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 A B S T R A C T

Substance abuse is a major risk factor for intimate partner violence (IPV). We investigate how 
a key supply-side intervention – the abuse-deterrent reformulation of a widely-diverted opioid, 
OxyContin – affected IPV. Our results indicate counties with greater baseline rates of prescrip-
tion opioid usage experienced relatively larger declines in IPV after OxyContin’s reformulation. 
The reformulation reduced IPV only in states with smaller illicit drug markets, while states 
with larger illicit drug markets experienced increased heroin-involved IPV due to substitution 
towards illicit opioids. Our results underscore the importance of identifying populations at high 
risk of substitution to illicit opioids and moderating this risk with evidence-based policies.

. Introduction

Intimate partner violence (IPV) is a significant public health problem, being the most common form of violence experienced 
y women and imposing adverse consequences for the health of the victims and their children (World Health Organization, 2013). 
ccording to the National Intimate Partner and Sexual Violence Survey (NISVS), 6.6 percent of women in the United States report 
xperiencing IPV in the past 12 months, reaching a lifetime prevalence of 37 percent. An important risk factor associated with IPV 
erpetration is substance abuse, which can trigger aggressive behavior and worsen impulse control problems (Castilla and Murphy, 
022; Chalfin et al., 2021; Angelucci and Heath, 2020). With the U.S. facing an epidemic of opioid overdose, public health experts 
aised concerns about the role that opioid misuse plays in facilitating IPV (Warshaw et al., 2014; Packard and Warshaw, 2018).1 
hile increasing trends in opioid misuse are causing a serious public health crisis across the U.S., their consequences for IPV have 
ot been explored systematically.
This paper examines the effects of opioid misuse on IPV by studying the reformulation of the main legal opiate—OxyContin—into 

n abuse-deterrent form in 2010, a major supply-side intervention implemented in the U.S. to curb excessive prescription of opioids 
nd reduce their addictive potential. We provide the first study on the spillover effects of the OxyContin reformulation on domestic 
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S. Zhang).
1 A recent review finds that among men using opioids, the prevalence of IPV perpetration ranged from 15% (past year physical IPV) to 58% (lifetime 
revalence of any IPV); opioid use also raises the risk of being a victim of IPV, with 32%–75% of women, who had used opioids, reporting victimization in the 
ast year (Stone and Rothman, 2019).
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violence by intimate partners, and inform how a supply-side shock that disrupted access for one particular, albeit important, segment 
of the opioid market, generated downstream impacts on interpersonal violence and women’s well-being. We combine IPV data from 
the National Incident Based Reporting System (NIBRS) from 2006 to 2019, which includes incident-based reports to law enforcement 
agencies, with county-level opioid prescriptions prior to 2010, the year in which OxyContin was reformulated. We capitalize on 
the baseline spatial variation in treatment exposure within a difference-in-differences (DID) framework to examine whether areas 
that were more exposed to prescription opioids prior to reformulation experienced differential changes in IPV outcomes after the 
reformulation. The NIBRS data also enable us to identify incidents in which the perpetrator was suspected of using heroin. We use 
this information to construct a county-level measure of heroin-involved IPV: the number of IPV incidents where law enforcement 
reported suspected heroin use by the perpetrator, scaled per 1000 residents in the county.

We find that the reformulation of OxyContin into an abuse-deterrent form led to a significant relative decline in the rate of IPV 
experienced by women in counties with greater exposure to prescription opioids prior to the reformulation. We show that these 
declines occur after the policy change, and they are driven primarily by non-Hispanic Whites. The coefficient estimates imply that 
a one standard deviation increase in pre-reformulation exposure yields a relative decrease of 7.5 percent annually in the IPV rate 
following OxyContin’s reformulation. We also document corollary declines in injuries and arrests related to IPV (7.3 percent and 
6.1 percent, respectively), indicating that the effects are reflective of an actual decline in the incidence of IPV rather than a shift 
in reporting behaviors. The overall decline in IPV, however, masks a significant uptick in IPV incidents where the perpetrator was 
suspected of using heroin, particularly in more urban areas. These findings highlight the importance of identifying populations at a 
higher risk of substitution to illicit opioids post-reformulation and mitigating this risk with evidence-based policies.

Exploring potential channels, we document that the reformulation reduced the IPV rate primarily in states with less-developed 
illicit opioid markets, where options for substitution towards illicit drugs were much more limited ex ante. In states with larger 
and more developed illicit opioid markets, we find no evidence of a decline in the IPV rate; conversely, these locations which 
would offer greater substitution possibilities towards illicit drugs actually experienced an increased rate of heroin-involved IPV 
following the reformulation. Moreover, if the primary mechanism for reducing IPV prevalence is the decline in prescription opioid 
misuse, we would expect to see larger reductions in IPV among demographic groups and locations that initially had higher rates of 
prescription opioid misuse and thus benefited more from the reformulation. Our pattern of results is consistent with this mechanism: 
sub-populations (non-Hispanic Whites; younger adults) and localities (lower-educated; high-poverty), which experienced higher rates 
of opioid prescribing and misuse at baseline, accrued the largest benefits in terms of lower IPV rates. Finally, to the extent that the 
OxyContin reformulation resulted in a decline in employment and labor force participation rates of both men and women at similar 
rates (Cho et al., 2021; Harris et al., 2020; Aliprantis et al., 2023), we would expect this channel to increase IPV risk through 
worsened financial distress at the household level. Our baseline specification adds controls for local area unemployment and labor 
force participation rates, which only marginally impacts our estimates. Hence, we largely rule out shifts in labor market outcomes 
as a key channel underlying our main results.

We make several contributions to the literature. First, despite the well-known associations, most of the previous studies that 
document the relationship between opioid misuse and IPV are based on small sample sizes and fail to account for selection bias and 
reverse causality (Hughes et al., 2019; Stone and Rothman, 2019; Pryor et al., 2021). Our empirical setup allows us to estimate the 
effects of an exogenous supply-side intervention targeting opioid misuse on the risk of IPV victimization.

Second, our study contributes to the literature on the broader repercussions of the opioid crisis on families. Gihleb et al. (2022) 
find that must-access Prescription Drug Monitoring Programs (PDMPs), a similar supply-side shock that constrained access to 
prescription opioids for misuse purposes, reduced entry into foster care. Emerging evidence (Dave et al., 2025; Barbos and Sun, 
2021) linking must-access PDMPs to IPV points to results consistent with ours, that controlling the supply of Rx opioids (albeit 
via a different lever and margin, by targeting prescribers) has led to a net decline in women’s exposure to domestic violence. A 
closely related paper to ours is Evans et al. (2022), which finds that counties with greater initial rates of prescription opioid usage 
experienced an increase in child maltreatment after OxyContin reformulation. While IPV and child maltreatment are both different 
forms of family abuse, empirically the rates of IPV and child maltreatment within a county are almost orthogonal to each other.2 
Moreover, a comparison of our NIBRS sample to the sample in Evans et al. (2022) reveals that the counties in our sample are 
more rural and have smaller illicit markets (Appendix Table A1). These differences in sample composition may help explain the 
contrasting findings for different forms of family abuse between the two studies. Specifically, the relatively more rural composition 
of our sample, characterized by a smaller illicit drug market, could result in lower rates of substitution into heroin or other illicit 
opioids, thereby attenuating the reformulation’s adverse spillovers on family abuse. In contrast, the more urban sample in Evans 
et al. (2022), with greater access to illicit markets, may have experienced higher substitution, thereby amplifying the negative 
impacts on child maltreatment. Moreover, consistent with their more urban profile, the counties in Evans et al. (2022) contain a 
younger population, who are more likely to have children in the household. These differences in sample composition may explain 
the higher estimated risk of child abuse and neglect in the Evans et al. study, and also underscore the role played by the potential for 
substitution from prescription opioid misuse to illicit opioids in driving any beneficial vs. adverse impacts, on the net, of supply-side 
interventions.

Our paper also relates to the broader health and crime literature that has documented adverse consequences of OxyContin 
reformulation on infectious diseases (Beheshti, 2019), food insecurity (Heflin and Sun, 2022), child welfare utilization and caregiving 

2 The within county correlation of the rates of alleged child abuse or neglect and intimate partner violence reported to the police is −0.05 for the overlapping 
counties from 2006 and 2016.
2 
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patterns (Mackenzie-Liu, 2021; Laurito, 2024), and suicide and homicide rates (Powell, 2023; Park, 2025). In contrast to these 
studies, which focus on downstream health and socioeconomic harms, we provide the first evidence on the spillover effects of 
OxyContin reformulation on violent behaviors from intimate partners, highlighting interpersonal violence as an important but 
previously overlooked dimension of the reformulation’s consequences.

Finally, we contribute to the growing literature on factors affecting IPV prevalence, ranging from the effects of cash trans-
fers (Bobonis et al., 2013), labor market shocks (Aizer, 2010; Erten and Keskin, 2021a; Sanin, 2021), education (Erten and Keskin, 
2018), divorce laws (Stevenson and Wolfers, 2006; García-Ramos, 2021), women’s political participation (Stern and Erten, 2024; 
Anukriti et al., 2025), COVID-19 public health crisis (Erten et al., 2022; Bullinger et al., 2021), and trade shocks (Erten and Keskin, 
2021b). Evidence on the effects of substance use on IPV is rare, and focuses on alcohol use (Castilla et al., 2022; Markowitz, 2000). 
Using a randomized control trial in rural Kenya, Castilla et al. (2022) find that the reduction in alcohol use lowers sexual violence. 
A related study recently found that while higher temperatures increase IPV risk, the OxyContin reformulation mitigates this effect 
by reducing the complementary use of other substances, such as alcohol, on hot days (Pavanello and Zappalà, 2024).

This paper is organized as follows. Section 2 provides a brief description of the OxyContin reformulation and the data used for 
the analysis. Section 3 presents the identification strategy and the empirical results. Section 4 concludes with a discussion of our 
findings.

2. Background and data

2.1. Introduction of OxyContin reformulation

In the US, the number of opioid prescriptions nearly quadrupled from 76 million in 1991 to over 250 million in 2010 (Volkow, 
2014). During this period, Purdue Pharma–the company that released OxyContin in 1996–invested heavily in advertising campaigns 
to increase the use of opioids for treating chronic non-cancer pain (Boudreau et al., 2009; Alpert et al., 2022). However, OxyContin 
was highly addictive due to its formulation as a potent opioid containing oxycodone, which directly interacted with the brain’s 
opioid receptors, leading to feelings of euphoria and pain relief. Moreover, if the pill was tampered with by crushing or dissolving, 
it could release a large dose of oxycodone all at once, increasing the risk of addiction (Van Zee, 2009).

In order to address the misuse of OxyContin and its diversion to illicit markets, Purdue Pharma developed an abuse deterrent 
formulation that was designed to be harder to crush or dissolve. This version received approval from the Food and Drug 
Administration (FDA) in April 2010. Purdue Pharma began distributing the new formulation while discontinuing the shipment of the 
previous formulation in August 2010. The reformulation successfully reduced prescription opioid abuse involving OxyContin Butler 
et al. (2013). As Fig.  1 shows, annual opioid prescribing rates leveled off from 2010 to 2012 and then declined subsequently. These 
trends in opioid prescriptions were also highlighted by prior studies (Guy et al., 2017; Powell and Pacula, 2021), with the rate of 
annual opioid prescriptions increasing from 0.83 to 0.91 per person from 2006 to 2010, remaining constant from 2010 to 2012, 
and then decreasing steadily to 0.53 in 2019.

Several factors explain why opioid prescriptions remained stable for one to two years before decreasing after the reformulation of 
OxyContin. First, although the reformulated drug ceased shipments to retail pharmacies in August 2010, stockpiled original versions, 
that were easier to misuse, remained available, consequently delaying the reformulation’s full impact.3 Second, the reformulation 
reduced demand for new and existing users. New users had fewer chances of misuse with the abuse-deterrent version, leading to 
fewer prescriptions. For those already addicted and misusing OxyContin, substitution towards other illicit opioids has been found 
to be more gradual as illicit markets expanded in response to the reformulation (Powell and Pacula, 2021); hence, this would be 
expected to lead to a somewhat gradual decline in their reliance on prescription opioids.

While the reformulation has been found to be effective in reducing prescription opioid prescribing and misuse/overdose related 
to prescription opioids (Hwang et al., 2015; Evans et al., 2019; Coplan et al., 2016), several studies also find evidence of substitution 
from licit prescription opioids into illicit opioids such as heroin and fentanyl, leading to an increase in overdoses related to these 
drugs (Evans et al., 2019; Powell and Pacula, 2021).4 A recent study has also documented an increase in child physical abuse and 
neglect after OxyContin’s reformulation in impacted counties (Evans et al., 2022). In this study, we further widen the lens and 
examine how the reformulation of OxyContin has affected IPV prevalence in affected counties, thereby informing broader impacts 
on women’s and their children’s well-being.

2.2. IPV data

Our empirical analysis leverages police-reported intimate partner violence (IPV) incidents recorded in the National Incident-Based 
Reporting System (NIBRS) from 2006 to 2019. NIBRS is a system that U.S. law enforcement agencies had voluntarily used to report 
incident-based crime data. Each report in the NIBRS contains information about the characteristics of the victim (age, gender, race, 
ethnicity, and relationship to the offender), the offender (age, gender, race, ethnicity, and whether they were suspected of using 
substances, including heroin), and the incident itself (date/time, injuries, arrests). This dataset offers a significant improvement over 

3 The FDA gave the reformulated drug an ‘‘abuse-deterrent’’ designation in April 2013.
4 For a comprehensive review of the literature on the effects of opioid policies on health and crime outcomes, see Maclean et al. (2022). Several studies also 

examined the effects of mandatory access PDMPs on heroin use, crime, and mortality (Meinhofer, 2018; Mallatt, 2018; Dave et al., 2021; Kim, 2021).
3 
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Fig. 1. Opioid prescriptions per capita and intimate partner violence rate.
Note: Figure depicts annual opioid prescriptions per capita reported by the CDC and the intimate partner violence rate per 1000 population 
calculated from the 2006–2019 NIBRS. Opioid prescriptions per capita refer to the population-weighted median per capita prescriptions in a 
given year. Intimate partner violence rate refers to the annual means based on the number of intimate partner violence incidents per 1000 
population.

survey data as it is less reliant on self-reports, was consistently collected over a prolonged period, and permits us to identify if an 
offender was suspected of using opioids.

In our analysis, we focus on IPV incidents experienced by female victims, where the relationships with the offenders include 
spouses, common-law spouses, boyfriends/girlfriends, homosexual partners, ex-spouses, and ex-boyfriends/girlfriends. We construct 
a county-specific sum of all reported IPV incidents, including aggravated assaults, simple assaults, forced sex, and intimidation, 
based on the reporting agencies in a given county. We normalize this count by the county population, and construct the annual IPV 
rate per 1000 population at the county level. Our main outcome captures the total IPV rate, representing all IPV incidents reported 
to law enforcement. Additionally, we also construct measures of the heroin-involved IPV rate, which is the rate of IPV incidents 
where the police suspected that the offender was using heroin at the time of the incident; the IPV injury rate, comprising incidents 
that involved physical injury to the victim; and the IPV arrest rate, comprising incidents that resulted in the arrest of the offender.

A limitation of the NIBRS is that state coverage was not universal but expanded over time. To have a consistent set of counties 
that can be tracked over time, while bypassing any compositional selection stemming from areas entering/exiting the NIBRS sample 
due to coverage gaps, we construct a balanced panel following other studies in the crime literature (Henke and Hsu, 2020; Fone 
et al., 2023). Our dataset consists of a balanced panel of county-level data from 2006–2019, including a total of 892 counties.5 We 
compare the demographic and socioeconomic characteristics of counties included in our NIBRS sample to those of all counties that 
are not in our sample for the pre-treatment period (2006–2009) in Appendix Table A1. The normalized differences listed in column 
4 are below one-quarter for all characteristics listed, indicating no systematic differences between the two groups. Appendix Table 
A2 shows that the average county had an IPV incident rate of 2.65 per 1000 population annually over 2006–2019, with 50 percent 
of these incidents resulting in injuries and 55 percent of them ending with the perpetrator being arrested. Fig.  1 illustrates that the 
annual IPV rate in the US followed a declining trend from 2.83 per 1000 in 2006 to 2.38 per 1000 in 2019.

2.3. Data on opioid prescriptions and county-level covariates

Our primary proxy for treatment intensity—the pre-reformulation exposure to prescription opioids—is measured by the 
population-weighted average number of Schedule II opioid prescriptions per capita by county from 2006 to 2009 following Evans 
et al. (2022). These data are reported by the Centers for Disease Control (CDC). Counties with higher pre-intervention opioid 
prescribing rates, and thus a higher potential for opioid misuse at baseline, would be more exposed to the reformulation shock 
relative to counties with lower opioid prescribing rates. Assigning treatment intensity based on pre-intervention opioid prescribing 

5 While the number of agencies reporting in a given county can vary over time, we show in Appendix Table A6 that this is orthogonal to the treatment. We 
discuss this in more detail in Section 3.4 together with other robustness checks.
4 
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Table 1
The effects of OxyContin reformulation on IPV rates.
 (1) (2) (3) (4) (5)  
 Intimate partner violence rate −0.1973*** −0.2136*** −0.2483*** −0.2171*** −0.2132*** 
 (0.0574) (0.0581) (0.0666) (0.0649) (0.0651)  
   Observations 12,530 12,530 12,530 12,348 12,348  
   Mean in 2006–09 2.8235 2.8235 2.8235 2.8345 2.8345  
 Heroin-involved IPV rate 0.0002** 0.0001* 0.0002** 0.0002*** 0.0002***  
 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)  
   Observations 12,530 12,530 12,530 12,348 12,348  
   Mean in 2006–09 0.0001 0.0001 0.0001 0.0001 0.0001  
 Injury rate −0.0803*** −0.0715** −0.1037*** −0.0970*** −0.1006*** 
 (0.0292) (0.0309) (0.0373) (0.0364) (0.0377)  
   Observations 12,530 12,530 12,530 12,348 12,348  
   Mean in 2006–09 1.3847 1.3847 1.3847 1.3874 1.3874  
 Arrest rate −0.0669*** −0.0735*** −0.0955*** −0.0945*** −0.0919*** 
 (0.0250) (0.0284) (0.0298) (0.0302) (0.0297)  
   Observations 12,530 12,530 12,530 12,348 12,348  
   Mean in 2006–09 1.5092 1.5092 1.5092 1.5097 1.5097  
 County and year fixed effects ! ! ! ! !  
 Non-medical pain reliever misuse × year fixed effects × ! ! ! !  
 Initial county characteristics × year fixed effects × × ! ! !  
 Time-varying county socioeconomic controls × × × ! !  
 Any PDMP and medical marijuana law × × × × !  
Notes: Data are from the 2006–2019 NIBRS. Estimates of average treatment effects of the OxyContin reformulation on the IPV rate, heroin-involved IPV rate, 
injury rate, and arrest rate per 1000 population reported by female victims at the county level (N = 12,530 county-years). The population-weighted mean 
opioid prescriptions per capita during the pre-reformulation period (2006–2009) is standardized (mean = 0, std = 1). All specifications include county and year 
fixed effects. Column (2) adds general pain reliever misuse (2004–2009) at the state level interacted with year fixed effects; column (3) includes controls for 
initial county characteristics interacted with year fixed effects, including initial(2006) shares of the population without any college education and of employment 
share in mining, and 2010 share of rural population; column (4) adds county-level demographic, health, and economic controls (percent female, White, Black, 
Hispanic population; number of cancer deaths per 100,000 population; percent population under age 19, between 20 and 24, between 25 and 34, between 35 
and 44, between 45 and 54, and between 55 and 64; unemployment and labor force participation rates), and column (5) controls for whether the state has a 
Prescription Drug Monitoring Program (PDMP) of any form, and for whether the state has a medical marijuana law. Outcome means for the pre-reformulation 
period (2006–2009) are listed in rows under standard errors. Standard errors in parentheses are clustered at the county level. ***, **, and * denote significance 
at the 1, 5, and 10 percent levels.

Table 2
Robustness to additional control variables.
 IPV rate per Heroin-involved IPV rate Injury rate per Arrest rate per  
 1000 population per 1000 population 1000 population 1000 population 
 Controlling for:  
 East dummy −0.2132*** 0.0002*** −0.1006*** −0.0919***  
 (0.0651) (0.0001) (0.0377) (0.0297)  
 Good Samaritan laws −0.2077*** 0.0001** −0.0957*** −0.0880***  
 (0.0612) (0.0001) (0.0361) (0.0288)  
 Naloxone laws −0.2079*** 0.0001** −0.0962*** −0.0919***  
 (0.0615) (0.0001) (0.0363) (0.0288)  
 Decriminalization of Marijuana −0.2162*** 0.0002** −0.1036*** −0.0933***  
 (0.0652) (0.0001) (0.0374) (0.0296)  
 Recreational Marijuana laws −0.1848*** 0.0001* −0.0846** −0.0749***  
 (0.0613) (0.0001) (0.0349) (0.0264)  
 Physical examination requirements −0.2051*** 0.0001* −0.0943*** −0.0875***  
 (0.0614) (0.0001) (0.0358) (0.0283)  
 ACA expansion −0.1994*** 0.0002*** −0.0972** −0.0828***  
 (0.0675) (0.0001) (0.0395) (0.0285)  
 EITC policy −0.2147*** 0.0002** −0.1017*** −0.0927***  
 (0.0651) (0.0001) (0.0378) (0.0297)  
Notes: Data are from the 2006–2019 NIBRS. Analyses showing the IPV rate, heroin-involved IPV rate, injury rate, and arrest rate per 1000 population reported by 
female victims at the county level. The population-weighted mean opioid prescriptions per capita during the pre-reformulation period (2006–2009) is standardized 
(mean = 0, std = 1). Specifications include county and year fixed effects, county-level covariates (percent female, White, Black, Hispanic population; number 
of cancer deaths per 100,000 population; percent population under age 19, between 20 and 24, between 25 and 34, between 35 and 44, between 45 and 54, 
and between 55 and 64; unemployment and labor force participation rates), pre-treatment shares of the population without any college education, employment 
share in mining, rural share of population, and non-medical pain reliever misuse, all interacted with year fixed effects, and state-level policies (indicators for a 
PDMP of any form and a medical marijuana law). Standard errors are clustered at the county level.
5 
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rates assumes a correspondence between opioid prescriptions and opioid misuse. An alternate interpretation could be that counties 
with higher opioid prescriptions prior to the reformulation, representing areas with greater access, may also offer greater potential 
to substitute into other prescription opioids in the event of a supply shock affecting any particular opioid.

In order to clarify between these interpretations, we undertake two approaches. First, as an alternate proxy for the intensity of 
treatment exposure, we use a more direct measure of pre-reformulation misuse specifically related to OxyContin, constructed from 
state-level data on the share of the population reporting non-medical use of OxyContin between 2004 and 2009 derived from the 
National Surveys of Drug Use and Health (NSDUH). This measure, originally introduced into their analyses by Alpert et al. (2018) and 
subsequently employed by Evans et al. (2022), captures more salient variation in direct misuse of the reformulated drug, in contrast 
to broader access to prescription opioids, and is thus conceptually closer to the population most impacted by the reformulation. 
We note that while this measure provides a more direct proxy for the population at risk of reformulation-related disruption in 
the prescription opioid market, the constructed rate from the public use NSDUH files varies only at the state level, lacking sub-
state variation, and is based on self-reports. Second, we incorporate a broader measure of non-medical pain reliever misuse over 
2004–2009 to better identify the role of OxyContin misuse, relative to broader patterns in prescription opioid consumption and 
access. This strategy builds on insights from Alpert et al. (2018), who emphasize the relevance of accounting for general misuse 
in order to separate the effects of the OxyContin reformulation from other simultaneous changes, including policy interventions 
that may have influenced opioid use overall. If the reformulation specifically altered outcomes through reductions in OxyContin 
misuse, then we would expect the coefficient on this variable to remain dominant when both measures are included. We test this 
by interacting the broader misuse variable with year indicators and evaluating the stability of our main results.

We use multiple data sources to account for time-varying county characteristics that could influence IPV outcomes. Demographic 
data, including gender, racial and age composition, come from the Surveillance, Epidemiology, and End Results (SEER) Program. 
We also use the cancer death rates per 100,000 individuals reported by the CDC and the annual average unemployment and labor 
force participation rates reported by the Bureau of Labor Statistics to account for socioeconomic conditions at the county level.

We also control for baseline (2006) values of the following county characteristics, interacting them with year fixed effects to 
account for time-varying spatial shocks. First, we include the share of the population without any college education, from the 
American Community Survey, to account for counties more exposed to labor-saving technical changes and associated deaths of 
despair (Case and Deaton, 2017, 2020). Second, we add the share of employment in mining, reported by the BLS, to control for 
higher rates of injury in underground mining, which increase opioid consumption and mortality rates (Monnat, 2018; Metcalf and 
Wang, 2019). Third, we incorporate the county’s share of rural population, as reported by the 2010 Census, interacted with the 
year fixed effects, to control for time-varying unobserved heterogeneity related to different levels of access to both prescription and 
illicit opioids, law enforcement capacity, or social norms around IPV reporting (Keyes et al., 2014).

Furthermore, we control for indicators for whether the state has a PDMP of any form and whether it has a medical marijuana 
law in our baseline analysis. We incorporate further state policies in robustness checks. Appendix A provides descriptions of data 
sources. Appendix Table A2 provides summary statistics.

3. Empirical analysis

3.1. Identification

We focus on the effects of OxyContin reformulation on the IPV outcomes by employing event study and difference-in-differences 
methodologies, leveraging spatial variation in the intensity of the treatment driven by the variation in pre-intervention exposure to 
prescription opioids across counties. The reformulation of OxyContin serves as an exogenous shock since it occurred unexpectedly in 
2010 and affected all counties in our sample to varying degrees based on pre-reformulation exposure. Following Evans et al. (2022), 
we measure the pre-intervention exposure at the county level by the population-weighted average number of opioid prescriptions 
per capita using CDC data from 2006 to 2009. For ease of interpretation, we standardize this exposure measure to have a mean of 
0 and a standard deviation of 1.

Using an event study analysis, we disentangle dynamics in the causal relationship between the reformulation and our outcomes by 
interacting indicators for single years and the county-specific pre-intervention measure of exposure using the following specification: 

𝑌𝑐𝑡 =
∑

𝑡
𝛾𝑡1{𝑦𝑒𝑎𝑟 = 𝑡} × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑐 + 𝛽𝑋𝑐𝑡 +

∑

𝑡
𝜃𝑡1{𝑦𝑒𝑎𝑟 = 𝑡} ×𝑋𝑐 + 𝛿𝑐 + 𝛿𝑡 + 𝜖𝑐𝑡, (1)

where 𝑌𝑐𝑡 represents the outcome of IPV rate per 1000 in county 𝑐 and year 𝑡. We consider related outcomes, including the heroin-
involved IPV rate, injury rate, and arrest rate associated with an IPV incident. The first terms on the right-hand side are the 
difference-in-differences (DID) terms, interactions of a full set of year dummies (excluding 2010, the year in which OxyContin 
was reformulated) with the (time-invariant) county-level pre-intervention exposure to prescription opioids, 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑐 , as described 
above. In supplementary analyses, we proxy 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 with the more direct measure of the prevalence of OxyContin misuse 
constructed from the NSDUH, albeit at the less-granular state level.

The coefficients of interest are 𝛾𝑡 event year coefficients, which reveal the differences in IPV rates between counties with higher 
and lower pre-intervention exposure in year 𝑡, relative to 2010, the year in which OxyContin was reformulated. The term 𝑋𝑐𝑡
represents a vector of covariates that vary across counties and over time. These include county-level covariates—percent female, 
White, Black, Hispanic population; number of cancer deaths per 100,000 population; percent population in different age groups; 
unemployment and labor force participation rates—and state-level policies including indicators for a PDMP of any form and a 
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medical marijuana law. The term 𝑋𝑐 represents initial state and county characteristics as discussed in Section 2.3: non-medical pain 
reliever misuse at the state level over 2004–2009; the share of population without any college education at the county level in 
2006, the share of employment in mining at the county level in 2006, and the share of rural population at the county level in 2006. 
Including interactions of these characteristics with the full set of year dummies allows their relationship with IPV rates to differ 
before and after the reformulation of OxyContin. The county fixed effects 𝛿𝑐 absorb time-invariant differences across counties that 
contribute to disparities in the IPV rate, while the year fixed effects 𝛿𝑡 account for any time-varying national shocks affecting all 
counties identically in a particular year. Regressions are weighted by 2006 county population. Standard errors are clustered at the 
county level to account for serial correlation in the error term within a county.

To facilitate a more standard interpretation of the average treatment effect of the reformulation on IPV over the entire 
post-reformulation period, we employ a generalized DID specification: 

𝑌𝑐𝑡 = 𝛾1𝑃𝑜𝑠𝑡𝑡 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑐 + 𝛽𝑋𝑐𝑡 +
∑

𝑡
𝜃𝑡1{𝑦𝑒𝑎𝑟 = 𝑡} ×𝑋𝑐 + 𝛿𝑐 + 𝛿𝑡 + 𝜖𝑐𝑡, (2)

where the indicator variable 𝑃𝑜𝑠𝑡𝑡 takes a value of 1 for the post-reformulation period, which is from 2010 to 2019. The other terms 
are defined as in Eq. (1).

An attractive feature of this DID identification strategy is its ability to isolate the effects of OxyContin reformulation on IPV 
outcomes. While counties with high and low pre-intervention exposure are not identical, comparing outcomes within counties over 
time isolates the differential impact of the OxyContin reformulation.

3.2. Primary results

We begin by graphically illustrating that the pre-reformulation exposure to prescription opioids in a county strongly predicts 
differential changes in prescription opioid misuse after the OxyContin reformulation in 2010. Appendix Figure A1 plots the ‘‘first-
stage’’ relationship between the population-weighted average per capita Schedule II opioid prescriptions in the county in the 
pre-reformulation exposure period from 2006 to 2009 and the state-level change in the OxyContin misuse rate from 2008 to 2012 
using data from the NSDUH (Panel A) and the county-level change in per capita Schedule II opioids from 2008 to 2019 using the 
administrative CDC data (Panel B). Categorizing counties into quartiles based on their pre-reformulation exposure to prescription 
opioids, we observe that counties with higher pre-reformulation exposure experience greater reductions in both the OxyContin 
misuse rate between 2008 and 2012 and Schedule II opioid prescriptions per capita between 2008 and 2019.

We start by exploring the dynamic effects of OxyContin reformulation on IPV outcomes. Fig.  2 shows event-study plots, 
showing estimates from specifications with no controls other than county and year fixed effects, and with baseline controls as 
specified in Eq.  (1). In Panel A, we find that in the period prior to the intervention in 2010, the coefficient estimates for IPV rate 
are statistically indistinguishable from zero.6 This lack of a pre-existing differential trend in counties that are more exposed to 
OxyContin reformulation provides a validation of the common trends assumption, supporting our DID strategy.7 By contrast, after 
the reformulation, the coefficient estimates shift down noticeably and become statistically different from zero after two years, a lag 
which is consistent with the delayed reduction in OxyContin misuse as the original versions remained accessible due to stockpiling 
and availability on the street markets as explained in Section 2.1.8,9 These findings indicate that counties that had high opioid 
prescribing rates at baseline and thus were more exposed to the OxyContin reformulation experience significantly larger declines 
in IPV relative to those that are less affected.

Table  1 shows the estimated average treatment effects realized over the entire post-intervention period, and their robustness 
to progressively adding more covariates, with column 5 representing the fully saturated model.10 In the first row, the coefficient 
estimate implies that a one standard deviation increase in pre-reformulation exposure yields about a 7.5 percent annual decline in 
the IPV rate on average following OxyContin’s reformulation.11,12

6 Appendix Figure A2 plots the unconditional trends in our outcome measures, separated across low and high exposure counties based on the median baseline 
exposure to the OxyContin reformulation in 2006–2009. These figures indicate that IPV rates trended similarly before the policy change across the low and 
high exposure counties, but started to deviate – with the high-exposure counties experiencing a more pronounced decline – over the post-reformulation period, 
substantiating our identifying strategy and presaging (albeit noisily) our main findings.

7 We conducted the pre-trend evaluation, following the approaches outlined by Roth (2022). For all outcomes with baseline controls depicted in Fig.  2, we 
observe that none of the individual pretreatment coefficients are statistically significant, with all t-values being less than 1.96. A joint significance test of all 
pre-period coefficients indicates that we cannot reject the null hypothesis that all pre-period coefficients are zero (p-values >5%). The slopes of the fitted lines of 
pretreatment coefficients are all insignificant. In addition, we test whether there are linear violations of parallel trends that conventional pretests would detect 
50% or 80% of the time (𝛾0.5 and 𝛾0.8). We found that all slopes are less than 0.05 for more than 50% or 80% of the time.

8 These findings are also in line with Fig.  1, illustrating a flattening of the trend in per capita prescription opioid consumption from 2010–2012, with a 
steady decline star starting in 2013.

9 Similar effects operating with some delay and compounding over time are not uncommon in studies of the OxyContin reformulation and of policies 
(i.e., PDMPs) that aim to restrict access to prescription opioids (Beheshti and Kim, 2025; Gihleb et al., 2022; Powell and Pacula, 2021; Park and Powell, 2021; 
Dave et al., 2021).
10 In column 2 of Table  1, we include both the opioid prescription rate from the CDC and the broader NSDUH-based non-medical pain reliever misuse rate. 

This specification helps address potential concerns that our main exposure variable may be capturing effects associated with more general patterns of opioid 
misuse. While the two measures are correlated, our estimates indicate that the observed effects are driven by opioid misuse specifically. The coefficient on this 
variable remains statistically significant.
11 This reduction represents a decline in IPV of 0.2132 incidents per 1000 population as share of the pre-reformulation outcome mean of 2.8345 

(−0.2132/2.8345*100).
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In Panel B of Fig.  2, the event study plot for the heroin-involved IPV rate shows that following the reformulation, there is a 
gradual increase in the rate of heroin-involved IPV incidents (i.e., those where the police suspected the offender of having used 
heroin), while the estimates are for the most part imprecisely estimated for the full sample. The delayed effects may be due to the 
gradual shift of highly addicted individuals from OxyContin to heroin and the expansion of illicit drug markets to meet the increasing 
demand (Powell and Pacula, 2021). Despite the delay, the magnitude of the pooled coefficient estimate is quite substantial. The 
average treatment effects reported in the second row of Table  1 imply that a one standard deviation increase in pre-reformulation 
exposure is associated with a tripling of the rate of heroin-involved IPV rate per 1000 population in the post-reformulation period. 
This increase in heroin-involved IPV rate is consistent with some opioid-dependent individuals substituting into heroin use once 
it became difficult to access and abuse OxyContin Alpert et al. (2022), and heroin use being associated with a greater risk of IPV 
perpetration (El-Bassel et al., 2007; Tran et al., 2014). However, since heroin-involved IPV is a small fraction of the total IPV 
incidents (less than 1%), the large increase in IPV incidents driven by heroin consumption of highly addicted individuals does not 
offset the decline in total IPV incidents observed overall in affected counties.

The event study results for the injury rate and arrest rate per 1000 population are consistent with the results observed for the IPV 
rate (Panels C and D of Fig.  2). Specifically, the affected counties experience a significant relative decline in the rates of injury due 
to IPV as well as a decline in the arrest rates for IPV incidents after the reformulation. Table  1 shows that a one standard deviation 
increase in pre-reformulation exposure yields about a 7.3 percent annual decline in the injury rate and a 6.1 percent annual decline 
in the arrest rate for IPV cases after the reformulation. The corollary declines for injuries and arrests related to IPV imply that the 
overall decline in reported IPV incidents to law enforcement agencies (Panel A of Fig.  2) reflects an actual decline in incidence in 
more affected counties rather than just a shift in reporting behaviors.

To place our effects in context, Evans et al. (2019) report an 11 percent short-term decline in non-heroin opioid-related mortality 
due to the reformulation, compared to our 6 percent annual decline in the IPV rate. Evans et al. (2019) and Alpert et al. (2018) find 
that each prevented non-heroin opioid death from the reformulation is approximately replaced by a heroin death, resulting in no 
significant impact on the combined opioid death rate. While we also find a substantial increase in heroin-involved IPV rate, there 
are several reasons for why this increase in heroin-involved IPV is not large enough to offset the decline in non-heroin related IPV. 
First, the one-to-one offset in opioid versus heroin deaths does not imply that the same number of opioid abusers switch to heroin. 
In fact, Evans et al. (2019) impute that less than 10 percent of recreational pain medication users transition to heroin annually. 
However, because heroin is much more potent and has a higher overdose risk, even a less than one-to-one substitution results in 
a larger offset in overall mortality. In the case of IPV perpetration, although heroin abusers have a higher risk of perpetration 
than prescription opioid abusers, this increased probability is not sufficient to fully offset the decline in non-heroin IPV incidents 
resulting from the reformulation-induced reduction in prescription opioid misuse for the full sample. However, in areas with greater 
substitution into heroin given the presence of (and subsequent expansion of) illicit opioid markets, offset effects may be much 
stronger, which we explore in the next section to elucidate potential mechanisms underlying our results.

Following the literature, our main analyses leverage pre-intervention variation in opioid prescription rates as a proxy for 
treatment intensity, under the reasonable assumption that the scale of opioid prescribing across areas (conditional on observed 
factors) corresponds to some degree with the scale of OxyContin misuse. In Appendix Table A4, we replicate the analyses using a 
direct proxy for the intensity of treatment exposure, that is the measure of pre-reformulation misuse specifically related to OxyContin 
constructed from the NSDUH.13 Given the lack of granularity and loss of sub-state variation with the NSDUH-based measure, standard 
errors expectedly inflate resulting in imprecise point estimates. Nevertheless, these findings uncover highly similar patterns.14 The 
corresponding event study analyses, presented in Appendix Figure A3, also closely track our main results and provide further support 
that the observed effects are linked specifically to reductions in OxyContin misuse rather than broader trends in prescription opioid 
access.

We also replicate our results in Appendix Table A5 by omitting the economic controls (the labor force participation rate and the 
unemployment rate) and show that results remain very similar. We also note that Table  1 reports results without any time-varying 
controls, which are again quite similar to the results with all baseline controls, underscoring that the inclusion of county-specific 
time-varying characteristics do not make a meaningful change in the estimated effects of the OxyContin reformulation.

3.3. Potential channels

Our findings highlight a distinct ‘‘reduced form’’ effect of OxyContin reformulation on intimate partner violence. This evidence 
suggests that a major supply-side intervention that made the main legal opiate abuse-deterrent can contribute to substantial 
mitigation of violence perpetrated against women. While several causal mechanisms may underlie these effects, many of which 

12 Appendix Table A3 shows that the results are very similar when the outcome is scaled by the size of the female population. Since opioids can affect the 
risk of women’s exposure to IPV both by affecting the risk of perpetration (with most perpetrators of IPV towards women being men) as well as the risk of 
victimization, we scale our outcome measures by the sum of both male and female populations in a given county at any specific year.
13 When using the state-level OxyContin misuse rates to capture variation in exposure to treatment, we retain the county-level structure of the analysis to 

nevertheless exploit geographic variation in outcomes and controls; we cluster the standard errors, however, at the state level to reflect the geographic level at 
which we are now measuring the treatment intensity.
14 All of the point estimates for the main IPV outcomes are consistently negative and meaningful; the reformulation of OxyContin led to a decline in IPV 

incidents in the treated counties. Estimates for IPV incidents involving heroin are positive and statistically significant, confirming our main results regarding the 
substitution effects arising from highly addicted populations seeking alternate illicit opioids following the reformulation.
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we are not able to definitively test due to data limitations, in this section we examine some key potential channels that could 
account for these findings. We do so by drawing primarily on existing evidence on potential mediators and indirect evidence through 
supplementary analyses.

First, although the reformulation of OxyContin reduced prescription opioid misuse, it also induced addicted individuals to turn 
to more potent illicit opioids (Evans et al., 2019; Powell and Pacula, 2021). This shift was particularly pronounced in areas with a 
pre-existing large illicit drug market (Unick et al., 2014; Gupta and Mazumder, 2023). Given that illicit opioid use is an important risk 
factor for IPV perpetration (El-Bassel et al., 2007), one would expect the decline in IPV to be stronger in regions with a small illicit 
drug market, limiting the substitution towards illicit opioids. In Fig.  3, we assess whether the effects of OxyContin reformulation vary 
by the size of the illicit opioid market activity. We proxy the size of illicit opioid market activity by the ratio of deaths due to illicit 
and synthetic opioids to deaths from prescription opioids in a state over the baseline pre-reformulation period 2006 to 2009, prior to 
reformulation in 2010, Gupta and Mazumder (2023).15 The intuition behind using this ratio as a proxy for the illicit opioid market 
is related to the findings from Evans et al. (2019), who show that the reformulation did not result in any meaningful reduction in 
total opioid deaths due to the substitution from prescription opioid mortality to heroin/illicit opioid mortality post-reformulation. 
Consequently, variation in this substitution risk can be a proxy for the scale of illicit opioid market; areas where illicit opioids were 
easier and more cheaper to obtain would experience a larger increase in heroin/illicit opioid mortality post-reformulation, which 
would be replacing the pre-formulation mortality from prescription opioids. Since the post-reformulation heroin/illicit mortality is 
potentially endogenous however (leading to endogenous stratification if we were to stratify counties based on this measure), we 
follow Gupta and Mazumder (2023) and utilize the pre-formulation ratio of heroin/illicit mortality to prescription opioid mortality; 
areas where this ratio is higher generally had larger and better developed illicit drug markets. We then divide the sample into two 
groups based on the median level of illicit opioid market activity. The estimates in Panel A indicate that the OxyContin reformulation 
reduced the IPV rate only in states with small illicit opioid markets. In states with larger and more developed illicit opioid markets, 
we find no evidence of any significant impact on IPV rates. Furthermore, Panel B estimates show that the OxyContin reformulation 
increased heroin-involved IPV rate in states with large illicit opioid markets, with no significant changes in states with small illicit 
markets. These findings provide support to the hypothesis that the reduction in addiction stemming from the reformulation policy 
drive a decline in IPV risk, but only in locations with limited substitution towards illicit drugs.16 In locations with strong options for 
substitution into other illicit opioids, the results show no evidence of a decline in IPV rate, and in fact, these counties experience a 
heightened risk of heroin-involved IPV incidents.17

Second, if the primary mechanism for reducing IPV prevalence is the decrease in prescription opioid misuse due to the 
reformulation, one could expect to see larger reductions in IPV among demographic groups that initially had high rates of 
prescription opioid misuse and benefited more from the reformulation. As shown in Appendix Figure A1, OxyContin misuse declined 
differentially more in counties with initially higher rates of prescription opioid misuse at baseline. We examine whether OxyContin 
reformulation had heterogeneous treatment effects on IPV outcomes by victim characteristics by constructing the incident rate for 
each specific population subgroup (e.g., non-Hispanic White/Black, Hispanic, younger than 30, etc.).18 The left side of Panel A in 
Fig.  4 shows that the decline in the IPV rate from the reformulation is strongest among the non-Hispanic White population, with 
little to no effects observed for non-Hispanic Black, Hispanic, or other racial/ethnic groups. This finding is consistent with the misuse 
of prescription opioids being highest among non-Hispanic White individuals in the first wave of the opioid crisis in late 1990s and 
2000s in the US (National Academies of Sciences, Engineering, and Medicine and others, 2017; Humphreys et al., 2022). Moreover, 
the magnitude of the estimated reductions in the IPV rate is larger among younger adults (ages 30 and below) compared to those 
older adults, while we cannot reject that they are statistically significantly different.19 However, the relatively larger reduction in 
IPV risk for younger women is consistent with the evidence that younger individuals had a higher risk of consuming prescription 
opioids before 2010 and thus would be impacted more intensively from the lack of access to abuse-prone opioids (Palmer et al., 
2015). The right side of Panel A in Fig.  4 also shows that the non-Hispanic White population experienced the largest increase in the 
risk of exposure to heroin-involved IPV, in the post-reformulation period in more affected counties.

Third, another source of heterogeneity that could shed light on the underlying mechanisms is the location characteristics. One 
could, for example, expect the impacts on IPV outcomes to be larger in areas more severely affected by the first wave of the opioid 
epidemic due to greater reductions in prescription opioid misuse post-reformulation. Consistent with this hypothesis, the left side 
of Panel B in Fig.  4 shows that the reformulation of OxyContin had stronger impacts in terms of IPV reduction in counties with 
lower levels of education (e.g., counties below the median share of high school graduates), which were more adversely impacted by 
the opioid epidemic during the first wave. We also find some suggestive evidence that IPV reduction was larger in poorer counties 
(e.g., counties below the median share of families at or below the poverty threshold), while the difference from less poor counties is 

15 We derive this information from CDC WONDER from Multiple Cause of Death (MCOD) vital statistics data made available by the National Center for Health 
Statistics (NCHS) https://wonder.cdc.gov/mcd.html. For states with very low illicit mortality, the data are suppressed and we recode these values as zero.
16 Appendix Figure A4 shows that the changes in injury and arrest rates in more exposed counties followed similar patterns with respect to heterogeneous 

impacts.
17 We also construct an alternative measure where we take the ratio of deaths from illicit and synthetic opioids to the total number of opioid deaths. The 

results displayed in Appendix Figure A5 are entirely consistent with the results in Fig.  3, and while the quantitative estimates slightly vary, qualitative conclusions 
remain the same.
18 Specifically, we count the IPV incidents for each sub-population, and then divide this count by the total county population to obtain the incident rate for 

a specific sub-population. The pooled estimate in Fig.  4 equals the sum of the sub-population estimates with some rounding error.
19 Appendix Figure A6 reports that the reductions in injury and arrest rates in more affected counties largely followed similar patterns in heterogeneity by 

victim characteristics.
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Fig. 2. The effects of OxyContin reformulation on IPV rates over time.
Note: Data are from the 2006–2019 NIBRS. Event-study plots showing the response of IPV rate, heroin-involved IPV rate, injury rate, and arrest 
rate per 1000 population reported by female victims at the county level (N = 12,530 county-years) to OxyContin reformulation in 2010. The 
population-weighted mean opioid prescriptions per capita during the pre-reformulation period (2006–2009) is standardized (mean = 0, std =
1). Each figure reports treatment effect estimates and 95 percent confidence intervals with 2010, the reformulation year, normalized to zero. 
Specifications with no controls include only county and year fixed effects. Specifications with baseline controls include county and year fixed 
effects, county-level covariates (percent female, White, Black, Hispanic population; number of cancer deaths per 100,000 population; percent 
population under age 19, between 20 and 24, between 25 and 34, between 35 and 44, between 45 and 54, and between 55 and 64; unemployment 
and labor force participation rates), pre-treatment shares of the population without any college education, employment share in mining, rural 
share of population, and non-medical pain reliever misuse, all interacted with year fixed effects, and state-level policies (indicators for a PDMP 
of any form and a medical marijuana law). Standard errors are clustered at the county level.

not statistically significant. Similarly, we find no statistically significant difference in the estimated IPV reduction estimates between 
more metropolitan (e.g., counties with higher than median share of metropolitan population) or micropolitan and noncore counties. 
The right side of Panel B further illustrates that the post-reformulation increase in the heroin-involved IPV rate is higher among more 
metropolitan counties, consistent with urban regions having more developed illicit drug markets that can facilitate substitution into 
illicit opioids.20 Appendix Figure A7 shows similar heterogeneity patterns for our other IPV-related injury and arrest rate outcomes.

Fourth, the OxyContin reformulation could also affect labor market outcomes through reductions in prescription misuse and 
potential substitution into illicit opioid consumption, with potentially differential effects by gender. Cho et al. (2021) find that 
more exposed states experienced a decline in employment and labor force participation rates for both men and women, with no 
statistically significant differences between these two groups.21 The decline in employment and labor force participation at the 
household level could increase the risk of IPV through increased financial distress in affected households. To the extent that this 
channel is operating, it would bias our estimates in the opposite direction. Moreover, controlling for unemployment and labor force 
participation rates at the county level makes no meaningful change to our estimates (i.e., the difference in column 1 and 2 estimates 
in Table  1 is marginal). Hence, we largely rule out the labor market channel as a key driver of our main results.

3.4. Robustness checks

We conduct several sensitivity analyses. In Table  2, we first test the sensitivity of our estimates to geographic heterogeneity in the 
evolution of the opioid crisis by including an indicator for whether each state is located east of the Mississippi River interacted with 
year fixed effects. This distinction captures structural differences in heroin and fentanyl markets: as documented by Abouk et al. 

20 These effects also seem larger in relatively more educated counties with higher poverty rates on average.
21 Other studies also find mostly negative labor market effects (Harris et al., 2020; Aliprantis et al., 2023), with the exception of Currie et al. (2019), which 

finds small positive effects for women.
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Fig. 3. Heterogeneity analyses by size of illicit opioid market activity.
Note: Data are from the 2006–2019 NIBRS. The figure presents subgroup analyses by the size of the illicit opioid market activity in a state, which 
is proxied by the ratio of deaths due to illicit or synthetic opioids to deaths from prescription opioids over the period 2006 to 2009, prior to 
OxyContin reformulation in 2010. All specifications include baseline controls as listed in Fig.  2. The coefficient estimates show treatment effects 
on IPV rate and heroin-involved IPV rate per 1000 population, as reported by female victims at the county level. Vertical bars represent the 
respective 95% confidence intervals for these estimates. Standard errors are clustered at the county level.

(2021), white powder heroin predominates in the East and can be easily mixed with illicitly manufactured fentanyl, while black tar 
and brown powder heroin, which are less commonly adulterated with fentanyl, dominate markets in the West. These differences may 
have contributed to regionally divergent time-varying patterns in synthetic opioid mortality. Our estimates are robust to including 
this measure, suggesting that such geographic variation does not drive our main findings.
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Fig. 4. Heterogeneity analyses.
Note: Data are from the 2006–2019 NIBRS. All specifications include baseline controls as listed in Fig.  2. The figure presents victim-level subgroup 
analyses in Panel A and county-level subgroup analyses in Panel B, displaying estimated treatment effects on IPV rate and heroin-involved IPV 
rate per 1000 population, as reported by female victims at the county level. Vertical bars represent the respective 95% confidence intervals for 
these estimates. Standard errors are clustered at the county level.

We further incorporate additional state policies and regulations that could affect opioid use and IPV prevalence. In Table  2, 
we control for harm reduction policies, such as Good Samaritan Laws and Naloxone access laws, as well as policies related to 
recreational marijuana legalization and decriminalization. Additionally, we include controls for physical exam requirement (PER) 
laws, Medicaid expansion under the Affordable Care Act (ACA), and the Earned Income Tax Credit (EITC) coverage. Remarkably, 
these additional controls yield consistent estimates similar to those in Table  1.

In Appendix Table A6, we examine whether the fraction of IPV incidents that result in an injury or arrest change in response 
to OxyContin reformulation. The results presented in columns 1 and 2 show no evidence of a significant or meaningful impact on 
these outcomes. We interpret these findings as indicating that the reformulation did not shift the severity of IPV incidents on the 
margin. Alternately, if there was a shift in the reporting of IPV incidents towards or away from more severe incidents (as proxied 
by those involving an injury or resulting in the arrest of the offender), then we would have observed significant effects on these 
shares. That we do not find any effects here also implies that the treatment is not associated with more severe incidents being 
reported to the police, which is ex post reassuring in terms of ruling out any potential reporting bias driving our estimates. Results 
in column 3 explore whether the number of law enforcement agencies reporting IPV data in a given county is associated with the 
OxyContin reformulation and treatment exposure. The results show no statistically significant change in the number of reporting 
agencies following the reformulation across areas varying in their treatment intensity, suggesting that our estimates are unlikely to 
be driven by changes in data coverage or agency participation.

In Appendix Table A7, we assess the sensitivity of our estimates to alternate specifications, samples, and covariates. First, we 
cluster standard errors at the state level to account for spatially and temporally correlated errors across localities and over time 
within the same state. Second, we add interactions of census division fixed effects with a post-reformulation period indicator to 
account for unobserved regional shocks. Third, we control for differences in police deployment by including the number of officers 
per capita. Fourth, to ensure data quality, we control for the number of agencies reporting IPV incidents per capita within each 
county and year, and we exclude counties with inadequate IPV data reporting following prior studies (Freedman and Owens, 2011; 
Thomas and Shihadeh, 2013; Fone et al., 2023).22 Lastly, we restrict the sample to only counties in the Evans et al. (2022) sample 
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to test whether selection of counties alters our results. These various checks yield findings consistent with our baseline estimates in 
Table  1.

Finally, we control for the housing market index (HHI) and 90-day mortgage delinquency rates at the county and state levels to 
account for the potential impact of the 2007–2009 housing bust and the Great Recession. Our estimates reported in Appendix Table 
A8 are robust to accounting for housing market fluctuations.

4. Conclusion

In this study, we provide the first evidence of the spillover effects of a key supply-side intervention targeting opioid misuse – 
the abuse-deterrent reformulation of OxyContin – on IPV. Using administrative data on incidents reported by female victims to law 
enforcement agencies combined with a difference-in-differences design, our results show that the reformulation led to a significant 
decline in exposure of women to IPV. Our estimates indicate that a one standard deviation increase in exposure to OxyContin 
reformulation resulted in a 7.5 percent decline in the IPV rate among women. The economic burden of IPV is staggering, amounting 
to over $4.1 trillion (inflated to 2022$), including $2.4 trillion in medical costs and $1.5 trillion in productivity losses (Peterson et al., 
2018); almost 40% of the economic burden is borne by the public sector. The annual economic burden is estimated to reach $714 
billion (inflated to 2022$) (Peterson et al., 2018). Monetizing the estimated decline in IPV observed for a one standard deviation 
shift for exposed counties, our results suggest that the OxyContin reformulation generated additional cost-savings on the order of 
$53 billion annually.

Our findings are consistent with the decline in IPV being driven by a reduction in prescription opioid misuse in locations where 
substitution to illicit drugs was limited. Specifically, we find that the reformulation reduced the IPV rate only in states with relatively 
low levels of illicit opioid market activity. In states with larger and more developed illicit opioid markets, there is no decline 
in the IPV rate; instead, our findings point to a substantial increase in heroin-involved IPV rate in these areas. Such unintended 
consequences underscore the importance of identifying populations and areas where the risk of substitution to illicit opioids is high, 
and targeting evidence-based policies that can counteract this risk.
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