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CONCLUSIONS

ML Model Settings Prediction outcome 
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average + stdev
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past 9-month average + 

stdev

Prediction outcome 3:
> past-year average + 
stdev AND increasing
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@ 
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Independent counties

Gradient boosting 0.593 0.167 0.698 0.294 0.691 0.227

Logistic regression 0.619 0.117 0.701 0.221 0.648 0.242

Random forest 0.557 0.067 0.569 0.118 0.635 0.167

LSTM 0.600 0.167 0.666 0.220 0.615 0.152

Independent counties with augmented features from adjacent counties

Gradient boosting 0.651 0.133 0.656 0.294 0.704 0.250

Logistic regression 0.563 0.183 0.632 0.279 0.631 0.220

Spatial model: Graphical neural network

GraphSAGE 0.585 0.217 0.644 0.250 0.623 0.136

GCN 0.601 0.117 0.634 0.118 0.601 0.076

• The evolving opioid epidemic has left policymakers, 
healthcare providers, and families grappling to 
identify new risks and respond to emerging substance 
use patterns.

• Existing Early warning systems (EWS) for emerging 
substance use in the United States (e.g., DAWN, 
NDEWS) and the European Union are largely built for 
broader-scale deployment, focusing on regional or 
national contexts and descriptive analysis, lacking 
predictive capability for key outcomes at the local 
community level.

• Objective: This study aims to explore the feasibility of 
detecting overdose death outbreaks at county level 
using predictive analytics modeling approach. 

RESULTS

Prediction Performance Based on Statistical Models

(A) For prediction outcome 1 (B) For prediction outcome 2 (C) For prediction outcome 3

Prediction Performance Based on Supervised ML Models

Prediction Outcomes: Overdose Death Outbreak

Predictive Modeling Approaches

Supervised machine 

learning (ML) model

Statistical model

• Definition 1: > past-year average + standard deviation (stdev)
• Definition 2: > past-9-month average + stdev 
• Definition 3: > past-year average + stdev AND increasing 

from the past quarter

Fit statistical 
model with 

historical data

Inference on 
threshold for 
next period 

estimate

METHODS

Data and Sources

• County-level measures in Pennsylvania, by each 
quarter of 2018-2022

▪ Opioid and substance use-related measures included: (1) 
overdose deaths (source: PA DOH), (2) overdose-related ED 
visits (PA DOH), (3) overdose response incidents (ODIN), (4) 
drug seizure and arrests (PA state police), and (5) opioid 
prescriptions (PA PDMP).

Model trained 
on 2018-2020

Alert if 
observed value 

> threshold 

Prediction 
performance 
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2021-2022

(Farrington algorithm, 

CUSUM, hhh4)

(Logistic regression, 

random forest, gradient 

boosting, deep learning)
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• Prediction performance is only moderate across methods, 
input features, and model configurations.

• Predicting emerging overdose outbreaks based on existing 
common data sources could be a challenging task given their 
limited granularity and relatively low utility.

• Incorporating intelligence of drug markets from local 
stakeholders is needed to facilitate the timely identification 
of emerging drug threats in the community. 
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