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• The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has 
an an average mortality rate approaching 6.5%.1

• The impact of liver injury on adverse clinical outcomes in coronavirus disease 
2019 (COVID-19) patients remains unclear.

• ALT/AST elevation was common and independently associated with adverse 
clinical outcomes in COVID-19 patients. 6

• There is a need to develop a nomogram risk prediction tool in patients who have 
been admitted with COVID19 to appropriately manage this sector of patients.

Background

Methods 

• We developed a logistic regression model with novel biomarkers that can predict 
the occurrence of Acute liver injury in patients admitted with COVID 19 (COVID-ALI) 
with 95% accuracy.

• The AUROC of the LR model was 95%. But the machine learning models SVM, RF 
and SGB outperformed the LR model.

• Though their accuracy is still 100%, the ML models might not have addressed the 
collinearity amongst the top variables that have predicted the acute liver injury. 

• Yip et al showed that ALT/AST elevation was independently associated with primary 
end point (composite of intensive care unit (ICU) admission, use of invasive 
mechanical ventilation and/or death) (adjusted OR (aOR) 7.92, 95% CI 4.14 to 
15.14, p<0.001) after adjusted for albumin, diabetes and hypertension.7 This 
finding in concordance with our study that showed the same parameters were 
independently associated with LOS and duration of mechanical ventilation.

• We propose a new inflammatory marker, the Tg/N ratio that can accurately predict 
the probability of developing COVID-ALI and a cut off of more than 28 predicts a 
poor survival in COVID-ALI.

• The main limitation of this study is the retrospective study design. 

Discussion

• We developed a new nomogram for quick and easy prediction of COVID-19 related 
hepatic injury using simple predictors. This model can help physicians stratify 
COVID-19 patients with hepatic injury and give appropriate therapy.

• Tg/N ratio of more than 28 predict a lower survival probability in COVID ALI.

Conclusions

Results

Table 1. Comparison of performance metrics of the models.

• Logistic regression analysis showed an accuracy of 95.7% on the validation dataset. 
• Amongst the machine learning models, Random Forest, Gradient Boosting, and 

Support Vector Machine each showed accuracy of 100%. Decision tree displayed 
the lowest accuracy of 50%. 

• In the development group, topmost predictor for the new nomogram as selected 
by the multivariate logistic regression model was triglyceride/ neutrophil ratio, 
followed by aspartate aminotransferase levels, neutrophil/lymphocyte ratio, total 
cholesterol, N terminal B prohormone natriuretic peptide, alanine 
aminotransferase levels, hepatic steatosis index, body mass index (kg/m2), total 
leukocyte count, and serum chloride levels in serum. 
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• We aimed to develop a novel mortality scoring system for patients with COVID-19 
based on demographic factors, laboratory findings, and outcomes.

• To compare the performance metrics of the  logistic regression model with 
machine learning models.

• We reviewed and analyzed data from 1384 COVID-19 patients from Stony Brook 
University.2, 3 A total of 10 variables were used to build multivariable logistic 
regression model. Missing values were imputed using random forest approach in R. 

• Subsequently, the data was randomly split into training (80%) and testing (20%). 
Each point scored for selected variable was used to build multivariable logistic 
regression model and a new mortality scoring system was developed using Cox 
regression analysis. Following machine learning models were trained: Random 
Forest (Number of trees=10), Support Vector Machine with Radial Basis Function 
kernel, and Logistic Regression with Lasso regularization (C=0.16) (Figure 1). 
Thereafter a nomogram was constructed that could predict hepatic injury in COVID-
19 patients (Figure 2). 

• AST and/or ALT elevation of 15 times more than the upper limit was a taken as a 
marker of hepatic injury.  

• We assessed the accuracy of the developed regression model and validation groups 
using the performance metrics and compared it with other machine learning 
models. 

• All analyses were performed in R4 and Orange5; Kaplan-Meier graphs were 
generated in GraphPad Prism, and X-tile.6, 8

Figure 1. Workflow of the study showing the models used.

Model Area Under Curve C-Statistic F1 Score Precision Recall

Logistic Regression 0.957 0.971 0.964 0.967 0.971

Decision Tree 0.500 0.964 0.946 0.929 0.964
Support Vector Machine 1.000 0.978 0.974 0.979 0.978

Random Forest 1.000 0.992 0.991 0.992 0.992
Naïve Bayes 0.926 0.820 0.875 0.963 0.820

Gradient Boosting 1.000 1.000 1.000 1.000 1.000
Stochastic Gradient Descent 0.650 0.974 0.967 0.973 0.974
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Figure 2. Nomogram to predict the probability of acute liver injury in COVID 19 
patients.

Figure 3a. Kaplan-Meier survival curves with different LOS in patients with and 
without hepatic injury.

Figure 3b. Kaplan-Meier survival curves with different duration of mechanical 
ventilation in patients with and without hepatic injury.

Figure 4. Distribution of patients and Kaplan-Meier survival curves: Grey curve: 
Tg/N>28 and Blue curve: Tg/N<28 

Objectives

• These outcome predictions from the logistic regression model were then used to 
construct Kaplan-Meier Curves to compare the mortality and duration of 
mechanical ventilation between patients with hepatic injury and no hepatic injury. 

• The overall survival was higher in patients who did not have hepatic injury 
compared to those with hepatic injury (median, 55 days, and 6 days, respectively; 
hazard ratio, 0.38; 95% CI, 0.25 to 0.56) (P<.001 for interaction). Whereas median 
duration of mechanical ventilation in patients with hepatic injury was higher than 
those without hepatic injury (median, 40 days, and 10 days, respectively; hazard 
ratio, 0.33; 95% CI, 0.22 to 0.49) (P<.001 for interaction) (Figures 3a & 3b).

• Triglyceride/Neutrophil ratio or Tg/N, for identifying patients at a high risk of 
developing ALI and that we propose a cut off of 28: Ratio of >28 have a lower 
survival (n=536) and a Ratio of <28 have a higher survival (n=822)(P<0.001, Chi 
square 37.03).(Figure 4)
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