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Abstract

Is the opioid epidemic attributable to prescription painkillers being more accessible
or to opioid substitutes being less accessible ? I find that the state-level decision to
increase access to prescription painkillers by expanding Medicaid under the Affordable
Care Act increased both opioid prescriptions and in opioid-related deaths. These re-
sults vary strongly by demography, being driven largely by deaths of white men without
college degrees. A back of the envelope calculation suggests that, for an average county,
Medicaid expansion caused approximately 2,800 more people to be insured per year,
175,000 more opioid units to be prescribed per year, and 4 additional opioid-related
deaths per year. Overall, opioid accessibility shocks explain about 12,000 opioid deaths
per year, or nearly a third of the overall death toll. I also find that the state-level deci-
sion to legalize recreational Marijuana (a substitute painkiller) reduced opioid-related
deaths. Overall, these opioid-substitute accessibility shocks account for a reduction
of about 12,000 opioid deaths per year. I conclude that policy-makers can achieve
reductions in opioid mortality without restricting access to opioids.

1PhD Candidate at Texas A&M University. jpaulanders@gmail.com
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1 Introduction

The United States is in the midst of a drug overdose epidemic driven by a rise in opioid

abuse. In 2016, approximately 30,000 deaths were attributable to opioid abuse.1 This death

toll - more than 80 people per day - makes opioid abuse as deadly as car accidents and

gun shots (Paulozzi (2012)). This rise in opioid-related deaths is part of a broader trend

in increased mortality which is confined to middle-aged whites and borne chiefly by whites

without college education (Case and Deaton (2015)). Because of its magnitude, the opioid

epidemic has drawn concern from the public and policy-makers alike, prompting many to

ask what policies might be able to combat this epidemic. However, in order for policy to be

effective at reducing these deaths, it must be aimed at the underlying cause of the epidemic.

There are two competing accounts of why opioid deaths have risen in the last decade.

According to one account, worsening social and economic conditions have given rise to

an “underlying malaise” that is associated with reductions in educational attainment, labor

force participation and marriage rates among non-Hispanic white males (NPR Interview with

Case and Duncan (2017)). This “underlying malaise” is associated with increases in various

kinds of “deaths of despair” including suicides, alcohol-related liver deaths and opioid-related

deaths. Construed broadly, this account tries to explain the increase in opioid-related deaths

(and other rising mortality rates) by appealing to social factors that encouraged opioid abuse.

According to a competing account, changes in the accessibility of opioids and opioid

substitutes have driven opioid-related mortality. The first part of this story asserts that in

recent years physicians (perhaps with financial motivation from pharmaceutical companies)

have been writing a large volume of opioid prescriptions for pain treatment, and have thereby

brought about new addictions. This story is motivated by anecdotes in which patients receive

standard medical treatments such as surgery and report having developed an addiction to

1Author’s calculations from CDC Mortality Files.
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opioids after having been prescribed a powerful, synthetic opioid to treat short-term pain

(Kessler et al. (2018)). This explanation of the epidemic finds further justification from

studies that document associations between the remunerations received from physicians and

the volume of opioids those physicians prescribed (Hadland et al. (2017), Fleischman et al.

(2016), Wood et al. (2017), Yeh et al. (2016)). The second part of this story stems from a

body of evidence showing that access to an opioid substitute such as Marijuana lowers opioid

mortality (Cerdá et al. (2012), Monte et al. (2015), Wen and Hockenberry (2018), Bradford

et al. (2018), Hill and Saxon (2018)). Construed broadly, this account tries to explain the

increase in opioid-related deaths by appealing to factors that affect drug accessibility, i.e.,

policies that affected either access to opioids or access to opioid substitutes.

To disentangle factors pertaining to drug-accessibility from social factors pertaining to the

“underlying malaise”, I utilize policy variation both in opioid access and in opioid substitute

access. I exploit the staggered state-level expansion of the Medicaid program (as allowed

under the Affordable Care Act) as a natural experiment to ascertain whether increased

access to medical services, including prescription drugs, increased opioid-related deaths. I

also exploit the staggered stage-level legalization of Marijuana to see whether the increased

availability of an opioid substitute decreased opioid-related deaths.

Utilizing variation in both Medicaid expansion and Marijuana legalization allows me to

address two interconnected research questions. First, using variation in Medicaid expansion

allows me to answer the question, (1) “is the opioid epidemic entirely caused by social factors

pertaining to an “underlying malaise”, or are opioid accessibility policies partially responsible

for the epidemic?”. Given that I find evidence that opioid-accessibility shocks are responsible

for approximately a third of the death-toll, it is natural to ask whether policy ought to aim

at restricting access to opioids. On the one hand, my results suggest that restricting access

to opioid prescriptions (e.g. encouraging doctors to write fewer prescriptions) could save

lives. But, on the other hand, these restrictions might harm those who rely upon, but do not
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abuse, opioid prescriptions to manage chronic pain (NPR: All Things Considered (2018)).

Furthermore, there is evidence that an existing attempt at restricting access for would-

be opioid abusers (implemented by reformulating a popular opioid to be abuse-deterrent)

caused substitution to heroin, rather than a reduction of deaths (Alpert et al. (2017)).

Accordingly, using variation in Marijuana legalization allows me to answer the question, (2)

“can a policy effectively mitigate opioid-related mortality without restricting access?”. In

short, my research design allows me to study the impacts of both access to opioids and access

to opioid substitutes in the presence of whatever “underlying malaise” there may be.

Using a panel fixed-effects estimation strategy, I produce separate difference-in-difference

estimates of the impact of Medicaid expansion and Marijuana legalization, respectively, on

opioid-related deaths. Because this estimation strategy controls for location-specific and

time-specific factors, it is able to isolate the causal impact of a given policy shock on

opioid mortality. I find no evidence of pre-existing differences in opioid-related mortality

trends prior to each policy shock, which suggests that the policy shock is responsible for the

changes in opioid mortality that follow it. Furthermore, with respect to Medicaid expansion,

I implement a triple difference estimation strategy and find that areas with larger pools

of individuals who are both uninsured and Medicaid eligible experienced larger increases

in opioid-related mortality than areas with smaller pools of uninsured individuals. I also

perform several robustness checks such as including county-year economic covariates and

including state-specific time trends, and find that the results are robust.

There are several mechanisms through which the increased physician access (occasioned

by Medicaid expansions) could increase opioid-related deaths: new found health insurance

gives greater access to prescription drugs including opioid prescriptions, but also reduces the

burden of the health care costs borne by the newly insured of engaging in risky behaviors

such as using heroin. To try to isolate the mechanism, I use Medicaid claims data to show

that opioid prescriptions reimbursed by Medicaid increase differentially based on Medicaid
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expansion. I also use aggregated data on opioid prescriptions rates for the general population

to show that overall prescription rates do not respond differentially as clearly or as strongly

as the Medicaid reimbursements do.

This paper makes three contributions to the literatures on the opioid-epidemic, the effects

of Medicaid expansion, and the determinants of substance abuse: (1) This paper provides

the first evidence that recent increases in health insurance access (Medicaid expansions)

and the increases in medical access they occasioned have directly contributed to the opioid

crisis; my estimates suggest that recent expansions of Medicaid account for roughly one

third of the rise in opioid-related deaths from 2012 to 2016. (2) This paper provides the

first evidence of how these shocks to opioid accessibility (Medicaid expansions) interact with

shocks to opioid-substitute accessibility (Marijuana legalization). I show that legal access to

recreational Marijuana mitigates the effect of Medicaid expansions on opioid-related deaths;

my estimates suggest that Marijuana legalization is responsible for reductions in opioid-

related deaths that are as large as the increases generated by Medicaid expansions. (3)

This paper is also (to the best of my knowledge) the first to estimate, for a given drug

about which abuse is a concern, the effects both of drug-accessibility and drug-substitute

accessibility on drug-related mortality2; Accordingly, I provide the first policy analysis that

compares the relative effectiveness of drug access policies and drug-substitute access policies

a policy-maker could use to combat the opioid epidemic.

2For a given drug about which abuse is a concern (e.g., alcohol, marijuana), one finds many examples
of separate, stand-alone estimates of either drug-accessibility effects or drug-substitute effects, but not both
together.
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2 Background: Drug Accessibility Policies and the Opi-

oid Epidemic

2.0.1 Opioid Access: Are Doctors to Blame?

Popular discussions of the opioid epidemic in the media are replete with anecdotes that fea-

ture patients who are prescribed powerful opioids to manage pain and later find themselves

suffering from addiction. Some patients feel that their doctors prescribed these powerful

drugs unnecessarily and for their own financial benefit (Kessler et al. (2018)). These anec-

dotes motive us to question whether doctors are overprescribing opioids (at least in part

because they are motivated by remunerations from pharmaceutical companies) . Indeed

there is a large literature on the extent to which physicians generally respond to financial

incentives (Gruber and Owings (1994), Grant (2009), Clemens and Gottlieb (2014), Hill-

man et al. (1998), Schnell (2017), Yeh et al. (2016), Wood et al. (2017), Fleischman

et al. (2016)). In the case of opioids in particular, there is a small literature documenting

various correlations between physician reimbursements and prescription volumes (Hadland

et al. (2017), Fleischman et al. (2016), Wood et al. (2017), Yeh et al. (2016)).

These pieces of evidence together paint a picture according to which physician behavior

increased the accessibility of opioids and thereby contributed to opioid abuse. Furthermore,

utilizing variation in the implementation of Medicare Part D, Powell et al. (2015) find that

increased opioid access for the Medicare-eligible population had a spillover effect on the

Medicare-ineligible population, increasing the opioid-death rates for the non-elderly popu-

lation who did not gain direct access to opioids. However, there is not yet in the literature

a causal estimate of the direct impact of the accessibility of opioid prescriptions on opioid

mortality.
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2.0.2 Opioid-Substitute Access: Marijuana as an Opioid Substitute

There is a body of evidence showing that access to an opioid substitute such as Marijuana

lowers opioid mortality (Cerdá et al. (2012), Monte et al. (2015), Wen and Hockenberry

(2018), Bradford et al. (2018), Hill and Saxon (2018)). Because Marijuana is a painkiller it

can be used to manage chronic pain and hence is a candidate substitute for opioids. Because

Marijuana is much less likely to cause overdoses than opioids, it is also a safe alternative to

powerful, synthetic opioids (Abuhasira et al. (2018)). However, these estimates have not yet

been produced alongside of and compared to comparable supply-side estimates; we do not

yet understand the size of the effects of opioid substitute access relative to the size of the

effects of opioid access and, accordingly, we don’t yet understand whether policy would be

better served by addressing the supply-side or the demand-side.

2.1 Separate Shocks: Medicaid Expansion and Marijuana Legal-

ization

There is evidence that shocks to opioid access brought about by Medicaid expansions are

orthogonal to shocks to opioid-substitute acesss brought about by Marijuana legalization

Figure 15 shows the cumulative percent of the population exposed to the interaction of these

policy shocks.3 While all states that legalized recreational Marijuana expanded Medicaid,

many expander states did not legalize Marijuana. Moreover, many non-expander states

did not legalize Marijuana.4 Table 2 shows estimates of the extent to which Marijuana

legalization can successfully predict Medicaid expansion.5 We see that the success Marijuana

legalization has in predicting Medicaid expansion is largely soaked up when other endogenous

3Appendix Table 13 shows the summary statistics of the variables containing the policy variation.
4Figure 2 and Figure 14 show the timing of the variation in Medicaid expansion and Marijuana legaliza-

tion, respectively. Figure 15 shows the interaction.
5We already know that Medicaid expansion cannot predict Marijuana legalization since the latter preceded

the former.
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state-level variables are taken into account (See columns (1) and (2) of Table 2). Furthermore,

we see that Marijuana legalization is not successful in predicting the timing of Medicaid

expansion (See columns (3) and (4) of Table 2). I conclude that, at least for the purposes of

understanding opioid-related mortality, these two policy shocks are separate from each other

and can be used as independent sources of policy variation.

3 Data

3.1 SAHIE Health Insurance Estimates

Data measuring health insurance coverage are taken from Census Small Area Health Insur-

ance Estimates (SAHIE), which measure the number of uninsured at the county-year level.

Because the Medicaid expansions focused on childless adults with income at or below 138

percent of the Federal Poverty Line, my outcome of interest is the number of uninsured be-

tween the ages of 18 to 65 whose reported income falls at or below 138 percent of the Federal

Poverty Line. These data are used to obtain a first stage estimate of the extent to which

Medicaid expansion increased the number of insured individuals in a given county-year.

Table 1, Panel A contains the summary statistics of these variables, while Figure 6 shows

the calendar year trends in these variables by whether or not a state expanded Medicaid

between 2014 and 2016. While expander states enjoyed a lower rate of uninsured individuals

(about 9 percentage points or 26% off the overall mean (Table 1, Panel A, Row 2), the

groups tracked each other well prior to January of 2014 when the Medicaid expansions

began (Figure 6).
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3.2 CDC Individual-Level Mortality Files

Data measuring opioid-related deaths are taken from restricted CDC Mortality files. These

individual level data include demographic information about the deceased (race, ethnicity,

gender, educational attainment) as well as ICD-10 codes which classify the imputed “under-

lying cause of death”.6 I count a death as “opioid-related” if one of its cause of death codes

involves an opioid abuse.7. My key outcome of interest is the count of opioid-related deaths

at the county-month level, which I obtain by collapsing the individual level data. I use this

measure to obtain a reduced form estimate of the extent to which Medicaid expansion and

Marijuana legalization affect opioid-related mortality.

While an average county saw less than one opioid-related death per month, some counties

experienced more than 100 such deaths in a month (Figure 19). As the summary statistics

contained in Panel D of Table 1 show, expander states average .6 additional opioid-related

deaths per month (or approximately 2 additional deaths per quarter). Figure 3 shows trends

in opioid-related deaths by expansion status; Figure 12 further breaks down these trends,

showing them separately for white men without any college attainment and white women

with college attainment. We can see that each of these groups track each other well in the

period prior to Medicaid expansion, despite the fact the fact that expanders have a higher

overall volume of deaths.

3.3 Opioid Prescriptions

There are several mechanisms through which increased medical access could increase opioid-

related mortality: new found health insurance gives greater access to prescription drugs

including opioid prescriptions, but also reduces the burden of the health care costs borne by

6Each death can be assigned up to 20 such cause of death codes.
7This includes the following ICD-10 codes: T40.1 (Heroin), T40.2 (Other opioids), T40.4 (Other synthetic

narcotics)
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the insured of engaging in risky behavior such as using heroin. To isolate the mechanism,

I use Medicaid claims data to explore whether opioid prescriptions reimbursed by Medicaid

increase differentially based on Medicaid expansion. I also use CDC data on opioid prescrip-

tions rates for the general population to explore whether overall prescription rates respond

as strongly as those in the Medicaid claims (Section 4.5). I detail both data sets just below.

3.3.1 CMS State-Quarter Opioid Prescriptions

The Centers for Medicare and Medicaid Services (CMS) claims data give counts of prescrip-

tion drug products at the state-quarter level for the universe of claims billed to Medicaid. I

use these data to measure the extent to which state-level Medicaid expansion affected the

number of units of opioids prescribed, the number of opioid prescriptions, as well as the

amount reimbursed for opioids.8.

Table 1, Panel B contains summary statistics for variables measuring opioid drug claims

filed through Medicaid. These variables are at the state-quarter level and measure pre-

scriptions for the universe of claims filed through Medicaid. We can see that across several

measures, expander status have Medicaid programs which provided more opioids on average

than non-expander states.9 Furthermore, the trends in Figure 8 show that at the beginning

of 2014, when Medicaid expansion first occurred, there was a significant upward jump in

the number and dollar value of opioid prescriptions reimbursed by Medicaid, suggesting that

Medicaid expansion is associated with an increase in the volume of opioids accessed.

3.3.2 CDC County-Year Opioid Prescriptions

Because CMS state-drug utilization data are derived from the universe of Medicaid claims,

I additionally test whether a measure of opioid prescriptions that includes prescriptions

8I classify prescription drug products as opioids following Jena et al. (2014). For details, see Data
Appendix.

9Figure 23 shows the state-quarter level distribution of opioid prescriptions filed through Medicaid as well
as the distribution of the amounts reimbursed by Medicaid.
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outside the universe of Medicaid prescriptions is also responsive to Medicaid expansion.

The CDC provides a county-year measure of “retail opioid prescriptions dispensed per 100

persons” (Centers for Disease Control and Prevention (2018)), which includes prescriptions

filed through Medicaid and those reimbursed by any other payer, including out of pocket

payments. We can see that expander states had slightly lower overall opioid prescriptions

rates (about 6 fewer prescriptions per 100 people or about 7% fewer off the overall mean),

but that the distributions are not significantly different by expansion status (Panel C of

Table 1).

4 Medicaid Expansions: Increased Access to Opioids

Increased Deaths

In this section, I provide evidence that exogenous increases to health insurance and the

medical access it occasioned (including access to prescription drugs) increased opioid-related

deaths. I utilize the staggered state-level Medicaid expansion licensed by the Affordable

Care Act to provide quasi-random variation in access to health insurance and medical care

(including access to prescription drugs). These estimates show the extent to which the opioid

epidemic has been driven by increases in opioid accessibility.

4.1 Estimation

I use a panel fixed effects model to estimate the impact of Medicaid expansion on opioid-

related deaths, health insurance, and opioid prescriptions. My main specification is a simple

(non-dynamic) difference in difference equation:

ycst = αc + αt + βExpansionst + εcst, (1)

10
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where ycst is the either the number of opioid-related deaths, the number of uninsured

persons, or the number of opioid prescriptions in county c, state s and time period t. I am

primarily interested in the coefficient on Expansionst, which indicates that the county-month

observation is from an expander state after it expanded Medicaid.

To understand the dynamics of the effects, I also use a dynamic panel fixed effects model

to estimate the impact of expansion on opioid-related deaths, health insurance, and opioid

prescriptions. In the dynamic difference in difference estimator, I include a set of variables

which indicate time periods away from Medicaid expansion:.

ycst = αc + αt +
n+∑

τ=−n

βτ1(t = Ts + τ) + εcst, (2)

where ycst is the either the number of opioid-related deaths, the number of uninsured

persons, or the number of opioid prescriptions in county c, state s and time period t. I

am primarily interested in the coefficients on the indicators, 1(t = Ts + τ), each of which

indicates how many time periods t in state s a given observation is removed from the first

time period in which state s expanded Medicaid, Ts.

4.2 Reduced Form Estimates: Opioid Death Increases

Ex ante, we expect an expansion in access to health insurance to result in increased access

to medical services, which we expect to improve health outcomes and decrease mortality. If,

however, physicians were prescribing opioids for pain treatment in ways that, on average,

harm patients we might find that Medicaid expansion results in increased opioid mortality.

To empirically test this, I estimate equations of the form of Equation 1 and Equation 2,

where the dependent variable is the count of opioid-related deaths.

As Figure 4 shows, prior to expansion, expander and non-expander states were not trend-

ing differentially, but that after expansion, states that expanded began to experience an

11
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increase in opioid-related mortalities.10 Table 4 displays the coefficient estimates depicted in

Figure 4. The coefficients suggest that in the quarters immediately after expansion, coun-

ties in expander states experienced an increase of approximately .3 opioid-related deaths

per county-quarter; a year after expansion the coefficients are statistically significant and

suggest that Medicaid expansion is responsible for approximately 4 additional deaths per

county-year.11

The static difference in difference estimators give the same account. Table 3 displays the

static difference in difference estimation of Equation 1 under different specifications. The

estimate in column (1) of Table 3 indicates that Medicaid expansions are associated with

approximately .3 more opioid-deaths per county-month or 4 more opioid-related deaths per

county-year. Column (2) of Table 3 shows that this result is consistent with OLS estimates

using the log of opioid-related deaths. Finally, columns (3) and (4) show that standard non-

linear specifications for count variables (Poisson and Negative Binominal regressions) both

suggest that Medicaid expansion is associated with a .05 increase in opioid-related deaths

per county-month or a .6 increase in opioid-related deaths per county-year. Though these

non-linear estimates are statistically significant and economically meaningful, they attribute

an increase (.6 more opioid-related deaths per county-year) that is approximately 6 times

lower than the increase we found in the OLS estimates (4 more opiod-related deaths per

county-year).12 Each of these estimates is consistent with my preferred estimate (column (1)

10My main reduced form estimates use data disaggregated to the county-month level; however for visual
ease I display the results in figures based on estimates using the data aggregated to the quarter level. For
robustness I also show the Figure with estimates by county-month (Appendix Figure 21).

11These results are robust to using rates of opioid-related deaths as the dependent variable instead of
counts (See Appendix Figure 22).

12This difference is partially attributable to the choice of including counties with no opioid-related deaths
in the sample. Table 12 shows that approximately 10 percent of counties never record an opioid-death in my
sample. These zero opioid-death counties are included in the the OLS estimates in columns (1) and (2) of
Table 3, but dropped in the non-linear specifications reported in columns (3) and (4). The choice to drop the
counties that never record an opioid-death is driven by technical details involved in the maximum likelihood
estimation techniques standardly used in these non-linear models. An OLS estimate performed on a sample
that drops zero opioid-death counties also gives the same qualitative story as the non-linear estimates.

12
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of Table 3) and tells qualitatively the same story: Medicaid expansion is associated with a

statistically significant and economically meaningful increase in opioid-related deaths.

4.3 Identification: Threats to Interval Validity

In order to interpret the estimates from Equation 1 and Equation 2 as causal estimates, we

must believe that (conditional on county and month fixed effects) the state level decision to

expand Medicaid is not correlated with other factors that might increase opioid mortality.13

We might reject the causal interpretation if, for example, states that expanded insurance

access for the poor were, during this same time period, also implementing policies that

in some way encouraged substance abuse. Ex ante, however, it would be reasonable to

expect that states which expanded Medicaid were also actively pursuing various means of

improving health outcomes and decreasing substance abuse and such an endogeneity concern

would suggest that my estimates should be taken as lower bound estimates of the true effect.

Nevertheless, to ensure against any possible threats to interval validity, I provide several

pieces of empirical evidence which justify a causal interpretation of the estimates.

4.3.1 Medicaid Expansion Exogenous to Deaths, Prescriptions

The main evidence to justify a causal interpretation comes from the fact that there are no

pre-period differences either in calendar-year trends or in dynamic difference in difference

estimates across expander and non-expander states, with respect to opioid-related death

measures, opioid prescription measures, and uninsured individuals. Figure 3 shows that,

prior to all Medicaid expansions, expander states track non-expander states in counts of

opioid-related deaths14; Figure 4 shows that the dynamic difference in difference estimates

in the pre-period hover around zero, confirming that expander and non-expander states were

13Mathematically, we must assume: E(εcst|αc, αt, Expansionst) = 0.
14Appendix Figure 20 shows that these groups also track each other in terms of log opioid deaths.
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on common trends prior to expansion.15

Secondly, as Figures 6 and 7 show, prior to expansion, expander and non-expanders

states share common trends in the number of uninsured individuals residing in their counties.

Whether we measure in counts or in logs, we see that expanders and non-expanders track

each other well before 2014, but that expansion states see a sharp drop in their uninsured

population beginning in 2014, when the expansions first occurred (Figure 6). The difference

in difference estimates in the pre-period also hover around zero, confirming that the groups

share a common trend (Figure 7).

Lastly, as Figure 8 shows, prior to all Medicaid expansions, expander states track non-

expander states in both the number of opioid prescriptions reimbursed by Medicaid and the

amounts reimbursed for those opioid prescriptions. Furthermore, as Figure 9 shows, the

difference in difference estimates in the pre-period hover around zero both for opioid units

reimbursed by Medicaid and amounts reimbursed. I conclude that in terms of the outcome

variable and other immediately relevant variables, expander and non-expander states shared

a common trend before expansion, and hence that the difference-in-difference estimates are

to be interpreted causally.

4.3.2 Determinants of Expansion

To further ensure that my identification strategy is valid, I consider a rich set of state

level covariates including variables which measure the political environment of the state, the

expenditure portfolio of the state, as well as demographic and economic conditions. I then

estimate an equation of the form:

Pr(Expansions) =
∑

βs,polZ1s,pol+
∑

βs,expZ2s,exp+
∑

βs,demogZ3s,demog+
∑

βs,econZ4s,econ+εs

(3)

15The dynamic difference in difference estimates in the pre-period also hover around zero when the depen-
dent variable is opioid mortality measured as a rate (See Appendix Figure 22).
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where Z1 is a vector of variables measuring the state’s political environment, Z2 is a vector

of variables measuring state level expenditures, Z3 is a vector of variables measuring demog-

raphy, and Z4 is a vector of variables measures economic conditions. Column 1 of Table 5

shows the results of estimating Equation 3. We can see that one of the strongest predictors

of expansion is the percent of the state’s lower chamber which is Republican. This along with

the coefficient on education expenditures, welfare expenditures, and percent white, suggests

that the state level decision to expand was strongly associated with the state-level political

environment in the time-period prior to expansion.16 I conclude from these results that ex-

pansion was not driven by state-level public health conditions relevant to substance abuse,

and in particular opioid abuse; expansion was driven by the pre-period political composition

of the state legislature.

4.3.3 Robustness Checks: DDD, Controls and State-Specific Trends

If Medicaid expansion were responsible for increasing opioid-related deaths, we would expect

to find larger increases of deaths in those counties where Medicaid expansion was likely to

occasion a very large health insurance increase, than in those counties where expansion

was likely to occasion a very small health insurance increase. I exploit county-level pre-

period differences in the volume of uninsured individuals to test whether opioid-related

deaths responded more strongly to Medicaid expansion in counties with a higher volume of

uninsured individuals prior to expansion than in counties with a lower volume of uninsured

individuals prior to expansion. First, I take the distribution of individuals in a county who

are both uninsured and have an income at or below 138% of Federal Poverty line and I

assign counties to various quantiles of this distribution. For example, in the lowest quintile

of this distribution, the average county had 240 uninsured people at or below 138% of the

FPL (which is 37% of the population at or below 138%), while in the highest quintile of

16Column 2 of Table 5 shows that these and other associated factors were also predicative of the timing
of the state-level decision to expand (since some states expanded at a time other than January 2014).
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this distribution, the average county had 27,000 uninsured at or below 138% of the FPL

(which is 39% of the population at or below 138%)17. I then run my preferred difference in

difference estimator separately upon samples that include only counties in a given quantile.

As Figure 5 shows, the difference in difference estimates are small and nearly zero for counties

who had a small volume of uninsured individuals prior to expansion, but these estimates

grow larger as the sample features counties with larger volumes of uninsured individuals

prior to expansion.18 Because these difference in difference estimates suggest that my overall

results are driven by counties with above median uninsured volumes, I also consider a triple

difference specification where I include all pairwise interactions between an indicator for being

in an expander state after expansion and an indicator for having an above median uninsured

volume in the period before expansion. The coefficients reported in Table 6 show that,

across a range of specifications, counties with above median uninsured populations prior

to expansion saw larger increases in opioid-related deaths than those with below median

uninsured populations. These results are what we would expect to find if opioid-related

deaths were increased by the new found health-insurance access which Medicaid expansion

occasioned.

Lastly, the main estimates in Table 3 are robust to the inclusion of county-year economic

covariates and state-specific time trends. Table 7 reports OLS estimates of the impact of

Medicaid expansion on opioid-related deaths with observations aggregated to the county-

quarter level. Column (1) of Table 7 is comparable to column (1) of Table 3 (which was

estimated at the county-month level). Column (2) of Table 7 shows that these estimates are

robust to the inclusion of the contemporaneous county-year unemployment rate as well as

17I consider the volume of individuals aged 18-65 whose income falls at or below 138 percent of the federal
poverty line (FPL) because adults without children who fell into this subpopulation became newly eligible
for Medicaid under the expansions in question

18The variance of these estimates also grows larger as the sample features counties with larger and larger
volumes of uninsured individuals. This is not due to the difference sample being of different size. This growing
variance reflects various sorts of heterogeneities that are more strongly present in the highest portions of the
quantiles: including controls for pre-period county demography attenuates some of this increased variance.
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its lag. Column (3) of Table 7 shows that these estimates are also robust to the inclusion

of state-specific trends by calendar year. Finally, column (4) shows that the estimates are

robust to the inclusion of both the state-specific trends and the county-level unemployment

covariates.

4.4 First Stage Estimates: Health Insurance Increases

It is well known that the Medicaid Expansion occasioned by the Affordable Care Act in-

creased the number of those with health insurance (See Kaestner et al. (2017)). Nevertheless,

in order to produce first stage estimates to aid the interpretation of my main reduced form

estimates, I estimate equations of the form of Equation 1 and Equation 2 where the depen-

dent variable is the count of uninsured people aged 18-65 whose income falls at or below 138

percent of the federal poverty line. This age and income restriction is chosen because adults

without children who fell into this subpopulation became newly eligible for Medicaid under

the expansions in question.

Figure 7 shows the dynamic difference in difference estimates for the uninsured popula-

tion, obtained by estimating an equation of the form of Equation 2. Table 8 displays esti-

mates of Equation 1 under four different specifications: OLS estimates using counts, OLS

estimates using logs, Poisson and Negative Binomial. All four specifications give strongly

consistent estimates.19 In my preferred specification I find that, for an average county,

Medicaid expansion led approximately 2,800 more individuals to be insured per year.

4.5 Mechanism: Opioid Prescription Increases

An exogenous increase in health insurance access could affect drug abuse through at least

two channels:

19Point estimates of the newly insured (with an income at or below 138 percent of the federal poverty line)
attributable to Medicaid are: 2, 884, 2, 668, 2, 554 and 3, 254 for OLS with counts, OLS with logs, Poisson
and Negative Binomial, respectively.
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1. Medical Access: increased access to health insurance increases access to physicians,

which, in turn, increases access to prescription drugs that can be abused

2. Moral Hazard: increased access to health insurance lowers the health care cost burden

borne by the insured of the adverse effects from drug abuse, and consequently may

increase the abuse of prescription opioids or illegal opioids such as heroin.

While it is difficult to rule out the moral hazard channel completely, if it were the case

that Medicaid expansion significantly increased the volume of opioid prescriptions, this result

would provide evidence that access to prescriptions was at least a significant channel through

which increased health insurance access increased opioid-related mortality. By contrast, if it

were the case the Medicaid expansion was not associated with significant increases in opioid

prescriptions, we would conclude that access to prescriptions was not a channel through

which increased health insurance affected mortality, and alternative channels such as the

moral hazard account would appear more likely.

Figures 9 and 10 show estimates of Equation 2 where some measure of opioid-drug re-

imbursement by Medicaid is the dependent variable. For example, in Panel (a) of Figure 9,

we see the dynamic estimates of the counts of opioid drug units reimbursed by Medicaid

and in Panel (b) the dynamic estimates of the amounts reimbursed by Medicaid for those

drug units. While the difference in difference estimates hover around zero prior to expan-

sion, after expansion we find a large and rather pronounced relative increase in the expander

states. Table 9 shows the static difference in difference estimates of Equation 1 with the

same dependent variables as Figures 9 and 10. Column (1) of Table 9 reports that Medicaid

expansion led 2,800,000 more opioid units to be prescribed per state-quarter or 175,000 more

opioid units to be prescribed per county-year.20

This estimate should be treated with caution: it suggests that Medicaid was able to

20Calculated as (2.8 million * 4 quarters)/ 63 counties per state. The average state in the US has 63
counties.
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reimburse claims for 175,000 more opioid drug-units in an average county-year in states

which expanded. However, the number of prescribed opioid units attributable to expansion

still could have remained the same (i.e. there could be no differential increase) for at least

two reasons:

1. Medicaid claims were reimbursed at higher rates in expander states; in other words,

the same volume of opioids was prescribed and given out in all counties, but the

prescriptions were financed independently of Medicaid more frequently in non-expander

states.

2. Opioid prescriptions for patients not filing with Medicaid increased differentially by

Medicaid expansion; in other words, the same volume of opioids was prescribed and

given out in all counties, but more prescriptions were given to non-Medicaid patients

in non-expander states.

To test (1), I exploit breakdowns within the CMS state-drug utilization data which allows

me to observe the amount reimbursed by Medicaid for all Medicaid claims and the amount

reimbursed by some other payer for all Medicaid claims. If the first story were true we would

expect to find that the volume of opioid prescriptions reimbursed by a payer other than

Medicaid responds to Medicaid expansion. But Figure 10 does not provide evidence of this.

Medicaid reimbursement patterns are not affected by the expansion; the volume increase in

opioids seems to reflect a real increase in drug units given out, not a shift in the composition

of how they were reimbursed.

To test the second story, (2), I use CDC data measuring the overall opioid prescription

rate for a given county, which includes both Medicaid claims and non-Medicaid claims ag-

gregated together. If the second story were true, we would expect to find that the overall

opioid prescription rate would respond differentially to expansion, but Figure 11 shows that
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the overall opioid rate does not to respond to expansion.21 This suggests that the increases

through Medicaid were not differentially offset by prescriptions financed through other in-

surance payers (or with out of pocket payments).

4.6 Heterogeneity: White Men Without College Hit Hardest

The results of Sections 4.1- 4.5 suggest that approximately a third of the death-toll involved

in the opioid epidemic is attributable to increases in opioid access. Descriptive evidence,

however, suggests that the rise in “deaths of despair” fell largely on white non-Hispanic men

without college degrees (Case and Deaton (2015)). If these effects are partly coming from

increases in opioid accessibility, we would still expect to find a similar sort of heterogeneity by

demographic breakdown. Figure 12 shows trends in opioid-related deaths restricting to white

men without college degrees, and then again restricting to white women with college degrees;

Figure 13 shows estimates of Equation 2 restricting to white men without college degrees,

and then again restricting to white women with college degrees. These estimates suggest

that the increases associated with Medicaid expansion are considerably larger for white men

without college degrees; indeed they are more than 7 times larger than the largest estimates

for college educated white women (See column (1) of Table 10).22

4.7 Medicaid Expansions: Back of the Envelope Calculation

In Section 4, I discussed estimates suggesting that, for an average county, experiencing

Medicaid expansion led to approximately 2,800 more people having health insurance a year

21Appendix Figure 11 shows that the derivative of the overall opioid rate seems to increase following
expansion. In the “overlapping sample”, we see an increase in the overall opioid prescription rate (Figure 34).
However, neither of these increases are enough to fully account for the estimated increases in units prescribed.

22As a percent of the mean, the increases are approximately twice as large for white men without college
degrees as they are for white women with some college (42% increase vs a 19% increase). For the reader
interested in further exploration of heterogeneity, Appendix Figure 26 shows estimates separately by race
and educational attainment cells.
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(Section 4.4), approximately 175,000 additional opioid units being prescribed in a year (Sec-

tion 4.5), and approximately 4 additional opioid-related deaths per county year (Section 4.2).

Thus, for every opioid-related death, my estimates associate 700 additional insured residents

and 44,000 additional prescribed opioid-units; this further suggests that, on average, a newly

insured Medicaid enrollee was prescribed 63 opioid units.

Lastly, if we assume that the access to medical services occasioned by Medicaid expansion

causes opioid-deaths only through its causing an increase in opioid-prescriptions written to

the newly insured, then a back of the envelope calculation suggests that .14% of the newly

insured pool experienced an opioid-related death. This final statistic should, however, be

treated with caution both because there could be significant peer-effects and spillovers at

work if the newly insured share prescribed drugs with their peers and because the access to

medical services that Medicaid expansion occasioned could be associated with other factors

which could influence risky-behavior such as using illicit opioids.

5 Marijuana Legalization: Increased Access to Opioid-

Substitutes Decreased Deaths

In this section I provide evidence that exogenous increases in the availability of an opioid-

substitute decreased opioid-related deaths. I utilize state level variation in the legality of

Marijuana to provide quasi-random variation in the availability of an opioid substitute.

There are at least two candidate measures of Marijuana legality - medical Marijuana and

recreational Marijuana. I focus on the latter since this is mostly likely to impact a white

non-college male who is a candidate for a “death of despair”: without steady labor market

opportunities or reliable health care access, medical Marijuana would not provide such an

individual with an accessible substitute to an opioid, but recreational Marijuana legalization
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would lower the effective cost of using Marijuana.23

Whenever something is first legalized, it is difficult to measure the first stage impact of

that legalization, since it is unlikely for the first-stage to be measured well during the pre-

period when the activity in question was illegal. Accordingly, surveys concerning Marijuana

use conducted prior to legalization should be treated with caution because respondents have

an incentive not to answer truthfully in the period when Marijuana use is illegal. Thus, I do

not attempt to identify a first-stage effect of Marijuana legalization on Marijuana use. The

reader can consult Cerdá et al. (2012) and Monte et al. (2015) and their references for studies

that use survey data and find that legalization is associated with increases in self-reported

use.

There already exist studies that measure the impact of Marijuana legalization on opioid-

abuse and opioid mortality (See Powell et al. (2018), Bachhuber et al. (2014), Wen and

Hockenberry (2018), Hill and Saxon (2018)). I do not claim to improve on those studies,

except insofar as I can estimate the impact of Marijuana legalization alongside the impact

of Medicaid expansion. I will show that the mortality increases attributable to Medicaid

expansion can be almost entirely mitigated by increasing opioid-substitute accessibility.

5.1 Estimation

I use a panel fixed effects model to estimate the impact of the legalization of recreational

Marijuana on opioid-related mortality. My main specification is a simple (non-dynamic)

difference in difference equation:

ycst = αc + αt + βLegalizationst + εcst, (4)

Where ycst is the number if opioid-related deaths in county c, state s and time period t. I

23Since a significant portion of the Marijuana legalization occurred before Medicaid expansion, an indi-
vidual in the Medicaid eligible pool could not likely use Medicaid to access medical Marijuana products.
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am primarily interested in the coefficient on Legalizationst, which indicates that the county-

month observation is from a state that legalized recreational Marijuana and a time period

after legalization. I always measure legalization Marijuana based on the date legalization

was enacted rather than the date dispensaries officially became operational.

To understand the dynamics of the effects, I also use a dynamic panel fixed effects model

to estimate the impact of Marijuana legalization on opioid-related deaths. In the dynamic

difference in difference estimator, I include a set of variables which indicate times period

away from legalization. Accordingly, my main dynamic specification is:

ycst = αc + αt +
n+∑

τ=−n

βτ1(t = Ts + τ) + εcst, (5)

Where ycst is the number of opioid-related deaths in county c, state s and time period t.

I am primarily interested in the coefficients on the indicators, 1(t = Ts + τ), each of which

indicates how many time periods t in state s a given observation is removed from the first

time period in which state s legalized recreational Marijuana, Ts.

5.2 Reduced Form Estimates: Opioid Death Decreases

Ex ante, we expect an increase in access to a less dangerous substitute painkiller to decrease

opioid use, decrease opioid addictions, and thereby decrease opioid-related deaths. Indeed,

there are several studies that find effects of Marijuana legalization on opioid mortality that

point in this direction (See Powell et al. (2018), Bachhuber et al. (2014), Wen and Hock-

enberry (2018), and Hill and Saxon (2018) for an overview). To produce estimates of this

opioid-substitute accessibility shock, I estimate equations of the form of Equation 4 and

Equation 5, where the left hand side variable is the count of opioid-related deaths.

As Figure 17 shows, I find that opioid-related mortality decreased in states that legalized

Marijuana by slightly over 1 death per county-quarter or 4 deaths per county-year. Table 11
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displays the static difference in difference estimation of Equation 4 under different speci-

fications. The point estimates in columns (1)-(4) are strongly consistent with each other,

and each suggests that Marijuana legalization is associated with a decrease of approximately

.332 opioid-related deaths per county-month (or a decrease of approximately 4 opioid-related

deaths per county-year).

My estimates are consistent with those in the literature. Wen and Hockenberry (2018)

finds that the legalization of recreational marijuana is associated with a 6% reduction in the

opioid-prescription rate for Medicaid-covered individuals (which amounts to a 3,000 fewer

total prescriptions per state-quarter).24 Powell et al. (2018) finds that certain Marijuana

legalization policies were responsible for lowering pain reliever treatment admissions by 18.5%

and (together with the presence of active dispensaries) were responsible for reducing opioid-

related deaths by 18%. These estimates are similar in magnitude to those in Bachhuber et al.

(2014), which estimates that legalization is responsible for a 25% reduction in opioid-related

deaths.25 My preferred estimates suggest that Marijuana legalization was responsible for .3

fewer opioid-related deaths per county-month from 2012 to 2016, which is a reduction of

37% off the mean. My estimates are slightly higher than other estimates since I am studying

outcomes for a slightly later time period, chosen to facilitate the comparison to Medicaid

expansion.26

5.3 Identification

In order to interpret the estimates from Equation 4 and Equation 5 as causal estimates, we

must believe that the state level decision to legalize recreational Marijuana is not correlated

24The average number of opioid-prescriptions per 1,000 enrollees during 2010-2016 was 162.04. Approx-
imately 65 million individuals were enrolled in Medicaid per year over this period, which suggests that for
an average state approximately 320,000 individuals were enrolled in a quarter.

25Livingston et al. (2017) studies time trends in Colorado and find that legalization is associated with .7
fewer deaths per month, a reduction of 6.5%

26Bachhuber et al. (2014) uses a sample from 1999 to 2010 while Powell et al. (2018) adds 2011-2013 to
the sample. My sample is from 2012 to 2016.
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with other factors that might decrease opioid mortality. We might reject the causal inter-

pretation if, for example, states that legalized Marijuana, during this same time period, also

implemented policies that in some way discouraged substance abuse. If we thought that

states more likely to implement a drug liberalization policy such as Marijuana legalization

were in other ways making it easier to access and abuse recreational drugs, then such an

endogeneity concern would suggest that my estimates are lower bound estimates of the true

decrease. To ensure against possible threats to interval validity, I provide empirical evidence

which justifies a causal interpretation of my estimates.

The main evidence that justifies a causal interpretation of the results in Figure 17 comes

from the fact that legalizing states and non-legalizing states have similar calendar-year trends

in opioid-related deaths prior to legalization, and that difference in difference estimates in

opioid-related deaths do not largely differ from zero for time periods prior to legalization.

Figure 16 shows that Marijuana legalizing states track non-legalizing states in counts of

opioid-related deaths prior to legalization. Furthermore, as Figure 17 suggests, dynamic

difference in difference estimates in the pre-period are not greatly different from zero, con-

firming that states which legalized Marijuana and states which did not were on common

trends prior to legalization.27 I conclude that in terms of the outcome variable, states that

legalized Marijuana and those that did not shared a common trend in opioid-related deaths

before legalization and hence that the difference in difference estimates are to be interpreted

causally.

27These tests should be treated with caution, however, since, as Figure 17 shows, some of the pre-treatment
“effect” estimates are negative and nearly statistically significant. If we are cautious and take these noisy
point estimates to reflect pre-existing differences in opioid-related deaths then they would tell us that, prior
to legalization, states which legalized Marijuana had at most .5 fewer opioid-related deaths per county-
quarter than states which didn’t legalize (a difference which would amount to about 2 fewer opioid-related
deaths per county-year). The estimates from the period after legalization, suggest that states which legalized
Marijuana had approximately 1 less opioid-related death per county-quarter than states which didn’t legalize
(a difference which amounts to about 4 fewer opioid-related deaths per county-year). Thus, if we interpret
the pre-period “effect” coefficients to reflect a pre-existing difference, such a difference could account for at
most half of the differences we observe after legalization.
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5.4 Marijuana Legalization: Back of the Envelope Calculation

A back of the envelope calculation suggests that the effect of national-level legalization

of recreational Marijuana would save approximately 12,000 opioid-related deaths per year.

These results suggest that a significant part of the opioid epidemic is attributable to factors

pertaining to opioid-substitute accessibility.

The full welfare implications of recreational Marijuana legalization, however, remain less

clear. Although it is clear that Marijuana is safer than opioids in that it is far less addictive

and carries a much lower risk of overdose (Hall and Pacula (2003), Powell et al. (2018)), there

could still be substantial social welfare costs to the legalization of recreational Marijuana if

it acts as a complement to encourage other risky behavior. Nevertheless, the evidence on

the legalization of medical Marijuana is encouraging in that it suggests that increased access

to Marijuana is not associated with other increases in risky behavior. For example, there is

evidence that medical Marijuana legalization does not increase either alcohol use or Mari-

juana use among minors (Wen et al. (2015), Lynne-Landsman et al. (2013)). Furthermore,

among adults, medical Marijuana legalization is associated with increased Marijuana use,

and this increased use is at least in part due to adults substituting Marijuana for alcohol, a

substitution which may be responsible for the fact that Marijuana legalization is associated

with a 9 percent decrease in traffic fatalities (Mark Anderson et al. (2013)).28 Though these

results suggest that increased Marijuana access is not necessarily associated with increases

in alcohol consumption and traffic fatalities, more work is needed to understand how these

outcomes respond to recreational Marijuana legalization, as opposed to medical Marijuana

legalization.

28These results should be contrasted with Salomonsen-Sautel et al. (2014) who find that in Colorado the
trend in the proportion of drivers in a fatal motor vehicle crash who were Marijuana-positive increased
slightly after medical Marijuana legalization in 2009. Salomonsen-Sautel et al. (2014) do not compare these
trends to contemporaneous trends in other states.
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6 Conclusion: Policy Can Mitigate Deaths Without

Restricting Access

In order for policy to be effective at reducing opioid-related deaths, it must be aimed at the

underlying cause of the epidemic. There are two competing accounts of why opioid deaths

have risen in the last decade. According to one account, worsening social and economic

conditions have given rise to an “underlying malaise” that is both associated with reductions

in educational attainment, labor force participation and marriage rates among non-Hispanic

white males and is associated with increases in various kinds of “deaths of despair” including

suicides, alcohol-related liver death and opioid-related deaths. According to a competing

account, changes in the accessibility of opioids and opioid substitutes have driven opioid-

related mortality. The first part of this story asserts that in recent years physicians (perhaps

with financial motivation from pharmaceutical companies) have been writing a large volume

of opioid prescriptions for pain treatment, and have thereby brought about new addictions.

The second part of this story stems from a body of evidence showing that access to an

opioid substitute such as Marijuana lowers opioid mortality (Cerdá et al. (2012), Monte et

al. (2015), Wen and Hockenberry (2018), Bradford et al. (2018), Hill and Saxon (2018)).

To disentangle factors pertaining to drug-accessibility from social factors pertaining to

the “underlying malaise”, I utilize policy variation both in opioid access and in opioid-

substitute access. First, I exploit the staggered state-level expansion of the Medicaid program

(as allowed under the Affordable Care Act) as a natural experiment to ascertain whether

increased access to medical services, including prescription drugs, increased opioid-related

mortality. Next, I exploit the staggered stage-level legalization of recreational Marijuana

to see whether the increased availability of an opioid-substitute decreased opioid-related

mortality.

I find that states that expanded Medicaid under the Affordable Care Act saw substan-
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tial increases both in opioid prescriptions and in opioid-related deaths. These results vary

strongly by demography, being driven largely by deaths of white men without college degrees.

A back of the envelope calculation suggests that for an average county, Medicaid expansion

caused approximately 2,800 more people to be insured per year, 175,000 more opioid units to

be prescribed per year, and 4 additional opioid related deaths per year. Overall, these opioid

accessibility shocks explain about 12,000 opioid deaths per year, or nearly a third of the

overall death toll. I also find that, for an average county, recreational Marijuana legalization

(i.e. legalization of a substitute painkiller) led to 4 fewer opioid related deaths. Overall,

these opioid-substitute accessibility shocks also explain about 12,000 opioid deaths per year.

In summary, Figure 18 depicts drug-accessibility and opioid-related mortality using ag-

gregate supply and demand curves. In Figure 18, I take opioid-accessibility to proxy for

the effective price of obtaining and using opioids; assuming that opioid-related deaths are

a monotonically increasing function of the quantity of opioids used, I also take the volume

of opioid-related deaths to proxy for the quantity of opioids used. I interpret Medicaid ex-

pansion as a shifter which increased opioid-supply and recreational Marijuana legalization

as a shifter which decreased opioid-demand. Let q0 denote the volume of opioid use be-

fore any shifters are applied, qMedicaid denote the volume of use after Medicaid expansion

(ceteris paribus), qMarijuana denote the volume of use after Marijuana legalization (ceteris

paribus), and qMed&Marijuana denote the volume of opioid use after both Medicaid expansion

and Marijuana legalization. The position of the point qMed&Marijuana (labeled “Medicaid

and Marijuana”) summarizes the two main results of the paper: while an increase in sup-

ply and a decrease in demand are jointly expected to decrease the effective cost of opioids

(pMed&Marijuana ≤ p0), their joint effect on opioid-deaths (a proxy for quantity consumed) is

theoretically ambiguous. My estimates suggest that abusive opioid consumption (measured

by opioid-related deaths) is equally responsive to a supply-side shift (identified by Medi-

caid expansions) and a demand-side shift (identified by recreational Marijuana legalization),
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so that the increases in mortality brought about by Medicaid expansion can be offset by

Marijuana legalization (q0 ≈ qMed&Marijuana).

Because I find that opioid-related mortality is responsive both to shocks in opioid-

accessibility and to shocks in opioid-substitute accessibility, I conclude that policy makers

wishing to reduce opioid-mortality can successfully utilize the full range of options at their

disposal, and need not limit their efforts to restricting the availability of opioids. Accord-

ingly, my results suggest that a policy-maker could increase access to prescription opioids

without increasing opioid-related mortality so long as the policy maker also increases access

to safe and reliable substitutes such as Marijuana.
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Figures and Tables

Figure 1: Medicaid Expansion Map

Note: Figure shows which states expanded Medicaid (under the Affordable Care Act) by the end of a given calendar year.
Expansions began in January of 2014.
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Figure 2: Medicaid Expansion under the ACA (2010-2016)

Note: Figure shows the share of the population exposed to Medicaid expansion under the Affordable Care Act. Observations
are at the state-month level. Expansion began in January of 2014. 2010 state populations are used as population weights
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Figure 3: Medicaid Expansion and Opioid-Related Deaths

Note: Figure shows trends in opioid-related deaths. Observations are at the county-month level and collapsed to the county-
quarter level for visual ease. Trends are shown separately for counties in states that expanded Medicaid and those that did not.
The sample includes all states and all demographics. Expansions began in January of 2014. The source is CDC Individual-Level
Mortality Files (2012-2016).
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Figure 4: Impact of Medicaid Expansion on Opioid-Related Deaths

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with the count of opioid-
related deaths as the dependent variable. Observations are at the county-month level but collapsed to the county-quarter level
for visual ease. The specification includes county fixed effects, as well as calendar quarter and year fixed effects. The sample
includes all states and demographics. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 5: Impact of Medicaid Expansion on Opioid-Related Deaths: by Pre-Period Unin-
surance

(a) By Quintiles

(b) By Deciles

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with counts of opioid-
related deaths as the dependent variable. Estimates are produced separately for various quantiles of the county-level distribution
of those without health insurance whose income is at or below 138% of the Federal Poverty Line in the year prior to expansion.
For example, in the lowest quintile of this distribution, the average county had 240 uninsured people at or below 138% (which
is 37% of the population at or below 138%), while in the highest quantile of this distribution, the average county had 27,000
uninsured at or below 138% of the Federal Poverty Line (which is 39% of the population at or below 138%). Observations are
at county-month level. All specifications include county fixed effects, as well as calendar quarter and year fixed effects. The
sample includes all states and all demographics. The source is CDC Individual-Level Mortality Files (2012-2016), as well as
SAHIE estimates of the volume of uninsured (2010-2016).
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Figure 6: Medicaid Expansion and Health Insurance

Note: Figure shows annual trends in the counts of uninsured individuals and the log of uninsured individuals, respectively.
Observations are at the county-year level, but aggregated by whether or not the county is in a state which expanded Medicaid.
The sample is restricted to individuals between the ages of 18-65 with income at or below 138 percent of the Federal Poverty
Line but includes all races and both sexes. (This demographic became newly eligible under the Medicaid expansion licensed by
the Affordable Care Act.) Expansions begin in January of 2014. The source is SAHIE (2010-2016)

39



DRAFT - PLEASE DO NOT CITE WITHOUT PERMISSION

Figure 7: Impact of Medicaid Expansion on Health Insurance

Note: Figure shows estimates of the impact of Medicaid expansion on health insurance. Estimates are obtained by estimating
Equation 2 using counts of uninsured individuals as the dependent variable. Observations are at the county-year level. The
specification includes county fixed effects, as well as calendar year fixed effects. Sample is restricted to individuals aged 18 to
65 whose income is at or below 138 percent of the Federal Poverty Line. The source is SAHIE (2010-2016).
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Figure 8: Medicaid Expansion and Opioid Prescriptions (CMS State Drug Utilization)

Note: Figure shows quarterly trends in opioid prescription counts filed through Medicaid and Medicaid reimbursement amounts,
respectively. Observations are at the state-quarter level. Trends are shown separately for state which expanded Medicaid and
those that did not. The sample is the universe of claims filed to Medicaid. Sample includes all states. Expansions began in the
first quarter of 2014. The source is CMS state drug utilization (2010-2017).
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Figure 9: Impact of Medicaid Expansion on Opioid Units Prescribed (CMS State Drug
Utilization)

(a) Opioid Drug Units Reimbursed by Medicaid

(b) Amount Reimbursed for Opioids by Medicaid

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with counts of opioid drug
units prescribed and amounts reimbursed as the dependent variable, respectively. Observations are at state-quarter level. Both
specifications include state fixed effects, as well as calendar quarter and year fixed effects. The sample contains the universe of
claims filed through Medicaid. The sample includes all states and all demographics. The source is CMS state drug utilization
data (2010-2017).
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Figure 10: Impact of Medicaid Expansion on Opioid Reimbursement (CMS State Drug
Utilization)

(a) Amount Reimbursed for Opioids by Medicaid

(b) Amount Reimbursed for Opioids by Non-
Medicaid Payer

Note: Figures shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with a measure of the
amount reimbursed for opioid prescriptions as the dependent variable. The top panel shows these estimates for reimbursements
made by Medicaid; the bottom panel shows these estimates for reimbursements made by providers other than Medicaid. The
sample contains the universe of claims filed through Medicaid, so the amounts reimbursed by providers other than Medicaid
reflect charges filed through Medicaid but which Medicaid declined to reimburse. Observations are at the state-quarter level.
Both specifications include state fixed effects, as well as calendar quarter and year fixed effects. The sample includes all states
and all demographics. The source is CMS state drug utilization data (2010-2017).
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Figure 11: Impact of Medicaid Expansion on Overall Opioid Prescriptions (CDC Data)

(a) Opioid Prescription Rate (per 100 people)

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with opioid prescriptions
per 100 people as the dependent variable. Both specifications include county fixed effects, as well as calendar year fixed effects.
Sample includes all states. The source is CDC opioid prescription rates reported at the county-year level (2010-2016).
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Figure 12: Medicaid Expansion and Opioid-Related Deaths: Heterogeneity

Note: Figure shows trends in opioid-related deaths. Observations are at the county-month level and collapsed to the county-
quarter level for visual ease. Trends are shown separately for counties in states that expanded Medicaid and those that did
not. The sample includes all states but restricts to white men without any college attendance and white women with college
attendance, respectively. Expansions began in January of 2014. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 13: Impact of Medicaid Expansion on Opioid-Related Deaths: Heterogeneity

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with counts of opioid-
related deaths as the dependent variable. Observations are at the county-month level but collapsed to the county-quarter level
for visual ease. Both specifications include county fixed effects, as well as calendar quarter and year fixed effects. The sample
includes all states but restricts to white men without college attendance and white women with college attendance, respectively.
The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 14: Marijuana Legalization (2010-2016)

Note: Figure shows the share of the population exposed to a legal form of Marijuana. The left panel shows the share of the
population living in states with legalized recreational Marijuana, while the right panel shows the share of the population living
in states with either legalized recreational or legalized medical Marijuana. In both panels, I measure exposure to legal Marijuana
based on the date legalization was enacted rather than the date dispensaries officially became operational. Observations are
at the state-month level. Recreational Marijuana legalization began in December of 2012. As of 2017 four states legalized
recreational Marijuana (Alaska, Colorado, Oregon, and Washington). 2010 state populations are used as population weights
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Figure 15: Medicaid Expansion Interacting with Marijuana Legalization (2010-2016)

Note: Figure shows the share of the population exposed to Medicaid expansion, legalized recreational Marijuana and the
interaction of these policies. In particular, the figure separately shows the share of the population living in states with legalized
recreational Marijuana, as well as the share of the population living in states with both expansions of Medicaid and legalized
recreational Marijuana, as distinct from the share of the population living in states with Medicaid expansion, but not legalized
recreational Marijuana. Every state which legalized recreational Marijuana at some time expanded Medicaid, but many states
which expanded Medicaid never legalized Marijuana. I measure exposure to legal Marijuana based on the date legalization was
enacted rather than the date dispensaries officially became operational. Medicaid expansion began in January of 2014, while
Marijuana legalization began in December of 2012. Observations are at the state-month level. 2010 state populations are used
as population weights
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Figure 16: Recreational Marijuana Legalization and Opioid-Related Deaths

Note: Figure shows trends in opioid-related deaths. Observations are at the county-month level and collapsed to the county-
quarter level for visual ease. Trends are shown separately for counties in states that legalized recreational Marijuana at some
time and those that never legalized Marijuana in the sample. The sample includes all states and all demographics. Legalizations
began in December of 2012. (See Figure 14 for the timing of the state-level legalizations.) The source for opioid-related deaths
is CDC Individual-Level Mortality Files (2012-2016).
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Figure 17: Impact of Recreational Marijuana Legalization on Opioid-Related Deaths

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 5 with counts of opioid
deaths as the dependent variable. Observations are at the county-month level but collapsed to county-quarter for visual ease.
The specification includes county fixed effects, as well as calendar quarter and year fixed effects. The sample includes all states
and all demographics. The source is CDC Individual-Level Mortality files (2012-2016).
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Figure 18: Medicaid Expansion and Marijuana Legalization as Supply and Demand Shifters

Note: Figure shows how to interpret opioid-accessibility and opioid-related mortality using aggregate supply and demand curves.
I take opioid-accessibility to proxy for the effective price of obtaining and using opioids; assuming that opioid-related deaths
are a monotonically increasing function in the quantity of opioids used, I take the volume of opioid-related deaths to proxy
for the quantity of opioids used. I interpret Medicaid expansion as a shifter which increased opioid-supply and Marijuana
legalization as a shifter which decreased opioid-demand. Let q0 denote the volume of opioid use before any shifters are applied
and qMed&Marijuana denote the volume of opioid use after both Medicaid expansion and Marijuana legalization. While we
expect qMarijuana ≤ q0 ≤ qMedicaid, the relationship between q0 and qMed&Marijuana is theoretically ambiguous.
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Table 1: Summary Statistics

Non-Expander Expander Total

A: Health Insurance Variables
Number Uninsured, ≤ 138 8147.3 9402.4 8748.9

(63622.6) (62569.8) (63121.9)
PCT Uninsured, ≤ 138 38.70 29.55 34.31

(9.696) (11.61) (11.60)

Observations 11629 10705 22334

B: Drug Prescription Variables (Medicaid)
Opioid Drug Units Reimbursed by Medicaid 7781969 10073230 9219623

(6516709) (10550068) (9318929)
Opioid Prescriptions Reimbursed by Medicaid 123738 160393 146737

(98433) (168579) (147460)
Amount Reimbursed for Opioids by Medicaid 2880355 3311954 3151162

(2737623) (3562359) (3285135)
Amount Reimbursed for Opioids by Non-Medicaid 75393 141129 116639

(138876) (660021) (530487)

Observations 570 960 1530

C: Drug Prescription Variables (Overall)
Opioid Prescription Rate per 100 Persons 90.26 84.38 87.37

(52.84) (42.59) (48.16)

Observations 10088 9772 19860

D: Opioid Death Variables
Opioid Related Deaths (Raw Counts) 0.51 1.18 0.88

(1.75) (3.50) (2.87)
PCT Counties with Zero Opioid Deaths 0.14 0.09 0.11

(0.34) (0.28) (0.31)

Observations 50549 62204 112753

Note: Means reported with standard errors in parentheses. Distributions are reported separately based
upon the state-level decision to expand Medicaid. Panel A: Source is SAHIE (2010-2016). Obser-
vations are at the county-year level. (Uninsured adults 18-65 with an income at or below 138 per-
cent of the poverty line became newly eligible for Medicaid under the expansion.) Panel B: Source
is CMS State-Drug Utilization Data (2010-2017). Observations are at the state-quarter level and in-
clude Washington D.C. Data contain the universe of claims filed to Medicaid. Panel C: Source is CDC
reported rates of prescriptions per 100 people. Observations are at the county-year level. Panel D:
Source is CDC Individual-Level Mortality Files (2010-2016). Observations are at the county-month level.
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Table 2: Correlations between Supply-side and Demand-side shocks

(1) (2) (3) (4)
Expansion Expansion Exp Date Exp Date

Legalized Marijuana 0.435∗∗∗ 0.064 -2.751∗ 2.725
(0.117) (0.087) (1.576) (6.400)

Observations 112753 109962 62204 62144
Mean 0.586 0.589 March 2014 March 2014
Covariates X X

Note: Each column reports a separate OLS regression of a measure of a given state’s decision concern-
ing Medicaid expansion against an indicator for whether the state legalized recreational Marijuana. Stan-
dard errors are clustered at the state level and reported in parentheses. In columns (1) and (2) the de-
pendent variable is an indicator for whether the state expanded Medicaid, and in columns (3) and (4)
the dependent variable is the date of Medicaid expansion (conditional upon expansion). All estimates
measure the extent to which the state-level decision to legalize recreational Marijuana predicts Medi-
caid expansion. Coefficients in columns (1) and (2) measure predicted impact on the likelihood of ex-
pansion; coefficients in columns (3) and (4) measure the number of months before or after the aver-
age expansion date an average state expanded as predicted by the state-level decision to legalize Mar-
ijuana. Observations are always at the county-month level ranging from 2010 to 2016 and all regres-
sions are weighted by 2010 population. Specifications in columns (2) and (4) include county level covari-
ates from 2010, which are listed in Table 5 (some of these covariates were not available in 2016, which
shrank the sample). The data sources are state legal databases. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 3: Impact of Medicaid Expansion on Opioid-Related Deaths

(1) (2) (3) (4)
Count Log Poisson NB

Medicaid Expansion 0.319∗∗ 0.050∗∗ 0.052 0.048∗∗∗

(0.127) (0.023) (0.039) (0.015)

Observations 112753 112753 95085 95085
Mean .881 .881 .989 .989

Note: Each column reports estimates from a separate regression with standard errors reported in paren-
theses. Observations are at the county-month level. The reported coefficient of interest is an indicator for
whether the county is in a state which expanded Medicaid. In column (1) the count of opioid-related deaths
is the dependent variable in an OLS estimation of equation 1; column (2) is also an OLS estimation of
equation 1 but with the log of opioid-related deaths as the dependent variable. Columns (3) and (4) are
obtained from poisson and negative binomial estimates of equation 1, respectively, both using the count of
opioid-related deaths as the dependent variable. All specifications include county fixed effects as well as cal-
endar month and year fixed effects. Standard errors are clustered at the state level in the OLS estimates
reported in columns (1) and (2), and heteroskedasticity robust in columns (3) and (4). The coefficient es-
timate in column (2) implies a county-month increase in the count of opioid-related deaths of .045, while
the estimates in columns (3) and (4) suggest increases of .052 and .047, respectively. The sample includes
deaths of all US Residents. In the poisson and negative binomial specifications, I drop counties with all zero
counts resulting in a reduction in sample size. (Table 12 shows the distribution of counties with all zero
counts.) The source is CDC Individual-Level Mortality Files (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 4: Impact of Medicaid Expansion on Opioid-Related Deaths: Dynamic Estimates

(1)
-8 -0.18

(0.22)
-7 -0.25

(0.21)
-6 -0.22

(0.22)
-5 -0.29

(0.21)
-4 0.10

(0.22)
-3 0.05

(0.19)
-2 -0.05

(0.20)
Expansion Quarter 0.34

(0.31)
+2 0.28

(0.34)
+3 0.25

(0.33)
+4 0.51

(0.32)
+5 0.91∗

(0.46)
+6 0.92∗∗

(0.44)
+7 1.20∗∗

(0.59)
+8 1.33∗

(0.69)

Observations 38058
Mean 2.61

Note: The Table reports estimates from an OLS regression of Equation 2 with standard errors clus-
tered at the state-level and reported in parentheses. Observations are at the county-quarter level. The
count of opioid-related deaths is the dependent variable. The specification includes county fixed effects
as well as calendar quarter and year fixed effects. The sample includes deaths of all US Residents.
The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 5: Covariate Predications of State Level Medicaid Expansion

Expanded Expanded Late
Political Environment
PCT R (Lower Chamber) -0.020∗∗ -0.031∗∗

PCT R (Upper Chamber) 0.005 0.047∗∗∗

R Governor 0.000 -0.002∗∗

Expenditures
PCT Education Expenditure 0.007∗∗∗ 0.010∗

PCT Welfare Expenditure -0.009∗∗∗ -0.008
PCT Hospital Expenditure -0.007 -0.014∗∗∗

PCT Health Expenditure 0.010 -0.002
PCT Police Expenditure -0.025 0.007
PCT Unemp Insurance Expenditure 0.007∗∗ 0.006

Demography
Log Population 0.090 -0.202∗∗∗

PCT Male 0.010 0.111∗∗∗

PCT White 0.016∗ 0.017
PCT Black -0.005 -0.011∗∗∗

PCT Hispanic 0.001 -0.005

Economic Covariates
PCT Unemployed -0.032 -0.064∗

PCT Rural -0.002 -0.019∗

PCT Uninsured -0.059 -0.266∗∗

Per Capita GDP -0.117 -1.430∗∗∗

Per Capita Personal Income 0.006 0.234∗∗∗

Per Capita Medicaid Beneficiaries 0.036 -0.036∗∗

Poverty Rate 0.041 0.206∗∗∗

Observations 49 31
Note: Each column reports a separate OLS regression with standard errors clustered at the state level reported in parentheses.
Observations are at the state level; Nebraska is omitted because its state government is unicameral and non-partisan. In the left
column, the dependent variable is an indicator for whether or not the state ever expanded Medicaid. In the right column, the
dependent variable is an indicator for whether the state expanded Medicaid sometime after January 2014. (Approximately 70%
of states who expanded did so in January 2014.) Also included but not reported are demographic variables that measure the per-
cent of the population aged 0-9, aged 10-19, . . ., aged 80+. Significance levels indicated by: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 6: Impact of Medicaid Expansion on Opioid-Related Deaths: DDD Estimates

(1) (2) (3) (4)
Count Log Poisson NB

Expansion × High Uninsured 0.997∗∗∗ 0.169∗∗∗ 0.069 0.035
(0.192) (0.027) (0.061) (0.040)

Observations 112753 112753 100398 100398
Mean 0.881 .881 .881 .881

Note: Each column reports a separate OLS regression with standard errors reported in parentheses. In col-
umn (1) the count of opioid-related deaths is the dependent variable in an OLS estimation of Equation 1;
column (2) is also an OLS estimation of Equation 1 but with the log of opioid-related deaths as the depen-
dent variable. Columns (3) and (4) are obtained from poisson and negative binomial estimates of equation 1,
respectively, both using the count of opioid-related deaths as the dependent variable. All specifications in-
clude county fixed effects as well as calendar month and year fixed effects. Standard errors are clustered
at the state level in the OLS estimates reported in columns (1) and (2), and heteroskedasticity robust in
columns (3) and (4). The sample includes deaths of all US Residents. In the poisson and negative binomial
specifications, I drop counties with all zero counts resulting in a reduction in sample size. (Table 12 shows
the distribution of counties with all zero counts.) These specifications differ from those in Table 3 in that
these regressions include all the pairwise interactions between the indicator for being in a state after Medi-
caid expansion and the indicator for being in a “High Uninsurance” county . I define a “High Uninsurance”
county as a county which has an above median volume of uninsured individuals with income at or above
138% of the Federal Poverty Line in the year prior to Medicaid expansion. Counties above the median av-
eraged 12,500 uninsured individuals (which is 39% of the county population who are at or below 138% in
the year prior to expansion) while counties below the median averaged 650 uninsured individuals (which is
36%” of the county population at or below 138% in the year prior to expansion). The reported coefficient of
interest is an indicator for whether the county is in a state which expanded Medicaid multiplied by an indi-
cator for whether the county is a “High Uninsurance” county. The source is CDC Individual-Level Mortality
Files (2012-2016), as well as SAHIE estimates of the uninsured (2010-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 7: Impact of Medicaid Expansion on Opioid-Related Deaths: Robustness

(1) (2) (3) (4)

Medicaid Expansion 0.942∗∗ 0.850∗∗ 0.939∗∗ 0.848∗∗

(0.378) (0.357) (0.378) (0.356)

Observations 38058 36077 38058 36077
Mean 2.610 2.659 2.610 2.610
Unemployment X X
State-Year Trends X X

Note: Each column reports a separate OLS regression with standard errors clustered at the state-level and
reported in parentheses. Observations are at the county-month level, but collapsed to county-quarter level.
The dependent variable is the count of opioid-related deaths. The reported coefficient of interest is an in-
dicator for whether the county is in a state which expanded Medicaid. Sample includes deaths of all US
Residents. All specifications include county fixed effects as well as calendar quarter and year fixed effects.
In columns (2) and (4) county-year level measures of unemployment are included. Unemployment controls
include contemporaneous county-level unemployment rate as well as its lag. (Including the lag of unemploy-
ment drops the sample size slightly.) In columns (3) and (4) the specifications include state-specific year
trends. The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 8: Impact of Medicaid Expansion on Health Insurance

(1) (2) (3) (4)
Counts Logs Poisson NB

Medicaid Expansion -2884∗∗ -0.362∗∗∗ -0.292∗∗∗ -0.372∗∗∗

(1437) (0.040) (0.018) (0.003)

Observations 22334 22334 22334 22334
Mean 8749 7.150 8749 8749

Note: Each column reports estimates from a separate regression with standard errors reported in paren-
theses. Observations are at the county-year level. The dependent variable is the count of uninsured per-
sons (or the log thereof) with an income at or below 138 percent of the federal poverty line. The reported
coefficient of interest is an indicator for whether the county is in a state which expanded Medicaid. In
column (1) the count of uninsured individuals is the dependent variable in an OLS estimation of Equa-
tion 1; column (2) is also an OLS estimation of Equation 1 but with the log of uninsured individuals as
the dependent variable. Columns (3) and (4) are obtained from poisson and negative binomial estimates
of Equation 1, respectively, both using the count of uninsured individuals as the dependent variable. All
specifications include county fixed effects as well as calendar year fixed effects. Sample includes all US
counties. Standard errors are clustered at the state level in the OLS estimates reported in columns (1)
and (2), and heteroskedasticity robust in columns (3) and (4). The coefficient estimate in column (2) im-
plies a county-year level reduction in the count of uninsured persons (with an income at or below 138 per-
cent of the federal poverty line) of 2, 668, while the estimates in columns (3) and (4) suggest reductions of
2, 554 and 3, 254, respectively. The source is 2010-2016 SAHIE Data. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 9: Impact of Medicaid Expansion on Opioid Prescriptions (CMS State Drug Utiliza-
tion)

(1) (2) (3)
Opioid Opioid Amount
Units Prescriptions Reimbursed

Medicaid Expansion 2754809∗∗∗ 48819∗∗∗ 851250∗∗

(750284) (13073) (416405)

Observations 1530 1530 1530
Mean 9219623 146737 3267801

Note: Each column reports estimates from a separate OLS regression with standard errors clus-
tered at the state-level and reported in parentheses. Observations are at the state-quarter level.
The dependent variable is the count of prescribed opioid drug units, the count of opioid prescrip-
tions and the amount reimbursed for opioid prescriptions by Medicaid, respectively. The reported co-
efficient of interest is an indicator for whether the county is in a state which expanded Medicaid.
All specifications include state fixed effects as well as calendar quarter and year fixed effects. The
source is CMS State-Drug Utilization Data (2010-2017). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01

60



DRAFT - PLEASE DO NOT CITE WITHOUT PERMISSION

Table 10: Impact of Medicaid Expansion on Opioid-Related Deaths: Heterogeneity

(1) (2) (3) (4)
Count Log Poisson NB

Panel A: White Men Without Any College

Medicaid Expansion 0.156∗∗ 0.037∗∗ 0.083∗ 0.083∗∗∗

(0.064) (0.016) (0.045) (0.023)

Observations 106814 106814 84503 84503
Mean .369 .369 .466 .466

Panel B: White Women With Some College

Medicaid Expansion 0.025∗∗ 0.005 0.005 0.001
(0.013) (0.003) (0.050) (0.006)

Observations 93197 93197 64069 64069
Mean .129 .129 .188 .188

Note: Each column reports estimates from a separate regression with standard errors reported in paren-
theses. Observations are at the county-month level. In column (1) the count of opioid-related deaths
is the dependent variable in an OLS estimation of equation 1; column (2) is also an OLS estimation of
equation 1 but with the log of opioid-related deaths as the dependent variable. Columns (3) and (4)
are obtained from poisson and negative binomial estimates of equation 1, respectively, both using the
count of opioid-related deaths as the dependent variable. All specifications include county fixed effects
as well as calendar month and year fixed effects. Standard errors are clustered at the state level in the
OLS estimates reported in columns (1) and (2), and heteroskedasticity robust in columns (3) and (4).
The coefficient estimates in columns (2)-(4) of Panel A implies a county-month increase in the count of
opioid-related deaths for white men without any college of .01, .04, and .04, respectively; the estimates
in columns (3) and (4) of Panel B suggest increases for white women with some college of .0006, .0009,
and .0002, respectively. The sample includes deaths of all US Residents. In the poisson and negative bi-
nomial specifications, I drop counties with all zero counts resulting in a reduction in sample size. (Ta-
ble 12 shows the distribution of counties with all zero counts.) Sample size will also differ by demo-
graphic since some county-month cells are missing a specific demographic breakdown associated with opi-
oid deaths (for example, either sex or educational attainment is not reported for a specific county-month
cell). The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 11: Impact of Recreational Marijuana Legalization on Opioid-Related Deaths

(1) (2) (3) (4)
Count Log Poisson NB

Marijuana Legalization -0.332∗∗∗ -0.078∗∗∗ -0.376∗∗∗ -0.367∗∗∗

(0.104) (0.021) (0.060) (0.034)

Observations 112753 112753 100398 100398
Mean 0.881 .881 .989 .989

Note: Each column reports estimates from a separate regression with standard errors reported in paren-
theses. Observations are at the county-month level. The reported coefficient of interest is an indicator for
whether the county is in a state which legalized recreational Marijuana. In column (1) the count of opioid-
related deaths is the dependent variable in an OLS estimation of Equation 4; column (2) is also an OLS
estimation of Equation 4 but with the log of opioid-related deaths as the dependent variable. Columns (3)
and (4) are obtained from poisson and negative binomial estimates of Equation 4, respectively, both using
the count of opioid-related deaths as the dependent variable. All specifications include county fixed effects as
well as calendar month and year fixed effects. Standard errors are clustered at the state level in the OLS esti-
mates reported in columns (1) and (2), and heteroskedasticity robust in columns (3) and (4). The coefficient
estimate in column (2) implies a county-month decrease in the count of opioid-related deaths of .071, while
the estimates in columns (3) and (4) suggest decreases of .371 and .362, respectively. The sample includes
deaths of all US Residents. In the poisson and negative binomial specifications, I drop counties with all zero
counts resulting in a reduction in sample size. (Table 12 shows the distribution of counties with all zero
counts.) The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Appendix Figures

Figure 19: Distribution of Opioid-Related Deaths

Note: The Figure shows the county-month level distribution of opioid-related deaths. The sample is restricted to county-month
cells with at least one opioid related death. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 20: Medicaid Expansion and Log Opioid-Related Deaths

Note: Figure shows trends in opioid-related deaths. Trends are shown separately for states that expanded Medicaid and those
that failed to expand. The sample includes all states and all demographics. The source is CDC Individual-Level Mortality Files
(2012-2016).
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Figure 21: Impact of Medicaid Expansion on Opioid-Related Deaths: County-Month Level

Note: Figure shows the coefficient estimates and 95% confidence interval from an OLS regression of Equation‘2 where the
dependent variable is the count of opioid related-deaths. Observations are at the county-month level. In Figure 4, comparable
estimates are reported at the county-quarter level. All specifications include county fixed effects, as well as calendar month
and year fixed effects. The sample includes all states and demographics. The source is CDC Individual-Level Mortality Files
(2010-2016).
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Figure 22: Impact of Medicaid Expansion on Opioid-Related Deaths

(a) Rate Per 100,000 Population

(b) Rate Per 100 Deaths

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with the rate of opioid-
related deaths as the dependent variable. In the upper panel, the rate is the ratio of opioid-related deaths in a county-month
to annual county population (measured per 100,000 people); in the lower panel, the rate is the ratio of opioid-related deaths
in a county-month to the total deaths in a county-month (measured per 100 deaths). Observations are at the county-month
level but collapsed to the county-quarter level for visual ease. The specification includes county fixed effects, as well as calendar
quarter and year fixed effects. The sample includes all states and demographics. The source is CDC Individual-Level Mortality
Files (2012-2016).
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Figure 23: Distribution of Opioid Prescriptions

Note: The Figure shows the state-quarter level distribution of opioid prescription counts and reimbursement amounts, respec-
tively. All states are included in the sample. The source is CMS state drug utilization data (2010-2017).

Figure 24: Distribution of Opioid Reimbursements

(a) Prescriptions Reimbursed by Medicaid (b) Opioid Reimbursements

Note: The Figure shows the state-quarter level distribution of opioid prescriptions and reimbursements. The left panel
contrasts prescriptions written to Medicaid patients for opioids with prescriptions written to Medicaid patients for all other
drugs. The right panel contrasts reimbursements for opioid prescriptions made by Medicaid with reimbursements made by all
other providers. All states are included in the sample. The source is CMS state drug utilization data (2010-2017).
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Figure 25: Medicaid Expansion and Log Opioid-Related Deaths: Heterogeneity

Note: Figure shows trends in the log of opioid-related deaths. Trends are shown separately for states that expanded Medicaid
and those that failed to expand. The sample includes all states but restricts to white men without any college attendance and
white women with college attendance, respectively. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 26: Impact of Medicaid Expansion on Opioid-Related Deaths: Heterogeneity

(a) White (b) Black

(c) No College (d) College

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with opioid-related deaths
as the outcome variable. Observations are at the county-month level but collapsed to the county-quarter level for visual
ease. The dependent variable is the count of opioid related deaths. All specifications include county fixed effects, as well as
calendar quarter and year fixed effects. The sample includes all states but restricts to white individuals, black individuals, those
without college attendance and those with college attendance, respectively. The source is CDC Individual-Level Mortality Files
(2012-2016).
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Figure 27: Impact of Medicaid Expansion on Opioid Prescriptions (CMS State Drug Uti-
lization)

Note: Figures show estimates of the impact of Medicaid expansion on opioid prescriptions and reimbursements by Medicaid,
respectively. Estimates are obtained from an OLS regression of Equation 2 with the count of the number opioid prescriptions
and the amount reimbursed for opioid, respectively as the outcome variable. Observations are at the state-quarter level. This
Figure differs from Figure 10 in that it features prescription counts in the left panel rather than drug unit counts. Sample
includes all states. Source is CMS state drug utilization (2010-2017).
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Figure 28: Impact of Medicaid Expansion on Overall Opioid Prescriptions (CDC Data)

(a) Annual Change in Opioid Prescription Rate

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with the annual change
in opioid prescription per 100 people as the dependent variable. Both specifications include county fixed effects, as well as
calendar year fixed effects. Sample includes all states. The source is CDC opioid prescription rates reported at the county-year
level (2010-2016).
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Figure 29: Impact of Marijuana Legalization on Log Opioid-Related Deaths

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 5. Observations are at the
county-month level but collapsed to county-quarter for visual ease. The dependent variable is the log of opioid-related deaths.
All specifications include county fixed effects, as well as calendar quarter and year fixed effects. The sample includes all states.
The source is CDC Individual-Level Mortality Files (2012-2016)
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Appendix Tables

Table 12: Summary Statistics: Further Breakdowns

Marijuana No Marijuana Total
Legalization Legalization

Expander Non-Expander

Opioid Death Variables
Opioid Related Deaths 0.82 1.23 0.51 0.88

(2.06) (3.66) (1.75) (2.87)

Log Opioid Related Deaths 0.33 0.41 0.22 0.32
(0.61) (0.70) (0.49) (0.62)

PCT Counties w/ Zero Opioid Deaths 0.11 0.08 0.14 0.11
(0.31) (0.28) (0.34) (0.31)

Observations 7781 54423 50549 112753

Note: Means reported with standard errors in parentheses. Observations are at county-month
level. Distributions are reported separately based both upon the state-level decision to ex-
pand Medicaid, upon the state-level decision to legalize recreational Marijuana, and the inter-
action of these policies. All states that legalized recreational Marijuana expanded Medicaid at
some time. Source: CDC Individual-Level Mortality Files (2010-2016) and state legal databases.
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Table 13: Summary Statistics: Treatment Variables

Medicaid Expansion 0.621
(0.490)

Date of Medicaid Expansion March 2014
(6.122)

Recreational Marijuana 0.0528
(0.226)

Date of Recreational Legalization November 2013
(15.68)

Recreational or Medical Marijuana 0.233
(0.427)

Earliest Date of any Legalization January 2014
(10.01)

Observations 51

Note: Means reported with standard errors in parentheses. Source: State legal databases. Ob-
servations are at the state-level. 2010 state-level populations are used as population weights. Ex-
pansion and legalization means (rows 1,3 and 5) are to be interpreted as the average percent of
the population exposed to those policies across all states (from 2010-2016). Date variables are
in units of months and standard errors are to be interpreted as months away from the reported
mean date. By the end of 2016, 32 states in the sample expanded Medicaid. By the end of
2016, 4 states had legalized recreational Marijuana and 12 had legalized either recreational or med-
ical Marijuana. All states that legalized recreational Marijuana expanded Medicaid at some point.
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Data Appendix

To determine which specific NDC drug product codes count as opioids in analyzing the CMS
state-drug utilization data, I follow Jena et al. (2014) in including the following products.
Often the products involve combinations of opioids with other well known over the counter
painkillers such as Acetaminophen or Aspirin.

List of Product Names of Opioid Products:

Acetaminophen, Caffeine, Cihydrocodeine
Buprenorphine HCl
Buprenorphine HCl and Naloxone HCl Dihydrate
Butalbital, Acetaminophen, Caffeine, Codeine
Butalbital, Aspirin, Caffeine, Codeine
Butorphanol Tatrtrate
Fentanyl
Hydrocodone with Acetaminophen
Hydrocodone with Ibuprofen
Hydromorphone HCl
Meperidine HCl
Methadone HCl
Morphine Sulfate
Morphine-Naltrexone
Nalbuphine HCl
Oxycodone HCl
Oxycodone with Acetaminophen
Oxycodone with Aspirin
Oxycodone with Ibuprofen
Oxymorphone HCl
Pentazocine with Naloxone
Pentazocine with Acetaminophen
Propoxyphene HCl
Propoxyphene HCl with Acetaminohen
Propoxyphene Napsylate with Acetaminophen
Tapentadol HCl
Tramadol HCl
Tramadol HCl with Acetaminophen

Jena et al. (2014) find that the vast majority of prescriptions are for a small subset of
the above products. The percentages gives are the percent of claims for opioids the authors
find in medical claims taken from a 20% random sample of Medicare beneficiaries in 2010.

List of Often Prescribed Opioid Products:
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Hydrocodone with acetaminophen (paracetamol) (42.9% of all claims)
Oxycodone with acetaminophen (11.6%)
Tramadol (11.9%)
Oxycodone (7.4%)
Morphine sulfate (4.5%)
Fentanyl (4.2%)
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Appendix: (Supply Side Robustness) Results Restricted

to States on Margin of Medicaid Expansion

To further address any endogeneity concerns not addressed by examining the pre-trends

and pre-period “effect” estimates, I also consider a restricted sample I call the “overlapping

sample”. This sample is obtained by first estimating Equation 3, capturing the predicted

values by state and then plotting the distribution of these predicated values by expansion

status. I then consider the distribution of these predicted values separately for expander and

non-expander states. I use the separate distributions for expander and non-expander states

to construct a sample of states where the two distributions overlap, and name this sample

the “overlapping sample”. By construction, this sample includes only those states whose

estimates of expansion likelihood was numerically comparable to the expansion likelihood

of another state whose expansion status was different. In other words, the “overlapping

sample” contains only expander states whose expansion likelihood was numerically equal to

or less than the expansion likelihood of some state that failed to expand, and contains only

non-expander states whose expansion likelihood was numerically equal to or greater than

the expansion likelihood of some state that expanded. This sample of states ought to be

free from any sort of state-level selection concerns such as the concern that less Republican,

more wealthy states who expanded could have differed in unobservable ways from more

Republican, less wealthy states who failed to expand and that these unobservable differences

are somehow driving the difference in difference estimates.29 I report key estimates using only

the “overlapping sample” in Appendix Figures 34 and Appendix Table 15. These estimates

are consistent with, and slightly larger in magnitude than, those that include all states;

that the point estimates are consistent but slightly larger further corroborates the causal

29Note that for such an endogeneity story to be successful the timing of the impact of these unobserved
factors would also have to correlate with the timing of Medicaid expansion and its staggered rollout.
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interpretation of the difference in difference estimations for the whole sample.

Figures 32 and 33 show calendar year trends in opioid-related deaths for the “overlapping

sample”. We can see that prior to the expansion starting in January of 2014, expander and

non-expander states in this sample tracked each other well (Figures 32); they also tracked

each other well in the pre-period when restricted by key demographic breakdowns (Figure 33.)

Table 15 contains the results of the reduced form regressions (Equation 1 and Equation 2

restricted to the “overlapping sample”, which includes only those states on the margin of

Medicaid expansion. I find again that Medicaid expansion is associated with statistically

significant increases in opioid-related mortality; the point estimates from the “overlapping

sample” are similar in magnitude to those from the overall sample, but the “overlapping

sample” estimates represent a much larger increase off the mean than the estimates from

the overall sample. Indeed, the OLS estimates suggest that Medicaid expansion is associ-

ated with approximately .4 additional opioid-related deaths per county-month (columns (1)

of Table 15) compared to the estimate of .3 additional deaths, obtained using the overall

sample (columns (1) of Table 3). However, the estimates obtained using the “overlapping

sample” represent a much larger increase off the mean than those obtained using the overall

sample: non-linear estimates using the “overlapping sample” (columns (3)-(4) of Table 15)

suggest that Medicaid expansion is associated with an increase in opioid-related deaths of

approximately 50%, while the OLS estimate (column (1) of Table 15) suggests that Medi-

caid expansion is associated with nearly a doubling in the volume of opioid-related deaths.

Estimates using the overall sample suggest an increase off the mean that ranges from 6%

to 36% (Table 3). Thus, the estimates using the “overlapping sample” suggest that, for the

states on the margin of expansion, there was a pronounced increase in opioid-related mor-

tality comparable in size to that which occurred in any given state but considerably larger

in relation to its mean.
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Appendix: Tables and Figures Restricted to States on

Margin of Medicaid Expansion

Figure 30: Distribution of Propensity Estimates: Map

Note: Figure shows the “Overlapping” sample or States “on the margin of Expansion”. The expansion margin is computed
by capturing the predicted values from equation 3 and determining the distribution of resulting predicted values for expanders
and non-expanders separately. States are in the ‘overlapping’ sample just in case the state expanded Medicaid and its predicted
likelihood of expansion is less than the predicted likelihood of some non-expanding state or the state failed to expand Medicaid
and its predicted likelihood of expansion is greater than the predicted likelihood of some expanding state.
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Figure 31: Distribution of Opioid-Related Deaths

Note: The Figure shows the county-month level distribution of opioid-related deaths. The sample is restricted to county-month
cells with at least one opioid related death. The sample is further restricted to states on the margin of expanding Medicaid (the
“overlapping” sample). The expansion margin is computed by capturing the predicted values from equation 3 and determining
the distribution of resulting predicted values for expanders and non-expanders separately. States are in the ‘overlapping’ sample
just in case the state expanded Medicaid and its predicted likelihood of expansion is less than the predicted likelihood of some
non-expanding state or the state failed to expand Medicaid and its predicted likelihood of expansion is greater than the predicted
likelihood of some expanding state. The source is CDC Individual-Level Mortality Files from 2012-2016.
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Figure 32: Medicaid Expansion and Opioid-Related Deaths: Overlapping Sample

Note: Figure shows trends in opioid-related deaths. Trends are shown separately for states that expanded Medicaid and those
that failed to expand. The sample includes all demographics. The sample is restricted to states on the margin of expanding
Medicaid (the “overlapping” sample). The expansion margin is computed by capturing the predicted values from equation 3
and determining the distribution of resulting predicted values for expanders and non-expanders separately. States are in the
‘overlapping’ sample just in case the state expanded Medicaid and its predicted likelihood of expansion is less than the predicted
likelihood of some non-expanding state or the state failed to expand Medicaid and its predicted likelihood of expansion is greater
than the predicted likelihood of some expanding state. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 33: Medicaid Expansion and Opioid-Related Deaths: Overlapping Sample, Hetero-
geneity

Note: Figure shows trends in opioid-related deaths. Trends are shown separately for states that expanded Medicaid and those
that failed to expand. The sample is restricted to states on the margin of expanding Medicaid (the “overlapping” sample).
The expansion margin is computed by capturing the predicted values from equation 3 and determining the distribution of
resulting predicted values for expanders and non-expanders separately. States are in the ‘overlapping’ sample just in case the
state expanded Medicaid and its predicted likelihood of expansion is less than the predicted likelihood of some non-expanding
state or the state failed to expand Medicaid and its predicted likelihood of expansion is greater than the predicted likelihood
of some expanding state. The sample is further restricted to white men without any college attendance and white women with
college attendance respectively. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 34: Impact of Medicaid Expansion on Overall Opioid Prescriptions (CDC Data):
Overlapping Sample

(a) Opioid Prescription Rate (b) Annual Change in Opioid Prescription Rate

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with opioid prescriptions
per 100 people and the annual change in opioid prescription per 100 people, respectively, as the outcomes. The sample is
restricted to states on the margin of expanding Medicaid (the “overlapping” sample). The expansion margin is computed by
capturing the predicted values from equation 3 and determining the distribution of resulting predicted values for expanders and
non-expanders separately. States are in the ‘overlapping’ sample just in case the state expanded Medicaid and its predicted
likelihood of expansion is less than the predicted likelihood of some non-expanding state or the state failed to expand Medicaid
and its predicted likelihood of expansion is greater than the predicted likelihood of some expanding state. Source is CDC opioid
prescription rates reported at the county-year level (2010-2016).
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Table 14: Predicted Propensities of State Level Expansion: Treatment Contrast Overlap

Overall

Expander Non-Expander ∆

Pr(Expansion) .623 .306 .317∗∗∗

Overlap Sample

Expander Non-Expander ∆

Pr(Expansion) .433 .418 .014∗∗∗

Note: Table shows differences (∆) in predicted likelihood of expansion across all states
in the top panel and restricted to the “overlapping” sample in the bottom panel.
When we restrict to the “overlapping” sample, states which expanded have expansion
probabilities comparable to those states who did not expand. The expansion mar-
gin is computed by capturing the predicted values from equation 3 and determining
the distribution of resulting predicted values for expanders and non-expanders sepa-
rately. States are in the ‘overlapping’ sample just in case the state expanded Medi-
caid and its predicted likelihood of expansion is less than the predicted likelihood of
some non-expanding state or the state failed to expand Medicaid and its predicted like-
lihood of expansion is greater than the predicted likelihood of some expanding state.
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Table 15: Impact of Medicaid Expansion on Opioid-Related Deaths: Overlapping Sample

(1) (2) (3) (4)
Count Log Poisson NB

Medicaid Expansion 0.396 0.092 0.554∗∗∗ 0.553∗∗∗

(0.580) (0.143) (0.133) (0.063)

Observations 18356 18356 14774 14774
Mean 0.376 .376 .445 .445

Note: Each column reports estimates from a separate regression with standard errors reported in paren-
theses. Observations are at the county-month level. The reported coefficient of interest is an indicator
for whether the county is in a state which expanded Medicaid. In column (1) the count of opioid-related
deaths is the dependent variable in an OLS estimation of equation 1; column (2) is also an OLS esti-
mation of equation 1 but with the log of opioid-related deaths as the dependent variable. Columns (3)
and (4) are obtained from poisson and negative binomial estimates of equation 1, respectively, both us-
ing the count of opioid-related deaths as the dependent variable. All specifications include county fixed
effects as well as calendar month and year fixed effects. Standard errors are clustered at the state level
in the OLS estimates reported in columns (1) and (2), and heteroskedasticity robust in columns (3) and
(4). In the poisson and negative binomial specifications, I drop counties with all zero counts resulting in
a reduction in sample size. (Table 12 shows the distribution of counties with all zero counts) The sam-
ple is restricted to states on the margin of expanding Medicaid (the “overlapping” sample). The expan-
sion margin is computed by capturing the predicted values from equation 3 and determining the distri-
bution of resulting predicted values for expanders and non-expanders separately. States are in the “over-
lapping” sample just in case the state expanded Medicaid and its predicted likelihood of expansion is less
than the predicted likelihood of some non-expanding state or the state failed to expand Medicaid and
its predicted likelihood of expansion is greater than the predicted likelihood of some expanding state.
The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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