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Abstract
BACKGROUND
Abnormal liver chemistries are common findings in patients with Coronavirus Disease 2019 (COVID-19). However, the association of these abnormalities with the severity of COVID-19 and clinical outcomes is poorly understood

AIM
We aimed to assess the prevalence of elevated liver chemistries in hospitalized patients with COVID-19 and compare the serum liver chemistries to predict the severity and in-hospital mortality.

METHODS
This retrospective, observational study included 3380 patients with COVID-19 who were hospitalized in the Johns Hopkins Health System (Baltimore, MD, United States). Demographic data, clinical characteristics, laboratory findings, treatment measures, and outcome data were collected. Cox regression modeling was used to explore variables associated with abnormal liver chemistries on admission with disease severity and prognosis

RESULTS
A total of 2698 (70.4%) had abnormal alanine aminotransferase (ALT) at the time of admission. Other more prevalent abnormal liver chemistries were aspartate aminotransferase (AST) (44.4%), alkaline phosphatase (ALP) (16.1%), and total bilirubin (T-Bil) (5.9%). Factors associated with liver injury were older age, Asian ethnicity, other race, being overweight, and obesity. Higher ALT, AST, T-Bil, and ALP levels were more commonly associated with disease severity. Multivariable adjusted Cox regression analysis revealed that abnormal AST and T-Bil were associated with the highest mortality risk than other liver injury indicators during hospitalization. Abnormal AST, T-Bil, and ALP were associated with a need for vasopressor drugs, whereas higher levels of AST, T-Bil, and a decreased albumin levels were associated with mechanical ventilation

CONCLUSION
Abnormal liver chemistries are common at the time of hospital admission in COVID-19 patients and can be closely related to the patient’s severity and prognosis. Elevated liver chemistries, specifically ALT, AST, ALP, and T-Bil levels, can be used to stratify risk and predict the need for advanced therapies in these patients.
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Core Tip: Severe acute respiratory syndrome coronavirus-2 primarily infects the respiratory system. However, increasing evidence exists for the direct multiorgan effect. Liver injury in hospitalized patients is associated with a poor prognosis. We investigated whether abnormal liver chemistries in Coronavirus Disease 2019 (COVID-19) hospitalized patients can be of prognostic value. We show that abnormal liver chemistries were commonly observed on hospital admission and are associated with worse outcomes in COVID-19 patients, namely mortality, the need for vasopressor drugs, and mechanical ventilation. In hospitalized COVID-19 patients, elevated liver chemistries, specifically alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, and total bilirubin levels, can be used to stratify risk and predict the need for advanced therapies. These results strongly suggest that abnormal liver chemistries at the time of hospital admission are associated with worse outcomes in COVID-19 patients and should be closely followed in admitted patients.


INTRODUCTION
The Coronavirus Disease 2019 (COVID-19) infection is a global public health crisis that has spread rapidly throughout most of the world and has resulted in over 2 million deaths. Although it is primarily a respiratory disease, increasing evidence indicates that infection with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the virus that causes COVID-19, can affect multiple organ systems and cause long-term damage[1]. One possible explanation is the route of viral entry into cells via the angiotensin-converting enzyme 2 (ACE2) receptor, present on almost all human organs. The liver and the biliary system are no exception, and reports indicate that COVID-19 infection can induce varying degrees of liver injury, ranging from 19%-76% in reported cases[2-4]. The mechanism by which COVID-19 triggers liver injury remains poorly understood.
Direct infection of cholangiocytes via ACE2 is postulated as a potential mechanism for intrinsic liver injury from COVID-19[5]. The etiology of the abnormal liver chemistries frequently observed in patients with COVID-19 infection is multifactorial and associated with major adverse clinical outcomes[6]. The incidence of abnormal liver enzymes significantly increases during the course of the disease, which may indicate the effect of SARS-CoV-2 on the liver or the side effects of medications used to treat the infection[7]. Patients with severe COVID-19 infections have been shown to have higher rates of abnormal liver chemistries[8]. While some studies revealed abnormal liver chemistries are associated with increased disease severity and mortality[9,10], other studies did not find an association with disease progression[11], intensive care unit (ICU) admission[12], or the length of hospital stay[13] and mortality[14]. Thus, study results are inconsistent, with a high degree of heterogeneity.
To address some of these inconsistencies, we examine whether abnormal liver chemistries in COVID-19 hospitalized patients can be of prognostic value. We determined the prevalence of elevated liver chemistries in a large cohort of hospitalized patients with COVID-19 infection and identified whether an independent association exists between abnormal liver chemistries and clinical severity or the risk of in-hospital mortality.

MATERIALS AND METHODS
Study design and participants
In this observational, retrospective cohort study, we analyzed consecutive adult patients (> 18 years of age) who were admitted at the Johns Hopkins Health System (Baltimore, MD, United States) between March 01, 2020, and January 21, 2021, who tested positive for SARS-CoV-2. The diagnosis of COVID-19 was made by at least one positive SARS-CoV-2 real-time PCR test performed on nasopharyngeal swab samples[8]. Only laboratory-confirmed patients were included in this study. This study was approved by the Institutional Review Board (IRB00249001) of the Johns Hopkins University School of Medicine, and the informed consent was waived for a retrospective review of patient charts.

Data collection
We obtained data from the COVID-19 Precision Medicine Analytics Platform Registry (JH-CROWN) database for this cohort study[15], which is a collection of data from the Johns Hopkins electronic health record (Epic) and available for analysis using an electronic database on the Precision Medicine Analystic Platform. Patients without any liver chemistry (n = 1874) results were excluded from the study. Demographic, clinical characteristics, laboratory tests, and treatment were retrieved from the medical records. Furthermore, the clinical outcomes were observed up to January 21, 2021, the final date of follow-up.

Definitions
Elevated liver enzyme levels were defined as patients having alanine aminotransferase (ALT) levels greater than 25 U/L for women and 35 U/L for men, according to the American Association for the Study of Liver Diseases definitions[16]. Other liver chemistry abnormalities were characterized as using the upper limit of the normal range (ULN) for serum levels of aspartate aminotransferase (AST), total bilirubin (T-Bil), alkaline phosphatase (ALP), and gamma-glutamyl transpeptidase (GGT). Additionally, liver injury was categorized based on the degree of liver enzyme elevation as mild (1-2 times of ULN), moderate (> 2-5 times of ULN), and severe (> 5 times of ULN).

Clinical classification
According to the World Health Organization interim guidance, patients in this study were classified based on COVID-19 disease severity[17]. Cases were defined as either: mild—if patients had mild symptoms of COVID-19 without abnormalities on chest imaging; moderate—if they had respiratory tract symptoms with no obvious hypoxemia and pneumonia manifestation by imaging; severe—if they had any of the following conditions: respiratory rate ≥ 30 breaths/minute; resting fingertip oxygen saturation <90%; a ratio of the arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) < 300mmHg or lung infiltrates critical—if they had respiratory failure requiring mechanical ventilation, or symptoms of shock, or respiratory failure combined with other organ dysfunction requiring intensive care. Identified COVID-19 patients were then stratified into two groups: non-severe (mild and moderate cases) and severe (severe and critical cases) disease, based on the above classification.

Study outcomes
We defined mortality as the primary clinical outcome. Death was assessed at the end of the study period. We also examined the need for vasopressor drugs and mechanical ventilation as the secondary outcomes.

Statistical analysis
Categorical variables were summarized as frequencies (percentages). Chi-squared tests were used to compare categorical variables, and the Mann-Whitney-Wilcoxon test was used for continuous variables. The results are presented as median with interquartile range (IQR). Interaction analyzes were performed as needed. Missing data were not imputed, and only complete cases were included. Patients were considered right-censored if they were discharged from the hospital alive or remained in the hospital at the end of follow-up. We measured time to event in days from the date of hospital admission to the date of in-hospital mortality or hospital discharge alive. Cox regression modeling was used to explore the relationship between abnormal liver biochemistries and mechanical ventilation and risk of death using hazard ratios (HRs) and 95% confidence intervals (CIs). Univariate analyses were used to identify independent risk factors associated with mechanical ventilation and risk of death, and these were ultimately included in a multivariate model with the grade of liver chemistry elevation. Age, gender, ethnicity, race, body mass index, and all the preexisting comorbidities were adjusted as confounders in the Multivariable Cox proportional hazards model. Cox proportional hazards regression models were also used to estimate HRs for the grade of liver chemistry elevation associated with mortality after controlling for the empirical prognostic elements. Kaplan-Meier (KM) method was used to assess differences in mortality by the degree of liver chemistry elevation. The event-free survival rate was estimated using the KM method, and significance was evaluated with the log-rank test. All tests were two-tailed, and statistical significance was determined at P values < 0.05. All statistical data analyzes were conducted with Stata software (version SE16; StataCorp, College Station, TX, United States).

RESULTS
Patients’ demographic and clinical characteristics across disease severity groups
A total of 3830 hospitalized patients with confirmed SARS-CoV-2 infection were included in the analysis (Figure 1). Baseline clinical characteristics of the study cohort are summarized in Table 1. Among these patients, 2476 (64.6%) were non-severe cases, and 1354 (35.4%) were classified as severe cases during hospitalization. On hospital admission, abnormal liver chemistries were commonly seen (ALT 70.4%, AST 44.4%, T-Bil 5.9%, and ALP 16.1%) among all patients. The median age was 64.2 years (IQR 49.6-77.3), 51.1% were male, and 34.8% were African Americans. Obesity was present in 1494 (43.7%) of patients, and preexisting liver diseases in 392 (12.2%) patients. Severe disease was associated with older age and male sex. In patients with severe disease, the rate of coexisting diabetes mellitus without and with complications was significantly higher than in the non-severe group. In addition, these patients had higher cardiovascular disease, chronic respiratory disease, kidney disease, and neurological disease as comorbidities (P < 0.001), as well as significantly higher white blood cell and neutrophil counts and C-reactive protein (CRP), interleukin-6 (IL-6), fibrinogen, ferritin, prothrombin time (PT), international normalization ratio, D-dimer, lactate dehydrogenase (LDH), and cardiac troponin levels (P < 0.001). Levels of absolute lymphocyte, red blood cell, albumin, and total protein were lower (P < 0.001) in patients with severe disease 

Prevalence and degree of abnormal liver chemistries according to COVID-19 disease severity
We compared the abnormal liver chemistries at different cut-off values as 1-2 ×, >2-5 ×, and > 5 × ULN, respectively, between the two groups (Table 1). On hospital admission, abnormal liver chemistries were commonly observed, and most patients had mild elevations within 1-2 × ULN. ALT, AST, T-Bil, and ALP levels were higher and more common in patients with severe disease. Overall, 2698 (70.4%) patients had an elevated ALT level, and the median ALT level was 28 U/L (IQR 18-47). A higher proportion of patients with severe disease had elevated ALT compared to the non-severe patients. The median ALT level was 27 U/L in non-severe disease compared to 30 U/L in severe cases (P = 0.003). In addition, there was a significant difference in the degree of ALT elevation between the two groups (P < 0.001). An elevated ALT at > 2-5 × ULN and > 5 × ULN were significantly more common among patients with severe disease than non-severe. The median AST was 34 U/L (IQR, 24-51.5) in non-severe cases vs 42 U/L (IQR, 29-64) in severe cases (P < 0.001). The elevated AST level of 1-2 × ULN (37.2% vs 29.5%), > 2-5 × ULN (12.9% vs 8.1%) and > 5 × ULN (3.5% vs 1.8%) were significantly more common among severe patients compared to non-severe (P < 0.001). Patients with severe COVID-19 also had a higher median T-Bil compared with non-severe patients. However, there was no difference in T-Bil distribution at different levels between the two severities (P = 0.056). Again, in patients with severe disease, the median ALP elevation was higher in the non-severe patients (P = 0.014). However, only four patients in both groups at >5 × ULN had elevated ALP levels. Nevertheless, there was a significant difference in ALP distribution levels between the two severity groups (P < 0.001). Finally, there was no variation in GGT levels at the three thresholds between the two groups (P = 0.540) 

Risk factors and predictors of liver injury: Univariate analyses showed that older age, Asian ethnicity, and being overweight were associated with liver injury, whereas other races and obesity were associated with severe liver injury (Figure 2).

In-hospital management and clinical outcomes
In-hospital management and clinical outcomes of patients with COVID-19 infection are shown in Table 2. Patients with severe diseases received more oxygen support and invasive ventilation (P < 0.001). Compared with the non-severe group, patients with the severe disease were more likely to receive antibacterial, antifungal, remdesivir, statins (P < 0.001), antiviral, and NSAID treatment (P = 0.005). The proportion of patients who received azithromycin and dexamethasone treatment was 24.7% and 40.7%, respectively. Moreover, 587 (40.7%) of the severe cases required vasopressor drugs for multiorgan failure (P < 0.001). Severe patients were more likely to develop kidney injury and need renal replacement therapy than non-severe patients. The median length of hospitalization prior to the death was 10.3 d (IQR, 4.5 to 18.8 d). The median length of stay was 6.3 d (IQR, 3.4 to 12.1 d), but patients with severe diseases had a significantly extended hospital stay compared with the non-severe group (median, 4.8 d vs 12.3 days, P < 0.001). 

Major outcomes
Mortality: Overall, 461 (12.1%) patients died, and all the patients belonged to the severe diseases group. 3138 (87.2%) were discharged at the time of data collection for this analysis. In addition, compared to survivors, non-survivors were older and had significantly higher rates of comorbidities (Table 3). In multivariable Cox proportional hazards analysis, increasing age, overweight, obesity, hypertension without complications, chronic neurological disease, and kidney disease were independently associated with an increased risk of in-hospital mortality after adjusting for confounders. Moreover, the results indicated that abnormal AST, T-Bil, ALP, and PT levels were significantly associated with all-cause mortality in all patients with COVID-19, but not the preexisting chronic liver disease, ALT, and albumin levels. Furthermore, a higher state of inflammation was also associated with mortality, with statistically significant increased levels of neutrophil count (P = 0.008), ferritin (P = 0.001), D-Dimer (P = 0.004), CRP, and IL-6 (P < 0.001).
Determining the association of changes in liver chemistries and mortality: The associated distribution of liver chemistries at different levels with in-hospital mortality in patients with COVID-19 was explored using the Cox proportional hazards model (Tables 4 and Figure 3). Unadjusted models showed that a stepwise increase in liver chemistries levels conferred an incremental risk of in-hospital death. Patients with abnormal AST, T-Bil, and ALP levels during hospitalization had a higher mortality risk than patients with normal levels. Age, gender, ethnicity, race, BMI, and all the preexisting comorbidities were adjusted as confounders. Among these liver chemistries, elevated AST and T-Bil levels were associated with the highest risk of in-hospital mortality. Compared to patients with T-Bil in the normal level, all-cause mortality risk significantly increased 6-fold (95%CI, 2.90-12.41; P < 0.001) in patients with an elevated T-Bil level of >2-5 × ULN and increased 7.86-fold (95%CI, 1.88-32.96; P = 0.005) in patients with T-Bil > 5 × ULN (Table 5). A stepwise increase in the levels of AST was associated with a significant increased risk of all-cause mortality (HR, 1.49; 95%CI, 1.06-2.10; P < 0.001 for > 2-5 × ULN; HR, 2.19; 95%CI, 1.27-3.76; P = 0.005 for AST > 5 × ULN). The degree of ALT ranging from > 2-5 × ULN (adjusted HR, 0.68; 95%CI, 0.53-0.92; P = 0.013) was associated with a decreased risk of all-cause mortality; however, 1-2 × and > 5 × ULN were not significantly associated with all-cause mortality. Lastly, compared to the patients with ALP in the normal range, all-cause mortality risk significantly increased 1.42-fold (95%CI, 1.09-1.86; P = 0.009) in patients with ALP > 1-2 × ULN and increased 1.81-fold (95%CI, 1.05-3.10; P = 0.032) in patients with ALP > 2-5 × ULN after adjusting for confounders. Interestingly, the ALP levels > 5 × ULN were not significantly associated with mortality.

Need for vasopressor support: Only two (0.1%) patients in the non-severe group required vasopressor drugs, whereas 585 (43.2%) patients with severe COVID-19 required vasopressors (P < 0.001). Multivariable adjusted Cox proportional hazard regression analysis revealed that patients with abnormal AST (HR, 1.00, 95%CI, 1.00-1.00; P < 0.001), T-Bil (HR, 1.09, 95%CI, 1.03-1.17; P = 0.003), ALP (HR, 1.02, 95%CI, 1.01-1.03; P < 0.001), blood urea nitrogen (BUN) (HR, 1.007, 95%CI, 1.00-1.01; P < 0.001), and PT (HR, 0.795, 95%CI, 0.72-0.88; P < 0.001) were associated with a need for vasopressor drugs. Similarly, a higher state of inflammation was also associated with this outcome, namely higher levels of ferritin (HR, 1.00, 95%CI, 1.00-1.00; P = 0.035), D-Dimer (HR, 1.02, 95%CI, 1.00-1.04; P = 0.04), and IL-6 (HR, 1.00, 95%CI, 1.00-1.00; P < 0.001). However, higher BMI and abnormal ALT were not independently associated with the increased risk for this outcome. Of note, chronic neurological disease (HR, 0.77, 95%CI, 0.63-0.93; P = 0.004) and albumin (HR, 0.804, 95%CI, 0.69-0.93; P = 0.004) were associated with lower vasopressor support hazards in multivariate analyses.

Need for mechanical ventilation: Patients who received invasive mechanical ventilation were older, more likely to have preexisting comorbidities than were patients who did not receive invasive mechanical ventilation (Table 3). However, preexisting liver diseases did not differ between these groups. Median levels of ALT, AST, and T-Bil were significantly increased for patients who received mechanical ventilation (P < 0.0001) compared to those who did not receive it. However, no difference in ALP and GGT levels were seen between these two groups (ventilated P = 0.091 vs non-ventilated patients P = 0.483). Furthermore, patients who received invasive mechanical ventilation had varying degrees of abnormal liver chemistries (1-2 ×, > 2-5 ×, and > 5 × ULN), but in general, ALT, AST, and T-Bil values were significantly higher in these patients (P < 0.001). Multivariable Cox regression analysis adjusted for age, gender, ethnicity, race, BMI, and preexisting comorbidities revealed that older age, HT with complications, and abnormal levels of AST, T-Bil, BUN, and creatinine were associated with mechanical ventilation. In addition, a higher state of inflammation was also associated with this outcome, namely higher levels of neutrophil, ferritin, CRP, and IL-6.

DISCUSSION
This retrospective cohort study is one of the largest and most comprehensive to evaluate liver chemistries and clinical outcomes of hospitalized patients with COVID-19. Overall, the results show that liver injury, assessed by elevated liver enzyme levels, is commonly seen in hospitalized patients with COVID-19 and is associated with the risk of in-hospital mortality and other adverse clinical outcomes, such as the need for vasopressor drugs and mechanical ventilation. The key findings of the study are: (1) There is a high prevalence of liver injury (70.4%), defined by an elevation in ALT levels, in hospitalized patients with COVID-19; (2) Abnormal liver chemistries during hospitalization are strongly associated with mortality (ALT, T-Bil, and ALP); (3) Liver injury measured in patients with COVID-19 on admission is associated with the need for vasopressor drugs (AST, T-Bil, and ALP), and mechanical ventilation (AST, and T-Bil); (4) A strong and independent association of AST, T-Bil, and ALP correlates with the severity of COVID-19 infection; and (5) Elevated inflammatory markers (CRP, IL-6, ferritin, D-dimer, and LDH) are associated with increased risk of disease severity.
The pathophysiology of SARS-CoV-2 infection is similar to other coronavirus infections [SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV)] and shares a large genome sequence homology with other pathogenic human coronaviruses. SARS-CoV and MERS-CoV cause abnormal liver chemistries, and various degrees of hepatic injury[18,19]. SARS-CoV viral RNA is detected in autopsied human liver, suggesting a direct liver involvement[20]. Thus, similar liver injury in COVID-19 patients is not surprising. In particular, the overall ALT elevations were observed in 70.4% of patients with COVID-19 on hospital admission, and 79.3% of patients in the severe group had elevations much higher than previous reports. Based on a recent systematic review and meta-analysis (17 studies, 2711 patients), abnormal ALT is estimated to occur in approximately 15% of COVID-19 patients[14]. However, in Chinese cohorts, the prevalence of abnormal ALT among patients with COVID-19 ranged between 4% and 53.1%, and recent studies from the United States reveal even higher estimates, ranging between 39% and 64.9%[21-23].
In our cohort, only a small percentage of patients in our study had underlying liver disease (12.2%), suggesting that liver damage in these patients is directly caused by the COVID-19 infection and not an underlying condition or drug-induced liver injury from medications. Furthermore, our study showed varying degrees of liver enzyme levels, ranging from mild to severe. A previous study reported that 9.2% of ALT elevations were > ULN at the time of hospital admission[11], while another study reported higher rates of 36.5% >2 × ULN on admission[24]. Overall, our study showed that 38.8% of patients had abnormal ALT elevations > 2 × ULN (2-5 × ULN 26.7% and > 5 × ULN 12.1%).
Another potential cause of liver injury in our cohort is drug-induced liver injury. Self-medication before hospital admission was not reported in the data and is an unlikely cause. However, during hospitalization, treatment consists of a combination of antibiotics, antivirals, systemic corticosteroids, antipyretics, and analgesics to treat the COVID-19 infection, which may promote liver injury. In this study, these combined drug treatments positively correlated in patients with severe disease. Thus, drug-related liver injury during the treatment of COVID-19 infection needs to be considered. Future studies are needed to evaluate the possible effects of drugs on liver chemistries in patients with COVID-19.
Various studies have shown that older patients with COVID-19 have a higher case fatality rate[25], and having certain comorbidities may contribute to worse outcomes[26]. Similarly, our analysis revealed that risk factors for severe infection and death included older age, chronic heart disease, elevated inflammatory response, more prolonged PT, elevated liver enzymes, and bilirubin. In addition to ALT elevation, AST, T-Bil, and ALP were independently associated with the severity of COVID-19 infection, with over half of severe patients exhibiting AST elevation. The current study is consistent with prior studies that the pattern of liver injury is primarily hepatocellular instead of cholestatic, while our study indicates that elevations in T-Bil and ALP may be more common than previously reported[27]. Upon hospitalization, the percentage of the patients with elevated ALP and T-Bil in severe cases was 18.6% and 6.8%, respectively, which was significantly higher than 14.6 % and 4.6% in patients with the non-severe disease.
COVID-19 causes severe respiratory distress and pneumonia, with the latter being independently correlated with the need for ICU care, mechanical ventilation, and death[28]. Our study complements this knowledge and reveals that elevated liver chemistries can predict the risk of major in-hospital outcomes, such as the need for vasopressor drugs, mechanical ventilation, and death. Moreover, significant hypoalbuminemia was observed, particularly among patients with severe disease, and was also a predictor for the need for vasopressor drugs and mechanical ventilation. In the present study, the elevated levels of LDH, creatinine, BUN, IL-6, CRP, and ferritin are independently associated with mechanical ventilation risk.
COVID-19 induces a release of inflammatory cytokines, leading to organ dysfunction[19]. Inflammatory cytokine storm during COVID-19 infections is not uncommon and can result in sudden patient clinical deterioration and multiorgan failure. Direct hepatocyte injury caused by the SARS-CoV-2 may be closely related to systemic inflammatory response syndrome, and overproduction of cytokines is linked to the lung-liver axis[20]. An increase in systemic immune mediators that cause inflammation, oxidative stress, and underlying hypoxia facilitates and exacerbates liver function[29]. Our findings indicate an association between elevated inflammatory markers (CRP, IL-6, ferritin, D-dimer, and LDH) with increased risk of disease severity. IL-6 values are increased in patients with both severe COVID-19 and significantly increased in patients with elevated liver chemistries compared to patients with non-severe COVID-19. IL-6 is the primary driver of cytokine release syndrome, and IL-6 inhibitors are effective in treating severe COVID-19 cases[30]. Moreover, the neutrophil levels and serum CRP are significantly increased in patients with liver injury from COVID-19. These data imply a potential association between liver injury and the inflammatory responses induced by SARS-CoV-2 infection. Clinical treatment against the cytokine storm might also reduce liver injury and liver injury-related mortality. We also found a reduction in red blood cells in severe patients, which coincides with the fact that SARS-CoV-2 destroys hemoglobin in red blood cells, dissociates deoxyhemoglobin and iron, and produces hypoxia and respiratory distress. Increased ferritin levels due to cytokine storm and secondary hemophagocytic lymphohistiocytosis have also been reported in severe COVID-19 patients[31]. A higher level of ferritin was observed in patients with severe disease on admission than patients with a non-severe disease in the present study. Hypoxia may also damage hepatocytes and induce liver injury; thus, elevated levels of serum ferritin and hypoxia are potential indicators of hepatocyte injury in patients with severe COVID-19 infection. In our study, abnormal levels of LDH were found in patients with severe COVID-19, which was also seen in patients with SARS and MERS and was an independent risk factor for severe disease[32]. LDH is an intracellular enzyme found in cells in almost all organ systems and can be released during tissue damage, and is involved in various pathophysiological processes. Abnormal levels of LDH seem to reflect that multiple organ injury and failure. Despite its lack of specificity, serum LDH can have great prognostic significance in patients with COVID-19.

Limitations
Despite analyzing a large cohort of patients, the study has some limitations. Data collection was a retrospective observational cohort study and used electronic health record extraction within a single health system. Our health system is a tertiary medical health system, potentially introducing referral bias. The analysis represents only patients who were hospitalized, i.e., more likely to be in severe cases. Therefore, it cannot be entirely excluded that abnormal liver chemistries at admission might represent a more severe course in patients with COVID-19 with multiorgan involvement, including hepatobiliary manifestations. However, irrespective of the cause of liver injury at the time of hospitalization, we show a strong association between severity and liver chemistries at hospital admission rather than peak values, which may help guide clinical decisions early in the disease course. Furthermore, it was not feasible to describe all the potential causes of liver injury and all the causes of liver injury in the patients progressing to liver injury, such as the use of hepatotoxic medications and self-medication before hospitalization. Our study’s data permit an initial evaluation of patients' clinical course and outcomes with COVID-19. The causes of death in COVID-19 patients may involve multiple organ injuries, and it is challenging to differentiate liver injury as the primary and direct cause of death. We were unable to obtain long-term outcomes due to a comparatively short observation period. Further studies with long-term periods are required to understand the long-term impact of COVID-19 on the liver and elucidate the pathogenic mechanisms.

CONCLUSION
This study found that abnormal liver chemistries (AST, ALT, T-Bil, and ALP) at the time of hospital admission are associated with worse outcomes in COVID-19 patients, namely mortality (ALT, T-Bil, and ALP), the need for vasopressor drugs (AST, T-Bil, and ALP), and mechanical ventilation (AST, and T-Bil). Consequently, in hospitalized COVID-19 patients, elevated liver chemistries, specifically ALT, AST, ALP, and T-Bil levels, can be used to stratify risk and predict the need for advanced therapies.

ARTICLE HIGHLIGHTS
Research background
Severe acute respiratory syndrome coronavirus 2 primarily infects the respiratory system. Abnormal liver chemistries are common findings in patients with Coronavirus Disease 2019 (COVID-19). In addition, increasing evidence exists for the direct multiorgan effect. However, the association of these abnormalities with the severity of COVID-19 and clinical outcomes is poorly understood.

Research motivation
To explore the impact of abnormal liver chemistries in hospitalized patients with COVID-19 and whether it is associated with worse outcomes, namely mortality, the need for vasopressor drugs, and mechanical ventilation.

Research objectives
We examine whether abnormal liver chemistries in COVID-19 hospitalized patients can be of prognostic value. We determined the prevalence of elevated liver chemistries in a large cohort of hospitalized patients with COVID-19 infection and identified whether an independent association exists between abnormal liver chemistries and clinical severity or the risk of in-hospital mortality.

Research methods
This retrospective, observational study included 3380 patients with COVID-19 who were hospitalized in the Johns Hopkins Health System. Demographic data, clinical characteristics, laboratory findings, treatment measures, and outcome data were collected. Cox regression modeling was used to explore variables associated with abnormal liver chemistries on admission with disease severity and prognosis.

Research results
A total of 2698 (70.4%) had abnormal ALT at the time of admission. Other more prevalent abnormal liver chemistries were AST (44.4%), ALP (16.1%), and T-Bil (5.9%). Factors associated with liver injury were older age, Asian ethnicity, other race, being overweight, and obesity. Higher ALT, AST, T-Bil, and ALP levels were more commonly associated with disease severity. Multivariable adjusted Cox regression analysis revealed that abnormal AST and T-Bil were associated with the highest mortality risk than other liver injury indicators during hospitalization. Abnormal AST, T-Bil and  ALP were associated with a need for vasopressor drugs whereas, higher levels of AST, T-Bil, and a decreased albumin levels were associated with mechanical ventilation.

Research conclusions
This study found that abnormal liver chemistries (AST, ALT, T-Bil, ALP, and albumin) at the time of hospital admission are associated with worse outcomes in COVID-19 patients, namely mortality (ALT, T-Bil, and ALP), the need for vasopressor drugs (AST, T-Bil, and ALP), and mechanical ventilation (AST, and T-Bil). Consequently, in hospitalized COVID-19 patients, elevated liver chemistries, specifically ALT, AST, ALP, and T-Bil levels, can be used to stratify risk and predict the need for advanced therapies.

Research perspectives
Abnormal liver chemistries are common at the time of hospital admission are associated with worse outcomes in COVID-19 patients. In particular, abnormal levels of AST, T-Bil, ALP, and hypoalbuminemia correlate with the severity of COVID-19 infection, and abnormal liver chemistries (ALT, T-Bil, and ALP) during hospitalization are strongly associated with all-cause mortality in patients with COVID-19. Furthermore, liver injury measured in patients with COVID-19 on admission is associated with the need for vasopressor drugs (AST, T-Bil, and ALP) and mechanical ventilation (AST, and T-Bil).
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Figure Legends
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Figure 1 Flow chart of the study. 1Severity of the diseases is based on the World Health Organization, Classification. COVID-19: Coronavirus Disease 2019 (COVID-19); ALT: Alanine aminotransferase. ALT cut of value was defined as patients having ALT levels greater than 25 U/L for women and 35 U/L for men, according to the AASLD definitions.
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Figure 2 Standardized forest plot comparing selected clinical variables between elevated ALT and normal ALT among hospitalized. ALT: Alanine aminotransferase.
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Figure 3 Kaplan-Meier analysis showed the association of abnormal liver chemistry results among patients with COVID-19. ALT: Alanine aminotransferase; AST: aspartate aminotransferase.

Table 1 Baseline and clinical characteristics of patients with a positive test for severe acute respiratory syndrome coronavirus-2
	Variables
	All patients (n = 3830)
	Non-severe1 (n = 2476)
	Severe1 (n = 1354)
	P value

	Age in yr, median (IQR)
	64.2 (49.6- 77.3)
	62.1 (45.2-76)
	67.4 (55.6-79.1)
	< 0.001

	Sex, n (%), Male
	1959 (51.1)
	1179 (47.6)
	780 (57.6)
	< 0.001

	Ethnicity, n (%), Hispanic
	817 (21.5)
	565 (23)
	252 (18.8)
	0.003

	Race, n (%)
	
	
	
	0.12

	White
	1389 (36.6)
	877 (35.7)
	512 (38.2)
	

	Black
	1323 (34.8)
	848 (34.5)
	475 (35.4)
	

	Asian
	203 (5.3)
	133 (5.4)
	70 (5.2)
	

	Other
	883 (23.2)
	600 (24.4)
	283 (21.1)
	

	BMI (kg/m2), n (%)
	
	
	
	0.11

	≤ 18.5
	794 (23.2)
	519 (23.4)
	275 (22.8)
	

	18.5-24.9
	98 (2.9)
	56 (2.5)
	42 (3.5)
	

	25-29.9
	1036 (30.3)
	693 (31.3)
	343 (28.4)
	

	≥ 30.0
	1494 (43.7)
	946 (42.7)
	548 (45.4)
	

	Comorbidities, n (%)

	Chronic liver disease
	465 (12.1)
	295 (11.9)
	170 (12.6)
	0.56

	Cardiovascular disease
	
	
	
	

	Congestive heart failure
	869 (22.7)
	395 (16)
	474 (35)
	< 0.001

	HT without complications
	2575 (67.2)
	1766 (71.3)
	717 (53)
	< 0.001

	HT with complications
	1347 (35.2)
	710 (28.7)
	637 (47)
	< 0.001

	Diabetes
	
	
	
	

	Diabetes without complications
	1459 (38.1)
	856 (34.6)
	603 (44.5)
	0.017

	Diabetes with complications
	1270 (33.2)
	679 (27.4)
	591 (43.6)
	< 0.001

	Chronic respiratory disease
	1065 (27.8)
	618 (25)	
	447 (33)
	< 0.001

	Chronic neurological disease 
	1033 (27.0)
	569 (23)
	464 (34.3)
	< 0.001

	CKD of any stage
	973 (25.4)
	491 (19.8)
	482 (35.6)
	< 0.001

	Anemia
	1655 (43.2)
	906 (36.6)
	749 (55.3)
	< 0.001

	Hypothyroidism
	557 (14.5)
	330 (13.3)
	227 (16.8)
	0.004

	Malignancies
	
	
	
	

	Primary cancer
	458 (12)
	276 (11.1)
	182 (13.4)
	0.036

	Metastatic cancer
	277 (7.2)
	167 (6.7)
	110 (8.1)
	0.12

	Laboratory findings, median (IQR)

	Liver biochemistries:

	ALT, median (IQR)
	28 (18-47) 
	27 (18-45)
	30 (19-49)
	0.003

	Normal, n (%)
	1132 (29.6)
	852 (34.4)
	280 (20.7)
	

	Abnormal, n (%)
	2698 (70.4)
	1624 (65.6)
	1074 (79.3)
	< 0.001

	1-2 ULN, n (%)
	1225 (32)
	829 (33.5)
	396 (29.2)
	

	> 2-5 ULN, n (%)
	1009 (26.3)
	583 (23.5)
	426 (31.5)
	

	> 5 ULN, n (%)
	464 (12.1)
	212 (8.6)
	252 (18.6)
	

	AST, median (IQR)
	36 (25-55)
	34 (24-51.5)
	42 (29-64)
	< 0.001

	Normal, n (%)
	2046 (55.6)
	1443 (60.5)
	603 (46.4)
	

	Abnormal, n (%)
	1637 (44.4)
	941 (39.5)
	696 (53.6)
	< 0.001

	1-2 ULN, n (%)
	1187 (32.2)
	704 (29.5)
	483 (37.2)
	

	> 2-5 ULN, n (%)
	361 (9.8)
	194 (8.1)
	167 (12.9)
	

	> 5 ULN, n (%)
	89 (2.4)
	43 (1.8)
	46 (3.5)
	

	T.Bil, median (IQR)
	0.5 (0.3-6.1)
	0.4 (0.3-6.0)
	0.5 (0.4-7.0)
	< 0.001

	Normal, n (%)
	3496 (94.1)
	2286 (95.3)
	1210 (91.7)
	

	Abnormal, n (%)
	221 (5.9)
	112 (4.7)
	109 (8.3)
	< 0.001

	1-2 ULN, n (%)
	177 (4.8)
	89 (3.7)
	88 (6.7)
	

	> 2-5 ULN, n (%)
	34 (0.9)
	17 (0.7)
	17 (1.3)
	

	> 5 ULN, n (%)
	10 (0.3)
	6 (0.3)
	4 (0.3)
	

	ALP, median (IQR)
	78 (61-103)
	77 (61-100)
	79 (61-108)
	0.014

	Normal, n (%)
	3183 (83.9)
	2101 (85.6)
	1082 (80.7)
	

	Abnormal, n (%)
	611 (16.1)
	353 (14.4)
	258 (19.3)
	< 0.001

	1-2 ULN, n (%)
	525 (13.8)
	311 (12.7)
	214 (16)
	

	> 2-5 ULN, n (%)
	78 (2.1)
	38 (1.5)
	40 (3)
	

	> 5 ULN, n (%)
	8 (0.2)
	4 (0.2)
	4 (0.3)
	

	GGT, median (IQR)
	119 (63-199)
	116 (80-161)
	144.5 (59-245)
	0.54

	Serum Albumin, g/dL median (IQR)
	3.8 (3.4- 4.1)
	3.9 (3.5-4.2)
	3.6 (3.1-3.9)
	< 0.001

	Total protein (g/L), median (IQR)
	6.5 (5.9- 7.1)
	6.7 (6.1-7.2)
	6.3 (5.7-6.9)
	< 0.001

	Coagulation test: median (IQR)

	PT (s)
	11 (10.5-11.9)
	10.9 (10.4-11.6)
	11.4 (10.8-12.4)
	< 0.001

	INR
	1.07 (1-1.14)
	1.05 (1.0-1.1)
	1.1 (1.02-1.20)
	< 0.001

	APTT (s)
	26.2 (1.2-32.2)
	25.9 (1.1-31)
	25.7 (1.3-33.6)
	< 0.001

	D-Dimer
	1.0 (0.57, 2.06) 
	0.83 (0.5-1.62)
	0.4 (0.8-3.0)
	< 0.001

	Routine blood tests: median (IQR)

	Hemoglobin (g/dL)
	11.9 (10.1, 13.3)
	12.2 (10.7-13.6)
	10.9 (9-12.7)
	< 0.001

	White blood cell (/mcL)
	7.4 (5.1-10.5)
	6.8 (4.7-9.3)
	9 (6.4-13)
	< 0.001

	Red blood cells (/mcL)
	4.06 (3.34-4.63)
	4.19 (3.59-4.70)
	3.81 (3.02-4.46)
	< 0.001

	Platelets (/mcL)
	229 (168-309)
	223 (166-298)
	238 (172-327)
	< 0.001

	Neutrophils(/mcL)
	36 (5.23-73)
	36 (4.6-70.7)
	38.9 (6.75-77.9)
	< 0.001

	Lymphocytes (/mcL)
	15.4 (9.2-23.6)
	17.8 (11.3-26.1)
	11.5 (6.3-18.4)
	< 0.001

	Renal function tests: median (IQR)

	Creatinine (mg/dL)
	0.9 (0.7-1.3)
	0.85 (0.7-1.1)
	1.03 (0.7-1.8)
	< 0.001

	Blood urea nitrogen, (mmol/L)
	17 (11-28)
	15 (10-22)
	25 (16-42)
	< 0.001

	Sodium (mEq/L)
	138 (136-141)
	138 (136-140)
	139 (136-143)
	< 0.001

	Potassium (mEq/L)
	4.1 (3.8-4.5)
	4.1 (3.8-4.4)
	4.2 (3.8-4.6)
	< 0.001

	Inflammatory markers: median (IQR)

	Interleukin-6 (pg/mL)
	37 (14.5-90.8)
	24.7 (10.6-52.2)
	81.83 (31.2-181)
	< 0.001

	Ferritin (ng/mL)
	587 (265-1090)
	482 (207-900)
	810 (413.5-1462.5)
	< 0.001

	C reactive protein (mg/L)
	8.4 (3.4-21.4) 
	6.4 (2.5-15.5)
	13.6 (6.6-33.2)
	< 0.001

	Fibrinogen (mg/dL)
	495 (387-622)
	475 (374-579)
	524 (393-653)
	< 0.001

	Lactate(mmol/L)
	1.4 (1.1-2.0) 
	1.3 (1.0-1.7)
	1.6 (1.2-2.3)
	< 0.001

	Cardiac markers: median (IQR)

	Cardiac troponin I (ng/L)
	0.07 (0.04-0.18)
	0.05 (0.03-0.1)
	0.09 (0.05-0.27)
	< 0.001

	Lactate dehydrogenase (U/L)
	327 (245-460)
	303 (229-411)
	385 (290-533)
	< 0.001


1Based on the World Health Organization disease severity classification.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; IQR: Interquartile range; BMI: Body mass index; Fio2: Fraction of inspired oxygen; HIV/AIDS: Human immunodeficiency virus/acquired immunodeficiency síndrome; HT: Hypertension; CKD: Chronic kidney disease; ALT: Alanine aminotransferases; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; T-Bil: Total bilirubin; PT: Prothrombin time; INR: International normalized ratio; APTT: Activated partial thromboplastin time; ULN: Upper limit of normal.

Table 2 In-hospital management and outcomes of patients with a positive test for severe acute respiratory syndrome coronavirus-2
	Characteristics
	All patients (n = 3830)
	Non-severe1 (n = 2476)
	Severe1 (n = 1354)
	P value

	Respiratory support, n (%)

	Non-rebreathing oxygen face mask
	3147 (82.2)
	1821 (73.5)
	1326 (97.9)
	< 0.001

	High-flow nasal cannula oxygen therapy
	843 (22)
	18 (0.7)
	825 (60.9)
	< 0.001

	Pharmacological treatment, n (%)

	NSAIDs
	3303 (86.2)
	2107 (85.1)
	1196 (88.3)
	0.005

	Antiviral therapy
	192 (5)
	106 (4.3)
	86 (6.4)
	0.005

	Antibacterial therapy
	2649 (69.2)
	1483 (59.9)
	1166 (86.1)
	< 0.001

	Antifungal therapy
	234 (6.1)
	59 (2.4)
	175 (12.9)
	< 0.001

	Azithromycin
	947 (24.7)
	530 (21.4)
	417 (30.8)
	< 0.001

	Hydroxychloroquine
	423 (11)
	239 (9.7)
	184 (13.6)
	< 0.001

	Oseltamivir
	10 (0.3)
	4 (0.2)
	6 (0.4)
	0.10

	Remdesivir
	1303 (34)
	741 (29.9)
	562 (41.5)
	< 0.001

	Vitamin D
	391 (10.2)
	227 (9.2)
	164 (12.1)
	0.004

	Statins
	1457 (38)
	865 (34.9)
	592 (43.7)
	< 0.001

	ACE inhibitors
	378 (9.9)
	215 (8.7)
	163 (12)
	< 0.001

	ARB inhibitors
	414 (10.8)
	246 (9.9)
	168 (12.4)
	0.018

	Immunomodulatory therapy, n (%)

	Dexamethasone
	1560 (40.7)
	881 (35.6)
	679 (50.1)
	< 0.001

	Tocilizumab
	95 (2.5)
	3 (0.1%)
	92 (6.8)
	< 0.001

	Advanced therapies, n (%)

	Vasopressors
	587 (15.3)
	2 (0.1)
	585 (43.2)
	< 0.001

	Renal replacement therapy/dialysis
	188 (4.9 )
	6 (0.2)
	182 (13.4)
	< 0.001

	Clinical outcome, n (%)

	Discharged alive from hospital
	3138 (87.2)
	2372 (100)
	766 (62.4)
	< 0.001

	Median length of hospital stay (IQR)
	6.3 (3.4-12.1)
	4.8 (2.8-7.7)
	12.3 (7.1-22.3)
	< 0.001


1Based on the World Health Organization disease severity classification.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus; IQR: Interquartile range; NSAIDs: Nonsteroidal anti-inflammatory drugs; ACE: Angiotensin-converting enzyme; ARB: Angiotensin II receptor blockers.

Table 3 Major outcome as the need for mechanical ventilation and mortality among patients with a positive test for severe acute respiratory syndrome coronavirus-2
	Liver function test
	No mechanical ventilation (n = 3205)
	Mechanical ventilation (n = 625)
	P value
	Survivor (n = 3369)
	Non-survivors (n = 461)
	P value

	Age in yr, median (IQR)
	63.8 (48.4-77.7)
	66.3 (54.9-75.2)
	0.030
	62.3 (47.7-74.7)
	78.1 (66.9-87.6)
	< 0.001

	Comorbidities, n (%)
	
	
	

	Chronic liver disease
	385 (12)
	80 (12.8)
	0.58
	419 (12.4)
	46 (10)
	0.13

	Cardiovascular disease
	
	
	
	
	
	

	Congestive heart failure
	662 (20.7)
	207 (33.1)
	< 0.001
	693 (20.6)
	176 (38.2)
	< 0.001

	HT without complications
	2112 (65.9)
	463 (74.1)
	< 0.001
	2214 (65.7)
	361 (78.3)
	< 0.001

	HT with complications
	1059 (33)
	288 (46.1)
	< 0.001
	1097 (32.6)
	250 (54.2)
	< 0.001

	Diabetes
	
	
	
	
	
	

	Diabetes without complications
	1161 (36.2)
	298 (47.7)
	< 0.001
	1269 (37.7)
	190 (41.2)
	0.14

	Diabetes with complications
	979 (30.5)
	291 (46.6)
	< 0.001
	1076 (31.9)
	194 (42.1)
	< 0.001

	Chronic respiratory disease
	865 (27)
	200 (32)
	0.011
	910 (27)
	155 (33.6)
	0.03

	Chronic neurological disease 
	810 (25.3)
	223 (35.7)
	< 0.001
	835 (24.8)
	198 (43)
	< 0.001

	CKD of any stage
	764 (23.8)
	209 (33.4)
	< 0.001
	787 (23.4)
	186 (40.3)
	< 0.001

	Anemia
	1281 (40)
	374 (59.8)
	< 0.001
	1379 (40.9)
	276 (59.9)
	< 0.001

	ALT, median (IQR)
	27 (18-46)
	33 (21-54)
	< 0.001
	28 (18-47)
	27 (17-45)
	0.28

	Normal, n (%)
	1055 (32.9)
	77 (12.3)
	
	1011 (30)
	121 (26.2)
	

	1-2 ULN, n (%)
	1065 (33.2)
	160 (25.6)
	< 0.001
	1090 (32.4)
	135 (29.3)
	< 0.001

	> 2-5 ULN, n (%)
	786 (24.5)
	223 (35.7)
	
	902 (26.8)
	107 (23.2)
	

	> 5 ULN, n (%)
	299 (9.3)
	165 (26.4)
	
	366 (10.9)
	98 (21.3)
	

	AST, median (IQR)
	35 (24-54)
	44.5 (31-70)
	< 0.001
	35 (25 -54)
	45 (29 -71)
	< 0.001

	Normal, n (%)
	1794 (58.3)
	252 (41.7)
	
	1856 (57.2)
	190 (43.5)
	

	1-2 ULN, n (%)
	946 (30.7)
	241 (39.9)
	< 0.001
	1023 (31.5)
	164 (37.5)
	< 0.001

	> 2-5 ULN, n (%)
	283 (9.2)
	78 (12.9)
	
	300 (9.2%)
	61 (14.0)
	

	> 5 ULN, < 0.001 (%)
	56 (1.8)
	33 (5.5)
	
	67 (2.1%)
	22 (5)
	

	Bilirubin, median (IQR)
	0.5 (0.3-0.6)
	0.5 (0.4-0.7)
	< 0.001
	0.5 (0.3-0.6)
	0.5 (0.4-0.8)
	< 0.001

	Normal, n (%)
	2943 (94.7)
	553 (90.8)
	
	3102 (94.9)
	394 (88.1)
	

	1-2 ULN, n (%)
	133 (4.3)
	44 (7.2)
	< 0.001
	135 (4.1)
	42 (9.4)
	< 0.001

	> 2-5 ULN, n (%)
	23 (0.7)
	11 (1.8)
	
	26 (0.8)
	8 (1.8)
	

	> 5 ULN, n (%)
	9 (0.3)
	1 (0.2)
	
	7 (0.2)
	3 (0.7)
	

	ALP, median (IQR))
	77 (61-101)
	80 (62-110)
	0.062
	77 (61-100)
	87 (64-118)
	< 0.001

	Normal, n (%)
	2686 (84.5)
	497 (80.7)
	
	2837 (85)
	346 (75.7)
	

	1-2 ULN, n (%)
	420 (13.2)
	105 (17)
	0.091
	435 (13)
	90 (19.7)
	< 0.001

	> 2-5 ULN, n (%)
	65 (2)
	13 (2.1)
	
	58 (1.7)
	20 (4.4)
	

	> 5 ULN, n (%)
	7 (0.2)
	1 (0.2)
	
	7 (0.2)
	1 (0.2)
	

	GGT, median (IQR)
	116 (56-199)
	144.5 (106-235.5)
	0.483
	117 (56-199)
	180 (116.5-447.5)
	0.28


SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; IQR: Interquartile range; HT: Hypertension; CKD: Chronic kidney disease; ALT: Alanine aminotransferases; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; T-Bil: Total bilirubin; ULN: Upper limit of normal.

Table 4 Multivariable Cox proportional hazards model for outcomes among hospitalized patients with a positive test for severe acute respiratory syndrome coronavirus-2
	Clinical predictors
	Mechanical ventilation1
	Mortality1

	
	Multivariable HR (95%CI)
	P value
	Multivariable HR (95%CI)
	P value

	Age
	1.00 (0.99-1.01)
	0.553
	1.04 (1.03-1.05)
	< 0.001

	Male gender
	1.19 (0.99-1.43)
	0.067
	1.11 (0.90-1.37)
	0.338

	Overweight
	0.93 (0.73-1.19)
	0.577
	0.75 (0.59-0.97)
	0.030

	Obesity
	0.94 (0.74-1.19)
	0.609
	0.58 (0.44-0.77)
	< 0.001

	Liver diseases
	0.84 (0.65-1.09)
	0.198
	0.78 (0.55-1.11)
	0.164

	Chronic respiratory disease
	1.15 (0.95-1.38)
	0.156
	1.16 (0.94-1.45)
	0.167

	HT without complications
	0.85 (0.68-1.06)
	0.152
	0.68 (0.53-0.89)
	0.005

	HT with complications
	1.29 (1.01-1.66)
	0.045
	1.06 (0.78-1.430)
	0.727

	Congestive heart failure
	0.78 (0.64-0.95)
	0.014
	1.00 (0.80-1.25)
	0.987

	Chronic neurological disease
	0.78 (0.65-0.95)
	0.012
	1.44 (1.18-1.76)
	< 0.001

	Chronic kidney disease
	0.94 (0.76-1.15)
	0.535
	1.55 (1.26-1.88)
	< 0.001

	ALT
	1.00 (1.00-1.00)
	0.420
	1.00(1.00 - 1.00)
	0.892

	ALP
	1.00 (1.00-1.00)
	0.916
	1.02 (1.02-1.03)
	< 0.001

	AST
	1.00 (1.00-1.00)
	0.003
	1.00 (1.00-1.01)
	< 0.001

	T-Bil
	1.06 (0.99-1.14)
	0.008
	1.21 (1.14-1.28)
	< 0.001

	Albumin
	0.87 (0.76-1.01)
	0.071
	0.84 (0.71-1.01)
	0.057

	INR
	0.91 (0.77-1.09)
	0.312
	1.12 (0.99-1.26)
	0.071

	PT
	1.00 (0.98-1.02)
	0.814
	1.03 (1.02-1.05)
	< 0.001

	Neutrophil
	1.00 (1.00-1.00)
	0.858
	1.00 (1.00-1.01)
	0.008

	BUN
	1.01 (1.00-1.01)
	< 0.001
	1.01 (1.01-1.02)
	< 0.001

	Creatinine
	1.07 (1.02-1.13)
	0.007
	1.16 (1.11-1.22)
	< 0.001

	Interleukin-6
	1.00 (1.00-1.00)
	< 0.001
	1.00 (1.00-1.00)
	< 0.001

	CRP
	1.02 (1.01-1.03)
	0.001
	1.04 (1.03-1.05)
	< 0.001

	Ferritin
	1.00 (1.00-1.00)
	0.002
	1.00 (1.00-1.00)
	0.001

	D-Dimer
	1.00 (0.98-1.02)
	0.721
	1.03 (1.01-1.05)
	0.004

	LDH
	1.00 (1.00-1.00)
	0.063
	1.00 (1.00-1.01)
	< 0.001


[bookmark: _Hlk67482053]1Age, gender, ethnicity, race, body mass index, and all the preexisting comorbidities were adjusted as confounders in the Multivariable Cox proportional hazards model.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; HT: Hypertension; ALT: Alanine aminotransferases; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; AST: Aspartate aminotransferase; T-Bil: Total bilirubin; INR: International normalized ratio; BUN: Blood urea nitrogen; PT: Prothrombin time; CRP: C-reactive protein; LDH: Lactate Dehydrogenase; HR:Hazard ratio; CI: Confidence interval.

Table 5 Association of abnormal liver chemistries and mortality in patients with a positive test for severe acute respiratory syndrome coronavirus-2
	Parameters
	Unadjusted, Cox regression
	Adjusted1, Cox regression
	Log-rank test

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	P value

	ALT, Abnormality type
	

	Normal,
	Reference
	
	Reference
	
	

	1-2 ULN
	0.83 (0.65-1.07)
	0.146
	0.95 (0.72-1.25)
	0.719
	< 0.001

	> 2-5 ULN
	0.52 (0.40-0.68)
	< 0.001
	0.68 (0.53-0.92)
	0.013
	

	> 5 ULN
	0.84 (0.64-1.11)
	0.219
	1.31 (0.98-1.79)
	0.092
	

	AST, Abnormality type
	

	Normal
	Reference
	
	Reference
	
	

	1-2 ULN
	1.16 (0.94-1.43)
	0.169
	1.07 (0.84-1.35)
	0.584
	0.001

	> 2-5 ULN
	1.48 (1.11-1.98)
	0.008
	1.49 (1.06-2.10)
	0.021
	

	> 5 ULN
	2.13 (1.37-3.32)
	0.001
	2.19 (1.27-3.76)
	0.005
	

	Bilirubin, Abnormality type
	

	Normal
	Reference
	
	Reference
	
	

	1-2 ULN
	1.74 (1.27-2.40)
	0.001
	1.58 (1.04-2.22)
	0.032
	< 0.001

	> 2-5 ULN
	2.49 (1.24-5.02)
	0.011
	6.00 (2.90-12.41)
	< 0.001
	

	> 5 ULN
	2.78 (0.89-8.65)
	0.078
	7.86 (1.88-32.96)
	0.005
	

	ALP, Abnormality type
	

	Normal
	Reference
	
	Reference
	
	

	1-2 ULN
	1.52 (1.20-1.92)
	< 0.001
	1.42 (1.09-1.86)
	0.009
	0.001

	> 2-5 ULN
	2.13 (1.36-3.35)
	0.001
	1.81 (1.05-3.10)
	0.032
	

	> 5 ULN
	1.05 (0.15-7.45)
	0.964
	1.84 (0.25-13.38)
	0.547
	


1Age, gender, ethnicity, race, body mass index, and all the preexisting comorbidities were adjusted as confounders in the Multivariable Cox proportional hazards model.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; ALT: Alanine aminotransferases; AST: Aspartate aminotransferase; T-Bil: Total bilirubin; ALP: Alkaline phosphatase; HR: Hazard ratio; CI: Confidence interval; ULN: Upper limit of normal.
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