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Abstract

Is the opioid epidemic attributable to prescription painkillers becoming more ac-
cessible? I find that, for an average county, Medicaid expansions under the Affordable
Care Act caused approximately 175,000 more opioid units to be prescribed per year,
and 4 additional opioid-related deaths per year. Medicaid expansions explain nearly
a third of the overall death toll. These results are driven largely by deaths of white
men, and vary by local access to marijuana (an opioid substitute). After estimating
the interactive impact of Medicaid expansions and marijuana legalization on opioid-
related deaths, I conclude that opioid mortality can be reduced without restricting
opioid access.
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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)). 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.

To what extent has the epidemic been driven by changes in the accessibility of opioid

prescriptions? There is anecdotal evidence 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.

Indeed, there are anecdotes in which patients receive standard medical treatments such as

surgery and report having developed an addiction to opioids after having been prescribed a

powerful, synthetic opioid to treat short-term pain. This account 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)).

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. The impact

of Medicaid expansion on opioid-related deaths is theoretically ambiguous: on the one hand,

expansions increased access to opioid abuse treatments (Wen et al., 2017), but on the other

hand, expansion increased access to opioid prescriptions. Using a panel fixed-effects estima-

tion strategy, I produce difference-in-difference estimates of the impact of Medicaid expansion

1Author’s calculations from CDC Mortality Files.
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on opioid-related deaths. I find that states that expanded Medicaid under the Affordable

Care Act saw substantial increases both in opioid prescriptions and in opioid-related deaths.

These results vary strongly by demography, being driven largely by deaths of white men.

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.

Because my estimation strategy controls for location-specific and time-specific factors,

it is able to isolate the causal impact of Medicaid expansion on opioid mortality. I find no

evidence of pre-existing differences in opioid-related mortality, opioid prescription rates or

health insurance coverage prior to Medicaid expansion. I show that my main estimates are

robust to the inclusion not only of state specific linear trends, but also to the inclusion of

six separate state-level controlled substance prescribing policies including prescription drug

monitoring programs (PDMP), and robust to the inclusion of county-year unemployment

measures. I show in a triple difference specification that the effects of Medicaid expansion

are larger in counties with larger pre-existing uninsured populations. I also show how the

effects of opioid-access on opioid deaths vary by demography, as well as how the effects

vary by access to marijuana, an opioid substitute. Lastly, I show how Medicaid expansion

interacts with the state-level decision to legalize recreational marijuana, and find that mari-

juana legalization was able to mitigate the increases in opioid-related deaths attributable to

Medicaid expansion.

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

study the full interaction of the impacts of opioid access and opioid-substitute access on

opioid mortality. Given that I find evidence that increases in opioid-accessibility under

Medcaid expansions are responsible for approximately a third of the death-toll, it is natural
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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 abuse, opioid prescriptions to manage chronic pain.

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

opioid abusers (namely, the reformulation of 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 test whether a policy can effectively

mitigate opioid-related mortality by expanding access to an opioid-substitute instead of

restricting access to opioids.

This paper makes two main 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 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 concerning how Medicaid

expansions interacted with the legalization of marijuana, an opioid substitute, to influence

opioid mortality. (My estimates suggest that legal access to medical marijuana mitigates

the effect of Medicaid expansions on opioid-related deaths and that recreational marijuana

legalization is responsible for reductions in opioid-related deaths that are at least as large

as the increases generated by Medicaid expansions.) 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.

3



2 Background

2.1 Is Opioid Prescription Accessibility to Blame?

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

feature 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. These anecdotes 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, in general, respond to financial incentives (Gruber and Owings

(1994), Grant (2009), Clemens and Gottlieb (2014), Hillman 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 does not yet exist in the

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

on opioid mortality.
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2.2 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 safer alternative

to powerful, synthetic opioids (Abuhasira et al. (2018)). However, there does not yet exist

in the literature an estimate of the mortality effects of opioid-substitute access relative to

the mortality effects of opioid access. Accordingly, we don’t yet understand whether policy

attempts to reduce opioid deaths would be better served by addressing opioid access or

opioid-substitute access.

3 Data

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 ACA Medicaid expansions expanded coverage for childless adults aged 18-65

with income at or below 138 percent of the Federal Poverty Line (FPL), my variable of

interest is the uninsured rate for adults between the ages of 18 to 65 whose reported income

falls at or below 138 percent of the FPL. Table 1, Panel A contains the summary statistics of

these insurance variables. Expander states have a 9 percentage point lower rate of uninsured

individuals (Table 1, Panel A, Row 2).

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

scription 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 Medicaid expansion affected the number
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of units of opioids prescribed, the number of opioid prescriptions, as well as the amount

reimbursed for opioids.2 Table 1, Panel B contains summary statistics for variables mea-

suring opioid drug claims filed through Medicaid. We can see that across several measures,

expander states provided more opioids on average than non-expander states.

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

These individual level data include demographic information about the deceased (race, eth-

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

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

codes involves an opioid abuse.3 My key outcome of interest is the rate of opioid-related

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

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

experienced more than 100 such deaths in a month. As the summary statistics contained

in Panel C of Table 1 show, expander states average .6 additional opioid-related deaths per

month (or approximately 2 additional deaths per quarter).

4 Medicaid Expansion and Opioid Deaths

I utilize the staggered state-level Medicaid expansion licensed by the Affordable Care Act to

provide evidence that increased access to prescription drugs increased opioid-related deaths

(Sections 4.1- 4.2). I address key identification concerns (Section 4.3), and show that the

main estimates are robust to introducing other state-level policy variation as well as controls

for local economic conditions (Section 4.4). I find that, for an average county, Medicaid ex-

pansion 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-overdose deaths per year. Overall,

2I classify prescription drug products as opioids following Jena et al. (2014). For details, see Data
Appendix.

3This includes the following ICD-10 codes: T40.1 (Heroin), T40.2 (Other opioids), T40.4 (Other synthetic
narcotics)
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the increases in opioid-access occasioned by Medicaid expansion explain about 12,000 opioid-

related deaths per year, or nearly a third of the overall death toll.

4.1 Estimation

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

related deaths, health insurance coverage , and opioid prescriptions. My main specification

is a difference-in-difference equation:

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

where ycst is the either the rate of opioid-related deaths, the rate of uninsured persons, or

the rate of opioid prescriptions in county c, state s and time period t. I am primarily inter-

ested 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 in

which 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 defined as in Equation 1. I am primarily interested in the coefficients on

the indicator variables, 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.
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4.2 Main Results: Opioid Death Increases

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

to medical services including opioid abust treatments (Wen et al., 2017), 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 test this, I estimate equations

of the form of Equation 1 and Equation 2, where the dependent variable is the rate of

opioid-related deaths.

Figure 1a shows the geographic distribution of states who expanded Medicaid beginning

in 2014, while Figure 1b shows the timing of the expansion. Most of the expansion occurred

in January of 2014. As Figures 2a and 2b show, before expansion expander and non-expander

states were not trending differentially, but after expansion states that expanded began to ex-

perience an increase in opioid-related mortality relative to states which did not expand.4 The

coefficients estimates show that, in the first quarters after expansion, counties in expander

states experience an increase in opioid-related deaths of approximately .03 opioid-related

deaths per 100,000 residents; within a year after expansion the coefficent estimates are sig-

nificant at the 5% level and show an increase of nearly .2 opioid-related deaths per 100,000

residents (Figure 2b). These estimates suggest that expansion is responsible for an increase

of approximately .3 opioid-related deaths per county-quarter or approximately 4 additional

deaths per county-year.5

The static difference-in-difference estimators summarize the overall impact of expansion

on opioid-related deaths; the estimate in Column (1) of Table 2 indicates that Medicaid

4My 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
completeness, I also show the results using county-month estimates (Appendix Figure A1).

5My main results use rates of opioid-related deaths per 100,000 people. The results are robust to using
rates of opioid-related deaths per all deaths, the rate of opioid deaths per all overdose deaths, as well counts
of opioid related deaths as the dependent variable (See Appendix Figure A2).
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expansions are responsible for approximately .15 more opioid-deaths per 100,000 residents

per county-month, an increase of approximately 28% . This estimate implies .3 more opioid-

deaths per county-month or 4 more opioid-related deaths per county-year. Columns (2)-(3)

of Table 2 show that these effects are approximately 58% larger in counties that had at

least 1,000 uninsured adults who would have become newly eligible for Medicaid under the

ACA expansion.6 Thus, I conclude that Medicaid expansion is responsible for a statistically

significant and economically meaningful increase in opioid-related deaths.

It is well known that the Medicaid expansion under the ACA increased health insurance

coverage (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 1 and 2

where the dependent variable is the rate of uninsured adults aged 18-65 whose income falls

at or below 138 percent of the FPL.7 In my preferred specification I find that, for an average

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

Figure 3 shows estimates of Equation 2 where some measure of opioid-drug reimbursement

by Medicaid is the dependent variable. Panel (a) of Figure 3, shows the dynamic estimates

of the rate of opioid drug units reimbursed by Medicaid; Panel (b) shows the dynamic

estimates of the dollar amounts reimbursed by Medicaid for those drug units. While the

difference-in-difference estimates hover around zero prior to expansion, after expansion there

is a large and rather pronounced relative increase in the expander states both in opioid units

prescribed and in opioid units reimbursed. In my preferred specification, I estimate 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.8

In summary, Table 3 compares the difference-in-difference estimates for insurance cov-

6The percentage increase is calculated as the difference between the estimate in Column (2) and Column
(3) divided by the estimate in Column (3).

7Appendix Figure A3b shows the dynamic difference-in-difference estimates for health insurance coverage.
8Calculated as the opioid unit increase (2.8 million) multiplied by four quarter and divided by 63 counties.

The average state in the US has 63 counties.
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erage, opioid prescriptions and opioid-related deaths. The estimates listed across Columns

(1)-(3) of Table 3, suggest that the ACA Medicaid expansions through 2016 were responsible

for increasing insurance coverage by nearly 7%, increasing the opioid prescription rate by

.01 prescriptions per person and increasing the opioid-death rate by .15 per 100,000 persons.

These estimates imply 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-overdose deaths per year. Overall, the increases in opioid-access

occasioned by Medicaid expansion explain about 12,000 opioid-related deaths per year, or

nearly a third of the overall death toll in this period. Back of the envelope calculations

suggest that, on average, a newly insured Medicaid enrollee was prescribed 63 opioid units

and that one opioid-related death occurred for every 44,000 newly prescribed opioid-units.

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.

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 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.

The main evidence that justifies a causal interpretation of the estimates comes from the

fact that there are no pre-period differences either in calendar-year trends or in dynamic
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difference-in-difference estimates across expander and non-expander states, with respect to

opioid-related death measures, opioid prescription measures, and health insurance measures.

Figure 2a shows that, prior to all Medicaid expansions, expander states track non-expander

states in rates of opioid-related deaths, while Figure 2b shows that the dynamic difference-

in-difference estimates in the pre-period hover around zero, confirming that expander and

non-expander states were on common trends prior to expansion.9

Secondly, prior to expansion, expander and non-expanders states also share common

trends in health insurance measures and opioid prescription rates (Appendix Figures A3a

and Appendix A3b). Figure A3a shows that expander and non-expander states shared

common trends in uninsured individuals aged 18-64 with income at or below 138% of the

Federal Poverty line residing in their counties. The difference-in-difference estimates of health

insurance rates before expansion also hover around zero, confirming that the groups share

a common trend (Figure A3b). Moreover, as Figure 3 shows, the difference-in-difference

estimates of opioid prescriptions before expansion hover around zero both for opioid units

reimbursed by Medicaid and amounts reimbursed. Thus, before expansions, expander states

tracked non-expander states in rates of health insurance coverage, opioid prescriptions as

well as opioid-related deaths.

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)

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

9The 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 per all deaths, as a rate per all overdose deaths as well
as counts (See Appendix Figures A2).
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demography, and Z4 is a vector of variables measures economic conditions. (All measures are

taken in the year prior to expansion.) Column 1 of Table 4 reports the results of estimating

Equation 3. The strongest predictor 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.10

I conclude from these results that expansion was not driven by state-level public health

conditions relevant to substance abuse; expansion was driven by the pre-period political

composition of the state legislature. In Appendix A, I also run my main estimation strategy

on a subsample of states chosen based on the propensity of each state to expand and find

results in line with my main results.

4.4 Robustness

Following Doleac and Mukherjee (2018), I address the concern that other state laws aimed

at preventing opioid-related deaths might be confounding my estimates of the impact of

Medicaid expansion on opioid-related deaths. Table 5 shows that the baseline estimates

in Table 2 are robust to the inclusion not only of state specific linear trends, but also to

the inclusion of six separate state-level controlled substance prescribing policies enacted

from 2012-2016. Because these policies were designed in part to reduce opioid abuse and

opioid-related deaths, they are candidate policy confounders. For example, prescription

drug monitoring programs (PDMP), added by 19 states over this period, collect data on

controlled-substance dispensing to flag potentially excessive prescribing behavior (See Meara

et al. (2016) for a full description of each policy). In columns (3)-(6) of Table 5, I include

various combinations of these potential confounders as regressors (alongside state specific

10Column 2 of Table 4 shows that these and other associated factors were also predicative of the timing
of the state-level decision to expand.
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linear trends). The main results are robust to the inclusion of these policies both individually

and collectively.11

Furthermore, the baseline estimates in Table 2 are robust to the inclusion of county-

year unemployment measures. Table A1 reports estimates from specifications which allow

both linear and quadratic contributions from both contemporaneous unemployment and its

lags. Columns (2)-(3) of Table A1 shows that these estimates are robust to the inclusion

of the contemporaneous county-year unemployment rate and its square. Columns (3)-(6)

show robustness to the inclusion of unemployment, its square, as well as two lags and their

squares. This suggests that the opioid-death impacts I estimate are not driven by changes

in local economic conditions.

Lastly, Appendix Table A2 reports estimates from a triple difference specification, which

considers whether the effects of Medicaid expansion are larger in counties with larger unin-

sured populations. Because the ACA Medicaid expansion opened access to childless adults

18-65 with income at or below 138% of the poverty line, I divide counties into “high” and

“low” uninsurance categories based on whether they are above or below the median rate

of uninsured individudals aged 18-65 with income at or below 138% FPL. Column (2) of

Appendix Table A2 shows that the impact of expansion in high uninsurance counties is 3.5

times larger than in low uninsurance counties.12

5 Heterogeneity

In this section, I explore how the effects of opioid-access on opioid deaths vary by demography

(section 5.1), as well as how the effects vary by access to marijuana, an opioid substitute

11An extended version of the state-year policy variation in Meara et al. (2016) was generously shared by
Jennifer Doleac and Anita Mukherjee, who utilize these data in similar robustness checks in Doleac and
Mukherjee (2018).

12Calculated as the impact in high uninsurance counties (.063+.161) divided by the impact in lower
uninsurance counties (.063).

13



(section 5.2). Lastly, I show how Medicaid expansion interacts with the state-level decision

to legalize recreational marijuana, and find that marijuana legaization was able to mitigate

the increases in opioid-related deaths attributable to Medicaid expansion (section 5.3).

5.1 Heterogeneity By Demography

The results of Sections 4.1-4.4 suggest that approximately a third of the death-toll involved

in the opioid epidemic is attributable to increases in opioid access ocassioned by Medicaid

expansion. Existing descriptive evidence suggests that the recent rising trend in so-called

“deaths of despair” fell largely on white non-Hispanic whites and on men (Case and Deaton

(2015)). Accordingly, we might expect the effects of expansion on opioid-related deaths to

be larger for white men than for other subgroups. Figure 4 contrasts dynamic difference-in-

difference estimates of Equation 2 restricting to white men with estimates restricting to white

women. These estimates suggest that the increases associated with Medicaid expansion are

more pronounced for white men than for white women. Figure 5 contrasts demographic

specific difference-in-difference estimates of Equation 1 and confirms that the overall effects

are about twice as large for white men compared to white women. Indeed, as Figure 5 shows,

the effects are relatively large for men, and white men in particular. (Appendix Figure A4

shows more estimate comparisons separately by race, gender and education cells.) Overall,

I find that whites, white men and those without college degrees are particularly strongly

affected.13

13The difference-in-difference estimates for blacks also suggest very large effects, but the dynamics esti-
mates for blacks exhibit considerably more variance than other subgroups and lack a convincing pattern of
solid pre-trends hovering about zero (See Appendix Figure A4c). Accordingly, while I cannot rule out large
effects for blacks and black men in particular, these data and this estimation strategy do not provide strong
evidence in favor of a causal interpretation.
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5.2 Heterogeneity by Marijuana Access

When considering the determinants of opioid overdoses, we expect, ex ante, that access to a

less dangerous substitute painkiller such as marijuana would decrease opioid use and thereby

decrease opioid-related deaths.14 Accordingly, I consider the effects of Medicaid expansion

on opioid-related deaths in light of marijuana access in two ways: first, I explore whether

states with legal medical marijuana dispensaries prior to Medicaid expansions experienced

differencial effects of expansion on opioid-related deaths, and second, I explore how recre-

ational marijuana laws interacted with Medicaid expansion in determining opioid-related

deaths. I find, first, that counties with pre-existing medical marijuana dispensaries experi-

enced smaller increases in opioid-related deaths when they expanded Medicaid and, second,

that recreational marijuana laws substantially lowered opioid-related mortality even in the

presence of Medicaid expansion.15

5.2.1 Marijuana Dispensaries Prior to Expansion

Following Smith (2017) I consider both state-year variation in the legality of medical mar-

ijuana dispensaries and county-year variation in the presence of a dispensary. Columns

(2)-(3) of Table 6 show estimates of Equation 1 restricting the sample to states with medical

marijuana laws (MML) allowing dispenaries and those without dispensaries, respectively.

Column (4) of Table 6 reports estimates that interact expansion with the presence of MML

laws that allow dispensaries. Together, Columns (2)-(4) show that the impacts of Medicaid

expansion on opioid-related deaths are almost entirely driven by states without legal dis-

14There 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 Hockenberry (2018), and Hill and
Saxon (2018) for an overview.

15There 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)). My study complements their studies by using more exact individual level data as well as interacting
the the impact of marijuana legalization with the impact of Medicaid expansion.
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pensaries. Additionally, I use county-year level variation in the presence of a dispensary to

construct a state-year dispensary penetration measure, calculated as the share of counties in

a state that have a dispensary. Column (5) of Table 6 reports estimates from a specification

that interacts expansion with dispensary penetration. The results show that states with more

dispensary penetration experienced smaller impacts of expansion on opioid-related deaths.

Overall, these results suggest that pre-existing access to marijuana, an opioid substitute,

mitigated the opioid-related deaths associated with increased access to opioid prescriptions.

5.2.2 Recreational Marijuana After Expansion

Figure 6 shows how the timing of marijuana legalization interacted with the timing of Medi-

caid expansion. We see that legalization occurred steadily, starting toward the end of 2012;16

only expander states legalized marijuana.17

As Figure 7 shows, opioid-related mortality decreased in states that legalized marijuana

by slightly over 1 death per county-quarter or 4 deaths per county-year. These estimates

suggest that marijuana legalization is associated with a decrease of .332 opioid-related deaths

per county-month (or a decrease of approximately 4 opioid-related deaths per county-year).18

My estimates are consistent with existing estimates in the literature.19 A back of the envelope

16I measure legalization of marijuana based on the date legalization was enacted rather than the date
dispensaries officially became operational.

17In Appendix B , I examine whether these policy shocks are connected with each other and concluded
that they constitute independent shocks to opioid use.

18Table A4 displays the static difference-in-difference estimation of Equation 1 under different specifica-
tions.

19Wen 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) The average number of opioid-prescriptions per 1,000 enrollees
during 2010-2016 was 162.04. Approximately 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. 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.Livingston et al. (2017) studies time trends in Colorado and finds that legalization
is associated with .7 fewer deaths per month, a reduction of 6.5% My preferred estimates suggest that
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calculation suggests that the effect of national-level legalization of recreational marijuana

would save approximately 12,000 opioid-related deaths per year.20

5.3 Interaction between Medicaid Expansion and Marijuana Le-

galization

In Section 4.2, we saw that Medicaid expansions increased opioid deaths. In Section 5.2

we saw that increased marijuana access mitigated the increases associated with expansion

and that marijuana access alone decreases opioid deaths. Table 7 reports the results from

estimating a specification of Equation 1 in which both Medicaid expansion and marijuana

legalization as well as their interaction are included as regressors. The coefficient estimates

suggest that a state which both expanded Medicaid and legalized recreational marijuana

would expect to see a modest net reduction in opioid-related deaths, namely .153 deaths per

county per month, or about 2 fewer deaths per county per year.21 These estimates using the

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.Bachhuber 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.

20The 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 marijuana 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 mari-
juana legalization is associated with a 9 percent decrease in traffic fatalities (Mark Anderson et al. (2013)).
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.

21Obtained by summing the estimates reported in Table 7 scaled by population. Furthermore, estimates
from the main specification on a sample restricting to marajuana legalizing states, confirm the interactive
estimates. Comparing column (1) to column (2) of Appendix Table A5 shows that marijuana legalizing
states saw opioid related deaths increases that were 73% smaller than the increases in states that never
legalized marijuana.
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full interaction between Medicaid expansion and marijuana legalization suggest that policy

makers can increase access to opioid prescriptions, while at the same time not increasing

opioid deaths.

6 Conclusion: Policy Can Address Epidemic 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. To isolate factors pertaining to opioid prescription acces-

sibility, 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. I find

that states that expanded Medicaid under the Affordable Care Act saw substantial increases

both in opioid prescriptions and in opioid-related deaths. These results vary strongly by de-

mography, being driven largely by deaths of white men. 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. Furthermore,

I show that my main estimates are robust to the inclusion not only of state specific linear

trends, but also to the inclusion of six separate state-level controlled substance prescribing

policies including prescription drug monitoring programs (PDMP), and robust to the inclu-

sion of county-year unemployment measures. I show in a triple difference specification that

the effects of Medicaid expansion are larger in counties with larger pre-existing uninsured

populations. I also show how the effects of opioid-access on opioid deaths vary by demogra-

phy, as well as how the effects vary by access to marijuana, an opioid substitute. Lastly, I
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show how Medicaid expansion interacts with the state-level decision to legalize recreational

marijuana, and find that marijuana legalization was able to mitigate the increases in opioid-

related deaths attributable to Medicaid expansion.

Given that I find evidence that the increases in opioid access under Mediciad expansions

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, these results suggest that

restricting access to opioid prescriptions (e.g. encouraging doctors to write fewer prescrip-

tions) could save lives. But, on the other hand, these restrictions might harm those who

rely upon, but do not abuse, opioid prescriptions to manage chronic pain. 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)). Instead of restricting

access to opioids, another policy option would be to increase access to an opioid-substitute.

Accordingly, the results of studying the full interaction of Medicaid expansion and marijuana

legalization 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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Cerdá, Magdalena, Melanie Wall, Katherine M Keyes, Sandro Galea, and Debo-
rah Hasin, “Medical marijuana laws in 50 states: investigating the relationship between
state legalization of medical marijuana and marijuana use, abuse and dependence,” Drug
and alcohol dependence, 2012, 120 (1), 22–27.

20



Clemens, Jeffrey and Joshua D Gottlieb, “Do physicians’ financial incentives affect
medical treatment and patient health?,” American Economic Review, 2014, 104 (4), 1320–
49.

Doleac, Jennifer L and Anita Mukherjee, “The moral hazard of lifesaving innovations:
naloxone access, opioid abuse, and crime,” 2018.

Evans, William N, Ethan Lieber, and Patrick Power, “How the reformulation of
OxyContin ignited the heroin epidemic,” Technical Report, National Bureau of Economic
Research 2018.

Fleischman, William, Shantanu Agrawal, Marissa King, Arjun K Venkatesh,
Harlan M Krumholz, Douglas McKee, Douglas Brown, and Joseph S Ross,
“Association between payments from manufacturers of pharmaceuticals to physicians and
regional prescribing: cross sectional ecological study,” bmj, 2016, 354, i4189.

Goodman-Bacon, Andrew and Emma Sandoe, “Did Medicaid expansion cause the
opioid epidemic? There’s little evidence that it did,” Health Affairs Blog, 2017.

Grant, Darren, “Physician financial incentives and cesarean delivery: new conclusions
from the healthcare cost and utilization project,” Journal of health economics, 2009, 28
(1), 244–250.

Gruber, Jonathan and Maria Owings, “Physician financial incentives and cesarean
section delivery,” Technical Report, National Bureau of Economic Research 1994.

Hadland, Scott E, Maxwell S Krieger, and Brandon DL Marshall, “Industry pay-
ments to physicians for opioid products, 2013–2015,” American journal of public health,
2017, 107 (9), 1493–1495.

Hall, Wayne and Rosalie Liccardo Pacula, Cannabis use and dependence: public health
and public policy, Cambridge university press, 2003.

Hill, Kevin P and Andrew J Saxon, “The Role of Cannabis Legalization in the Opioid
Crisis,” JAMA internal medicine, 2018, 178 (5), 679–680.

Hillman, Alan L, Kimberly Ripley, Neil Goldfarb, Isaac Nuamah, Janet Weiner,
and Edward Lusk, “Physician financial incentives and feedback: failure to increase
cancer screening in Medicaid managed care.,” American Journal of Public Health, 1998,
88 (11), 1699–1701.

Jena, Anupam B, Dana Goldman, Lesley Weaver, and Pinar Karaca-Mandic,
“Opioid prescribing by multiple providers in Medicare: retrospective observational study
of insurance claims,” Bmj, 2014, 348, g1393.

21



Kaestner, Robert, Bowen Garrett, Jiajia Chen, Anuj Gangopadhyaya, and Cait-
lyn Fleming, “Effects of ACA Medicaid expansions on health insurance coverage and
labor supply,” Journal of Policy Analysis and Management, 2017, 36 (3), 608–642.

Ku, Leighton and Drishti Pillai, “A Multivariate Analysis of Nationwide Changes in
Opioid Prescriptions from 2012-2016.”

Livingston, Melvin D, Tracey E Barnett, Chris Delcher, and Alexander C Wa-
genaar, “Recreational cannabis legalization and opioid-related deaths in Colorado, 2000–
2015,” American journal of public health, 2017, 107 (11), 1827–1829.

Lynne-Landsman, Sarah D, Melvin D Livingston, and Alexander C Wagenaar,
“Effects of state medical marijuana laws on adolescent marijuana use,” American journal
of public health, 2013, 103 (8), 1500–1506.

Meara, Ellen, Jill R Horwitz, Wilson Powell, Lynn McClelland, Weiping Zhou,
A James O’Malley, and Nancy E Morden, “State legal restrictions and prescription-
opioid use among disabled adults,” New England Journal of Medicine, 2016, 375 (1),
44–53.

Monte, Andrew A, Richard D Zane, and Kennon J Heard, “The implications of
marijuana legalization in Colorado,” Jama, 2015, 313 (3), 241–242.

National Center for Health Statistics, “Micro-Level Mortality Files, as compiled from
data provided by the 57 vital statistics jurisdictions through the Vital Statistics Cooper-
ative Program,” 2010-2016.

Pacula, Rosalie L, David Powell, Paul Heaton, and Eric L Sevigny, “Assessing the
effects of medical marijuana laws on marijuana use: the devil is in the details,” Journal
of Policy Analysis and Management, 2015, 34 (1), 7–31.

Pacula, Rosalie Liccardo and David Powell, “A Supply-Side Perspective on the Opioid
Crisis,” Journal of Policy Analysis and Management, 2018, 37 (2), 438–446.

Paulozzi, Leonard J, “Prescription drug overdoses: a review,” Journal of safety research,
2012, 43 (4), 283–289.

Powell, David, Rosalie Liccardo Pacula, and Erin Taylor, “How increasing medical
access to opioids contributes to the opioid epidemic: evidence from Medicare part d,”
Technical Report, National Bureau of Economic Research 2015.

, , and Mireille Jacobson, “Do medical marijuana laws reduce addictions and deaths
related to pain killers?,” Journal of health economics, 2018, 58, 29–42.

Ruhm, Christopher J, “Geographic variation in opioid and heroin involved drug poisoning
mortality rates,” American journal of preventive medicine, 2017, 53 (6), 745–753.

22



Salomonsen-Sautel, Stacy, Sung-Joon Min, Joseph T Sakai, Christian Thurstone,
and Christian Hopfer, “Trends in fatal motor vehicle crashes before and after marijuana
commercialization in Colorado,” Drug and alcohol dependence, 2014, 140, 137–144.

Schnell, Molly, “Physician behavior in the presence of a secondary market: The case of
prescription opioids,” Technical Report, Mimeo 2017.

Simon, Kosali, Aparna Soni, and John Cawley, “The impact of health insurance
on preventive care and health behaviors: evidence from the first two years of the ACA
Medicaid expansions,” Journal of Policy Analysis and Management, 2017, 36 (2), 390–417.

Smith, Rhet A, “The Effects of Medical Marijuana Dispensaries on Adverse Opioid Out-
comes,” Economic Inquiry, 2017.

Venkataramani, Atheendar S and Paula Chatterjee, “Early Medicaid Expansions and
Drug Overdose Mortality in the USA: a Quasi-experimental Analysis,” Journal of general
internal medicine, 2019, 34 (1), 23–25.

Wen, Hefei and Jason M Hockenberry, “Association of medical and adult-use marijuana
laws with opioid prescribing for Medicaid enrollees,” JAMA internal medicine, 2018, 178
(5), 673–679.

, , and Janet R Cummings, “The effect of medical marijuana laws on adolescent
and adult use of marijuana, alcohol, and other substances,” Journal of health economics,
2015, 42, 64–80.

, , Tyrone F Borders, and Benjamin G Druss, “Impact of Medicaid expansion on
Medicaid-covered utilization of buprenorphine for opioid use disorder treatment,” Medical
Care, 2017, 55 (4), 336–341.

Wood, Susan F, Joanna Podrasky, Meghan A McMonagle, Janani Raveendran,
Tyler Bysshe, Alycia Hogenmiller, and Adriane Fugh-Berman, “Influence of phar-
maceutical marketing on Medicare prescriptions in the District of Columbia,” PloS one,
2017, 12 (10), e0186060.

Yeh, James S, Jessica M Franklin, Jerry Avorn, Joan Landon, and Aaron S
Kesselheim, “Association of industry payments to physicians with the prescribing of
brand-name statins in Massachusetts,” JAMA internal medicine, 2016, 176 (6), 763–768.

23



Figures and Tables

Figure 1: Medicaid Expansion under the ACA (2010-2016)

(a) Map

(b) Timing

Note: Panel (a) shows which states expanded Medicaid (under the Affordable Care Act) by the end of a given calendar year.
Panel (b) 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 2: Medicaid Expansion and Opioid-Related Deaths

(a) Trends

(b) DD Estimates

Note: Panel (a) shows trends in opioid-related deaths separately for counties in states that expanded Medicaid and those
that did not. Expansions began in January of 2014. Panel (b) shows the coefficient estimates and 95% confidence interval
from estimating Equation 2 with the rate of opioid-related deaths as the dependent variable. In both panels, 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 3: 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 opioid drug units
prescribed per person and amounts reimbursed per person 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 4: Medicaid Expansion and Opioid-Related Deaths: Heterogeneity Dynamics

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with demography specific
rates of opioid-related deaths as the dependent variable. Estimates for two rates are shown: the rate of white male opioid-related
deaths per 100,000 white men and the rate of white female opioid-related deaths per 100,000 white women. 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 and white women,
respectively. For visual ease, confidence intervals are shown for the estimates for white men only. More complete demographic
estimate breakdowns are given in Appendix Figure 5 and Appendix Figure A4. The source is CDC Individual-Level Mortality
Files (2012-2016).
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Figure 5: Medicaid Expansion and Opioid-Related Deaths: Heterogeneity

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 1 with demography specific
rates of opioid-related deaths as the dependent variable. For example, the rate of white male opioid-related deaths is calculated
per 100,000 white men. Observations are at the county-month level. Both specifications include county fixed effects, as well as
calendar quarter and year fixed effects. The sample includes all states but restricts various demographics in each regression,
respectively. The source is CDC Individual-Level Mortality Files (2012-2016).
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Figure 6: 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 7: Impact of Marijuana Legalization on Opioid-Related Deaths

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2. Observations are at the
county-month level but collapsed to county-quarter for visual ease. The dependent variable is the rate of opioid-related deaths
as a share of total overdose 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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Table 1: Summary Statistics

Non-Expander Expander Total

Panel A: Health Insurance

PCT Uninsured and ≤ 138% FPL 38.70 29.55 34.31
(9.70) (11.61) (11.60)

NMB Uninsured and ≤ 138% FPL 8147 9402 8748
(63622) (62569) (63121)

Observations 11629 10705 22334

Panel B: Opioid Prescriptions

Opioid Units (Per Person) 1.31 1.74 1.58
(0.62) (0.83) (0.78)

Opioid Prescriptions (Per Person) 0.02 0.03 0.03
(0.01) (0.01) (0.01)

Observations 570 960 1530

Panel C: Opioid Deaths

Opioid-Related Deaths (Per 100,000) 0.54 0.74 0.65
(1.99) (2.09) (2.05)

Opioid-Related Deaths (Per 100 Deaths) 0.64 0.88 0.77
(2.21) (2.34) (2.28)

Opioid-Related Deaths (PCT of All Overdoses) 0.16 0.23 0.20
(0.33) (0.37) (0.35)

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 50600 62200 112800

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). Observa-
tions are at the county-year level and the sample is restricted to uninsured adults 18-65 with an in-
come at or below 138 percent of the poverty line, the group which became newly eligible for Medi-
caid under the expansion. Panel B: Source is CMS State-Drug Utilization Data (2010-2017). Obser-
vations are at the state-quarter level and include Washington D.C. Data contain the universe of claims
filed to Medicaid. Panel C: Source is CDC Individual-Level Mortality Files (2010-2016). Observa-
tions are at the county-month level and rounded to nearest hundred to avoid disclosing small cells.
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Table 2: Impact of Medicaid Expansion on Opioid-Related Deaths

(1) (2) (3)
All High Low

Medicaid Expansion 0.149∗∗ 0.164∗∗∗ 0.104
(0.056) (0.061) (0.068)

Observations 112800 69700 43000
Mean (Pre-Period) .525 .588 .421
Pre-Period Nmb Uninsured 5786 9067 470

Note: Each column reports a separate OLS regression with standard errors reported in parentheses.
In each column the rate of opioid-related deaths per 100,000 people is the dependent variable in an
OLS estimation of Equation 1. Columns (2)-(3) report estimates from the same specifications but us-
ing subsamples which are chosen based on the number of uninsured adults 18-65 with income at or be-
low 138% of the Federal Poverty Line prior to Medicaid expansion. (Adults 18-65 with income at or
below 138% of the Federal Poverty Line were newly eligible for Medicaid coverage under the expan-
sion.) Column (2) restricts to counties which had more than 1,000 such uninsured adults prior to Med-
icaid expansion, while column (3) restricts to those with less than 1,000 such uninsured adults prior to
Medicaid expansion. All specifications include county fixed effects as well as calendar month and year
fixed effects. Standard errors are clustered at the state level. The sample includes deaths of all US
Residents. Observations are at the county-month level. For disclosure reasons, the number of observa-
tions is rounded to the nearest hundred. The reported coefficient of interest is an indicator for whether
the county is in a state which expanded Medicaid. The sources are CDC Individual-Level Mortality
Files (2012-2016), as well as SAHIE estimates of the uninsured. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 3: Impact of Medicaid Expansion on Insurance, Opioid Prescription and Opioid
Deaths: Magnitude comparison

(1) (2) (3)
PCT Insured Prescription Rate Death Rate

Medicaid Expansion 0.068∗∗∗ 0.009∗∗∗ 0.149∗∗

(.011) (0.002) (0.056)

Observations 22334 1530 112800
Mean (Pre-Period) .401 .024 .525
Percent Effect CI [12%,23%] [21%,49%] [7%,49%]

Note: Each column reports estimates from a separate regression with standard errors clustered at the
state-level and reported in parentheses. The reported coefficient of interest is an indicator for whether
the observation is in a state which expanded Medicaid. The reported percent effect confidence interval
(CI) is the 95% confidence interval of the estimate divided by the mean of the outcome variable over
years prior to Medicaid expansion. In column (1), the share of individuals aged 18-65 with income at
or below 138% of the Federal Poverty Line is the dependent variable in an an OLS estimation of Equa-
tion 1. Observations are at the county-year level. The source is SAHIE estimates of the uninsured (2010-
2016). In column (2), the rate or opioid prescriptions filed through Medicaid per person is the dependent
variable in an OLS estimation of Equation 1. Observations are at the state-quarter level. The source
is CMS state-drug utilization (2010-2017). In column (3), the rate of opioid-related deaths per 100,000
people is the dependent variable in an OLS estimation of Equation 1. Observations are at the county-
month level. (This column is identical to Column 1 of Table 2). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 4: 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 5: Impact of Medicaid Expansion on Opioid-Related Deaths: Confounders

(1) (2) (3) (4) (5) (6)

Medicaid Expansion 0.149∗∗ 0.139∗∗ 0.140∗∗ 0.139∗∗∗ 0.141∗∗ 0.143∗∗

(0.056) (0.053) (0.053) (0.052) (0.055) (0.054)

Observations 112800 112800 112800 112800 112800 112800
Mean (Pre-Period) .525 .525 .525 .525 .525 .525

State-Year Trends X X X X X
Policy Confounders

PDMP X X X
Doctor Shopping, Pain clinic regs X X
Physician exam, Pharm verification, X X

Require ID X X

Note: Each column reports a separate OLS regression with standard errors clustered at the state-
level and reported in parentheses. The dependent variable is the rate of opioid-related deaths per
100,000. The reported coefficient of interest is an indicator 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 month and year fixed effects. Column (1) repeats the main estimates
found in Column (1) of Table 2. In columns (2)-(6) state specific linear trends are included. Fol-
lowing Doleac and Mukherjee (2018), in columns (3)-(6) various combinations of state level health care
policies aimed at reducing opioid abuse are included as regressors. Observations are at the county-
month level. For disclosure reasons, the number of observations is rounded to the nearest hundred.
The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 6: Interactive Impact of Medicaid Expansion and Pre-Existing Marijuana Dispensaries
on Opioid-Related Deaths

(1) (2) (3) (4) (5)
All MML No MML MML MML

Interaction Intensity

Medicaid Expansion 0.149∗∗ -0.088 0.208∗∗∗ 0.201∗∗∗ 0.199∗∗∗

(0.056) (0.170) (0.069) (0.069) (0.063)

Medicaid × MML -0.166∗

(0.086)

Medicaid × Dispensary Penetration -0.668∗∗∗

(0.188)

Observations 112800 20300 92400 112800 112800
Mean 0.650 0.683 0.642 0.650 0.650

Note: Each column reports estimates from a separate regression with standard errors clustered at the state-
level and reported in parentheses. The outcome variable is the rate of opioid-related deaths per 100,000. All
specifications include county fixed effects as well as calendar month and year fixed effects. In each column,
the reported coefficient of interest in the top row is an indicator for whether the county is in a state which
expanded Medicaid. Column (1) repeats the main estimate of the impact of Medicaid expansion on opioid
related deaths. (See Column (1) of Table 2.) Columns (2)-(3) report estimates from the same specification in
Column (1), but using two different subsamples. Column (2) restricts to counties in states with medical mar-
ijuana laws (MML) allowing marijuana dispensaries prior to Medicaid expansion, while Column (3) restricts
to those in states without legal dispensaries. Column (4) also reports estimates from Equation 1, but fea-
turing the full interaction between an indicator variable for Medicaid expansion and an indicator for MML’s
that allow marijuana dispensaries. Finally column (5) reports estimates from Equation 1, but featuring the
interaction of an indicator variable for Medicaid expansion with marijuana dispensary penetration into a
state. Dispensary penetration is defined as the percent of counties in the state with a marijuana dispen-
sary. (All information concerning MML’s and dispensaries are from Table 1 of Smith (2017).) Observations
are at the county-month level. For disclosure reasons, the number of observations is rounded to the nearest
hundred. The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table 7: Interactive Impact of Medicaid Expansion and Marijuana Legalization on Opioid-
Related Deaths

(1)

Marijuana Legalization -0.212∗∗∗

(0.036)

Medicaid Expansion 0.178∗∗∗

(0.057)

Medicaid × Marijuana -0.139∗∗

(0.062)

Observations 112800
Mean 0.650

Note: Each column reports estimates from a separate regression with standard errors clustered at the
state-level and reported in parentheses. The outcome variable is the rate of opioid-related deaths per
100,000 people. The reported coefficient of interest is an indicator for whether the county is in a
state which expanded Medicaid, legalized recreational marijuana or did both. All specifications include
county fixed effects as well as calendar month and year fixed effects. Observations are at the county-
month level. For disclosure reasons, the number of observations is rounded to the nearest hundred.
The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Appendix Figures

Figure A1: 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 rate of opioid related-deaths. Observations are at the county-month level. In Figure 2b, 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 A2: Impact of Medicaid Expansion on Opioid-Related Deaths: Exploring Measures

(a) Rate Per 100,000 Population (b) Rate Per 100 Deaths

(c) Rate Per All Overdose Deaths (d) Raw Counts

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with different measures 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 A3: Medicaid Expansion and Health Insurance

(a) Trends

(b) DD Estimates

Note: Panel (a) shows annual trends in the counts of uninsured individuals separately for counties in states that expanded
Medicaid and those that did not. Observations are at the county-year level. Expansions begin in January of 2014. Panel (b)
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. The specification includes county fixed effects, as well as
calendar year fixed effects. In both panels, the sample is restricted to individuals aged 18 to 65 whose income is at or below
138 percent of the Federal Poverty Line. (This demographic became newly eligible under the Medicaid expansion licensed by
the Affordable Care Act.) The source is SAHIE (2010-2016).
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Figure A4: Impact of Medicaid Expansion on Opioid-Related Deaths: Heterogeneity

(a) By Race (b) By Gender

(c) Men, By Race (d) By Education

Note: Figure shows the coefficient estimates and 95% confidence interval from estimating Equation 2 with demographic specific
rates of opioid-related deaths as the outcome variable. For example, the rate of white male opioid-related deaths is calculated
per 100,000 white men. (The rate of “no college” and “at least some college” opioid-related deaths is calculated per 100,000
population.) Observations are at the county-month level but collapsed to the county-quarter level for visual ease. All specifica-
tions include county fixed effects, as well as calendar quarter and year fixed effects. The sample includes all states but restricts
to various subgroups by race, by gender, by the interaction of race and gender as well as by education, respectively. The source
is CDC Individual-Level Mortality Files (2012-2016).
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Appendix Tables

Table A1: Impact of Medicaid Expansion on Opioid-Related Deaths: Robustness to Unem-
ployment

(1) (2) (3) (4) (5) (6)

Medicaid Expansion 0.149∗∗ 0.141∗∗ 0.140∗∗ 0.146∗∗∗ 0.143∗∗∗ 0.143∗∗∗

(0.056) (0.053) (0.053) (0.051) (0.050) (0.050)

Observations 112800 112800 112800 109800 107100 107100
Mean (Pre-Period) 0.525 0.525 0.525 0.525 0.525 0.525
Unemployment Linear Quadratic One Lag Two Lags Quadratic
Specification Two Lags

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. The dependent variable is
the rate of opioid-related deaths. The reported coefficient of interest is an indicator for whether the
county is in a state which expanded Medicaid. Sample includes deaths of all US Residents. All speci-
fications include county fixed effects as well as calendar quarter and year fixed effects. Column (1) re-
peat the main estimate from column (1) of Table 2. All other columns add to this specification various
functions of the county-year unemployment rate. In columns (2) and (3), contemporaneous unemploy-
ment and then unemployment and its square are included, respectively, in an estimation of Equation 1.
In columns (4) and (5) one and two lags of unemployment, respectively, are included together with con-
temporaneous unemployment. Lastly, in column (6), contemporaneous unemployment, its square, as well
as the first lag and its square, and the second lag and its square all are included in the specification.
The source is CDC Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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Table A2: Impact of Medicaid Expansion on Opioid-Related Deaths: DDD Estimates

(1) (2)
Main DD DDD

Medicaid Expansion 0.149∗∗ 0.063
(0.056) (0.062)

Expansion × High Uninsured 0.161∗∗

(0.077)

Observations 112800 112800
Mean (Pre-Period) 0.525 0.525

Note: Each column reports a separate OLS regression with standard errors reported in parentheses. In
column (1) the main estimates of the impact of Medicaid expansion on the rate of opioid-related deaths is
repeated from Column (1) of Table 2. Column (2) reports the results from a specification of Equation 1
which includes all the pairwise interactions between an indicator for being in a state after Medicaid expan-
sion and an indicator for being in a “High Uninsurance” county . I define a “High Uninsurance” county
as a county which has an above median uninsured adult population with income at or above 138% of the
Federal Poverty Line in the year prior to Medicaid expansion. (Adults in this group became newly eli-
gible for Medicaid under the expansion.) Counties above the median averaged 12,500 uninsured individ-
uals (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 popula-
tion at or below 138% of the poverty line in the year prior to expansion). All specifications include county
fixed effects as well as calendar month and year fixed effects. Standard errors are clustered at the state
level. The sample includes deaths of all US Residents. 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 A3: Impact of Medicaid Expansion on Opioid-Related Deaths: Counts

(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 112800 112800 95000 95000
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 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 A8 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 A4: Impact of Recreational Marijuana Legalization on Opioid-Related Deaths: Counts

(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 112800 112800 100400 100400
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 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 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 A8 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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Table A5: Impact of Medicaid Expansion on Opioid-Related Deaths: Heterogeneity by
Recreational Marijuana Legalization Status

(1) (2)
Marijuana No Marijuana

Medicaid Expansion -0.088 0.208∗∗∗

(0.170) (0.069)

Observations 20300 92500
Mean 0.683 0.642

Note: Each column reports estimates from a separate regression with standard errors re-
ported in parentheses. Observations are at the county-month level. The source is CDC
Individual-Level Mortality Data (2012-2016). ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01
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