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Motivation and Background

S

Methodology

 Opioid Epidemic: American's public health catastrophe that has been 
hidden by the coronavirus pandemic but has not disappeared yet.

 Opioid crisis is intertwined with the drug overdose problem in general

Progress
 H. Kim and H. Yang, "Statistical Analysis of County-Level Contributing

Factors to Opioid-Related Overdose Deaths in the United States," 2020
42nd Annual International Conference of the IEEE Engineering in
Medicine & Biology Society (EMBC)

 We analyzed the statistical significance of county-level contributing
factors to the opioid-overdose deaths to examine demand-side
characteristics of the opioid epidemic

 Gap 3: More investigation into the dynamics of the supply chain of
prescription opioids

130/day opioid overdose deaths per day in 2017,
Source: Centers for Disease Control and Prevention (CDC)

 Pharmaceutical products have a more complex supply chain compared to 
other goods, as actors such as insurance companies and doctors are 
involved

⇒Need to model complexity of the prescription opioid supply chain

Research Objective and Rationale
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 Three waves of the 
opioid crisis

1. Prescription opioid
2. Heroin
3. Synthetic opioid
 Increasing number 
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 Balloon effect: Restricting the supply of 
prescription opioids leads to an increase in the 
usage of other drugs

⇒To eradicate the opioid epidemic, we need to 
understand what drive people to abuse opioids and 
try to decrease the demand

 To date, efforts to combat the opioid crisis have been focused on 
restricting the supply of prescription opioids such as 1) CDC Prescription 
Guideline, 2) Dose limit, 3) Drug take-back days, and 4) Law enforcement

 Gap 1: Restriction to prescription opioids

⇒Need to consider illicit opioids such as heroin and synthetic opioid along 
with prescription opioids

 Gap 2: Lack of demand-side analysis

 This project aims to develop a machine learning-based decision
supporting system that bridge the pointed gaps, providing not only the
prediction of risk factors but also effective intervention strategies

 A data-driven decision supporting system is critical to combat the opioid
crisis effectively

 It is hard to analyze complex dynamics of the opioid supply and demand
chain manually

We need to extract knowledge from publicly available data to perform
the demand-side analysis and investigation of the prescription opioid
supply chain

⇒Machine learning-based approach is suitable to harness publicly available
data and build and optimize a complex data-driven model

 Data: We collect data of number of opioid overdose-related deaths by
types of opioids, social determinants, public health environment, and
opioid supply

Modeling: To serve as a supporting decision
system, models should provide interpretability

⇒Use “Glass-box” models or unbox “black-box”
models

Glass Box

 Linear mixed-effect multi-level modeling to analyze statistically
significant social determinants to the number of opioid-overdose deaths

• It will provide preliminary demand-side analysis of the opioid crisis
• A random effect term considers geological differences in 𝑋𝑋
 Gaussian process-based spatiotemporal modeling to further analyze the

demand of opioid abuse and predict risk factors
• Gaussian process (GP) is a popular nonparametric machine learning

algorithm due to its interpretability in term of statistical uncertainty
• GP can address spatiotemporal characteristics in data
• Social determinant data is naturally structured geologically and temporal

 Bioinspired simulation modeling of the supply-demand chain to optimize
interventions with incorporating predicted risk factors

• Analogy between the gating mechanism and current flows in cell ion-
channels with interventions and opioid supply flows

supply demand
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