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Abstract
Drug-related law enforcement activities may undermine the protective effects of syringe exchange
programs (SEPs) on local injectors’ risk of injection-related infections. We explored the spatial
overlap of drug-related arrest rates and access to SEPs over time (1995-2006) in New York City
health districts, and used multilevel models to investigate the relationship of these two district-
level exposures to the odds of injecting with an unsterile syringe. Districts with better SEP access
had higher arrest rates, and arrest rates undermined SEPs’ protective relationship with unsterile
injecting. Drug-related enforcement strategies targeting drug users should be de-emphasized in
areas surrounding SEPs.
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The presence of syringe exchange programs (SEPs) in US communities has gradually
increased since the early 1990s. Between 1994 and 2009, surveys indicate that the number
of SEPs operating in US communities almost tripled, while the volume of syringes these
programs distributed rose 414%, from 8 million to 33.1 million.(Des Jarlais et al., 2010)
SEPs’ legal status has also advanced: to permit SEPs to operate legally, many US states and
cities have modified laws that require a prescription to acquire or possess a syringe.(Burris
et al., 2010) In 2010, the 21-year ban on spending federal funds to support SEPs was
repealed.(US Congress, 2009) The US “war on drugs”, however, persists: between 1982 and
2007 arrests for drug possession almost tripled, from 538,100 to 1,519,000.(US Federal
Bureau of Investigation, 2010) A large body of research indicates that drug-related law
enforcement activities that target drug users increase vulnerability to HIV and other harms
among drug injectors.(Bluthenthal et al., 1999b; Cooper et al., 2005a; Kerr et al., 2005;
Maher and Dixon, 1999; Miller et al., 2008) Given that they share a target population (i.e.,
injectors of illicit drugs), SEPs and drug-related enforcement activities may often operate in
the same localities. While many researchers and practitioners have noted this possibility,
(e.g., Bluthenthal et al., 1997; Davis et al., 2005; Wood et al., 2003) the spatial overlap of
SEPs and drug-related enforcement efforts in injectors’ microenvironments has rarely been
quantified, and the effects of this overlap on local injectors’ HIV risk behaviors have
received little empirical attention.

The present multilevel longitudinal analyses thus seek to (1) document the spatial overlap of
SEPs and drug-related enforcement activities in small geographic areas in one US city (New
York City) over time (1995-2006); (2) investigate whether exposure to this overlap varies
across racial/ethnic groups of injectors; and (3) examine the combined effects of spatial
access to SEPs and exposure to drug-related enforcement activities on injectors’ risk of HIV
and other injection-related infections over time. The following sections discuss the
theoretical framework guiding these analyses, our conceptualizations of SEPs and drug-
related enforcement activities, and the rationale for considering the interplay of these two
interventions, both overall and across racial/ethnic groups.

Conceptual Framework: The Risk Environment
This analysis is guided by the Risk Environment Model, a framework designed to structure
conceptualizations of the determinants of HIV among drug users. The “risk environment” is
defined as “the space...in which a variety of factors exogenous to the individual interact to
increase the chances of HIV transmission”.(Rhodes et al., 2005, p. 1027) Conversely,
features of “protective” environments reduce vulnerability to HIV transmission. This model
proposes that four main types of influences – physical, social, economic, and policy –
operate at micro and macro levels to shape vulnerability to HIV among users.(Rhodes, 2002;
Rhodes et al., 2005) This model has been widely used in research on the determinants of
HIV and other injection-related infections among drug users.(e.g.,Maas et al., 2007; Ramos
et al., 2009; Strathdee et al., 2008)

Two constructs are particularly salient to our analyses: the “interplay” of features of the risk
environment and “racialized risk environments”. The former is indigenous to the original
formulation of the Risk Environment Model; we have previously discussed the latter as a
possible extension of this model.(Cooper et al., 2009) The Risk Environment Model posits
that features of the risk environment interact with one another, both within and across levels
of influence, and that this interplay shapes the geographic distribution of HIV and other
injection-related harms among injectors.(Rhodes, 2002; Rhodes et al., 2005) The influence
of one feature on HIV risk, for example, may depend on the presence of a second feature.
The concept of “racialized risk environments” has its roots, in part, in Critical Race Theory.
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(Bonilla-Silva, 2001) According to this theory, racialized social systems are “societies that
allocate differential economic, political, social, and even psychological rewards to groups
along racial lines”.(Bonilla-Silva, 2001, p. 44) We have previously proposed that risk
environments are racialized when the presence of a particular protective or harmful feature
varies across geographic areas according to the racial/ethnic composition of the underlying
local population, or of the underlying local injecting population.(Cooper et al., 2009) As
discussed below, these two constructs guided the development of our research questions.

Conceptualizing SEPs and Drug-Related Law Enforcement Activities as
Placed-Based Structural Interventions

Drug-user-focused enforcement strategies and SEPs are among the most well-documented
features of the risk and protective environments, respectively. Multiple studies have found
that drug-related enforcement strategies that target drug users and street level dealers
increase rates of receptive syringe sharing (RSS) and a range of other risk behaviors among
injectors. (Bluthenthal et al., 1999a; Cooper et al., 2005a; Kerr et al., 2005; Maher and
Dixon, 1999; Miller et al., 2008; Pollini et al., 2007; Rhodes et al., 2003) Ecologic research
has found that HIV prevalence is greater among injectors living in geographic areas with
higher drug-related arrest rates.(Friedman et al., 2006) In contrast, a large body of research
has found that consistent SEP participation substantially reduces RSS and HIV incidence.
(Des Jarlais et al., 1996a; Des Jarlais et al., 1996b; Gibson et al., 2002; Gibson et al., 2001;
Ksobiech, 2003; World Health Organization, 2004) In the Risk Environment Model, drug
user-focused enforcement strategies have been conceptualized as a micro-level social
influence, and, in areas where SEPs are legal, spatial access to these programs has been
conceptualized as a micro-level policy influence.(Rhodes, 2009)

Both SEPs and drug-user-focused enforcement strategies can be conceptualized as structural
interventions that exert their strongest effects locally. Structural interventions are
interventions that alter the “context within which health is produced and reproduced”
(Blankenship et al., 2006, p. 59). While SEPs’ effects may be greatest for individuals who
personally attend these programs, they extend beyond program participants to shape the
contexts in which people use drugs.(Bastos and Strathdee, 2000; Des Jarlais, 2000;
Sumartojo, 2000) SEPs increase the flow of sterile syringes into geographic areas, and
remove used syringes from circulation.(Kaplan and Heimer, 1994) SEPs reach non-
participants in at least two ways: through secondary syringe exchange, in which SEP
participants transfer sterile syringes to their network members, and through satellite syringe
exchange, in which SEP participants travel to an underserved area to distribute or sell
syringes to individuals who are outside their network.(Valente et al., 1998) Moreover, by
reducing HIV incidence, and thus (over time) HIV prevalence among local injectors, SEPs
also reduce the likelihood that a single instance of RSS will result in HIV transmission.
(Bastos and Strathdee, 2000; Des Jarlais, 2000; Sumartojo, 2000) As with many healthcare
services, proximity to SEPs shapes utilization patterns: individuals who live near SEPs are
more likely to attend them, and less likely to engage in RSS.(Cooper et al., 2011; Rockwell
et al., 1999; Williams and Metzger, 2010) Given that injectors may be more likely to form
relationships with injectors living near them,(Friedman et al., 1999b) non-participants who
live near SEPs may also be likely to reap the benefits of secondary syringe exchange.

Likewise, police departments design and implement drug-user-focused enforcement
activities as place-based structural interventions. Social geographers have conceptualized
policing (regardless of the target offense) as inherently concerned with controlling public
space.(Fyfe, 1992; Herbert, 1996, 1997) Consonant with this conceptualization, drug-user-
focused interventions are often place-based: their scope is usually geographically bounded
(e.g., limited to a particular precinct or cluster of adjacent precincts), and officers may be
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assigned to monitor specific terrain within these boundaries.(Cooper et al., 2004; Zimmer,
1990) These strategies also seek to alter the contexts in which drug-related activity occurs.
For example, deterrence is a cornerstone of drug-related enforcement, and rests on the
assumption that punishing one individual or group for violating drug-related laws will
discourage others from violating these laws in the future.(Sherman, 1990) Likewise, drug-
user-focused enforcement activities’ effects on HIV risk extend beyond individuals who are
arrested. Injectors living, using drugs, or buying drugs in heavily-policed areas often
implement a range of strategies to minimize their risk of arrest. Some of these strategies –
including not carrying sterile syringes and injecting rapidly – increase their risk of injection-
related harms. (Bluthenthal et al., 1999a; Cooper et al., 2005a; Kerr et al., 2005; Maher and
Dixon, 1999; Miller et al., 2008; Pollini et al., 2007; Rhodes et al., 2003

The Interplay of Drug-Related Enforcement Activities and SEPs
The concept of “interplay” in the Risk Environment model might be particularly salient
when considering SEPs and drug-related enforcement activities targeting drug users: as
noted by several researchers and practitioners, (e.g., Bluthenthal et al., 1997; Davis et al.,
2005; Wood et al., 2003) these two structural interventions may often operate in the same
microenvironments. To facilitate the identification of users and street-level dealers and to
deter drug-related activity, police departments locate user-focused enforcement strategies in
places where people buy and use drugs.(Cooper et al., 2005a; Fyfe, 1992; Moore, 1990)
Likewise, SEPs are most effective at preventing HIV epidemics, and at reversing the course
of existing epidemics, when they are located in or near such places.(UNAIDS, 2006; WHO,
2007) The extent of the spatial overlap of SEPs and drug-user-focused enforcement
activities, however, has rarely been quantified. A recent Vancouver-based study is an
exception: Shannon and colleagues concluded that the street corners and blocks where sex-
working women accessed SEPs and other health services were substantially more likely to
be located within the heavily policed and violent “core” of Vancouver's Downtown East
Side than in its periphery.(Shannon et al., 2008)

Most research on the effects of SEPs and drug-related enforcement activities on HIV risk
behavior among injectors has studied one intervention in isolation from the other. The few
studies that have explored the co-location of these interventions have primarily focused on
the ways that enforcement strategies affect SEP operations and utilization. These studies
have uniformly found that SEP visits decline during police drug crackdowns. (Aitken et al.,
2002; Bluthenthal et al., 1997; Davis et al., 2005; Rhodes et al., 2003; Small et al., 2006;
Wood et al., 2003) Legal SEPs may not buffer the effects of such interventions in some
circumstances: a California-based study found that participants of legal SEPs were more
likely to be arrested on paraphernalia charges than participants of illegal SEPs.(Martinez et
al., 2007) Notably, while some have found that the number of syringes distributed by SEPs
also declines during crackdowns,(Davis et al., 2005; Hammett et al., 2005; Wood et al.,
2003) others have found that this number remains constant or even increases.(Aitken et al.,
2002; Wood et al., 2004) Research on enforcement and SEP utilization has thus not yet
determined whether impaired SEP operations affect a key outcome: local injectors’ ability to
inject with sterile syringes.

Additionally, the effects of the spatial overlap between SEPs and drug-related enforcement
activities may extend beyond impaired SEP operations and possible reductions in syringe
flow from SEPs. For example, to avert detection as a drug user during a police stop and
search, injectors may hesitate to carry syringes when they travel to their injection site;
(Cooper et al., 2005a; Grund et al., 1995) in heavily-policed contexts, even individuals who
have acquired syringes through SEPs may thus not have a syringe with them when they
inject.
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Racialized Risk Environments
The geographic distributions of both user-focused drug enforcement activities and SEPs may
be racialized. In the USA, user-focused drug enforcement activities are likely to be located
in microenvironments that are predominately Black or Latino and impoverished.(Beckett et
al., 2006; Cooper et al., 2005b; Tonry, 1994) Likewise, given the high prevalence of HIV
among these racial/ethnic groups of injectors,(Des Jarlais et al., 2009; Friedman et al.,
1999a) SEPs may try to locate sites in places that Black and Latino injectors can access
easily. Black and Latino injectors may thus be particularly likely to contend with the
interplay of SEPs and drug-user-focused enforcement activities. Potentially testifying to the
racialization of this spatial overlap, SEPs serving higher proportions of injectors of color are
more likely to report frequent client arrest.(Beletsky et al., 2011)

Research Questions
New York City (NYC) was selected as the site for the present study in part because it has
experienced considerable variations in SEP presence and user-focused drug-related
enforcement. In 1992, New York State began permitting select SEPs to operate legally, and
spatial access to SEP sites increased thereafter.(Cooper et al., 2011; The New York State
AIDS Advisory Council, 2005) The NYC mayor implemented an increasingly intensive
“zero tolerance” policy on illicit drugs between 1995-2001,(Cooper et al., 2005b; Greene,
1999) a policy that the subsequent mayor de-emphasized.

The present longitudinal multilevel analyses investigate the possibility of the interplay and
racialization of two features of the risk and protective environment, namely user-focused
drug enforcement activities and SEP access, and explore their combined impact on local
injectors’ risk of HIV and other injection-related infections. Specifically, we:

1. document variations in the spatial overlap of drug-related enforcement activities
and SEP access in NYC health districts over time (1995-2006);

2. investigate whether exposure to this overlap varies across racial/ethnic groups of
injectors; and

3. examine the combined effects of drug-related enforcement activities and SEP
access on injectors’ risk behaviors over time.

Methods
Overview and Units of Analysis

The geospatial units of analysis in this study were NYC's 42 health districts. Each health
district contains 3-9 adjacent ZIP code areas with similar sociodemographic characteristics.
(United Hospital Fund, 2005) The median district population size in 1995 was 179,189
(range: 28,739 to 428,867). Administrative data were used to operationalize district-level
constructs (e.g., spatial access to SEPs) for each year of the study period.

While Research Question 1 pertains only to district-level constructs, Research Questions 2
and 3 pertain to district-level and individual-level constructs. To explore these two
questions, we combined district-level data with individual-level data drawn from the “Risk
Factors for AIDS among Intravenous Drug Users” study (DA003574, Principal Investigator:
Des Jarlais). As discussed in detail elsewhere,(Des Jarlais et al., 2007) the Risk Factors
study is a series of cross-sectional surveys of injectors and non-injection drug users entering
a large detoxification program in NYC. Approximately 96% of the people approached
annually participate.(Des Jarlais et al., 2004) Risk Factors participants were included in the
present sample if they were surveyed between 1995-2006, had injected in the prior 6
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months, and reported a NYC ZIP code; homeless people were assigned the ZIP code where
they slept most. 4,067 people met these criteria. We combined annual cross-sectional Risk
Factors data for 1995-2006, thereby creating a three-level database in which each Risk
Factors participant was nested within time, and time was nested in districts.

Variables
District-Level Constructs
Spatial access to SEPs: Our measure of SEP access captured the percent of each district's
surface area within one mile of an SEP site. This measure has been described in detail
elsewhere,(Cooper et al., 2011) and so we review it briefly here. For each year of the study
period, we created a digital point map of SEP sites by geocoding the addresses of all legal
SEPs operating in NYC and within one mile of NYC's borders; all SEP modalities were
included (e.g., van stops, walkabout stops, storefronts). Eighty legal sites operated in this
area between 1995-2006; all sites were geocoded to their street address or nearest
intersection. Next, we overlaid a street network map onto each year's SEP site map, and
created a walking distance buffer around each site that extended one mile from the site along
local streets (excluding major highways). A one-mile buffer was selected because past
research indicates that injectors will travel ≤1 mile to reach an SEP, (Hutchinson et al.,
2000); additionally past research suggests that injectors in districts with a higher proportion
of their surface area with one mile of an SEP are less likely to inject with unsterile syringes.
(Cooper et al., 2011) Finally, for each year of the study period we calculated the percentage
of each district's surface area that was covered by at least one SEP's buffer.

Drug-related arrest rates: Arrest rates per 1000 adult residents were calculated by dividing
the number of drug-related arrests occurring in each district and year by the number of
adults living in that district that year; the result was multiplied by 1000. Data on drug-related
arrests were obtained from the NYS Division of Criminal Justice Statistics, and included all
arrests in which at least one charge concerned the possession of illegal drugs for personal
use or drug paraphernalia. Arrests were reported for police precincts, and not health districts.
We allocated arrests from precincts to districts according to the percent of each precinct's
surface areas that lay within each district. Data on adult population size (aged 15-64) were
drawn from the US decennial 1990 and 2000 censuses. Data were reported for census tracts
rather than districts. We allocated tract-level population counts for 1990 and 2000 to health
districts using the methods described for arrests. Annual district-level population counts
were calculated for 1995-1999 and 2001-2006 assuming linear change over time.

Spatial access to pharmacies selling syringes over the counter (OTC): In 2001, New
York State (NYS) initiated a demonstration project that allowed pharmacies to sell ≤10
syringes without a prescription, provided that they registered with the NYS Department of
Health.(New York State Department of Health AIDS Institute, 2008) Registration in ESAP
was voluntary for pharmacies. (New York State Department of Health AIDS Institute, 2008)
Past research suggests that injectors who live in districts with better spatial access to OTC
pharmacies are less likely to inject with unsterile syringes.(Cooper et al., 2011) To measure
spatial access to OTC pharmacies, we followed the same steps that were applied to calculate
SEP access. For each year between 2001-2006, we obtained the census of registered
pharmacies (N=1316 over the study period) from the NYS Department of Health, and used
these data to create annual measures of OTC access; 97% of the pharmacies were geocoded
to their nearest street address or intersection.”

Local poverty rates may confound the relationship of our focal features of the risk
environment to our outcomes. We assessed whether each district would qualify as a federal
poverty area using decennial census data. This dichotomous variable captured whether or
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not >20% of households were at or below the federal poverty line.(U.S. Census Bureau,
1995)

Temporal Constructs
Time was operationalized in two ways. Study year was expressed as a continuous variable
that ranged from 0 in 1995 to 11 in 2006. “OTC Time” was a continuous variable that
captured the number of years that had elapsed since 2001.

Individual-Level Constructs
Individual-Level Covariates: To explore Research Question 2, which concerns racialized
risk environments, we drew individual-level data on injector race/ethnicity from the Risk
Factors database. For Research Question 3, which concerns the relationships of SEP access
and drug-related arrest rates to unsterile injecting and distributive syringe sharing (DSS), we
used Risk Factors data to measure potential confounders and effect modifiers. We identified
potential individual-level confounders in two ways: (a) a literature review that identified
factors that were associated with the exposure and the outcome, but unlikely to be
mediators, and (b) analyses of temporal changes in the Risk Factors cohort; we sought to
control for compositional changes that might be associated with the outcome. Possible
confounders included injection frequency, years since first injection, sexual orientation, and
age. Race/ethnicity, gender, self-reported HIV serostatus, and homelessness were treated as
possible effect modifiers. All covariates were binary except years since first injection, which
was continuous.

Individual-Level Outcomes: To explore Research Question 3, we used Risk Factors data to
assess individual-level outcomes. We operationalized “injecting with an unsterile syringe” (a
construct that includes both RSS and personal re-use of a syringe) as an ordinal outcome
with three levels: injecting with a sterile syringe in ≤25% of injection events during the past
six months; in 26%-74% of injection events; and in ≥75% of injection events. This measure
reflects public health guidelines to use a new sterile syringe for each injection.(Centers for
Disease Control and Prevention et al., 1997) RSS has well-established links to HIV and
HCV transmission(Normand et al., 1995; Villano et al., 1997); personal syringe re-use may
increase the risk of endocarditis, abscesses, and cellulitis.(Murphy et al., 2001; Vlahov et al.,
1992) The outcome variable thus captures the extent to which injectors are able to follow
public health guidelines designed to prevent these and other infections. DSS was a binary
variable that captured whether the participant had given or lent someone a used syringe
during the past six months.

Analyses
We used exploratory data analysis and hierarchical linear models (HLM) to investigate
Research Question 1, which concerns the spatial overlap of district-level drug-related arrest
rates and SEP access. We first charted temporal trajectories of drug-related arrest rates by
three categories of SEP access (i.e., some SEP access during each year of the study period;
no SEP access at baseline, but some access during at least one year of the study period; and
no SEP access during any year of the study period). We then used two-level HLM methods
in which study year was nested in districts to model the relationship of SEP access to drug-
related arrest rates.

To explore Research Question 2, which pertains to racialized risk environments, we first
identified districts in the highest quartile of drug-related arrest rates, of SEP access, and of
both these exposures for each year of the study period. We then conducted chi-square tests
for each year of the study period that compared the odds that Black and Latino injectors vs.
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White injectors lived in districts that had elevated drug-related arrest rates, high SEP access,
and the combination of high arrest rates and high SEP access.

To investigate Research Question 3, which concerns the relationship of SEP access and
arrest rates to injecting with an unsterile syringe and DSS, we first explored temporal trends
in the cumulative log odds of injecting with an unsterile syringe (and the log odds of DSS)
using growth curve models that controlled for compositional changes in the Risk Factors
sample over time. We then applied three-level hierarchical generalized linear models
(HGLM) to investigate the relationships of district-level drug-related arrest rates and SEP
access to each individual-level outcome.(Raudenbush and Bryk, 2002) We investigated
random effects, lagged and non-linear relationships between these two exposures and each
outcome, and intra-level and cross-level interactions. Because Type II errors are likely when
testing interaction effects in non-experimental designs, interactions were deemed significant
when p<0.10.(Busemeyer and Jones, 1983; McClelland and Judd, 1993) This cut-point has
been increasingly used in research on the social determinants of health.(e.g., Chae et al.,
2010; Chae et al., 2008; Cooper, 2010; Shields et al., 2008; Wei et al., 2008) SEP access and
OTC pharmacy access were logged to linearize their relationships to each outcome. We
selected optimal models using likelihood ratio tests, visual displays of data, and relevant
literature.(Raudenbush and Bryk, 2002; Singer and Willett, 2003) Individual-level
continuous variables were mean-centered. Time-varying continuous variables were centered
at their initial value.(Raudenbush and Bryk, 2002; Singer and Willett, 2003) Since no
districts had arrest rates of zero in 1995, we constructed the baseline drug-related arrest rate
variable so that it equaled zero when arrest rates were at their lowest. Study year and district
were treated as random variables. The optimal covariance structure for time-varying
observations was autoregressive; the optimal covariance structure was unstructured for
district-level observations. Analyses were conducted in SAS 9.2 and ArcInfo 9.3.(ESRI,
2006; SAS Institute, 2008)

Results
Approximately 80% of the Risk Factors participants included in these analyses were men
(Table 1). Half the participants were Latino, 21% were African-American/Black, and 28%
were White or of another race. In the six months preceding the interview, slightly less than
half of the participants reported that they had injected with a sterile syringe ≤25% of the
time and one quarter reported engaging in DSS.

District-level drug-related arrest rates first rose and then fell between 1995-2006. The
median drug-related arrest rate in 1995 was 8.75 arrests/1000 residents. This rate increased
by 62% to 14.18/1000 in 2000, and then declined by 47% to 7.46 in 2006 (Figure 1a). The
25th and 75th percentiles followed roughly similar trajectories, although at different scales.

Twenty-three districts had no SEP within 1.00 mile in 1995, and nine had no SEP access
throughout the study period. Across the 42 health districts, the median percent of district
surface area within a mile of an SEP increased from 0% in 1995 to 6.75% in 2001, remained
static between 2001-2004, and then increased by 43% to 10.00% in 2005 (Figure 1b). The
75th percentile increased more than sixfold between 1995 and 2001, from 7.34% to 45.53%;
after declining between 2002 and 2005, the 75th percentile returned to its 2001 value in 2006
(48.81%).

Research Question 1: Spatial Overlap of SEPs and User-Focused Drug Enforcement
Analyses indicate that drug-related arrest rates were higher in districts that had better SEP
access. In the nine districts that had no SEP access throughout the study period, median
drug-related arrest rates were low and relatively stable over time, ranging from 2.96-7.07
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arrests/1000 residents (Figure 1c). In the 14 districts that had no SEP access in 1995 but later
gained access to such programs, median arrest rates were slightly higher and fluctuated
between 5.70-14.36/1000 residents over time. Median arrest rates were substantially higher
in the remaining districts, and ranged from 9.74-27.16/1000

The statistical model designed to explore the relationship of drug-related arrests to SEP
access indicates that the average drug-related arrest rate in 1995 was 8.35 arrests/1000 adult
residents in districts that had no spatial access to an SEP (p<0.0001; Table 2). On average at
baseline, a one-unit difference in logged SEP access across districts was positively
associated with a difference of 5.38 drug-related arrests/1000 residents (p<0.0001), though
this variable's interaction with study year indicates that this relationship declined over time.
Turning to time-dependent findings, on average a one-unit increase in logged SEP access
over time was associated with an increase of 11.18 arrests/1000 residents (p<0.0001); the
magnitude of this relationship declined over time.

Research Question 2: Racialized Risk Environments
Figure 2 depicts the odds that Black and Latino injectors vs. White injectors lived in a health
district that was in the highest quartile for SEP access, drug-related arrest rates, or both
(Black and Latino injectors were collapsed into one group because they were similarly
distributed across districts). Over the course of the study period, Black and Latino injectors
were between 2.50 and 9.03 times more likely to live in a health district that had a high
arrest rate (median OR across time: 3.35). Annual odds ratios peaked in 2001 at 9.03, when
arrest rates were at their highest in the city, and seem to rise toward the end of the study
period. Racial/ethnic differences in the odds of living in a health district with high SEP
access were less striking: odds ratios ranged from 1.00 to 3.88 (median OR across time:
2.06), and did not attain statistical significance in three years of the study period. Black and
Latino injectors were between 1.00 and 6.86 times more likely than White injectors to live in
a health district that had both high arrest rates and high SEP access (median OR across time:
2.68). Odds ratios peaked in 2001 and in 2005 at 6.86 and 6.82, respectively.

Research Question 3: Relationship of SEPs and User-Focused Drug Enforcement to Local
Injectors’ Risk Behavior

Growth curve models (GCMs) indicate that at baseline 50% of participants reported
injecting with a sterile syringe during ≤25% of injection events in the past six months (Table
3); 21% of participants injected with a sterile syringe between 26% and 74% of injection
events during that period.1 (Note: The magnitude and direction of relationships between our
primary predictors and the ordinal values for this outcome are identical; hereafter we
therefore discuss results in terms of injecting with a sterile syringe ≤25% of the time). The
optimal GCM contained coefficients for the interaction of year and time since OTC
pharmacy sales were legalized. Specifically, the odds of injecting with a sterile syringe
≤25% of the time increased 10% annually on average until 2001 (AOR=1.10, p=0.0003).
With the onset of OTC syringe sales in 2001, this trend reversed course (AOR=0.96,
p=0.003).

In the full explanatory model, the interaction between drug-related arrest rates in 1995 and
SEP access in 1995 was statistically significant, indicating that the relationship of one
district-level exposure to the odds of injecting with an unsterile syringe depended on the
other district-level exposure. Specifically, within the 23 districts that had no SEP access in
1995, a difference across districts of 10 arrests per 1000 residents at baseline was positively

1The probability of RSS at baseline was calculated as follows: 1/(1+ exponent(-intercept)). When intercepts were not statistically
significant, they were entered into this formula as 0.00.
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associated with a 13% difference in the odds of rarely injecting with a sterile syringe on
average (AOR=1.13; p=0.092). In districts that had low drug-related arrest rates in 1995, we
find that a one-unit difference in the log of SEP access across districts at baseline was
negatively related to a 7% difference in this outcome on average (AOR=0.93, p=0.05). In
districts that had both SEP access and higher drug-related arrest rates in 1995, higher drug-
related arrest rates appear to erode local SEPs’ protective effects on sterile syringe use, and
vice versa (AOR=0.96; p=0.07). The relationship between subsequent increases in SEP
access over time and the odds of rarely injecting with a sterile syringe was not statistically
significant, nor was the relationship between changes in drug-related arrest rates over time
to this outcome.

As we have found in previous analyses(Cooper et al., 2011), injectors living in districts with
better spatial access to OTC pharmacies were less likely to inject with unsterile syringes.
Specifically, a one-unit increase in the log of OTC pharmacy access was associated with an
18% decline in the odds of rarely injecting with a sterile syringe (AOR=0.82; p<0.0001).

GCM analyses indicate that at baseline 72% of participants on average reported DSS at least
once in the past 6 months. On average across districts the odds of reporting DSS decreased
linearly over time by 8% annually (AOR= 0.92; p<0.0001). The full model contained no
interaction between arrest rates and SEP access. The relationship between baseline SEP
access and DSS attained borderline significance (p=0.09), and suggests a trend in which a
one-unit difference in logged SEP access across districts at baseline is negatively associated
with a 5% difference in the odds of engaging in DSS. Subsequent increases in SEP access
over time were unrelated to DSS, and drug-related arrest rates were not associated with
DSS.

Discussion
Our analyses found considerable spatial overlap between SEP access and drug-related arrest
rates in NYC health districts, and indicate that this spatial overlap – an overlap that Black
and Latino injectors are considerably more likely than White injectors to experience in the
districts where they live – has consequences for local injectors’ injection practices. Districts
with better SEP access at baseline had higher drug-related arrests, and districts that
experienced increases in SEP access over time also experienced increases in arrest rates over
time, though the magnitude of this relationship decayed as time passed. The spatial overlap
of these two features of the risk and protective environment likely reflects their shared target
population and target behaviors. SEPs may have been established in high-need locations,
and police drug crackdowns (a user-focused drug strategy implemented by the NYC Police
Department from 1994-2001) targeted geographic areas with high drug activity. The
temporal decay that we found in the strength of the relationship between district-level SEP
access and arrest rates likely reflects diverging trajectories of these two structural
interventions in the city over the study period: spatial access to legal SEPs rose throughout
the study period, an increase that may have been driven by grassroots advocacy, growing
local acceptance of SEPs, and improved funding in the wake of the 1992 state policy change
that permitted select SEPs to operate. (Tempalski, 2007; Tempalski et al., 2008; Tempalski
et al., 2007) In contrast, drug-related arrest rates began to fall in 2002 when Mayor Giuliani,
the architect of NYC's user-focused enforcement strategies, stepped down. (N.B., violent
crime rates continued to fall, even after the de-escalation of drug-related enforcement.(FBI
Uniform Crime Reports, 2011))

2As discussed in the methods section, we have used p<0.10 as our cutpoint for statistical significance when considering interactions of
two geospatial exposures.
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Our analyses suggest that this spatial overlap eroded the relationship between SEP access
and safer injection practices. In districts with low drug-related arrest rates in 1995, SEPs
were associated with lower rates of unsterile injecting among local residents. Where SEP
access was accompanied by higher drug-related arrest rates, however, SEPs’ protective
effects were attenuated. As discussed above, several mechanisms may have weakened this
relationship. User-focused enforcement activities can reduce SEP utilization, and possibly
also the number of syringes that SEPs distribute.(Aitken et al., 2002; Bluthenthal et al.,
1997; Davis et al., 2005; Hammett et al., 2005; Rhodes et al., 2003; Small et al., 2006;
Wood et al., 2003) Intensive user-focused enforcement activities can also profoundly affect
local injecting communities and injectors’ drug use patterns. Injectors living in areas with
high drug-related arrest rates may experience substantial turnover in their injecting
networks, as network members cycle through jail and prison. This turnover may disrupt
secondary syringe exchange activities. Additionally, injectors operating in heavily-policed
circumstances develop strategies that may increase HIV risk. These include not carrying
syringes to avoid detection as a user, (Bourgois et al., 1997; Cooper et al., 2005a; Maher and
Dixon, 1999) and trying to minimize contact with one another in public spaces.(Cooper et
al., 2005a) Minimizing contact with other injectors may reduce their risk of arrest, but may
also curtail injectors’ ability to circulate sterile syringes. We note that it is also possible that
the resulting reduced contact among injectors may have diminished opportunities for group
injecting, and thus have reduced HIV transmission.

Our analyses suggest that SEP access and drug-related arrest rates are deeply racialized
features of risk and protective environments. While Black and Latino injectors had better
odds of living in districts with high SEP access than White injectors, they also had greater
odds of living in districts with high drug-related arrest rates, and of living in districts where
both of these features were particularly prominent. We note that the magnitudes of the odds
ratios suggest that spatial access to SEPs, a protective feature, was more evenly distributed
across racial/ethnic groups of injectors than arrest rates, a harmful feature. When integrated
with our findings about the combined effects of SEPs and drug-related arrest rates on
injection practices, our results collectively suggest that this particular racialization of the risk
and protective environment may undermine SEPs’ ability to reduce longstanding racial/
ethnic disparities in injection-related harms.(Des Jarlais et al., 2009; Friedman et al., 1999a)

We found no statistically significant relationship between changes in SEP access or drug-
related arrest rates over time and injecting with an unsterile syringe. This absence of a
relationship may be a function of limited statistical power: it is often difficult to detect
relationships between changes in time-varying predictors and outcomes.(Basagañaa and
Spiegelman, 2009) While we analyzed data from >4000 injectors, participants were
distributed across 12 years and 42 districts in this serial cross-sectional study.

In this sample, DSS was unrelated to drug-related arrest rates and had a marginally
significant relationship to SEP access. Possibly – and consonant with studies of other
samples of injectors (Cooper et al., 2005a; Maher and Dixon, 1999; Small et al., 2006)–
Risk Factors participants living in high-arrest districts rapidly discarded their syringes in
public spaces after using them; while others may have retrieved (and used) these discarded
syringes, these participants would not have reported this inadvertent syringe transfer as
“DSS” (though recipients would report injecting with a used syringe). SEPs reduce DSS
among their participants.(Golub et al., 2007; Ouellet et al., 2004; Vlahov et al., 1997) While
our analysis found a trend toward a protective relationship between SEP access and DSS, it
was not statistically significant. Unlike our unsterile injecting variable (which was ordinal),
DSS was operationalized as a dichotomous variable, and thus might have been insufficiently
sensitive to capture variations in this behavior across time and space.
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These findings must be considered in light of four possible limitations. First, spatial access
to SEP sites does not necessarily parallel access to sterile syringes acquired from an SEP. A
portion of sterile syringes acquired from SEPs are redistributed to other districts via satellite
and secondary exchanges, and by injectors who travel (perhaps via public transportation)
across district boundaries to acquire syringes from SEPs for personal use. Given that the
overall direction of this redistribution is most likely from districts with SEP access to
districts with poor or no SEP access, this redistribution likely biases relationships between
SEP access and unsterile injecting (and DSS) to the null. Possibly further driving these
relationships to the null, illegal SEPs may tend to be located in districts with poor spatial
access to legal SEPs. Additionally, SEP sites vary in the number of syringes they distribute
annually. Though we are developing a measure that includes the volume of syringes
distributed by each site, the present measure simply assessed spatial access to an SEP site.

Second, we might not have controlled for all relevant compositional changes in the Risk
Factors sample. Residual confounding might conflate changes in the sample's composition
over time with temporal changes in the outcomes, or in focal predictors’ relationships to the
outcomes.

Third, the Risk Factors sample is not randomly drawn from the underlying population of
NYC injectors. The extent to which our findings can be generalized to this underlying
population is unknown, though our results are consonant with a large body of research on
SEPs, drug-related enforcement activities, and injectors’ risk behaviors.

Finally, we may have misclassified exposure to district-level constructs for some injectors.
Health districts do not necessarily reflect injectors’ subjective neighborhoods. Additionally,
injectors may use drugs, and access drugs and injection paraphernalia, outside of the district
where they live. We did not gather data on the locations of these activities.

In summary, our analyses identified a high level of geospatial overlap between SEP access
and drug-related arrests in NYC health districts, an overlap that Black and Latino injectors
are more likely to experience than White injectors. The co-location of SEPs and drug-related
arrests appears to undermine SEPs’ effectiveness at reducing unsterile injecting. These
findings have implications for both research and policy. The Risk Environment Model calls
attention to the possibility that dimensions of the risk and protective environment may
interact with one another to shape injectors’ vulnerability to HIV.(Rhodes et al., 2005)
Empirical research, however, rarely explores this interplay, despite the likely co-location of
several place-based features of the risk and protective environment. Our results testify to the
importance of exploring this interplay, both in research on SEPs and arrests and more
broadly. They also testify generally to the utility of conceptualizing harm reduction efforts
(and drug-related enforcement efforts) as structural, place-based phenomena.(Cooper et al.,
2008; Tempalski and McQuie, 2009)

Additionally, our findings contribute to the large body of research that suggests that user-
focused law enforcement activities should be de-emphasized in the microenvironments
surrounding SEPs. As others have found (Aitken et al., 2002; Bluthenthal et al., 1997; Davis
et al., 2005; Rhodes et al., 2003; Small et al., 2006; Wood et al., 2003), these efforts impair
SEP operations. They also appear to undermine these programs’ capacity to support
injectors’ harm reduction practices.
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Highlights

• Areas with more spatial access to syringe exchange programs have more drug
arrests

• Drug-related arrests damage SEPs’ protective effects on injectors’ HIV risk

• Enforcement efforts targeting drug users should be scaled back in areas around
SEPs
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Figure 1a.
Median and Interquartile Range of Drug-Related Arrest Rates Per 1000 Adults in New York
City Health Districts Over Time (1995-2006)
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Figure 1b.
Median and Interquartile Range of Spatial Access to Syringe Exchange Programs (SEPs) in
New York City Health Districts Over Time (1995-2006)
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Figure 1c.
Drug-Related Arrest Rates per 10,000 Adults in New York City Health Districts
(1995-2006), Classed by District-Level SEP Access
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Figure 2.
Odds of Living in an NYC Health District with High SEP Access, Drug-Related Arrest
Rates, or Both for Black/Latino Injectors vs. White Injectors (Odds Ratios that are not
statistically significant were set to equal 1.00)
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Table 1

Select sociodemographic characteristics and injection practices of individual injectors in the sample (N=4,067)

Characteristics of Individual Injectors No. (%) or Median (Range)

Gender

    Woman 846 (20.80%)

    Man 3,221 (79.20%)

Race/ethnicity

    Latino/a (regardless of race) 2,005 (50.31%)

    Non-Hispanic Black/African-American 848 (20.85%)

    Non-Hispanic White and Other
3 1,132 (27.83%)

Age 38 (18, 75)

Heterosexual 3,628 (89.21%)

Homeless 1,374 (33.78%)

HIV positive (self-report) 463 (11.38%)

Years since started injecting 14 (0, 52)

Injected ≥4 times a day in the last 6 mo 1,736 (42.69%)

Injected with a sterile syringe in the last 6 mo

    ≤ 25% of injection events 1939 (47.68%)

        26% - 74% of injection events 768 (18.88%)

    ≥ 75% of injection events 1,360 (33.44%)

Gave a used syringe to someone in the last 6 mo 1,044 (25.67%)

3
Only 87 people reported that they were not Latino/Hispanic, White or African-American/Black during the study period. These individuals were

grouped with non-Hispanic White individuals in analyses because their risk profile most closely matched those of this racial/ethnic group.
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Table 2

Regression of Spatial Access to Syringe Exchange Programs (SEPs) on Drug-Related Arrest Rates per 1000
Residents in New York City's 42 Health Districts Over Time (1995-2006)

Variable Estimate p-value

Intercept 8.35 <0.0001

Time
4 2.76 <0.0001

Time-Squared -0.10 0.008

Log of SEP Access in 1995 5.38 <0.0001

Log SEP Access in 1995 * Time -0.24 0.0007

Log of the Change in SEP Access Since 1995 11.18 <0.0001

Log of the Change in SEP Access Since 1995 * Time -0.73 0.0007

4
Number of years since study period began.
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