
Research

Knowledge of Fentanyl and Perceived Risk
of Overdose Among Persons
Who Use Drugs in Vancouver, Canada

Soroush Moallef, BS1,2; Ekaterina Nosova, PhD1,3; M. J. Milloy, PhD1,3;
Kora DeBeck, PhD1,4; Nadia Fairbairn, MD1,3; Evan Wood, MD, PhD1,3;
Thomas Kerr, PhD1,3; and Kanna Hayashi, PhD1,2

Abstract

Objectives: In North America, the illicit drug supply is increasingly contaminated by illicitly manufactured fentanyl. We sought
to assess the level and source of fentanyl risk knowledge, defined as knowledge of the overdose risks associated with fentanyl,
and characterize the prevalence and correlates of perceived risk of personally having a fentanyl overdose among persons who
use illicit drugs (PWUD) in Vancouver, British Columbia.

Methods: We derived data from 3 prospective cohorts of PWUD in Vancouver from December 2016 through May 2017.
We used multivariable ordinal regression analysis to identify factors associated with a lower perceived risk of having a
fentanyl overdose.

Results: Of 1166 participants, 1095 (93.9%) had fentanyl risk knowledge. Of 1137 participants who answered questions
about their perceived risk of having a fentanyl overdose, 398 (35.0%) perceived having no risk, 426 (37.5%) perceived
having low risk, and 313 (27.5%) perceived having moderate or high risk. Never or rarely using opioids (n ¼ 541, 65.7%)
was the most common reason for reporting no or low perceived risk (n ¼ 824), whereas 137 (16.6%) participants
reported daily heroin use. In multivariable analysis, compared with participants who perceived a moderate or high risk,
participants who perceived a lower risk were less likely to report a recent nonfatal overdose (adjusted odds ratio [aOR]
¼ 0.28; P < .001), recent injection drug use (aOR ¼ 0.34; P < .001), and awareness of recent exposure to fentanyl (aOR
¼ 0.34; P < .001).

Conclusion: Despite a high level of fentanyl risk knowledge, most study participants did not translate this knowledge into a
risk of having an overdose. Although participants who perceived a lower risk were less likely to have had an overdose, a
considerable proportion was engaged in daily opioid use, suggesting the need to improve overdose prevention efforts.
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Opioids are the largest contributor to drug-related deaths

worldwide: North America accounted for 25% of these deaths

in 2016.1 In that year, 63 632 deaths were caused by drug

overdose in the United States, 66.4% of which were attribu-

table to opioids.2 These rates are likely underestimated as a

result of incomplete cause-of-death reports.3 In Canada, 3987

deaths were attributable to opioids in 2017, with the province

of British Columbia having the highest rates.4 In British

Columbia, the key driver of the rise of overdose fatalities is

fentanyl, a highly potent synthetic opioid, which has contami-

nated the illicit drug supply.5 The rate of detection of fentanyl

in illicit drug overdose deaths rose from 29% in 2015 to 84%
in 2017.6 In addition, the proliferation of fentanyl in the illicit

drug supply was documented in a drug-checking pilot
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program in Vancouver, British Columbia. More than 90% of

heroin samples and 5.9% of amphetamine/methamphetamine

samples tested positive for fentanyl.7

Research conducted before the fentanyl era found a range

of risk factors for having a fatal or nonfatal opioid overdose.

These risk factors included demographic characteristics (eg,

male sex, young age, and <9 years of education), behavioral

factors (eg, binge drug use, polydrug use, injecting alone,

overdose within previous 5 years), and structural factors

(eg, recent release from prison, time spent incarcerated, and

engagement in drug treatment).8-11

As fentanyl-related deaths continue to rise in North Amer-

ica, research on fentanyl is needed to understand the distinct

risk environment created by the contamination of the illicit

drug supply with fentanyl.1,2 The objective of our study was

to describe the level and source of fentanyl risk knowledge

and factors associated with perceiving a low risk of person-

ally having a fentanyl overdose among persons who use

illicit drugs (PWUD) in Vancouver, British Columbia.

Methods

We collected data from 3 ongoing prospective cohort studies

of PWUD in Vancouver: 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). Details of these cohorts are available elsewhere.12-14

In brief, VIDUS enrolls HIV-seronegative adults (aged �18)

who injected illicit drugs in the month before enrollment.

ACCESS enrolls HIV-seropositive adults who used an illicit

drug other than or in addition to cannabis in the month before

enrollment. ARYS enrolls street-involved adolescents and

young adults aged 14-26 who used an illicit drug other than

or in addition to cannabis in the month before enrollment. The

studies use harmonized data collection and follow-up proce-

dures to allow for merged data analyses. Trained interviewers

administer identical questionnaires and urine drug screens,

and nurses draw blood samples for serologic tests for HIV

and hepatitis C virus every 6 months. At each biannual study

visit, participants receive CaD $40. All 3 studies received

approval from the University of British Columbia/Providence

Health Care Research Ethics Board.

We used data from the questionnaire administered from

December 1, 2016, through May 31, 2017. We included in

our analyses all participants who completed this question-

naire and reported using illicit drugs in the previous 6

months. Items on the questionnaire explored participants’

knowledge of the risks of fentanyl overdose, where they

learned about overdose risks, and their perceived risk of

personally having a fentanyl overdose.

We used 2 outcome variables. The first was a binary

measure of fentanyl risk knowledge, defined as being able

to identify an overdose risk associated with exposure to fen-

tanyl (yes vs no). Participants were asked, “What do you

know about the risks of fentanyl?” Responses categorized

as having fentanyl risk knowledge were any of the following:

“increased risk of overdose,” “high risk of fatal overdose,”

“one dose of naloxone may not be effective,” and “fentanyl

can cause respiratory complications.” The second outcome

was defined as an ordinal variable of perceived risk of fen-

tanyl overdose, derived from participants’ self-reported

beliefs about how high or low they perceived their personal

overdose risk to be due to fentanyl exposure. Trained inter-

viewers provided a 4-category scale (no risk, low risk, mod-

erate risk, and high risk) to participants, who then selected a

response. If participants believed they had no risk or low risk,

interviewers asked them to provide a reason for why they

thought so. We merged the categories of moderate risk and

high risk after inspecting the frequency of responses. There-

fore, we coded the variable into 3 categories: no risk, low

risk, and moderate or high risk (the reference category). A

combination of open-ended and fixed-answer questions was

used to assess both outcome measures. We created the fixed-

answer questions on the basis of our 2 decades of experience

working with this study population.

The explanatory variables of interest were the following

demographic characteristics: age (continuous); sex (female

vs male); ethnicity/ancestry (white vs nonwhite); residence

in the Downtown Eastside neighborhood of Vancouver, an

area known to be the epicenter of drug use in British Colum-

bia15; HIV status (positive vs negative); and education

(�secondary school vs <secondary school). Drug use–

related variables were the following: injection drug use; daily

use of heroin, stimulants (defined as powder/crack cocaine or

crystal methamphetamine), prescription opioids (nonmedical

use), or cannabis; previous nonfatal overdose of any kind of

drugs; and exposure to fentanyl, derived from combining

participants’ self-reports of possible exposure to fentanyl and

results of the urine drug screen for fentanyl. We used a rapid

chromatographic immunoassay, the BTNX Rapid Response

Multi-drug Test Panel (BTNX Inc, Markham, Ontario), to

qualitatively screen for fentanyl and norfentanyl at a cutoff

value of 100 ng/mL and 20 ng/mL, respectively. We coded

this variable into 3 categories of fentanyl exposure: no expo-

sure (the reference category), defined as testing negative for

fentanyl in a urine drug screen and self-reporting no possible

exposure to fentanyl; unaware of exposure, defined as testing

positive for fentanyl in a urine drug screen and self-reporting

no possible exposure to fentanyl; and aware of exposure,

defined as self-reporting having used fentanyl or any drugs

they believe were contaminated with fentanyl, regardless of

urine drug screen results. Other social/structural exposures

were involvement in drug dealing, incarceration, and

engagement in addiction treatment. We included the absence

of fentanyl risk knowledge as an explanatory variable in a

second analysis, which focused on the perceived risk of over-

dosing on fentanyl. All variables except for age, sex, educa-

tion, and ethnicity/ancestry referred to the past 6 months. We

coded all variables as yes or no unless otherwise stated.

We used bivariable logistic regression analysis to exam-

ine associations between the explanatory variables and a

self-reported absence of fentanyl risk knowledge. We did
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not proceed to a multivariable model because a small num-

ber of participants identified as having no fentanyl risk

knowledge. We used multivariable ordinal regression to

identify factors associated with the perceived risk of fenta-

nyl overdose. We verified the proportional odds assumption

by using an unconstrained baseline logit model and a like-

lihood ratio test.16,17 To merit inclusion into the multivari-

able model, explanatory variables had to be associated at

the P < .10 level in bivariable analyses. In subanalyses, we

examined descriptive statistics of participants’ reported

source of knowledge of the risks associated with fentanyl

use among participants who were characterized as having

fentanyl risk knowledge. We also examined the reasons

participants gave for reporting low risk or no risk of fenta-

nyl overdose. In addition, we repeated the ordinal logistic

regression analysis in a restricted sample of participants

who reported using any opioids in the past 6 months. As a

sensitivity analysis to account for the effect of residence in

Downtown Eastside, we also constructed a generalized lin-

ear mixed model using Markov chain Monte Carlo tech-

niques with the ordinal outcome of perceived risk of

fentanyl overdose and the Downtown Eastside variable as

random effects. We compared these results with the results

of the conventional ordinal logistic regression models.18

All P values were 2-sided and considered significant at

P < .05, and all statistical analyses were conducted using

R version 3.4.2.19

Results

The sample consisted of 1166 participants; 393 (33.7%) were

female, 637 (54.6%) were white, and the median age was 46

(interquartile range [IQR], 32-54). Most (n ¼ 1095, 93.9%)

participants had fentanyl risk knowledge; only 71 (6.1%)

participants reported no fentanyl risk knowledge (Table 1).

The demographic characteristics in both groups were gener-

ally similar. The only significant difference was that a higher

percentage of participants who reported no fentanyl risk

knowledge compared with participants who had fentanyl risk

knowledge were living in Downtown Eastside (69.0% vs

56.8%; odds ratio [OR] ¼ 1.69; 95% confidence interval

[CI], 1.02-2.89).

Of 1137 participants who answered questions about their

perceived risk of fentanyl overdose, 383 (33.7%) were

Table 1. Bivariable logistic regression analyses of factors associated with an absence of fentanyl risk knowledge among persons who use illicit
drugs (n ¼ 1166), Vancouver, British Columbia, December 2016–May 2017a

Characteristic
No Knowledge,
No. (%) (n = 71)

Knowledge,
No. (%) (n = 1095)

Odds Ratio (95% CI)
[P Value]b

Age, y
Median (IQR) 48 (34-56) 46 (32-54) —
Per year older — — 1.01 (0.99-1.03) [.20]

Female (vs male) 27 (38.0) 366 (33.4) 1.24 (0.74-2.02) [.40]
HIV positivec 25 (35.2) 364 (33.2) 1.12 (0.67-1.85) [.66]
White ethnicity/ancestry (vs nonwhite) 31 (43.7) 606 (55.3) 0.62 (0.38-1.01) [.06]
�Secondary school education (vs <secondary school) 27 (38.0) 484 (44.2) 0.86 (0.51-1.43) [.56]
Residence in Downtown Eastsidec,d,e 49 (69.0) 622 (56.8) 1.69 (1.02-2.89) [.046]
Incarcerationc 3 (4.2) 74 (6.8) 0.61 (0.15-1.69) [.41]
Engagement in addiction treatmentc 34 (47.9) 628 (57.4) 0.72 (0.44-1.18) [.19]
Drug dealingc 6 (8.5) 157 (14.3) 0.55 (0.21-1.20) [.17]
Had a previous overdosec 13 (18.3) 184 (16.8) 1.11 (0.57-2.00) [.74]
Injection drug usec 44 (62.0) 684 (62.5) 0.98 (0.60-1.62) [.93]
Daily drug usec

Heroin 20 (28.2) 251 (22.9) 1.32 (0.76-2.22) [.31]
Stimulants, defined as powder or crack cocaine or

crystal methamphetamine
17 (23.9) 288 (26.3) 0.88 (0.49-1.51) [.66]

Nonmedical-use prescription opioids 0 31 (2.8) —e

Cannabis 23 (32.4) 334 (30.5) 1.09 (0.64-1.80) [.74]
Fentanyl exposurec

No exposure 28 (39.4) 400 (36.5) 1 [Reference]
Aware of exposure 18 (25.4) 359 (32.8) 1.40 (0.77-2.61) [.24]
Unaware of exposure 8 (11.3) 113 (10.3) 1.41 (0.57-3.23) [.43]

Abbreviations: —, does not apply; IQR, interquartile range.
aData sources: Vancouver Injection Drug Users Study, AIDS Care Cohort to Evaluate Exposure to Survival Services, At-Risk Youth Study.12-14 The reference
group for the outcome is having fentanyl risk knowledge, defined as being able to identify an overdose risk associated with exposure to fentanyl (yes vs no).
bP < .05 was considered significant.
cBehaviors and events in the past 6 months (coded as yes or no).
dThis area of Vancouver is known to be the epicenter of drug use in British Columbia.15

eBivariable logistic regression was not performed because of small counts.
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female, 624 (54.9%) were white, and the median age was 46

(IQR, 32-54) (Table 2). Among this sample, 398 (35.0%)

reported having no risk, 426 (37.5%) reported having low

risk, and 313 (27.5%) reported having a moderate or high

risk of fentanyl overdose. Among 824 participants who per-

ceived no risk or low risk of overdosing on fentanyl, 137

(16.6%) reported daily heroin use and 77 (9.3%) were

unknowingly exposed to fentanyl.

The multivariable analysis showed that participants who

perceived a lower risk of fentanyl overdose, compared with

participants who perceived a moderate or high risk, were

significantly less likely to report the following within the

previous 6 months: incarceration (adjusted OR [aOR] ¼
0.50; 95% CI, 0.27-0.93), engagement in addiction treatment

(aOR ¼ 0.73; 95% CI, 0.55-0.96), an overdose (aOR ¼ 0.28;

95% CI, 0.19-0.42), injection drug use (aOR¼ 0.34; 95% CI,

0.24-0.47), and awareness of exposure to fentanyl (aOR ¼
0.34; 95% CI, 0.24-0.48) (Table 3). Age remained indepen-

dently and positively associated with a lower perceived risk

of fentanyl overdose (aOR ¼ 1.02; 95% CI, 1.01-1.04).

Absence of fentanyl risk knowledge was not significantly

associated in bivariable analyses (OR ¼ 1.50; 95% CI,

0.92-2.46) and therefore was not included in the multivari-

able model. The generalized linear mixed model used to

account for the effects of residence in Downtown Eastside

did not alter our results.

In a subanalysis, of the 1095 participants with fentanyl

risk knowledge, most (60.3%; n ¼ 660) participants reported

learning about the risks of fentanyl from other PWUD (Table

4). Other common sources of knowledge were related to

knowledge of a fentanyl overdose. For example, 242

(22.1%) participants reported knowing someone who had

Table 2. Bivariable ordinal regression analyses of factors associated with a self-reported perceived risk of fentanyl overdose among persons
who use illicit drugs (n ¼ 1137) and answered questions about their perceived risk of having a fentanyl overdose, Vancouver, British
Columbia, December 2016–May 2017a

Characteristic

No Perceived
Risk, No. (%)

(n = 398)

Low Perceived
Risk, No. (%)

(n = 426)

Moderate or
High Perceived Risk,

No. (%) (n = 313)

Odds Ratio
(95% CI)

[P Value]b

Age
Median (IQR) 50 (36-56) 45 (33-53) 40 (29-50) —
Per year older — — — 1.03 (1.02-1.04) [<.001]

Female 106 (26.6) 146 (34.3) 131 (41.9) 0.61 (0.48-0.76) [<.001]
HIV positivec 152 (38.2) 135 (31.7) 92 (29.4) 1.36 (1.08-1.71) [.01]
White ethnicity/ancestry 224 (56.3) 244 (57.3) 156 (49.8) 1.19 (0.96-1.47) [.12]
�Secondary school education 170 (42.7) 190 (44.6) 136 (43.5) 0.99 (0.79-1.23) [.92]
Residence in Downtown Eastsidec,d 188 (47.2) 266 (62.4) 197 (62.9) 0.61 (0.49-0.75) [<.001]
Incarcerationc 10 (2.5) 31 (7.3) 34 (10.9) 0.38 (0.24-0.58) [<.001]
Engagement in addiction treatmentd 192 (48.2) 252 (59.2) 208 (66.5) 0.58 (0.46-0.72) [<.001]
Drug dealingc 28 (7.0) 68 (16.0) 63 (20.1) 0.45 (0.33-0.62) [<.001]
Had a previous overdosec 15 (3.8) 58 (13.6) 119 (38.0) 0.15 (0.11-0.21) [<.001]
Injection drug usec 142 (35.7) 298 (70.0) 265 (84.7) 0.18 (0.14-0.23) [<.001]
Daily drug usec

Heroin 29 (7.3) 108 (25.4) 126 (40.3) 0.25 (0.19-0.33) [<.001]
Stimulants, defined as powder or crack

cocaine or crystal methamphetamine
71 (17.8) 125 (29.3) 99 (31.6) 0.59 (0.46-0.75) [<.001]

Nonmedical-use prescription opioids 7 (1.8) 17 (4.0) 7 (2.2) —e

Cannabis 157 (39.4) 119 (27.9) 75 (24.0) 1.74 (1.38-2.21) [<.001]
Fentanyl exposurec,f

No exposure 228 (57.3) 139 (32.6) 51 (16.3) 1 [Reference]
Aware of exposure 36 (9.0) 180 (42.3) 155 (49.5) 0.14 (0.11-0.19) [<.001]
Unaware of exposure 39 (9.8) 38 (8.9) 38 (12.1) 0.32 (0.21-0.49) [<.001]
Absence of fentanyl risk knowledgec 27 (6.8) 20 (4.7) 13 (4.2) 1.50 (0.92-2.46) [.10]

Abbreviations: —, does not apply; IQR, interquartile range.
aData sources: Vancouver Injection Drug Users Study, AIDS Care Cohort to Evaluate Exposure to Survival Services, At-Risk Youth Study.12-14 Of 1166 study
participants, 1095 had fentanyl risk knowledge, defined as being able to identify an overdose risk associated with exposure to fentanyl (yes vs no); 1137
participants answered questions about their perceived risk of having a fentanyl overdose. The reference group for the outcome is self-reported high or
moderate perceived risk of fentanyl overdose.
bP < .05 was considered significant.
cBehaviors and events in the past 6 months (coded as yes or no).
dThis area of Vancouver is known to be the epicenter of drug use in British Columbia.15

eBivariable logistic regression analysis was not performed because of small counts.
fNo exposure defined as testing negative for fentanyl in a urine drug screen and self-reporting no possible exposure to fentanyl; unaware of exposure defined as
testing positive for fentanyl in a urine drug screen and self-reporting no possible exposure to fentanyl; and aware of exposure defined as self-reporting having
used fentanyl or any drugs they believe were contaminated with fentanyl, regardless of urine drug screen results.
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overdosed on fentanyl. Similarly, 167 (15.3%) participants

reported witnessing a stranger overdosing on fentanyl, and

95 (8.7%) participants reported having their own fentanyl

overdose as a source of knowledge.

In total, 824 participants provided reasons for reporting no

or low risk of fentanyl overdose (Table 5). The most com-

monly reported reason was never or rarely using opioids

(65.7%; n ¼ 541), followed by knowing the source or pro-

vider of drugs obtained (20.9%; n¼ 172) and taking cautious

measures (12.5%; n ¼ 103).

Among a subsample of 585 opioid users, 98 (16.8%)

reported having no risk, 253 (43.2%) reported having low

risk, and 234 (40.0%) reported having a moderate or high

risk of overdosing on fentanyl. When repeating the ordinal

logistic regression analysis among this sample, the results

essentially remained the same, except that engagement in

addiction treatment was not significantly associated with the

perceived risk of overdosing on fentanyl.

Discussion

In our community-recruited sample of PWUD, almost all

participants (93.9%) had knowledge of fentanyl risk. Despite

this high level of knowledge, almost three-quarters (72.5%)

of the sample (or 60.0% of opioid users) perceived their risk

of fentanyl overdose as nonexistent or low. Never or rarely

using opioids was the main reason for perceiving low risk,

but substantial proportions of those who perceived no risk or

low risk used heroin daily (16.6%) or were unknowingly

exposed to fentanyl (9.3%). Furthermore, 20.9% reported

feeling safe because they knew the source or provider of the

drugs they consumed. Given the documented proliferation of

illicit fentanyl in the local drug supply, including nonopioids,

knowing a source or provider of drugs may not reduce the

risk of overdose. Some PWUD had an overdose, despite

reporting a consistent provider of illicit drugs.20,21

To our knowledge, ours is the first study to examine per-

ception of fentanyl overdose risk. Participants who perceived

their risk of fentanyl overdose as lower were less likely than

those who perceived a moderate or high risk to have had a

nonfatal overdose or to self-report exposure to fentanyl. This

finding is consistent with previous literature showing that

experiences of nonfatal overdose are associated with higher

perceived risk of opioid overdose.9,22 Because nonfatal over-

dose is a risk factor for subsequent overdoses,8,22-25 it is

Table 3. Multivariable ordinal regression analysis of factors
associated with a self-reported perceived risk of fentanyl
overdose among persons who use illicit drugs (n ¼ 1137) and
answered questions about their perceived risk of having a fentanyl
overdose, Vancouver, British Columbia, December 2016–May
2017a

Variable

Adjusted Odds Ratio
(95% Confidence

Interval) [P Value]b

Age (per year older) 1.02 (1.01-1.04) [<.001]
Sex (female vs male) 0.77 (0.58-1.03) [.08]
HIV positivec (yes vs no) 0.87 (0.65-1.16) [.35]
Residence in Downtown Eastsidec,d (yes

vs no)
0.86 (0.64-1.15) [.31]

Incarcerationc (yes vs no) 0.50 (0.27-0.93) [.03]
Engagement in addiction treatmentc (yes

vs no)
0.73 (0.55-0.96) [.03]

Drug dealingc (yes vs no) 1.13 (0.76-1.69) [.53]
Had a previous overdosec (yes vs no) 0.28 (0.19-0.42) [<.001]
Injection drug usec 0.34 (0.24-0.47) [<.001]
Daily drug usec

Heroin 0.92 (0.64-1.33) [.66]
Stimulants, defined as powder or crack

cocaine or crystal methamphetamine
0.85 (0.62-1.17) [.32]

Cannabis 1.07 (0.79-1.45) [.68]
Fentanyl exposurec,e

No exposure 1 [Reference]
Aware of exposure 0.34 (0.24-0.48) [<.001]
Unaware of exposure 0.69 (0.44-1.09) [.12]

aData sources: Vancouver Injection Drug Users Study, AIDS Care Cohort to
Evaluate Exposure to Survival Services, At-Risk Youth Study.12-14 Of 1166
study participants, 1095 had fentanyl risk knowledge, defined as being able to
identify an overdose risk associated with exposure to fentanyl (yes vs no);
1137 participants answered questions about their perceived risk of having a
fentanyl overdose. The reference group for the outcome is moderate or
high perceived risk of fentanyl overdose. For example, participants who
perceived a lower risk of having a fentanyl overdose were less likely to
report a previous overdose.
bP < .05 was considered significant.
cBehaviors and events in the past 6 months (coded as yes or no).
dThis area of Vancouver is known to be the epicenter of drug use in British
Columbia.15

eNo exposure defined as testing negative for fentanyl in a urine drug screen
and self-reporting no possible exposure to fentanyl; unaware of exposure
defined as testing positive for fentanyl in a urine drug screen and self-
reporting no possible exposure to fentanyl; and aware of exposure defined
as self-reporting having used fentanyl or any drugs they believe were con-
taminated with fentanyl, regardless of urine drug screen results.

Table 4. Self-reported sources of fentanyl risk knowledge among
study participants categorized as having fentanyl risk knowledge
(n ¼ 1095) among persons who use illicit drugs, Vancouver,
British Columbia, December 2016–May 2017a

Source No. (%)

Word of mouth from other drug users 660 (60.3)
News/media 516 (47.1)
Public health educational strategy 249 (22.7)
Knowing someone who overdosed on fentanyl 242 (22.1)
Family or friends 170 (15.5)
Witnessed a stranger overdosing on fentanyl 167 (15.3)
Experienced a fentanyl overdose 95 (8.7)
Clinic or physician 83 (7.6)
Insiteb or other supervised consumption site 44 (4.0)
Experience in using drugs containing fentanyl 8 (0.7)
Drug tested or urine drug screened for fentanyl 9 (0.8)

aData sources: Vancouver Injection Drug Users Study, AIDS Care Cohort
to Evaluate Exposure to Survival Services, At-Risk Youth Study.12-14 Parti-
cipants could provide �1 response. Fentanyl risk knowledge defined as
being able to identify an overdose risk associated with exposure to fentanyl
(yes vs no).
bInsite is a supervised injection site located in Downtown Eastside of
Vancouver.
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important to emphasize overdose prevention interventions

among persons who have had an overdose. Our findings

suggest that persons who have recently had a nonfatal over-

dose might be amenable to overdose prevention interven-

tions because they have a higher perceived risk of

overdosing on fentanyl. However, it may only be a matter

of time before persons who perceive a low risk of overdosing

on fentanyl will have an opioid overdose, considering that

opioid use and exposure to fentanyl were common among

our study participants. Therefore, it is important to improve

overdose education efforts among this population. A drug-

checking service (a service that allows persons to chemically

screen their substances for contaminants) may be a useful

strategy to increase awareness of overdose risk due to fenta-

nyl contamination.7 However, evidence of the effect of such

drug testing interventions is lacking.26

Participants who injected drugs were less likely than par-

ticipants who did not inject drugs to perceive a lower risk of

fentanyl overdose. Our findings are consistent with research

that established injection drug use as a risk factor for fatal

and nonfatal overdose.8,10 Our findings suggest that the per-

ception of overdose risk was generally accurate among our

sample of PWUD. A previous study among a sample of

persons who inject drugs found an association between a

higher perceived susceptibility to having a nonfatal overdose

and intention to engage in harm-reduction behavior.27 How-

ever, the extent to which heightened perception of overdose

risk influences behavioral harm-reduction strategies remains

to be scrutinized. Although motivating persons who inject

drugs to engage in protective behavioral strategies is impor-

tant, structural changes are also necessary to prevent contam-

ination of the illicit drug supply. For example, several studies

have shown that medication-assisted treatments were the

most effective treatment for persons with opioid use disor-

der.28-31 However, medications available for prescription are

limited in Canada and the United States, especially for

persons who inject illicit opioids.28,32,33 A systematic review

in 2006 showed how improving access to opioid agonist

treatments, such as heroin maintenance therapy, was an

effective treatment for persons who inject illicit opioids.28

Our findings also suggest that within the previous 6

months, persons who were incarcerated were less likely than

persons who were not incarcerated to perceive their risk of

fentanyl overdose as lower. This finding is in line with pre-

vious qualitative research showing that incarcerated PWUD

had difficulties with abstinence after release; these difficul-

ties could increase the risk of overdose because drug toler-

ance may have been reduced during incarceration.34

Incarceration is a well-documented risk factor for overdose,

particularly immediately after release.34-36 Interventions are

needed to assist in the transition between correctional set-

tings and the community; this transition should include the

continuum of, and linkages to, opioid agonist treatments

among persons who use opioids.37 In addition, upstream pol-

icy changes, such as decriminalization of personal use and

possession of illicit substances, could alleviate the overdose

risk created by incarceration of persons with such charges.

This strategy reduced drug-related mortality in Portugal.38

The negative association between engagement in addic-

tion treatment and a lower perceived risk of fentanyl over-

dose appears to be a new finding. One possible interpretation

is that a higher perceived risk of fentanyl overdose may

elevate willingness to engage in addiction treatment. This

finding is harmonious with motivational models of treatment

engagement, in which a primary reason to participate in

treatment is to evade adverse consequences of use.39-41 One

study reported that known fentanyl exposure may elicit

treatment-seeking behaviors.20 Furthermore, engagement in

addiction treatment, specifically opioid agonist treatments,

was shown to be associated with reduced overdose and all-

cause mortality.8,24,42 However, previous research has also

shown that addiction treatment may increase the risk of over-

dose among some patients, particularly patients who prema-

turely terminate treatment and use drugs or resume using

drugs after a period of abstinence through withdrawal man-

agement or other treatment modalities.43-45 Our finding may

reflect this potential adverse consequence of treatment and

emphasize the need to provide overdose prevention educa-

tion and tools to patients in treatment.

Most of our sample had fentanyl risk knowledge, and the

most commonly reported source of receiving this knowledge

was through word of mouth. Internationally, peer-based

interventions have increased positive health outcomes for

drug-using populations.46-48 Our finding suggests that peer-

led overdose education may improve the spread of knowl-

edge among PWUD social networks.

Limitations

This study had several limitations. First, as with all studies that

use self-reported data, our study methods may have introduced

response bias. Second, most of our sample was aware of the

Table 5. Reasons given by study participants (n ¼ 824) for having
no perceived risk or low perceived risk of a fentanyl overdose
among persons who use illicit drugs, Vancouver, British Columbia,
December 2016–May 2017a

Reasons No. (%)

Never or rarely use opioids 541 (65.7)
Know the source or provider of drugs obtained 172 (20.9)
Takes cautious measuresb 103 (12.5)
High tolerance 89 (10.8)
Engaged in addiction treatment 30 (3.6)
Never overdosed in the past 14 (1.7)
Never or rarely inject drugs 12 (1.5)

aData sources: Vancouver Injection Drug Users Study, AIDS Care Cohort
to Evaluate Exposure to Survival Services, At-Risk Youth Study.12-14 Parti-
cipants could provide �1 response. Fentanyl risk knowledge defined as
being able to identify an overdose risk associated with exposure to fentanyl
(yes vs no).
bIncludes tasting drugs before use, using smaller amounts, or carrying take-
home naloxone.
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risk of fentanyl, which limited our ability to explore an

absence of fentanyl risk knowledge in the multivariable

model. Third, the cohorts were not randomly recruited, and

recruitment was done through nonprobability sampling meth-

ods. These methods reduced the generalizability of our results

to all populations of PWUD. Finally, because our study had a

cross-sectional design, temporal relationships could not be

established between exposures and outcomes.

Conclusions

Our findings indicate that despite high levels of knowledge

of the risks of fentanyl, only about one-quarter of our sample

of PWUD perceived their risk of overdosing on fentanyl as

moderate or high. Among study participants who perceived

their overdose risk as nonexistent or low, the prevalence of

heroin use and exposure to fentanyl was not low. Although

these study participants were less likely than those who per-

ceived a moderate or high risk to have had an overdose or

have known risk factors for overdose, they are not immune to

an overdose, given the proliferation of fentanyl in the illicit

drug supply in our study setting. Overall, our findings sug-

gest that knowledge of fentanyl overdose risk may be insuf-

ficient to motivate protective behaviors among PWUD at risk

of being exposed to fentanyl. Innovative measures to address

the contaminated drug supply and better connect PWUD

with overdose prevention services are warranted.
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