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The opioid overdose crisis has resulted in over a million deaths in the US since the turn of the
millennia. Deaths continue to rise despite concerted efforts to address the opioid crisis through
the expansion of treatment options and harm reduction services like naloxone distribution. A
primary factor contributing to the rise in death is the volatility of the unregulated drug supply.
Since the drug market is unregulated people who use drugs don’t have a way to ensure the
potency and quality of their drugs that come from unregulated markets putting them at increased

risk of overdose.

In the ensuing dissertation, I try to address existing gaps in potential harm reduction strategies,

focusing specifically on the implementation of safe supply interventions in Seattle, Washington.



Through comprehensive research methodologies, I aim to: 1) determine the population size of
people who inject drugs in Seattle, 2) elucidate the preferences and perspectives of people who
use opioids, both injection and non-injection, regarding various modalities of accessing opioids,
and 3) model the potential impact of implementing certain safe supply scenarios on opioid-

related mortality among PWID in Seattle, Washington.

Chapter 2 of my dissertation employs several population estimation techniques to ascertain the
prevalence of injection drug use in Seattle, Washington. In Chapter 3, I conducted a survey of
people who use opioids in Seattle to discern their preferences regarding the procurement of
opioids and the perceived impact of different access models on their behaviors and patterns of
use. In Chapter 4, [ employ microsimulation modeling techniques to forecast the potential
outcomes of implementing distinct safe supply programs among people who inject opioids in

Seattle.

In Chapter 2 of this dissertation, I found a decline in the number of people who inject drugs in
Seattle. Respondents in Chapter 3 expressed strong interest in diverse safe supply models,
foreseeing substantial improvements in their quality of life, irrespective of potential
modifications to their substance use behaviors. Furthermore, Chapter 4 underscored the
potential of implementing broadly accessible safe supply interventions in mitigating overdose

fatalities among people who inject opioids in Seattle, Washington.

The conclusions drawn from this dissertation suggest that implementing safe supply

interventions offers a potential promising avenue for reducing overdose fatalities in Seattle. By



legalizing and regulating the opioid supply, individuals can access substances in a controlled way

with quality assured while potentially promoting healthier use.
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CHAPTER 1. INTRODUCTION

The opioid crisis in Seattle has reached a historic number of deaths as fentanyl has become a
main component of the unregulated opioid supply. As opioid overdose fatalities continue to
increase year on year in Seattle, urgent interventions are needed to lower the number of people
dying of opioid-related overdoses. Among the array of potential strategies, the concept of safe
supply has emerged as a possible avenue for mitigating harm and saving lives. Safe supply was
first coined by the Canadian Association of People Who use Drugs. Since the formalization of
safe supply, several jurisdictions in Canada have implemented medicalized versions of safe
supply that have been successful in reducing overdose death. The United States could potentially
benefit from implementing a similar strategy to reduce the risk of opioid overdose. However, the
successful implementation of safe supply initiatives hinges upon robust evidence substantiating
its feasibility and efficacy. Importantly, we need to understand the level of interest among
individuals who use opioids and gauge their perceptions regarding the potential effectiveness of
safe supply interventions. Without such evidence, the first step in establishing viability and
impact of safe supply programs remain uncertain, underscoring the necessity for research to
inform whether safe supply programs are worth pursuing. To implement safe supply successfully
several pieces of information would be helpful including, the size of the potential target
population, interest in the intervention among those who the program would be offered to, and

the modelled impact of a theoretical program.

There is a need to understand the population size of people who inject drugs in Seattle. This

dissertation aimed to use multiple different methods to estimate the prevalence of PWID in

Seattle Washington. I also used a synthesis method to have a single estimate that can be used for
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public health planning. Population size estimation is an important step in understanding the

number of people who could benefit from safe supply policies.

It is important to understand the interest of people who would access safe supply and their
interest and what they think the benefit from accessing safe supply would be. Interest in safe
supply is important as we need to know if people in Seattle would want safe supply programs if
they were offered. Previously published work has found interest in safe supply among people
who inject opioids, but the previous study did not have granular data on acceptability of interest
for the different models of safe supply under consideration. Moreover, we expand on previous

work by also sampling people who primarily smoke opioids and do not inject.

Modelling the potential impact of safe supply programs among people who would access
them is a vital policy piece that is needed if safe supply interventions are to be implemented
in Seattle. Microsimulation modelling can be used to understand the potential population impact
of different interventions. Microsimulation modelling allowed us to evaluate different scenarios
of safe supply and compare them to a baseline status quo scenario. The modelling allowed us to
explore alternative scenarios with changing the level of access as well as scenarios where there is

a large increase in the number of people initiating injection drug use.

This dissertation aimed to fill gaps in knowledge around potential interest and impact around

regulated opioids in Seattle, Washington. The hope is that pieces of this dissertation will be used

for public health planning. Data were collected for this dissertation from June 2022 to December
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2022 and May 2023 to September 2023 which helped inform the results from chapters 2, 3, and

4,
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Abstract:

Background: For planning of public health services, decision makers benefit from knowing the
prevalence of people who inject drugs (PWID). Seattle is a city where injection drug use has
historically been prevalent; however, local surveys and information from stakeholders have
pointed to a potential decrease in the prevalence of PWID. We aim to estimate the prevalence of

PWID in Seattle using several methods and data sources.

Methods: Our estimates were derived from two samples of PWID. The first was the National
HIV Behavioral Surveillance PWID 2022 (NHBS-PWID-2022) survey, collected from June
2022 to December 2022. The second sample was a University of Washington PWID 2023 (UW-
PWID-2023) survey, collected from May 2023 to August 2023. Both samples had similar
sampling and inclusion criteria. In total we calculated five direct and two indirect estimates of
the prevalence of PWID. We used a capture-recapture (CRC) to generate an estimate with data
from both samples and a network scale-up method (NSUM) to generate estimates from each
sample. We used a service multiplier method with information from two local services and the
NHBS-PWID-2022 sample to generate two unique estimates. We applied the anchored

multiplier, a synthesis approach, to combine the direct estimates.

Results: The NHBS-PWID-2022 surveyed 362 individuals and the UW-PWID-2023 had 351
individuals. The CRC estimated a PWID prevalence of 0.66% (95% confidence interval [CI]:
0.52, 0.87). The NHBS-PWID-2022 NSUM estimated a PWID prevalence of 0.49% (95% CI:
0.32, 0.67), while the UW-PWID-2023 NSUM estimated a PWID prevalence of 0.88% (95% CI:

0.56, 1.31). The service multiplier approach produced estimates of 0.026% (95% CI: 0.022,
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0.031) for one service and 0.16% (95% CI: 0.13, 0.21) for the other service. The anchored
multiplier estimated a PWID prevalence of 0.33% (95%CI: 0.27, 0.39), the variance-adjusted
anchored multiplier estimated a PWID prevalence of 0.68% (95% CI1:0.51,0.88). These PWID
prevalence estimates are all smaller than the 2019 national estimate of 1.5% and although not

directly comparable geographically it is lower than the 2014 King County estimate of 1.1%.

Conclusion: Our findings suggest a decrease in the prevalence of PWID in Seattle and King

County relative to estimates from a decade ago. The three direct estimates from CRC and NSUM

methods were all similar, while the two service multiplier estimates were much lower than the

three other direct estimates. Reasons for the apparent decrease in the number of PWID in Seattle

should be investigated in future research.
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Introduction:

People who inject drugs (PWID) have higher comorbidities and mortality compared to people
who use drugs who do not inject and the general population (1). Public health efforts targeted at
improving the health of PWID include activities like HIV testing, syringe access, and naloxone
distribution, have been shown to decrease morbidity and mortality among PWID (2). Knowing
how many PWID are in a population allows decision makers to offer public health and social

services at adequate levels.

Seattle, Washington has never had a dedicated estimate for the number of PWID. The most
approximate measure is a 2014 estimate from the local health department and is of the number of
PWID in King County, Seattle’s county. The 2014 estimate was based on national estimates at
the time (3) as well as information from a local CDC-funded survey (4). The 2014 estimate was
23,000 PWID in King County, representing a 1.1% population prevalence of PWID in King
County (5). However, local surveys as well as information from service providers who serve
PWID suggest that the number of PWID has decreased (6,7). Additionally, data from other West
Coast cities have indicated a decrease in the prevalence of PWID who have had similar shifts in
their drug market since 2020 (8,9). Amidst all this uncertainty, an estimate of the number of

PWID for Seattle is needed to help inform public health activity and organizing efforts.

Several techniques are used in public health to calculate population size estimates (PSE) to
measure the size of specific populations. PSE can help facilitate the efficient allocation of public
health resources by establishing a denominator for interventions and services (10). However,

achieving accurate PSE for PWID demands significant energy, effort, and resources (11).
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Researchers have applied several methods to estimate the size of populations of PWID, each
differing in complexity, required effort, assumptions, and viability in different settings (12).
Therefore if possible it is ideal to be able to compare PSE from different techniques to compare

estimates to one another (13).

Amidst this array of techniques, the capture-recapture (CRC) method has emerged as a technique
that is viewed favorably (14). The CRC is considered to be accurate when assumptions are met.
However, CRC is generally considered to be resource intensive and is not a gold standard (15).
CRC PSE can be estimated using data from two samples. The two-sample CRC PSE is based on
the size of the samples and the number of people who are in both samples (16). The accuracy of
the CRC PSE is reliant on how well four assumptions are met: 1) there is no change to the
population during the investigation (closed population), 2) there is no loss of tags (individuals
can be matched from capture to recapture), 3) for each sample, each individual has the same
chance of being included in the sample, and 4) the samples are independent of each other (17). It
is common for these assumptions to not be met in practice with different levels of impact of bias

on the estimates depending on how well the assumptions are met (16).

Another method for PSE is the network scale up method (NSUM). The NSUM only requires one
sample (18) and uses the average network size of individuals (i.e., how many people does a
person know who are part of the population of interest?) for a target population to make
inferences about the total size of the target population (19). The NSUM relies on two
assumptions: that people are accurately reporting their network size (not over or under

reporting), and that the network sizes of the people in the sample are representative of the
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underlying network sizes in the target population. The second assumption is that the networks
sampled are representative of the underlying networks of individuals in the target population.
This is also known as non-random mixing i.e. inherent heterogeneity in reported network size

among members of the target population (20).

The service multiplier method is a third approach for PSE and has been used for PWID
previously. This method requires two data sources, an external reference service and an
independent sample of the target population (15,21,22). The service multiplier estimator divides
the number of people in the target population who attended the external reference service during
a given period by the proportion of people in the independent sample who have attended the
reference external service during the same period. The multiplier method requires two key
assumptions 1) surveyed individuals are a representative sample of the target population and 2)

inclusion in the survey is independent of accessing the external reference service (23).

Methods that triangulate several PSE can be useful to incorporate information from several
sources. (24). The anchored multiplier is a method that uses a Bayesian model to synthesize
multiple different PSE with prior information to create an estimate that borrows information
from all available data and prior information (25). The anchored multiplier is not a direct PSE,

but rather is a model that synthesizes multiple estimates into a single consensus estimate.

In this study we report seven estimates of the prevalence of the population of PWID in Seattle

using four different methods: one CRC estimate, two NSUM estimates from different data sets,
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two multiplier estimates from different external reference services, and two consensus estimates

using the five previous estimates synthesized with the anchored multiplier method.

Methods:

Setting and data sources:

The study was conducted in Washington State in the Pacific Northwest region of the United
States. Data for this study were obtained from two primary samples that were collected from
distinct surveys (Table 1). Inclusion criteria for the UW-PWID-2023 was almost identical to the
NHBS-PWID-2022 criteria except the UW-PWID-2023 differed geographically in scope and

language surveyed.

Both samples were collected using respondent driven sampling (RDS). RDS is a peer referral-
based data collection process where people who are members of the target population recruit
each other into the sample (26). RDS requires starting individuals called “seeds” who are
recruited in collaboration between the research team and different community services and
organizations (27). For both surveys individuals needed to come to a fixed site. The fixed site for
the NHBS-PWID-2022 was near Pioneer Square Seattle whereas the fixed site for the UW-
PWID-2023 was close to the main UW campus (approximately 4 miles apart, but on opposite
sides of the body of water that divides Seattle into North and South). Both surveys were
incentivized in a similar structure. First, each participant received an incentive for completing the
survey. Both surveys also provided coupons to participants who completed the survey.
Participants were instructed to give the coupons to other members of the target population.

Anyone who met the inclusion criteria and had a coupon could come to the fixed site with the
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coupon and participate in the study. For each coupon linked to a completed survey, the original

person who distributed the coupon received an incentive for recruiting another participant who

completed an interview.

Table 1. Information on the two surveys from, which the analytical samples for population size
estimation are derived from.

Survey Name

National HIV Behavioral Surveillance

University of Washington Survey

$20 Visa gift card (for each referral)

Abbreviation | NHBS-PWID-2022 UW-PWID-2023

Geographic King and Snohomish County City of Seattle

reach

Eligibility Any injection drug use in the last year, | Any injection drug use in the last

Criteria successfully described how to prepare year, successfully described how
and inject drugs to the satisfaction of to prepare and inject drugs to the
the screener, were over the age of 18, satisfaction of the screener, were
could take the survey in English or over the age of 18, could take the
Spanish, lived in King or Snohomish survey in English, lived in Seattle,
County, and had a valid study referral and had a valid study referral
coupon. coupon.

Data June 2022 to December 2022 May 2023 August 2023

Collection

Incentive $50 Visa gift card (initial survey) $20 cash (initial survey)

$10 cash (for each referral)

Survey content

Demographics, risk behaviors, testing
history, and access to preventive
services among populations at increased
risk of acquiring HIV.

Demographics, risk behaviors,
network characteristics of PWID
in Seattle, interest in drug user
services.

Questions that
were used for
population size
estimates

Network question (NSUM PWID
2022).

Additional survey question (Multiplier
method community-organization).

Additional survey question (Multiplier
method municipal sexual health clinic).

Participation in NHBS-PWID-
2022 (CRO).

Network question (NSUM PWID
2023).

Demographics questions and network size questions were identical between the two surveys. The

UW-PWID-2023 survey had an additional question about whether someone participated in the

NHBS-PWID-2022 survey. Zip code for individuals experiencing homelessness was based on a
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response to a question about what zip code did the participant spend the most time in. The
NHBS-PWID-2022 survey also included two unique local questions about whether 1) someone
had utilized case management at a local community-based organization that focuses on case
management in the last year, and 2) whether someone had utilized a specific municipal sexual

health clinic in the last year. Responses to each of these questions were used for PSE.

Data analysis:

Descriptive analysis:

Our descriptive analysis explored the demographics of the two samples including age, gender,
race, housing in the last year, current housing status, and employment status. We examined
differences between the NHBS-PWID-2022 and UW-PWID-2023 samples demographic
variables using a chi-squared test for categorical variables (gender, race, housing in the last year,
current housing status, and employment status), and a t-test for continuous variables (age). For
the CRC the NHBS-PWID-2022 sample was limited to people who lived in Seattle according to
whether their reported zip code fell within the City of Seattle. For the NSUM and the two

multiplier methods the NHBS-PWID-2022 sample included everyone in King County.

Population size estimation methods:

Capture recapture (CRC):

The CRC method used both samples. Individuals in the UW-PWID-2023 sample were asked if
they participated in the NHBS-PWID-2022 sample. The overlap between the two samples was
analyzed to derive the CRC PSE. We used the Lincoln-Pearson estimator (equation 1) to

calculate the point estimate and used a bootstrap approach to generate the 95% confidence
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intervals from the empirical distribution (15). In the estimator, the estimated population size (nr)
is the product of the two samples (n1 and n2), which is divided by the number of people who are

in both samples (niand2).

ny = (N * 1)/ (M1anaz)

Equation 1: Lincoln-Pearson estimator

Network scale-up method:

The NSUM is a PSE method that leverages information on the reported size of a respondent’s
network. In the NHBS-PWID-2022 survey we determined the reported network size by asking
participants how many people in King County they knew who injected and who they had seen in
the past 30 days whereas in the UW-PWID-2023 survey we asked how many people in Seattle
they knew who injected and who they had seen in the past 30 days. The distinction here is
important as the NHBS-PWID-2022 NSUM PSE is estimated using the population size of King
County whereas the UW-PWID-2023 NSUM PSE is estimated using the population size of the
city of Seattle. We used the Killworth et al. (28) NSUM estimator (equation 2), wherein nt is the
size of the target population, N is the size of the total population and xi is the reported network
size of individual /. (29). The estimator was calculated using the total population of Seattle in
2022 as the numerator for all estimates except for the NHBS-PWID-2022 NSUM, which used
the total population of King County in 2022. We estimated the 95% confidence intervals from

the empirical distribution using a bootstrap approach.
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Equation 2: NSUM estimator

Multiplier method.:

The service multiplier is a PSE that is recommended as a tool by the CDC for NHBS sites to use
to estimate their local population size of PWID (30). The Seattle NHBS site attempted to do this
with the NHBS-PWID-2022. As previously mentioned, NHBS-PWID-2022 included local
questions about whether people utilized case management services at a community-based
organization, and whether people attended a specific municipal sexual health clinic during the
previous calendar year. In collaboration with those organizations, NHBS staff at Public Health —
Seattle & King County also identified the number of PWID who attended those services during
the previous calendar year. The service multiplier estimator for the number of PWID (nt) is equal
to the total number of PWID attending a reference service in the last year (M) divided by the
proportion of people in the sample who attended that reference service in the last year (p)

(21,23,31).

Equation 3: Multiplier method estimator
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Anchored multiplier:

The anchored multiplier combines multiple PSE to generate a single consensus estimate. The
five PSE integrated into our anchored multiplier estimate were: the CRC estimate (using both
NHSB-PWID-2022 and UW-PWID-2023), the NSUM using NHBS-PWID-2022, the NSUM
using UW-PWID-2023, and the two service multipliers using NHBS-PWID-2022. The anchored
multiplier combined these individual PSE to yield a weighted population size estimate, with each
PSE contributing based on the width of the confidence intervals. An online anchored multiplier
tool that was published by Wesson et al. (32) was used to estimate the point estimate and 95%
confidence intervals for the anchored multiplier approach. The anchored multiplier was

estimated using the online anchored multiplier tool (http://anchoredmultiplier.ucsf.edu/). The

prior for the anchored multiplier was taken from the national estimates from Bradley et al. 2022
(33). We used the point prevalence estimate 1.46% with a lower bound of 0.74% and an upper

bound of 2.87%. The online tool calculates a variance and non-variance adjusted estimate.

Calculation of prevalences:

The PWID prevalence estimate for all estimates were calculated by dividing the estimate from
the above approach by the corresponding reference population. The population for the city of
Seattle for 2022 was the denominator for the CRC, NSUM UW-PWID-2023, the service
multipliers, and the anchored multiplier estimates. The prevalence for the NSUM NHBS-PWID-

2022 was calculated by dividing by the adult population of King County for 2022.

Graphing of the estimates:
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We graphed the point estimates and estimates of uncertainty for all the PSE. For comparison
purposes, we added lines indicating the 2014 King County PWID population size estimate (5), as

well as the point estimate for the national estimate that was used as a prior (33).

Analyses were conducted and graphics were made using R (Version 4.3.1, R Foundation for
Statistical Computing, Vienna, Austria) (34) and the online anchored multiplier tool

(http://anchoredmultiplier.ucsf.edu/). Data cleaning for the NHBS sample was done in SAS

[VERSION 9.4] (35). The Seattle area NHBS-PWID survey was determined by the Washington
State IRB to be a surveillance project and does not require ongoing IRB review. The secondary
analysis of NHBS data for this study was deemed to be exempt from human subjects’ ethics
review by the division of human subjects’ research at the University of Washington
(STUDY00017706). The data collection and data analysis related to the UW-PWID-2023 study

was determined exempt from human subjects’ review (STUDY00017705).

Results:

The NHBS-PWID-2022 sample had 500 individuals of whom 362 met the eligibility criteria for
this analysis based on zip code inclusion. The UW-PWID-2023 sample had 351 individuals.
Table 1 shows the demographics of the two samples. The NHBS-PWID-2022 sample was older
than the UW-PWID-2023 sample. Additionally, the UW-PWID-2023 sample had more male
participants, 73% compared to 62% in the NHBS-PWID-2022 sample. The race demographics
were similar between the two samples (Table 2). There were more people who had experienced
homelessness in the last year and who were currently homeless in the UW-NHBS-2023

compared to the NHBS-PWID-2022.
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Table 2. The demographics characteristics of the NHBS-PWID-2022 sample that was collected
from June 2022-December 2022 and the UW-PWID-2023 sample that was collected from May

2023-August 2023.

NHBS-2022 UW-2023 p-values
N 362 351 -
Age (median (IQR)) 46 (38-56) 39 (25-53) <0.001
Gender <0.001
Male 221 (62%) 254 (73%)
Female 138 (37%) 82 (23%)
Trans or Other - 14 (4%)
Race* 0.21
American Indian/Alaska Native 62 (15%) 62 (15%)
Asian 8 (2%) 9 (2%)
Black 90 (21%) 67 (16%)
Native Hawaiian or other 21 (5%) 11 (3%)
Pacific Islander
White 244 (57%) 250 (60%)
Other - 20 (5%)
Housing last year <0.001
Unhoused at some point 220 (61%) 302 (86%)
Housed 142 (39%) 49 (14%)
Currently Homeless <0.001
Yes 158 (44%) 234 (67%)
No 204 (56%) 114 (33%)
Employment 0.51
Employed 23 (7T%) 29 (8%)
Unemployed 319 (93%) 319 (92%)

*Individuals could select more than one race

Figure 1 shows estimated population size of PWID in the city of Seattle. The CRC estimated a

prevalence of 0.66% (95%CI: 0.52,0.87), UW-PWID-2023 NSUM estimated a prevalence of

0.88 (95%CI: 0.56,1.31), the NHBS-PWID-2022 NSUM estimated a prevalence of 0.49%

(95%CI: 0.32, 0.67). The estimated prevalence for the anchored multiplier was 0.33% (95%CI:

0.27, 0.39). The variance adjusted anchored multiplier estimated a prevalence of 0.68% (95%CI:

0.51, 0.88). The national estimate from Bradley et al 2022 of, a prevalence of injection drug use

of 1.5%, is represented with a dashed line. The 2014 Public Health — Seattle & King County
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estimate for the prevalence of PWID for King County (1.1%) is represented by another dashed

line.
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Figure 1. Anchored multiplier and other population size estimate. Blue squares show the mean

prevalence estimate for each estimate and the grey bands show the 95% confidence intervals. Along the

left side of the graph are identifiers for the different population size estimation methods.

Supplemental Table 1 has population size estimates as derived by each of the methods and

respective data sources.

Discussion:

Our study estimated a prevalence of 0.68% (95%CI: 0.51, 0.88) PWID in Seattle, Washington,

approximately 5000 individuals. This is the first concerted effort of the prevalence of PWID for

Seattle and the first multi-data source effort to estimate the prevalence of PWID in the region

since 2014.The PSE for the NSUM and the capture-recapture were all in a similar range and

would represent a large decrease in the number of PWID in Seattle and King County compared
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to 2014 (5). The service multiplier method had much lower estimates, with one estimate not

being plausible as the population estimated was smaller than the number of sampled individuals.

A recent PSE for PWID in the United States found a national prevalence of 1.5%, which is
higher than the 0.68% in our study for Seattle (33). Several potential mechanisms could explain a
decline in the number of PWID. The drug supply in Seattle has shifted dramatically since 2014.
In 2014, the primary unregulated opioid was heroin, which has been displaced by fentanyl since
2019. With the introduction of fentanyl there has been data that people who use opioids have
shifted from injecting to smoking (36,37). A study in San Francisco found that people shifted
from injecting heroin to smoking fentanyl for a variety of reasons; these include moderating the
risk of overdose in response to the shift in the drug supply from heroin to fentanyl and the
comparative increased potency and decreased duration of the effects of fentanyl (9). Moreover, a
cohort study in San Diego has documented a shift from injecting heroin to smoking fentanyl (8).
The decline in PWID on the West Coast contrasts with other areas where the number of PWID
have remained stable or increased, emphasizing the uniqueness of different drug markets such as
the East Coast (38). The observed decline in the population of PWID could also be a function of
the substantial and increasing overdose mortality rate over recent years (39). It should also be
noted that the prevalence of the UW-PWID-2023 NSUM had a higher point prevalence than the
NHBS-PWID-2022 NSUM indicating a potential increase in the number of PWID from 2022 to
2023. We should be careful comparing these two estimates as they are estimating the prevalence
for different geographic areas. Additionally, with the large overlap in confidence interval and

only two time points it is impossible to conclude that there is a trend.
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Among all the direct PSE the CRC estimate was the most similar to the variance-adjusted
estimate. However, we should comment that the CRC estimate of the number of PWID could be
an underestimate if there was positive dependence between the two samples (participants in
NHBS were more likely to also be in the UW RDS study). There is a possibility of list
dependence due to overlap in the organizations from which seeds were recruited. This would
mean the true number of PWID in Seattle is greater than estimated from the CRC method. We
also could have underestimated the size of the number of PWID for the NSUM methods as
NSUM is traditionally done with a random sample of the population and not RDS. The random
sample for NSUM is important as the random sample helps meet the NSUM assumption that the
network size of the people who are sampled are representative of the underlying population. In
RDS people are selected into the sample based on their networks, and therefore people with
larger network sizes are more likely to be in an RDS sample than they are to be in a random
sample. Therefore, the NSUM assumption that the people in the sample have networks that
represent the underlying population is likely to not be met in RDS due to the nature of study
recruitment. The overestimation of network size for the group would result in a lower NSUM
estimate. However, as mentioned previously since we believe that we have had sufficient waves
of recruitment we can treat the RDS sample as an independent sample and thus the NSUM would

not be biased.

For the multiplier method neither of the estimates were credible. This was particularly true with
the case management sample since the estimated population size of PWID was smaller than the
number of PWID who were surveyed for NHBS-PWID-2022 survey. The assumption of the

multiplier method that participation in services and the survey are accurately captured was not
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met. There were 24 people who the service reported injected drugs in the last year with 36 people
in the NHBS-PWID-2022 survey saying they attend case management services at the
community-based organization. There is measurement error either on the side of the community-
based organization or the survey in either or both the number of clients who report drugs, or the
number of participants who attended services. The CDC recommends the use of the service
multiplier for NHBS sites to estimate the size of their local target populations (4). However,
given the performance of the service multiplier in this study having other PSE would be
beneficial to NHBS and the CDC. The NSUM is one option that could be explored as an
additional PSE. The NSUM can be calculated using existing NHBS data and does not need an
external service that reliably collects data on the target population and is willing to collaborate
making it less resource intensive compared to the service multiplier. The anchored multiplier
approach mitigates some of the concerns around biases in individual PSE by combining multiple
PSEs, the anchored multiplier cannot eliminate the bias that is already inherent in each individual
estimate, which all have some threat of bias as previously discussed. Therefore, the anchored
multiplier could also be underestimating the number of PWID in the city of Seattle if the PSEs

that are synthesized also systematically underestimate the population of PWID.

There are several limitations to this study. First, the two primary samples may not represent the
entire population of PWID in Seattle, possibly omitting hidden or marginalized subgroups or
subgroups that are less attracted to our studies, including PWID with high socioeconomic status
and PWID who are marginalized and do not trust research, government, or academic institutions.
The exclusion of high socioeconomic PWID is likely true as over 90% of people in both samples

were unemployed. Second, both studies used RDS to collect data and therefore were more likely
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to sample people with high network connectivity and people who were similar to the initial
seeds. However, we believe that we met the RDS assumption that with enough waves of
recruitment that the final sample is independent of the seeds. Third, the samples were collected
one year apart, and we are assuming that there was no significant change in the population (in
terms of individuals entering or exiting) during this period. This assumption presents a potential
threat to the study design; however, we believe any significant decrease in the population likely
occurred prior to the study period, around 2019-2020 and that the shift happened relatively
quickly (within a year). This belief is based off local news reports as well as information from
local surveys (37,40). Finally, there are issues in comparing our estimates to the 2014 King
County estimates for several reasons: the estimates cover different geographical areas, they use

different estimation methods for the population, and the 2014 estimate was never peer-reviewed.

Given the potential large decrease in PWID, it is important to continue to monitor and investigate
factors contributing to the perceived decline in PWID and whether this is an ongoing trend or
one that has stabilized. The reduction in the number of PWID in Seattle has profound
implications for services as well as public health and harm reduction messaging. Ultimately, the
findings underscore the importance of continuous monitoring and adaptable public health

strategies.
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Appendix:

Supplemental table 1. Population size estimates for the different methods displayed with data
sources. Presented are the population median as well as the 95% confidence intervals constructed
using the bootstrap approach from the empirical distribution.

Estimate name (sample used) Population Lower 95%CI | Upper 95%CI
median

Capture Recapture (NHBS-2022; UW-2023) | 4850 3811 6402

NSUM 2023 (UW-2023) 6512 4243 9704

NSUM 2022 (NHBS-2022)* 11253 7354 15312

Multiplier method case management at a 194 164 230

community-based organization (NHBS-

2022)

Multiplier method municipal sexual health 1188 943 1586

clinic (NHBS-2023)

Anchored multiplier 2392 1984 2831

Anchored Multiplier — variance adjusted 5010 3727 6486

*Number arises from a different denominator estimate of people who inject drugs in King
County not Seattle, given the geographic scope specified in the question to determine network
size. Note: The main parameters for calculating the capture-recapture were the thirty-three
people who were in both samples, the sample size of the NHBS-PWID-2022 sample (n=362),
and the sample size of the UW-PWID-2023 sample (n=351). For the network scale up methods
the mean value of the network size that is used in the estimator was 67 and 120 for the NHBS-
PWID-2022 and UW-PWID-2023 samples, respectively. The main parameters for the
community-based organization case management multiplier methods were 24 people who had
accessed case management in the last year and 10.2% or 36 individuals who were in the sample
who said they had case management at the community-based organization in the last year. The
main parameters for the municipal sexual health clinic were 134 PWID who accessed the clinic
and 10.3% percent of the sample who had accessed services at the municipal sexual health clinic
in the last year.
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Abstract:

Background: Pragmatic solutions are needed to reduce opioid involved overdose deaths. A
regulated supply of opioids is one proposed solution. We gauged the interest of people who use
opioids in four different models of regulated opioid access and expanded versions of the long-

standing treatment options of methadone and buprenorphine.

Methods: From May to September 2023, we interviewed people who injected or smoked opioids
and lived in Seattle, Washington. We asked about interest in six different models of regulated
access to opioids. Two of the models were treatment medication focused: expanded methadone
and expanded buprenorphine, while four were presented as safe supply: prescribed supervised,
prescribed unsupervised, community-based, and dispensary-based. We assessed participants’
perceptions of potential personal impacts of different models of opioid access, including change

in overdose risk and change in criminal activity.

Results: Respondents included 269 people who injected opioids in the last year and 106 people
who smoked opioids but did not inject them in the last year (n = 375). Overall, 91% of people
reported that they wanted some form of regulated opioid access, of whom 74% preferred a safe
supply model as their first choice over an expanded medication treatment model. Interest varied
across the six models with prescribed unsupervised being the most popular (83%) and expanded
buprenorphine being the least popular (42%). Of those who expressed interest in any regulated
opioids, 76% thought accessing a regulated supply would reduce their risk of overdose. Of

respondents who self-reported engaging in illegal activity to support their drug use, more than
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74% said accessing safe supply would reduce their engagement in criminal activity; this was also

true for the expanded treatment models.

Conclusion: There is strong interest in and high expected benefit from access to regulated

opioids among people who use opioids in Seattle. Such programs may benefit not only

individuals accessing them but also the broader public.
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Introduction:

Opioid overdose is a pressing public health emergency in the United States (US) (1).
Historically, opioids such as heroin and oxycodone were the primary opioids involved in
overdose deaths. As drug markets have shifted in recent years, unregulated fentanyl and its
analogs are the most commonly identified primary opioid involved in overdose deaths (2). Use
of unregulated fentanyl has become more common in much of the western US since 2020,
causing an unprecedented increase in the number of fatal opioid overdoses on the West Coast

(3.4).

Unregulated fentanyl causes more overdoses due to its increased potency compared to traditional
recreational opioids like heroin and oxycodone (5). People who use drugs often do not know the
amount of active ingredient in unregulated drugs. This lack of knowledge increases the risk of
overdose when potent opioids like fentanyl are present in varying concentrations (6). The
increase in opioid related overdose deaths underscores an urgent need to re-evaluate and develop
innovative strategies to deal with the increasingly toxic and potent drug supply. One proposed
solution is to increase access to medication for opioid use disorder (MOUD) such as methadone
and buprenorphine (7). However, modelling has shown that even though access to MOUD is
important, a MOUD-only strategy is insufficient and other strategies combined with MOUD are

needed to further reduce overdose mortality (8).

One proposed solution that could work in tandem with expanded MOUD is implementing access

to a regulated supply of opioids, known as “safe supply” (9). People who use drugs first

proposed the concept of safe supply and defined safe supply as providing people who use drugs
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access to a regulated and quality-assured source of the substances they would otherwise obtain
through the illegal market (10). The fundamental objectives of safe supply are to minimize the
harms associated with drug use and return autonomy to people who use drugs (11). Medicalized
versions of safe supply in Canada, known as “safer supply” or “prescribed alternatives to the
unregulated supply,” have been implemented in a few provinces including British Columbia
(BC), Ontario, Quebec, and Nova Scotia (12). Robust population-based studies have been
conducted independently for BC and Ontario using administrative health data (13,14). The
results of both studies showed a large benefit for the individuals who were accessing the program
in reducing all-cause mortality and opioid overdose-specific mortality. Additionally, in
Vancouver, BC, an unsanctioned compassion club model that operated for over a year was found

to be effective in reducing the occurrence of drug overdose among participants of the program

(15).

In Seattle and Washington state, the conversation around safe supply has begun (16). In 2022 an
advisory panel recommended the formation of a working group to study safe supply that was
funded by the Washington state legislature for two years (17,18). Additionally, a previous study
among people who inject opioids in King County found that there was a high interest in four
different models of safe supply with those interested almost unanimously saying that safe supply
would be less risky or the same amount of risk as their current supply (19). The current study
builds on this previous work in four main ways. First, this study explores the interest of people
who smoke opioids as well as people who inject opioid in contrast to the previous study, which
only sampled PWID. Secondly, this study asks about six models of opioid regulation instead of

four from the previous study. The six models included in this study are the four safe supply
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models from the previous study as well as two expanded MOUD options. Third, the current
study captures more detailed data about interest in each safe supply models compared to the
previous study, which only asked about outcomes related to the participants most preferred
model. Fourth, for all models we also explore additional outcomes that were not asked about in

the previous study like expected impact on criminal activity and drug use related behaviour.

Methods:

Setting and recruitment process:

We conducted two surveys using respondent-driven sampling (RDS). We conducted two RDS
surveys to ensure comprehensive representation of the two target populations 1) PWID in the last
year (injecting sample) and 2) people who smoke opioids and had not injected in the last year
(smoking sample). The initial RDS sample focused on people who had injected at least once in
the last year (May 2023 to August 2023), while the subsequent RDS sample was dedicated to
individuals who primarily smoked opioids and had not injected in the last 12 months (August
2023 to September 2023). Both samples were started by distributing seed coupons to local
community organizations that serve people who use drugs. Individuals with referral coupons
were instructed to come to a physical location in North Seattle near transit that served as the
interview location. People who arrived at the physical location with a coupon and were interested
and eligible could complete the interview on the premises. If eligible participants were verbally
consented into the study and provided with study information. Once the interview was
concluded, individuals were remunerated $20 cash for their participation and were given study
coupons to recruit other participants. People were remunerated $10 cash for each distributed

coupon that resulted in another participant’s completed interview.
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Study population:

Our two samples aimed to sample from mutually exclusive populations. The injection sample
was restricted to people who were 18 or older, had injected drugs in the last 12 months, and lived
in the city of Seattle. People could have injected any drug for non-prescribed reasons including
non-pharmaceutical forms of opioids, methamphetamine, and cocaine and could have smoked
any drugs. Answers to all eligibility questions needed to be satisfactory at the discretion of a
trained interviewer for the participant to be eligible; people were asked when they last injected
drugs, how they prepared their drugs, and how they injected their drugs. The smoking sample
was also restricted to people who were 18 or older and who lived in the city of Seattle, but was
limited to people who reported smoking opioids and not injecting drugs in the last 12 months.

Participants in the injection sample were not eligible to participate in the smoking sample.

Survey instrument:

The survey consisted of questions about demographics, drug use, and interest in different models
of drug regulation, and expanded methadone and buprenorphine. Demographics questions
included age, gender, race, homelessness in the last year, current housing status, employment,
and engagement in crime — defined to participants as “stealing or boosting goods to trade for
drugs or sell for money to provide for their drug use”. In the injection sample drug use questions
assessed how often drugs were used alone, drugs injected over the lifetime and in the last 12
months, drugs that have been injected in the lifetime that have been used in other ways in the last
12 months, lifetime and 12-month history of drug treatment, and current MOUD status. For the

smoking sample drug use questions assessed how often drugs were used alone, drugs used over
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the lifetime and last 12 months, mode of consumption of how drugs were consumed in the last 12

months, lifetime and 12-month history of drug treatment, and current MOUD status.

The study assessed interest in six models of regulated opioids, including two MOUD treatment

medication models and four safe supply models.

The expanded MOUD treatment models were:
1) Expanded methadone described as, receiving methadone in a clinical setting where
methadone could be started on the same day and you would get an adequate dose.
2) Expanded buprenorphine described as, receiving buprenorphine in a clinical setting
where buprenorphine could be started on the same day and you would get an adequate

dose.

The MOUD treatment models are inspired by efforts to make MOUD treatment more accessible
in the US. The US has moved to liberalize methadone with new federal regulations (20).
However, these new regulations fall short of the demands of patients on methadone (21). The
question is to explore interest in one version of methadone liberation that is clinic based. The
expanded buprenorphine model is based off low-barrier buprenorphine models, which exist and

have shown to increase access to care (22).

The safe supply models were described as:
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1) Prescribed supervised, where your drug of choice is prescribed to you by a medical
provider and must be consumed onsite.

2) Prescribed unsupervised, where your drug of choice is prescribed to you by a medical
provider, and you can take the drugs home with you.

3) Community-based model, where you drugs can be accessed in a community-based setting
and no prescription is required (e.g., a compassion club model).

4) Dispensary-based model, where drugs can be accessed at a storefront dispensary and no

prescription is required

The safe supply models were based on Canadian work (10,23) and to mirror a previous survey in
King County asking about these four safe supply models (19). Participants were asked about
their interest in each model and how they anticipated it would impact their overdose risk,
engagement in criminal activity, frequency of use, likelihood of either starting buprenorphine
and methadone or continuing on these treatment medications. Participants were asked to rank the
options that they expressed interest in. We asked participants to rank the safe supply models
from most preferred to least preferred. Subsequently we asked participants to rank the safe

supply models and expanded MOUD treatment options from most preferred to least preferred.

Data were recorded and managed using REDCap (24), a secure web-based application designed

explicitly for the collection and management of research data. The full survey for the injection

and smoking samples can be found in appendix 1.

Data analysis:
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The data were analyzed descriptively, quantitatively, and visually and only included participants
in the study population. We explored demographics of each sample and quantified interest in
different models of opioid access. We visually compared proportions endorsing interest in
models, using coloring to display responses to questions about expected changes in: risk of
overdose, involvement in crime, frequency of use, and likelihood of starting or staying on
MOUD treatment. We examined the distribution of choice rankings for both the safe supply
models and the safe supply models plus the two expanded MOUD treatment options. We
compared demographic variables stratified by the top choice of preferences of individuals. The
variables examined were RDS sample, age, gender, race, homelessness in the last year, current
housing status, employment status, engagement in criminal activity to provide for drug use,
overdosed ever, use drugs alone, and currently on MOUD. Overall model preference was
determined by aggregating points assigned to each model based on participant rankings. When
participants selected "not interested" for a model, that model received zero points in the total
calculation. For models that participants preferred, points were assigned incrementally. For
example, the least preferred model received one point, while the most preferred model received
points equal to the total number of ranks minus one. The total points for each model were then

summed across all participants to establish the overall ranking.

All analyses were conducted in R version 4.3.1 (25). This study was deemed to be exempt from

human subjects review by the University of Washington (STUDY00017705).

Results:

Demographics and drug use behavior:
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The demographics for the injection sample, the smoking sample, and pooled samples are
presented in Table 1. The median and interquartile range of age in both samples were similar;
however, the histogram of ages for the injecting sample showed a skewed sample with an older
population where the smoking sample ages showed a bimodal shape with a group of younger
individuals and another group of older individuals (supplemental figure 1). In the pooled sample
72% were male, 24% female, and 4% reported trans or other gender. White was the most
common race in both samples. The injecting sample had a lower proportion of people who
identified as American Indian or Alaska Native than the smoking sample. In the injecting and
smoking samples there were a similar proportion of people who had experienced homelessness
in the last year. Few participants were employed in either sample. Most of the individuals in both
samples (65%, overall) reported engaging in theft related activities to provide for their drug use.
Moreover, overall people (87%) reported using alone at least some time with 10% using alone all

the time and 36% using alone most of the time.

Table 1. Demographics of the injecting and smoking samples. Data collected May 2023 to
August 2023 for the injecting sample and from August 2023 to September 2023 for the smoking
sample, Seattle Washington. *

Injecting sample Smoking sample Pooled sample
Collection dates May 2023-August August 2023-September 2023
2023
N 269 106 375
Age (median (IQR)) 39 (25-53) 37(22-52) 38 (24-52)
Gender
Male 192 (71%) 79 (75%) 271 (72%)
Female 68 (25%) 20 (19%) 88 (24%)
Trans/Other 9 3%) 6 (5%) 15 (4%)
Race**
American Indian/Alaska Native | 38 (12%) 27 (21%) 65 (15%)
Asian 6 (2%) 4 (3%) 10 (2%)
Black 48 (15%) 21 (16%) 69 (15%)
Native Hawaiian or 8 (3%) 8 (6%) 16 (4%)
other Pacific Islander
White 206 (65%) 61 (47%) 267 (59%)
Other 13 (4%) 9 (7%) 22 (5%)
Unhoused in the last year
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Yes 231 (86%) 96 (91%) 327 (87%)
Currently Homeless

Yes 179 (67%) 83 (78%) 262 (70%)
Employed

Yes 24 (9%) 11 (11%) 35 (9%)
Theft activities for drug use

Yes 179 (70%) 54 (53%) 233 (65%)
Using alone

Never 37 (14%) 10 (10%) 47 (13%)

Some of the time 110 (41%) 44 (42%) 154 (41%)

Most of the time 96 (36%) 37 (35%) 133 (36%)

Always 24 (9%) 14 (13%) 38 (10%)

*Don’t know and missing are excluded from the table and denominators
**Participants could report multiple races.

Participants reported a broad range of drug use and treatment histories (Table 2). In the last 12
months, 83% of the injecting sample had injected methamphetamine, 83% heroin, 59% fentanyl
powder, and 52% goofballs (heroin and methamphetamine combined). Most of the injecting
sample had tried detox, outpatient, inpatient, 1:1 counselling, 12-step support groups,
methadone, and buprenorphine at least once in their lifetime. Only 10% of the sample reported
never trying any modality of treatment/support groups in their lifetime. People in the smoking
sample had a similar profile of treatment history except the proportion of people who had tried
methadone was much lower (27% in the smoking sample vs. 55% in the injecting sample). This
was also reflected in treatment in the last 12 months where methadone was less likely to be
reported among the smoking sample than the injecting sample. Moreover, 14% of people in the

injecting sample reported being currently on methadone compared to 5% of the smoking sample.

Table 2. Drug use behavior and treatment history table of injecting and smoking samples. Data
collected May 2023 to August 2023 for the injecting sample and from August 2023 to September
2023 for the smoking sample, Seattle Washington*

Injecting sample (n = 269)

Smoking sample (n = 106)

Drug injected/used last 12 months

Fentanyl blue pill 74 (28%) 96 (91%)
Fentanyl powder 158 (59%) 84 (79%)
Heroin 224 (83%) 49 (46%)
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Prescription-type opioids 53 (20%) 36 (34%)
Powdered cocaine 86 (32%) 45 (42%)
Crack cocaine 49 (18%) 43 (41%)
Methamphetamine 222 (83%) 98 (92%)
Goofball (fentanyl + meth) 91 (34%) 26 (25%)
Goofball (heroin + meth) 139 (52%) 17 (16%)
Speedball (fentanyl + cocaine) 34 (13%) 17 (16%)
Speedball (heroin + cocaine) 67 (25%) 11 (10%)
Treatment/Support group ever
Detox 150 (56%) 51 (48%)
Outpatient 158 (59%) 66 (62%)
Inpatient 170 (63%) 60 (57%)
1:1 Counselling 143 (53%) 52 (49%)
12-step support group 150 (56%) 50 (47%)
Group Counselling 117 (43%) 44 (42%)
Methadone 148 (55%) 29 (27%)
Buprenorphine 148 (55%) 48 (45%)
Long acting-naltrexone 21 (8%) 4 (4%)
Other 10 (4%) 1 (1%)
Never 27 (10%) 16 (15%)
Treatment/Support group last 12
months
Detox 27 (10%) 14 (13%)
Outpatient 19 (7%) 8 (8%)
Inpatient 19 (7%) 11 (10%)
1:1 Counselling 39 (14%) 11 (10%)
12-step support group 13 (5%) 8 (8%)
Group Counselling 18 (7%) 10 (9%)
Methadone 83 (31%) 14 (13%)
Buprenorphine 62 (23%) 24 (23%)
Long acting-naltrexone 5 (2%) 1 (1%)
Other 3 (1%) 0 (0%)
No in the last 12 months 115 (43%) 64 (60%)
Currently on MOUD
Methadone 46 (14%) 5 (5%)
Buprenorphine 15 (5%) 7 (7%)
Long acting-naltrexone 0 (0%) 0 (0%)
None 263 (81%) 93 (87%)

*For the injecting sample, drugs injected in the last 12 months is presented and defined as if the

respondent reported injecting that drug in the last 12 months. For the smoking sample, drugs

used in the last 12 months is presented and defined as if the respondent reported using that drug
in the last 12 months. Drugs used in the last 12 months was not collected for the injecting sample

due to an error in survey design.
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Safe supply interests and anticipated behaviors:

Overall, both people who injected opioids and those who smoked opioids displayed interest in
safe supply interventions and less interest in expanded MOUD treatment models. Among PWID,
interest ranged from 39% to 80%, with the highest interest observed in the prescribed
unsupervised (80%) model and the dispensary framework (77%). PWID had the lowest interest
in expanded buprenorphine at 39%. Among people who smoked opioids, interest ranged from
44% (expanded buprenorphine) to 87%, with the highest interest observed in the dispensary-

based model (87%) and prescribed unsupervised (83%) (Figure 1).

Among PWID interested in safe supply models, most anticipated a decrease (a lot or a little) in
overdose risk compared to their current supply. The expanded buprenorphine had the highest
proportion of individuals (85%) who thought if accessing expanded buprenorphine their risk of
overdose would be lower compared to their current supply, followed by: expanded methadone
(82%), prescribed supervised (82%), prescribed unsupervised (71%), community-based model
(75%), and dispensary-based model (71%). Individuals in the smoking sample interested in safe
supply models and expanded MOUD treatment also expected similar changes in overdose risk as
the injecting sample: expanded methadone (81%), expanded buprenorphine (81%), prescribed
supervised (73%), prescribed unsupervised (59% less risk), community-based model (65%), and
dispensary-based model (58%). A portion of participants in both samples anticipated either no

change or a slight increase in risk, but were less than the portion of people that reported less risk.
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Figure 1. Interest in expanded MOUD treatment and safe supply models with whether accessing
the program was anticipated to change their likelihood of overdose compared to their current
opioid supply.

Ancillary outcomes around criminal activity, drug use, and MOUD treatment effects

The majority of participants who reported engaging in criminal activity to provide for their drug

use in both samples expressed they would decrease (a lot or a little) criminal activity if they were

to access any of the interventions. The proportion of PWID who were interested in various

models and anticipated reductions in criminal behavior ranged from 73% to 90%. Most

participants expected they would engage in less criminal activity, with the prescribed

unsupervised model having the highest proportion of respondents indicating less criminal

activity. Similarly, among the smoking sample, a majority expected reductions in criminal

activity across all safe supply models, with the proportion of respondents expecting a reduction

in their criminal activity ranging from 73% to 87% of the sample (Figure 2).
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For all models, the proportion of participants that expected a decrease in drug use with safe
supply interventions was much greater than the proportion of participants who expected it would
increase their use. People interested in expanded methadone and buprenorphine had the highest
proportion of responses indicating that accessing those models would reduce their use, with 86%
of PWID and 81% people who smoke opioids reporting they would use less frequently.. The safe
supply scenarios ranged from 35% to 49% of respondents reporting they would reduce their
frequency of use. The majority of people not on MOUD in both samples expressed no change in
their likelihood of starting MOUD across all models of safe supply. More participants not on
MOUD who wanted safe supply reported they thought accessing safe supply would make them
more likely to start MOUD than the proportion of people who said accessing safe supply would
make them less likely to start MOUD. For participants already on MOUD most people said
accessing safe supply would have no impact on them staying on MOUD (Figure 2). There were
more people on MOUD treatment who said they thought accessing safe supply would increase
their likelihood of staying on MOUD than people who said it would make them less like to stay

on their current MOUD.
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Figure 2. Proportions of responses to Likert questions on crime (n for those who reported
engaging in illegal activity), frequency of use (n is everyone interested in safe supply), likelithood
of starting MOUD treatment (n is for everyone interested in safe supply and not on MOUD), and

staying on MOUD treatment (n is for everyone interested in safe supply and on MOUD). Data
collected from May 2023 to September 2023 in Seattle, Washington.

Model preferences and ranking:

There were 343 people (91%) who had a preferred opioid regulation model when asked to rank

the six available choices. The most popular choice was the prescribed unsupervised 21% (n =

80), followed by dispensary-based 18% (n = 69), expanded methadone 18% (n = 68),

community-based 15% (n = 58), 13% prescribed supervised (n = 47), and expanded

buprenorphine 6% (n = 21) (Table 3). Generally, people who were younger appeared to prefer

models that required less oversight whereas older people tended to prefer more MOUD treatment

based and fixed site models. Whether someone was currently on methadone was indicative of

someone selecting expanded methadone as the first option. Whether someone was currently on

buprenorphine was not indicative of selecting buprenorphine as their first option.

Table 3. Distribution of demographic factors stratified by top model of interest for first choice.

University of Washington respondent driven sample, 2023 (N = 375)

Preferred Opioid Regulation Model Any model
Prescribed Prescribed Communit | Dispensary | Expanded Expanded (sum No Total*
. . . columns 1 Interest
supervised unsupervised | y-based based Methadone Buprenorphine 10 6)
N 47 (13%) 80 (21%) 58 (15%) 69 (18%) 68 (18%) 21 (6%) 343 91%) | 32(9%) | 375
RDS Sample
Injecting 34 (13%) 59 (22%) 36 (13%) 45 (17%) 56 (21%) 16 (6%) 246 91%) | 23 (9%) | 269
(72%)
Smoking 13 (12%) 21 (20%) 22 (21%) 24 (23%) 12 (11%) 5(5%) 97 (92%) 9 (8%) 106
(28%)
Age (median 42 (14) 39(12) 37 (15) 35(14) 40 (16) 42 (11) 39 (14) 40 (14) 38 (15)
QR))
Gender
Male 37 (14%) 58 (21%) 43 (16%) 48 (18%) 48 (18%) 13 (5%) 247 (91%) | 24 (9%) | 271
(72%)
Female 8 (9%) 18 (21%) 11 (13%) 18 (21%) 20 (23%) 8 (9%) 83 (94%) 5 (6%) 88
(24%)

Trans and 2 (13%) 4 (27%) 4(27%) 3 (20%) 0 0 13 (87%) 2 (13%) 15 (4%)
Other
Race**

American 9 (14%) 11 (17%) 9 (14%) 14 (22%) 11 (17%) 4 (6%) 58 (89%) 7(11%) | 65
Indian/Alaska (15%)
Native

Asian 2 (20%) 2 (20%) 1(10%) 3 (30%) 2 (20%) 0 (0%) 10 (100%) | 0 (0%) 10 (2%)

Black 13 (19%) 12 (17%) 6 (9%) 15 (22%) 6 (9%) 5 (7%) 57 (83%) 12 69

(17%) (15%)
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Native 2 (13%) 2 (13%) 2 (13%) 4 (25%) 1 (6%) 0 11 (69%) 5(31%) 16 (4%)
Hawaiian or
other Pacific
Islander
White 30 (11%) 64 (24%) 42 (16%) 47 (18%) 54 (20%) 13 (5%) 250 (94%) 17 (6%) 267
(59%)
Other 1 (5%) 2 (9%) 4 (18%) 5 (23%) 2 (9%) 2 (9%) 16 (73%) 6 (27%) 22 (5%)
Housing last
year
Unhoused at | 43 (13%) 74 (23%) 51 (16%) 57 (17%) 56 (17%) 20 (6%) 301 (92%) 26 (8%) 327
some point (87%)
Housed 4 (8%) 6 (12%) 7 (15%) 12 (25%) 12 (25%) 1 (2%) 42 (88%) 6 (12%) 48
(13%)
Housing status
Unhoused 33 (12%) 55 (21%) 43 (16%) 49 (19%) 45 17%) 15 (6%) 240 (92%) 22 (8%) 262
(70%)
Housed 12 (11%) 25 (23%) 15 (14%) 20 (18%) 23 (21%) 5 (5%) 100 (91%) 10 (9%) 110
(30%)
Employment
Employed 2 (6%) 6 (17%) 4 (11%) 8 (23%) 9 (26%) 2 (6%) 31 (89%) 4 (11%) 35 (9%)
Unemployed 45 (13%) 74 (22%) 54 (16%) 61 (18%) 58 (17%) 18 (5%) 310 (92%) 26 (8%) 336
(91%)
Crime for drug
use
Yes 23 (10%) 60 (26%) 38 (16%) 43 (18%) 42 (18%) 9 (4%) 215 (92%) 18 (8%) 233
(65%)
No 22 (18%) 19 (15%) 14 (11%) 21 (17%) 25 (20%) 11 (9%) 112 (90%) 13 125
(10%) (35%)
Overdose ever
Yes 27 (12%) 49 (22%) 29 (13%) 34 (15%) 52 (24%) 13 (6%) 204 (93%) 16 (7%) 220
(59%)
No 20 (13%) 30 (20%) 28 (18%) 35 (23%) 16 (11%) 8 (5%) 137 (90%) 15 152
(10%) (41%)
Use drugs alone
Never 4 (9%) 8 (17%) 6 (13%) 12 (26%) 10 (21%) 4 (9%) 44 (94%) 3 (6%) 47
(13%)
Some of the 20 (13%) 34 (22%) 24 (16%) 30 (19%) 24 (16%) 10 (6%) 142 (92%) 12 (9%) 154
time (41%)
Most of the 19 (14%) 30 (23%) 23 (17%) 18 (14%) 25 (19%) 6 (5%) 121 (91%) 12 (9%) 133
time (36%)
Always 4 (11%) 8 (21%) 4 (11%) 9 (24%) 8 (21%) 1 (3%) 34 (89%) 4 (11%) 38
(10%)
Currently on
MOUD
Methadone 9 (18%) 5 (10%) 5 (10%) 2 (4%) 29 (57%) 0 (%) 50 (98%) 1(2%) 51
(14%)
6 (27%) 5(27%) 2 (9%) 5(27%) 0 (0%) 3 (14%) 21(95%) 1 (5%) 22 (6%)
Buprenorphine
Naltrexone 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
None 32 (11%) 70 (23%) 50 (17%) 62 (21%) 38 (13%) 17 (7%) 269 (90%) 30 299
(10%) (80%)

*all row percentages except for the overall column to the far right (column percent).
**People could select more than one race

Among PWID, we found that the most preferred model of regulated opioids in terms of ranking

was the prescribed unsupervised model, followed by the community-based model, a dispensary-

based model, and then the prescribed supervised model (Supplemental Table 1). Results were

similar for the smoking sample except the prescribed supervised model was less popular among

people who smoked drugs compared to PWID. When asked to rank the four safe supply models

with the two expanded MOUD treatment scenarios, participants rated the safe supply models in
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the same order and the MOUD treatment scenarios methadone and buprenorphine were ranked
fifth and sixth respectively (Supplemental Table 2). Methadone had a strong bimodal distribution
with 18% (n =68) people ranking it as their first choice. In both samples buprenorphine was the
least popular of all the options with most people not being interested. When people were
interested in the expanded buprenorphine model, people consistently ranked it as the last choice

when ranked against other models.

Discussion:

We surveyed people who used opioids in Seattle, Washington, in 2023. People in our sample
were socially marginalized, with a high proportion of people experiencing homelessness and
using drugs alone. The majority had tried MOUD treatment and/or abstinence-based treatment
modalities in their lifetime. We found that most people were interested in most models of
regulated opioids. More respondents indicated interest in safe supply models compared to the
expanded MOUD treatment options. Respondents indicated that they believed that safe supply
models as well as expanded MOUD options would curtail their risk of overdose compared to
their current supply of unregulated opioid. People who reported engaging in crime to supplement
their drug use indicated that getting access to regulated opioids either safe supply or MOUD
would greatly diminish their engagement in criminal activity. Participants expressed a range of
preferences for different models of opioid regulation. The prescribed unsupervised model
appeared to be the most preferred by both samples. Both samples favored safe supply options
over any of the expanded MOUD treatment options. Additionally, they preferred expanded

methadone more than expanded buprenorphine.
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A smaller study found similar interest in safe supply among people who inject opioids in King
County (19). This same study also found a high proportion of people thought accessing safe
supply would reduce their risk of overdose. The current study replicated these findings,
strengthening the evidence base that PWID want safe supply and think it would significantly
reduce their overdose risk. These findings show similar interest in safe supply among people
who smoke opioids, an important finding given data showing that smoking has become more
common among people who use opioids in Washington State who attend syringe service
programs (26). The consistent finding that access to safe supply models, where reductions or
cessation in use is not the focus, reduces perceived overdose risk aligns with other studies
showing that participants accessing prescribed alternatives to the toxic drug supply were less
likely to die compared to matched controls who did not access these programs (12,15). We found
that those interested in expanded methadone and buprenorphine believed that accessing these
opioids would reduce their risk of overdose and significantly decrease their frequency of use.
This is consistent with findings from meta-analyses, which have shown that methadone and
buprenorphine as MOUD to be highly effective for those who initiate and stay engaged in care
(27,28). The reported potential reduction in criminal activity found in this study is congruent
with results from participants in safer supply programs who said that they reduced the amount of
crime related to their drug use compared to the time period before they accessed the program
(29,30). Participants also reported expected reduction in crime for the expanded MOUD models
which is consistent with existing evidence that accessing MOUD reduces engagement in criminal

activity (31).
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The results from the questions related to frequency of drug use demonstrated an important
distinction between the two MOUD treatment options and the four safe supply models. We
found that those who were interested in the two MOUD treatment options overwhelmingly said
that it would reduce their use. In contrast, for the safe supply models, most people said it would
not impact the frequency at which they use drugs. More individuals anticipated that safe supply
would reduce their frequency of use than the number of individuals who anticipated that safe
supply would increase their frequency of use. This aligns with other descriptions of safe supply,
which aims to reduce unregulated drug use but not stop drug use. This contrasts generally with
the goal of most current models utilizing MOUD, which is to stop drug use (32). However, as
some providers and systems move towards a focus of staying engaged on MOUD, safe supply
could be an overlapping model of services, as MOUD and safe supply are not mutually

exclusive.

In this study more people who were not on MOUD expected that accessing safe supply would
make them more likely to access MOUD than less likely to access MOUD. Among those who
were on MOUD, most said accessing safe supply would have no impact on whether they stayed
on MOUD or make them more likely to stay on MOUD. This is consistent with findings from
BC that found that those accessing safe supply were more likely to stay on MOUD (33,34). In
our survey 57% of people on methadone wanted a more liberated clinic-based version of their
treatment instead of any of the safe supply models. However, 28% of methadone patients also
wanted some prescribed version of safe supply as their first choice of regulation model over
expanded methadone. These findings further highlight the demand for both expanded methadone

treatment and safe supply. A study from BC, Canada, found varied preferences of safer supply
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programs. Some participants described wanting more autonomy in their models while others
preferred closer contact with care to help with other health needs (35). In our study we found
similar results including, PWID preferring the prescribed supervised option more than those who

smoked (36).

There are several limitations to our study. The RDS sampling method may introduce selection
bias and limit generalizability (37). However, RDS diagnostics suggested that our sample met
the RDS assumptions. We asked about safe supply, an intervention that most participants had not
heard of before; therefore, people may have not fully understood what the interventions would
look like in practice. There are also limitations comparing safe supply, an intervention no one in
the sample has experienced, with MOUD which has known barriers and challenges that
participants have experienced. Therefore, safe supply acceptability could be a lot lower in
practice if implemented and individuals have direct experience with a safe supply program. For
example, a study from New York found that among PWID who were interested in receiving
injectable hydromorphone in a supervised setting had a 55% acceptability, which is lower than
what we found for our prescribed supervised model (which did not specify a particular type of
opioid) (38). Additional limitations of this study are that costs of the various models and the
types of opioids provided were not specified. The unregulated drug market has certain costs.
Providing a safe supply at no cost to participants would not just provide a reduced likelihood of
health concerns but also remove financial burden on participants. In future studies adding details
about who pays for safe supply could change the number of people interested as well as how it
would be anticipated to change the behaviours of participants. Respondents’ preferences for

short versus long-acting opioids as well as preference for euphorigenic versus withdrawal
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alleviating effects warrant further investigation. We also incentivized the survey and thus some
people may have tried to enter the study for the compensation and provided data that was not
accurate. This is a problem that is hard to mitigate in the context of a marginalized population

that intersects with poverty and an incentivized survey.

One could argue the biggest limitation of this study is that safe supply is not likely to happen any
time soon in the US. In the US there are serious regulatory barriers that preclude all of the
models of safe supply discussed. There are federal and state regulations that block the
prescription of medications by medical providers to maintain a person’s substance use and the
non-medical models, all currently illegal and in the eyes of the law, are tantamount to drug
dealing (39). Despite these barriers, gauging the interest in these interventions and showing that
there is acceptability is important as we explore pragmatic solutions to reduce fatal opioid
overdoses. We should note that the expanded methadone and buprenorphine scenarios described
in the survey do not match the reality of most care delivery systems in the US. However, in
2024, new rules in the US made substantial changes to improve access to methadone, increased
dosages, decreased in person dosing frequency, and removed counseling mandates making the
models asked about in this survey potentially implementable in reality (20). This is welcomed as
expanded MOUD including non-clinic-based options are urgently needed as one part of a

solution to addressing the number of overdose deaths in the US.

The strong interest in safe supply models by our respondents underscores the desire for such

programs by a population of people that would use these services. From a public health

perspective implementing safe supply could be a substantial step towards reducing overdose
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fatalities. The findings suggest a pathway to reduce the burden on emergency services and
medical facilities dealing with overdoses. Socially, the potential reduction in drug-related crimes
can foster safer communities, while also paving the way for people who use drugs to have more

stability and autonomy in their lives without living under the fear of criminalization.
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Supplemental figure 1: Histogram of age for the participants in the injecting and smoking
sample. Data collected from May 2023 to September 2023 in Seattle, Washington.

Supplemental Table 1. Ranking of the different safe supply models. Data collected from May
2023 to September 2023 in Seattle, Washington.

Injecting sample Points
Model Choice 1 Choice 2 Choice 3 Choice 4
Prescribed 80 (30%) 50 (18%) 49 (18%) 91 (33%) 389
supervised

Prescribed 91 (34%) 70 (26%) 76 (28%) 34 (13%) 489
unsupervised

Community- 61 (23%) 93 (35%) 77 (29%) 38 (14%) 446
based model

Dispensary-based | 79 (29%) 72 (27%) 57 (21%) 62 (23%) 438
model

Smoking sample

Model Choice 1 Choice 2 Choice 3 Choice 4
Prescribed 18 (25%) 12 (17%) 11 (15%) 30 (42%) 89
supervised

Prescribed 27 (33%) 31 (37%) 21 (25%) 4 (5%) 164
unsupervised

Community- 22 (26%) 24 (29%) 30 (36%) 8 (10%) 144
based model
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Dispensary-based
model

31 (35%)

22 (25%)

20 (23%)

15 (17%)

157

Supplemental Table 2. Ranking of the different models of regulated opioids and expanded
treatment. Data collected from May 2023 to September 2023 in Seattle, Washington.

Injecting

Model Choice 1 Choice 2 Choice 3 Choice 4 Choice 5 Choice 6 points
Prescribed 54 (20%) 52 (20%) 49 (18%) 70 (26%) 24 (9%) 16 (6%) 789
supervised

Prescribed 70 (26%) 65 (25%) 72 (27%) 44 (17%) 9 (3%) 5(2%) 923
unsupervised

Community- 44 (17%) 84 (32%) 65 (24%) 41 (15%) 24 (9%) 8 (3%) 857
based model

Dispensary-based | 70 (26%) 59 (22%) 48 (18%) 54 (20%) 22 (8%) 13 (5%) 860
model

Methadone 65 (31%) 18 (8%) 26 (12%) 20 (9%) 46 (21%) 39 (18%) 561
Buprenorphine 17 (11%) 15 (9%) 9 (6%) 12 (7%) 49 (30%) 59 (37%) 245
Smoking

Model Choice 1 Choice 2 Choice 3 Choice 4 Choice 5 Choice 6
Prescribed 13 (18%) 11 (15%) 13 (18%) 25 (35%) 7 (10%) 3 (5%) 205
supervised

Prescribed 21 (25%) 30 (36%) 18 (22%) 7 (8%) 5 (6%) 2 (2%) 298
unsupervised

Community- 22 (26%) 19 (23%) 26 (31%) 9 (11%) 8 (10%) 0 (3%) 290
based model

Dispensary-based | 24 (27%) 19 (22%) 23 (26%) 20 (23%) 1 (1%) 1 (1%) 306
model

Methadone 12 (26%) 6 (13%) 1 (22%) 5 (11%) 18 (39%) 4 (9%) 115
Buprenorphine 5 (14%) 7 (20%) 3 (9%) 6 (17%) 7 (20%) 7 (20%) 81
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Abstract:

Background: Opioid overdose deaths have significantly increased over the last two decades in
the United States, particularly among people who inject drugs (PWID). A proposed approach to
mitigate this crisis is providing people who use drugs with access to opioids of known potency
and purity (“safe supply’’), which aims to reduce exposure to the unregulated drug supply. This
study used a microsimulation model to explore the potential impact of four different safe supply

delivery scenarios on the incidence of fatal overdose among PWID in Seattle.

Methods: We developed a microsimulation model calibrated to the number of opioid overdose
deaths and the number of people on medications for opioid use disorder in Seattle, Washington
for the period 2019-2023. The four modeled scenarios were: 1) reference (status-quo) 2)
prescribed supervised, 3) prescribed unsupervised, and 4) community-based model. A sensitivity
analysis explored varying levels of access (pilot, some, and full) and a threshold analysis

examined the impact of increased new user initiation rates on overdose mortality.

Results: Over 15 simulated years, the reference scenario projected 3612 (95%CI: 3585, 3639)
overdose deaths. The prescribed supervised scenario resulted in 1171 (95%CI: 1146, 1193)
deaths, prescribed unsupervised scenario in 1803 (95%CI: 1739, 1817) deaths, and community-
based model in 2066 (95%CI: 1931, 2095) deaths. Sensitivity analyses indicated that the pilot
scenario for safe supply scenarios did not achieve population-level impacts on overdose deaths.
The threshold analysis indicated that the new user rate would need to increase by three-fold for

the prescribed-unsupervised and community-based model to return to the reference scenario and
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would need five-fold increase for the prescribed-supervised scenario to have the same number of

deaths as the reference scenario.

Conclusion: Implementing safe supply models could reduce overdose deaths at the population

level if sufficient access is achieved.
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Introduction:

In the last two decades, the United States has experienced a significant increase in opioid
overdose deaths, particularly among people who inject drugs (PWID) (1). In 2022, there were
over 80,000 overdose deaths involving opioids, with synthetic opioids such as non-
pharmaceutical-fentanyl being the primary driver of the increasing number of opioid-related
deaths (2). Fentanyl has contributed to the increase in deaths since fentanyl is more potent than
previous opioids. Moreover, the amount of fentanyl in the unregulated drug supply is variable;
therefore, people who use opioids do not know the amount of fentanyl in their drugs. Due to this
combination people who use drugs are at higher risk of overdose when using unregulated
fentanyl. The surge in overdose deaths related to fentanyl and opioids in general has prompted
urgent calls for action to reduce the harms associated with opioid use (3). In response,
governments have expanded medications for opioid use disorder (MOUD) and, in some

jurisdictions, harm reduction services (4).

One additional proposed approach is providing a regulated supply of opioids, also known as a
safe supply, which aims to reduce overdose deaths by ensuring that people who use opioids have
access to opioids of known potency (dose), and purity (quality) as an alternative to those they
would consume from the unregulated market (5). This approach has proven successful in several
Canadian contexts (6,7). Medically unsupervised models of safe supply, also known as safer
supply or prescribed alternatives to the unregulated drug supply have been found to be effective
in reducing all-cause mortality, fatal overdose, and non-fatal overdose in several settings (6). An
observational study in British Columbia found that accessing one dose of safer supply reduced

all-cause mortality by 61% in the following week compared to matched controls (8).
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Furthermore, a community-based model operated by the Drug Users Liberation Front distributed
three kilograms of cocaine, heroin, and methamphetamine and reported zero overdoses requiring
naloxone among their pilot participants over a full calendar year of operation and found that
participants had reduced non-fatal overdose risk by 44% (7). However, there is ongoing criticism
about the potential impact of different regulatory approaches on the opioid epidemic, specifically
regarding the diversion of drugs from safer supply programs and encouraging new initiation of
drug use (9). In the United States, these models are unlikely to be implemented soon (10). There
are several legal obstacles, making highly restricted pilots that provide substances like
hydromorphone in treatment settings, which some would argue is not safe supply, the most

feasible option in the near future (11).

Seattle is experiencing significant impact from the opioid crisis, characterized by high rates of
opioid-related mortality, especially among PWID (12). Seattle is representative of many West
Coast cities facing similar challenges (13,14). In this paper we decided to evaluate different
scenarios of opioid access among PWID in Seattle, Washington despite the likelihood of these
models being implemented any time soon not being a reality. We used microsimulation
modelling to explore the potential impact of regulatory interventions on fatal opioid overdose
(15). By simulating the behavior of individuals within a population over time, microsimulation
models can estimate the effects of different policy scenarios on health indicators such as
overdose incidence and mortality while accounting for existing MOUD services (16). The
rationale for restricting the modelling to PWID is based on the reality from other countries that
only people who were experienced with injection drug use were able to access the earliest

iterations of the prescribed supervised scenarios when first rolled out. The reason these services
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were limited largely to PWID was to help assuage concerns among certain stakeholders that the
interventions were only being utilized by individuals who have used drugs for a long time and

not those who might be experimenting.

Methods:

We utilized a microsimulation model to predict the impact of three different scenarios of safe
supply interventions focused on opioids over a 15-year time horizon. The microsimulation model
was based off Macmadu et al. 2021 (17). The model was implemented and run using the R
programming language (18). Each individual in the model had a base risk of overdose that was
then modified by their demographic characteristics and whether they were accessing MOUD, the
intervention, or both. Individuals were able to discontinue MOUD and safe supply in the model.
Individuals at every time step had a probability of experiencing opioid-related overdose mortality

or leave the model due to deaths from other causes or cessation of drug use (Figure 1).

Base risk
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Figure 1. Pathways for individual transition across dynamic states in the model.
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We specified the log odds of an overdose as an additive function of age, gender, MOUD status,
and access to safe supply. Individuals had decreased log odds of overdose mortality while being
enrolled in MOUD or safe supply programs while discontinuation of MOUD or safe supply
generated an increased risk of overdose. Log odds were then converted to probabilities. The
effect of MOUD on the probability of overdose was estimated based on previous studies from

the United States (19).

The log odds of initiating and cessation of MOUD was an additive function of the age, gender,
and safe supply status of an individual. Individuals had an increased log odds of initiation
MOUD if they were over the age of 30, were male, and were on safe supply. Individuals had a
lower log odds of cessation if they were over the age of 30, were male, and were on safe supply.
These probabilities were estimated based on data from previous studies of opioid use and MOUD
outcomes (20,21). The total number of MOUD was capped at a maximum of 50% of individuals

in the model based off data from Palayew et al. in preparation.

The log odds of initiation and cessation of safe supply was an additive function of the age,
gender and MOUD status of an individuals. Individuals who were over the age of 30, male, and
on MOUD were more likely to access safe supply and less likely to stop safe supply. The number
of people who were able to access safe supply was capped at the levels of interest from Palayew

et al. in preparation.

Additionally, the model accounted for the risk of dying from other causes or natural cessation of

drug use by applying a fixed probability to each individual for exiting the model at each time
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step. We assumed that if someone stopped using opioids that that same individual would not

restart using and leave the model permanently. We assumed that the probability of initiating

injection opioid use follows a rate derived from NSDUH data (22). The baseline probability of

overdose was a calibrated parameter (Table 1).

Table 1. Model processes and parameter for the microsimulation model simulation overdose risk in a

virtual population.

Parameter | Description | Sources

Demography

Population size Initial size of the initial population. Palayew et al. in preparation

Age Distribution of age group. Washington Syringe Services Survey

2021, 2023 (23,24)

Gender Distribution of genders of initial Washington Syringe Services Survey
population. 2021, 2023 (23,24)

Proportion on MOUD The proportion of individuals on King County data
MOUD at the start of the simulation

Rate of new people initiating injection Rate of new people who inject drugs at | NSDUH(22)

drug use

each time step.

Probability of death of other causes

The probability of death from other
causes at each time step.

Cohort study examining mortality
among people who inject drugs (25)

Person overdose characteristics

Baseline overdose risk The baseline risk of overdose at each Calibrated
timestep for each individual.

Age overdose risk adjustment A fixed decrease in overdose risk with NSDUH (22)
increased age.

Gender overdose risk adjustment A fixed increase in overdose risk for NSDUH (22)

women relative to men.

MOUD protective of overdose effect
parameter

The decrease in overdose risk for
individuals on MOUD.

Systematic-review.(21)

Safe supply intervention protective of
overdose effect parameter (by model)

The decrease in overdose risk for
individuals accessing safe supply.

Prescribed supervised, meta-analysis of
heroin assisted treatment. (26)

Prescribe unsupervised, risk mitigation
guideline evaluation. (8)

Community-based, Drug User
Liberation Front compassion club
evaluation. (7)

MOUD

MOUD initiation for methadone and Probability of initiating methadone or Calibrated
buprenorphine (by individual) buprenorphine at each timestep.

MOUD cessation for methadone and Probability of stopping methadone or Calibrated

buprenorphine

buprenorphine at each timestep.

MOUD initiation for methadone and
buprenorphine (by safe supply scenario)

An increase in likelihood of starting
MOUD for people on safe supply.

Risk mitigation guideline evaluation (8)

MOUD cessation for methadone and
buprenorphine (by safe supply scenario)

The decrease in likelihood of cessation
of MOUD for people on safe supply.

Min et al. 2024. (20)

Maximum proportion of the population
who would access MOUD

The maximum proportion of people
interested in expanded MOUD.

Palayew et al. in preparation
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Safe supply characteristics

Safe supply initiation rate.

The probability of accessing safe
supply at each timestep.

Calibrated

Safe supply initiation adjustment by age

The fixed increase in likelihood of
starting safe supply for older
individuals.

Risk mitigation guideline evaluation (8)

Safe supply initiation adjustment by
gender

A fixed increase in likelihood of men
starting safe supply.

Risk mitigation guideline evaluation (8)

Baseline Safe supply cessation The probability at each timestep of Calibrated
stopping safe supply.

Safe supply cessation The decreased cessation of safe supply Cross-sectional study.(27)
for individuals on MOUD.

Maximum proportion of the population
who would access safe supply

The proportion of people who would
want to access a certain model of safe
supply.

Palayew et al. in preparation

Population and Data Sources

The population in the model consists of PWID in Seattle. Data on the prevalence of opioid use

and injection drug use in Seattle were obtained from Public Health — Seattle & King County and

Palayew et al. in preparation (12). Demographic and behavioral characteristics of PWID in

Seattle were derived from a University of Washington 2023 survey of PWID that collected data

from May 2023 to August 2023 (Palayew et al. in preparation).

Scenarios of a Safe Supply of Opioids:

We considered four total scenarios including three scenarios of safe supply provision in Seattle.

The scenarios were: the reference scenario, which involved no safe supply intervention; the

prescribed supervised scenario, where opioids are prescribed and consumed under the

supervision of a healthcare professional; the prescribed unsupervised scenario, where opioids are

prescribed but can be consumed without supervision; and the community-based scenario, which

involved community provision of opioids without a prescription. Each scenario was simulated

for 1000 iterations.

Outcomes measured.:
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The primary outcome of the model was the cumulative number of opioid related deaths over the
simulated time period. The main measure was deaths averted comparing each of the simulated
scenarios with the corresponding reference scenario. All estimates are presented with 95%
predictive intervals (PI) to reflect the stochastic nature of the model. All models were simulated

for 1000 iterations.

Calibration:

The model was calibrated to ensure that two simulated outcomes (observed overdose deaths and
number on MOUD) matched observed data from Seattle for the years spanning 2019 to 2023.
Inputs selected for calibration are presented in supplemental table 1. Input values were generated
using Latin hypercube sampling (28). Goodness-of-fit for the model was determined by
minimizing the sum of the square differences between the model outputs and the calibration

targets (29).

Sensitivity Analyses:

Two additional analyses were conducted. The first sensitivity analysis examined the population-
level impact of varying levels of access to a prescribed supervised safe supply program. These
levels were pilot project (maximum 5% of the population access), some access (maximum 20%

access) to full access (maximum 80% access, same as primary analysis).

The second sensitivity analysis investigated how increases in the number of people initiating

injection drug use might reverse the effects of the program on overdose mortality. In this

analysis, we adjusted the model in the primary analysis to simulate higher rates of new people

85



initiating injection drug use and observed the resulting impact on overdose deaths. This allowed

us to assess whether the benefits of the safe supply programs would be outweighed by potential

increases in people initiating injection drug use, providing insights into the conditions under

which the program would remain beneficial.

Results:

The reference scenario consistently showed the most deaths (Table 2). The model with the

fewest deaths on average was the prescribed supervised scenario, followed by the prescribed

unsupervised, and community-based. Additionally, the safe supply scenarios had a higher

number of people on MOUD after 15 years compared to the reference scenario.

Table 2. Overall statistics comparing different scenarios for the microsimulation model of
overdose deaths. 95% uncertainty intervals are reported based off the 2.5% 97.5% percentiles
from 1000 bootstrap replicates of the model.

Scenario Median Cumulative | Number on Safe Number on MOUD at | Deaths Averted Over
Overdose Deaths at | Supply at Year 15 Year 15 15 years
Year 15
Reference 3268 (95%CI: - 1223 (95%CI: 1154, -
3165, 3232) 1293)
Prescribed 1036 (95%CI: 994, | 4649 (95%CI: 1496 (95%CI: 1451, 3034 (95%CI: 2929,
supervised 1113) 4553, 4786) 1521) 3138)
Prescribed 1647 (95%CI: 5319 (95%CTI: 1431 (95%CI: 1397, 2479 (95%CI: 2369,
unsupervised 1530, 1691) 5274, 5510) 1459) 2585)
Community-based | 1832 (95%ClI: 4851 (95%CT.: 1399 (95%CI: 1365, 2271 (95%CI: 2156,
1758, 1891) 4738, 4876) 1434) 2379)

Figure 2 shows the projected mean number of overdose deaths over a 15-year period across

different safe supply intervention scenarios, compared to the reference scenario. The reduction in
deaths becomes apparent within 12 months as soon as individuals start accessing the safe supply

interventions in the model.
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Figure 2. The mean overdose deaths for the different scenarios for the main analysis over 15
simulated years for 1000 bootstrap replicates. The line represents the median and the predictive
intervals represent the 95%th percentile of simulations.

Access analysis:

Figure 3 further explores the impact of different levels of access to safe supply interventions on
the population-level outcomes for overdose deaths. The reference scenario continues to show the
highest number of overdose death. The full access scenario demonstrates a rapid and substantial
reduction in overdose deaths, with the mean number of deaths rapidly decreasing within the first
few years and remaining low for the rest of the simulation period. The full access scenario also
exhibits the most consistent results with the narrowest uncertainty interval. The some access
scenarios also result in significant reductions in overdose deaths compared to the reference. The
pilot access scenario and the reference scenario were similar. The deaths averted for the pilot
project was 164 (95% CI: 41, 289), for the some access 1805 (95% CI: 1696, 1919) deaths were

averted, and for the full access 2965 (95% CI: 2859, 3067) deaths averted compared to the

reference scenario.
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Figure 3. The impact of different levels of access on the population level impact on mean
overdose death per time step of the different models.

Increasing initiation rate analysis:

Figure 4 presents the threshold analysis, demonstrating the impact of increasing the number of
people who initiate injecting opioids, initiation rate, on the overdose mortality rate of different
safe supply interventions in reducing overdose deaths. The x-axis represents the initiation rate,
while the y-axis shows the corresponding number of overdose deaths. Each line represents a
different intervention scenario, with the reference scenario fixed at an initiation rate of 0.001

(meaning on average an additional 130 new PWID per year). The analysis reveals that as the

initiation rate increases, the number of overdose deaths for each intervention scenario gradually

rises. The initiation rate would need to increase approximately three-fold for the prescribed

unsupervised, and community-based models to return to reference. For the prescribed supervised

scenario, the initiation rate would need to increase five times to return to the reference scenario.
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Figure 4. Threshold analysis of increasing the initiation rate of new people who inject drugs to
reverse the effects of implementing safe supply.

Discussion:

In this study, we found that implementing safe supply in several modeled scenarios could
significantly reduce the number of overdose deaths in Seattle, Washington. Moreover, we found
that the number of MOUD initiations would increase in safe supply scenarios compared to the
reference scenario including the community-based scenario. The results that the safe supply
models resulted in less deaths and more MOUD initiations were to be expected based on how the
model was parameterized. The results demonstrate that it is plausible the safe supply

interventions could have an impact at a population level if scaled sufficiently.

The results from the model align with previous evidence. The idea that providing people with an
alternative to the unregulated drug market can be transformative for individuals accessing the
programs is well-supported by the literature (30). There is substantial qualitative evidence

indicating that people are much less likely to overdose and experience greater stability in their
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lives when provided with regulated substances (31). This increased stability is an important
outcome of social interest, although it was not explicitly modeled, we argue that the effect is
captured in the measures of safe supply reduction on overdose death from the literature. Figure 3
shows a reduction in overdose deaths over a 15-year period when safe supply is implemented.
This scenario, characterized by the provision of safe, regulated substances to people who inject
opioids, leads to a significant decrease in mortality rates, highlighting the potential of such

interventions to mitigate the ongoing overdose crisis effectively.

We also found that there would be limited impact from a small pilot projects on a population
level. While these projects may demonstrate local success and individual benefits, their scale is
insufficient to produce noticeable reductions in overall overdose deaths. This finding underscores
the necessity of scaling up safe supply interventions to achieve broader public health
improvements. The lack of a significant population-level impact from pilot projects aligns with
findings from other studies, such as the difference-in-difference analysis conducted in British
Columbia (32). Despite critiques of the methodologies (33) in the Nguyen et al. 2024 study (32),
the conclusion remains consistent: limited access to safer supply programs cannot significantly

alter population-level overdose mortality rates.

One of the critical aspects explored in this study is the potential for diversion of safe supply and
the introduction of new people who inject drugs. Diversion, the redirection of prescribed drugs
for non-prescribed use, is a significant concern with safe supply models. Critics argue that
increased availability of regulated opioids could lead to higher rates of drug misuse and an

increase in new people using drugs who would have otherwise never used drugs. Our modeling
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considered these potential outcomes, incorporating scenarios where diversion rates and new
PWID were higher. Despite these considerations, the models showed a net benefit in terms of
reduced overdose deaths, suggesting that the controlled provision of opioids could mitigate more
harm than it potentially causes. This finding challenges common arguments that safe supply
would lead to higher rates of drug use and associated harms (9). Instead, it reinforces the
argument that the benefits of safe supply in reducing overdose deaths outweigh the risks of
potential increases in new people using drugs because of the program. Furthermore, researchers
have found positive benefits of diversion such as reduced overdose for those who access them;
however, these benefits were not modelled in this study and only some negative consequences of
diversion were incorporated into the model (34,35). Therefore, the threshold for diversion to be

harmful at a population level is likely higher than estimated in this study.

This study has limitations. First, it is based on a sample that may not be representative of
everyone who injects opioids, especially those who are affluent and less likely to participate in
scientific research as well as marginalized individuals who do not trust scientists. Moreover, we
modelled a population of PWID, which is a limitation as most people who use drugs at risk of
overdose do not inject their drugs, but the trade-off is that the number of PWID is much better
defined than the number at risk of general opioid overdose. However, the mechanism of action of
safe supply suggests that the reduction in overdose deaths is potentially generalizable to PWID
not included in the study and people who use opioids who do not inject. Another shortcoming of
this study is that we did not directly model problematic use of opioids and instead focusing on
mortality from opioid overdoses. Future research should be conducted to investigate how the

burden of opioid use disorder might change in the population under different modeled scenarios.
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Examining the impact on the burden of opioid use disorder would be beneficial to health
planners and policy makers. Additionally, modeling work that cross-validates these findings in
other systems would help support the robustness of the results and serve as an empirical example
for cross-multi-model validation. We assumed fixed rates of baseline overdose risk over the
study period, which is likely to not hold as well as fixed rates of several parameters that are
dynamic. However, since these parameters are fixed across all scenarios, we can still compare

the difference in magnitude between the different scenarios.

Overall, we found that implementing safe supply in numerous scenarios would greatly reduce the
number of people dying of opioid overdoses in Seattle. The impact of implementing these
models at scale on other health outcomes, social issues, and public safety still needs to be
carefully examined. However, the evidence strongly supports the effectiveness of safe supply
interventions in reducing overdose deaths and highlights the importance of expanding access to

these programs to achieve significant public health benefits.
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Appendix:

Supplemental Table 1. Calibration targets for overdose deaths and number of people on
medications for opioid use disorder. Microsimulations parameters were calibrated for the

reference scenario to match the following numbers for the first four years of the simulation.

Calibration Target Overdose Deaths Number on MOUD
2019 300 1100
2020 450 1100
2021 500 1000
2022 600 1000
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CONCLUSION
The work presented in this dissertation provides the opportunity to understand the number of
PWID in Seattle, the potential interest in different models of regulated opioids in Seattle and

modelling the potential impact of these interventions among PWID.

Key findings include:

e There has likely been a large decrease in the number of PWID in Seattle compared to 10
years ago.

e There is interest in several models of regulated opioids and individuals who were
interested in accessing regulated opioids expected that it would greatly reduce their risk
of overdose compared to their current supply.

e Microsimulation modelling suggests that implementing safe supply can reduce overdose
deaths. However, limited pilot projects or smaller scale implementations of safe supply

are not expected to have a population level impact on the overdose mortality rate.

Next Steps:
e Chapter 2 will be submitted for academic publication.
e Chapter 3 will be submitted for academic publication as well as have more detailed
information around the assumptions of the RDS.
e Chapter 4 will be submitted for academic publication after careful reframing of the
results and narrative of the manuscript in collaboration with co-authors. Changes that will

be considered are alternative visualizations of the results, displaying simulations over
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time periods that are more relevant to policy makers, and any other potential changes to

the manuscript that may be raised by co-authors.
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