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Abstract

Objectives: In recent years, North America has witnessed a spike in the number of overdoses
(OD) and OD-related deaths. The aim of this study was to assess spatial correlates of OD risk in
Vancouver, Canada.

Methods: Data utilized for this study was from three open and ongoing prospective cohorts of
people who use drugs (PWUDs) in Vancouver, Canada. Logistic regression analyses with

generalized linear mixed-effects models (GLMM) was used to examine correlates of residing in
areas characterized by high OD rates. Mapping was used to examine areas showing OD clusters.

Results: We included 1,336 PWUDs who resided in the downtown area. In multivariable
analysis, higher availability of methadone clinics within walking distance, daily cocaine injectors
and daily crack users had independent decreased odds of living within an OD cluster.

Conclusion: This study found that higher availability of methadone clinics was associated with

decreased odds of living within OD clusters.
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INTRODUCTION

Many settings throughout North America continue to experience unprecedented rates of
morbidity and mortality associated with opioid overdoses (OD).1~2 In British Columbia,
Canada, an approximately 300% increase in the number of OD deaths between 2014 and
2016 led to the declaration of a public health emergency in April 2016.4° The rapid increase
in fatal overdoses has been attributed to the introduction of illicitly-manufactured fentanyl in
the drug market, a highly potent substance which is difficult to detect and puts those who
consume it at high risk of overdose and death.® Similarly alarming trends have been
identified in other jurisdictions in Canada the United States.”8

A range of individual and contextual factors shape the OD risk of people who use illicit
drugs (PWUD). These factors include substance use patterns and behaviors (e.g. type,
frequency, and co-use), homelessness, recent incarceration and access to and availability of
health and social services, including treatment for substance use disorders and harm
reduction services.®-12 Although access to health services has been identified as one of the
main factors shaping health outcomes among marginalized populations, to the best of our
knowledge the relationship between spatial access to health services and its link to OD risk
for PWUDs has been understudied. In particular, little is known about how spatial
availability of addiction treatment services, like methadone maintenance clinics (MMT),
shapes the PWUD risk of OD.

Methadone is the preferred method of treatment of opioid use disorders and is recommended
by the Centers for Disease Control and Prevention3. Methadone treatment is associated
with improved clinical and community outcomes, such as reductions in drug use, criminal
behavior, and high-risk sexual behavior, which have been shown to influence OD mortality
rates. Thus, the aim of this study was to investigate individual and contextual characteristics
that correlate with OD risk in Vancouver, Canada, between 2013 and 2016. In particular, we
focused on the spatial availability of treatment services for opioid use disorders (OUD, i.e.,
methadone maintenance clinics [MMT]), given the ongoing opioid-related overdose
epidemic in Vancouver and many other North American jurisdictions, as well as the
existence of evidence-based treatment.

Methods

Data and Setting

Data utilized for this study was derived from three ongoing open prospective cohorts of
PWUD: the Vancouver Injection Drug Users Study (VIDUS), the AIDS Care Cohort to
evaluate Exposure to Survival Services (ACCESS), and the At-Risk Youth Study (ARYS).
Recruitment of participants, follow-up, and data collection were all performed through
harmonized procedures. Recruitment took place in Vancouver’s Downtown East Side
(DTES) and Downtown South areas, areas with high levels of illicit drug use, homelessness,
and social marginalization. The recruitment process involved snowball sampling and
extensive street outreach in those two neighborhoods. Eligibility criteria were similar for the
three cohorts, including residence in the greater Vancouver area and use of illicit drugs other
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than or in addition to cannabis in the month prior to recruitment. In addition, each cohort has
specific inclusion criteria: VIDUS consists of HIV-negative adults who had injected drugs in
the month prior to enrolment; ACCESS of HIV-positive adults; and ARYS of street-involved
youth (14-26 years).

Data is gathered following standard procedures, regardless of cohort affiliation, aimed at
facilitating data merging and cross-cohort studies such as the present analysis. Specifically,
after providing written informed consent, participants complete interviewer-administered
questionnaires focusing on data related to socio-demographic characteristics, substance use
patterns, health care access, and social/structural exposures, as well as undergo HIV/HCV
testing at baseline, and every six months thereafter. For the present analysis, the study
samples were restricted to participants who provided residential information for the period
between May 2013 and December 2016, and lived in the following neighborhoods:
Downtown, Downtown South, DTES, Strathcona, and Grandview Woodland (out of 24
possible neighborhoods in the City of Vancouver). The study focused on these areas because
this is where most participants resided (comprising 72% of the cohort participants) and
where most ODs have occurred in Vancouver according to our data. Participants receive
CADS$ 30 at each study visit to compensate for their time and expertise. Further details
concerning participants’ selection and study procedures can be gleaned from previously
published studies.1415 Ethical approval for the three cohort studies was granted by the
University of British Columbia/Providence Health Care Research Ethics Board.

Outcome and Explanatory measures

The primary outcome of interest was whether participants resided in areas where high rates
of self-reported non-fatal OD clusters were observed during the study period. These areas
were defined and identified using the local Getis G cluster analysis method, described in the
next paragraph. At each follow-up participant were asked if they experienced at least one
OD in the past six months (yes vs. no). We decided to exclude ODs that had occurred at a
supervised injection facility located in DTES (Insite), to avoid biasing the results given
expected high clustering of ODs at this location, and because no fatal OD has ever occurred
at Insite.16

Clusters of high OD occurrence were determined using the local Getis G function in ArcGIS
10.3.17 The local Getis G function enables the measurement of the concentration of high or
low values within a defined area. Given a null hypothesis, meaning that no spatial clustering
of ODs exists, the local Getis G allowed us to identify areas of high and low rates of OD
occurrence within the geographical scope of our study.18 A local Getis G analysis was
conducted in order to identify clusters of high rates of OD. Output from the local Getis G
provided a likelihood value for each observation, with a 95% confidence, which indicated
whether they were likely to be within a spatial cluster. We used that value as the outcome
variable by determining if each participant resided within a cluster of high rates of OD (yes
VS. no).

Our primary explanatory variable was a spatial measure assessing the number of MMT
clinics within a 20-minute walking time from a participant’s place of residence. The location
of clinics dispensing MMT during the study period and within the study area was drawn
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from publically available data, published by the provincial Opioid Agonist Treatment
program.19

Geocoding of location data at the street address level was performed using Google Maps.20
Calculation of the number of MMT clinics within a 20 minute walking time from residence
was performed using ESRI ArcGIS, specifically the network analyst function.1” The 20
minute walking time was chosen because it was previously shown to provide a good
measure of neighborhood walkability2?.

We also included additional explanatory variables, which we hypothesized might influence
the relationship between OD risk and density of methadone clinics, including
sociodemographic variables: age (per 10 years older); gender (male vs. non-male); ethnic
background (Caucasian vs non-Caucasian); and highest level of education achieved (= high
school diploma vs. < diploma). In addition, we looked at the following substance use
variables: heroin injection (=daily vs. <daily); cocaine injection (=daily vs. <daily);
prescription opioid injection (>daily vs. <daily); crack use (=daily vs. <daily); and medical
or non-medical cannabis use (=daily vs. <daily). The following variables pertaining to the
engagement and access to substance use treatment and harm reduction services were also
considered: proportion of injections at Insite (=75% vs. < 75%); and enrollment in MMT
(yes vs. no). Structural variables (variables that are related to societal structure) that were
included in the analysis were: homelessness (yes vs. no); recent incarceration (yes vs. no);
and sex work (yes vs. no). We also included HCV sero-status (positive vs. negative). Age,
gender, ethnicity, and education level were time-fixed characteristics assessed at baseline.
All the other variables were time-updated at each follow-up interview, and referred to the
six-month period preceding each interview.

First, we conducted a descriptive statistical analysis of the study sample based on whether
the participants resided in areas showing a high occurrence of OD incidents. We used the
Pearson’s Chi-squared test (or Fisher’s exact test for small cell counts) to evaluate
categorical variables and the Mann-Whitney test to assess continuous variables.

To estimate the independent relationship between explanatory variables and residence in
areas with high rates of OD, we conducted bivariable and multivariable generalized linear
mixed-effects model (GLMM), with a logit-link function. This allowed us to analyze, over
the course of multiple study visits, repeated assessments of the same participants. Only
variables associated with the outcome in the bivariable analysis at significance level of p <
0.10 were considered for inclusion in the multivariable model. All statistical analyses were
conducted in R 3.3.22

Between 2013 and 2016, 1,336 participants reported living in the study area at least once
during the study period and were thus included in the analysis. These participants
contributed 4,312 observations, a median of 3 (Interquartile Range (IQR): 2-5) per
participant. Baseline characteristics of study participants stratified by residence in an area
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with high OD rates are presented in Table 1. Participants’ median age was 45 years (IQR
33-53), 870 (65%) self-reported male gender, and 735 (55%) self-reported Caucasian
ancestry. The median number of MMT clinics within a 20 minutes walking time was 4 (IQR
2-4).

During the study period, 256 (19%) participants experienced a total of 334 non-fatal ODs in
the past six months. Of these, 30 ODs (9%, 20 participants) occurred at Insite, and were thus
excluded from the present analysis. Of the 236 participants who experienced OD outside
Insite, 69 participants experienced 83 ODs within the cluster (10.4%) during the study
period, and the rest (173 participants, 221 events (6.2%)) outside a cluster. Within the OD
cluster, 58 participants experienced a single OD during the study period (84%) and the rest
experienced more than one OD, while outside of the OD cluster only 141 participants (81%)
experienced a single OD and the rest experienced multiple ODs.

Figure 1 presents OD clusters located in the study area. As shown in this figure, there is a
clear geographical clustering of high OD rates around the South Granville area, within the
Downtown and West End neighborhoods. This area experienced an OD rate almost twice as
high as all the other neighborhoods included in the study combined (Fig 1). Interestingly,
only two clinics are located within the cluster of high OD rates (on the boundary between
the Downtown and West End neighborhoods), while in the DTES neighborhood, an area
where most PWUD reside, there are six MMT clinics and the OD rate is lower (depicted in
light blue on the map).

Table 2 shows the unadjusted and adjusted GLMM analyses of factors associated with
residence within an OD cluster. The unadjusted model showed that daily prescription opioid
was positively associated with living within an OD cluster (Odds Ratio [OR] = 2.62, 95%
Confidence Interval [CI]: 1.12 — 6.12); while HCV-seropositivity (OR = 0.30, 95% CI: 0.11 -
0.83), daily cocaine injectors (OR = 0.02, 95% CI: 0 - 0.37), daily crack users (OR = 0.05,
95% CI: 0.01 - 0.24), and living in areas with high density of MMT clinics (OR = 0.33, 95%
Cl: 0.25 - 0.43) were negatively associated with residence in an OD cluster.

In multivariable GLMM analysis, participants with higher availability of MMT clinics
within walking distance (Adjusted Odds Ratio[AOR] = 0.33, 95% ClI: 0.25-0.43), daily
cocaine injectors (AOR = 0.02, 95% CI: 0.00-0.62), and daily crack users (AOR = 0.10,
95% CI: 0.02-0.46) had independent decreased odds of living within an OD cluster.

DISCUSSION

In this study, we observed a direct spatial relationship between lower density of MMT
clinics and higher OD rates within Vancouver’s downtown area. Specifically, we found an
inverse spatial relationship between availability of MMT clinics within walking distance and
OD rates. A possible explanation is that walking is likely the primary mode of transportation
for most PWUD living in the area, and therefore they are probably less likely to access
MMT clinics that are not in close proximity to their place of residence, which in turn place
them at increased risk of OD. Indeed, there is a well-established body of literature
demonstrating the protective effect of MMT on OD risk and mortality among PWUD both in
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Vancouver and other settings. 23-2° Despite the lack of studies examining the spatial
relationship between availability of addiction treatment and OD risk, this finding is similar
to previously identified effects of a supervised injection site showing a 35% decrease in
overdose rates within a radius of 500m around Insite after its opening in 2003.26
Collectively, these findings highlight the critical importance of spatial access to health
services to improve health outcomes among PWUD. Therefore, in the context of the current
OD epidemic in North America—in which opioids are the primary drivers of non-fatal and
fatal ODs—these finding point to the urgent need to increase the accessibility of opioid
agonist treatment (OAT).%27 Among possible interventions, the integration of low-threshold
OAT services within primary care services facilities may hold promise, as suggested by past
research showing better geographic access to addiction treatment with this approach.

28,29 pdditional benefits of integrating services may include the ability to treat comorbidities,
greater patient satisfaction, increased acceptance of treatment, and better health outcomes.30

Our analysis also found that frequent stimulant users (i.e., daily cocaine injectors, crack
users) were less likely to live within areas with high OD rates. This finding may relate to the
relatively less risk of overdose with stimulants compared to opioids (and fentanyl in
particular). Recent anecdotal reports suggest that opioid users may be more likely to use
(and potentially overdose) in groups due to concerns of their supply being contaminated
with fentanyl, and thus having someone to assist with overdose management. Further
qualitative research may help in better understanding this finding.

This study has strengths and limitations. Among its strengths, this study benefits from a
combination of precise spatial information linked to sociodemographic, behavioural and
social/structural data. The use of longitudinal data provided us with increased humber of
observations and therefore strengthens the accuracy of the results. The use of relatively
current data, and therefore related to the ongoing crisis in opioid-related ODs, adds further
relevance to the findings discussed. There are also some study weaknesses to be mentioned.
First, most variables are derived from self-reported data. Thus, reporting bias and other
individual factors may, as a result, influence their accuracy, however previous studies have
supported the validity of self-reported data from PWUD.31:32 Second, causation cannot be
clearly inferred, due to the observational nature of the study and the possible presence of
unmeasured confounders. In fact, one might expect higher overdoses to occur near
methadone clinics given that these areas may have a higher density of high risk drug users.
Third, given that no publicly available information of facilities providing buprenorphine-
based OAT existed at the moment, these were not included. However, most buprenorphine/
naloxone is available through MMT clinics. Further, during the study period, buprenorphine-
based OAT was not common in British Columbia, with more than 80% of individuals on
OAT in the local health authority being on methadone maintenance treatment during the
study period.33 Finally, the utilization of place of residence as a proxy for location of
overdose may have resulted in the misallocation of some overdoses. That said, data from the
provincial ministry of health indicates that 55.6% of OD fatalities occurred in private
residences.3*
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PUBLIC HEALTH IMPLICATIONS

This study found a strong and negative association between higher availability of MMT
clinics within walking distance and residence in areas with high overdose rates among
PWUD in Vancouver’s downtown during the period of a generalized overdose crisis. In this
context, findings from this study suggest that increased spatial availability of services
providing opioid agonist treatment (e.g., methadone, buprenorphine/naloxone), through for
example, integration with primary care services or other low-threshold community models,
may play an integral role in facilitating access to these life-saving medications, and
consequently in reducing rates of OD and OD related deaths.
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What isalready known on this subject?

Access to health and social services can reduce the risk of overdose among marginalized
populations, however, the relationship between spatial access to these services and risk of
overdose is understudied.

What this study adds?

This study shows a direct relationship between restricted access to methadone
maintenance clinics and higher risk of overdose
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Overdose likelihood

- I .

Figure 1.
Geographic clusters of overdoses and Methadone Maintenance Treatment clinic location in

Vancouver’s downtown area (2013-2016).
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Table 1.

Baseline characteristics of 1,336 PWUD based on whether they resided within clusters of high rates of OD in
the downtown area.

Within OD Cluster, n (%)

Characteristic Total,n (%) N=1,336 Yesn=252 Non=1084 p-value
Age (median, IQR) 45 (33-53) 45(29-52) 45 (34-53) 0.035
Gender
male 870 (65.1) 194 (77.0) 676 (62.4)  <0.001
female 466 (34.9) 58 (23.0) 408 (37.6)
Ethnicity
Caucasian 735 (55.0) 144 (57.1) 591 (54.5) 0.451
Non-Caucasian 601 (45.0) 108 (42.9) 132 (45.5)
Education
2 High school diploma 604 (45.2) 118 (46.8) 486 (44.8) 0.567
< High school diploma 732 (54.8) 134 (53.2) 598 (55.2)
Homelessness
Yes 248 (18.6) 49 (19.4) 199 (18.4) 0.689
No 1088 (81.4) 203 (80.6) 885 (81.6)

HCV sero-status ™
Positive 981 (73.4) 160 (63.5)  821(75.7)  <0.001
Negative 355 (26.6) 92 (36.5) 263 (24.3)
Proportion of injections at Insite *
100%-275% 59 (4.4) 6(2.4) 53 (4.9) 0.081
<75% 1277 (95.6) 246 (97.6) 1031 (95.1)
Enrollment in MMT *
Yes 628 (47.0) 94 (37.3) 534 (49.3) 0.001
No 708 (53.0) 158 (62.7) 550 (50.7)

. Lk
Recent incarceration

Yes 92 (6.9) 19 (7.5) 73 (6.7) 0.649
No 1244 (93.1) 233(92.5) 1011 (93.3)

Sex work ™
Yes 139 (10.4) 23(9.1) 116 (10.7) 0.461
No 1197 (89.6) 229 (90.9) 968 (89.3)

Heroin injection *
> daily 267 (20.0) 30 (11.9) 237 (21.9) <0.001
< daily 1069 (80.0) 222 (88.1) 847 (78.1)

Cocaine injection *
> daily 68 (5.1) 5(2.0) 63 (5.8) 0.013
< daily 1268 (94.9) 247 (98.0) 1021 (94.2)
Prescription opioids injection *
> daily 45 (3.4) 8(3.2) 37 (3.4) 0.850
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Within OD Cluster, n (%)

Characteristic Total,n (%) N=1,336 Yesn=252 Non=1084 p-value
< daily 1291 (96.6) 244 (96.8) 1047 (96.6)

Crack use ™
> daily 160 (12.0) 13 (5.2) 147 (13.6)  <0.001
< daily 1176 (88.0) 239(94.8) 937 (86.4)

Cannabis use *
> daily 360 (26.9) 88 (34.9) 272(25.1)  0.002
< daily 976 (73.1) 164 (65.1) 812 (74.9)

Number of MMT clinics within 20 min walking distance (median, IQR) * 4(2-4) 2(2-2) 2(2-5) <0.001

IQR = interquartile range

MMT=Methadone maintenance treatment

*
Refers to 6 months prior to the interview
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Table 2.

Bivariable and multivariable GLMM analysis of factors associated with residing within high OD clusters in
the Vancouver downtown area (n=1,336, 4,312 events) between 2013-2016.

Odds Ratio (OR)
Variable Unadjusted OR (95% CI) Adjusted OR (95% CI)

1duosnuey Joyiny

1duosnuen Joyiny

Number of MMT clinics within 20 min walking distance (per one clinic increase) *

Age (per 10 years older)
Male gender

Caucasian ethnicity
high school graduate

Homeless
HCV sero-positive *
All/most injections at Insite ™
Enrollment in MMT *
. *
Incarceration
Sex work *
> daily heroin injection *

. . .. - *
> daily cocaine injection

> daily prescription opioid injection ™

. *
> daily crack use

. - *
> daily cannabis use

0.33 (0.25-0.43)7
0.76 (0.50 - 1.16)
1.93 (0.63 - 5.98)
1.21 (0.44 - 3.28)
1.1 (0.41 - 2.95)
051 (0.22 - 1.2)
0.30 (0.11- 0.83)7
1.46 (0.24 - 8.91)
0.99 (0.46 - 2.15)
1.05 (0.3 - 3.66)
1.06 (0.33 - 3.42)
0.56 (0.22 - 1.40)
0.02(0-0.37)"
2.44 (0.55 - 10.91)
0.05 (0.01 - 0.24) 7
1.23 (0.6 - 2.53)

0.33 (0.25 - 0.43)

0.02 (0.00 - 0.62)

0.10 (0.02 - 0.46)

MMT, Methadone Maintenance Treatment
*
Refers to 6 months prior to the interview

fSignificant at p <0.10 in the unadjusted analyses and included in the multivariable model.
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