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A B S T R A C T   

Objective: We aimed to determine the reliability of using the Fibrosis-4 (FIB-4) index in COVID-19 
patients without underlying liver illness. 
Method: We employed multivariate logistic regression to identify variables that exhibited statis
tically significant influence on the ultimate outcome. Multilayer perceptron analysis was 
employed to develop a prediction model for the FIB-4 index concerning ICU admission and 
intubation rates. However, the scarcity of cases rendered the assessment of the mortality rate 
unfeasible. We plotted ROC curves to analyze the predictive strength of the FIB-4 index across 
various age groups. 
Result: In univariate logistic regression, only the FIB-4 index and respiratory rate demonstrated 
statistical significance on all poor outcomes. The FIB-4 index for mortality prediction had an ROC 
and AUC of 0.863 (95% CI: 0.781–0.9444). It demonstrates predictive power across age groups, 
particularly for age ≥65 (AUC: 0.812, 95% CI: 0.6571–0.9673) and age <65 (AUC: 0.878, 95% 
CI: 0.8012–0.9558). Its sensitivity for intubation and ICU admission prediction is suboptimal. 
Conclusion: FIB-4 index had promising power in prediction of mortality rate in all age groups.   

* Corresponding author. Department of Biomedical Engineering, National Taiwan University, No. 1, Sec. 4, Roosevelt Rd., Da’an Dist., Taipei City, 
106, Taiwan. 

E-mail addresses: chiayuliu620@gmail.com (C.-Y. Liu), sfchou@femh.org.tw (S.-F. Chou), cpypei@gmail.com (P.-Y. Chiang), 
tangtang05231980@hotmail.com (J.-T. Sun), hikali@mail.femh.org.tw (K.-C. Tsai), jaw@ntu.edu.tw (F.-S. Jaw), chungta2001@gmail.com 
(C.-T. Chang), r92843017@ntu.edu.tw (C.-M. Fan), b101102106@tmu.edu.tw (P.-Y. Lee), ccandyppool@gmail.com (C.-Y. Hsieh), erich0793@ 
gmail.com (J.-M. Chen), d10528022@gmail.com (C.-C. Hsieh).   

1 These authors contributed equally to the study. 

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e25649 
Received 29 June 2023; Received in revised form 25 January 2024; Accepted 31 January 2024   

mailto:chiayuliu620@gmail.com
mailto:sfchou@femh.org.tw
mailto:cpypei@gmail.com
mailto:tangtang05231980@hotmail.com
mailto:hikali@mail.femh.org.tw
mailto:jaw@ntu.edu.tw
mailto:chungta2001@gmail.com
mailto:r92843017@ntu.edu.tw
mailto:b101102106@tmu.edu.tw
mailto:ccandyppool@gmail.com
mailto:erich0793@gmail.com
mailto:erich0793@gmail.com
mailto:d10528022@gmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e25649
https://doi.org/10.1016/j.heliyon.2024.e25649
https://doi.org/10.1016/j.heliyon.2024.e25649
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e25649

2

1. Introduction 

Liver cirrhosis or fibrosis is a condition in which the liver tissue becomes scarred and stiff, resulting in the loss of normal functioning 
liver parenchyma [1]. It is a progressive and potentially life-threatening condition that can lead to liver malignancy and failure. 
However, there is growing evidence that liver cirrhosis is associated with COVID-19 infection [2]. Research has shown that COVID-19 
patients with liver cirrhosis are at higher risk of developing severe respiratory failure and require hospitalization [3]. Understanding 
the effect of liver cirrhosis on COVID-19 is essential. 

The Fibrosis-4 (FIB-4) index is a widely used clinical tool for assessing the severity of liver fibrosis (scarring) in patients with liver 
disease [4]. Four widely available laboratory values were used: age, aspartate aminotransferase (AST), alanine aminotransferase (ALT) 
levels, and platelet count that comprise the index. The final score can be used to estimate the presence and extent of liver fibrosis and 
determine a patient’s risk of progression to cirrhosis [5]. 

However, it is not well understood whether the FIB-4 index can be utilized as a predictive tool in COVID-19 patients without 
underlying liver diseases. Several mechanisms have been proposed for liver injury following COVID-19 infection [2,6]. When 
decompensation occurs, liver dysfunction may occur and progress to multiple organ failure [7]. Thus, we hypothesized that the FIB-4 
index may be used as a clinical predictive tool for the severity of COVID-19, even though patients may not have an underlying 
impairment of hepatic function. 

Using this premise, our research aims to define the usability of the FIB-4 index for COVID-19 patients without underlying liver 
disease in the emergency department. We would like to define the predictive power for poor clinical outcomes for COVID-19 patients 
without liver illness. 

2. Methods 

2.1. Study design 

This was an observational study using a retrospective cohort. The research population comprised patients with COVID-19 infection 
who came to the emergency department [BLINDED FOR REVIEW], from May 1, 2021, to July 31, 2021. Our hospital is a tertiary 
medical center in Taiwan, and the average number of patients visiting the emergency department from May to July 2021 is 6993 
people per month. The total number of people infected with COVID-19 in Taiwan between May and July 2021 was 15637. 

The need to obtain informed consent was waived due to the retrospective nature of the study. 
This study was approved by the Institutional Review Board of the Far-Eastern Memorial Hospital (number:110233-E). 

2.2. Patient selection 

Patients who visited the emergency department of the Hospital and were diagnosed with COVID-19 were included in the study. An 
oropharyngeal swab or nasopharyngeal swab was used for confirmation. The ICD-10 records from our database and electronic medical 
records were used for validation. We applied the following exclusion criteria: patients who had a record of refusal to participate in 
clinical trials, were transferred from other medical facilities, had more than one infectious disease diagnosed upon admission, had pre- 
existing liver diseases such as hepatitis B or C infection or liver cirrhosis, or who had died in our emergency department. 

2.3. Data extraction 

Basic study participant characteristics were extracted from the emergency department database. The medical histories of the 
included patients were retrieved from the electronic medical records and ICD-10 codes from our hospital database. Laboratory data 
were also collected. The FIB-4 index was calculated using the following formula:  

[age (years) × AST (IU/L)]/[platelet count (10^9/L) × √ALT (U/L)].                                                                                                     

Due to a lack of AST data, the final count for FIB-4 was reduced to 160. 

2.4. Outcome measures 

The predictive power of the FIB-4 index for ICU admission to intensive care unit, endotracheal intubation, and mortality was 
evaluated. 

2.5. Statistical analysis 

The following methods were applied in our study. To compare patient characteristics, the Student’s t-test was utilized for 
continuous variables. Conversely, we analyzed differences in categorical variables using the chi-square test. If the calculated two-tailed 
p-value was less than 0.05, it was considered statistically significant. The Shapiro-Wilk test was used to confirm the normal distribution 
of continuous variables. 

The minimum sample size was calculated by using the method proposed by Riley et al. [8]. The predictive power of the FIB-4 index 
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on COVID-19 infected poor outcomes was evaluated using receiver operating curve (ROC) analysis. The area under the curve, 
sensitivity, and specificity of each prediction model were analyzed. The optimal cutoff point for each model was determined by 
applying Youden’s J statistic (calculated as sensitivity-(1-specificity) for each observer point) [9]. Statistical analysis was performed 
using the RStudio software with one tailed P-value (version 1.4.1717) [10]. We also used univariate logistic regression and multi
variate logistic regression to check the significance of FIB-4 and other factors. Multilayer perceptron analysis was employed to develop 
a prediction model for the FIB-4 index concerning ICU admission and intubation rates. 

3. Results 

3.1. Characteristics of included patients 

Table 1 summarizes the demographic information and laboratory values. This study included 221 patients (119 male and 102 
female). The mean age of the patients was 61. Comorbidity and laboratory data were also shown. 

For calculating the minimum sample size, the number of predictor parameters was 4, the expected R2 was set at 0.3, and the level of 
shrinkage at internal validation was assumed to be at least 0.9. The calculated minimum sample size required was 204. 

Table 2 shows the normality of numerical data was tested by Kolmogorov-Smirnov test. The statistics result of non-normally- 
distributed data was expressed as median (Q1, Q3). Categorical data was expressed as frequency and percentage. Table 3 reveals 
the associations of patient characteristics with the categorical outcomes analyzed by univariate logistic regression. Statistically sig
nificant differences were observed in the triage lever, age, respiratory rate, diastolic blood pressure and SpO2, platelet count, 
Leukocyte counts, AST, ALT, CRP, D-dimer, C-reactive protein, potassium and sodium levels. The FIB-4 index is significant in the ICU 
admission group, intubation group and mortality group. All continuous variables were normally distributed after confirmation using 
the Shapiro-Wilk test. 

3.2. The ROC for predicting poor outcomes using the FIB-4 index 

Fig. 1 show the ROC curves of mortality rate with subgroup analysis on age less or more than 65 using the FIB-4 index. The area 
under the curve was 86.30 % (95% C.I. % 78.1%–94.44%) for mortality of all patients, 81.2 % (95% C.I. 65.7%–96.7%) for age over 65, 

Table 1 
The demographic and clinical characteristics of enrolled COVID-19 patients (N = 221).  

Characteristic Statistics Sample size Min-Max 

Triage 
Level 1 29 (13.1%) 221  
Level 2 35 (15.8%) 221  
Level 3 126 (57.0%) 221  
Level 4 17 (7.7%) 221  
Level 5 14 (6.3%) 221  

Age (year), median 61 (46, 68) 221 25–89 
Biological sex, male 119 (53.8%) 221  
Body weight (kg) 66.4 (57.9, 74.75) 221 37–115 
Body temperature (oC) 36.7 (36.2, 37.2) 220 34.9–40.1 
Heart rate (times/min) 101.03 ± 20.80 219 53–165 
Respiratory Rate (times/min) 20 (18, 20) 220 16–50 
Systolic blood pressure (mmHg) 128 (114, 149) 219 54–215 
Diastolic blood pressure (mmHg) 78 (68, 92) 219 11–142 
SpO2 in ER (%) 96 (94, 98) 219 36–100 
Lab blood test data 

Leukocyte counts (10^3/μL) 6.18 (4.96, 8.16) 221 1.93–19.65 
Platelet (10^3/μL) 191 (145, 250) 221 56–728 
AST (U/L) 30 (21, 40) 160 9–406 
ALT (U/L) 21 (14, 36.5) 221 3–257 
D-Dimer (ng/mL FEU) 520 (327.5, 941) 221 4.7 to >10,000 
CRP (mg/dL) 3.27 (0.64, 7.79) 221 0.0029–30.87 
Creatinine (mg/dL) 0.84 (0.69, 1.06) 221 0.36–71.00 
Sodium (mmol/L) 135 (132, 138) 221 115–144 
Potassium (mmol/L) 3.7 (3.4, 4.0) 221 2.6–7.0 
FIB-4 score 1.91 (1.12, 3.07) 160 0.27–22.82 

Comorbidity 
Malignancy/Hematological disorder 5 (3.5%) 143  
Cardiovascular disorder 76 (53.1%) 143  
Hypertension 72 (50.3%) 143  
Diabetes mellitus 31 (21.7%) 143  
Renal insufficiency 4 (2.8%) 143  

The normality of numerical data was tested by Kolmogorov-Smirnov test. Normally-distributed data are expressed as mean ± standard deviation 
while non-normally-distributed data was expressed as median (Q1, Q3). Categorical data was expressed as frequency and percentage. 
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and 87.8% (95% C.I. 80.1%–95.5%) for ages under 65, respectively. Additionally, the optimal cutoff values were 2.77 for all patients, 
4.1 for age over 65. The details are summarized in Table 4 (see Figs. 2 and 3) 

Figs. 4 and 5 reveal the ROC curves and AUC areas for intubation and ICU admission prediction were examined with the affective 
factors ALT, CRP and D-Dimer by neural networks\multilayer Perceptron analysis. The area under the curve was 85.40 % for pre
diction of intubation, and 84.2 % for prediction of ICU admission. 

4. Discussion 

Our study investigated the association between the liver fibrosis index and the poor prognosis of COVID-19. We found that the liver 
fibrosis index, as measured using the FIB-4 index, was significantly associated with the risk of poor prognosis, including ICU admission, 
mechanical ventilation, and mortality, in COVID-19 patients without underlying liver diseases. Our results are consistent with those of 
previous studies that demonstrated the predictive value of liver function tests, such as ALT and AST levels, for COVID-19 infection 
[11–14]. The liver is a target organ of the SARS-CoV-2 virus and is often affected by the inflammatory response to the infection. Liver 
injury has also been reported in COVID-19 patients. As expected, this correlation was associated with poorer outcomes. However, the 
mechanism underlying elevated AST and ALT levels in such patients remains unclear [15]. 

For SARS-CoV-2 virus, angiotensin converting enzyme 2, which is also expressed in the liver, is a key receptor for viral invasion. 
The virus may directly damage the liver via this mechanism. In addition, cytokine storms caused by severe immune responses may play 
a role in disease progression. The mixed effects of endotheliopathy/coagulopathy, platelet dysfunction, and multiple inflammatory 

Table 2 
The outcomes of patients in intubation, ICU admission, ICU-days, general ward days, hospital days and mortality. N = 221.  

Outcomes Statistics Sample size Min-Max 

Intubation 27 (12.2%) 221  
ICU admission 47 (21.3%) 221 25–89 
ICU days 13 (6.25, 18.75) 48 3–68 
General ward days 11 (8, 15) 218 2–45 
Hospital days 12 (10, 17) 221 8–82 
Mortality 10 (4.5%) 221  

The normality of numerical data was tested by Kolmogorov-Smirnov test. The statistics result of non-normally-distributed data was 
expressed as median (Q1, Q3). Categorical data was expressed as frequency and percentage. 

Table 3 
The associations of patient characteristics with the categorical outcomes were analyzed by univariate logistic regression.  

Variables Intubation ICU admission Mortality 

Odds ratio, p value Odds ratio, p value Odds ratio, p value 

Triage levels 3.893, p < 0.001* 3.884, p < 0.001* 1.899, p = 0.058 
Age (year), median 1.052, p = 0.005* 1.040, p = 0.004* 1.066, p = 0.005* 
Biological sex, male 2.232, p = 0.071 1.685, p = 0.124 2.062, p = 0.304 
Body weight (kg) 1.032, p = 0.094 1.017, p = 0.137 1.021, p = 0.311 
Body temperature (oC) 1.022, p = 0.928 1.066, p = 0.735 1.247, p = 0.524 
Heart rate (times/min) 0.999, p = 0.947 1.015, p = 0.066 0.996, p = 0.776 
Respiratory Rate (times/min) 1.303, p = 0.004* 1.326, p = 0.001* 1.157, p = 0.036* 
Systolic blood pressure (mmHg) 0.987, p = 0.111 0.997, p = 0.603 0.981, p = 0.148 
Diastolic blood pressure (mmHg) 0.963, p = 0.002* 0.983, p = 0.052 0.963, p = 0.025* 
SpO2 in ER (%) 0.864, p < 0.001* 0.836, p < 0.001* 0.959, p = 0.120 
Lab data 

Leukocyte counts (10^3/μL) 1.136, p = 0.031* 1.110, p = 0.040* 0.851, p = 0.258 
Platelet (10^3/μL) 0.994, p = 0.051 0.994, p = 0.017* 0.976, p = 0.002* 
AST (U/L) 1.009, p = 0.058 1.036, p < 0.001* 1.009, p = 0.052 
ALT (U/L) 1.014, p = 0.017* 1.027, p < 0.001* 1.012, p = 0.077 
D-Dimera (ng/mL FEU) 2.481, p < 0.001* 2.592, p < 0.001* 1.068, p = 0.835 
CRP (mg/dL) 1.153, p < 0.001* 1.153, p < 0.001* 1.072, p = 0.106 
Creatinine (mg/dL) 1.008, p = 0.827 0.995, p = 0.889 1.023, p = 0.548 
Sodium (mmol/L) 0.909, p = 0.016* 0.928, p = 0.030* 0.925, p = 0.188 
Potassium (mmol/L) 3.423, p = 0.001* 1.809, p = 0.047* 2.830, p = 0.018* 
FIB-4 score 1.251, p = 0.005* 1.224, p = 0.008* 1.382, p = 0.002* 

Comorbidity 
Malignancy/Hematological disorder 2.214, p = 0.491 2.506, p = 0.327 0.000, p = 0.999 
Cardiovascular disorder 6.706, p = 0.015* 1.289, p = 0.536 1.385E+8, p = 0.997 
Hypertension 7.602, p = 0.009* 1.763, p = 0.171 5.224, p = 0.136 
Diabetes mellitus 7.227, p < 0.001* 3.772, p = 0.003* 8.148, p = 0.019* 
Renal insufficiency 2.976, p = 0.359 3.793, p = 0.192 8.933, p = 0.078  

a the level of D-dimer over 10,000 was set as 11,000 for statistical calculation, and all of the data of D-dimer were transformed by natural log. 
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responses can lead to irreversible damage in viral hosts [15]. However, severe hepatic injury and liver failure are uncommon. Most 
COVID-19 patients with elevated liver enzyme levels experience only mild liver dysfunction. However, the long-term post-infection 
effects remain unknown [16]. This finding suggests that the correlation between liver injury and COVID-19 is multifactorial. 

Previous studies have suggested a correlation between liver fibrosis severity and COVID-19 [17]. Our study demonstrates that the 

Fig. 1. ROC summary for FIB-4 scores for predicting mortality of all patients.  

Table 4 
ROC of predictive power of FIB-4 index on mortality rate with subgroup analysis on age less or more than 65.   

Area under curve Optimal cutoff sensitivity Specificity 

All patient 0.863 (95% CI: 0.781–0.9444) p < 0.001 2.77 0.900 0.753 
Age ≥ 65 0.812 (95% CI: 0.6571–0.9673) p < 0.001 4.10 0.857 0.685 
Age <65 0.878 (95% CI: 0.8012–0.9558) 

P < 0.001 
2.74 1.00 0.844  

Fig. 2. ROC summary for FIB-4 scores for predicting mortality of patients>65 years old.  
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FIB-4 index may serve as a genuine predictor of infection severity, even in patients without chronic liver disease. The results provide 
robust evidence for the utilization of the FIB-4 index in the general population or specific communities. The FIB-4 index is a 
non-invasive and widely available tool that can be easily calculated from routine blood tests, making it feasible for clinical use in the 
context of COVID-19 infection, even in the emergency department. 

In addition, to the best of our knowledge, our study is the first to establish a prediction model using the FIB-4 index in the 
emergency department for general poor outcomes after COVID-19 infection in an Asian population without underlying liver 
impairment. Previous studies have also supported the correlation between the FIB-4 index and COVID-19 mortality [18–20]. A study 
by Rome et al. utilized the FIB-4 index to sketch ROC and provided promising results [21]. We confirmed this correlation and provided 
a reference value for clinicians to rapidly triage incoming patients from different populations. By performing simple laboratory ex
aminations, unfavorable clinical outcomes can be anticipated, even in patients without underlying liver diseases. We can provide rapid 
triage and intervention for these patients, which is important in crowded emergency room settings, to prevent deterioration. 

Based on the tradeoff between sensitivity and specificity using the Youden index. These cutoff points had sensitivities >70% for 

Fig. 3. ROC summary for FIB-4 scores for predicting mortality of patients<65 years old Sen, sensitivity; Spe, specificity, ROC, receiver operating 
characteristic curve. 

Fig. 4. FIB-4 score for intubation ROC curves and AUC areas for prediction of intubation were examined with the affective factors ALT, CRP and D- 
Dimer by neural networks\multilayer Perceptron analysis. 
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predicting poor prognosis. This suggests that the liver fibrosis index may be useful as a complementary tool to other clinical and 
laboratory parameters for identifying patients at high risk of poor prognosis but should not be used as a sole diagnostic test. A more 
precise management algorithm was developed by integrating the results of the FIB-4 index. 

Nevertheless, our study had some limitations that should be acknowledged. First, the sample size was not sufficiently large, and the 
generalizability of our findings to other populations and settings must be confirmed. Second, we did not have complete information on 
the baseline liver function and underlying liver diseases of the patients, which may have confounded the association between the liver 
fibrosis index and poor prognosis. Third, we did not compare the performance of the liver fibrosis index with other prognostic models 
or scores, such as the SOFA or APACHE II scores, which are widely used in the ICU setting. Fourth, if the patient is currently taking 
hepatotoxic medications such as oral nirmatrelvir/ritonavir (Paxlovid®), the effect should be considered. However, the FIB-4 score 
was checked before administering antiviral drugs in the emergency department. It is unlikely that all subjects with a drug history of 
such properties were excluded. The use of acetaminophen, isoniazid, and amiodarone may have caused a bias in the results. However, 
we believe that excluding patients taking hepatotoxic medications limits the generalizability of this study. These populations were 
included in our analysis. Finally, the retrospective nature of our study may have resulted in inevitable bias. For example, selection bias 
of the included subjects may lead to inaccurate conclusions and should be carefully considered and addressed. 

In conclusion, our study suggests that the liver fibrosis index, as measured using the FIB-4 index, can predict poor prognosis in 
COVID-19 patients without underlying liver diseases, even in the emergency department. The FIB-4 index had promising power in 
prediction of mortality rate on all age groups. These non-invasive and easily calculated indices may be useful as complementary tools 
to other clinical and laboratory parameters to identify high-risk patients and guide clinical decision-making. We have also discovered 
that the HASI index [22], or Age Shock Index [23], can predict the outcomes of COVID-19 patients in emergency department. Further 
studies are necessary to validate our findings and explore the potential mechanisms underlying the association between liver fibrosis 
and covid-19 patients. 
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