 53 

(16.4%) (RR 4.3, 95% CI 2.4-7.8, p<0.0001) patients, respectively. Obesity was found in 

29 (59.2%) and 57 (23.3%) (RR 4.78, 95% CI 2.5-9.1, p<0.0001), dyslipidemia- in 31 

(52.5%) and 50 (15.5%) (RR 6.1, 95% CI 3.3-10.9, p<0.0001) and cardiovascular disease 

- in 17 (28.8%) vs. 38 (11.8%) (RR 3.04, 95% CI 1.6-5.9, p=0.001). A total of 9 patients 

(15.3%) were treated in ICU and 9 (15.3%) received mechanical ventilation compared to 

36 (11%) and 35 (10.8%) respectively among patients without liver disease.  

In-hospital mortality of patients with pre-existing liver disease was 16.7% compared to 

6.8% patients without liver disease (RR 2.792, 95% CI 1.3-6.3, p= 0.01) (Figure 3). 

A multivariate regression analysis was performed to identify factors associated with 

mortality among patients with chronic liver disease. Liver disease adjusted to age and 

BMI was the only predictor of mortality (Table 2). But this significance disappeared after 

adding other comorbidities to the model such as diabetes mellitus, hypertension or 

cardiovascular disease. 

Discussion 

Our findings are in line with previous reports that have also demonstrated higher risk of 

mortality among older adults and patients with comorbidities including overweight, 

cardiovascular disease, diabetes mellitus, and hypertension (1). Moreover, we found that 

one of the comorbidities among patients with COVID 19 (as expected in metabolic 

syndrome) was NAFLD. The prevalence of pre-existing liver disease in our cohort was 

15.4%, and the most common etiology of liver disease was NAFLD (78.7%). The 

hospital mortality rate in our center was 16.7% in patients with pre-existing liver disease 

compared to 6.8% in patients without liver disease (RR 2.792, 95% CI 1.3-6.3, p= 0.01). 

Following multivariate analysis, a preexisting chronic liver disease was determined as a 
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predictor of mortality after adjusting for age and other common comorbidities. Recently  

Singh S et al reported similar findings with high mortality risk among patients with pre-

existing liver disease (42% NAFLD) with  RR 2 and even higher among patients with 

cirrhosis RR 4.6 (8).    

In another recently published study, half of the patients with COVID-19 had elevation of 

liver biochemistry (10). We have detected elevation of liver biochemistry in patients with 

severe disease that was associated with higher mortality rate compared to milder disease. 

Similar to previous studies, AST and ALT elevation was predominant compared to ALP 

elevation that was less common (10).  Although ACE2 is highly expressed in bile duct 

cells (11), this  suggest that SARS-CoV-2 does not cause bile duct injury (11).  

Most of the liver biochemistry elevation was mild (1-2xULN) and elevation of AST was 

more frequent than ALT. Moderate elevation of liver biochemistry was observed in 0.8% 

of cases and was associated with severe disease and death.  

We found that higher levels of AST, AST/ALT ratio, APRI and FIB-4 scores were 

significantly associated with mortality.  

In multivariate analysis adjusted to common comorbidities, age and gender the elevated 

baseline AST, AST/ALT ratio, APRI and FIB-4 scores with older age were the 

predictors of mortality. However, FIB-4 had higher prediction accuracy (in terms of 

AUC=0.78) then other parameters. Our findings are in line with recently published 

studies and revealed that using simple scores, derived from routine laboratory tests can 

predict mortality among patients with COVID-19(12). The etiology of the elevated liver 

biochemistry in patients with COVID-19 is multifactorial. It can be related to the viral 

direct cytopathic effect and/or the overwhelmed inflammatory response or due to drug 

toxicity and the hypoxia/hypotension liver injury (13). Ultrastructural examination 

identified typical coronavirus particles in the cytoplasm of hepatocytes suggesting that 

SARS-CoV-2 is able to infect liver and cause conspicuous hepatic cytopathy(13). As 

there was no significant statistical difference in our study in the pro-inflammatory 

markers level between patients with or without chronic liver disease, the further increase 
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in liver biochemistry in the patients with a preexisting chronic liver disease can be 

attributed to the direct viral cytopathic effect.  

The present study has a number of limitations. First, this study was retrospective and not 

all possible covariants are accounted for. Second, in most patients with mild disease, no 

liver biochemistry tests were performed. This possibly explains the high rates of 

abnormal liver tests at hospital admission. Third, following multivariate analysis, 

cardiovascular disease, hypertension and diabetes mellitus were not detected as predictors 

of mortality most probably due to the small sample size and the limited number of events.  

In conclusion, the elevation of liver biochemistry, specifically FIB-4 level, at admission 

among patients with COVID-19 can be a predictor of worse outcome. Among patients 

with a pre-existing chronic liver disease, the prevalence of elevated liver biochemistry is 

more pronounced and higher AST levels are associated with greater in-hospital mortality 

risk. 
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Table 1: Outcome, baseline clinical and laboratory characteristics of patients with 

COVID 19.   

 

Variables Total Discharged Deceased Univariate 

analysis 

P values 

 

Multivariate 

analysis 

P values 

OR (95%CI) 

 

No subjects (%) 382 297 (77.7) 32 (8.4)   

Males (n,%) 232(61) 181 (60.9) 19 (59.4) 0.863  

Age, year, median 

(IQR( 

59 (46-71) 55.8 (43.3-

69) 

75.5 (66.6-

87.2) 

<0.0001 0.02 

 OR 1.05 

(1.008-

1.093) 

BMI (kg/m2), median 

(IQR)  

27 (24-31) 27 (24-31) 27 (24-29) 0.41  

Comorbidity      

Cancer, n(%) 6 (2) 6 (2) 0 0.41  
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Cardiovascular 

Disease, n(%) 

55 (14.4) 33 (11) 13 (40.6)  >0.0001  

Diabetes mellitus, 

n(%) 

80 (21) 55 (18.5) 11 (34.4) 0.033  

Hypertension, n(%) 143 (37.4) 93 (31.3) 23 (71.9)  >0.0001  

Dyslipidemia, n(%) 81 (21) 59 (19.9) 12 (37.5) 0.021  

Liver disease n(%) 59 (15.4) 41 (13.8) 10 (31.3) 0.01  

NAFLD n(%) 47 (78.7) 32 (78) 7 (70)   

HCV n(%) 2 (3.4) 1 (2.4) 1 (10)   

HBV n(%) 2 (3.4) 2 (4.9) 0   

Unspecified Liver 

Disease n(%) 

8 (13.6) 6 (14.6) 2 (20)   

Obesity, n(%) 86 (29.3) 67 (30) 4 (14.8) 0.093  

Severity, n(%)      

Asymptomatic 7 (1.8) 7 (2.4) 0   

Mild 216 (56.5) 201 (67.7) 0   

Moderate 97 (25.4) 78 (26.3) 0   

Severe -Critical  62 (16.2) 11 (3.7) 32 (100)   

Mechanical 

Ventilation, n(%) 

44 (11.5) 9 (3) 14 (43.8)  >0.0001  

Hospital length of 

stay, days, median  

(IQR) 

6.2 (2.7-

10.7) 

6.1 (2.7-10) 9.5 (5.5-21) 0.008  

Laboratory measures      

WBC*109/L, median 

(IQR) 

6 (5-9) 6 (4-8) 8 (5-13) 0.022  

Platelets (K/microL), 

median (IQR) 

206 (149-

279) 

208 (150-

276) 

176 (156-

272) 

0.7  

ALT,U/L, median 

(IQR) 

26 (18-43) 26 (18-41) 21 (16-41) 0.365  
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ALT >ULN 111(42.5) 75 (41) 19 (35.7) 0.597  

ALT 1-2xULN, n(%) 84 (32.3) 59 (32.2) 7 (25) 0.44  

ALT 2-5xULN, n(%) 28 (7.3) 16 (5.4) 3 (9.4) 0.358  

ALT >ULNx5, n(%) 2 (0.8) 2 (1.1) 0 0.578  

AST,U/L, median 

(IQR) 

38 (26-51) 39 (27-56) 42 (34-74) 0.012 0.011 

 OR 1.021 

(1.005-

1.038) 

AST >ULN 174 (66.4) 110 (59.8) 23 (82.1) 0.023  

AST 1-2xULN, n(%) 129 (49.3) 86 (46.7) 16 (57.1) 0.305  

AST 2-5xULN, n(%) 46 (12) 27 (9.1) 6 (18.8) 0.084  

AST > ULNx5, n(%) 2 (0.8) 0 1 (3.6) 0.01  

ALP, U/L, median 

(IQR) 

90 (72-131) 74 (61-92) 85 (62-110) 0.074  

ALP >ULN, n(%) 39 (15.1) 20 (11) 5 (17.9) 0.302  

GGT, U/L, median 

(IQR) 

60 (28-134) 42 (22-65) 51 (25-124) 0.25  

GGT >ULN, n(%) 120 (55.8) 72(50.3) 15 (55.6) 0.62  

Bilirubin, (mg/dl), 

median (IQR) 

0.6 (0.4-

0.7) 

0.6 (0.4-0.7) 0.6 (0.5-0.9) 0.26  

Bilirubin >ULN, 

n(%) 

27 (10.3) 19 (10.4) 6 (21.4) 0.092  

Albumin (g/dL), 

median (IQR) 

3.6 (3.2-

3.9) 

3.7 (3.3-3.9) 3.1 (2.9-3.6)  >0.0001  

Albumin <ULN, n(%) 143 (54.8) 84 (46.2) 21 (75) 0.0001  

Lactate 

dehydrogenase, U/L, 

median (IQR) 

328 (250 - 

435) 

299 (237-

390) 

396 (337- 

532) 

<0.0001  

Troponin, median 

(IQR) 

9.9 (4.9-

18.7) 

7.0 (4.1-

14.3) 

19 (9.5 62.6) <0.0001  



16 
 

Ferritin, (ng/mL), 

median (IQR) 

323 (132-

621.8) 

258.4 

(101.5-

504.6) 

598.6 (167-

1693) 

0.004  

Creatinine Kinase, 

(U/L), median (IQR) 

94 (132-

621) 

84 (51-176) 117 (81-638) 0.028  

Interlukin-6, 

(pg/mL), median 

(IQR) 

60 (20-117) 24.5(15-61) 114 (64 -953) <0.0001  

Procalcitonin 

(ng/mL), median 

(IQR) 

1.3 (0.5-

6.6) 

0.6 (0.3-1.4)  5.5 (2.2-

17.4) 

<0.0001  

C reactive protein, 

(mg/L) median (IQR) 

63 (14.2-

142) 

49.4 (8.7-

114.7) 

166.8 (87.8-

302.7) 

<0.0001  

INR, median (IQR) 1.1 (1-1.2) 1.1 (1.0-1.2) 1.2 (1.1-1.3) 0.049  

Fibrinogen, (mg/dl) 

median (IQR) 

520 (388-

643) 

514 (356-

643) 

612 (481-

751) 

0.028  

D-dimer (mcg/mL) 1103 (548-

2206) 

910 (497-

1551) 

1452 (831-

4881) 

0.011  

AST/ALT ratio 1.38 (1.06-

1.79) 

1.31 (0.97-

1.68) 

1.98 (1.34-

2.51) 

<0.0001  

APRI 0.59 (0.4-1) 0.55(0.39-

0.86) 

0.93 (0.53-

1.62) 

0.002  

FIB4 2.12 (1.33-

3.51) 

1.81(1.22-

2.9) 

4 (3-6.2) <0.0001  

Abbreviation: COVID-19, Coronavirus disease 2019; NAFLD, non-alcoholic fatty liver 

disease; HBV, Hepatitis B virus; HCV, Hepatitis C virus; ALT, alanine aminotransferase; 

AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT Gamma-glutamyl 

transferase; BMI, body mass index; ICU, intensive care unit; IQR, interquartile range; 

OR, odds ratio; ULN, upper limit unit of normal. 
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Table 2 Risk factors for the fatal outcome in the multivariate regression analysis. 

 p-value Hazard ratio 95% CI 

Model A‡    

Age, years 0.000 1.079 1.044 - 1.115 

BMI (kg/m2) 0.109 0.922 0.834 - 1.018 

Liver disease 0.046 2.882 1.019 - 8.154 

Model B†    

Age, years 0.020 1.050 1.008 - 1.093 

BMI (kg/m2) 0.100 0.907 0.806 - 1.019 

Liver disease 0.416 1.669 0.486 - 5.731 

Cardiovascular Disease 0.244 1.985 0.626 - 6.293 

Diabetes mellitus 0.483 0.657 0.768 - 8.006 
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Hypertension 0.129 2.480 0.768 - 8.006 

AST, U/L 0.011 1.021 1.005 - 1.038 

Model C††    

Age, years 0.049 1.04 1.0-1.08 

Gender 0.93 0.95 0.3-2.9 

BMI (kg/m2) 034 0.945 0.8-1.06 

Liver disease 0.2 2.23 0.6-7.97 

Cardiovascular Disease 0.184 2.267 0.68-7.58 

Diabetes mellitus 0.4 0.58 0.15 -2.24 

Hypertension 0.11 2.6 0.798-8.5 

AST/ALT ratio 0.004 2.95 1.4-6.15 

APRI  0.042 1.8 1.02-3.25 

FIB4 0.009 4.39 1.45-13.3 

 

†A multivariate regression analysis baseline elevation of AST was associated with higher 

risk of death after adjusting for age, BMI, and history of diabetes mellitus, cardiovascular 

disease and hypertension. 

‡ A multivariate regression analysis liver disease adjusted to age and BMI was 

significantly associated with in-hospital mortality. Nevertheless, this association became 

statistically insignificant after adding to the model comorbidities such as diabetes 

mellitus, hypertension or cardiovascular disease.  

†† Multivariate regression analyses of baseline AST/ALT ratio, APRI and FIB4 scores 

were performed separately for each parameter.  Higher levels of each of AST/ALT 

ratio, APRI and FIB4 scores were associated with higher risk of death after adjusting 

for age, gender, BMI, and comorbidities. We did not additionally adjust for age in case 

of FIB4 score, because this variable is incorporated in the FIB4 score. 

 

Table 3 Comparison of baseline characteristics of COVID 19 patients with and 

without preexisting liver disease.    
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Variables Without 

liver disease 

With liver 

disease 

P values Univariate 

analysis 

RR (95% CI) 

No, subjects 323 59   

Males (n,%) 191 (59.1) 41(69.5) 0.134  

Age, years (IQR) 58 (44-71) 64 (50-73) 0.04  

BMI (kg/m2)  26 (24-30) 31 (27-34) <0.0001  

Comorbidity     

Cancer, n(%) 6 (1.9) 0  0.3  

Cardiovascular Disease, 

n(%) 

38 (11.8) 17 (28.8) 0.001 3.04 (1.6-5.9) 

Diabetes mellitus, n(%) 53 (16.4) 27 (45.8) <0.0001 4.3 (2.4-7.8) 

Hypertension, n(%) 101 (31.3) 42 (71.2) <0.0001 5.4 (2.9-10) 

Dyslipidemia, n(%) 50 (15.5) 31 (52.5) <0.0001 6.1 (3.3-10.9) 

Obesity, n(%) 57 (23.3) 29 (59.2) <0.0001 4.78 (2.5-9.1) 

Severity, n(%)   0.024  

Asymptomatic 7 (2.2) 0   

Mild 189 (58.5) 27(45.8)   

Moderate 81 (25.1) 16 (27.1)   

Severe-critical 45 (14.2) 16 (27.1)   

Mortality, n(%) 22 (6.8) 10 (16.7) 0.01 2.792 (1.3-

6.3) 

ICU hospitalization, 

n(%) 

36 (11.1) 9 (15.3) 0.368  

Mechanical Ventilation, 

n(%)  

35 (10.8) 9 (15.3) 0.328  

Hospital length of stay, 

days (IQR) 

6.1 (2.8-10.7) 7 (2.1-11.2) 0.88  

Laboratory measures     

WBC*109/L 6.1 (4.5-9.1) 6.1 (4.6-9.1) 0.96  
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Platelets (K/microL) 215 (150-

284) 

172 (133-222) 0.025  

ALT,U/L, median (IQR) 25 (17-42) 36 (22-47) 0.017  

ALT >ULN 85 (39) 26 (60.5) 0.009 2.39 (1.2-

4.67) 

ALT 1-2xULN, n(%) 63 (28.9) 21 (48.8) 0.011 2.35 (1.2-4.6) 

ALT  >ULNx5, n(%) 1 (0.5) 1 (2.3) 0.199  

AST,U/L, median (IQR) 37 (26-49) 42 (29-80) 0.016  

AST >ULN 143 (65.3) 31 (72.1) 0.38  

AST  1-2xULN n(%) 109 (49.8) 20 (46.5) 0.198  

AST > ULNx5 n(%) 1(0.5) 1 (2.3) 0.696  

ALP, U/L, median (IQR) 76 (63-98) 76 (52-97) 0.43  

ALP >ULN, n(%) 34 (15.7) 5 (11.6) 0.49  

GGT, U/L, median (IQR) 45 (23-69) 46 (32-77) 0.27  

GGT >ULN, n(%) 97 (54.8) 23 (60.5) 0.519  

Bilirubin, (mg/dl), 

median (IQR) 

0.6 (0.4-0.7) 0.6 (0.5-0.9) 0.36  

Bilirubin >ULN, n(%) 20 (9.1) 7 (16.3) 0.159  

Albumin (g/dL), median 

(IQR)  

3.6 (3.2-3.9) 3.7 (3.1-4 ) 0.45  

Albumin <ULN, n(%) 108 (49.5) 18 (41.9) 0.357  

Lactate dehydrogenase, 

U/L, median (IQR) 

322 (246-

420) 

371 (269-499) 0.017  

Troponin median, (IQR) 14 (5.8-53.2) 12.7 (5.2-39.1) 0.74  

Ferritin, median (ng/mL) 296.6 (125.6-

573.4) 

367.0 (235.0-

877.3) 

0.08  

Creatinine Kinase, 

median (U/L)  

90 (51-226) 100 (57-200) 0.593  

Interlukin-6, median 

(pg/mL) 

48.5 (20-113) 86 (39-196) 0.12  
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Procalcitonin (ng/mL) 1.3 (0.5-6.6) 1.25 (0.5-5.95) 0.909  

C reactive protein, 

median (mg/L) 

61.3 (13.7-

141.3) 

70.5 (23.4-

153.3) 

0.350  

INR 1.1 (1.0-1.2) 1.1 (1.0-1.2) 0.976  

Fibrinogen, median 

(mg/dl) 

514 (388-

643) 

520 (444-643) 0.748  

D-dimer median 

(mcg/mL) 

1123 (507-

2249) 

894 (564-

1976) 

0.772  

AST/ALT ratio 1.38(1.05-

1.77) 

1.33 (1.06-

1.81) 

0.97  

APRI 0.56 (0.39-

0.9) 

0.7 (0.54-1.49) 0.002  

FIB4 1.98 (1.27-

3.15) 

2.99 (1.6-4.5) 0.01  

Abbreviation: COVID-19, Coronavirus disease 2019; NAFLD, non-alcoholic fatty liver 

disease; HBV, Hepatitis B virus; HCV, Hepatitis C virus; ALT, alanine aminotransferase; 

AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, Gamma-glutamyl 

transferase; BMI, body mass index; ICU, intensive care unit; IQR, interquartile range; 

RR, relative risk; ULN, upper limit unit of normal 
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Figure 1. ROC curve analysis for prediction of mortality according to AST, 

AST/ALT ratio, APRI and FIB4 scores 

 

Figure 2. Kaplan Meier analysis of survival probability of COVID 19 patients according 

to baseline AST level (A) and FIB4 score (B). 
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Figure 3. Kaplan Meier analysis of survival probability of COVID 19 patients with and 

without preexisting liver disease 
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