
Magdalena et al. Harm Reduction Journal           (2025) 22:76  
https://doi.org/10.1186/s12954-025-01211-1

METHODOLOGY

Study assessing the effectiveness 
of overdose prevention centers 
through research (SAFER): an overview 
of the study protocol
Cerdá Magdalena1*   , L. Allen Bennett1, B. Collins Alexandra2,3, N. Behrends Czarina4, Santacatterina Michele5, 
Jent Victoria1 and D. L. Marshall Brandon3 

Abstract 

More than one million people have died from drug overdose in the United States in the past 20 years. The overdose crisis 
started in the late 1990s with the proliferation of overdoses involving prescription opioids, transitioned to heroin-involved 
overdoses in 2010, and is currently driven by illegally manufactured synthetic opioids such as fentanyl. In response to this 
crisis, New York City implemented two publicly recognized overdose prevention centers (OPCs) in the nation in November 
2021. Rhode Island became the first US state to authorize OPCs through state legislation and will open a site in Fall 2024. We 
are conducting a rigorous, multi-site, multi-component evaluation of OPCs in New York City and Rhode Island. At the indi-
vidual level, we assess whether a cohort of 500 persons utilizing OPCs experience lower rates of overdose, other health 
problems (e.g., hepatitis C, skin infections), and emergency department use, and a higher rate of substance use treatment 
initiation, compared to a cohort of 500 persons who use drugs but do not utilize OPCs. At the community level, we examine 
whether neighborhoods surrounding the OPCs experience a greater change in overdose, measures of drug-related public 
disorder, and acute economic conditions following the opening of OPCs, compared to neighborhoods with no OPCs. Third, 
we delve into the role that the operational context, including neighborhood location, program models, and operating 
procedures, plays in shaping the effectiveness of OPCs using qualitative and ethnographic approaches. Fourth, we estimate 
the costs and cost savings associated with starting up and operating OPCs. In this paper, we: (1) present the study design 
and harm reduction framework which is used to evaluate the impact of OPCs in New York City and Rhode Island; (2) share 
the types of assessment instruments and data sources used to measure changes at the individual and community level; 
and (3) discuss the strengths and limitations associated with the planned approach to evaluate the health and community 
effects of OPCs.
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Introduction
More than 100,000 people died of an overdose in 2022 
in the United States. The age-adjusted rate of overdose 
deaths almost quadrupled from 2002 to 2022, making 
overdoses one of the leading causes of injury death in 
adults. [1] Fentanyl and other illegally manufactured 
synthetic opioids drive overdoses and have contributed 
to historically high levels of death from overdose since 
2014, starting in the East Coast and shifting to the West 
Coast in more recent years. This crisis has coincided 
with rapidly rising rates of hepatitis C virus infection, 
HIV outbreaks, and other sequelae of unsterile drug use. 
[2–4] The economic cost of the crisis exceeds $1 trillion 
annually. [5]

Persistently high levels of overdose in the United States 
have led to a call for new solutions. Overdose prevention 
centers (OPCs) have been proposed as a strategy to 
reduce drug-related harms in the context of a volatile 
illegal market dominated by highly lethal products. 
OPCs (also known as supervised consumption sites, 
safe injection facilities, drug consumption rooms, or 
harm reduction centers) are community-based facilities 
at which clients consume pre-obtained controlled 
substances under the supervision of personnel trained 
to intervene in the event of an overdose. [6] In most 
countries, OPCs resemble community health clinics, with 
booths that permit supervision by trained personnel. 
OPC staff also provide education about safer drug 
consumption practices, access to sterile supplies, referrals 
to other treatment, health, and recovery services. While 
OPCs have long been in operation in other countries, no 
publicly recognized OPCs existed in the United States 
before 2021. In July 2021, Rhode Island (RI) became the 
first state to authorize OPCs through legislation; the first 
OPC service will open in Fall 2024. [7] In November 
2021, the first two publicly recognized OPCs in the US 
opened in New York City (NYC). [8–10]

Prior research from other countries suggests that 
OPCs have a variety of positive individual health and 
community-level outcomes. [11–15] The first sanctioned 
OPC opened in Switzerland in 1986, (16) and there are 
now > 200 sites in operation in 15 countries. [16] A 
study conducted in Vancouver showed that community 
overdose mortality decreased by 35% after the opening 
of an OPC, [17] while a study conducted in Toronto 
found a 67% reduction in the overdose mortality rate 
in neighborhoods after the opening of OPCs. [18] In 
Australia, emergency calls for suspected opioid overdoses 
declined significantly in the vicinity of an OPC after it 
opened. [19] Frequent OPC use has been associated with 
higher substance use disorder treatment initiation and 
uptake of other health and social services. [20–22] In 
France, OPC use was associated with a lower incidence of 

overdoses, abscesses, and emergency department visits, 
[23] resulting in 5–6 million euros of cost savings. [24] 
In the US, an evaluation of an unsanctioned OPC found 
that use of the site was associated with reduced syringe 
sharing, [25] fewer emergency room visits, [26] and 
improved syringe disposal. [25]

Despite this volume of evidence, there remain several 
critical unresolved questions pertinent to sanctioned 
OPC implementation in the US. First, as noted in a 
recent systematic review, [13] the majority of OPC 
research has involved sites located in Canada, France 
and Australia, which differ substantially from the 
US context. Domestic research is urgently needed, 
particularly in the era of unprecedented overdose 
rates driven by the fentanyl crisis. [27, 28] Moreover, 
differences in local drug markets, racialized policing 
practices, healthcare policy, wrap-around services, 
and the types of OPC service delivery models adopted 
may modify the effectiveness of OPCs relative to other 
countries, and thus warrant additional study. Second, 
while studies of the unauthorized US site are promising, 
its clandestine nature limits its scope of operations (and 
thus its impact). [29] Hence, the impact of sanctioned 
OPCs (serving a much larger and more diverse client 
population) on neighborhood-level outcomes warrants 
further study. Third, there are few, if any, comparative 
investigations of different OPC models, [30] despite 
facilities varying substantially in structure, cost, service 
provision, and scope. [16] Fourth, while a small number 
of cost-effectiveness analyses have been conducted for 
operational OPCs in other countries and for hypothetical 
OPCs in the US, [24, 31] almost all of these studies rely 
on programmatic cost estimates from a single OPC in 
Vancouver, Canada, and focus on HIV infections averted 
as the main outcome.

The planned and currently operational OPCs in NYC 
and RI offer an opportunity to address these gaps in 
our understanding of the effectiveness of OPCs in the 
United States. The two sites offer several interesting 
sources of contrast. First, they differ in the type of 
model adopted. OPCs in NYC follow two models: 1) 
medically supervised, in which licensed clinical staff are 
present to supervise overdose interventions and facilitate 
connections to care; and 2) peer supervised, in which 
trained peers are present to intervene in overdoses and 
refer clients to supportive services. In contrast, all OPCs 
in RI will follow the medically supervised model, and 
are required under state regulations to offer services for 
inhalation of controlled substances. [32] Second, the type 
of service setting in which OPCs are being implemented 
differs between the two jurisdictions. NYC OPCs are 
co-located in syringe service programs (SSPs), which 
provide a range of low-threshold health services (e.g., 
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safer drug use supplies, HIV and hepatitis C testing, 
treatment referrals, clothing, nutrition, showers, and 
employment and housing referrals). All services available 
to SSP clients are available to OPC clients. Rhode Island’s 
first OPC will be co-located with an opioid treatment 
program. Third, the two sites offer geographic contrast, 
providing insights into the effects of implementing 
OPCs in a dense urban area (NYC, population size: 8.34 
million) and in a small city (Providence, RI, population 
size: 189,563).

The Study Assessing the Effectiveness of Overdose 
Prevention Centers Through Evaluation Research 
(SAFER) aims to evaluate the effectiveness of the NYC 
and RI OPCs by conducting a parallel, multi-method, 
individual- and community-level evaluation of OPCs 
in NYC and RI in 2023–2027. By evaluating OPCs in 
these distinct contexts, SAFER intends to determine 
the generalizability of OPC effectiveness across diverse 
settings. The study aims include:

1.	 Identify individual health outcomes of OPC use by 
investigating whether people who attend OPCs 
experience lower rates of fatal and non-fatal 
overdoses, drug-related health problems (e.g., skin 
& soft tissue infections), emergency department 
use, and a higher rate of initiating evidence-based 
treatment for substance use disorders, compared to 
people who use drugs and attend SSPs with no OPC.

2.	 Examine the community impact of OPCs by 
determining whether census block groups 
surrounding OPCs experience a greater change in 
public health conditions (e.g., fatal and non-fatal 
overdoses), public disorder (e.g., drug-related litter, 
arrests, noise complaints), and acute economic 
conditions (e.g., property values) relative to a 
comparison set of census block groups unexposed to 
OPCs.

3.	 Investigate how operational contexts, program 
models, and operating procedures shape how people 
who use drugs use OPCs and explore their impact 
on overdose vulnerability and other drug-related 
health outcomes, using qualitative and ethnographic 
methods.

4.	 Estimate OPC costs and potential cost savings to the 
healthcare and criminal justice systems associated 
with OPC use, to support future estimation of longer-
term cost and health outcomes.

Materials and methods
Theoretical framework
Our work is guided by the intersectional risk environ-
ment framework, [33] which draws attention to how 

structural (e.g., economic conditions), social (e.g., rac-
ism, stigma), and physical (e.g., availability of treatment 
programs) environments produce inequitable outcomes 
based on intersecting social identities (e.g., gender, 
race). By modifying the physical environment in which 
drugs are consumed and potentially attracting a new 
population who was not previously engaged in services, 
we hypothesize that OPC use will result in numerous 
health and social benefits to people who access them. 
Our framework guides survey development, data col-
lection, and analytic strategies. The intersectional risk 
environmental framework also recognizes that people 
who use drugs (PWUD) are not only affected by their 
risk environments, but also interact with and influence it. 
Hence, we hypothesize that communities in which OPCs 
are located will experience public health, public safety, 
and economic benefits by increasing health, treatment, 
and social services engagement among PWUD. Finally, 
the framework acknowledges that PWUD differentially 
experience socio-economic marginalization and social 
discrimination, which produces inequitable patterns of 
service engagement based on social positions. Thus, in 
our qualitative work, we adopt ethno-epidemiological 
methods [34] to understand how operational contexts, 
program models, and operating procedures influence 
program effectiveness for sub-populations of PWUD 
(e.g., women, racialized PWUD), including in relation to 
key outcomes. A summary of our aims, approach, and the 
timeline for data collection activities is shown in Fig. 1. 
Methods are described below by study aim.

Aim 1: Individual health and treatment outcomes 
associated with OPC use among PWUD
Study design
While a randomized controlled trial (RCT) would be 
the gold standard for OPC evaluation, community and 
political factors that drive the timing of OPC service 
openings make randomization unfeasible, and RCTs 
of OPCs have previously been deemed unethical due 
to a lack of equipoise. [35] Hence, we use a quasi-
experimental, pre-/post-intervention design with a 
comparison group, [36] to test whether individuals 
who use an OPC experience greater changes in the 
outcomes of interest than individuals who do not use 
an OPC. We recruit participants from two types of 
organizations that serve similar populations, facilitating 
group comparability by level of OPC use: (1) harm 
reduction organizations that provide OPC services (two 
sites in NYC) or plan to provide OPC services (one 
site in RI); and (2) a comparison set of SSPs with no 
plans to open an OPC (five organizations in NYC and 
three in RI). The target sample is 250 in each arm per 
jurisdiction, so that we recruit 500 participants in NYC 
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and 500 in RI (N = 1000 total). Target numbers per site 
are proportional to the client population served by each 
organization. We collect pre- and post-OPC data from 
all study participants, including administrative health 
records and survey data, as described below.

We use venue-based recruitment for two reasons. 
First, this ensures that all groups represent a 
comparable underlying population of individuals 
already connected to a harm reduction service provider. 
Second, this permits us to compare populations that 
receive harm reduction services (e.g., syringe exchange, 
naloxone), so we can isolate the effect of OPC use on 
outcomes.

To be eligible for the study, participants must have 
used an illegal drug in the past 30  days. Further, they 
must be ≥ 18 years old and active clients of an OPC and/
or SSP, defined as use in the past 30  days. They must 
be able to complete a survey in English or Spanish and 
provide written informed consent. Inclusion criteria for 
participants recruited at an OPC site also include use of 
the OPC service in the past 30  days. Study participants 
complete 60–90-min, in-person, computer-assisted 
surveys with a trained interviewer at baseline and months 
6, 12, and 18. While initial recruitment takes place at the 
OPCs and SSPs, later in-person interviews take place at 
the OPC/SSP, at a field office, or a participant’s chosen 
location. In addition, they are recontacted each month 

(in person or by phone) during the 18-month period for a 
5–10-min check-in.

Measurements
Survey instrument (conducted at baseline, 6, 12, 
and 18 months)
The instrument incorporates common measures 
developed by the NIDA Harm Reduction Research 
Network, (37) measures from a prior data harmonization 
effort for OPC measures, [37] and previous work 
conducted by the study team. [38–41] In addition, 
the instrument underwent multiple rounds of review 
and cognitive testing by our partners at the OPCs and 
SSP partner organizations, including service staff and 
participants. A summary of our measures is provided in 
Table  1 and our baseline instrument is included in the 
Appendix. Participants receive $40 for each completed 
baseline and follow-up survey.

Check‑in instrument: monthly retention visits
Each month, participants are contacted for a brief visit 
and asked to update their contact information. They are 
asked about their frequency of use and the proportion 
of drug use consumed at an OPC (Table  1) and about 
the number of times they had an overdose in the past 
30  days. Participants receive $10 for each completed 
check-in.

Fig. 1  Summary of study aims and timeline for data collection/assessments
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Outcomes measured through administrative health records
To provide a comprehensive assessment of change in 
health conditions associated with OPC use, we comple-
ment self-reports with administrative health records. 
Participant identifiers will link participants to their 
administrative health records. Table  2 presents the 
sources and types of information we plan to collect, lev-
eraging our partnerships with the NYC Department 
of Health and Mental Hygiene (DOHMH), NYS Office 

of Addiction Services and Supports (OASAS), the RI 
Department of Behavioral Health, Developmental Dis-
abilities, and Hospitals (BHDDH), and the Rhode Island 
Department of Health (RIDOH). We link participants to 
their health records 18 months prior to their first survey 
date and for up to three years post-enrollment, to track 
pre- and post-OPC changes in their health using proba-
bilistic matching with the last four digits of each partic-
ipants’ social security number, first and last name, date 

Table 1  Domains and corresponding items measured in baseline and follow-up surveys given to study participants

Domain Items

Primary Exposures

OPC use In the past 30 days: used an OPC, name of OPCs used, frequency of use, proportion of drug use consumed at OPC

Primary Outcomes

Overdose Lifetime and past 30-day nonfatal overdose

Hepatitis C Lifetime and past 6-month hepatitis C test result, past 6-month positive hepatitis C diagnosis, receipt of treatment

HIV Lifetime and past 6-month HIV test result, past 6-month positive HIV diagnosis, receipt of ARV and PrEP

Other infections Past 6-month skin and soft tissue infections, mode of treatment for infection, past 6-month diagnosis 
of endocarditis

Healthcare use Past 6-month: number of times used the emergency room to access health care; number of nights spent 
in the hospital

Harm reduction service use Year and month of first use; type of services used and frequency of use in the past 3 months

Substance use disorder treatment Past 6-month: referral to treatment; source of referral; enrollment in treatment; current status of enrollment

Confounders

Drug use Lifetime, past 30 day, and past 7 day self-reported by type of drug and mode of use

Injection practices Past 30 days and past 7-day injection practices

Reasons for using OPC No safe place to use, prior overdose, change in drug dealer, concern about safety of the supply

Syringe disposal In the past 30 days, number of days: disposed of syringes in a public place; in a hazardous waste container

Demographics Age, sex, gender identity, race and ethnicity, education

Socioeconomic status Housing status, zip code, employment, income, money in exchange for sexual activities

Criminal legal system Past 30 days: number of times stopped by police, arrested, held overnight in jail or prison

Health-related quality of life Physical function, ability to participate in social roles and activities, depression, anxiety, fatigue, sleep disturbance, 
pain

Table 2  Administrative health record data sources linked with study participants

1 Available through DOHMH; 2Data already available through data use agreements for R01DA046620; 3SPARCS is a comprehensive all payer data reporting system for 
New York State; 4Medicaid covers 88% of the study target population in RI and 75% of the target population in NYC

Domain Items NYC data1 Rhode Island data2

Fatal overdose All drug overdose, stimulant, 
and opioid

Office of Chief Medical Examiner Office of Chief Medical Examiner

Non-fatal overdose All drug overdose, stimulant, 
and opioid

NYC Regional Health Information 
Exchange (RHIO), Statewide Planning 
and Research Cooperative System 
(SPARCS),3 Medicaid

Emergency medical services data, 
Medicaid4

Drug-related health conditions Hepatitis C, HIV, skin and soft-tissue 
infections, infective endocarditis

NYC RHIO, SPARCS, and Medicaid Medicaid4

Emergency department visits Overall ED use, drug-related 
emergency department (ED) visits

NYC RHIO, SPARCS, and Medicaid Medicaid4

Substance use disorder treatment Initiation in a licensed treatment 
program, including medications 
for OUD

OASAS and Medicaid Prescription drug monitoring 
program, BHDDH, and Medicaid
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of birth, and sex. [42] We use a minimum, common set 
of data sources, including Medical Examiner, Medicaid, 
and data from licensed substance use disorder treatment 
facilities (through OASAS and BHDDH), ensuring a high 
degree of comparability across jurisdictions. In Rhode 
Island, we can also link participants to prescription drug 
monitoring program data, as we have done in prior work. 
[43]

Analyses
We use a custom instance of REDCap™ to conduct 
field-based surveys, which allows for direct transfer and 
storage of data into our institutions’ secure, HIPAA-
compliant, secure computing environments.

To evaluate the effectiveness of attending OPCs on 
outcomes, we will conduct time-to-event and multi-state 
analyses. [44] Our primary outcomes will include fatal 
and non-fatal overdoses, injection-related infections 
(i.e.,  skin and soft tissue infections, endocarditis), 
emergency department use, and substance use disorder 
treatment initiation. We will measure these outcomes 
using administrative health records and survey data. 
Our time-updated exposures of interest will be any use 
of an OPC in the past month, as well as two measures of 
exposure “dose”: intensity of use (e.g., daily vs. non-daily) 
and the fraction of drug use conducted at an OPC in the 
past month (examined as continuous and > 50% vs. lower). 
All participants will be asked about OPC use regardless 
of recruitment source, which will permit analyses of 
time-varying exposures (e.g., persons recruited from an 
SSP with no OPC may use an OPC located at another 
site, which will be captured in our data).

Realizing that there are time-dependent confounders 
(e.g., prior SSP use), and that several of our primary 
outcomes are likely recurrent, we will deploy marginal 
structural Cox models (MSCM)(46) and multi-state 
marginal structural Cox models (MS-MSCM). [45, 
46] MSCM and MS-MSCM allow for the estimation 
of the effect of time-varying treatments on a time-
to-event outcome (MSCM) or recurrent, interrelated 
events (MS-MSCM) with time-dependent confounders. 
Specifically, we will estimate the marginal hazard ratio 
of OPC use by employing a Cox model weighted by the 
set of inverse probability weights (IPW) and inverse 
probability of censoring weights (IPCW). IPW will be 
used to balance confounders over time by taking the 
inverse of the conditional probability of OPC use, given 
the whole treatment histories and time-dependent 
and time-invariant confounders. IPCW will be used to 
balance confounders across censored and uncensored 
participants, thus dealing with informative censoring 
as a result of loss to follow-up. [47] We will obtain such 
probabilities by using pooled logistic regression models. 

To overcome extreme weights, we will implement 
stabilized IPW, truncated weights, and optimal 
probability weights which are based on novel techniques 
developed by a member of the study team. [48, 49] While 
other methodologies, such as G-computation, [50] can 
be used to estimate the effectiveness of time-varying 
treatments, we propose to use MSCM given their less 
computational demanding implementation and easier 
interpretation.

First, we will test the hypothesis that any use of OPC 
in the past month, higher intensity of use, and higher 
fraction of drug use conducted at an OPC are associated 
with a greater decline in the hazard of fatal overdose. 
To test these hypotheses, we will fit separate MSCM 
(one per type of OPC exposure), accounting for time-
varying confounders, including prior history of: non-
fatal overdose, substance use, healthcare use, prior 
harm reduction service use, and prior engagement with 
the criminal justice system; and time-fixed confounders 
(socioeconomic status, demographic characteristics) 
through IPWs. We will fit the same types of models for 
other non-recurrent outcomes, including initiation of 
treatment for substance use.

Second, we will test the hypothesis that OPC use (any 
past month use, intensity of use, fraction of drug use) is 
associated with lower hazard and recurrence of non-fatal 
overdoses, by fitting MS-MSCM. We will account for 
the same types of potential confounders as considered 
for non-recurrent outcomes. We will fit the same type of 
MS-MSCM models for other recurrent and interrelated 
outcomes, including skin and soft-tissue infections, 
infective endocarditis, and emergency department use.

Following the intersectional risk environment 
framework, [33] we will conduct intersectional analyses 
to determine whether primary outcomes of interest (e.g., 
uptake of substance use treatment) vary by intersecting 
social positions and identities (e.g., race, gender). We will 
employ intersectional methods such as stratification and 
inclusion of interaction terms, as appropriate. [51] More 
novel approaches such as multilevel analysis of individual 
heterogeneity and discriminatory accuracy will also 
be explored. [52] Finally, we will conduct exploratory 
stratified analyses to determine whether observed effects 
vary by jurisdiction (RI vs. NYC).

Aim 2: Effectiveness of OPCs in the surrounding 
community
Our study will also assess whether and how the opening 
of OPCs impacts neighborhood conditions. Specifically, 
we will use causal inference techniques to evaluate 
whether census block groups surrounding the OPCs in 
NYC and RI experience a greater change in overdose, 
public disorder, and economic conditions compared 
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to what their changes would have been if they hadn’t 
opened the OPCs.

Defining the neighborhood around an OPC
We will utilize four geospatial methods to define the 
treatment area near an OPC. The first will be based 
on prior work. [17, 53] We anticipate that the major-
ity of people who use an OPC will reside within a radial 
500 m (~ 20 min walking radius) of the facility, and thus 
the community-level effects of an OPC (if present) will 
be largest in this area. [39, 54–56] To approximate the 
neighborhood surrounding an OPC, we will create a 
500-m Euclidean distance buffer and will identify the 
census block groups within this buffer. All census block 
groups that contain this buffer will define the ‘interven-
tion’ neighborhood (Fig.  2). [57] The second will incor-
porate machine learning with geostatistical methods 
to determine an optimal buffer radius distance and will 
include census block groups that are within this distance 
as the treatment area. [58] The third utilizes data col-
lected from the surveys. We will construct a participant-
informed radius using self-reported data on the zip code 
that a participant spends most of their time, the usual 
amount of travel time to the OPC, and method of trans-
portation to the OPC. The last method will incorporate 
optimal street networks using kernel density estimation 
with a barrier, resulting in an asymmetrical buffer that 
excludes features such as expressways and other regions 
where study outcomes cannot occur.

Neighborhood‑level outcomes of interest
Since OPCs provide an environment where medical 
attention can be readily provided in the event of a drug 
overdose, we hypothesize that the opening of an OPC 
will be associated with significant decreases in the rate of 
drug overdose in neighborhoods where they are located. 
Using vital statistics records from the NYC Office of 
Chief Medical Examiner and the RI Office of State 
Medical Examiners, [59, 60] we will map drug overdose 
deaths based on the injury location on the death 
certificate. [61] We will define drug overdose deaths 
using underlying cause of death codes (X40-X44). [62] To 
measure non-fatal overdoses, we will use multiple data 
sources (Table 2), including Medicaid and EMS runs for 
suspected overdoses, and map these incidents based on 
their geographic coordinates (i.e., location of injury). [63]

Based on evaluations conducted in other settings, 
[11, 64–67] we also hypothesize that the opening of an 
OPC will be associated with improvements in measures 
of public safety, by bringing drug use indoors. Using 
publicly available arrest records from the NYC Police 
Department and the Providence Police Department, [68, 
69] we will map the locations of drug-related offenses 
(e.g.,  possession of a controlled substance, criminal sale 
of a controlled substance) and other interpersonal crimes 
(e.g., assault, theft, larceny) as in prior work, [64] based 
on the location associated with each arrest.

Should the opening of an OPC be associated with 
improvements in public safety, we also hypothesize 
that the opening of an OPC will be associated with 

Fig. 2  Locations of existing and proposed OPCs, with a 500-m street network buffer (blue) and census block groups intersecting with this buffer 
(dashed line)
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improvements in property values. Using publicly 
available data from the NYC Department of Finance and 
Providence Department of Finance, [70, 71] we will map 
historical property valuations and real estate sales to 
identify changes in assessed value and actual sale prices.

Analyses
We propose to use causal inference techniques to evaluate 
the effectiveness of OPCs in the surrounding community. 
Specifically, using counterfactuals, we will consider the 
following causal question: among neighborhoods that 
implemented an OPC program, what is the estimated 
difference in overdose deaths (and other outcomes) 
between a hypothetical scenario where all neighborhoods 
adopted OPCs and a scenario where none did? To do 
so we will consider the average treatment effect among 
the treated (ATT) as the estimand of interest. The ATT 
considers how much better (or worse) the overdose 
deaths were for neighborhoods who actually opened an 
OPC compared to what their overdose deaths would have 
been if they had not opened it (counterfactual outcome). 
We will estimate the counterfactual expected number of 
drug overdose deaths using a linear regression controlling 
for potential sources of confounding (e.g., demographic 
characteristics, historical drug overdose rates, availability 
of harm reduction services). We will use the observed 
number of drug overdose deaths to estimate the expected 
overdose deaths for neighborhoods who actually opened 
an OPC. We will then take the difference between the 
two to compute an estimate of the ATT. We will use the 
sandwich estimator [72] to obtain its standard error and 
construct Wald 95% confidence intervals and Wald tests.

Our proposed methods are similar to the difference-
in-difference method. [73] We will use a similar analysis 
for the measures of public safety. Informed by the 
intersectional risk environment framework, we will 
conduct a set of exploratory stratified analyses to identify 
whether and how the opening of OPCs may differentially 
impact public health and safety outcomes among people 
of different social groups.

Answering the proposed causal questions can be 
difficult for several reasons. First, we must assume that 
all confounders have been measured and accounted for. 
This is an untestable assumption that can be evaluated 
using sensitivity analyses, such as those based on the 
E-value. [74] Second, there may be the presence of 
time-varying confounders—confounders affected by 
previous treatments and influencing future ones. While 
techniques exist to control for this type of confounding, 
[75] practical positivity violations (also known as 
lack of overlap) prevent their deployment. Practical 
positivity violation occurs when the probability of a 
neighborhood with specific characteristics, as described 

by the considered confounders, opening an OPC is close 
to zero. This issue is inevitable given the low number 
of neighborhoods opening an OPC. To address this, we 
will assume there is no time-dependent confounding. 
Third, we will collect information over time within each 
neighborhood, necessitating consideration of possible 
clustering within neighborhoods over time. While 
clustering methods could be used, they might result 
in under-coverage if the analysis only considers a few 
OPCs (only a few neighborhoods are "treated"). [76, 77] 
As previously mentioned, we will use standard sandwich 
estimators without correction for clustering. Finally, 
to obtain an unbiased estimate of the ATT, we need to 
assume that the linear regression model used to estimate 
the counterfactual expected outcomes is correct. This is 
another untestable assumption that could be mitigated by 
using more flexible methods, such as machine learning 
techniques. While these techniques can learn complex 
data patterns, they cannot be used due to positivity issues 
and the limited number of observed data. Therefore, we 
assume that the parametric linear regression model used 
is correct.

Aim 3: Impact of operational context, program model, 
and operating procedures on OPC effectiveness
Our ethno-epidemiological approach will leverage 
our cohort infrastructure to facilitate ethnographic 
and qualitative data collection. Data collection will 
include ethnographic fieldwork in and around OPCs 
to explore their community and operational contexts 
(e.g., neighborhood setting, program models), in-depth 
interviews with PWUD recruited from the study cohort 
and program staff; and targeted qualitative interview 
sequences with study cohort participants to examine 
emerging drug outcomes and service utilization patterns 
based on analyses undertaken to address Aim 1.

Study population, recruitment, and sampling
Qualitative participants will be purposively sampled from 
the cohort  to understand variegated experiences across 
populations in relation to OPCs. Eligibility criteria for 
Aim 3 is the same as Aim 1. Program staff participants 
will include program administrators and frontline staff.

Interviews will be conducted with approximately 150 
PWUD and 30 OPC staff across RI and NYC OPCs over 
the study period. In Year 2, interviews will be conducted 
with 90 PWUD and 30 OPC staff (n = 30 PWUD and 10 
OPC staff per OPC site). PWUD will be recruited from 
the cohort, while program staff will be recruited during 
fieldwork. In Years 3 and 4, two targeted interview 
sequences will be conducted with a total of 60 PWUD 
(n = 30 PWUD per sequences) across study sites. 
Targeted interviews will be conducted with participant 
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sub-groups sampled according to criteria used to explain 
emergent findings and analyses of quantitative data from 
Aim 1 (e.g., to understand why OPC participants engage 
in varying levels of substance use treatment).

Interviews will be conducted in English or Spanish 
and will last approximately 45–60  min. Interviews 
will be facilitated using sequence-specific topic guides 
aligned with the aims, and informed by epidemiological 
and qualitative findings, as well as input from our CAB. 
Interview guides will be piloted with a small number of 
participants (n = 5) to assess their suitability (content, 
flow) prior to implementation and revised to optimize 
data collection. Interviewers will note key points, 
notable quotes, and observations about the discussions. 
Following interviews, ‘member checking’ [78] will occur 
with participants who will be invited to clarify and amend 
their interview summary. All participants will receive a 
$40 honorarium for their time.

Ethnographic observation
Approximately 200  h of ethnographic fieldwork will 
be conducted over the study period. Fieldwork will 
involve direct observation, unstructured conversations, 
and engagement with PWUD and staff in and around 
OPCs. [79, 80] Field notes will be written following each 
fieldwork session to detail observations and unstructured 
conversations that occurred. Fieldnotes will aim to 
situate observations and interactions within each OPC 
context (e.g.,  design characteristics), [79, 80] including 
neighborhood locations and OPC facility characteristics 
that could influence the implementation and effectiveness 
of OPC engagement (e.g., security cameras, access to 
public transit, operating within an SSP). Relevant OPC 
design characteristics (e.g., injecting booths, security 
features) will be photographed or diagrammed (with 
staff permission) to advance analyses of implementation 
contexts.

Analysis
We will integrate and analyze qualitative and 
epidemiological data drawing on approaches previously 
used by members of our team. [81–85] Integrating 
qualitative and ethnographic approaches within the 
prospective cohort study will add depth to our analyses, 
[86, 87] thus overcoming challenges associated with 
self-reported data (e.g., recall of OPC engagement 
over time, overdose events) through multiple data 
points and providing a more complete picture of OPC 
engagement and impacts. Through cross-methodological 
communication and iterative analysis informed by 
quantitative data, we will be able to unpack how OPC 
operational contexts shape access to, and engagement 

with, these interventions and impacts on participant-
level outcomes.

Transcripts and field notes will be imported into 
Dedoose, a qualitative data management and analysis 
software, and organized by interview series. Data will 
be coded using deductive and inductive approaches 
involving the use of a priori categories (deductive) 
and emergent categories (inductive) through line-by-
line coding, [88] and constant comparative analysis. 
[89] This will be operationalized by developing coding 
frameworks comprised of categories from the interview 
guides, and expanded to include emic categories specific 
to OPCs, the implementation or community contexts, 
and participant groups based on social identities. Data 
will be subjected to a process whereby we assign data 
segments to these categories, summarize the content 
of each category, and examine contradictory evidence. 
The coding framework will be further updated through 
iterative analysis informed by other data sources (Aims 
1–2), which will primarily involve the use of emerging 
cohort-based analyses and neighborhood-level data (Aim 
2) to refine coding categories. In summary, grounded 
hypotheses developed from qualitative analyses will 
generate insights into, for example, how operational 
contexts (e.g., hours of operation, facility location and 
design) produce differential outcomes across diverse sub-
groups of PWUD.

Aim 4: Operational OPC costs and potential cost savings 
to the health and criminal justice systems
We will estimate operational costs of implementing OPCs 
in RI and NYC that will inform future implementation in 
other jurisdictions. Collecting and comparing healthcare 
and criminal justice system utilization between OPC and 
non-OPC participants will generate cost-saving/offset 
estimates from using the OPC. These data will inform 
future cost-effectiveness analysis that incorporates long-
term health and cost outcomes.

Determine start‑up and ongoing costs of OPCs
We will use established micro-costing methods to 
estimate the operational costs of OPC study sites in RI 
and NYC. [90, 91] One-time start-up costs (e.g., staff 
training, equipment purchases), ongoing variable costs 
(e.g., staff labor time for each service delivered), ongoing 
time-dependent costs (e.g., regular staff meetings, 
record-keeping), and overhead costs will be calculated 
from the budgetary perspective of the study sites. Cost 
calculations will use resource costing methods which 
are computed by multiplying the price weight for each 
resource unit by the respective units of service and then 
summing the values across all services. [92, 93] Labor 
costs will be valued using local wage rates for comparable 
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OPC staff positions from the Bureau of Labor Statistics 
as well as national wage rates for sensitivity analysis.

We will use site records on services provided to OPC 
clients, estimates of the time required to provide services 
obtained through staff interviews at each site, and site 
financial records to conduct cost analyses. We will adapt 
the Drug Abuse Treatment Cost Analysis Program 
(DATCAP) instrument to conduct data collection. [94] 
Results will be reported as annual costs for each of the 
sites and as a total average for each location (RI and 
NYC). For each total cost result reported, each cost 
component will be reported (i.e., start-up, ongoing (i.e., 
variable and time-dependent costs), and overhead costs). 
We will also report total costs per client served and per 
overdose reversed.

Calculate additional costs and cost savings to the healthcare 
and criminal justice systems for OPC study participants 
compared to non‑OPC SSP study participants
To determine additional healthcare and criminal justice 
system savings and costs from OPC use, we will use 
self-reported data from Aim 1 on use of medical, social, 
and substance use treatment services and engagement 
with the criminal justice system. These data will be 
collected from participants in the baseline and follow-up 
assessments using questions from NIDA’s Seek, Test, 
Treat, and Retain Service Utilization Domain that details 
medical service utilization. [95] Self-reported data on 
health care encounters has been used extensively in 
previous research. [96, 97] Health-related quality of 
life measures will also be collected using the PROPr 
instrument to inform future cost-effectiveness analysis. 
[98] We will use various established sources for health 
care payment estimates and criminal justice costs to 
estimate healthcare system and criminal justice system 
costs. [99–102] 

Costs based on health services and criminal justice 
utilization will be compared between OPC and non-
OPC SSP participants 6, 12, and 18  months after 
baseline to estimate incremental costs per participant 
and potential downstream cost offsets/savings resulting 
from OPC use. A health care system and criminal justice 
system cost (societal) perspective will be taken in this 
economic analysis. Analyses will be conducted using a 
generalized linear mixed model (GLMM), which allows 
for the inclusion of random effects and is recommended 
for economic analyses. [93] The method of recycled 
predictions will be used to obtain the final predicted 
mean cost values, which will be summed and tested. [93] 
To account for sampling uncertainty in point estimates, 
the p-values and standard errors will be estimated 
using nonparametric bootstrapping techniques. For the 
18-month comparison, 3% discounting will be applied. 

[92] Using these methods, we will estimate the predicted 
mean value by resource, study group (e.g., OPC and 
non-OPC SSP) time period (6, 12, and 18  months), 
and geography (RI, NYC). TThe net value of OPCs will 
then be calculated by taking the difference between the 
average estimated total cost of OPCs and non-OPC 
SSPs to determine if the OPCs have a greater net benefit 
compared to non-OPCs.

Discussion
Our study offers an unprecedented opportunity to 
evaluate the individual and community-level effects of 
sanctioned OPCs in the United States. As jurisdictions 
across the US attempt to open OPCs, they face 
substantial barriers to implementation. Crucially, public 
and policymaker understanding of these facilities 
in the US remains low. [103] Our project will thus 
provide critical data to inform ongoing legal and policy 
debate, [104–106] address community and policymaker 
concerns, [107, 108] and advance drug policy in the 
United States.

SAFER offers four methodological and substantive 
contributions. First, the study relies on a highly rigorous 
and novel study design. Most previous individual-level 
evaluations focus on clients attending the OPC, [15] 
but do not contrast findings to those in an unexposed 
comparison group, limiting causal inference. To address 
this limitation, as part of Aim 1, we will recruit from 
two types of venues: 1) directly from OPCs and 2) SSPs 
that do not intend to operate an OPC. This design 
enables both within- and between-person analyses of 
OPC use over time and provides a comparison group 
of participants who are engaged with harm reduction 
services but are not exposed to an OPC. Further, we 
leverage a combination of regular survey assessments 
and linked administrative health records to improve 
our ability to capture key outcomes such as overdose, 
drug-use related health problems, and connection to 
services, while overcoming biases associated with self-
report and loss to follow-up. [109] Second, we leverage 
novel analytic approaches to overcome the limitations of 
previous research. For example, substance use, overdose, 
and engagement in treatment are interconnected, often 
recurrent events. We investigate the effect of OPC use on 
these outcomes using an innovative, multi-state, marginal 
structural Cox modeling approach. [45, 46] In Aim 2, 
we adopt a novel causal inference approach to address 
concerns of structural confounding given differences 
between neighborhoods that do and do not decide to 
open an OPC service. Third, we have an unprecedented 
opportunity to gain qualitative insights into the types and 
elements of program models most effective at improving 
public health and community outcomes. These have 
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not been comparatively studied across sites in any 
country. [13] In Aim 3, we will be able to use rigorous 
qualitative methods to assess how the type of model 
implemented (e.g., medical vs. peer-supervised), location 
(i.e.,  co-located within an SSP, mobile services, or as 
an extension service to an opioid treatment program), 
wraparound services provided, and geographic context 
shape outcomes associated with OPC use. Fourth, work 
conducted to test Aim 4 will be the first to estimate the 
range of costs of different operating OPCs in the US as 
well as the economic value of OPCs that may guide future 
implementation and policy in other areas of the country.

While our proposed study has the potential to make 
lasting contributions to our understanding of the impact 
of OPCs on the health of PWUD and local communities, 
it also poses some limitations. First, the political and 
ethical constraints on randomization limit causal 
inference. However, we propose several approaches to 
address time-dependent confounding in Aim 1, and the 
lack of a counterfactual comparison neighborhood in 
Aim 2. Second, the limited number of OPCs we evaluate 
(up to three OPCs across the two jurisdictions) limits our 
ability to make quantitative inferences about the impact 
of different models of OPC service delivery. However, 
we will explore this in our qualitative analysis (Aim 3), 
with the intent of quantifying differences in outcomes 
across service models in future research across a wider 
spectrum of OPCs. Third, loss to follow-up may constrain 
our ability to evaluate long-term outcomes associated 
with OPC use. However, our experience with longitudinal 
follow-up of similar populations, an extensive plan for 
cohort retention, and plans to complement survey data 
with administrative data, reduce this concern.

Our study leverages a multi-site design to provide 
generalizable insights about the effectiveness of OPCs. 
We will consider the extent to which the effectiveness 
of OPCs varies by the type of jurisdiction (NYC, RI), 
and will generate insights about the types of operational 
contexts, program models, and operating procedures 
which contribute to the most promising outcomes. 
Finally, we will collect rich data on the costs and 
savings associated with the implementation of OPCs. 
Policymakers and practitioners considering opening 
OPCs in other jurisdictions will be able to use our 
findings as an evidence base to inform the types of 
approaches that could work best in their own context.
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