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Background and Aims: We investigated the association between liver fibrosis scores and clinical outcomes in patients with COVID-19.

Methods: We performed a post-hoc analysis among patients with COVID-19 from the trial study Outcomes Related to COVID-19 treated with Hydroxychloroquine among Inpatients with symptomatic Disease (ORCHID) trial. The relationship between aspartate aminotransferase (AST) to platelet ratio index (APRI), non-alcoholic fatty liver disease fibrosis score (NFS), Fibrosis-4 index (FIB-4), and discharge and death during the 28-days of hospitalization was investigated.

Results: During the 28 days after randomization, 237 (80.6%) patients were discharged while 31 (10.5%) died among the 294 patients with COVID-19. The prevalence for advanced fibrosis was estimated to be 34, 21.8, and 37.8% for FIB-4 (>2.67), APRI (>1), and NFS (>0.676), respectively. In multivariate analysis, FIB-4 >2.67 [28-days discharge: hazard ratio (HR): 0.62; 95% CI: 0.46–0.84; 28-days mortality: HR: 5.13; 95% CI: 2.18–12.07], APRI >1 (28-days discharge: HR: 0.62; 95% CI: 0.44–0.87; 28-days mortality: HR: 2.85, 95% CI: 1.35–6.03), and NFS >0.676 (28-days discharge: HR: 0.5; 95% CI: 0.35–0.69; 28-days mortality: HR: 4.17; 95% CI: 1.62–10.72) was found to significantly reduce the discharge rate and increase the risk of death. Additionally, FIB-4, APRI, and NFS were found to have good predictive ability and calibration performance for 28-day death (C-index: 0.74 for FIB-4, 0.657 for APRI, and 0.745 for NFS) and discharge (C-index: 0.649 for FIB-4, 0.605 for APRI, and 0.685 for NFS).

Conclusion: In hospitalized patients with COVID-19, FIB-4, APRI, and NFS may be good predictors for death and discharge within 28 days. The link between liver fibrosis and the natural history of COVID-19 should be further investigated.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19 is an infectious disease caused by a novel beta coronavirus belonging to the sarbecovirus subgenus of the Coronavirus family, namely respiratory syndrome coronavirus 2 (SARS-CoV-2) (1). COVID-19 can cause severe multisystem complications and has led to over 4 million deaths worldwide as of 29 June 2021 (2). COVID-19 is more than respiratory disease, it is a systemic infection that affects the gastrointestinal tract, heart, cardiovascular system, kidneys, and other organs (3).

Increasing evidence has suggested that liver injury is one of the most common complications of COVID-19 (1) due to the hepatotropism of SARS-CoV-2 and has been significantly associated with an increased risk of developing severe COVID-19 disease and death (2, 3). Furthermore, patients with chronic liver diseases, such as non-alcoholic fatty liver disease (NAFLD), were more prone to develop liver injury after COVID-19 infection (4). Advanced liver fibrosis is the primary determinant of progression from less malignant liver diseases to cirrhosis and liver failure. In recent years, several simple non-invasive indices (e.g., Fibrosis-4 index [FIB-4], AST to platelet ratio index [APRI], NAFLD fibrosis score [NFS]) were developed to distinguish the severity of fibrosis. These indices have good performance and have shown to be strong predictors for all-cause death in the general population or individuals with chronic liver diseases (4–8). Furthermore, markers of liver fibrosis scores, such as aspartate aminotransferase (AST) and alanine aminotransferase ratio (ALT), were significantly associated with adverse outcomes in patients with COVID-19 (2, 6). However, the association between FIB-4, APRI, or NFS and hospital discharge or death in patients with COVID-19 is unknown. Therefore, we performed a post-hoc analysis to determine the association of liver fibrosis scores on clinical outcomes in patients with COVID-19 based on the dataset from Outcomes Related to COVID-19 Treated With Hydroxychloroquine Among Inpatients With Symptomatic Disease (ORCHID) trial, which is a blinded, placebo-controlled randomized trial conducted across 34 hospitals in the US.



METHODS

The reporting of the research followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (9).


Data Source

This is a post-hoc analysis of the ORCHID trial (10). The main results of this trial have been published (11). Briefly, ORCHID is a multicenter, blinded, randomized clinical trial that compared hydroxychloroquine with placebo on the clinical status of hospitalized patients with moderate and severe COVID-19. The trial included 479 hospitalized patients with COVID-19 across 43 hospitals in the US between 2 April 2020 and 19 June 2020. The inclusion criteria were as follows: (1) adults hospitalized with COVID-19 <48 h with laboratory-confirmed SARS-CoV-2 positivity; (2) symptoms of respiratory illness for <10 days. The main exclusion criteria were treatment with hydroxychloroquine or chloroquine or medications that prolong the QTC interval to > 500 ms within 10 days of hospitalization. The primary outcome was clinical status during 14 days after randomization as assessed with the 7-category ordinal scale (the COVID Outcomes Scale) recommended by the WHO. The second outcome was the COVID Outcomes Scale and the clinical outcomes [including 14- and 28-day death, an Extra Corporeal Membrane Oxygenation (ECMO) event, or intensive care unit (ICU) admission]. Patients were followed up for death until 28 days, following hydroxychloroquine randomization using in-hospital records and telephone follow-up after discharge. The Prevention and Early Treatment of Acute Lung Injury Clinical Trials Network Clinical Coordinating Center reviewed all the information to ensure data quality. A central institutional review board at Vanderbilt University Medical Center approved the ORCHID. Informed consent for participation was obtained from the patients or legally authorized representatives. Notably, the investigators of the randomized controlled trials (RCTs) were not involved in this study. After excluding patients with lost to follow-up and missing baseline characteristics, finally, 294 patients were included in this study for FIB-4 and APRI. Specifically, in the assessment of NFS, there were 262 patients included.



Assessment of Liver Fibrosis

Liver fibrosis scores were computed using the following formulas (12, 13):

Fibrosis-4: [age (years) × AST (U/L)]/[platelet (×109/L) × ALT (U/L)].

NAFLD fibrosis score: −1.675+0.037 × age (years) +0.094 × body mass index (BMI) (kg/m2) +1.13 × diabetes (yes = 1, no = 0) +0.99 × AST [U/L]/ALT [U/L]−0.013 × platelet (109/L)−0.66 × albumin (g/dL).

APRI: [AST (U/L)/upper limit of normal*100]/platelet (×109/L) ratio.

To be specific, in order to minimize the overestimation of predicted advanced fibrosis, patients belonging to the intermediate above scores category were considered negative control (reference). Therefore, the following cutoffs were used: FIB-4 (2.67), APRI (1), and NFS (0.676).



Outcomes

The outcomes were defined as 28-days all-cause death and 28-days discharge through post-randomization. The detailed definitions of these outcomes can be found in the previous report (11).



Covariates

Potential confounders at baseline were collected, including demographics (age, sex, and race), comorbidities (BMI, hypertension, diabetes, chronic kidney disease, coronary artery disease, and chronic obstructive pulmonary disease), laboratory measurements (white blood cell count, platelet count, creatinine, AST, and ALT), duration of symptoms at baseline, Sequential Organ Failure Assessment (SOFA) score at enrollment, symptoms of acute respiratory infection (shortness of breath, cough, and fever), chronic medication history (angiotensin-converting-enzyme inhibitor, angiotensin II receptor blocker, and corticosteroids), and inpatient treatments (e.g., corticosteroid, tocilizumab, and azithromycin).

Chronic liver disease includes chronic hepatitis without portal hypertension and cirrhosis with portal hypertension or variceal bleeding.



Statistical Analysis

Continuous variables were expressed as the means with SDs (normal distribution) or medians with interquartile ranges (IQRs; non-normal distribution). The differences between groups for continuous variables were compared using the unpaired Student's t-test (normal distribution) or Wilcoxon-Mann-Whitney tests (non-normal distribution). Categorical variables, which were reported as counts and percentages, were compared between groups using the χ2 test. For non-normally distributed categorical variables, the Kruskal-Wallis test was used. Survival analysis was performed using Kaplan–Meier estimates tested by the log-rank method. Cox proportional hazards models were used to calculate the adjusted risk estimates [i.e., hazard ratios (HRs) and their CIs]. The selection of adjusted covariates in the multivariable models was based on the backward stepwise method with a significance level of <0.1, including all the baseline factors. We evaluated the discriminatory abilities of the liver fibrosis scores for predicting outcomes using the C-index calculated by the area under the receiver operating characteristic curve. For internal model and score validation, we used k-fold in 10-fold cross-validation with repeating 200 times in the original sample. All statistical analyses were performed using SPSS Statistics version 26 (IBM Corp., Armonk, N.Y., USA) and R version 4.0.3 software (The R development Core Team). A two-sided p-value < 0.05 was considered statistically significant.



Supplementary Analysis

To evaluate the robustness of the findings, we conducted a sensitivity analysis by (1) extending the definition of 28-day death to in-hospital death; (2) excluding the patients with pre-existing chronic liver diseases at baseline; (3) using a competing model, in which the death was defined as a competing event.




RESULTS


Baseline Characteristics

Among the 294 hospitalized patients with respiratory illness from COVID-19, 2.4% (7/294) had chronic liver diseases, which included chronic hepatitis and cirrhosis. Advanced liver fibrosis assessed using FIB-4, APRI, and NFS was 34, 21.8, and 37.8%, respectively. The mean age was 56.5 years (SD: 15.6), with a lower proportion of women (40.1%). The most frequent comorbidities were hypertension (51.7%), diabetes mellitus (36.4%), and obesity (23%). The baseline characteristics of the patients with COVID-19 grouped by FIB-4, APRI, and NFS are shown in Table 1.


Table 1. Baseline characteristics of included patients stratified by FIB-4, APRI, and NFS.
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The associations of individual components for FIB-4 (age, AST, ALT, and platelet), APRI (AST and platelet), and NFS (age, BMI, diabetes, AST, ALT, platelet, and albumin) scores with hospital discharge and death through the 28-days are presented in Supplementary Material S1.



Association of FIB-4 Scores With Clinical Outcomes in Patients With COVID-19

Individual components of FIB-4 (age, AST, ALT, and platelet) in patients with FIB-4 >2.67 were significantly higher compared to the FIB-4 ≤ 2.67 group. Compared to the FIB-4 ≤ 2.67 group, patients with FIB-4 >2.67 had a higher frequency of hypertension, coronary artery disease, moderate to severe kidney disease, congestive heart failure, higher respiratory SOFA scores, lower white blood cell counts, and more usage of corticosteroids at home (Table 1).

During the 28 days after randomization, 80.6% (237) patients were discharged and 10.5% (31) died. As shown in Figure 1, the K-M curves showed that patients with FIB-4 >2.67 had a lower hospital discharge and higher death rate during the 28-days (P for log-rank test < 0.001) compared to patients with FIB-4 ≤ 2.67. In multivariate analysis, patients with FIB-4 >2.67 were associated with a reduced discharge rate (HR: 0.62, 95% CI: 0.46–0.84) and an increased risk of death (FIB-4 >2.67: HR: 5.13; 95% CI: 2.18–12.07) after full adjustment. When FIB-4 was analyzed as a continuous variable, the results were not statistically significant after full adjustment (28 days discharge: HR: 0.98, 95% CI: 0.95–1.01; 28 days death: HR: 1.02, 95% CI: 1–1.05) (Tables 2, 3).


[image: Figure 1]
FIGURE 1. K-M Survival curves for 28-days discharge and 28-days mortality stratified by FIB-4, APRI, and NFS in patients with COVID-19. (A,D): FIB-4; (B,E): APRI; (C,F): NFS. FIB-4, Fibrosis-4; APRI, Aspartate Aminotransferase -to-platelet ratio index; NFS, NAFLD fibrosis score.



Table 2. The association between Fibrosis scores and 28-days hospital discharge in patients with COVID-19.
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Table 3. The association between Fibrosis scores and 28-days mortality in patients with COVID-19.
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Association of APRI Scores With Clinical Outcomes in Patients With COVID-19

Components of APRI scores included AST, platelet scores, ALT, and higher respiratory SOFA scores. Compared to patients with APRI ≤ 1, patients with APRI >1 had lower hospital discharges and higher death rates (P for log-rank test < 0.001) (Table 1). In multivariate analysis, patients with APRI >1 had lower hospital discharges (HR: 0.62, 95% CI: 0.44–0.87) and higher deaths (HR: 2.85; 95% CI: 1.35–6.03) through the 28-days after full adjustment. In continuous analysis, there was no significant association between APRI and clinical outcomes after full adjustment (28 days discharge: HR: 0.96, 95% CI: 0.89–1.04; 28 days death: HR: 1.08, 95% CI: 0.98–1.19) (Tables 2, 3).



Association of NFS Scores With Clinical Outcomes in Patients With COVID-19

Age, BMI, diabetes, AST, ALT, platelet, and albumin were significantly higher in patients with NFS >0.676 compared to patients with NFS ≤ 0.676 (Table 1). Patients with NFS >0.676 were more likely to have chronic health conditions, lower systolic blood pressure, and received more corticosteroids treatment compared to patients with NFS ≤ 0.676.

Among the 262 patients, 210 (80.2%) patients were discharged and 28 (10.7%) died during the 28-days. Compared to patients with NFS ≤ 0.676, patients with NFS >0.676 had a lower hospital discharge and higher death rate (P for log-rank test < 0.001). After full adjustment, patients with NFS >0.676 had a lower discharge rate (HR: 0.5, 95% CI: 0.35–0.69) and an increased death rate (HR: 4.17; 95% CI: 1.62–10.72) (Tables 2, 3). When NFS was analyzed as a continuous variable, a positive association was still observed after full adjustment (28 days discharge: HR: 0.87, 95% CI: 0.35–0.69; 28 days death: HR: 1.28, 95% CI: 1.06–1.55) (Tables 2, 3).



Predictive Ability of ARNI, FIB-4, and NFS Scores in Patients With COVID-19

The C-index for FIB-4, APRI, and NFS scores in predicting 28-days death was 0.74 (95% CI: 0.654–0.825), 0.657 (95% CI: 0.562–0.753), and 0.745 (95% CI: 0.666–0.824), respectively (Figure 2). The performance of FIB-4, APRI, and NFS after internal validation showed a mean C-index of 0.728 (IQR: 0.63–0.829), 0.651(IQR: 0.52–0.783), and 0.72 (0.611–0.833), respectively. Regarding hospital discharge, the C-index for FIB-4, APRI, and NFS scores were 0.649 (95% CI: 0.578–0.719), 0.605 (95% CI: 0.537–0.672), and 0.685 (95% CI: 0.614–0.756), respectively (Supplementary Figure S1). The performance of FIB-4, APRI, and NFS after internal validation showed a mean C-index of 0.649 (IQR: 0.573–0.72), 0.606 (IQR: 0.534–0.667), and 0.688 (IQR: 0.61–0.761), respectively. The calibration curve showed a good agreement between predicted and observed outcomes among all liver fibrosis scores (Figure 3 and Supplementary Figure S2).
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FIGURE 2. The area under curves for predicting the mortality at 28-days. A: FIB-4; B: APRI; C: NFSFIB-4, Fibrosis-4; APRI, Aspartate Aminotransferase -to-platelet ratio index; NFS: NAFLD fibrosis score.
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FIGURE 3. The calibration curve for predicting the mortality at 28-days. (A) FIB-4; (B) APRI; and (C) NFS. FIB-4, Fibrosis-4; APRI, Aspartate Aminotransferase -to-platelet ratio index; NFS, NAFLD fibrosis score.




Supplement Analysis and Sensitive Analysis

For 28-day death, ECMO or death, or for in-hospital death, higher APRI, FIB-4, and NFS scores were associated with adverse outcomes (all P < 0.05) (Supplementary Tables S3, S4). The association between FIB-4, APRI, and NFS was still significant (P < 0.05, data not shown) in sensitive analysis that excluded patients with chronic liver disease or when a competing model was used.




DISCUSSION

Our post-hoc analysis of the ORCHID trial suggested the following results: First, fibrosis scores, including FIB-4 scores, APRI scores, and NFS scores, were significantly associated with a lower discharge rate and an increased death rate in hospitalized patients with COVID-19. Second, all three fibrosis scores had a moderate discriminatory ability for predicting death or discharge during the 28 days. To our best of knowledge, this is the first study that compressively assessed the fibrosis scores and clinical outcomes of patients with COVID-19.

Previous studies have demonstrated that pre-existing chronic liver diseases were an independent predictor of adverse outcomes in patients with COVID-19 (14, 15). In our analysis, we found that non-invasive liver fibrosis scores were positively correlated with adverse outcomes in patients with COVID-19. The proportion of patients with chronic liver disease was 2.4%. However, advanced liver disease ranged from 22 to 37%, which were assessed through liver fibrosis scores. This result was consistent with the view that underlying chronic liver disease may be underestimated in patients infected with SARS-CoV-2. Supporting this, the study of Sterling et al. (16) demonstrated that although the prevalence of known underlying liver diseases was 6%, there was a high percentage (52%) of patients with FIB-4 >2.67. When patients with chronic liver disease were excluded from our analysis, the positive association of liver fibrosis scores and worse prognosis with FIB-4 was still observed in our sensitivity analysis. These results highlighted the value of screening liver fibrosis in patients with COVID-19, even in patients without chronic liver disease. Overall, liver fibrosis scores may be a novel and promising prognostic marker for predicting adverse outcomes in patients with the COVID-19.

However, these non-invasive assessments should be interpreted with caution due to complexities arising from COVID-19 progression. Liver injury is one of the most common complications in patients with COVID-19 (2). Studies have shown that indicators for liver injury (i.e., AST and ALT) are significantly increased during COVID-19 and are important predictors for all-cause death (15). FIB-4 levels have been shown to correlate with SARS-CoV-2 plasma RNA levels and monocyte-associated cytokine levels (17). In addition to the underlying prevalence of chronic liver diseases, patients with higher liver fibrosis scores have been linked with COVID-19 disease pathogenesis and severity (18, 19).


Comparison With the Previous Studies

Previous studies have reported the association between different categories of FIB-4 and outcomes in patients with COVID-19 Supplementary Table S5). Elfeki et al. (20) and Samaniego et al. demonstrated that FIB-4 scores of 1–2.67 were not associated with an increased risk of death. However, Calapod et al. (21) found that moderate FIB-4 scores (1.3–2.67) could predict severe COVID-19. Xiang et al. (22) reported that FIB-4 >1.45 was associated with an increased risk of severe COVID-19. In our analysis, we used a cutoff of liver fibrosis (which was defined as advanced liver fibrosis) and did not investigate the predictive ability of FIB-4, APRI, or NFS for moderate liver fibrosis. Additional studies should be performed to investigate their predictive ability. Sterling et al. assessed the predicted ability of FIB-4, known respiratory disease, cardiac disease, liver disease, diabetes mellitus, and obesity on MV, with a C-index of 0.79 (16). In this study, we found all fibrosis scores had the good predictive ability and calibration performance for death. Among them, NFS and FIB-4 appeared to have better performance compared to APRI. However, to date, only a limited number of studies have reported C-indices for FIB-4, APRI, or NFS.

Previous studies have demonstrated that AST and ALT were significantly associated with death in patients with COVID-19 (2, 23). In our study, for all components encompassing the liver fibrosis score, there was no significant association between ALT, platelet, or clinical outcomes. The difference may be due to patient heterogeneity. A combination in the liver fibrosis scores but not their components may help predict clinical outcomes in patients with COVID-19.



Clinical Implications

Our results showed that liver fibrosis scores were associated with poor prognosis and maybe a simple marker for predicting severity and death in patients with COVID-19. All components of these liver fibrosis indices (e.g., age, AST, and ALT) were simple and inexpensive to determine. However, our study does not support performing a liver biopsy, which is the current gold standard for assessing liver fibrosis, to predict adverse outcomes in patients with COVID-19. Performing a liver biopsy may be challenging and not suitable for patients. As mentioned previously, these non-inversive liver fibrosis scores may be the result of complex factors involved in the progression of COVID-19 and should not be considered as an assessment for liver fibrosis.



Strengths and Limitations

This is the first study that comprehensively assessed the association of liver fibrosis scores, including APRI and NFS scores, with adverse outcomes in patients with COVID-19. However, there were several limitations to this study. First, this was a post-hoc analysis from RCTs; hence, the intrinsic limitations of observational study preclude us from drawing a causal link. Measure and unmeasured confounding factors may have influenced our results. The prospective design would have reduced the possibility of reverse causality, while a multi-center design would have reduced selection bias. Second, previous clinical laboratory data were not available for the majority of patients. Hence, we are unsure whether higher liver enzymes were due to COVID-19 or comorbidities due to existing liver disease. Third, our dataset does not collect information on variants of COVID-19. Finally, our analysis was performed on a moderately-sized sample cohort. Larger patient cohorts are needed to validate our findings.




CONCLUSION

Our post-hoc analysis of patients in the ORCHID trial demonstrated that liver fibrosis scores, including FIB-4, APRI, and NFS were significantly associated with reduced hospital discharge rates and higher risk of all-cause death.
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