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Objectives: The coronavirus disease (COVID-19) pandemic has caused a large number of deaths. Some patients with severe or critical COVID-19 have been observed to have elevated bilirubin levels. Studies on the association of bilirubin level and mortality in patients with COVID-19 are limited. This study aimed to examine the role of bilirubin levels in COVID-19 severity and mortality.

Methods: A retrospective cohort study was conducted in patients hospitalized with COVID-19 in Leishenshan Hospital in Wuhan, China. Cox regression analyses and logistic regression analyses were conducted to investigate the risks for mortality and disease severity, respectively. Kaplan–Meier analyses with log-rank tests were performed to assess the association between bilirubin level and survival.

Results: In total, 1,788 patients with COVID-19 were included in the analysis. 5.8% (4/69) of patients in the elevated serum total bilirubin (STB) group died, compared to 0.6% (11/1,719) of patients in the non-elevated STB group. The median alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities in the elevated STB group were 29 U/L [interquartile range (IQR): 16–45 U/L] and 22 U/L (IQR: 13–37 U /L), respectively, which were significantly higher than the median ALT (median: 23, IQR: 15–37) and AST (median: 20, IQR: 16–26) activities in the non-elevated STB group (both p < 0.05). Patients with an elevated STB level showed increased mortality [hazard ratio (HR): 9.45, P = 0.002], elevated conjugated bilirubin (CB) levels (HR: 4.38, P = 0.03), and an elevated ratio of CB to unconjugated bilirubin (UCB, CB/UCB) (HR: 2.49, P = 0.01). CB/UCB was positively correlated with disease severity (odds ratio: 2.21, P = 0.01).

Conclusions: COVID-19 patients with elevated STB and CB levels had a higher mortality, and CB/UCB was predictive of disease severity and mortality. Thus, it is necessary to pay special attention to COVID-19 patients with elevated bilirubin levels in clinical management.
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INTRODUCTION

In December 2019, coronavirus disease (COVID-19), caused by severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2), emerged in Wuhan, China (1, 2). Soon thereafter, it became a pandemic. More than 200 countries and territories have reported confirmed cases. However, there are currently no specific drugs for treatment. As of October 10, 2020, over 36 million people had been infected with SARS-CoV-2 and over one million people had died of COVID-19 worldwide (3).

Lungs are recognized as the primary target organs for COVID-19 (4). However, COVID- 19 patients frequently show evidence of damage to other organs. Furthermore, those with pre-existing liver disease or newly occurred evidence of liver injury have an increased likelihood of a poor prognosis (5, 6). A number of studies have suggested that liver disease is one of the most common comorbidities of COVID-19 patients and a number of patients infected with SARS-CoV-2 can develop different degrees of liver injury (7, 8). To monitor liver damage, bilirubin levels are a universally accepted marker.

Most studies on COVID-19 are descriptive and focus on its epidemiological and clinical characteristics (9–11). Studies on the risk factors associated with mortality in patients with COVID-19 are controversial. Elevation of bilirubin levels has been observed in some COVID-19 patients with severe or critical disease. Previous studies have proposed a link between bilirubin levels and disease severity, but they have had relatively small sample sizes and have not explored the relationship between bilirubin levels and the survival of patients with COVID-19 (8, 12, 13). Therefore, we aimed to determine the association between bilirubin levels and disease severity and mortality in patients with COVID-19 based on a large sample.



PATIENTS AND METHODS


Setting

The Leishenshan Hospital, Wuhan, China, was rapidly built as a designated hospital for patients with COVID-19. The hospital contains 1600 beds. On February 8, 2020, the Leishenshan Hospital treated its first patients. By April 15, 2020, it had served its purpose and was officially closed. During the time that it was in operation, a total of 1,880 patients with confirmed COVID-19 were admitted.



Study Design and Participants

This retrospective study was approved by the Research Ethics Commission of Zhongnan Hospital of Wuhan University (No. 2020074), and considering the rapid spread of COVID-19, the requirement for patient consent was waived by the ethics commission. Patients without data on serum total bilirubin (STB) levels were excluded. We included 1,788 patients: 1,785 patients admitted from February 8 to March 18 and 3 patients with a missing admission date. The follow-up period lasted until April 14, 2020.



Data Collection

We obtained patient information including that of demographic and clinical characteristics, laboratory findings, computed tomography (CT) images, clinical management, and outcomes from the electronic medical record system. All information was typed in a pre-designed data collection form. All data were independently examined by three investigators to ensure data accuracy.



Definitions

Patients enrolled were divided into elevated STB group and non-elevated STB group according to their STB levels on admission. The reference range for the physiological STB concentration was 5–21 μmol/L. The cut-point was the upper limit of reference range. We regarded the survival (alive or dead) and disease severity of patients with COVID-19 as the primary outcome variables. Disease severity was classified as Mild, Common, Severe, or Critical based on the seventh version of the guidelines for the diagnosis and treatment of COVID-19 published by the National Health Commission of China (14). Mild disease was characterized by mild clinical symptoms with no findings of pneumonia on imaging. Common disease was characterized by fever, respiratory symptoms, and other symptoms, with signs of pneumonia revealed on imaging. Severe disease was characterized by the presence of any one of the following factors: (1) shortness of breath or a respiratory rate of ≥30 beat per minute (BPM); (2) oxygen saturation of ≤ 93% at rest; (3) arterial partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) ≤ 300 mmHg; and (4) a lesion that has progressed by more than 50% within 24–48 h as seen on pulmonary imaging. Critical disease was characterized by the presence of any one of the following factors: (1) respiratory failure requiring mechanical ventilation; (2) shock state; and (3) organ failure requiring intensive care. In one patient, the highest level of severity at hospitalization was mild disease; thus, we classified the patient as having both mild and common disease. CT findings were also a vital outcome in our study. Two experienced radiologists assessed all chest CT images and reached a consistent rating after discussion. In the early stage, chest CT images mainly showed ground-glass opacities (GGO) and reticulation or cord changes. Consolidation was a manifestation observed in the progression stage, and pleural effusion was rarely observed (15). Score 1 was calculated according to whether the CT images showed GGO, reticulation or cord changes, consolidation, and pleural effusion. One point was assigned for each presentation, and the sum of these points was considered Score 1. The area of lung lobe involvement was reflected by Score 2: no involvement, 0; <25%, 1; 26–50%, 2; 51–75%, 3; and 76–100%, 4. The total score was the sum of scores 1 and 2. The days of CT scores was calculated as the duration from onset to CT scans.



Statistical Analysis

We used median (interquartile range) and frequency (percentage) to present continuous and categorical variables, respectively. To discern the differences in baseline characteristics between the groups with non-elevated STB levels and elevated STB levels, continues variables were analyzed by the Mann-Whitney test and Chi-square test, and Fisher's exact test was adopted for categorical variables accordingly. Univariate and multivariate Cox regression analyses were conducted to investigate the risk of survival and disease severity in patients with COVID-19 according to STB levels. Univariate and multivariate logistic regression analyses were performed to identify the relationship between disease severity and the ratio of conjugated bilirubin to unconjugated bilirubin (CB/UCB). The survival of patients with COVID-19 according to STB status was assessed using Kaplan–Meier analyses and log-rank tests. A receiver operating characteristic (ROC) curve was used to determine the relationship between CB/UCB and disease severity or length of hospitalization. Curve fitting analyses were performed to detect the relationship between days from onset and CT scores. All statistical analyses were performed using SPSS, version 22.0 (IBM Corp., Armonk, NY, United States). Statistical significance was defined using a two-sided P < 0.05.




RESULTS


Participant Baseline Characteristics

This study cohort included 1,788 patients with COVID-19 who were admitted to the Leishenshan Hospital. Among the 1,788 patients, 69 were assigned to the elevated STB group [median age: 56 years, interquartile range (IQR): 46–67 years; 68.1% male] and the remaining 1,719 were assigned to the non-elevated STB group [median age: 59 (IQR: 49–68) years; 47.7% male]. The demographic and clinical features are shown in Table 1. The elevated STB group included a higher proportion of patients who required tracheal intubation and extracorporeal membrane oxygenation (ECMO) than the STB normal or decreased group (P < 0.001). Moreover, the elevated STB group also had a higher rate of critical disease (P = 0.04). Laboratory testing results are shown in Table 2. Levels of interleukin-6, procalcitonin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine, and D-dimer and international normalized ratio (INR), prothrombin time, and platelet count all differed significantly according to STB level. The median ALT and AST activities in the elevated STB group were 29 U/L (IQR: 16–45) and 22 (IQR: 13–37), respectively, which were significantly higher than the median activities of ALT (median: 23, IQR: 15–37) and AST (median: 20, IQR: 16–26) in the non-elevated STB group (both p < 0.05). The underlying comorbidities are presented in Table 3. The number of patients with cardiovascular diseases, malignancies, and digestive system diseases was higher in the elevated STB group than in the non-elevated STB group. However, these differences were not statistically significant. Patients with elevated CB levels had significantly high rates of having concurrent cardiovascular diseases (p = 0.01) and digestive system diseases (p = 0.03).


Table 1. Demographic and clinical features of 1,788 patients with COVID-19.
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Table 2. Laboratory results of 1,788 patients with COVID-19.
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Table 3. Comorbidities in 1,788 patients with COVID-19.
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Bilirubin Levels and Mortality

The association between bilirubin level and mortality is shown in Table 4. The elevated STB group had higher CB and UCB levels than the non-elevated STB group (both P < 0.001). Mortality was considerably higher in the elevated STB group (5.8%) than in the non-elevated STB group (0.6%, P < 0.001). Patients with elevated CB levels exhibited a similar result, while no deaths occurred in the elevated UCB group. The dynamic changes after the onset of increased bilirubin levels have been depicted using curve fitting analysis in Supplementary Figure 1.


Table 4. Bilirubin levels and mortality in 1,788 patients with COVID-19.
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Survival Analyses

The Kaplan–Meier analyses revealed that the elevated STB group had significantly higher mortality than the non-elevated STB group (P < 0.001, Figure 1). In the univariate Cox regression analyses, STB levels, CB levels, and CB/UCB were found to be related with COVID-19 survival. After adjusting for age, history of cardiovascular disease, leucocyte count, platelet count, lymphocyte count, and creatinine levels, multivariate Cox regression analysis revealed that patients with elevated STB levels had a significantly higher risk for COVID-19-related mortality [hazard ratio (HR): 9.45, 95% confidence interval (CI): 2.21–40.47, P = 0.002]. Elevated CB (HR: 4.38, 95% CI: 1.78–16.29, P = 0.03) and CB/UCB (HR: 2.49, 95% CI: 1.32–4.71, P = 0.01) were also regarded as potential factors influencing survival. Univariate and multivariate analyses showed that survival did not differ between patients with elevated and non-elevated UCB levels (both P > 0.05). The results are shown in Table 5.


[image: Figure 1]
FIGURE 1. Kaplan–Meier curves for survival in patients with COVID-19 according to elevated serum total bilirubin (STB) levels.



Table 5. Univariate and multivariate Cox regression analyses for mortality in patients with COVID-19.
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Association Between CB/UCB and Disease Severity

In the univariate logistic regression analysis, the risk for critical disease increased with CB/UCB (Table 6). We found a similar trend in multivariate analysis [odds ratio (OR): 2.21, 95% CI: 1.20–4.07, P = 0.01, Table 6). The area under the ROC curve (AUC) of CB/UCB for critical disease was 0.71 (P < 0.001, Figure 2A). Therefore, there was a relation between CB/UCB and critical disease. According to ROC curve analysis, CB/UCB showed a correlation with hospitalization length >30 days (AUC: 0.60, P < 0.001, Figure 2B).


Table 6. Univariate and multivariate logistic regression analysis for critical disease in patients with COVID-19.
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FIGURE 2. Receiver operating characteristic (ROC) curve of CB/UCB for disease severity (A) and hospitalization length (B) in patients with COVID-19.




Evaluation of CT Images

The results of curve fitting analyses are given in Figure 3. The peak of Score 1 was 2.5 on Day 20 for all patients, 2.5 on Day 19 for patients with non-elevated STB levels, and 2.6 on Day 23 for patients with elevated STB levels. Score 2 of all patients reached the peak on Day 14 (Score = 2.4), and the peak for patients with non-elevated STB levels was 2.4 on Day 14. However, Score 2 in patients with elevated STB levels showed a significant delay with regard to the inflection point (2.5 on Day 27). For all patients (4.9) and patients with non-elevated STB levels (4.9), the total score reached the peak on Day 18. Patients with elevated STB levels reached a delayed inflection point (4.9) on Day 27.


[image: Figure 3]
FIGURE 3. Curve fitting analysis for all patients (A–C), the normal or decreased serum total bilirubin (STB) group (D–F) and the elevated STB group (G–I) in patients with COVID-19.





DISCUSSION

Based on our clinical experience during the outbreak of COVID-19, a small group of patients experienced increased bilirubin levels, regardless of the presence of pre-existing liver diseases. Patients with elevated bilirubin tended to have worse prognoses and more severe disease. Therefore, we conducted this study to determine whether bilirubin levels in COVID-19 patients were related to disease progression and prognosis. We found that 5.8% of patients in the elevated STB group died, compared to 0.6% of patients in the normal STB group. In the Cox regression analyses, those with elevated STB levels had a higher risk of mortality (unadjusted and adjusted). Results of the analyses of CB and CB/UCB showed a similar trend. However, UCB levels were not significantly associated with the survival of COVID-19 patients in either the univariate or multivariate Cox regression analyses. Univariate and multivariate logistic regression analyses demonstrated that the risk of critical infection increased with the elevation of CB/UCB. We used ROC curves to confirm the existence of a relationship between CB/UCB and disease severity. The ROC curves also showed a relation between CB/UCB and hospitalization length. Curve fitting analyses revealed that lung involvement progressed initially in all patients and then improved. However, patients with elevated STB levels showed a delay in reaching the turnaround point.

Angiotensin converting enzyme 2 (ACE2) receptor has been discovered to be a necessary entry receptor of SARS-CoV-2 in previous studies, which presents a wide distribution (16, 17). COVID-19 may affect many organs including the liver. SARS-CoV-2, the virus that causes COVID-19, is reported to share 82 and 50% of its genome with SARS-CoV and Middle East respiratory syndrome (MERS)-CoV, respectively. SARS-CoV and MERS-CoV both cause severe respiratory symptoms (18–20). Coincidentally, liver impairment has been reported in up to 60% of patients with SARS and also in patients with MERS (21, 22). Free bilirubin is derived from catabolism of heme, predominantly hemoglobin heme (23). Once produced, free bilirubin quickly binds to albumin, and this complex of free bilirubin bound to albumin in blood is called UCB. Therefore, free bilirubin only represents the fraction of bilirubin that remains unbound to any solubilizing compound in the vascular bed. Then, UCB enters the liver along with the blood stream and is rapidly absorbed by hepatocytes after isolated from albumin. After that, UCB turns into CB in hepatocytes through a sequence of biochemical reactions and CB is excreted into the bile ducts. So, an elevated CB level can be an important manifestation of liver injury.

Gong et al. demonstrated that patients with severe COVID-19 tended to have higher bilirubin levels. In another study, Wang et al. found a significantly higher level of bilirubin in intensive care unit (ICU) patients with COVID-19 than in non-ICU patients. Their results were consistent with our findings. An elevated bilirubin level is regarded as a vital marker of altered liver function, indicating liver damage. Chai et al. (24) demonstrated that the expression of ACE2 receptors in bile duct epithelial cells was relatively high and even equivalent to that in alveolar type II cells. However, hepatocytes may express ACE2 receptors at only one-twentieth the concentration found in bile duct epithelial cells. These findings suggest that epithelial cell damage in the bile duct may represent another mechanism of liver tissue injury, besides the direct infection of hepatocytes by SARS-CoV-2.

Due to the metabolic pathway of bilirubin, elevated UCB is common in hemolytic disease while elevated CB is usually related to damage to hepatocytes. Elevation of CB/UCB may indicate acute hepatitis. Thus, it is understandable that elevated STB levels, CB levels, and CB/UCB are associated with disease progression and prognosis. However, an increased UCB concentration is not only a marker of hemolysis but may also indicate a disorder of the bilirubin metabolism within the liver tissue. This parameter is probably associated with disease progression, but we did not obtain statistically significant results for the association between UCB concentration and COVID-19 survival. Further studies may be needed in this regard.

The study has several limitations. First, although 1,788 patients were enrolled in the study, there were only 69 patients in the elevated STB group. Second, some medical data which available in some patients and missing in other patients may exist some contrary effect on our primary outcomes. Third, owing to the retrospective nature of the study, we could not avoid sample heterogeneity and some parameters associated with disease prognosis were not recorded in the medical record system. Fourth, absence of data on cholestatic enzymes and data on pre-hospitalization bilirubin was a great pity. Fifth, only 4 patients died in the elevated STB group, thus the number is low and further larger epidemiological studies are required. Finally, Gilbert syndrome, known as a common genetic unconjugated bilirubinemia, may confound the possible association of bilirubin and severity of COVID-19 disease. Therefore, more attention should be focused on this issue in the future, and multicenter studies with a bigger sample is needed. Moreover, continuously monitoring to the changes of bilirubin levels may be of great value.

In conclusion, elevated STB levels, CB levels, and CB/UCB were associated with a higher risk of COVID-19 mortality. Moreover, CB/UCB was associated with disease severity and length of hospitalization; thus, it may be useful as a prognostic indicator. Patients with elevated STB levels tended to have more severe pneumonia and took longer to recover than patients with normal STB; thus, it is necessary to pay special attention to COVID-19 patients with elevated bilirubin levels in clinical management.
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