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Why Study Fatal Overdoses?
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Background

• Deaths from Overdoses
• 1999: 16,849
• 2016: 63,632

• Drugs Involved
• Initially opioid analgesics (often with other drugs)
• Rising role for heroin after 2006 (& particularly after 2009)
• & Fentanyl after 2012

• Drug overdoses most important cause of declining life
expectancy among mid-life whites

• Case & Deaton (2015) emphasize 45-54 year olds
• But effects are: concentrated among females
• & found at younger ages

• Suicides & alcoholic liver disease also play a role
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Prior Economic Research

• Transitory Economic Fluctuations: Arkes (2007), Ruhm (2015), Carpenter et al
(2017), Hollingsworth et al. (2017)

• Medical Marijuana: Powell et al (2015), Chu (2015), Bradford & Bradford (2016), Ozluk
(2017)

• Abuse-deterrent Drug Formulations: Alpert et al (2017), Evans et al (2017)

• Naloxone Availability: Rees et al (2017), Doleac & Mukherjee (2017)

• Medicare Part D: Powell et al (2015)

• Availability of Substance Abuse Treatment: Swensen (2015)

• Advertising: Anderson (2010)

• Physician Market Structure: Bradford (2017)

• State Drug Policies: Dowell et a (2016), Meinhofer (2016), Dave et al (2017), Buchmueller
& Cary (2018)

• But specific policies or factors explain at most a small part of
increase



“Deaths of Despair” (Case & Deaton)

• Seems consistent with overdose patterns
• Big increases in Appalacia, Rust Belt
• Largest growth for less educated

• But high rates in other areas as well (e.g. NH, MA) &
relationships could be spurious Map

• Poorly Defined
• Result from long-run declines in economic & social conditions?
• Why aren’t larger effects seen for blacks, midlife individuals in
other countries
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This Project

• ∆ in county economic conditions as explanation for ∆ in drug
death rates?

• Explained ∆ in death rates as % of total ∆
• Potentially important “demand-side” factor
• Also examine idrug, suicide & alcohol (DSA) mortality
• Multiple proxies for underlying latent variable
• Selection on Unobservables

• Alternative Hypothesis: changes in drug environment are of
key importance (supply-side)

• Some groups more vulnerable than others
• Relative risk changes with “drug environment
• “Effects” identified by changes in drug environment occurring
over analysis period
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Results So Far

• Economic conditions have limited explanatory power
• Explain < 1/10 of 1999-2015 ∆ in drug death rates (probably
much less)

• Virtually none of ∆ in nondrug DSA death rates explained

• Drug environment probably more important
• Initial period (1999-2010)

1. Prescription opioids dominate
2. Relative mortality risk ↑ for women, older adults

• Later period (2011-2015)
1. Illicit opioids dominate
2. Relative mortality risk ↑ for men, younger adults
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Basic Approach: Economic Conditions Analysis

• County-level analysis
• Mortality data from Multiple Cause of Death (MCOD) Files

• All Drugs: ICD-10 codes: X40-44, X60-64, X85, Y10-14, Y352
• Opioid Analgesics: T-Code 40.2
• Illicit Opioids: T-Code 40.1, 40.4
• Nondrug Suicides: ICD-10 codes: X65-X84, Y87.0, *U03
• Alcoholic Liver Disease: ICD-10 code: K70
• Opioid involvement adjusted for incomplete reporting on death
certificates

• Population data from Surveillance Epidemiology End Results
System (SEER)

• Many other data sources used

• Focus on mortality changes from 1999-2015
• Subperiods used in some analyses
• Also examine population subgroups
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Model & Methods

Mkt = Ektb + Xktct (1)

• Mkt = Mortality rate , county k, time t, t = [0, 1]
• E= ≥1 proxy for ∆ in economic conditions
• X= additional covariates

∆Mk = Mk1 −Mk0 = ∆Ekb + Xk0∆c + ∆Xkc1 (2)

Regression analog to (2)

∆Mk = ∆Ekβ + Xk0γ1 + ∆Xkγ2 + εk (3)

• β̂ is of key interest
• Problem including ∆Xk if caused by ∆Ek
• So estimate models with actual & “instrumented” ∆Xk
• “Instrumented” changes, ∆X I

k based on census division
(rather than county) changes instrument
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Methods (cont.)

∆Mk = ∆Ekβ + Xk0γ1 + ∆Xkγ2 + εk

• ∆Ek , Xk0, ∆X standardized to µ = 0, σ = 1
• Coefficients indicate “effect sizes” (of 1 sd ∆ in regressor)

% of ∆M Explained = β̂

σM
(4)

• Observations weighted by 2015 county populations
• Standard errors

• MP Estimates: Bootstrapped (1000 replications)
• Other Covariates: robust, clustered by commuter zone
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Multiple Proxy Estimates

∆Mk = ∆Ekβ + Xk0γ1 + ∆Xkγ2 + εk

• ∆Ek is a vector of proxy variables
• Several issues arise

• Proxies capture difference components of economic conditions
• But probably correlated
• How to aggregate “effects”

• Lubotsky-Wittenberg (2006) method: optimal weighting of
coefficients to minimize attenuation bias

LW method



Incomplete Drug Reporting on Death Certificates

• Drugs unspecified (ICD-code T-50.9) on 1/5 to 1/4 of death
certificates

• Two-stage correction procedure used
• Year-specific probit model for deaths with specified drug
involvement

• Dependent variable indicates specific drug involvement
• Explanatory variables: sex, race/ethnicity, marital status,
education, age, location & day-of-week of death, census region

• Probit model gives prediction equation
• Apply predicted drug involvement where not specified



Selection on Unobservables (Oster, 2016)

• “Short” Regression: ∆Mk = ∆Ekβ+λk
• βo , Ro are regression coefficient & R2 from short regression

• “Long” Regression: ∆Mk = ∆Ekβ+Xk0γ1 + ∆Xkγ2 + εk
• β̃, R̃ are regression coefficient & R2 from long regression

• Omitted variables bias often assumed small if β̃ similar to βo

• But (probably) not true if: R̃ similar to Ro



Selection on Unobservables (Oster, 2016)
• βo, Ro are regression coefficient & R2 from short regression
• β̃, R̃ are regression coefficient & R2 from long regression
• Selection-adjusted treatment effect β∗ computed using
βo, Ro, β̃, R̃ & assumed values of δ & Rmax

• Rmax is R2 from hypothetical regression capturing all
determinants of M

(Rmax < 1 if measurement error in M)
• δ : relative importance of selection on observables &
unobservables

δ = 1 : observables & unobservables equally important
δ < 1 : observables more important

• Assumptions: δ = 0.5, Rmax = 0.75
• Also calculate δ∗, R∗

max giving zero treatment effect

Oster



Robustness Checks

• 1990-2000 vs. 1999-2015 ∆ in economic conditions
• EP ratios rather than unemployment rates as proxy
• 1999 levels rather than 1999-2015 changes

• Unweighted vs. Weighted estimates
• Unadjusted vs. Adjusted mortality rates
• IV (GMM) rather than LW estimates
• Different starting/ending years & sub-periods
• Population subgroups, rural vs. urban locations
• Alternative definitions of suicides, alcohol-related deaths



Dependent Variables



Economic Proxies



Population Shares (1999 & 2015)



Other Covariates (1999 & 2015)



Mortality Rate Trends



Drug Mortality Rates by Sex & Age

age & sex patterns vary by drug type



Drug Mortality Rates by Race/Ethnicity & Education

• > for whites, less educated



Nondrug DSA Mortality Rates

• much > for males, more concentrated on older groups



Δ in 1999-2015 Death Rates: No Extra Controls

• Income, Home Price changes “reverse coded”
• Positive coefficient =⇒ worse econ. conditions, mortality ↑ (except

suicide/alcohol)



Δ in Various Death Rates: No Extra Controls

Proxy effects weaker than when entered individually (correlated)
Correlations

But MP estimates stronger than individual econ. conditions
Additional Coefficients



Δ in Drug Death Rates, Various Controls

• Adding covariates attenuates proxy coefficients (confounding)
• More so when ∆X than ∆X I controls included
• % Explained attenuated 73%-85% by inclusion of controls
• Important confounding factors: sex, race/ethnicity, %
foreign-born

Additional Coefficients



Various Death Rates: % ∆ Explained

• Supplementary covariates attenuate MP estimates:
73%-100% for fatal overdoses



Robustness Checks

• Unweighted observations, unadjusted mortality rates,
1990-2000 ∆ in economic conditions Estimates

• Different start/end year Estimates

• IV (GMM) estimates Estimates

• Sub-Periods Estimates

• Population subgroups Estimates

• Rural vs. urban locations Estimates

• > ∆ death rates explained in metropolitan than rural counties



Selection on Unobservables

• Treatment effect eliminated with limited remaining confounding



Drug Environment Hypothesis: Approach

• Drug use & risks changed dramatically over analysis period
• Demand-side causes unlikely to predict corresponding ∆ in
composition & risk of deaths

• Persons self-medicating for despair switch to more readily
available drugs

• Drug environment hypothesis predicts shifts in share/risk of
death as supply & price change

• Younger adults & men relatively likely to use illicit drugs
• Older adults & women more often use legal drugs
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% Drug Deaths by Opioid Type



Drug Environment Hypothesis: Approach

• Drug use & risks changed dramatically over analysis period
• Demand-side causes unlikely to predict corresponding ∆ in
composition & risk of deaths

• Drug environment hypothesis predicts shifts in share/risk of
death as supply & price change

• Younger adults & men relatively likely to use illicit drugs
• Older adults & women more often use legal drugs

• Expect death share/rate: older adults & women↑ (or not ↓)
from 1999-2010

• Expect death share/rate: younger adults & men ↑ after 2011
• Additional information from other drug categories Mortality Rates



Methods

Sgkt = Xktβ + Fkκ+ Ttτ + ωgkt (5)

• Panel data model estimated here
• Sgkt = Mortality share: group g , county k, time t
• Fk = County fixed-effect
• Tt = General year effect
• τ̂= secular change in drug deaths by population group

• could be drug environment or other time-varying factors
• but sharp breaks/reversals probably indicate ∆ in drug
environment



Test of Trend Breaks

Sgkt = Xktβ + Fkκ+ Trendtφ+ Posttπ + ωgkt (6)

• Trend = linear trend (0 in 1999, 16 in 2015)
• Post = trend spline: 0 in initial sample years, 1, 2, etc. after
break/reversal (e.g. >2010)

• φ̂ = trend in deaths for group g from 1999-2010
• φ̂+ π̂ = group-specific trend after 2010



Relative ∆ in group-specific mortality rates

• Changes relative to a reference group (e.g. males vs. females)

Mgkt = Fkκ+ Ttτ + (Tt × Gg )θ + ζgkt (7)

• Observations for ≥2 population groups in each year
• θ̂ shows relative treatment vs. control group mortality rate
differences for year t

• Also estimate trend-spline model

Mgkt = Fkκ+ Ttτ + Trendgtφ+ Postgtπ + ζgkt (8)

• τ̂ = reference group time effect
• φ̂ = initial treatment group mortality rate trend differential
• φ̂+ π̂ = differential in later periods



Other Changes

• Year & county fixed-effects reduce need for supplementary
covariates

• & annual data lacking for some of them
• unemployment & poverty rates, median incomes controlled for
• results not sensitive to inclusion of other controls
• effects subsumed in year coefficients for treatment vs. control
group comparisons

• Separate estimates by sex & age (20-39 vs. 40-59)
• Standard errors clustered by county
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Overall Drug Deaths as Proxy for Drug Environment

• Abrupt mortality increases almost certainly reflect supply-side
factors

• No reason to expect sudden changes in demand
• (Not true for gradual trends)

• County opioid analgesic mortality rates regressed on MME per
capita (from ARCOS)

• higher opioid analgesic prescriptions “explain” 85% of rise in
associated deaths from 2000-2011

• Past year heroin use trends line up with fatal heroin overdoses
• Fentanyl reports also mirror patterns of death
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Δ in Mortality Shares

• Regression-adjusted estimates (show ∆ since 1999)
• Initial fall then rise in male/young adult share

Trend Spline Estimates



Mortality Rate Difference by Sex

• Relative male illicit opioid mortality rates rise starting in 2006,
rapidly after 2010



Mortality Rate Difference by Age

• Relative 20-39 year old illicit opioid mortality rates rise
starting in 2006, rapidly after 2010

• Also confirmed for heroin, synth opioids, cocaine, methadone
Trend Spline Estimates



What Have We Learned

• Counties with (relative) economic decline did experience
higher drug death rate growth

• Much of this reflects observed confounding factors
• 73% - 85% of raw correlation attenuated for drug deaths

• Changes in economic conditions explain < 1/10 of observed
increase in drug death rates

• even less of ∆ for opioid analgesic or illicit opioid mortality
• None of ∆ for suicide/alcohol deaths
• Could modestly underestimate or overstate total contribution
• But most of change is due to other factors

• Accounting for selection on unobservables eliminates
estimated effects



What Have We Learned (cont.)

• Evidence consistent with importance of drug environment
• 1999-2011: opioid analgesic deaths ↑
• 2010-2015: illicit opioid deaths ⇑, opioid analgesics flat

• Share of male & young adult drug deaths ↑ after 2010
• Also consistent patterns for relative changes for other drugs



Some Implications

• Rising drug deaths not primarily due to medium-term changes
in economic conditions

• possibly affected by longer-term economic/social changes
• hard to explain ∆ in group death shares by demand-factors

• but also by short-term differences in drug environment
• Potential gains for policies focused on drug environment

• Fatal drug epidemic not just about opioids
• movement from opioid analgesics to illicit opoiods
• rapid recent growth in cocaine deaths
• steady increase in stimulant deaths
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EXTRA SLIDES



∆ Drug Mortality Rates: 1999-2015

Return



Instrumented covariate changes (∆X I)

• Based on starting year values & census division changes
• Continuous variables:

∆X I
k = Xk0 ×

Xd1 − Xd0
Xd0

(9)

d indicates census division
• Binary policy variables:

• ∆X I
k = 0 if Xk0 = 1

• if Xk0 = 0:

∆X I
k |(Xk0=0) = (Xd1 − Xd0) |(Xd0=0) (10)

Return



Lubotsky-Wittenberg (2006) Method

∆Mk = β∆E ∗
k + Xk0γ1 + ∆Xkγ2 + εk (11)

• E ∗
k is a latent variable. Instead, observe proxies Ekj ,where

∆Ekj = ρj∆E ∗
K + µkj (12)

• Key Assumptions:

• ∆E∗
k uncorrelated with εk

• all µkj uncorrelated with ∆E∗
k & εk

• Unrestricted covariances between µkj , can be nonzero
• unlike IV, factor/principal components analysis
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LW Method (cont.)
• (2) & (3) cannot be directly estimated. To minimize
attenuation bias estimate

∆Mk =
m∑

j=1
βj∆Ejk + Xk0γ1 + ∆Xkγ2 + εk (13)

• & calculate weighted sum of proxy coefficients

β̂ =
m∑

j=1

cov(∆M,∆Ej)
cov(∆M,∆E1) β̂j (14)

• Weights depend on covariances between proxy and outcome
• E1 is “base” proxy (here use proxy with largest magnitude in
regression without additional covariates β̂j as E1)

• β̂ has same scale as β̂1
• Measures effects up to a normalization

Return
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Oster Method: Details
• “Short” Regression: ∆Mk = ∆Ekβ+λk

• βo , Ro are regression coefficient & R2 from short regression
• “Long” Regression: ∆Mk = ∆Ekβ+Xk0γ1 + ∆Xkγ2 + εk

• β̃, R̃ are regression coefficient & R2 from long regression
• Hypothetical Regression:

∆Mk = ∆Ekβ+Xk0γ1 + ∆Xkγ2 + Wkψ + µk
• W, orthogonal to X0, and ∆X, and captures remaining
determinants of M

• Rmax is R2 from this regression
• Rmax < 1 if measurement error in M

• δ : relative importance of selection on observables &
unobservables

δ =
σWE/σ2

W

σXE/σ2
X

• δ = 1 : observables & unobservables equally important
• δ < 1 : observables more important



Oster Method Details (cont.)

• Estimate βo,Ro, β̃, R̃ from short and long regressions
• Selection-adjusted treatment effect:

β∗ ≈ β̃ − δ(βo − β̃)
[

Rmax − R̃
R̃ − R0

]
(15)

• Adjustments attenuate MP estimate more for:
• large δ (unobservables more important)
• large Rmax − R̃ (unexplained variance)
• large βo − β̃ (in absolute value): more attenuation when
adding covariates

• small Ro−R̃ : R2 increases little from short to long regression
• Assume values for δ = 0.5,Rmax = 0.75



Oster Method Details (cont.)
• Selection-adjusted treatment effect:

β∗ ≈ β̃ − δ(βo − β̃)
[

Rmax − R̃
R̃ − R0

]

• Selection on unobservables yielding zero treatment effect:

•

δ∗ ≈
(

β̃

βo − β̃

)[
Rmax − R̃
R̃ − R0

]
(16)

• Rmax yielding zero treatment effect:

R∗
max ≈ R̃ +

(
β̃

δ(βo − β̃)

)
(R̃ − Ro) (17)

Return



Correlations Between Economic Proxies

Return



Δ in 1999-2015 Death Rates: No Extra Controls

Return



Δ in Total Drug Death Rate, Various Controls

Return



Robustness Checks

Return



GMM (IV) Estimates

• Each proxy instrumented by all others, 1999 covariates included• GMM & multiple proxy estimates mostly similar except import exposure (all DSA deaths most different)• 1st -stage F-Stat: 72.5, 129.0, 23.6 & 33.0 for poverty, incomes, home prices & unemployment; 5.4 for
import exposure

Return



GMM (IV) Estimates with ∆X I Controls

Return



Different Starting/Ending Years

Return



Selected Time Periods

• Initial year: 1999, 2006; final year: 2011, 2015

• No evidence of substantially greater treatment effects

Return



Selected Drug Mortality Rates

Return



Subgroups: % ∆ Explained

Return



Group Share of Drug Deaths (Regression-Adjusted)

• Male, 20-39 year old mortality shares fall through 2010
• Then rise rapidly

Return



Treatment vs. Reference Group ∆ in Deaths
(Regression-Adjusted)

• Male, 20-39 relative mortality rates ∆ little through 2010 or 2011
• But illicit opioid rates grow rapidly after that

Return



Urban vs. Rural Counties

• Generally bigger effects in metropolitan (not rural) counties

Return


