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ARTICLE INFO ABSTRACT
Keywords: Background: The COVID-19 pandemic has compounded the longstanding drug poisoning crisis in Canada and the
COVID-19 pandemic United States (US). Research is needed to understand the contributions of COVID-19 and subsequent infection
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control measures. We sought to estimate the prevalence of and factors associated with nonfatal overdose among
participants in nine prospective cohorts of people who use unregulated drugs (PWUD) in Canada and the US.
Methods: Data were derived from nine cohorts of PWUD in urban centres in Canada (Vancouver, BC) and the US
(Baltimore, MD; Miami, FL; Chicago, IL; Los Angeles, CA) between May, 2020 and April, 2021. Multivariable
logistic regression was used to identify factors associated with nonfatal overdose among participants who used
unregulated drugs in the past month.

Results: Among 885 participants (including 253 females), 41 (4.6 %) experienced a non-fatal overdose in the past
month, and 453 (51.2 %) reported being highly impacted day-to-day by the pandemic. In multivariable analyses,
people who experienced a non-fatal overdose were more likely to be female (Adjusted Odds Ratio [AOR]=
2.18;95 % Confidence Interval [CI]=1.10-4.30); unstably housed/homeless (AOR=2.16;95 % CI=1.11-4.26);
engaged in medications for opioid use disorder (AOR=2.45;95 % CI=1.19-4.97); and highly impacted day-to-
day (AOR=2.42;95 % CI=1.22-5.10).

Conclusion: Our findings may reflect characteristics of participants who experienced a compounding of vulner-
abilities during the pandemic and thus are vulnerable to overdose, including women, those unstably housed/
homeless, and those who perceived their daily lives were highly impacted by the pandemic. Multi-level in-
terventions are needed to remediate the vulnerabilities and address the main driver of poisoning crisis.
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1. Introduction

People who use unregulated drugs (PWUD) in Canada and the United
States (US) are contending with the intersection of two simultaneous
health crises: the COVID-19 pandemic and the longstanding drug
poisoning crisis (Becker and Fiellin, 2020; Friedman et al., 2021;
Friedman and Akre, 2021; Holland et al., 2021; Slavova et al., 2020).
Since the onset of the pandemic, settings across Canada and the US have
documented surges in overdose-related fatalities (BC Coroners Service,
2021; Friedman et al., 2021; Friedman and Akre, 2021; Glober et al.,
2020; Holland et al., 2021; Slavova et al., 2020; Toronto Public Health,
2020), and mounting evidence suggests that the effects of COVID-19 and
consequent infection control measures may have aggravated the already
high risk of overdose among PWUD (Ali et al., 2021; Appa et al., 2021;
Friedman and Akre, 2021; King et al., 2021; Linas et al., 2021). How-
ever, the possible contributions of COVID-related factors to these in-
creases in overdoses are not well understood. The impacts of
social/structural-level infection control measures (e.g., border/-
business closures, physical/social distancing, and stay-at-home mea-
sures)(Government of Canada, 2021; Lasry et al., 2020) on the risk of
overdose among PWUD are numerous (Canadian Centre on Substance
Use and Addiction, 2020; Chang et al., 2020; Nguyen and Buxton, 2021;
Niles et al., 2020; The Ontario Drug Policy Research Network & The
Office of the Chief Coroner for Ontario/Ontario Forensic Pathology
Service, Public Health Ontario, 2020; World Drug Report, 2020). For
instance, border closures and other restrictions on movement may have
led to disruptions and shortages in the unregulated drug supply and
consequently elevated levels of highly-potent synthetic opioids (Ali
et al., 2021; Canadian Centre on Substance Use and Addiction, 2020;
The Ontario Drug Policy Research Network & The Office of the Chief
Coroner for Ontario/Ontario Forensic Pathology Service, Public Health
Ontario, 2020; World Drug Report, 2020), which exposes PWUD to
elevated risks of overdose. In addition, physical/social distancing, and
stay-at-home measures (including reductions in service hours and clos-
ing of non-essential services) may have encouraged people to use drugs
alone and undermined well-established overdose prevention measures
(e.g., access to harm reduction services, engagement in medication
treatment for opioid use disorder) (Ali et al., 2021; Linas et al., 2021;
Nguyen and Buxton, 2021; Russell et al., 2021).

Investigating the impact of COVID-19 and the potential unintended
consequences of infection control measures among populations con-
tending with the dual public health crisis is needed to generate strategies
to mitigate preventable overdoses. Research is specifically needed to
examine associations between COVID-19-related factors and overdose
and identify potential characteristics associated with those who are most
likely to experience an overdose to inform prevention efforts.

Research prior to the COVID-19 pandemic identified a range of risk
factors for having a fatal or nonfatal overdose, including demographic
characteristics (e.g., male sex, young age), behavioural factors (e.g.,
previous overdose, polydrug use, injecting alone, and binge drug use),
and social and structural conditions (e.g., housing instability, time spent
incarcerated, recent release from prison) (Binswanger et al., 2011; Brady
et al., 2017; Brugal et al., 2002; Caudarella et al., 2016; Darke and Hall,
2003; Kline et al., 2021; Rowe et al., 2015).

Our study objectives were to assess the prevalence of non-fatal
overdose and identify factors associated with overdose among partici-
pants in nine prospective cohorts of PWUD in Canada (Vancouver, BC)
and the US (Baltimore, MD; Miami, FL; Chicago, IL; Los Angeles, CA)
during the COVID-19 pandemic. We further sought to examine the
prevalence and identify factors associated with those who reported
being highly impacted day-to-day by COVID-19. To guide these
exploratory analyses, we drew on Rhodes’ Risk Environment framework
which conceptualizes drug-related harm as a product of individuals
interacting with micro- and macro-environmental levels (Rhodes,
2009). For example, the reductions in service hours for MOUD treatment
to mitigate COVID-19 transmission (macro-policy environment)
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increases difficulty among PWUD in managing substance use behaviors
(individual-level behavior), such as withdrawal and tolerance, which
may increase exposure to contaminated and unregulated drug supplies
leading to an increased risk of overdose.

2. Methods
2.1. Study sample

Established by the United States’ National Institute on Drug Abuse in
2017, the Collaborating Consortium of Cohorts Producing NIDA Op-
portunities (C3PNO) aims to enhance data sharing opportunities and
mechanisms to facilitate collaborative research efforts among NIDA-
supported cohorts that examine HIV/AIDS in the context of substance
use. Details of the participating cohorts and associated methodologies
have been previously described (Gorbach et al., 2021). In brief, the
consortium is comprised of nine NIDA-funded cohorts located in major
cities in Canada (Vancouver, BC) and the US (Baltimore, MD; Miami, FL;
Chicago, IL; and Los Angeles, CA) with a combined sample size of up to
12,000 active participants.

The cohorts are: the Vancouver Injection Drug Users Study (VIDUS;
Vancouver, BC; HIV-negative people who inject drugs [PWID]); the
AIDS Care Cohort to Evaluate exposure to Survival Services (ACCESS;
Vancouver, BC; HIV-positive PWUD); the At-Risk Youth Study (ARYS;
Vancouver, BC; at-risk young PWUD); the AIDS Linked to the IntraVe-
nous Experience (ALIVE; Baltimore, MD; people who inject drugs
[PWID]); the Healthy Young Men’s Study (HYM; Los Angeles, CA; young
men who have sex with men [MSM]); the Johns Hopkins HIV Clinical
Cohort (JHHCC; Baltimore, MD; people living with HIV); the Miami
Adult Studies on HIV (MASH; Miami, FL; cocaine use, HIV, and hepatitis
C virus); mSTUDY (Los Angeles, CA; African American or Hispanic
MSM); and the Multilevel Influences on HIV and Substance Use in young
MSM Cohort (RADAR,; Chicago, IL; young MSM), and the Hopkins Heart
Study (HEART; Baltimore, MD; African American individuals to study
the effects of HIV, cocaine, and prolonged antiretroviral therapy use on
subclinical cardiovascular disease).

Between May, 2020 and April, 2021, a subset of participants in each
cohort was recruited to respond to a survey about their experiences
during the COVID-19 pandemic and two waves of surveys were
administered at varying times by each cohort. For this study, we con-
ducted a cross-sectional examination and included only those survey
respondents who had reported unregulated drug use in the past month,
including use of unregulated heroin, fentanyl, prescription opioids (non-
medical use), methamphetamine, powder cocaine, or crack cocaine. If
participants responded to more than one wave of the survey, we used
their first survey.

2.2. Study measures

The primary outcome of interest was a binary measure (yes vs. no) of
self-reported nonfatal overdose in the past month.

The explanatory variables of interest included: age (per year older);
sex (female vs. male); ethnicity/ancestry (white vs. non-white); and
study setting (Vancouver, Baltimore, Chicago, Los Angeles, Miami).
Social/structural variables include engagement in medication for opioid
use disorder (MOUD) (yes vs. no); type of residence (unstably housed or
homeless vs. house/apartment); and number of sexual partners
(continuous), which was included as a potential proxy measurement for
people engaged in sex work. Drug use-related variables included:
alcohol (>daily vs. <daily); injection or non-injection unregulated
opioid use (>daily vs. <daily), defined as any use of unregulated heroin,
unregulated fentanyl or unregulated/diverted prescription opioids
(including misuse of prescribed opioids); injection or non-injection
stimulant use (>daily vs. <daily), defined as methamphetamine, pow-
der cocaine, or crack cocaine use; and injection drug use (yes vs. no).
Individuals who reported not using a certain drug were included in
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<daily drug categories. We also included a range of COVID-19-related
factors, including: received COVID-19 testing (yes vs. no); tested posi-
tive for COVID-19 (yes vs. no); ‘COVID-19 worry’ (continuous), derived
from asking participants to rate on a scale ranging from 1 (not at all
worried) to 10 (very much worried) how worried they are about the
COVID-19 pandemic; ‘COVID-19 day-to-day impact’ (‘highly impacted’
vs. ‘moderate to no impact’), derived from asking participants to rate on
a scale (not at all, a little, much, very much, extremely) how much/did
the COVID-19 pandemic impact their day-to-day life, which we
dichotomized as ‘highly impacted’ (very much/extremely) and ‘mod-
erate to no impact’ (much/a little/not at all); avoided needle distribu-
tion sites (yes vs. no) due to the pandemic; avoided picking up
medications (yes vs. no) for opioid use disorder due of the pandemic;
and stocked up on drugs (yes vs. no) due to the pandemic.

All variables except for age, sex, and ethnicity/ancestry referred to
the past month period prior to each study interview, unless otherwise
specified.

2.3. Statistical analysis

As a first step, we examined the prevalence of each explanatory
variable at baseline stratified by non-fatal overdose, testing for differ-
ence using Pearson’s y2 test and Fisher’s test for counts < 5 (for cate-
gorical variables) or the Mann-Whitney test (for continuous variables) as
appropriate. We examined variance inflation factors (VIF) to detect
multi-collinearity across explanatory variables and found no large VIF
values. We then used bivariable logistic regression analyses to estimate
the crude relationship between explanatory variables of interest and
nonfatal overdose. A multivariable model was then constructed using an
a priori-defined backward model selection procedure based on exami-
nation of Akaike Information Criterion (AIC) and p-values (Burnham
and Anderson, 2002) All explanatory variables were included in the full
multivariable model and after examining the AIC of the full model, we
removed the variable with the largest p-value and built a reduced model.
We continued this iterative process until no variables remained for
exclusion. We selected the multivariable model with the lowest AIC
score for each outcome.

After finding a strong link between being highly impacted day-to-day
by the COVID-19 pandemic and non-fatal overdose, we sought to
examine factors associated with being highly impacted by the pandemic.
In the secondary analysis, the primary outcome of interest was COVID-
19 day-to-day impact (highly impacted vs. moderate/no impact.) We
first examined the sample stratified by those who were highly impacted
day-to-day and tested for differences using Pearson’s y2 test and Fisher’s
test for counts < 5 (for categorical variables) or the Mann-Whitney test
(for continuous variables) as appropriate. We then constructed a second
multivariable model using the same backward model selection proced-
ure and the explanatory variables described above, except nonfatal
overdose was also included as an explanatory variable.

As a sensitivity analysis, we expanded the drug use categories from
daily (>daily vs. <daily) to weekly use (>weekly vs. <weekly) and re-
ran the multivariable analyses.

All p-values were two-sided, and all statistical analyses were con-
ducted using R, version 3.6.0.33 (R Foundation for Statistical
Computing, Vienna, Austria). In the multivariable analyses, p-values
were adjusted for multiple comparisons using the procedure proposed
by Benjamini-Hochberg (Benjamini & Hochberg, 1995).

3. Results

Between May, 2020 and April, 2021, 885 participants had used un-
regulated opioids or stimulants in the past month and were included in
the analytic sample. The median age of the sample was 40 (Interquartile
Range [IQR]: 29 - 54) years, 253 (28.6 %) reported being female, 304
(34.2 %) reported being white and 428 (48.2 %) participants resided in
Vancouver, BC; 211 (24.4 %) in Los Angeles, CA; 132 (14.9 %) in
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Baltimore, MD; 70 (7.9 %) in Miami, FL; and 44 (5.2 %) in Chicago, IL.
Overall, 41 (4.6 %) participants reported experiencing a non-fatal
overdose in the past month.

Among COVID-related factors, 551 (62.1 %) participants had been
tested for COVID-19, with 18 (2.0 %) tested positive for COVID-19. Most
participants reported being worried (median: 6.0 out of 10.0; IQR: 3-9)
and about half reported being highly impacted day-to-day by the
pandemic (453, 51.2 %). In addition, due to the pandemic, 77 (8.7 %)
individuals reported avoiding needle distribution sites, 33 (3.7 %) re-
ported avoiding picking up MOUD, and 164 (18.5 %) had reported
stocking up on drugs.

The results of the main multivariable model are shown in Tables 1-3.
Individuals who had experienced nonfatal overdose were more likely to
report: female sex (Adjusted Odds Ratio [AOR] = 2.18; 95 % Confidence
Interval [CI]:1.10-4.30), being unstably housed or homeless (AOR =
2.16; 95 % CI: 1.11-4.30), engaged in MOUD (AOR = 2.45; 95 % CL:
1.19-4.97) and highly impacted day-to-day by COVID-19 (AOR = 2.42;
95 % CI: 1.22-5.10) (all p < 0.05). Number of sexual partners was
almost significantly associated with nonfatal overdose (AOR = 1.06; 95
% CI: 0.99-1.12; p = 0.084).

The results of the second multivariable analysis are shown in Table 4.
Individuals who reported being highly impacted day-to-day by the
pandemic were more likely to report: younger age (AOR = 0.98; 95 % CI:
0.97-0.99), white (AOR = 1.55; 95 % CI: 1.10-2.18), nonfatal overdose
(AOR = 2.60; 95 % CI: 1.25-5.71), being tested for COVID-19 (AOR =
1.52; 95 % CI: 1.08-2.14), higher levels of COVID-19 worry (AOR =
1.30; 95 % CI: 1.23-1.37), and stocking up on drugs (AOR = 1.59; 95 %
CI: 1.09-2.32). Individuals who reported being engaged in MOUD were
less likely to report being highly impacted by the pandemic (AOR =
0.64; 95 % CI: 0.44-0.92).

In the sensitivity analysis, the multivariable results were essentially
the same when the drug use cut-off points were changed from use
(>daily vs. <daily) to weekly use (>weekly vs. <weekly).

4. Discussion

Among nine cohorts of PWUD, most of the sample reported being
worried and about half reported being highly impacted day-to-day by
the COVID-19 pandemic, including some participants who reported
avoiding harm reduction measures (i.e., needle distribution sites and
picking up MOUD). Overall, we found that about five percent of the
sample had experienced a nonfatal overdose in the past month. The
factors found to be significantly associated with nonfatal overdose in our
study could reflect characteristics of PWUD who may be experiencing a
compounding of vulnerabilities as a result of COVID-19 and thus
vulnerable to overdose, including women, unstably housed or homeless
people, those engaged in MOUD and highly impacted day-to-day by the
pandemic. Given that prior overdose experience is a significant predictor
of future overdoses (Caudarella et al., 2016), our findings among people
who experienced a non-fatal overdose within the context of the dual
crises are important to consider for prevention programs that aim to
adapt and shift response options to the dual crises.

The association between female sex and non-fatal overdose is
consistent with increases in overdoses among women within the past
decade (VanHouten et al., 2019), and could be a result of the increases in
gender-based violence among women during the pandemic (Rieger
et al., 2021; Roesch et al., 2020; UN Women, 2020). Ethnographic
research has documented the ways gender-based violence increases risk
of overdose (Boyd et al., 2018). Stay-at-home measures and the shut-
tering of non-essential services threaten many important social and
community services and support for marginalized women, which in-
creases vulnerability to domestic violence at home by restricting
movement and reducing abilities to call for help (UN Women, 2020).
Public health responses to COVID-19 must account for the impact of
infection control measures on service disruption for marginalized
women and ensure that services remain essential and accessible (UN
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Table 1

Sample characteristics of 885 participants in nine cohorts of people who use
unregulated drugs in Canada (Vancouver, BC) and the United States (Baltimore,
MD; Chicago, IL; Miami, FL; Los Angeles, CA), May, 2020 to April, 2021.
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Table 2

Sample characteristics among 885 participants in nine cohorts of people who use
unregulated drugs in Canada (Vancouver, BC) and the United States (Baltimore,
MD; Chicago, IL; Miami, FL; Los Angeles, CA), May, 2020 to April, 2021.

Nonfatal Overdose

Characteristics Total Yes No P
n =885 ( n=41(5 n = 847 Value*
%) %) (95 %)
Age (Median [IQR]) 40 40 40 (29-53) 0.565
(29-54) (31-54)
White (vs non-white) 304 15 (36.6) 289 (34.1) 0.876
(34.2)
Male (vs female) 635 23 (56.1) 612 (72.3) 0.039
(71.5)
House/apartment (vs unstably 575 19 (46.3) 556 (65.6) 0.018
housed/homeless)® (64.8)
Number of sexual partners 1.36 (3.3) 2.24 (5.6) 1.32(3.1) 0.001
(mean/sd)?
Study setting:
Vancouver, BC 428 26 (63.4) 402 (47.6) 0.242
(48.4)
Baltimore, MD 132 6 (14.6) 126 (14.9)
(14.9)
Chicago, IL 44 (5.0) 0 (0.0) 44 (5.2)
Los Angeles, CA 211 7 (17.1) 204 (24.2)
(23.8)
Miami, FL 70 (7.9) 2 (4.9) 68 (8.1)
In MOUD? 218 17 (41.5) 201 (23.7) 0.017
(24.6)
Daily drug use®:
Alcohol 78 (8.8) 4(9.8) 74 (8.7) 0.777
Opioidsb’c 168 10 (24.4) 158 (18.7) 0.484
(18.9)
Stimulants® ¢ 192 12(29.3)  180(21.3)  0.312
(21.7)
Injection drug use 297 20 (48.8) 277 (32.7) 0.050
(33.5)
COVID-19 related factor®:
Tested for COVID-19 551 28 (68.3) 523 (61.8) 0.497
(62.1)
Tested positive for COVID-19 18 (2.0) 1(2.4) 17 (2.0) 0.577
COVID-19 worry (median; 6 (3-8) 7 (3-9) 6 (3-8) 0.487
IQR)®
Highly impacted day-to-day® 453 29 (70.7) 424 (50.2) 0.010
(51.2)
Avoided needle distribution 77 (8.7) 7 (17.1) 70 (8.4) 0.094
sites
Avoided picking up MOUD 33(3.7) 1(2.4) 32(3.8) 1.000
Stocked up on drugs 164 8 (19.5) 156 (18.5) 0.838
(18.5)

CI: Confidence interval. MOUD: medication for opioid use disorder
*Two-sided, Pearson’s X2 test and Fisher’s test for counts < 5 (for categorical
variables) or the Mann-Whitney test (for continuous variables) as appropriate
 Denotes behaviours and events in the past six month.

b Injection or non-injection drug use.

¢ Refers to any heroin, fentanyl, or prescription opioid use

d Refers to any methamphetamine, powder cocaine or crack cocaine use

¢ Derived from asking participants to rate on a scale ranging from 1 (not at all
worried) to 10 (very much worried) how worried they are about the COVID-19
pandemic

f Derived from asking participants to rate on a scale (not at all, a little, much,
very much, extremely) how much/did the COVID-19 pandemic impact their day-
to-day life (highly impacted vs. moderate to no impact)

Women, 2020). These supports are especially vital for marginalized
women engaged in sex work, who are overrepresented among PWUD.
Our findings support the previous calls for gender-based approaches to
mitigating overdose risks (Boyd et al., 2018), including low-threshold
models of supervised consumption sites that include gender-specific
attributes (i.e., women-only spaces, women peer workers), as these
have been shown to accommodate women’s drug use practices and
reduce risks of overdose (Boyd et al., 2018; Collins et al., 2020).

In addition, we found that individuals who were unstably housed or

Level of day-to-day impact of

COVID-19
Characteristics Total Highly Moderate to P
n=2885( impacted no impact Value*
%) n =453 n =432 (49
(51 %) %)
Age (Median [IQR]) 40 38 (29-52) 43 (30-54) 0.004
(29-54)
White (vs non-white) 304 153 (33.8) 151 (35.0) 0.765
(34.2)
Female (vs male) 635 114 (25.2) 139 (32.2) 0.026
(71.5)
Unstably housed/ 575 163 (36.0) 150 (34.7) 0.748
homeless (vs. house/ (64.8)
apartment)?
Number of sexual partners 1.36 1.52 (3.9) 1.19 (2.4) 0.043
(mean/sd)* (3.3)
Study setting:
Vancouver, BC 428 203 (44.8) 225 (52.1) <
(48.4) 0.001
Baltimore, MD 132 48 (10.6) 84 (19.4)
(14.9)
Chicago, IL 44 (5.0) 28 (6.2) 16 (3.7)
Los Angeles, CA 211 142 (31.4) 69 (16.0)
(23.8)
Miami, FL 70 (7.9) 32(7.1) 38(8.8)
In MOUD? 218 91 (20.1) 127 (29.4) 0.304
(24.6)
Nonfatal overdose® 41 (4.6) 29 (6.4) 12 (2.8) 0.016
Daily drug use®:
Alcohol 78 (8.8) 40 (8.8) 38 (8.8) 1.000
Opioidsb’C 168 86 (19.0) 82 (19.0) 1.000
(18.9)
Stimulants™ ¢ 93 (20.5) 99 (22.9) 0.436
Injection drug use 297 143 (31.6) 154 (35.7) 0.225
(33.5)
COVID-19 related factors:
Tested for COVID-19? 551 314 (69.3) 234 (54.2) <
(62.1) 0.001
Tested positive for 18 (2.0) 12 (2.7) 6 (1.40) 0.276
COVID-19%
COVID-19 worry (median; 6 (3-8) 7 (5-9) 5(2-7) <
IQR)? 0.001
Avoided needle 77 (8.7) 41 (9.1) 36 (8.3) 0.795
distribution sites®
Avoided picking up 33(.7) 15 (3.3) 18 (4.2) 0.621
MOUD?
Stocked up on drugs® 164 101 (22.3) 63 (14.6) 0.004
(18.5)

CI: Confidence interval. MOUD: medication for opioid use disorder
*Two-sided, Pearson’s X2 test and Fisher’s test for counts < 5 (for categorical
variables) or the Mann-Whitney test (for continuous variables) as appropriate
# Denotes behaviours and events in the past month.

b Injection or non-injection drug use.

¢ Refers to any heroin, fentanyl, or prescription opioid use

d Refers to any methamphetamine, powder cocaine or crack cocaine use

€ ‘COVID-19 worry’ derived from asking participants to rate on a scale ranging
from 1 (not at all worried) to 10 (very much worried) how worried they are
about the COVID-19 pandemic

homeless were significantly more likely to report a nonfatal overdose.
Our findings are consistent with a study from San Francisco, CA that
found that the proportion of individuals dying of overdose experiencing
homelessness increased following “stay-at-home” measures (Appa et al.,
2021). Being unstably housed and homelessness are well-documented
risk factors for morbidity and premature mortality (Aldridge et al.,
2018; Baggett et al., 2013; Bauer et al., 2016; Yamamoto et al., 2019;
Zivanovic et al., 2015), including overdose (Baggett et al., 2013; Bauer
et al., 2016; Yamamoto et al., 2019). Thus, these populations are at
severely high risk for mortality and medical complications due to
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Table 3

Bivariable and multivariable logistic regression of factors associated with
nonfatal overdose among 885 participants in nine cohorts of people who use
unregulated drugs in Canada (Vancouver, BC) and the United States (Baltimore,
MD; Chicago, IL; Miami, FL; Los Angeles, CA), May 2020 to April, 2021.

Characteristics Unadjusted P Adjusted Odds P
Odds Ratio value Ratio Value*
(95 % CI) (95 % CI)
Age (per year) 1.01 0.578 1.00 0.792
(0.98-1.03) (0.98-1.03)
White (vs non-white) 1.11 0.758 — —
(0.56-2.10)
Female (vs male) 0.49 0.029 2.18 0.049
(0.26-0.94) (1.10-4.30)
Unstably housed/homeless 0.45 0.014 2.16 0.049
(vs. house/apartment)® (0.24-0.85) (1.11-4.26)
Sexual partners® (per 1.04 0.113 1.06 0.084
partner) (0.98-1.10) (0.99-1.12)
In MOUD? 2.27 0.012 2.45 0.013
(1.18-4.28) (1.19-4.97)
Daily drug use®:
Alcohol 1.12 0.828 — —
(0.33-2.90)
Opioid® © 1.40 0.368 — —
(0.64-2.82)
Stimulants® ¢ 1.53 0231 — —
(0.74-2.98)
Injection drug use 1.95 0.038 — —
(1.03-3.67)
COVID-19 related factors®:
Tested for COVID-19 1.46 0.391 2.00 0.084
(0.79-2.69) (0.98-4.28)
COVID-19 worry® 1.01 0.543 — —
(0.93-1.11)
Highly impacted day-to- 2.39 0.013  2.42 0.049
day® (1.23-4.93) (1.22-5.10)
Avoided needle 2.28 0.058  2.00 0.154
distribution sites (0.90-5.04) (0.75-4.72)
Avoided picking up 0.63 0.658 — —
MOUD? (0.04-3.07)
Stocked up on drugs 1.07 0.869 — —
(0.45-2.25)

CIL: Confidence interval. MOUD: medication for opioid use disorder

* : P-value adjusted using Benjamini-Hochberg procedure

@ Denotes behaviours and events in the past month.

Y Injection or non-injection drug use.

¢ Refers to any heroin, fentanyl, or prescription opioid use

4 Refers to any methamphetamine, powder cocaine or crack cocaine use

¢ Derived from asking participants to rate on a scale ranging from 1 (not at all
worried) to 10 (very much worried) how worried they are about the COVID-19
pandemic

f Derived from asking participants to rate on a scale (not at all, a little, much,
very much, extremely) how much/did the COVID-19 pandemic impact their day-
to-day life (highly impacted vs. moderate to no impact)

COVID-19 infection. Of concern, there have been several outbreaks of
COVID-19 in homeless shelters in the US and Canada (Chapman et al.,
2021; Redditt et al., 2020). Simulation modelling has shown that even
intensive infection control strategies are likely unable to prevent
continued outbreaks in these congregate settings across the US
(Chapman et al., 2021). Unfortunately, these congregate settings are
typical among low-income housing options that exist for those who are
homeless or unstably housed (e.g., single room occupancy hotels
[SROs], supportive housing), and are often marked by dilapidated and
unsanitary conditions (Shannon et al., 2006). Qualitative research in
Vancouver, Canada has shown that these types of housing do not meet
the survival needs of PWUD, and can lead to unlawful evictions and
force people into homelessness (Fleming et al., 2019) A housing first
strategy with community treatment is urgently needed for marginalized
and unhoused PWUD to prevent mortality and morbidity. Evidence of
the effectiveness of this approach have been demonstrated in a large
multi-city randomized controlled trial in Canada (Aubry et al., 2015). In
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Table 4

Bivariable and multivariable logistic regression of factors associated with
reporting being highly impacted day-to-day by COVID-19 among 885 partici-
pants nine cohorts of people who use unregulated drugs in Canada (Vancouver,
BC) and the United States (Baltimore, MD; Chicago, IL; Miami, FL; Los Angeles,
CA), May, 2020 to April, 2021.

Characteristics Unadjusted P Adjusted Odds P
Odds Ratio value Ratio Value*
(95 % CI) (95 % CI)
Age (per year) 0.99 0.004 0.98 0.007
(0.98-1.00) (0.97-0.99)
White (vs non-white) 0.95 0.712 1.55 0.023
(0.72-1.25) (1.10-2.18)
Female (vs male) 0.71 0.021 0.78 0.139
(0.53-0.95) (0.55-1.09)
Unstably housed/homeless ~ 1.06 0.695 1.37 0.068
(vs. house/apartment)® (0.80-1.39) (1.00-1.89)
Sexual partners® (per 1.04 0.155 — —
partner) (0.99-1.09)
In MOUD? 0.60 0.001 0.64 0.023
(0.44-0.82) (0.44-0.92)
Nonfatal overdose® 2.39 0.013 2.60 0.023
(1.23-4.93) (1.25-5.71)
Daily drug use®:
Alcohol 1.00 0.986 — —
(0.63-1.60)
Opioid™® 1.00 0999 — —
(0.71-1.40)
Stimulants™ ¢ 0.87 0389  — —
(0.63-1.20)
Injection drug use 0.83 0.199 — —
(0.63-1.10)
COVID-19 related factors®:
Tested for COVID-19 1.91 < 1.52 0.023
(1.45-2.52) 0.001 (1.08-2.14)
COVID-19 worry® 1.25 < 1.30 <
(1.19-1.31) 0.001 (1.23-1.37) 0.001
Avoided needle 1.09 0.705
distribution sites (0.69-1.76)
Avoided picking up MOUD  0.79 0.503 0.51 0.097
(0.39-1.58) (0.24-1.11)
Stocked up on drugs 1.68 0.003 1.59 0.023
(1.19-2.39) (1.09-2.32)

CI: Confidence interval. MOUD: medication for opioid use disorder

* : P-value adjusted using Benjamini-Hochberg procedure

@ Denotes behaviours and events in the past month.

Y Injection or non-injection drug use.

¢ Refers to any heroin, fentanyl, or prescription opioid use

d Refers to any methamphetamine, powder cocaine or crack cocaine use

¢ Derived from asking participants to rate on a scale ranging from 1 (not at all
worried) to 10 (very much worried) how worried they are about the COVID-19
pandemic

addition, overdose prevention measures are urgently needed across
types of housing, including supervised consumption sites embedded into
housing models to prevent overdose and drug-related harms among
unstably housed and homeless individuals (Bardwell et al., 2017).

We also found that those who were engaged in MOUD were more
likely to report a nonfatal overdose compared to those not engaged in
MOUD who may not use opioids or have opioid use disorder. Although
systematic reviews and meta-analyses have shown that retention in
MOUD is significantly associated with reductions in all-cause and
overdose-related mortality (Sordo et al., 2017), our finding could be a
proxy for unmeasured opioid use disorder, a reflection of gaps in
treatment caused by COVID-19 related service disruptions (Russell et al.,
2021), or inadequate medication dosages (B Leavitt et al., 2000). The
latter two scenarios can lead to the purchasing of unregulated opioids
from the contaminated drug supply to supplement/replace MOUD, a
practice which could expose consumers to contaminated drugs,
increasing their overdose risk. Our findings corroborate a 2018 study
among HIV-positive PWUD in Vancouver, Canada, that found significant
longitudinal associations between those engaged in MOUD and testing
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positive for fentanyl in urine drug screen tests (Moallef et al., 2021).
However, it is important to note that many jurisdictions across Canada
and the US have implemented changes to expand MOUD services to
account for potential impacts to delivery of services (Ivsins et al., 2021;
Peavy et al., 2020), but these changes require evaluation. Regulatory
reforms in 2014 in British Columbia were associated with unintended
consequences, including increases in injection heroin use (Socias et al.,
2017). It is also unclear the level of treatment gaps experienced by
PWUD during the dual crises. A national qualitative study in Canada
conducted from May to July 2020, shows that most PWUD reported high
levels of treatment disruptions that led to negative health effects,
including reducing their abilities to prevent overdose (Russell et al.,
2021). Thus, there is an urgent need to mitigate treatment gaps and
subsequent overdose risk as a result of disruptions to services, as well as
evaluations of changes to MOUD to reduce potential unintended con-
sequences related to regulatory reforms.

We also found that those who reported being highly impacted day-to-
day by the pandemic were more likely to report experiences of nonfatal
overdose. This is consistent with a qualitative study among PWUD across
Canada, where many reported considerable impacts to their day-to-day
lives caused by the pandemic (Ali et al., 2021), including difficulties in
obtaining unregulated drugs due to fluctuations in potency, cost, and
availability, and elevated perceived risk of overdose during the
pandemic. This corroborates our secondary analysis finding where we
found that those who reported stocking up on drugs were more likely to
report being highly impacted by the pandemic. Stocking up on drugs
could also be related to medication disruptions/discontinuations as a
result of reduced services amid social disruptions caused by the
pandemic (Russell et al., 2021). Although most participants reported
being worried about the COVID-19 pandemic, we did not find these
levels to differ by experiences of nonfatal overdose. However, we
observed statistically significant associations between those who re-
ported higher levels of worry and being highly impacted day-to-day by
the pandemic. Higher levels of anxiety could be related to levels of
psychological and physical distress, which have been previously linked
to more intensive drug use.(Chou et al., 2011) Worry could also be
related to fear and contribute to or exacerbate PWUD’s
well-documented avoidance of healthcare services (Biancarelli et al.,
2019; Drumm et al., 2005; van Boekel et al., 2013). We note several
experiences of avoidance of harm reduction measures (i.e., needle dis-
tribution sites and MOUD) in our study, which is a concern as this re-
duces an individual’s ability to mitigate an overdose. Research is needed
to investigate the potential psychological impacts of COVID-19 among
PWUD.

Our findings indicate a need for a multi-level approach involving the
spectrum of care services to meet the elevated risks of overdose in the
context of the dual crises, including scaling up overdose prevention in-
terventions for those at risk for overdose, particularly among women,
those who are unstably housed or homeless, and highly impacted day-to-
day by the pandemic. Efforts to prevent overdose, however, should
prioritize addressing the root causes of the drug poisoning crisis, such as
the continuous exposure to toxic and contaminated unregulated drug
supplies among PWUD, including considering provisions of safe supply,
or pharmaceutical-grade uncontaminated substances for PWUD at risk
of overdose (Ivsins et al., 2020, 2021).

Our study findings should be considered with limitations. Due to a
very low number of participants identifying as a sexual or gender mi-
nority (SGM) in some of the cohorts, our analyses were not able to clarify
SGM-related dynamics that may impact risk of overdose. Future in-
vestigations should consider the gendered and racialized dynamics that
produce risk of overdose given the pre-existing health inequities among
these populations. Further, the non-random nature of our sample re-
duces our ability to generalize our results to all PWUD, while the cross-
sectional nature of the study does not allow us to determine the temporal
sequence between exposures and outcome. The C3PNO cohorts were not
recruited via random sampling, the data were derived from a
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convenience sample of PWUD and are not representative of the broader
population of PWUD. Most non-fatal overdose experiences were re-
ported by respondents among the three Vancouver based cohorts, while
few or no non-fatal overdose experiences were reported in the other
studied settings (e.g., Baltimore, Chicago, Los Angeles, Miami). The in-
clusion of three Vancouver based cohorts introduces some selection bias.
In addition, survey responses could vary by study setting and by time in
which data collection occurred. In particular, the burden of the
pandemic differed across cohort sites and surveys completed earlier on
in the pandemic may differ from those completed later in the pandemic.
Future longitudinal analyses are needed to remediate the temporal
limitations present in our study. Also, we are unable to determine the
frequency of engagement for some variables, including among those
who reported being on MOUD, and we are unable to determine the type
of MOUD participants accessed. Lastly, our study measures are based on
self-report which may have introduced response bias.

5. Conclusion

Our findings shed light on several groups of PWUD who may be at
higher risk for overdose in light of the COVID-19 pandemic. Overall,
most participants reported being worried and approximately half re-
ported being highly impacted day-to-day by the pandemic. In multi-
variable analysis, we found that females, people who are unstably
housed or homeless, those engaged in MOUD and those highly impacted
day-to-day by the pandemic were more likely to report a non-fatal
overdose. In the secondary, we found that those who reported being
highly impacted day-to-day were more likely to have higher levels of
worry and stocked up on drugs due to the pandemic. Given the accel-
erating number of fatal overdoses across the span of the drug poisoning
crisis, efforts should prioritize providing safe supplies of drugs to PWUD
at risk of overdose to mitigate the increasingly contaminated unregu-
lated drug supply. In addition, scaling up overdose prevention measures
for people who may be vulnerable to overdose, including women, people
who are unstably housed or homeless, and those highly impacted day-to-
day by the pandemic is warranted.

Role of funding source

The funding organizations (including those supporting MJM) had no
role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; preparation, review, or approval
of the manuscript; and decision to submit the manuscript for
publication.

CRediT authorship contribution statement

Soroush Moallef drafted the initial manuscript and worked with JC to
conduct the statistical analyses, and incorporated feedback from all co-
authors. BL, KH, Shruti Mehta, GK, KD, MK, RD, MK, SS, PG, BM, MJ, SS,
and MJM designed and managed the cohorts. All authors made signifi-
cant contributions to the conception of the analyses, interpretation of
the data and drafting of the manuscript. All authors approved the final
manuscript.

Conflict of interest

M-JM holds the Canopy Growth professorship in cannabis science at
the University of British Columbia, a position established through arm’s
length gifts to the university from Canopy Growth, a licensed producer
of cannabis, and the Government of British Columbia’s Ministry of
Mental Health and Addictions. He has no financial relationships with the
cannabis industry. All authors declare no conflict of interest.



S. Moallef et al.
Acknowledgements

The VIDUS, ARYS and ACCESS studies take place on the unceded
territory of the Coast Salish Peoples, including the territories of the
xw’meﬁkwe}’rem (Musqueam), Skwxwi7mesh (Squamish), Sté:16 and
Salilwata?/Selilwitulh (Tsleil-Waututh) Nations. We thank current and
past participants, staff and investigators of all cohorts included in this
study for their contributions.

References

Aldridge, R.W., Story, A., Hwang, S.W., Nordentoft, M., Luchenski, S.A., Hartwell, G.,
Tweed, E.J., Lewer, D., Vittal Katikireddi, S., Hayward, A.C., 2018. Morbidity and
mortality in homeless individuals, prisoners, sex workers, and individuals with
substance use disorders in high-income countries: a systematic review and meta-
analysis. Lancet 391 (10117), 241-250. https://doi.org/10.1016/50140-6736(17)
31869-X.

Ali, F., Russell, C., Nafeh, F., Rehm, J., LeBlanc, S., Elton-Marshall, T., 2021. Changes in
substance supply and use characteristics among people who use drugs (PWUD)
during the COVID-19 global pandemic: a national qualitative assessment in Canada.
Int. J. Drug Policy 93, 103237. https://doi.org/10.1016/j.drugpo.2021.103237.

Appa, A., Rodda, L.N., Cawley, C., Zevin, B., Coffin, P.O., Gandhi, M., Imbert, E., 2021.
Drug overdose deaths before and after shelter-in-place orders during the COVID-19
pandemic in San Francisco. JAMA Netw. Open 4 (5). https://doi.org/10.1001/
jamanetworkopen.2021.10452 e2110452-e2110452.

Aubry, T., Goering, P., Veldhuizen, S., Adair, C.E., Bourque, J., Distasio, J., Latimer, E.,
Stergiopoulos, V., Somers, J., Streiner, D.L., Tsemberis, S., 2015. A multiple-city RCT
of housing first with assertive community treatment for homeless Canadians with
serious mental illness. Psychiatr. Serv. 67 (3), 275-281. https://doi.org/10.1176/
appi.ps.201400587.

Baggett, T.P., Hwang, S.W., O’Connell, J.J., Porneala, B.C., Stringfellow, E.J., Orav, E.J.,
Singer, D.E., Rigotti, N.A., 2013. Mortality among homeless adults in Boston: shifts
in causes of death over a 15-year period. JAMA Intern. Med. 173 (3), 189-195.
https://doi.org/10.1001/jamainternmed.2013.1604.

Bardwell, G., Collins, A.B., McNeil, R., Boyd, J., 2017. Housing and overdose: an
opportunity for the scale-up of overdose prevention interventions. Harm Reduct. J.
14 (1), 77. https://doi.org/10.1186/s12954-017-0203-9.

Bauer, L.K., Brody, J.K., Le6n, C., Baggett, T.P., 2016. Characteristics of homeless adults
who died of drug overdose: a retrospective record review. J. Health Care Poor Under
27 (2), 846-859. https://doi.org/10.1353/hpu.2016.0075.

BC Coroners Service , 2021). Illicit drug toxicity deaths in BC. (https://www2.gov.bc.ca
/assets/gov/birth-adoption-death-marriage-and-divorce/deaths/coroners-service
/statistical/illicit-drug.pdf).

Becker, W.C., Fiellin, D.A., 2020. When epidemics collide: coronavirus disease 2019
(COVID-19) and the opioid crisis. Ann. Intern. Med. 173 (1), 59-60. https://doi.org/
10.7326/M20-1210.

Biancarelli, D.L., Biello, K.B., Childs, E., Drainoni, M., Salhaney, P., Edeza, A.,
Mimiaga, M.J., Saitz, R., Bazzi, A.R., 2019. Strategies used by people who inject
drugs to avoid stigma in healthcare settings. Drug Alcohol Depend. 198, 80-86.
https://doi.org/10.1016/j.drugalcdep.2019.01.037.

Binswanger, I.A., Blatchford, P.J., Lindsay, R.G., Stern, M.F., 2011. Risk factors for all-
cause, overdose and early deaths after release from prison in Washington state. Drug
Alcohol Depend. 117 (1), 1-6. https://doi.org/10.1016/j.drugaledep.2010.11.029.

Boyd, J., Collins, A.B., Mayer, S., Maher, L., Kerr, T., McNeil, R., 2018. Gendered
violence and overdose prevention sites: a rapid ethnographic study during an
overdose epidemic in Vancouver, Canada. Addict. (Abingdon, Engl. ) 113 (12),
2261-2270. https://doi.org/10.1111/add.14417.

Brady, J.E., Giglio, R., Keyes, K.M., DiMaggio, C., Li, G., 2017. Risk markers for fatal and
non-fatal prescription drug overdose: a meta-analysis. Inj. Epidemiol. 4 (1), 24.
https://doi.org/10.1186/s40621-017-0118-7.

Brugal, T., Barrio, G., De La Fuente, L., Regidor, E., Royuela, L., Suelves, J., 2002. Factors
associated with non-fatal heroin overdose: assessing the effect of frequency and
route of heroin administration. Addiction 97 (3), 319-327.

Burnham, K., Anderson, D., 2002. Model Selection and Multimodel Inference: A Practical
Information-Theoretical Approach, 2nd Edition. Springer,, US.

Canadian Centre on Substance Use and Addiction. 2020). Changes Related to COVID-19
in the Illegal Drug Supply and Access to Services, and Resulting Health Harms. (https
://www.ccsa.ca/sites/default/files/2020-05/CCSA-COVID-19-CCENDU-Illegal-Dr
ug-Supply-Alert-2020-en.pdf).

Caudarella, A., Dong, H., Milloy, M.J., Kerr, T., Wood, E., Hayashi, K., 2016. Non-fatal
overdose as a risk factor for subsequent fatal overdose among people who inject
drugs. Drug Alcohol Depend. 162, 51-55. https://doi.org/10.1016/j.
drugalcdep.2016.02.024.

Chang, J., Agliata, J., Guarinieri, M., 2020. COVID-19 - Enacting a ‘new normal’ for
people who use drugs. Int. J. Drug Policy 83, 102832. https://doi.org/10.1016/].
drugpo.2020.102832.

Chapman, L.A.C., Kushel, M., Cox, S.N., Scarborough, A., Cawley, C., Nguyen, T.Q.,
Rodriguez-Barraquer, 1., Greenhouse, B., Imbert, E., Lo, N.C., 2021. Comparison of
infection control strategies to reduce COVID-19 outbreaks in homeless shelters in the
United States: a simulation study. BMC Med. 19 (1), 116. https://doi.org/10.1186/
512916-021-01965-y.

Chou, K.-L., Liang, K., Sareen, J., 2011. The association between social isolation and
DSM-IV mood, anxiety, and substance use disorders: wave 2 of the national

Drug and Alcohol Dependence xxx (xxxx) xxx

epidemiologic survey on alcohol and related conditions. J. Clin. Psychiatry 72,
1468-1478.

Collins, A.B., Boyd, J., Hayashi, K., Cooper, H.L.F., Goldenberg, S., McNeil, R., 2020.
Women’s utilization of housing-based overdose prevention sites in Vancouver,
Canada: An ethnographic study. Int. J. Drug Policy 76, 102641. https://doi.org/
10.1016/j.drugpo.2019.102641.

Darke, S., Hall, W., 2003. Heroin overdose: research and evidence-based intervention.
J. Urban Health.: Bull. N. Y. Acad. Med. 80 (2), 189-200. https://doi.org/10.3109/
00016348909006138.

Drumm, R.D., McBride, D., Metsch, L., Neufeld, M., Sawatsky, A., 2005. “I'm a health
nut!” street drug users’ accounts of self-care strategies. J. Drug Issues 35 (3),
607-629. https://doi.org/10.1177,/002204260503500311.

Fleming, T., Damon, W., Collins, A.B., Czechaczek, S., Boyd, J., McNeil, R., 2019.
Housing in crisis: a qualitative study of the socio-legal contexts of residential
evictions in Vancouver’s Downtown Eastside. Int. J. Drug Policy 71, 169-177.
https://doi.org/10.1016/j.drugpo.2018.12.012.

Friedman, J., & Akre, S., 2021). COVID-19 and the Drug Overdose Crisis: Uncovering the
Deadliest Months in the United States, January—July 2020. American Journal of
Public Health, el-e8. (https://doi.org/10.2105/AJPH.2021.306256).

Friedman, J., Beletsky, L., Schriger, D.L., 2021. Overdose-related cardiac arrests
observed by emergency medical services during the US COVID-19 Epidemic. JAMA
Psychiatry 78 (5), 562-564. https://doi.org/10.1001/jamapsychiatry.2020.4218.

Glober, N., Mohler, G., Huynh, P., Arkins, T., O’'Donnell, D., Carter, J., Ray, B., 2020.
Impact of COVID-19 pandemic on drug overdoses in indianapolis. J. Urban Health 97
(6), 802-807. https://doi.org/10.1007/s11524-020-00484-0.

Gorbach, P.M., Siminski, S., Ragsdale, A., Investigators, the C., 2021. Cohort profile: the
collaborating consortium of cohorts producing NIDA Opportunities (C3PNO. Int. J.
Epidemiol. 50 (1), 31-40. https://doi.org/10.1093/ije/dyaal63.

Government of Canada, 2021). Individual and community-based measures to mitigate
the spread of COVID-19 in Canada. (https://www.canada.ca/en/public-health/ser
vices/diseases/2019-novel-coronavirus-infection/health-professionals/public-health
-measures-mitigate-covid-19.html).

Holland, K.M., Jones, C., Vivolo-Kantor, A.M., Idaikkadar, N., Zwald, M., Hoots, B.,
Yard, E., D’Inverno, A., Swedo, E., Chen, M.S., Petrosky, E., Board, A., Martinez, P.,
Stone, D.M., Law, R., Coletta, M.A., Adjemian, J., Thomas, C., Puddy, R.W.,
Houry, D., 2021. Trends in US emergency department visits for mental health,
overdose, and violence outcomes before and during the COVID-19 pandemic. JAMA
Psychiatry 78 (4), 372-379. https://doi.org/10.1001/jamapsychiatry.2020.4402.

Ivsins, A., Boyd, J., Beletsky, L., McNeil, R., 2020. Tackling the overdose crisis: The role
of safe supply. Int. J. Drug Policy 80, 102769. https://doi.org/10.1016/j.
drugpo.2020.102769.

Ivsins, A., Boyd, J., Mayer, S., Collins, A., Sutherland, C., Kerr, T., McNeil, R., 2021. “It’s
helped me a lot, just like to stay alive™: a qualitative analysis of outcomes of a novel
hydromorphone tablet distribution program in Vancouver, Canada. J. Urban Health
98 (1), 59-69. https://doi.org/10.1007/511524-020-00489-9.

King, B., Patel, R., Rishworth, A., 2021. Assessing the relationships between COVID-19
stay-at-home orders and opioid overdoses in the State of Pennsylvania. J. Drug
Issues. https://doi.org/10.1177,/00220426211006362, 00220426211006362.

Kline, A., Mattern, D., Cooperman, N., Williams, J.M., Dooley-Budsock, P., Foglia, R.,
Borys, S., 2021. Opioid overdose in the age of fentanyl: Risk factor differences among
subpopulations of overdose survivors. Int. J. Drug Policy 90, 103051. https://doi.
org/10.1016/j.drugpo.2020.103051.

Lasry, A., Kidder, D., Hast, M., & Berger Klaus, Ajani U.A., Kase CS, et al. , 2020). Timing
of Community Mitigation and Changes in Reported COVID-19 and Community
Mobility — Four U.S. Metropolitan Areas, February 26-April 1, 2020. (https://www.
cdc.gov/mmwr/volumes/69/wr/mm6915e2.htm).

Leavitt, B., Shinderman, S., Maxwell, M., Eap, C, S., Paris, P., 2000. When “enough” is
not enough: new perspectives optimal methadone maintenance dose. Mt. Sinai J.
Med., N. Y. Vol. 67.

Linas, B.P., Savinkina, A., Barbosa, C., Mueller, P.P., Cerda, M., Keyes, K., Chhatwal, J.,
2021. A clash of epidemics: impact of the COVID-19 pandemic response on opioid
overdose. J. Subst. Abus. Treat. 120, 108158 https://doi.org/10.1016/j.
jsat.2020.108158.

Moallef, S., Nosova, E., Nolan, S., Fairbairn, N., Loh, J., Hayashi, K., Milloy, M.-J., 2021.
Prevalence and longitudinal correlates of recent exposure to fentanyl among HIV-
positive people who use unregulated drugs during a community-wide overdose
crisis. AIDS Care 1-9. https://doi.org/10.1080,/09540121.2021.1874272.

Nguyen, T., Buxton, J.A., 2021. Pathways between COVID-19 public health responses
and increasing overdose risks: a rapid review and conceptual framework. Int. J. Drug
Policy 93, 103236. https://doi.org/10.1016/j.drugpo.2021.103236.

Niles, J.K., Gudin, J., Radcliff, J., Kaufman, H.W., 2020. The opioid epidemic within the
COVID-19 pandemic: drug testing in 2020. Popul. Health Manag. 24, 51. https://doi.
org/10.1089/pop.2020.0230 (S1), S-43-S.

Peavy, K.M., Darnton, J., Grekin, P., Russo, M., Green, C.J.B., Merrill, J.O., Fotinos, C.,
Woolworth, S., Soth, S., Tsui, J.I., 2020. Rapid implementation of service delivery
changes to mitigate COVID-19 and maintain access to methadone among persons
with and at high-risk for HIV in an opioid treatment program. AIDS Behav. 24 (9),
2469-2472. https://doi.org/10.1007/s10461-020-02887-1.

Redditt, V., Wright, V., Rashid, M., Male, R., Bogoch, 1., 2020. Outbreak of SARS-CoV-2
infection at a large refugee shelter in Toronto, April 2020: a clinical and
epidemiologic descriptive analysis. CMAJ Open 8 (4), E819-E824. https://doi.org/
10.9778/cmajo.20200165.

Rhodes, T., 2009. Risk environments and drug harms: a social science for harm reduction
approach. Int. J. Drug Policy 20 (3), 193-201. https://doi.org/10.1016/j.
drugpo.2008.10.003.


https://doi.org/10.1016/S0140-6736(17)31869-X
https://doi.org/10.1016/S0140-6736(17)31869-X
https://doi.org/10.1016/j.drugpo.2021.103237
https://doi.org/10.1001/jamanetworkopen.2021.10452
https://doi.org/10.1001/jamanetworkopen.2021.10452
https://doi.org/10.1176/appi.ps.201400587
https://doi.org/10.1176/appi.ps.201400587
https://doi.org/10.1001/jamainternmed.2013.1604
https://doi.org/10.1186/s12954-017-0203-9
https://doi.org/10.1353/hpu.2016.0075
https://www2.gov.bc.ca/assets/gov/birth-adoption-death-marriage-and-divorce/deaths/coroners-service/statistical/illicit-drug.pdf
https://www2.gov.bc.ca/assets/gov/birth-adoption-death-marriage-and-divorce/deaths/coroners-service/statistical/illicit-drug.pdf
https://www2.gov.bc.ca/assets/gov/birth-adoption-death-marriage-and-divorce/deaths/coroners-service/statistical/illicit-drug.pdf
https://doi.org/10.7326/M20-1210
https://doi.org/10.7326/M20-1210
https://doi.org/10.1016/j.drugalcdep.2019.01.037
https://doi.org/10.1016/j.drugalcdep.2010.11.029
https://doi.org/10.1111/add.14417
https://doi.org/10.1186/s40621-017-0118-7
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref13
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref13
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref13
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref14
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref14
https://www.ccsa.ca/sites/default/files/2020-05/CCSA-COVID-19-CCENDU-Illegal-Drug-Supply-Alert-2020-en.pdf
https://www.ccsa.ca/sites/default/files/2020-05/CCSA-COVID-19-CCENDU-Illegal-Drug-Supply-Alert-2020-en.pdf
https://www.ccsa.ca/sites/default/files/2020-05/CCSA-COVID-19-CCENDU-Illegal-Drug-Supply-Alert-2020-en.pdf
https://doi.org/10.1016/j.drugalcdep.2016.02.024
https://doi.org/10.1016/j.drugalcdep.2016.02.024
https://doi.org/10.1016/j.drugpo.2020.102832
https://doi.org/10.1016/j.drugpo.2020.102832
https://doi.org/10.1186/s12916-021-01965-y
https://doi.org/10.1186/s12916-021-01965-y
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref18
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref18
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref18
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref18
https://doi.org/10.1016/j.drugpo.2019.102641
https://doi.org/10.1016/j.drugpo.2019.102641
https://doi.org/10.3109/00016348909006138
https://doi.org/10.3109/00016348909006138
https://doi.org/10.1177/002204260503500311
https://doi.org/10.1016/j.drugpo.2018.12.012
https://doi.org/10.2105/AJPH.2021.306256
https://doi.org/10.1001/jamapsychiatry.2020.4218
https://doi.org/10.1007/s11524-020-00484-0
https://doi.org/10.1093/ije/dyaa163
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/public-health-measures-mitigate-covid-19.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/public-health-measures-mitigate-covid-19.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/public-health-measures-mitigate-covid-19.html
https://doi.org/10.1001/jamapsychiatry.2020.4402
https://doi.org/10.1016/j.drugpo.2020.102769
https://doi.org/10.1016/j.drugpo.2020.102769
https://doi.org/10.1007/s11524-020-00489-9
https://doi.org/10.1177/00220426211006362
https://doi.org/10.1016/j.drugpo.2020.103051
https://doi.org/10.1016/j.drugpo.2020.103051
https://www.cdc.gov/mmwr/volumes/69/wr/mm6915e2.htm
https://www.cdc.gov/mmwr/volumes/69/wr/mm6915e2.htm
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref31
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref31
http://refhub.elsevier.com/S0376-8716(22)00370-2/sbref31
https://doi.org/10.1016/j.jsat.2020.108158
https://doi.org/10.1016/j.jsat.2020.108158
https://doi.org/10.1080/09540121.2021.1874272
https://doi.org/10.1016/j.drugpo.2021.103236
https://doi.org/10.1089/pop.2020.0230
https://doi.org/10.1089/pop.2020.0230
https://doi.org/10.1007/s10461-020-02887-1
https://doi.org/10.9778/cmajo.20200165
https://doi.org/10.9778/cmajo.20200165
https://doi.org/10.1016/j.drugpo.2008.10.003
https://doi.org/10.1016/j.drugpo.2008.10.003

S. Moallef et al.

Rieger, A., Blackburn, A.M., Bystrynski, J.B., Garthe, R.C., Allen, N.E. ,2021). The impact
of the COVID-19 pandemic on gender-based violence in the United States:
Framework and policy recommendations. In Psychological Trauma: Theory,
Research, Practice, and Policy (p. No Pagination Specified-No Pagination Specified).
Educational Publishing Foundation. (https://doi.org/10.1037/tra0001056).

Roesch, E., Amin, A., Gupta, J., Garcia-Moreno, C., 2020. Violence against women during
covid-19 pandemic restrictions. BMJ 369, m1712. https://doi.org/10.1136/bmj.
ml712.

Rowe, C., Santos, G.M., Behar, E., Coffin, P., 2015. Correlates of overdose risk perception
amonyg illicit opioid users. Drug Alcohol Depend. 159, 234-239. https://doi.org/
10.1016/j.pain.2014.05.025.Research.

Russell, C., Ali, F., Nafeh, F., Rehm, J., LeBlanc, S., Elton-Marshall, T., 2021. Identifying
the impacts of the COVID-19 pandemic on service access for people who use drugs
(PWUD): a national qualitative study. J. Subst. Abus. Treat. 129, 108374 https://doi.
0rg/10.1016/j.jsat.2021.108374.

Shannon, K., Ishida, T., Lai, C., Tyndall, M.W., 2006. The impact of unregulated single
room occupancy hotels on the health status of illicit drug users in Vancouver. Int. J.
Drug Policy 17 (2), 107-114. https://doi.org/10.1016/j.drugpo.2005.09.002.

Slavova, S., Rock, P., Bush, H.M., Quesinberry, D., Walsh, S.L., 2020. Signal of increased
opioid overdose during COVID-19 from emergency medical services data. Drug
Alcohol Depend. 214, 108176 https://doi.org/10.1016/j.drugalcdep.2020.108176.

Socias, M.E., Wood, E., McNeil, R., Kerr, T., Dong, H., Shoveller, J., Montaner, J.,
Milloy, M.-J., 2017. Unintended impacts of regulatory changes to British Columbia
Methadone Maintenance Program on addiction and HIV-related outcomes: an
interrupted time series analysis. Int. J. Drug Policy 45, 1-8. https://doi.org/
10.1016/j.drugpo.2017.03.008.

Sordo, L., Barrio, G., Bravo, M.J., Indave, B.I., Degenhardt, L., Wiessing, L., Ferri, M.,
Pastor-Barriuso, R., 2017. Mortality risk during and after opioid substitution
treatment: systematic review and meta-analysis of cohort studies. In: Clinical, B.M.J.
(Ed.), Research, 357. https://doi.org/10.1136/bmj.j1550.

Drug and Alcohol Dependence xxx (xxxx) xxx

The Ontario Drug Policy Research Network, & The Office of the Chief Coroner for
Ontario/Ontario Forensic Pathology Service, Public Health Ontario, & C. on D. P. E.,
2020). Preliminary patterns in circumstances surrounding opioid-related deaths in
Ontario during the COVID-19 pandemic. (https://odprn.ca/wp-content/uploads/2
020/11/0pioid-Death-Report_FINAL-2020NOV09.pdf).

Toronto Public Health, 2020). Toronto Overdose Action Plan: Status Report 2020.
(https://www.toronto.ca/legdocs/mmis/2020/hl/bgrd/backgroundfile-147549.pd
f).

van Boekel, L.C., Brouwers, E.P.M., van Weeghel, J., Garretsen, H.F.L., 2013. Stigma
among health professionals towards patients with substance use disorders and its
consequences for healthcare delivery: systematic review. Drug Alcohol Depend. 131
(1), 23-35. https://doi.org/10.1016/j.drugalcdep.2013.02.018.

VanHouten, J.P., Rudd, R.A., Ballesteros, M.F., Mack, K.A., 2019. Drug overdose deaths
among women aged 30-64 Years - United States, 1999-2017. Mmwr. Morb. Mortal.
Wkly. Rep. 68 (1), 1-5. https://doi.org/10.15585/mmwr.mm6801al.

U.N. Women, 2020). COVID-19 and ending violence against women and children. (https
://www.unwomen.org/-/media/headquarters/attachments/sections/library/publi
cations/2020/issue-brief-covid-19-and-ending-violence-against-women-and-girls-e
n.pdf?la=en&vs=5006).

World Drug Report, 2020). Executivy summary, impact of COVID-19, policy
implications. (https://wdr.unodc.org/wdr2020/field/WDR20_BOOKLET _1.pdf).
Yamamoto, A., Needleman, J., Gelberg, L., Kominski, G., Shoptaw, S., Tsugawa, Y., 2019.
Association between homelessness and opioid overdose and opioid-related hospital
admissions/emergency department visits. Soc. Sci. Med. 242, 112585 https://doi.

org/10.1016/j.socscimed.2019.112585.

Zivanovic, R., Milloy, M.J., Hayashi, K., Dong, H., Sutherland, C., Kerr, T., Wood, E.,
2015. Impact of unstable housing on all-cause mortality among persons who inject
drugs. BMC Public Health 15 (1), 106. https://doi.org/10.1186/512889-015-1479-x.


https://doi.org/10.1037/tra0001056
https://doi.org/10.1136/bmj.m1712
https://doi.org/10.1136/bmj.m1712
https://doi.org/10.1016/j.pain.2014.05.025.Research
https://doi.org/10.1016/j.pain.2014.05.025.Research
https://doi.org/10.1016/j.jsat.2021.108374
https://doi.org/10.1016/j.jsat.2021.108374
https://doi.org/10.1016/j.drugpo.2005.09.002
https://doi.org/10.1016/j.drugalcdep.2020.108176
https://doi.org/10.1016/j.drugpo.2017.03.008
https://doi.org/10.1016/j.drugpo.2017.03.008
https://doi.org/10.1136/bmj.j1550
https://odprn.ca/wp-content/uploads/2020/11/Opioid-Death-Report_FINAL-2020NOV09.pdf
https://odprn.ca/wp-content/uploads/2020/11/Opioid-Death-Report_FINAL-2020NOV09.pdf
https://www.toronto.ca/legdocs/mmis/2020/hl/bgrd/backgroundfile-147549.pdf
https://www.toronto.ca/legdocs/mmis/2020/hl/bgrd/backgroundfile-147549.pdf
https://doi.org/10.1016/j.drugalcdep.2013.02.018
https://doi.org/10.15585/mmwr.mm6801a1
https://www.unwomen.org/-/media/headquarters/attachments/sections/library/publications/2020/issue-brief-covid-19-and-ending-violence-against-women-and-girls-en.pdf?la=en&amp;vs=5006
https://www.unwomen.org/-/media/headquarters/attachments/sections/library/publications/2020/issue-brief-covid-19-and-ending-violence-against-women-and-girls-en.pdf?la=en&amp;vs=5006
https://www.unwomen.org/-/media/headquarters/attachments/sections/library/publications/2020/issue-brief-covid-19-and-ending-violence-against-women-and-girls-en.pdf?la=en&amp;vs=5006
https://www.unwomen.org/-/media/headquarters/attachments/sections/library/publications/2020/issue-brief-covid-19-and-ending-violence-against-women-and-girls-en.pdf?la=en&amp;vs=5006
https://wdr.unodc.org/wdr2020/field/WDR20_BOOKLET_1.pdf
https://doi.org/10.1016/j.socscimed.2019.112585
https://doi.org/10.1016/j.socscimed.2019.112585
https://doi.org/10.1186/s12889-015-1479-x

	Day-to-day impact of COVID-19 and other factors associated with risk of nonfatal overdose among people who use unregulated  ...
	1 Introduction
	2 Methods
	2.1 Study sample
	2.2 Study measures
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Role of funding source
	CRediT authorship contribution statement
	Conflict of interest
	Acknowledgements
	References


