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Appendix A: Additional Tables and Figures
Appendix Figure A1
Drug Death Rates from Heroin/Opioids for Adults Ages 18+ by Quartile of 1990 County SSDI Rate and Event Study Results,  1983-2015, Parameter Estimates and 95% Confidence Intervals  
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Notes:  In graph A we aggregate deaths at the county level to counties that are in the top and bottom quartile in the 1990 SSDI rate at the county level, then divide by 100,000 in adult population for that county group.  In Graph B, we report event-study estimates from equation (1) and the 95 percent confidence intervals for the period 1983-2015 with the reference year being 1995.  The coefficients are an interaction between a year dummy variable and the SSDI rate in 1990.  Other controls include county and year effects, the fraction of people in the county that are 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 and up (with 18-24 being the reference group), the fraction black and other race (with white being the reference group), and the fraction Hispanic.  The regressions are weighted by the adult population in the county/year and standard errors are clustered at the state level.  The regressions have data for 3,106 counties over 33 years or 102,498 observations.


Appendix Figure A2
Alcohol Death Rates for Adults Ages 18+ by Quartile of 1990 County SSDI Rate and Event Study Results, 1983-2015, Parameter Estimates and 95% Confidence Intervals    
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Notes:  In graph A we aggregate deaths at the county level to counties that are in the top and bottom quartile in the 1990 SSDI rate at the county level, then divide by 100,000 in adult population for that county group.  In Graph B, we report event-study estimates from equation (1) and the 95 percent confidence intervals for the period 1983-2015 with the reference year being 1995.  The coefficients are an interaction between a year dummy variable and the SSDI rate in 1990.  Other controls include county and year effects, the fraction of people in the county that are 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 and up (with 18-24 being the reference group), the fraction black and other race (with white being the reference group), and the fraction Hispanic.  The regressions are weighted by the adult population in the county/year and standard errors are clustered at the state level.  The regressions have data for 3,106 counties over 33 years or 102,498 observations.

Appendix Figure A3
Non-Drug Suicide Death Rates for Adults Ages 18+ by Quartile of 1990 County SSDI Rate and Event Study Results, 1983-2015, Parameter Estimates and 95% Confidence Intervals  
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Notes:  In graph A we aggregate deaths at the county level to counties that are in the top and bottom quartile in the 1990 SSDI rate at the county level, then divide by 100,000 in adult population for that county group.  In Graph B, we report event-study estimates from equation (1) and the 95 percent confidence intervals for the period 1983-2015 with the reference year being 1995.  The coefficients are an interaction between a year dummy variable and the SSDI rate in 1990. Other controls include county and year effects, the fraction of people in the county that are 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 and up (with 18-24 being the reference group), the fraction black and other race (with white being the reference group), and the fraction Hispanic.  The regressions are weighted by the adult population in the county/year and standard errors are clustered at the state level.  The regressions have data for 3,106 counties over 33 years or 102,498 observations.


Appendix Figure A4
Drug Poisoning Deaths Rates, Event Study Estimates with and without 
the 1995 Cancer Death Rate Interacted with Year Effects
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Notes:  We report event-study estimates from equation (1) and the 95 percent confidence intervals for the period 1983-2015 with the reference year being 1995.  The coefficients are an interaction between year dummy variables and the SSDI rate in 1990 with and without a set of variables (1995 cancer death rate interacted with year indicators) included in the regression.  Other controls include county and year effects, the fraction of people in the county that are 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 and up (with 18-24 being the reference group), the fraction black and other race (with white being the reference group), and the fraction Hispanic.  The regressions are weighted by the adult population in the county/year and standard errors are clustered at the state level.  The regressions have data for 3,106 counties over 33 years or 102,498 observations. 






















Appendix Figure A5
[bookmark: _Hlk207792555]Drug Poisoning Deaths Rates Over Time and Event Study Estimates Based on Levels of Advertising Payments/1,000, in the Open Payments Data Set in 2016-2019
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[image: ]
Notes:  In graph A we aggregate deaths at the county level to counties based on the level of advertising in the Open Payments data set.  We consider the lowest 20, middle 60%, and the top 20% of visits/1000 people in the county.  We selected the bottom grouping as these are counties that have no advertising visits/1000. Graph B, we report event-study estimates from equation (1) and the 95 percent confidence intervals for the period 1983-2015 with the reference year being 1995.  The coefficients are an interaction beta year dummy variable, the SSDI rate in 1990, and a dummy for what level of advertising there is in the Open Payments data set.  Other controls include county and year effects, the fraction of people in the county that are 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 and up (with 18-24 being the reference group), the fraction black and other race (with white being the reference group), and the fraction Hispanic.  The regressions are weighted by the adult population in the county/year and standard errors are clustered at the state level.  The regressions have data for 3,106 counties over 33 years or 102,498 observations. 
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Appendix Figure A6
Event Study Results, Drug Poisoning Death Rate at the County Level, 1983-2015, 
Adding in One Additional 1990 County Characteristics Interacted with Year Effects at a Time
Parameter Estimates and 95% Confidence Intervals
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Appendix Figure A6 (continued)
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In each of these graphs, we report event-study estimates from equation (1) for two sets of variables.  The black dots and lines represent the interactions between a year dummy variable and the SSDI rate in 1990 while the results in grey are the year interactions with the other 1990 county characteristics (e.g, infant mortality in Panel A, etc.). In both sets of variables, 1995 is set as the reference year. Other controls include county and year effects, the fraction of people in the county that are 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 and up (with 18-24 being the reference group), the fraction black and other race (with white being the reference group), and the fraction Hispanic.  The regressions are weighted by the adult population in the county/year and standard errors are clustered at the state level.  

Appendix Figure A7
Fraction of Patients Presenting with a Chronic or Acute Pain Condition Receiving an
Opioid Prescription Using Different Number of Prescriptions, Adults 18-64, 1980-2015 NAMCS Data
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Notes:  These graphs use data from the 1979-2015 NAMCS.  The lines represent the fraction of the patients that received a prescription for an opioid at that visit where we use either the first five prescriptions listed, the first  five prescriptions in years with only five available lines for prescriptions or the first six in years where there are six available lines, or using all listed prescriptions with no adjustments for different potential numbers of prescriptions in different years due to survey design.
Appendix Figure A8
Raw Difference in Outcomes from NAMCS Data using 1980 as The Base Year, and Regression-Adjusted Differences Controlling for Age
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Notes:   In each panel, we report two regressions.  The black lines are the parameter estimates and the 95 percent confidence intervals of regression of the outcome (e.g., the respondent has a condition likely to produce chronic pain) on a set of year dummy variables with 1979 being the reference year.  The grey lines are the same variables from a regression where we include a full set of age variables.  
Appendix B:	The Multiple Cause of Death Data

We obtained access to the restricted-use version of the MCOD files that identify the county of residence of the deceased. We start our analysis in 1983 for two reasons. Although publicly-available versions of the MCOD files identify counties in 1982 and before, county FIPS codes were not used until 1982. Prior to then, the data used an NCHS county code. One problem with the NCHS code is that they treat all five counties that make up New York City as one county (Bronx, Kind, Queen, Manhattan and Richmond). We do not use 1982 because in that year, there was a 50 percent sample for 19 states, instead of a full 100 percent sample for all states as in other years. We end our analysis in 2015 as fentanyl starts to dominate drug deaths around that time. Between 2010 and 2020, the fraction of drug deaths that were identified as caused by a synthetic opioid went from 8.2 to 62.5%. Between 2015 and 2016 alone, deaths involving a synthetic opioid death rose from 9,803 to 19,720. 
The MCOD data uses cause of death codes from two different versions of the International Classifications of Diseases: ICD-9 (1978-1998) and ICD-10 (1999-2015). Identifying drug overdoses in both versions of the ICD system is relatively straightforward. In each year, there are three sets of codes that identify unintentional poisoning deaths, intentional poisonings (e.g., suicides), and drug poisoning of unknown intent. These codes vary by the class of drug. ICD 9 has some additional codes under mental health: drug psychoses (292) and drug dependence (304). These codes were dropped in subsequent versions. In the ICD 9 system, code E962.0 measures death from homicide due to drug poisonings. That code under the ICD 10 classification is X85. We list these codes in Table B1 below. 
For alcohol deaths, we use a broader classification than just liver cirrhosis and mostly use the codes suggested by Unites States Congress (2019) with some exceptions.[footnoteRef:1] We also construct a death rate for non-drug suicides. We include suicide by alcohol poisoning (X65) in both the alcohol and non-drug suicide groups. The codes for these categories are in the final two columns of Table B1.  [1:  The ones we excluded from this classification were associated with the ICD-10 system. We did not use P04.3 as that is a code for alcohol and newborns. We did not include codes G62.1 (alcohol polyneuropathy) and R78.0 (traces of alcohol in blood) as deaths from these were only recoded in a small number of years.] 

	Identifying opioid deaths is relatively easy in ICD 10 as there are codes that identify conditions present at death to indicate specific drugs. These include T40.1 (heroin), T40.2 (other opioids) T40.3 (methadone), and T40.4 (synthetic opioids).  Like Alpert et al. (2022), we also include T40.6 (other and unspecified narcotics) as well. There are similar codes in the ICD 9 classifications: 965.0 (opiates and related narcotics), 965.1 (heroin), 965.2 (methadone), 965.9 (other opiates and related narcotics). 
	The problem we found is that in many cases during the ICD 9 era, the “965” condition codes are frequently not used when there was a drug death. In the ICD 9 era, we can identify opioids in some of the “E” codes – E850.0 (heroin), E850.1 (methadone), and E850.2 (opiates and related narcotics). Unfortunately, categories E950.0 and E980.0 (poisonings by analgesics, antipyretics, and antirheumatics for intentional and unknown intent, respectively) lump opiates in with other drugs (mostly non-opioid pain relievers). 
	In the ICD 10 era, the T39 condition code identifies non-opioid analgesics, antipyretics, and antirheumatics. In 1999 there were only 759 deaths from these drugs, but 8,645 of the T40.x opioid/heroin deaths. As a result, to make a more consistent series without a noticeable jump in opioid deaths as we move from the ICD 10 back to the ICD 9 era, we use a broader opioid death rate category that includes the T39 cases. In the ICD 9 era, we consider the “965” conditions listed above, those that include non-opioid analgesics, and any E850.x code which contains opiates and the non-opioid analgesics, plus deaths with E950.0 and E980.0 codes. 



Table B1
ICD 9 and 10 Codes to Identify Causes of Death

	Coding system
	Drug deaths
	Alcohol deaths
	Non-drug Suicides

	ICD-9
1978-1998
	292, 304, E850-E858,
E950.0 – E950.5 E980.0 - E980.5, E962.0

	2971.3, 303, 350.0, 357.5, 425.5, 535.3, 571.0-571.3, 790.3, E860
	E950.6-E959

	ICD-10
1999-present
	X40-44, X60-64, 
Y10-14, X85
	E24.4, F10, G31.2, G72.1, I42.6, K29.2, K70, K85.2, K86.0, O35.4, Q86.0, X45, X65, Y15
	X65-X84



	In our analysis, we only consider deaths for adults ages 18 and above because the vast majority of drug poisoning deaths are for adults. Between 1999 and 2020 there were more than 932,000 drug poisoning deaths and less than 1 percent were among those under 18. 
	
Appendix C: County Population Data

[bookmark: _Hlk129678765]	To obtain the denominator for death rates, we use county-level population estimates by age, race, ethnicity, and sex from the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) program.[footnoteRef:2] We use two of the SEER data sets. First, we use population counts for single ages broken down by race and sex. This gives us population by race for three groups: black, white, and other. Counts of Hispanics by age are only available back to 1990, so we use this sample for this variable. We then use data on county population counts for Hispanics by age from the NHGIS for 1980 and interpolate annual population values for the inter-census years assuming any change between 1980 and 1990 happens smoothly over the decade.  [2:  https://seer.cancer.gov/popdata/] 

	To match the SEER data, the aggregate Census data from 1980, and the MCOD data at the county level, we needed to process some counties to make definitions compatible over time. A catalog of these changes is below.
· Population data at the county level before 1990 in Alaska is limited. SEER does not have data by age prior to 1990 and population counts by age are not reported in Census tables for all counties. We were able to get complete series from 1982 forward for only 12 counties and the rest of the counties are aggregated into a “rest of state” county.
· Broomfield, CO was created out of four counties: Adams, Boulder, Jefferson, and Weld. For the analysis sample, we aggregate these into one county in all years.
· All data for Hawaii is aggregated to the state level.
· We merge South Boston, VA (independent city) into Halifax County in all years.
· We merge Bedford City, VA (independent city) and Bedford County into one county.
· We merge Clifton Forge, VA (independent city) into Alleghany County
· La Paz and Yuma counties in AZ are merged into one county.
· We delete all data for Yellowstone County, MT



Appendix D:	Additional Information on the ARCOS Data
	
	The most disaggregated ARCOS data publicly available come at the quarter-year by three-digit zip code unit of observation. We obtained these data for the years 1997 – 2015. Attempts to obtain data prior to 1997 via FOIA requests uncovered that the DEA no longer has pre-1997 data and attempts to find the pre-1997 data via the Wayback Machine were not successful. 
	To convert from three-digit zip codes to counties, we first used zip code level population data from the 2010 Census to convert from three digit to five-digit zip codes. From there, we used a crosswalk between five-digit zip codes and counties developed by the Department of Housing and Urban Development. The resulting crosswalk from three-digit zip codes to counties does not vary by year. It was then applied to the three-digit ARCOS data to recover grams of each drug in each county and quarter year. 


Appendix E:	Sensitivity Tests within a Difference-in-Difference Model

To help summarize the event study figures and to facilitate robustness checks, we also estimate the following difference-in-differences model.




Instead of interacting the 1990 SSDI rate with separate year dummies, we use dummies for five-year intervals starting with 1996 to 2000. The other covariates are the same as in equation (1). We again weight by adult population in the county and cluster standard errors at the state level.  
	Table E1 presents results from estimating Equation (2) where our dependent variable is the drug poisoning death rate.  This table examine the sensitivity of the results to the inclusion of controls for non-triplicate states as in Alpert et al. (2022).  The first column presents results from the baseline specification.  By the 2011-2015 time period, the coefficient on the SSDI rate interacted with time is 4.92 with a t-statistic of almost 5.  The mean drug death rate in the 1990/95 period is 5.8 and the mean SSDI rate across counties of 2.3.  This means the county with average SSDI rates experienced an increase in drug deaths between 1995 and 2011/15 period by 11.3=4.92*2.3, nearly double the rate of the mean in the 1990/95 time period.  In the second column, we only include dummies at the state level that indicate whether the state was a non-triplicate status interacted with year group dummies.  The results in this column are very similar to the results in Alpert et al. (2022).  To make sure our results are not being driven by this marketing effect, we re-estimate our main specification but include both our 1990 SSDI rate by year-group interactions as well as the non-triplicate by year-group interactions. As seen in the final column of Table E1, both sets of interactions continue to be important determinants of drug poisoning death rates.  The SSDI interactions are reduced by 17 percent in the 2000-2004 period and by only 5 percent in the 2006-2010 period.  In contrast, the results for the non-triplicate interactions are reduced by 21 percent in the 2006-2010 period and by 16 percent in the 2011-2015 period.
In Appendix Table E2, we present some other sensitivity results.  The first column of the table replicates the results from the first column of table E1.  Because the increased drug deaths were concentrated among a subset of demographic groups, we test the sensitivity of our results to omitting our demographic controls. The second column shows that this does not materially affect the results. In the third column, we include controls for prescription drug monitoring programs (Horwitz et al., 2018), a common policy that states have implemented to combat the opioid epidemic, and again find that there is little impact on the point estimates. 
	Adding in linear, county-level time trends reduces our point estimates slightly, but their inclusion does not overturn the qualitative finding that higher 1990 SSDI rate counties saw considerably greater growth in drug poisoning death rates over time. As a final way to control for all policies that vary at the state level, we include state-by-year fixed effects. As seen in the fourth column, including these additional fixed effects does not change the message provided by our baseline estimates. 
	The final two columns show that when we control for the employment rate and the China trade shock, both factors that have been shown to be associated with drug overdose death rates in the past (Hollingsworth et al. 2017; Ruhm, 2019; Pierce and Schott 2020), our point estimates are very similar to our baseline specification that does not control for these factors. This suggests that our results are not being driven by local employment conditions.


Appendix Table E1
Difference-in-Difference Estimates for Drug Death Poisoning Rates 
and the Role of Marketing, 1983-2015
	 
	 
	 
	 
	 

	 Covariates
	 
	SSDI only
	Non-triplicate only
	Both

	1990 SSDI rate x
	
	
	
	

	   1996 - 2000
	
	0.23
	
	0.19

	
	
	(0.28)
	
	(0.26)

	   2001 - 2005
	
	2.44
	
	2.12

	
	
	(0.53)
	
	(0.50)

	   2006 - 2010
	
	4.48
	
	4.27

	
	
	(0.69)
	
	(0.68)

	   2011 - 2015
	
	4.92
	
	4.53

	
	
	(0.99)
	
	(0.99)

	Non-triplicate x
	
	
	
	

	   1996 - 2000
	
	
	0.66
	1.29

	
	
	
	(0.66)
	(0.66)

	   2001 - 2005
	
	
	3.60
	3.50

	
	
	
	(1.31)
	(1.46)

	   2006 - 2010
	
	
	4.17
	3.28

	
	
	
	(1.10)
	(1.28)

	   2011 - 2015
	
	
	5.61
	4.70

	
	
	
	(0.98)
	(1.10)

	
	
	
	
	

	F-test, all SSDI rate interaction coefficients zero
	
	<0.001
	
	<0.001

	F-test, all non-triplicate
Coefficient interactions zero
	 
	 
	<0.001
	<0.001


Notes:  Standard errors in parentheses are clustered at the state level. All models include year and county fixed effects plus the fraction female, fraction black, fraction other race, fraction Hispanic, and the fraction in age groups 24-34, 35-44, 45-54, 55-64, 65-74, 85-84, and 85 and above. All models weighted by the adult population in the county. There are data for 33 years from 3,106 counties and 102,498 observations.



Appendix Table E2
Difference-in-Difference Estimates for Drug Poisoning Death Rates, 1983-2015
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	Add to the model

	 
	 
	Baseline
(1)
	No demographic controls
(2)
	Controls for PDMP
Laws
(3)
	Linear 
county 
trends
(4)
	State x year 
fixed-effects
(5)
	Employment
Rate
(6)
	China trade shock
(7)

	1990 SSDI rate x
	
	
	
	
	
	
	
	

	     1996 - 2000
	
	0.23
	0.50
	0.22
	-0.06
	1.03
	0.19
	0.43

	
	
	(0.28)
	(0.26)
	(0.27)
	(0.13)
	(0.40)
	(0.29)
	(0.28)

	     
     2001 - 2005
	
	2.44
	2.78
	2.42
	1.92
	2.57
	2.43
	2.67

	
	
	(0.53)
	(0.58)
	(0.53)
	(0.36)
	(0.42)
	(0.58)
	(0.53)

	     
     2006 - 2010
	
	4.48
	4.87
	4.43
	3.68
	4.11
	4.51
	4.63

	
	
	(0.69)
	(0.74)
	(0.69)
	(0.57)
	(0.39)
	(0.72)
	(0.73)

	     
     2011 - 2015
	
	4.92
	5.40
	4.86
	3.76
	4.58
	4.98
	5.08

	
	
	(0.99)
	(1.06)
	(0.97)
	(0.87)
	(0.55)
	(1.03)
	(1.04)

	
	
	
	
	
	
	
	
	

	F-test, all zero
	
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Mean, 1990-1994
	 
	5.8
	5.8
	5.8
	5.8
	5.8
	5.8
	5.8


Notes:  Standard errors in parentheses are clustered at the state level. All models include year and county fixed effects plus the fraction female, fraction black, fraction other race, fraction Hispanic, and the fraction in age groups 24-34, 35-44, 45-54, 55-64, 65-74, 85-84, and 85 and above. All models weighted by the adult population in the county. There are data for 33 years from 3,106 counties and 102,498 observations in total.
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