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Abstract

Objectives This study investigates the role of criminal justice intervention practices, i.e.,
opioid arrests, in effectively preventing or increasing opioid overdoses, paying particular
attention to whether arrests in spatially proximate or socially connected communities lead
to the displacement or prevention of opioid overdoses in a local community.

Methods Combining data from the Cook County medical examiner, emergency medical
services information, arrest reports, and commuting network statistics for Chicago’s 77
community areas between 2016 and 2019, this study uses fixed effects spatial autoregres-
sive models with spatial lags to explain community-level opioid overdose rates.

Results We find evidence for the diffusion and displacement of overdose risk as well as the
diffusion of overdose-reducing benefits. Findings suggest complex spatial and social spillo-
ver mechanisms that both diffuse and prevent opioid overdoses, dependent on the type of
opioid-related crime and overdose rate investigated.

Conclusions These results have important implications for understanding the effective-
ness of criminal justice policies in their goal of preventing opioid-related crime and over-
doses and provide insights for designing more appropriate and effective policy responses to
address substance use and illicit drug markets.

Keywords Opioid Epidemic - Drug Policy - Spatial-Network Spillovers

Introduction

A steep climb in overdose deaths from synthetic opioids such as tramadol and fentanyl in
2017 led the U.S. Department of Health and Human Services to declare the opioid epidemic
a national public health emergency (Carroll et al. 2018). Over seven hundred thousand
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people died from an opioid-related overdose between 1999 and 2022 (CDC 2024), con-
tributing to an unprecedented stagnation in U.S. life expectancy (Harper et al. 2021; Case
and Deaton 2015). Public health officials and policy makers responded to the opioid crisis
with multiple harm reduction interventions and regulations with the goal of reducing fatal
overdoses from the overprescription of opioids and the use of illicit opioids. Nonetheless,
criminal justice approaches have continued to remain a dominant strategy across the U.S. to
combat the opioid epidemic (Caulkins et al. 2021; Donnelly et al. 2021, 2022).

Law enforcement activities leading to drug-related arrests are intended to function as
formal social control mechanisms to regulate human behavior and prevent further crime
and drug use (Braga et al. 2017; Sampson 1986), and in the case of opioid arrests, prevent
further opioid misuse and overdose (Donnelly et al. 2021; Mazerolle et al. 2007; 2020).
Arresting individuals in possession of opioids or individuals manufacturing and distribut-
ing opioids can both physically remove opioids from a community by disrupting drug sup-
ply networks as well as socially deter the misuse of opioids (Eggins et al. 2020; Holland
et al. 2023; Mazerolle et al. 2007; 2020). However, law enforcement interventions have
been shown to also produce unintended, adverse consequences on individuals and commu-
nities (Caulkins et al. 2021; Cooper et al. 2005; Kirk and Wakefield 2018).

As is the case with any social program aimed at crime prevention or harm reduction, it
is imperative to understand the reality of the consequences, not the ideal of it (McDonald
et al. 2024). A growing body of work investigating the relationship between the criminal jus-
tice system and the opioid epidemic shows that individuals who experience an opioid-related
incarceration have an increased likelihood of overdosing upon release (Lim et al. 2012; Vic-
tor et al. 2021; Zhang et al. 2022). These effects impact not just individuals but entire com-
munities as well. For example, police drug seizures of illicit opioids in a local community
in Indiana during 2020-21 increased fatal overdoses locally and in geographically proximate
areas (Ray et al. 2023), suggesting a diffusion of crime and health risk from the location of the
seizure into geographically proximate spaces (Papachristos and Bastomski 2018; Sampson and
Morenoff 2004; Tucker et al. 2012). While this growing body of research is helping shed light
on the complex role the criminal justice system plays in the opioid epidemic, it is unclear how
criminal justice sanctions in the form of opioid-related arrests influence opioid overdose rates
and whether arrests can displace opioid risk into the broader community and city at large.

We propose that the diffusion of opioid overdose risk is related at least in part to human
mobility between places. In this study, we thus aim to get closer to understanding diffu-
sion mechanisms by modeling population commuting flows between places as conduits for
transmitting opioid overdose risk across space. We go beyond the standard modeling of
geographic proximity to measure risk spillovers and, instead, we examine risk transmission
between communities that are socially connected through spatial networks based on com-
muting flows. These networks may help explain spatial spillovers but, more importantly,
they are not constrained by proximity and can instead identify social influences across any
geographic distance, small or large. Understanding the spatial networks of transmission that
link arrests in one community to overdose risk in another is important for several key rea-
sons. If studies examine the effects of law enforcement activities only locally or in nearby
areas, they can miss important ripple effects on connected communities across the entire
city. Indeed, a growing body of work has shown that neighborhoods are not closed sys-
tems (Graif et al. 2014, 2017; Sampson 2012). Not only are neighborhoods spatially interde-
pendent, where criminogenic and health-related influences spillover into spatially proximate
communities (Anselin 2000; Matthews and Yang 2013), but they are also socially connected
via co-offending (Schaefer 2012), gang conflict (Papachristos et al. 2013), and the daily
flow of individuals across the city as they conduct routine activities and commute for work
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(Boivin and D’Elia 2017; Boivin and Felson 2018; Browning et al. 2017; Evans et al. 2023;
Felson and Boivin 2015; Graif et al. 2017; Newmyer et al. 2022; Wang et al. 2016). Crime
and population health patterns are better explained when accounting for spillovers both spa-
tially and socially (Anselin 2000; Baller et al. 2001; Evans et al. 2023; Graif et al. 2017;
Levy et al. 2020; Newmyer et al. 2022; Sampson et al. 2002; Taylor 2015).

This study thus investigates the role of criminal justice intervention practices, i.e., opi-
oid-related arrests, in preventing or increasing opioid overdoses, paying particular atten-
tion to whether arrests in spatially proximate and, importantly, also in socially connected
communities lead to the displacement or prevention of opioid overdoses in a local commu-
nity. Moreover, recognizing the multidimensional nature of crime prevention programs and
spillover processes (McDonald et al. 2024; Papachristos and Bastomski 2018; Telep et al.
2014), this study assesses heterogeneity in the relationship between arrests and opioid over-
doses by examining variation between: 1) fatal overdoses as reported by the Cook County
Medical Examiner (CCME) versus all overdoses (fatal or not) responded to by emergency
medical services (EMS), 2) arrests for possession versus arrests for manufacturing and dis-
tribution, and 3) arrests for heroin versus arrests for synthetic narcotics.' Using the case of
Chicago, we combine multiple sources of data, including reports from the Cook County
medical examiner, emergency medical services information, arrest reports, and commuting
statistics for Chicago’s 77 community areas between 2016 and 2019. This study uses fixed
effects spatial autoregressive models with spatial lags to estimate community-level opioid
overdose rates. We capture spatial spillovers from communities that share physical borders
with one another and capture social spillovers from communities that are connected via
daily commuting patterns. The results have important implications for understanding the
effectiveness of criminal justice approaches in their goal of preventing opioid-related crime
and overdoses. Moreover, the findings can provide insights when designing more appropri-
ate and effective policy responses to address substance use and illicit drug markets.

Theoretical and Empirical Background
The Opioid Crisis in Chicago

Chicago provides a unique context for assessing the relationship between opioid-related arrests
and opioid-related overdoses. For one, throughout the opioid epidemic Chicago has maintained a
higher opioid-related overdose rate than the national average (Rushovich et al. 2022). For exam-
ple, in 2015 the average number of deaths per 100,000 people in Chicago was 11.3, compared
to 10.4 nationally and by 2017 the rates increased to 22.6 for Chicago compared to 14.9 nation-
ally (Rushovich et al. 2022). While national fentanyl-related mortality rates began to increase in
2010, with a sharp increase in 2015, Chicago experienced upticks in fentanyl-related deaths as
early as 2006 (Friedman and Shover 2023; Schumann et al. 2008). By 2016 over a half of the
opioid overdose deaths were fentanyl related, a number that further increased to 74% by 2019.%
Overall, a total of 4,6810pioid-related overdose fatalities occurred in Cook County, IL. between
2016 and 2019 (see also Knoebel and Kim 2023; Chicago Department of Public Health 2024).

! See the descriptives presented in Table 1.
2 https://www.cookcountyil.gov/news/cook-county-medical-examiners-office-confirms-record-2000-opioid-
overdose-deaths-cook-county

3 https://www.cookcountyil.gov/news/cook-county-medical-examiners-office-registers-record-number-gun-
related-homicides-2020
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As Chicago experienced trends of the overdose crisis earlier and with a higher magni-
tude than other regions in the U.S., the city has been at the forefront of introducing innova-
tive harm reduction practices to address opioid-related harm, such as mobile medical units,
naloxone distribution, and take-home naloxone programs (Eswaran et al. 2020; Hawk et al.
2015; Messmer et al. 2023). The first naloxone distribution program in the U.S. was started
in Chicago in 1996 as a van-based harm reduction program called the Chicago Recovery
Alliance (Hawk et al. 2015). In the decade following the creation of this program, the Chi-
cago Recovery Alliance distributed naloxone to over ten thousand individuals and reversed
over one thousand overdoses (Bivens 2019; Maxwell et al. 2006). The Chicago Recovery
Alliance has since established six stationary sites and sixteen mobile sites (Bivens 2019).
Thus, Chicago presents a unique case to investigate the relationship between law enforce-
ment and the opioid epidemic given the magnitude of the opioid crisis and the existing
harm reduction programs already in place in the city.

Law Enforcement and the Opioid Epidemic: Local Effects

Law enforcement activities and the implicit threat of criminal justice sanctions have been
traditionally used as formal control mechanisms in a community to regulate crime and
deviant behavior, including illicit drug use (Braga et al. 2017; Sampson 1986). A commu-
nity’s opioid-related arrest rate represents how law enforcement responds to substance use
as well as the visibility of substance use to authorities. By arresting individuals in posses-
sion of, or manufacturing and distributing opioids, incarceration is intended to prevent sub-
stance use and overdoses. Incarceration will temporarily prevent substance use among the
individuals arrested but also potentially inhibit access to opioids in the local illicit market
by disrupting drug supply and information networks (Eggins et al. 2020). It can also deter
drug use by impacting norms and attitudes about opioid use as individuals and peers hope
to avoid future involvement in the criminal justice system. While the evidence in support
of deterrence as a result of drug law enforcement activities is mixed, with some literature
arguing that law enforcement discourages drug use and other literature arguing that it sim-
ply displaces it (Holland et al. 2023; Mazerolle et al. 2007, 2020), the traditional under-
standing of arrests as a crime control mechanism suggests the following hypothesis:

Local health benefits hypothesis 1a: More local arrests would contribute to fewer opioid
overdoses locally (deaths and EMS).

However, the effectiveness of police crackdowns and criminal justice contact is not always
straightforward, and in fact, can backfire. Research shows that arrests for misdemeanors,
including drug use in general and opioid misuse in particular, often has the opposite, unin-
tended effect of increasing drug use and overdoses (Bohnert et al. 2011b; Krawczyk et al.
2020; Lim et al. 2012; Victor et al. 2021; Zhang et al. 2022). The criminalization of drugs
and opioid misuse alongside with increasing police activity can deter individuals from seek-
ing harm reduction and healthcare services if they become fearful of police involvement and
subsequent arrest (Cooper et al. 2012; Ostrach et al. 2022). Additionally, at the individual

* While naloxone access laws have faced criticism due to concerns that availability might encourage riskier
opioid use, and several studies have demonstrated an indirect positive effect of naloxone laws on fatal opi-
oid overdose rates (Erfanian et al. 2019; Doleac and Mukherjee 2018), Doleac and Mukherjee (2022) still
note the harm reduction potential of naloxone when accompanied by additional harm-reduction programs.
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level those who are arrested and placed in the criminal justice system have an increased like-
lihood of relapse and overdose upon release (Kopak et al. 2018; Krawczyk et al. 2020; Lim
et al. 2012; Victor et al. 2021). Aggregated to the community level, if local arrests simply
take low offending possession individuals off the streets for temporary periods of time, when
they return to the community the local overdose rate could increase due to increased odds
of overdose upon release from incarceration settings (Giftos and Tesema 2018). It is also
possible that local arrests disrupt networks of social support among the existing market, net-
works that may otherwise protect users from dying of overdoses (Bouchard et al. 2018; Ben-
nett et al. 2022; Byles et al. 2024; Clark et al. 2014; Cooper et al. 2005; Enteen et al. 2010;
Mercer et al. 2021). People who use drugs or witness others using drugs can help each other
to administer naloxone or can call emergency medical services in case of an overdose (Lank-
enau et al. 2013). Thus, the existing evidence examining the relationship between the crimi-
nal justice system and the opioid epidemic would suggest the alternative hypothesis:

Collateral local consequences hypothesis 1b: More local arrests would contribute to
more opioid overdoses locally (deaths and EMS).

Law Enforcement and the Opioid Epidemic: Network Spillover Effects

Scholars interested in understanding how social phenomena are embedded in space have
long had to reckon with the fact that neighborhoods are not isolated islands (Matthews and
Yang 2013). Along with other social phenomena such as poverty or infant mortality, crime
and crime-promoting processes tend to cluster together in geographically proximate com-
munities (Hipp et al. 2012; Hipp and Williams 2020; Mears and Bhati 2006; Morenoff et al.
2001). Thus, when scholars investigate the success of place-based crime interventions, such
as hot spot policing, they also consider the possibility of spillover effects (McDonald et al.
2024; Papachristos and Bastomski 2018; Tucker et al. 2012). On the one hand, increased
police presence in one community could simply displace crime and drug use into neighbor-
ing communities, leading overall crime rates to remain the same (Ray et al. 2023; Wood
et al. 2004). It is also possible, however, for the diffusion of crime-reducing benefits to occur
(Weisburd and Telep 2013). Reviews of studies investigating spillover effects, broadly, find
mixed results, as the displacement of crime or diffusion of crime-reducing benefits is context
dependent, varying by the geographic unit of analysis, the type of the intervention or crime
targeted, as well as a host of other macrosocial contexts (Telep et al. 2014).

While most research on spillovers has focused on geographical proximity effects, a grow-
ing body of literature is also calling attention to the potential for social spillovers (Graif et al.
2014; Levy et al. 2020; Newmyer et al. 2022). Just as communities are spatially connected
by sharing a neighborhood boundary or border, they are also socially connected by the eve-
ryday flow of individuals across the city as they conduct their routine activities and com-
mute for work. Scholars that have investigated crime have found that crime-promoting pro-
cesses occurring in socially connected neighborhoods influence one another through social
spillover effects (Graif et al. 2017; Levy et al. 2020). Just as a drug supply network may span
across geographically proximate communities, these drug networks can also extend to more
spatially distant neighborhoods that are socially connected by the everyday flow of individu-
als across space as they conduct their routine activities and commute for work.

When it comes to opioids, spillover processes could occur through the physical and
social transmission of opioids and opioid misuse across space, as drugs and the individu-
als that use and sell them travel from one place to another. Arrests of drug suppliers in one
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community may disrupt drug supply chains that extend into neighboring communities. If
a major supplier or distribution network is disrupted through arrests, it may temporarily
reduce the availability of opioids locally and in nearby communities (Telep et al. 2014).
This supply-side disruption could also contribute to reduced opioid misuse in surrounding
or socially connected areas. Similarly, information, norms and attitudes about opioid mis-
use can move across communities along individuals’ friendships and mobility networks
(Chaney and Rojas-Guyler 2015; De et al. 2007; Kwan et al. 2008; Mason et al. 2004).
Individuals in neighboring communities may be socially connected to those in the focal
community where arrests occur. Information about arrests and heightened law enforce-
ment attention may spread through social networks, increasing awareness of the risks
associated with opioid misuse. This social diffusion of awareness of police presence could
influence behavior change in connected communities. The act of commuting and conduct-
ing one’s daily activities in neighboring communities could also mean that even if resi-
dents do not know about the increased risk of arrests from their social network, they may
be made aware when conducting their routine activities (Kwan et al. 2008). Thus, the vis-
ibility of arrests in one community may increase the perceived risk of punishment among
those who use or supply opioids not just locally but also in neighboring communities.

Diffusion of benefits hypothesis 2a: Opioid arrests in the a) spatial and b) social network
of a given community will contribute to fewer local opioid overdoses (deaths and EMS)
in that community.

Alternatively, rather than benefits, risk may be diffusing along the spatial and social
networks. Arrests in one community might contribute to the diffusion or displacement
of opioids and the risk of opioid misuse to surrounding or socially connected communi-
ties. For example, law enforcement interventions in an area may prompt those who sell
and use opioids to move some or all of their activities to spatially or socially proximate
areas as individuals move to avoid the police. Indeed, more than just increasing fatal
overdoses in the local area, Ray et al. (2023) finds that police drug seizures of illicit opi-
oids in Marion County, Indiana increase the fatal overdose rate in geographically proxi-
mate areas. Thus, rather than reducing crime and overdoses, the misuse of opioids may
simply be transferred into neighboring communities (Ray et al. 2023; Wood et al. 2004).

Diffusion of risk hypothesis 2b: Opioid arrests in the a) spatial and b) social network
of a given community will contribute to more local opioid overdoses (deaths and
EMS) in that community.

We believe that countervailing forces are no doubt simultaneously at work, yet some
forces may ultimately prevail. To the extent that these forces are weak or relatively equal
to each other, the resulting pattern may be null.

Heterogeneity in Network Spillovers on the Opioid Epidemic

Given the mixed results suggesting that both the displacement of crime and the diffu-
sion of crime-reducing benefits can occur from criminal justice interventions (Telep et al.
2014), this study also investigates the potential heterogeneity in the spatial and social
spillover of arrests on overdoses. We pay particular attention to variation based on 1) the
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fatality of the opioid overdose, 2) the severity of the opioid-related crime committed, and
3) the type of drug associated with the arrest. Prior research on the opioid overdose epi-
demic has placed a strong emphasis on fatal overdoses, with less attention on overdoses
that do not result in mortality (Bohnert et al. 2011a, b; Erfanian et al. 2019; Friedman and
Shover 2023; Hawk et al. 2015; Krawczyk et al. 2020). In this study we examine not just
fatal overdoses, but also non-fatal opioid overdoses based on calls to Emergency Medical
Services for an opioid overdose. We examine fatal and non-fatal opioid-related overdoses
as two separate measures to allow for a broader picture of overdose incidents beyond those
resulting in death. Second, it is likely that the spatial and social spillover mechanisms are
different when the arrests are for the manufacturing and distribution of opioids, compared
to when the arrests are for the possession of opioids. While there is some evidence that
drug seizures (the supply side) lead to the displacement of opioid overdoses in Marion
County, Indiana (Ray et al. 2023), it is unclear if supply-side arrests lead to the displace-
ment of overdoses or the diffusion of overdose-reducing benefits or whether arrests for
possession result in spillovers. Finally, the use of synthetic opioids, such as fentanyl, is
associated with a higher risk of overdose and death than the use of heroin (CDC 2024;
Friedman and Shover 2023; Hopwood et al. 2020; Pichini et al. 2018). Moreover, the mor-
tality rate associated with heroin has remained at a relatively steady, non-increasing rate,
while the mortality rate associated with synthetic opioids has increased dramatically over
the last decade (CDC 2024). Thus, it is possible that the relationship between arrests and
the fatality of the overdose may also vary with the type of drug offense being committed.

Methods
Data

To investigate the relationship between criminal justice drug intervention practices and
the opioid epidemic, we combine multiple sources of data on the city of Chicago. Opioid-
related health data was obtained from the Chicago Health Atlas, which provides data on the
total number of individuals who died from an opioid-related drug overdose in each com-
munity area as reported by the Cook County Medical Examiner (CCME) between 2016 and
2019. Chicago Health Atlas also provides the number of EMS responses to opioid-related
overdoses by Chicago Fire Department ambulances each year from 2016 to 2019. This data
is reported from the Chicago Fire Department, National Emergency Medical Services Infor-
mation System (NEMSIS). Arrest reports are provided by the Chicago Police Department’s
CLEAR (Citizen Law Enforcement Analysis and Reporting) system® during the entire
period of study. We use data from the 2010 to 2014 5-year estimate American Community
Survey (ACS) to obtain total population counts for each community area for the creation of
rates.® Additionally, the City of Chicago Homeless Point-in-Time (PIT) Count and Survey
Report provides annual statistics on homelessness across the city’s community areas (City

5 https://data.cityofchicago.org/Public-Safety/Crimes-2001-to-Present/ijzp-q8t2/about_data

® The 2010-2014 ACS data was used due to methodological constraints for small-area estimation. We
deliberately avoided using 2015-2019 ACS data to prevent temporal overlap with our outcome period, as
this would incorporate predictor data collected after our study began. This approach provides consistent
denominators across all study years.
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of Chicago 2024).” While the period 2016 to 2019 was selected partially due to data avail-
ability constraints, the period aligns with the spike in overdoses that contributed to the dec-
laration of the epidemic as a national public health emergency (CDC 2019).

To investigate potential social spillovers we examine population mobility based on com-
muting statistics, consistent with other research (Graif et al. 2017; Newmyer et al. 2022).
The Longitudinal Household Employer Dynamics (LEHD) Origin—Destination Employ-
ment Statistics (LODES) is a data collection effort sponsored by the U.S. Census to pro-
vide information on the geographic location of employers and their employees (Graham
et al. 2014). The Census provides annual commuting flow statistics between work and resi-
dential communities, which we conceptualize as social connections between communities.
We take Chicago’s community areas as our unit of analysis due to data availability, but
also consistent with prior research that has shown effective interventions at higher levels of
geography than hot spots (Mazerolle et al. 2020).

Measures
Dependent Variables

Our analysis on the opioid epidemic investigates two dependent variables. Consistent with
other research on the opioid epidemic, we first investigate fatal opioid overdoses with the
total number of individuals reported by the Cook County medical examiner to have died
from an opioid-related drug overdose each year. This measure is available for each com-
munity area and represents the total number of individuals that died in the location, even if
they did not reside in Chicago. With this measure we create a fatal opioid overdose rate per
100,000 for each of Chicago’s 77 community areas between 2016 and 2019. Our second
measure is more expansive, capturing the full presence of the opioid epidemic in Chicago
with the total number of times the Chicago Fire Department ambulances responded to opi-
oid-related overdoses each year. From this data we create an EMS-response opioid-related
overdose rate per 100,000 for each community area between 2016 and 2019.

Independent Variables

Law enforcement activities related to opioid activities are operationalized as opioid arrests
for possession and manufacturing or distribution, as reported by the Chicago Police Depart-
ment. The analysis first investigates whether arrests in a focal community prevents opioid
overdoses occurring in that same community. We investigate four different types of arrests:
1) arrest for possession of heroin, 2) arrest for possession of synthetic narcotics, 3) arrest
for manufacturing or distribution of heroin, and 4) arrest for manufacturing or distribution
of synthetic narcotics. The Uniform Crime Reporting (UCR) program defines heroin as
white powder, tan or brown tar, and black tar. The UCR defines synthetic narcotics as man-
ufactured narcotics that can cause true addiction such as fentanyl. If, for example, heroin

" While the Point-in-Time (PIT) count cannot provide an exact number of people experiencing homeless-
ness in the city of Chicago, it utilizes data obtained from volunteers, such as city employees and homeless
shelter providers, who spend an evening canvassing the city every two years. This data is used to provide a
yearly estimate of homelessness in Chicago.
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is laced with fentanyl it will be defined as an arrest for synthetic narcotics (FBI 2019). For
each of the four arrest measures we create an arrest rate per 100,000.

The analysis also investigates the spatial spillover of policing practices, assessing whether
arrests in spatially proximate communities prevent or displace opioid overdoses in the local
community. To investigate the role of spatial spillovers we create spatially lagged measures
of arrest rates. We create these measures by first defining a row-standardized spatial weights
matrix using the queen criterion. The queen spatial weights matrix is a contiguity-based
matrix that considers every spatial unit that shares a portion of the border, even just a sin-
gle point or vertex, as a spatial neighbor. After determining which communities are spatial
neighbors, we use the spatial weights matrix to calculate the spatial lag, which represents
the average arrest rate in the neighboring communities. The spatial lag can be expressed as
Wx, where W represents the spatial weights matrix defining which communities are neigh-
bors, and x represents the arrest measure. We create a spatial lag for each arrest measure.

The primary focus of our analysis is on whether social spillovers occur, with arrests
either preventing or displacing opioid overdoses in socially connected communities. We
investigate social spillovers by defining a row-standardized weights matrix which repre-
sents social neighbors, rather than spatial neighbors. Consistent with other work investigat-
ing social spillovers and patterns of population health (Newmyer et al. 2022), we create a
social weights matrix using commuting flows. Using the LODES data from 2016, we cre-
ate a 77 by 77 valued matrix representing the percentage of residents which commute from
the home community to the work community. We convert the asymmetric valued matrix
into a symmetric, dichotomous matrix representing social neighbors by defining work com-
munities which receive at least 0.5% of the home communities’ residents as the home com-
munities’ social neighbors. Thus, if at least 0.5% of Englewood’s residential population is
commuting to Hyde Park for work, then we would consider Hyde Park and Englewood to
be socially connected. We chose to use a 0.5% population commuting threshold to remain
consistent with other research on commuting flows between community areas in Chicago
finding 0.5% represents a meaningful population cutoff (Graif et al. 2019; Newmyer et al.
2022; Evans et al. 2023). This value represents, on average, 175 daily commuters between
communities. When using smaller thresholds, most of the communities become connected
together, while when using larger thresholds most communities are only connected to a few
work hubs such as O’Hare or the Loop. With the 0.5% threshold, communities are, on aver-
age, connected to 7 other communities. Using the social neighbors weights matrix, we cre-
ate a socially lagged measure of arrests, representing the average arrest rate in the socially
connected communities. We create a social lag for each arrest measure.

Controls

Our analysis accounts for two time-varying community characteristics which may confound
the relationship between law enforcement responses to substance use and the opioid epidemic:
crime and homelessness. Research has shown that prior crime involvement can contribute to
future crime and drug use both at the individual level (Lim et al. 2012) and at the neighbor-
hood level (Bohnert et al. 2011b). Homelessness is also a risk factor for drug use and opioid
overdose (Enteen et al. 2010). For each community area we total all crime reports, independ-
ent of whether an arrest took place, from the Chicago Police Department to create a crime
rate per 100,000 for each year under observation. With the Point-in-Time estimates we create
a community area homelessness rate per 100,000 for each year. We also account for time as a
continuous measure.
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Analytic Strategy

We apply fixed effects spatial autoregressive models. Spatial models account for the tendency
for social phenomena in spatial units that are more proximate to one another to be correlated,
i.e., spatially dependent. The global Moran’s I test is used to assess the appropriateness of
applying a spatial autoregressive model, testing for the presence of spatial dependence among
a variable. The global Moran’s I coefficient like a traditional correlation coefficient, has values
ranging from —1 to + 1. A statistically significant positive value indicates that spatial patterns
in the observed data exhibit more clustering than would be expected under random distribu-
tion, suggesting the presence of meaningful spatial dependence (Anselin 2003). Both depend-
ent variables, the fatal opioid-related overdose rate and the EMS-response opioid-related over-
dose rate, are spatially dependent in each year of observation.® We employ spatial lag models
as they model the spatial dependence in the dependent variables as a spatial spillover process.
Similar to the approach discussed above to model the spatial spillover of arrests, the spatial lag
model accounts for the spatial spillover of opioid overdoses from the neighboring communi-
ties into the focal community. Postestimation tests indicate that incorporating a spatial lag of
the dependent variables is the most appropriate modeling strategy (Anselin et al. 1996; Elhorst
2014).” The spatial lag models use a row-standardized queen spatial weights matrix.

As our data is longitudinal, we use fixed effects models to account for the stable het-
erogeneity that exists over time between units. The longitudinal structure of the data helps
account for the temporal causal ordering. The fixed effects approach reduces the likelihood
of omitted variable bias by accounting for time-constant unobserved differences between
communities (Allison 2009)."° We use the spxtregress command in Stata to estimate all
models (StataCorp 2019). The following equation represents the Lee and Yu (2010) SAR
model for panel data with fixed effects:

Vo = AWy, + X, B + ¢, +u,

u,, = pMu,,+v,t =12,....,T

where y represents the opioid overdose rate in community area n for year t. The 77 X 77
spatial weights matrix is represented by W and M, so Wy,, represents the spatial lag of
opioid overdose rates resulting from the spatial weights matrix multiplied with y and
Mu,, represents the spatial lag of disturbances resulting from the spatial weights matrix
multiplied with disturbances.!' The time-varying covariates are represented by X, which
includes local arrest rate and the spatial and social lag of arrests as well as the other control
variables; lambda is a scalar; B is a vector of regression coefficients; and c, represents the
vector of community fixed effects.'” Finally, u represents the spatially lagged error, and v
represents a vector of independent and identically distributed disturbances.

8 Appendix Table A2 presents the yearly global Moran’s I coefficients for each dependent variable.

° Appendix Table A3 presents the Lagrange Multiplier postestimation tests suggesting a spatial lag model
is an appropriate modeling strategy for the data.

10" Appendix Table A4 presents results from the Hausman postestimation tests suggesting fixed effects are
appropriate for the analysis.

"1 'While equivalent in this study, we retain separate notations for the W and M matrices, consistent with
the literature, as in principle, they may or may not be equivalent (Lee and Yu 2010).

12 We use the language of “effects” based on theoretical expectations and our use of fixed “effects” models.
Still, short of a randomized design, caution is needed around a strict causal interpretation.
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Results
Descriptive Statistics

Table 1 presents the descriptive statistics of opioid-related overdoses and arrests in Chi-
cago, averaged between 2016 and 2019. There is a stark difference in magnitude between
overdose incidents and fatal overdoses. Across the 77 community areas, the average EMS-
response opioid-related overdose rate was 10 times higher than the fatal opioid-related
overdose rate, at 329 individuals per 100,000 compared to 31 individuals per 100,000. The
average arrest rates for heroin are higher than the arrest rates for synthetic narcotics, as are
arrests for possession in comparison to manufacturing and distribution. The stark differ-
ence in overdose rates by fatality and the variation in the average arrest rates by the severity
of the arrest and type of drug associated with the arrest support our intuition to examine
potential heterogeneity in the relationship between arrests and opioid overdoses.

Figure 1 presents a map of fatal opioid-related overdose rates in 2019 across Chica-
go’s 77 community areas visually demonstrating which communities are connected via a)
spatial proximity and b) social proximity. The communities are shaded on a continuous
red scale where darker shades represent communities with higher opioid death rates. Each
grey edge connects a community if they are a) spatial neighbors or b) social neighbors
based on commuting ties. The nodes are sized by the number of either a) spatial or b)
social neighbors where smaller nodes represent fewer connections, and larger nodes repre-
sent more connections. Figure 1 demonstrates how commuting ties connect communities
that are both spatially near and far, providing opportunities for the social spillover of both
crime and criminogenic-promoting or preventative forces. Figure 1 also demonstrates that
communities with high overdose rates tend to spatially cluster together in close geographic
proximity.

Arrests for Possession and Opioid Overdoses

Tables 2 through 5 present the results from the fixed effects spatial autoregressive models
estimating opioid overdose rates in Chicago between 2016 and 2019. The first two tables

Table 1 Descriptive statistics of overdoses and arrests in Chicago, 2016-2019

Mean/Prop. Min. Max. n

Opioid Overdose Rates

EMS-Response Overdose 329.72 .00 5792.96 308

Fatal Overdose 31.19 .00 243.58 308
Arrest Rates

Heroin Possession 107.50 .00 2441.09 308

Heroin Manufacture/Distribution 51.20 .00 2043.95 308

Synthetic Narcotic Possession 14.55 .00 190.63 308

Synthetic Manufacture/Distribution 2.49 .00 180.04 308
Time-Varying Controls

Crime Rate 10682.33 2310.56 36610.30 308

Homeless Rate 41.17 .00 1145.44 308

Rates are per 100,000
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Fig. 1 Map of Fatal Opioid-Related Overdose Rates in 2019 across Chicago’s 77 Community Areas with
Community Ties by a) Spatial Proximity and b) Social Proximity. Note: Rates are per 100,000. Com-
munities are colored on a continuous red scale where darker shades represent higher fatal opioid-related
overdose rates. Spatial proximity is defined using the Queen 1 criteria where every community sharing a
contiguous border is defined as spatial neighbors with the opportunity to share spatial spillovers. Social
proximity is defined using commuting flows where a community is a social neighbor with the opportunity
to share social spillovers if they share at least 0.5% of their residential population commuting to or from
work. Nodes are sized by the number of a) spatial neighbors or b) social neighbors

assess the relationship between arrests for possession and opioid overdoses while the sec-
ond two tables assess the relationship between arrests for manufacturing/distribution and
opioid overdoses. Within each table, the first set of models estimate the EMS-response opi-
oid overdose rate, and the second set of models estimate the fatal opioid overdose rate.
Model 1 includes the local arrest rate and the average arrest rate of the spatially proximate
communities to assess whether there is a spatial spillover of arrests on opioid overdoses.
Model 2 includes the local arrest rate and the average arrest rate of the socially connected
communities to assess whether there is a social spillover of arrests on opioid overdoses.
Finally, model 3 includes the local arrest rate, the spatial spillover of arrests, and the social
spillover of arrests together to assess the full relationship between arrests and overdoses.
All models include time-varying controls and the spatial lag of opioid overdoses. All meas-
ures presented in the models are standardized to a mean of 0 and a standard deviation of 1.

Table 2 presents the results assessing the relationship between arrests for the posses-
sion of heroin and opioid overdoses. In the first panel analyzing the EMS-response opioid
overdose rate, model 1 finds that a one standard deviation increase in the local arrest rate
for heroin possession increases the EMS-response opioid overdose rate by 0.360 standard
deviations (p <0.001), and a one standard deviation increase in arrests for heroin posses-
sion in spatially connected communities increases the EMS-response opioid overdose rate
by 1.620 standard deviations (p <0.001). Arrests for heroin possession serve to increase
opioid overdoses rather than decrease them in local and neighboring communities. In
model 2, we continue to find a significant relationship between the local arrest rate for
heroin possession and EMS-response opioid overdoses. We also find that increasing the
arrests for heroin possession in socially connected communities increases the local com-
munity’s overdose rate. However, when all three measures are included in model 3, the
social displacement of overdoses disappears. Rather, there is a strong spatial spillover
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effect, with arrests displacing opioid overdoses into neighboring communities. Though
commuting flows connect more physically distant communities, it is also often the case
that communities which are spatially proximate are socially connected by the everyday
flow of commuters. Thus, model 3 suggests that the positive relationship found in model 2
for the social spillover of arrests was reflecting the spatial spillover of arrests on overdoses.

We also find across all three models that a one standard deviation increase in the total
crime rate increases the EMS-response opioid overdose rate by a standard deviation. Over-
all, the results from the first panel of Table 2 suggest that arrest for the possession of heroin
increases the total opioid overdose rate in the local community as well as in spatially proxi-
mate communities, displacing opioid misuse and overdoses.

In contrast to the findings for the total opioid overdose rate, represented by the EMS-
responses for opioid overdoses, we find a null local and spatial spillover relationship
between arrests for the possession of heroin and fatal opioid overdoses. Rather, we find a
strong social spillover of arrests on overdoses, where arrests for the possession of heroin
displaces opioid misuse and overdoses into socially connected communities. In the first
model there is a nonsignificant negative relationship between arrests in the local commu-
nity and fatal overdoses, and a significant positive social spillover relationship of arrests
on fatal overdoses, suggesting that increasing arrests in the local community displaces
fatal overdoses into geographically proximate communities. However, the spatial spillo-
ver relationship disappears when we account for the social spillover in model 3. The final
model indicates that increasing arrests for the possession of heroin in socially connected
communities serves to displace opioid misuse and fatal overdoses into socially proximate
communities.

We also find a significant spatial lag of fatal opioid overdoses, suggesting that the fatal
overdose rate in spatially proximate communities serves to increase the fatal overdose rate
in the local community. There is also a positive relationship between the homelessness rate
and crime rate with the fatal opioid overdose rate, consistent with the existing literature
(Enteen et al. 2010; Lim et al. 2012). Overall, the results suggest that arrests for the pos-
session of heroin in the local community and in spatially proximate communities have the
unintended consequence of increasing the fotal opioid overdose rate in the local commu-
nity, and arrests in socially proximate communities serve to increase the fatal opioid over-
dose rate in the local community.

Table 3 presents the results assessing the relationship between arrests for the possession
of synthetic narcotics and opioid overdoses. Similar to the findings presented in Table 2
for the possession of heroin, there is a significant local and spatial spillover of arrests for
the possession of synthetic narcotics on the EMS-response opioid overdose rate. Model 1
suggests that a one standard deviation increase in the local arrest rate and the average arrest
rate of spatially connected neighbors for possession of synthetic narcotics increases the
EMS-response opioid overdose rate in the local community by 0.129 (p <0.001) and 0.182
(p <0.01) standard deviations, respectively. There is no social spillover effect of arrests
for the possession of synthetic narcotics on the opioid overdose rate. The first model in
the second panel similarly finds that increasing the local arrest rate for the possession of
synthetic narcotics increases the fatal opioid overdose rate by 0.133 standard deviations (p
<0.001). In contrast with the total opioid overdose rate, there is no spatial or social spillo-
ver of arrests for possession of synthetic narcotics on fatal overdoses.

Together, the results suggest that arrests for opioid misuse reflected by the possession
of heroin or synthetic narcotics serve to increase the fotal overdose rate in a community.
Not only do overdoses increase from local arrests, but also from arrests in spatially prox-
imate communities, perhaps diffusing or displacing opioid misuse. Local arrests for the
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possession of synthetic narcotics also increase the fatal overdose rate in the local commu-
nity, and arrests for the possession of heroin in socially connected communities increase
the fatal overdose rate. The spatial and the social spillovers of risk from arrests for syn-
thetic narcotics possession do not have a significant association with local levels of fatal
overdoses.

Arrests for Manufacturing/Distribution and Opioid Overdoses

Table 4 presents the results assessing the relationship between arrests for the manufactur-
ing/distribution of heroin and opioid overdoses. Consistent with the results for possession
discussed above, we find a significant positive relationship between arrests for the manu-
facturing/distribution of heroin and the EMS-response opioid overdose rate. Arrests in the
local community as well as in spatially proximate communities increase the local overdose
rate, with null effects on the fatal opioid overdose rate. In the first panel, model 3 indi-
cates there is also a negative relationship between arrests for manufacturing/distribution of
heroin in socially connected communities and overdoses. In contrast to the findings for the
local and spatial spillover of arrests, increasing the arrests for the manufacturing/distribu-
tion of heroin in socially connected communities helps to prevent opioid overdoses in the
local community, potentially disrupting the drug supply network from more spatially dis-
tant though socially connected communities. Thus, while the local arrests for the manufac-
turing/distribution of heroin increases local overdoses and overdoses in spatially proximate
communities, it has the potential to disrupt the drug supply networks in socially connected
communities and lower opioid overdose rates.

Table 5 presents the results assessing the relationship between arrests for the manufac-
turing/distribution of synthetic narcotics and opioid overdoses. In contrast to findings for
heroin and possession, increasing local arrests for the manufacturing/distribution of syn-
thetic narcotics decreases the local EMS-response opioid overdose rate. There are no spa-
tial or social spillovers of arrests for the manufacturing/distribution of synthetic narcotics
on the EMS-response opioid overdose rate. However, models 2 and 3 for fatal overdoses
find that increasing the arrests for manufacturing/distribution of synthetic narcotics in
socially connected communities serves to increase the local fatal opioid overdose rate, sim-
ilar to the finding in Table 2 for arrests for the possession of heroin. These results suggest
that opioid misuse and fatal overdoses are displaced into socially connected communities
after arrests for the manufacturing/distribution of synthetic narcotics increases. While there
is no spatial spillover, opioid misuse is displaced into more spatially distant but socially
connected communities. These results contrast with those for the manufacturing/distribu-
tion of heroin. While disrupting the drug supply network of heroin has crime-reducing ben-
efits and reduces fatal overdoses in socially connected communities, disrupting the drug
supply network of synthetic narcotics simply displaces the drug supply network and associ-
ated fatal overdoses.

Together, these results suggest that arrests for possession of heroin increase the EMS-
response opioid overdose in local communities and in spatially proximate communities.
While there is no social spillover of arrests for possession on EMS-response overdoses,
there is a social spillover of arrests for heroin possession on fatal overdoses. There is also
a social spillover of arrests for manufacturing/distribution on EMS-response overdoses and
fatal overdoses. Arrests for the manufacturing/distribution of heroin has a social spillover
of crime-reducing benefits, decreasing the EMS-response overdose rate in socially con-
nected communities. However, the arrests for the manufacturing/distribution of synthetic
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narcotics and the possession of heroin displaces opioid misuse and fatal overdoses into
socially connected communities. These results suggest a complex spatial and social spillo-
ver relationship between arrests and overdoses, dependent on the severity of arrest, drug
associated with the arrest, and fatality of the overdose.

Supplementary Results

Though not included in the main set of analyses, we also explored how our definition of
a commuting tie cutoff of 0.5% of residents moving daily between a residential and work
community influences the social spillover of arrests on overdoses. In Appendix Table A5
we replicate the results from Tables 2 through 5 using commuting tie cutoffs of 0.25%
and 2%. The results suggest that using a weaker tie definition of 0.25% of residents pro-
vides similar results on the social spillover of arrests on overdoses as presented in the
main results. Using a stronger tie definition, however, does not result in a social spillover
of arrests on overdoses. These results are consistent with expectations as using a stronger
threshold to define a commuting tie means many communities are only connected to the
two large work hubs in the city, O’Hare and the Loop. These supplemental analyses sug-
gests that the strength of social connections between communities, defined as the percent-
age of residents commuting to and from work is an important determinant of whether pro-
cesses of social spillovers can occur between connected communities.

We also explored whether the relationship between arrests and overdoses changes in
2020 during Covid-19 with an additional year of data. We do not include 2020 in our main
analysis because population mobility looked fundamentally different during the Covid-19
pandemic when stay-at-home orders required only fundamental workers leave their resi-
dence to commute for work. Moreover, stay-at-home orders meant limited daily activities
of individuals, more broadly, meaning that fewer residents were on the streets and social
networks and interactions were more limited. Despite stay-at-home orders, the opioid crisis
spiked even higher during the pandemic. These changes lead us to suspect a fundamentally
different relationship between arrests and opioid overdoses in the year 2020. Appendix
Table A6 presents the results replicating Tables 2 through 5 using a cross-sectional spatial
lag model for the year 2020. Similar to the findings for the years prior to the Covid-19
pandemic, in 2020 there continues to be a strong and positive local and spatial spillover
relationship of arrests on the total overdose rate. In contrast to the prior years, there is also
a strong local and spatial spillover relationship of arrests on fatal overdoses. We also find
a social spillover of arrests for synthetic narcotics possession, but the social spillovers are
less salient than in the prior years, which is consistent with expectations since there were
fewer individuals commuting to and from work.

Finally, we also explore how total opioid-related arrests, summarized as the total arrests
for both heroin and synthetic narcotics influenced opioid-related overdose rates in the
local, spatially proximate, and socially connected communities. Similarly, we investigate
total opioid-related arrests by summarizing the total arrests for both possession and manu-
facturing/distribution. Appendix Table A7 compares patterns of arrests for all opioids in
comparison to patterns specifically for heroin and synthetic narcotics, in addition to exam-
ining the relationship between all drug-related arrests and opioid-related overdoses. The
patterns for the overall opioid-related arrests are most similar to that for heroin arrests,
where increasing the local opioid-related arrest rate contributed to an increase in the local
and spatially proximate EMS-response opioid-related overdose rate. Opioid-related arrests
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also increased the fatal overdose rate in socially connected communities. Results for all
drug-related arrests are similar to that for all opioid-related arrests, suggesting that law
enforcement strategies to curb drug use may have the opposite unintended effect of increas-
ing overdoses and health-related harm.

Discussion

Our findings suggest that law enforcement interventions, represented through opioid-
related arrests, can have the unintended consequence of increasing opioid-related over-
dose rates, including fatal overdoses. We find that law enforcement interventions have the
potential to backfire not only on local communities, but also on their spatially and socially
proximate networks. In the following, we first discuss the local and spatially proximate
relationships between arrests and overdoses, followed by a discussion of spillover relation-
ships between communities embedded within socially proximate networks based on rou-
tine population mobility.

Local and Spatially Proximate Relationships

The dominant pattern found across the analyses was that criminal arrests for opioid-related
possession and arrests associated with heroin contributed to increases in EMS-response
opioid-related overdoses in a local community and its spatially proximate neighbors.
Increases in the local arrest rate for the possession of heroin and synthetic narcotics and for
the manufacturing/distribution of heroin were associated with increases in the local EMS-
response opioid-related overdose rate. Similarly, arrests for the possession of synthetic nar-
cotics contributed to increases in the fatal overdose rate in the local community. These
observed patterns are consistent with expectations of unintended health risks from contact
with the police and criminal justice system (Krawczyk et al. 2020; Lim et al. 2012; Victor
et al. 2021; Zhang et al. 2022). It is possible that police crackdown activities prevented
opioid users and their friends and kin from seeking help or healthcare support for fear of
being arrested themselves, as suggested by prior research (Cooper et al. 2012; Ostrach
et al. 2022). Arrests and associated police crackdown strategies have been shown to disrupt
existing and potential networks of support among users, which also prevents users from
accessing harm reduction strategies that might otherwise prevent overdoses (Bennett et al.
2022; Bouchard et al. 2018; Byles et al. 2024; Cooper et al. 2005; Mercer et al. 2021).

It is notable that there was a stronger and more consistent relationship of overall opi-
oid-related arrests with the total opioid overdose rate represented by EMS responses, com-
pared to fatal overdoses (see Appendix Table A7). This pattern suggests that while crim-
inal arrests for opioid misuse may increase the incidence of opioid overdoses requiring
EMS response, it may not substantively increase overdose fatalities. These findings may
reflect that EMS responders, equipped with opioid antagonists like Narcan, are often able
to successfully reverse the fatal consequences of overdoses (Chicago Department of Public
Health 2021). Moreover, the fact that more opioid arrests increase rather than decrease
EMS-response overdose rates, raises important questions about the public health implica-
tions of relying on criminal justice approaches to the opioid epidemic. Non-criminal justice
prevention strategies along with harm reduction strategies are likely more beneficial.
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While not as prominent a pattern across the analyses, the results also suggest that
arrests for the manufacturing/distribution of synthetic narcotics contributed to lower levels
of EMS-response opioid overdoses in the local community. This is consistent with initial
expectations that criminal justice activities would lead to crime prevention and decreased
drug use and overuse (Braga et al. 2017; Chalfin and McCrary 2017; Nagin 2013). It is
possible that police crackdown on synthetic narcotics’ manufacturing and distribution led
to the disruption of the drug supply chain and distribution network (Eggins et al. 2020;
Holland et al. 2023; Mazerolle et al. 2020) or functioned as related forms of social control,
discouraging current and potential users from acquiring and misusing opioids (Braga et al.
2017; Sampson 1986). It is notable that arrests for synthetic narcotics are the only ones that
consistently functioned as intended at a local level. It is possible that, because they are less
frequent, they contribute less to a sense of harassment in the general population and are
less likely to significantly disrupt networks of support among users.

It is also informative that spatial spillovers contributed to increases in a community’s
total opioid overdose rate, represented by EMS responses to overdoses. This pattern was
consistent across arrests for possession and for the manufacturing/distribution of heroin.
With respect to fatal overdoses, we found detrimental effects from spatial spillovers from
arrests for the possession of opioids and all drug-related arrests (see Appendix Table A7).
Overall, the patterns of spatial spillovers were observed to track closer to the patterns for
local arrests compared to the patterns for socially connected networks, which is more com-
plex and discussed below. The coefficients estimating EMS overdoses were larger in mag-
nitude for spatial spillovers than local effects in the case of heroin possession arrests and
more similar in size for synthetic possession and heroin manufacturing/distribution.

Ecological Network Spillovers

Overall, the results suggest that arrests for the possession or manufacturing/distribution
of opioids can have spillover effects on socially connected communities. These findings
are consistent with the rapidly growing thread of research showing that communities are
not independent islands as assumed for many decades in the neighborhood effects space
(Mears and Bhati 2006; Graif et al. 2014). They highlight the significance of place-to-place
connections through population mobility ties in transmitting other forms of health and
safety risks, such Covid-19 infection risk, STIs, and domestic and sexual violence (Graif
et al. 2021; Kelling et al. 2021; Newmyer et al. 2022; Seto et al. 2022). The results sug-
gest that, just as drug suppliers and consumers or information about drug access can travel
between geographically proximate communities (Telep et al. 2014; Wood et al. 2004),
daily commuting flows also can provide opportunities for drug access and information
about drug misuse to travel between socially connected communities, including those that
are geographically distant from each other. Residents who commute between communities
may serve as bridges, perhaps transmitting drugs but also attitudes and behaviors protect-
ing against drug misuse, or information about law enforcement activities.

The current study advances the literature through a focus on commuting ties. Commut-
ing for work is predominantly prosocial by nature, and thus likely provides a conservative
test of the association between drug arrests and overdoses. Still, commuting flows map
onto different forms of transportation and communication networks between communities,
which facilitate the movement and interactions of people for work as well as non-work rea-
sons, including the movement of drug suppliers and users. Indeed, research has shown that
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people who sell drugs at the street-level often do so concurrently with legitimate employ-
ment (Reuter and MacCoun 1992; Nguyen et al. 2023). The boundaries between prosocial
and antisocial networks can sometimes blur, such as when doctors illegally sell prescrip-
tion opioids or service workers leverage customer relationships to expand their network
of drug clientele (Gershowitz 2020; Novick 2019). While more research is needed on the
underlying mechanisms of risk transmission, such examples can enhance our understand-
ing of how commuting ties can facilitate networks relevant for encouraging or discouraging
drug use between communities that are geographically distant though socially proximate.

Across all models, the findings highlight important heterogeneity in network spillover
effects of arrests on opioid-related overdoses in socially connected communities, show-
ing that social network proximity defined based on commuting mobility enabled at times
the diffusion of opioid overdose risk while, at other times, contributed to prevention. First,
arrests for the possession of opioids and heroin, in particular, contributed to increases in
fatal overdoses in socially connected communities. Like the unintended consequences of
arrests on the EMS-response overdose rate in local and spatially proximate communities,
this finding is consistent with expectations of crime and health risk diffusion across inter-
community networks in space (Graif et al. 2014; Kelling et al. 2021; Levy et al. 2020;
Newmyer et al. 2022; Seto et al. 2022). Similarly, arrests for the manufacturing/distribution
of synthetic narcotics had the unintended consequence of increasing fatal overdose risk in
socially connected communities. In light of the beneficial finding of decreasing the EMS
overdose risk from this type of arrest in local communities, the social spillover perhaps
indicates a phenomenon of displacing fatal opioid overdose risk away from local commu-
nities into socially connected communities (Wood et al. 2004). This is consistent with the
literature on crime displacement which has highlighted concerns that interventions to stop
crime at specific hotspots may displace the crime risk to other places (Telep et al. 2014).

We note that the social spillover relationship that emerged between opioid arrests and
fatal overdoses contrasts with the null local and spatial spillover relationships. It may be
that disrupting the supply and distribution chain across the network leads local users to
look for alternatives in less familiar, more distant places, perhaps relying instead on even
less safe drug sources. The use of less familiar networks may result in fatal overdoses due
to fentanyl contamination of recreational drugs that is more likely when users need to tap
into alternative, less trusted drug supply networks (Cristiano 2022; Hopwood et al. 2020;
Pichini et al. 2018).

Importantly, the findings also showed that arrests in socially connected communities for
the manufacturing/distribution of opioids and heroin, in particular, successfully prevented
local opioid overdoses, as measured by EMS responses. This pattern is consistent with
expectations for the diffusion of health benefits across networks of population mobility,
where law enforcement activities that disrupt the network of opioid supply and distribu-
tion can have ripple effects on socially connected communities (Eggins et al. 2020; Hol-
land et al. 2023; Mazerolle et al. 2020; Telep et al. 2014). As opioid drug suppliers are not
widely distributed across all communities in the city, these findings indicate that cracking
down on specific manufacturing/distribution hot spots may cut off the flow of opioids to
more distant but connected communities. However, this finding does contrast with findings
of detrimental social spillovers for fatal overdoses, which suggests complex social spillo-
vers dependent on the type of opioid being manufactured/distributed as well as the fatality
of the overdose.
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Limitations and Directions for Future Research

The study has several limitations which offer important areas for future research. First, it only
examines community areas in Chicago. Future studies will benefit from reiterating the analy-
ses with spatial units of different sizes and in cities with different histories related to the opi-
oid crisis. It would also be valuable for future research to focus on rural communities as their
specific needs and spillover patterns are likely to differ from urban patterns (Lister et al. 2020).
Second, this study only includes commuting mobility ties to understand connections between
communities. Future research should consider other types of routine mobility that could serve
as ecological bridges between communities to offer a wider view of activities and settings of
possible interpersonal interactions and influence across communities. For example, routine
travel to certain bars can increase access to drugs, while traveling to certain churches or health
organizations can deter people from using drugs. Third, our analysis specifies commuting
flows as a symmetric, dichotomous network. Future research should investigate whether the
directionality of population flows differentially influences social spillover processes. Investi-
gating asymmetrical ties would uncover whether there is variation in the relationship between
arrests and overdoses based on whether spillover processes occur by bringing work-based
exposures home, or if residents bring home-based exposure to their work community. We also
urge scholars to further explore the strength of ties and whether critical thresholds in the vol-
ume of population flows exist for the diffusion of drug use and overdoses.

Fourth, the study is not based on a randomized experimental design, limiting a strict causal
interpretation of the findings. However, it is important to note that the inclusion of covari-
ates helped control for possible time-varying confounders, and using a longitudinal panel
design and fixed effects modeling helped to establish and control away time-invariant factors.
Fifth, while EMS data are likely the best proxy for nonfatal overdoses, we note that given
the increasingly widespread availability of opioid antagonists like Narcan, nonfatal overdoses
that are managed by individuals or peers without contacting emergency services would not be
captured in these data. In the context of illicit markets, those fearing arrests may be reluctant
to call 911." Sixth, due to data limitations, this study utilized residential population counts as
the denominator for rates of overdoses and arrests. Arrests and overdoses within a community
can involve non-residents, which is an important consideration in spatial research (Johnson
et al. 2020). Though our sample is subject to the unknown denominator problem (Morrison
et al. 2020), this study advances prior work by accounting for non-residential exposures due to
population mobility between different areas by including commuting flows. Finally, this study
focused on opioid overdoses as explained by opioid-related arrests. Future studies will benefit
from examining more closely the impacts of overall drug arrests on opioid and other drug
overdoses. Preliminary results presented in Table A7 suggest a significant role for social net-
work spillover, but digging deeper will be important for future research.

Conclusion
This study found that opioid arrests led, more often than not, and especially in the case of

arrest for opioid possession, to increased risk of opioid overdoses. These deleterious effects
were observed within a community as well as across other communities that were spatially

13 We thank a reviewer for this comment.
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proximate or connected through routine population mobility networks. These findings add
to a growing number of studies finding unintended local effects of law enforcement activi-
ties and collateral consequences of criminal justice contacts (Krawczyk et al. 2020; Lim
et al. 2012; Victor et al. 2021; Zhang et al. 2022). The findings advance existing knowledge
by also highlighting that the deleterious impact on health apply beyond individuals (Kopak
et al. 2018; Krawczyk et al. 2020; Lim et al. 2012; Victor et al. 2021), to affect the broader
community (Bohnert et al. 2011b). Importantly, we show for the first time, to our knowl-
edge, that the effects of opioid arrests can spillover beyond geographic proximity (Bohnert
et al. 2011b; Ray et al. 2023; Telep et al. 2014; Wood et al. 2004) to affect overdose risk in
connected communities across the entire city.

The findings underscore the complexity of the opioid epidemic and the limitations of
relying on criminal justice approaches to drug misuse. While some silver linings emerged
from these findings, as for certain opioid arrests the results matched the intended benefi-
cial effects of lowering opioid-related overdoses, more often it was the case that arrests
significantly increased the risk of opioid-related overdoses. This suggests that to effec-
tively combat the opioid epidemic, a comprehensive strategy is needed that combines
law enforcement efforts more targeted on the manufacturing/distribution of opioids with
evidence-based public health interventions targeted at harm reduction, such as expanding
access to medication-assisted treatment. Indeed, the Chicago Department of Public Health
launched programs like the public health vending machine that distributes harm reduction
tools and hygiene kits to communities with high overdose rates, as well as setting up a
helpline for those seeking treatment for opioid use disorder (OUD). The evaluation of such
programs might benefit from a spatial and social network approach.

Overall, the findings have important implications for future research and policy by high-
lighting that intercommunity networks across the city facilitate the transmission of opioid
overdose risk and protections, a phenomenon that remained otherwise hidden when using
standard neighborhood models or spatial models. The results suggest that public health
officials and policymakers must consider the spatial networks of mobility when addressing
the opioid epidemic. Continuing to improve our understanding of the spatial and popula-
tion mobility network dynamics of opioid misuse as well as the potential spillover effects
of interventions will enable policymakers to develop more effective and coordinated
responses to the ongoing opioid crisis. As studies begin to use spatial networks approaches
to build a better understanding of the ripple effects of law enforcement activities or harm
reduction programs on opioid overdoses across population mobility networks, it will ulti-
mately benefit not just the directly affected communities but the entire city at large.
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