
Data Appendix

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

List of Product Names of Opioid Products:

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

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

List of Often Prescribed Opioid Products:
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Hydrocodone with acetaminophen (paracetamol) (42.9% of all claims)
Oxycodone with acetaminophen (11.6%)
Tramadol (11.9%)
Oxycodone (7.4%)
Morphine sulfate (4.5%)
Fentanyl (4.2%)
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Appendix A: (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 sam-

ple”. This sample is obtained by first estimating Equation 3 and plotting the distribution

of these predicated values separately for expander and non-expander states. I then con-

struct a sample where the two distributions overlap, and name this sample the “overlapping

sample”. By construction, this sample includes only those states whose estimates of ex-

pansion 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.22

Figure A5 shows the overlapping sample, while Table 4 shows propensity balancing in the

overlapping sample. Finally, Figure A6 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 A6).

Table A7 contains the results of Equation 1 restricted to the “overlapping sample”, which

22Note 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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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. 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 mortality comparable in size to that which occurred

in any given state but considerably larger in relation to its mean.
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Appendix A: Tables and Figures Restricted to States on

Margin of Medicaid Expansion

Figure A5: 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 A6: 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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Table A6: 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 A7: 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 A8 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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Appendix B: Medicaid Expansion and Marijuana Legal-

ization as Separate Shocks

As discussed in Section 5.2 above, Figure 6 shows the cumulative percent of the population
exposed to the interaction of Medicaid expansion and marijuana legalization. Appendix
Tables A8- A9 shows the summary statistics of the variables containing the policy variation.

Is the state-level decision to legalize marijuana connected with the state-level decision to
expand Medicaid? Table A10 shows estimates of the extent to which marijuana legalization
can successfully predict Medicaid expansion. We see that the success marijuana legalization
has in predicting Medicaid expansion is largely soaked up when other endogenous state-level
variables are taken into account (See columns (1) and (2) of Table A10). Furthermore,
we see that marijuana legalization is not successful in predicting the timing of Medicaid
expansion (See columns (3) and (4) of Table A10). I conclude that, at least for the purposes
of understanding opioid-related mortality, these two policy shocks are separate from each
other and can be used as independent sources of policy variation.
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Appendix B: Tables Concerning Medicaid Expansion

and Marijuana Legalization as Separate Shocks

Table A8: Summary Statistics: Further Breakdowns

Marijuana No Marijuana Total
Legalization Legalization

Expander Non-Expander

Opioid Death Variables

Opioid Related Deaths (Counts) 0.82 1.23 0.51 0.88
(2.06) (3.66) (1.75) (2.87)

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

Observations 7800 54400 50500 112800

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 A9: Summary Statistics: Treatment Variables

Medicaid Expansion 0.621
(0.490)

Date of Medicaid Expansion March 2014
(6 months)

Recreational Marijuana 0.0528
(0.226)

Date of Recreational Legalization November 2013
(15 months)

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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Table A10: Correlations between Medicaid Expansion and Marijuana Legalization

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

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

Observations 112800 110000 62200 62100
Mean 0.586 0.589 April 2014 April 2014
Covariates X X

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