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• Non-alcoholic steatohepatitis (NASH), also 
known as metabolic dysfunction-associated 
steatohepatitis (MASH), and non-alcoholic fatty 
liver disease (NAFLD), also known as metabolic 
dysfunction-associated steatotic liver disease 
(MASLD), are burgeoning health concerns in 
the United States, linked to increased 
cardiovascular diseases (CVD) risks.1

• The leading cause of morbidity and mortality 
outside of liver disease is CVD among the 
NASH population.1

• The American Heart Association's (AHA) 
Atherosclerotic Cardiovascular Disease 
(ASCVD) Risk Estimator Plus lacks validated 
efficacy for mortality prediction in 
NASH/NAFLD patients suggesting that 
additional variables should be considered to 
enhance the accuracy.2,3,4

Results

This study aims to augment the predictive 
accuracy of ASCVD risk and death among NASH 
patients by proposing alternative logistic 
regression models.

• A retrospective EHR dataset from a large US 
integrated delivery network health system 
encompassing multiple sites within the US was 
curated. A 9,185 patient cohort of biopsy 
confirmed NASH patients was curated using 
structured and unstructured data including ICD 
codes and Clinical Notes. Patients with a 
history of MI/Stroke before their diagnosis 
were excluded.

• The variables were constrained to be within 30 
days of the NASH diagnosis, and the outcomes 
were limited to within 10 years and censored 
by the last available data.

• Demographic, clinical, and laboratory variables 
underwent a recursive feature elimination 
process. 

• We created two logistic regression models to 
predict MI/Stroke and Death. An optimal 
threshold was determined using Youden’s J for 
the output classes of High or Low risk.

• The performance of the AHA's ASCVD Risk 
Estimator Plus (REP) was compared against our 
models, which incorporated alternative 
predictors. A REP score ≥7.5% was considered 
High Risk. Area Under the Receiver Operating 
Characteristic curve (AUC) was employed to 
evaluate and compare both models.

• Survival and time to event curves were 
generated using the statistical python package 
lifelines and evaluated for statistical 
significance at a predetermined alpha of 0.05. 

Conclusion

• The ASCVD Risk Estimator Plus demonstrated suboptimal predictive accuracy for mortality and myocardial infarction (MI) / stroke events in NASH/NAFLD patients, with an AUC of 0.63 
for MI/Stroke events and an even lower AUC of 0.54 for mortality (figure 1). In contrast, our logistic regression models exhibited higher AUCs, with 0.68 for MI/Stroke events and 0.63 
for mortality, indicating enhanced predictive accuracy for both outcomes (figure 1). 

• The inclusion of liver-specific markers, such as alanine aminotransferase, and other novel predictors, such as INR, helped to achieve greater accuracy. A Kaplan-Meier time to event 
analysis for 10-year MI/Stroke risk was generated to evaluate the prediction over 10 years, and a similar survival analysis was conducted for mortality. Pearson’s chi-squared tests 
yielded significant statistics of 56.30 (p=0.000) for MI/Stroke and 26.22 (p=0.000) for mortality. 

• These findings underscore the potential limitations of the ASCVD Risk Estimator Plus in predicting outcomes for NASH/NAFLD patients and highlight the significance of incorporating 
liver-specific markers such as ALT and INR and other novel predictors for more accurate risk assessment, which could lead to improved clinical decision-making and patient management 
strategies in this population.

• Our findings underscore the necessity of revisiting the current CV risk models for NASH/NAFLD patients to incorporate more holistic and disease-specific variables. 

• The proposed logistic regression model that includes liver-specific biomarkers, such as ALT and INR, improves the prediction of cardiovascular mortality and MI 
events, thereby facilitating better clinical decision-making and patient-centered care. 
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The AUROC curves increased when incorporating additional liver specific variables (0.63 -> 0.68 and 0.54 -> 0.63 for MI/Stroke and 
Death Outcomes, respectively).

The time to event and survival curves should significant differences in outcomes for both nference models. The 
difference was statistically significant for the ASCVD MI/Stroke outcome, however was not significant for the death 
outcome. 

https://doi.org/10.1161/ATV.0000000000000153

