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Conflict of Interest Disclosure 

Although I am a full time faculty member at the 
University of Pittsburgh, I am also President and 
Co-Founder of Epistemix, Inc, a for-profit start up 
company the produces and distributes software 
of agent-based modeling of complex social 
dynamics. Later in this lecture I will refer to 
agent based modeling done at the University of 
Pittsburgh, but the code has been licensed to 
Epistemix, Inc. 



Main objectives of the lecture: To show how 
computational approaches can lead to 
better understanding of the USA Drug 
Overdose Epidemic 

1. Epidemiology of drug overdose deaths 

2. Age structure of the epidemic 

Drug and demographic structure 

3. Forecasting the epidemic trajectory 



 Another objective of this lecture: 

✓ Encourage more effective visual display 
of epidemiological data and analyses 



 

The opioid epidemic is a complex, dynamical process, and it should 
be approached as such in the development and evaluation of 
policy. A coordinated national opioid epidemic modeling program 
could help solve this difficult problems November 4, 2016 



  

September 21, 2018 

Altmetric score 1487 
Top 0.0002 of all 
research outputs 



Overdose Mortality from All Drugs, 1979-2016 

ICD-9 ICD-10 

  

 

          

599,255 accidental drug 
poisoning  deaths 
recorded by the National 
Vital Statistics System,   
1979-2016 





Epidemic Growth in Different Age Groups  



Epidemic Growth in Different Age Groups   











          

HOT SPOTS FOR OVERDOSE DEATHS, BY DRUG 

PRESCRIPTION OPIODS FENTANYL HEROIN 

COCAINE METHAMPHETAMINE 

Getis-Ord Gi* statistic adapted using the pooled mean and variance of the mortality rates across drugs and periods. . 



 
 

 

Observation set #1 

The overall epidemic of overdose deaths has 
been growing along a remarkably smooth 
exponential trajectory 

Paradoxically, the overall epidemic is 
composed of multiple sub-epidemics without 
obvious structure 
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President Donald J. Trump 
State of the Union Address 
4 February 2020 

“With unyielding commitment, we are curbing the 
opioid epidemic,” Trump said. “Drug overdose deaths 
declined for the first time in nearly 30 years …. we will 
not quit until we have beaten the opioid epidemic once 
and for all. 

17 



18 



19 



20 



    
 

Fall in Overdose Deaths was confined to states that experienced a spike in carfentanil 
deaths, and the trajectory returned to its upward exponential growth pattern 
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Epidemic Growth Patterns 

By Age and Birth-Year 
Cohorts ( Generation ) 
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Overdose Death Doubling Times, By Birth Cohorts 
(observation period from 1979 to 2016, between ages 20 and 50 y.o.) 











Approximation of Age-specific Overdose Mortality Trajectories, by Birth Cohort   
  Fitting to Gaussian Curves 

α 

μ 



Changing epidemic curve parameters μ (peak age) and α (peak mortality rate) by birth cohort  



 Changing epidemic curve parameters μ (peak age) and α (peak mortality rate) by birth cohort 

α 

μ 
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Age, Period, and Cohort (APC) Heat Maps 
Using Hexagonal Coordinates 
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 APC (Age, Period and Cohort) Effects 

Calendar Year (Period) 
Events happening at a 
certain point in time 
(eg “Viet Nam War”) 

Age  = Calendar Year – Birth Year 

Age 

Events characteristically 
occurring at certain 
human life stages / ages 
(“teenagers’) 

Birth Year (Cohort) 

Shared life experiences 
of cohorts of persons 
born around the same 
time (“generations”) 



Hexamaps:  Hexagonal coordinate Age / Period (Year) / Cohort heat maps 

Age = Calendar Year – Birth Year 
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 Having trouble looking at hexagonal APC 
heat maps? Here’s how 
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Total Male Female  White  Black AINA 

All ODs 

Opioids 

Cocaine 
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Overdoses 

Prostate Cancer 

APC Hexagon Heat Maps 
for Other Causes of Death 
(Controls) 

Breast Cancer 

Motor Vehicle Accidents 



  

 

APC - Hexagon Heat Maps / Variable Pixel Sizes 

• Set hexagon pixel size proportional to mortality rate 

• Use color to convey other information about that pixel eg 
male/female ratio 

• Creates tool to examine how other variables map onto 
APC patterns 
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USA Drug Overdoses 1979 - 2017 
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Hexapixel size = rate 
Hexapixel color =  sex ratio 



  

          

USA Drug Overdoses 1979 - 2017 

Hexapixel size  = rate  Hexapixel color =  demographic ratio 

Male / Female White / Black Urban / Rural 
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Changing Demographics of the USA Drug Overdose Epidemic 
1979 - present 

Male -> Female (especially older) 
Black -> White  (especially younger) 
Urban -> Rural 
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Drug patterns by Age and Generation 

(percentage of deaths from cocaine, 
prescription drugs, methadone, heroin, 

fentanyl, methamphetamine, unspecified 
drug, and unspecified narcotic) 

K-means clustering of APC hexagon pixels 



K-means clustering 

   
 

 

Analytic frame delimited by 
Calendar year = 1999 -> 
Birth cohort = 1948 -> 
Age  >15 yo 



  

  

    
    

  

K-means clustering of APC hexagon pixels 
By drug patterns (percentage of deaths from cocaine, prescription drugs, methadeon, 

heroin, fentanyl, methamphetamine, unspecified drug, and unspecified narcotic) 

Note: Although no data on year, age, nor birth cohort were used 
to generate the  drug cluster patterns, the derived drug use cluster 
patterns nonetheless track along  year and birth cohort isolines 
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1965 Birth Cohort / Sequential Drug Clusters 
Pink->Brown->Red->Blue->Black->Purple 
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1985 Birth Cohort / Sequential Drug Clusters 
Red->Olive->Turquoise->Yellow->Chartreuse 
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 Statistically Defined Wave Structure of the Overdose Epidemic 



  

Observation set #3 

The slowing of the epidemic growth by birth year 
cohorts around 1975 also marked a bifurcation in 
the epidemic. Drug patterns in overdose deaths 
differ between cohorts born before and after 1975 
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How did the Opioid  Overdose Epidemic happen? 

Paradox: The overall smooth and predictable 
epidemic curve of drug overdose deaths is 
composed of heterogeneous sub-epidemic 
processes 

What forces are holding these sub-epidemics 
together ? 



 Moore’s Law: The number of transistors in a dense 
integrated circuit doubles approximately every two years 

http://www.2020techblog.com/2016/03/at-intel-moores-law-unstables-as-intel.html 

http://www.2020techblog.com/2016/03/at-intel-moores-law-unstables-as-intel.html


  

  

 

How did the Opioid  Overdose Epidemic happen? 

Advocacy for increased treatment of chronic pain 

New higher dose drug formulations aggressively 
marketed 

Cheap heroin supply  introduced 

Fentanyl replaced heroin 



 

      

IMMEDIATE CAUSES 

PUSH PULL 
(Supply) (Demand) 

Lower drug prices Loss of sense of purpose 
ROOT CAUSES 



Forecast 
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Data 1979-2017 APC Decomposition and Fitted 
Recomposition 

Forecast 2018-2025 
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Agent Based Modeling 
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FRED Web (pitt.edu) 
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https://fred.publichealth.pitt.edu/cdc_opioids
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Conclusions 

The drug overdose epidemic has been following a smooth and 
predictable exponential growth trajectory for four decades. 

Paradoxically, the epidemic is composed of sub-epidemics  that 
differ by drug, race, sex, and geography and that do not (thus 
far) show predictable patterns. 

Age structure analysis shows that the overall epidemic can be 
seen as having three major components – the “boomer” start, 
the youthward bifurcation, and the recent fentanyl surge. 

Forecasts based on historical patterns suggest continued 
exponential growth of the epidemic. 



 

 
  

 

 

Some New Questions 

How has the epidemic been held onto an exponential 
trajectory for almost four decades? 

What accounts for the strong generational effects? Why did the 
“Boomer” generation kick of the epidemic? What gave rise to 
the generational pre/post 1975 birth year bifurcation in drug 
use and mortality patterns? 

Do the socio-economic drivers and behavioral dynamics vary in 
parallel with drug use and demographic patterns? 

Is the national emphasis on prescription drugs addressing the 
younger half of the epidemic? 
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Through the use of computational analytics, 
modeling, and visualization, we can gain 
understanding the deeper social, economic, 
and behavioral drivers of the epidemic. 

Increased understanding of these deeper 
drivers will lead to a sustainable reduction of 
substance use disorders and overdose deaths. 
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Thank you for 
your attention 

https://sites.google.com/site/mdpafganistan/project definition 

https://sites.google.com/site/mdpafganistan/project
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