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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).

69



DRAFT - PLEASE DO NOT CITE WITHOUT PERMISSION

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
pain killers 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.30 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

30Note 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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