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ABSTRACT: Type 2 diabetes is influenced by multiple interacting clinical, behavioural, and socio-demographic 
risk factors. However, traditional additive approaches may underestimate risk when these factors interact 

nonlinearly. This presentation introduces a Bayesian network framework for quantifying nonlinear risk-factor 
interactions in type 2 diabetes using real-world data. 

 
The proposed approach is based on the Nonlinear Factor interactions using Bayesian Networks for Risk analysis 

(NFBR) framework (Carrodano, 2025), which introduces a nonlinear effect factor to quantify deviations from an 

additive risk model. A Bayesian network was developed using data from the 2023 Behavioral Risk Factor 
Surveillance System (BRFSS), including 429,086 observations and 12 variables covering socio-demographic 

characteristics, clinical indicators, behavioural factors, and general health status. Structure learning was 
performed using a score-based approach, and parameter learning was conducted using the Expectation–

Maximization algorithm to account for missing or unknown values. Sensitivity analysis identified high blood 

pressure, general health status, and age as the most influential variables for the diabetes outcome. 
 

Two scenarios were then analysed to quantify nonlinear risk interactions using the NFBR framework. In the first 
scenario, the interaction between high blood pressure and lack of physical activity produced a nonlinear effect 

factor of γ = 1.193, indicating amplification beyond the additive model. In the second scenario, adding smoking 
as a third factor resulted in γ = 1.186, again showing that the combined effect exceeded the sum of the 

individual effects. 

 
These findings illustrate how Bayesian networks can provide a transparent and interpretable framework for 

modelling nonlinear risk interactions in population health and for communicating multifactorial risk patterns 
derived from real-world data. 

 

Reference 
Carrodano, C. (2025). General framework of nonlinear factor interactions using Bayesian networks for risk 

analysis applied to road safety and public health. Scientific Reports, 15, 
29934. https://doi.org/10.1038/s41598-025-13572-5 
 

 
PRESENTING AUTHOR BIO: Dr. Cinzia Carrodano is a senior independent researcher with a PhD from the 

University of Geneva (2024) and a postgraduate diploma in Machine Learning and Artificial Intelligence from 
Columbia Engineering (2021). She is currently completing a Certificate in Advanced Biostatistics at Harvard 

Catalyst. Her research focuses on probabilistic graphical models, including Bayesian networks and Additive 

Bayesian Network models, as well as data-driven risk analysis and nonlinear interactions among risk factors in 
complex systems. She has developed and published methodological work on Nonlinear Factor interactions 

based on Bayesian Networks for Risk analysis (NFBR), with applications in road safety and public health. Her 
current main research line explores dynamic and multilevel extensions of the NFBR framework. 

 

https://doi.org/10.1038/s41598-025-13572-5

