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Abstract
Background: Due to the loss of tolerance to opioids during medication-assisted treatment (MAT), this
period may represent a time of heightened risk for overdose. Identifying factors associated with increased
risk of overdose during treatment is therefore paramount to improving outcomes. We aimed to determine
the prevalence of opioid overdoses in patients receiving MAT. Additionally, we explored factors associated
with opioid overdose during MAT and the association between length of time enrolled in MAT and
overdose.

Methods: Data were collected prospectively from 2,360 participants receiving outpatient MAT in Ontario,
Canada. Participants were divided into three groups by overdose status: no history of overdose, any
lifetime history of overdose, and emergency department visit for opioid overdose in the last year. We used
a multivariate multinomial regression model to assess demographic and clinical factors associated with
overdose status.

Results: Twenty four percent of participants reported a lifetime history of overdose (n=562) and 8%
reported an emergency department (ED) visit for opioid overdose in the last year (n=179). Individuals with
a recent ED visit for opioid overdose were in treatment for shorter duration (odds ratio [OR] = 0.92, 95%
con�dence interval [CI] = 0.87, 0.97, p = 0.001). Individuals with a lifetime or recent history of overdose
were more likely to be younger in age (OR = 0.93, 95% CI = 0.89, 0.98, p = 0.007 and OR = 0.84, 95% CI =
0.77, 0.92, p <0.001, respectively), report more physical symptoms (OR = 1.02, 95% CI = 1.01, 1.03, p
=0.005 and OR = 1.03, 95% CI = 1.01, 1.05, p = 0.005, respectively), and had higher rates of non-
prescription benzodiazepine use (OR = 1.87, 95% CI = 1.32, 2.66, p <0.001 and OR = 2.34, 95% CI = 1.43,
3.81, p = 0.001, respectively) compared to individuals with no history of overdose.

Conclusions: A considerable number of patients enrolled in MAT have experienced overdose. Our study
highlights that there are identi�able factors associated with a patient’s overdose status that may
represent areas for intervention. In particular, longer duration in MAT is associated with a decreased risk
of overdose. 

Background
Opioid overdose and overdose deaths remain a critical public health problem across North America. In
2018, nearly 70% of all drug overdose deaths involved an opioid and approximately 128 individuals die
each day from opioid overdose in the United States. (1) However, these alarming statistics may not re�ect
the full extent of the opioid crisis. A recent study found that approximately 72% of unclassi�ed drug
overdoses between 1999–2016 involved opioids, suggesting that the number of opioid overdoses is
undercounted. (2)

For patients with opioid use disorder (OUD), medication-assisted treatment (MAT) with opioid agonists
such as methadone and buprenorphine is effective in overdose prevention, decreasing rates of relapse,
decreasing transmission of blood-borne infections, promoting retention in treatment, reducing use of illicit
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drugs, and improving employment and family functioning. (3–5) Most importantly, a number of studies
have found a reduction in opioid-related mortality following MAT involving either methadone and
buprenorphine by 59% and 38% respectively. (3–6) Other studies have also demonstrated that individuals
who were not receiving MAT had 8.1 times higher risk of overdose mortality when compared to those
receiving MAT. (4, 5)

Unfortunately, there is an ongoing “treatment gap” in which many individuals with OUD do not receive
MAT. (4, 6) Even after opioid overdose, only 30% of patients are offered any medication for OUD. (6)
Accordingly, strategies to improve initiation of MAT in individuals with OUD are certainly invaluable.
Furthermore, there are some patients who, despite being treated with MAT, continue to have a risk of
opioid overdose. Accordingly, many risk factors for overdose and mortality in individuals with OUD, with
or without MAT, have been examined. For example, suicidal ideation (7, 8), younger age (9), male sex (5,
10), recent non-fatal overdose, type of MAT(5), shorter retention in MAT(5), recently leaving MAT(11), use
of other central nervous system depressants, as well as comorbid physical conditions such as HIV (12)
and mental health conditions such as depression and anxiety(12, 13) have all been identi�ed as risk
factors for overdose and mortality in individuals with OUD. (4, 11)

Although MAT is effective in reducing overall risk of overdose, MAT may also represent a unique period of
time during which certain patients who are receiving treatment may be at higher risk of overdose. In
particular, individuals in the induction phase of MAT or treatment programs that require detoxi�cation
have a higher risk of overdose due to loss of opioid tolerance. (3, 4) With this consideration, factors that
otherwise increase the risk of overdose in individuals with OUD but are not enrolled in treatment may not
be generalizable to individuals actively receiving MAT. While most studies do examine differences in
mortality rates and causes of death before, during, and after MAT treatment, they aim to capture overdose
deaths as a measurement of the outcome of MAT without further elaboration or analysis on the clinical
characteristics of these individuals strati�ed by overdose status. (5) Furthermore, few studies aim to
describe the characteristics of individuals who are at risk of experiencing both fatal and non-fatal
overdose during MAT beyond sex, HIV status, as well as the type of MAT. (5, 12)

Understanding risk factors for any overdose, particularly during treatment, is critical and could allow
clinicians to better identify and support individuals at higher risk of overdose and, consequently, mortality.
Using data from a large cohort study of 2360 patients receiving MAT, we aim to better understand the
prevalence of opioid overdose and factors associated with opioid overdose during MAT. Speci�cally, the
objectives of this study are to:

1. Identify the lifetime prevalence of self-reported opioid overdoses amongst patients currently
receiving MAT, and the past-year prevalence of self-reported overdose requiring care in the emergency
department;

2. Explore factors associated with opioid overdoses during MAT;
3. Examine the association between length of time in MAT and opioid overdose.
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Methods

Data
As part of the Pharmacogenetics of Opioid Substitute Treatment Response (POST) study, prospective
observational data were collected from 2,360 participants. Recruitment began in May 2018 from 45
outpatient MAT clinics located across Ontario, Canada. As all clinical sites are run by central
management team through the Canadian Addiction Treatment Centres, participants all received similar
treatment protocols. MAT included either methadone or buprenorphine-naloxone, as buprenorphine as a
monoproduct is not indicated for OUD treatment in Canada except in individuals who are pregnant.
(14)Study inclusion criteria required participants to have a diagnosis of OUD as per the Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition (DSM-5) and to be receiving MAT for any length of
time. (15) At study entry, all participants engaged in face-to-face interviews with trained interviewers and
data were entered into the Research Electronic Data Capture tool. (16, 17)

Study Instruments and Measures
Information concerning demographical and substance-use characteristics, clinical information on MAT
treatment (including dose and duration) as well as physical and mental health symptoms were collected
at study entry. Individuals were asked to self-report a lifetime history of opioid overdoses as well as any
past-year history of opioid overdoses requiring emergency department care. To determine the prevalence
of both psychological and physical symptoms, all participants completed the Maudsley Addiction Pro�le
(MAP), which is an interviewer administered questionnaire measuring substance use, health risk
behaviour, physical and psychological health, and personal/social functioning in the last 30 days. (18)
The 10-item physical health symptom scale encompasses �ve functional systems, including general
symptoms including poor appetite and fatigue as well as cardiorespiratory, gastrointestinal, neurological
and musculoskeletal symptoms. Participants were asked to rate the frequency of experiencing each
symptom on a �ve-point Likert-type scale using the expression “never”, “rarely”, “sometimes”, “often”, and
“always” which corresponded with scores of 0–4 respectively. Psychological symptoms related to anxiety
and depression were similarly measured and rated, but included symptoms such as tension, fear,
nervousness, panic, hopelessness, worthlessness, anhedonia, loneliness, as well as suicidal ideation.
Individual total symptom scores for the physical and psychological domains were obtained by adding the
item scores for symptoms in each domain to produce a �nal score that ranged from 0–40.

Additionally, urine drug screen results were collected for every participant. Baseline urine drug screen
results were obtained from samples collected for up to 12 months preceding study entry as per clinic
treatment protocol. The FaStep Assay (Trimedic Supply Network Ltd, Concord, Ontario, Canada) was
utilized to detect the presence of substances, including opioids and non-opioid substances. (19) An
opioid-positive urine drug screen was de�ned as the detection of opioids other than methadone or
buprenorphine-naloxone. Results were used to calculate each patient’s percentage of positive urine drug
screens for each substance.
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Analysis
All analyses were conducted using STATA Version 16.1 (StataCorp LP, College Station, TX, USA). Our �rst
objective was to determine the prevalence of opioid overdoses in our study cohort. Patients were divided
into 3 mutually exclusive groups based on their self-reported opioid overdose history, which included: 1)
no reported overdoses, 2) any lifetime history of opioid overdoses, and 3) history of opioid overdose
requiring emergency department (ED) care in the past year. Participants with both a lifetime history of
overdose as well as an ED visit in the past year for opioid overdose were only included in the latter group
to avoid duplication. Demographic and clinical data are presented using descriptive statistics based on
group status, where continuous variables were summarized as means and standard deviations (SD) for
normally distributed data or as a median with an interquartile range (IQR) for skewed data. All categorical
variables were summarized using frequencies and percentages.

Our second and third objectives were to explore factors associated with opioid overdose during MAT as
well as to examine the association between length of time in MAT with overdose. We initially constructed
a univariate multinomial analysis using the patient’s opioid overdose status (no reported overdoses,
lifetime history of overdoses, ED visit for overdose in the last year) as the dependent variable. This
method was utilized to determine which covariates were associated with opioid overdose in an
unadjusted analysis. Subsequently, a multivariate multinomial regression model was constructed using
the same variables. Covariates including age(9), sex(10), MAT type(4–6), dose of MAT(4–6), years in
treatment (4, 11), access and use of naloxone(3, 4), psychological symptoms of depression and
anxiety(4, 11, 20), physical symptoms(4, 11), opioid abstinence at baseline(21), and benzodiazepine use
(20) were all selected based on previous literature that suggested potential association with opioid
overdose. The psychological symptoms score on MAP was not included in the regression model for a
number of reasons. Firstly, the psychological symptom score includes suicidal ideation and it would have
been redundant to include both in the analysis. Additionally, suicidal ideation is a more actionable
symptom for clinicians to assess in patients, thus offering greater clinical utility when compared to a
MAP score. Two variables were used to represent benzodiazepine use, including prescription and non-
prescription use. Benzodiazepine use was differentiated as such due to previous literature suggesting
that non-prescribed benzodiazepines are associated with treatment discontinuation in MAT while
prescription benzodiazepines do not have such an impact. (20) All results from the regression model are
reported as Odds Ratio (OR) with a 95% con�dence interval (CI). The study reporting is according to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations. (22)
[see Additional �le 1]

Results
Of the 2360 participants who were included in the analyses, 69% reported no history of opioid overdoses
(n = 1,619), 24% reported a lifetime history of opioid overdose (n = 562), and 8% reported history of an ED
visit for opioid overdose in the last year (n = 179).
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In Table 1 we present the demographic and clinical characteristics of participants by overdose history.
Individuals with an ED visit for overdose in the last year were generally younger, with a mean age of
35 years (SD = 10) compared to a mean age of 39 years (SD = 11) in all participants. The highest rates of
unemployment were seen in participants with an ED visit for overdose in the last year; only 17% of
individuals were employed.

With respect to treatment characteristics, 79% of patients were receiving methadone while the remainder
received buprenorphine-naloxone. This ratio is similar in all groups. Participants who had an ED visit for
overdose in the last year were receiving lower mean doses of both methadone (59 mg/day, SD = 32) and
buprenorphine-naloxone (11 mg/day, SD = 6) when compared to both of the other groups. Participants
with no reported overdoses were receiving on average 70 mg of methadone/day or 12 mg of
buprenorphine-naloxone/day, while those with a history of overdoses were receiving around 77 mg of
methadone/day and 13 mg of buprenorphine-naloxone/day. Additionally, participants with an ED visit for
overdose were receiving treatment for a median of 0.6 years (IQR = 0.2, 2), which is a shorter length of
time when compared to both of the other groups, who had spent a median length of 3 and 2.4 years,
respectively, in MAT.

Examining substance use characteristics, participants with an ED visit for overdose in the last year had
the highest rates of IV drug use at 47% and only 16% of individuals were abstinent from opioid use at
baseline. Rates of alcohol and cannabis use were similar across all groups. However, participants who
had an ED visit for overdose in the last year had the highest rate of non-prescription use of
benzodiazepines, with 16% reporting use in the last 30 days. Additionally, this group also had the lowest
rates of prescription benzodiazepine use. Of note, access to naloxone kits and knowledge on using
naloxone were both highest in participants who had an ED visit in the last year for overdose. Lastly,
individuals with an ED visit for overdose initiated opioid usage at an average age of 24 years compared
to 26 and 23 years in the other groups.

Regarding physical and mental health, 32% of individuals with an ED visit for overdose reported suicidal
ideation compared to 18% in individuals with no reported overdoes and 24% in those with a lifetime
history of overdoses. Lastly, individuals with an ED visit for overdose also had higher total scores on both
the physical and psychological components of the MAP.
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Table 1
Baseline demographic and clinical characteristics, by opioid overdose history (N = 2,360)

Characteristic Total
Sample

N = 2,360

No
reported
overdoses

n = 1,619
(68.6%)

Lifetime
history of
overdoses

n = 562
(23.8%)

ED visit for
overdose in
the last
year

n = 179
(7.6%)

Sociodemographic

Age; mean (SD) 39.3 (10.9) 40.0
(10.8)

38.8
(11.1)

34.9(9.6)

Female sexa; n (%) 1046
(44.3%)

728 (45%) 245
(43.7%)

73(40.8%)

Ethnicity; n (%)

Caucasian

Other

1705
(72.3%)

655
(27.8%)

1154
(71.3%)

465
(28.7%)

422
(75.1%)

140
(24.9%)

129
(72.1%)

50 (27.9%)
(3)

Married or common law; n (%) 691
(29.3%)

515
(31.8%)

135 (24%) 41 (22.9%)

High school education; n (%) 668
(28.3%)

473
(29.2%)

153
(27.2%)

42 (23.5%)

Children; n (%) 1615
(68.4%)

1132
(69.9%)

366
(65.1%)

117
(65.4%)

Currently working; n (%) 780(33.1%) 592
(36.6%)

158
(28.1%)

30 (16.8%)

Receiving social assistanceb; n (%) 1298 (55%) 827
(51.1%)

350
(62.3%)

121
(67.6%)

Treatment

Type of MATc; n (%)

Methadone

Suboxone

1868
(79.3%)

488
(20.7%)

1270
(78.6%)

346
(21.4%)

456
(81.3%)

105
(18.7%)

142
(79.3%)

37 (20.7%)

Dose; mean (SD)

Methadone

Suboxone

70.5 (40.6)

12.0 (6.8)

69.5(42.4)

11.9 (6.9)

76.9(37.1)

12.6 (6.4)

58.9 (31.5)

11.2 (6.4)

Years in treatment; median (Q1, Q3) 2.6 (0.8, 6) 3(1, 6.75) 2.4 (0.8,
7)

0.6(0.2,2)
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Characteristic Total
Sample

N = 2,360

No
reported
overdoses

n = 1,619
(68.6%)

Lifetime
history of
overdoses

n = 562
(23.8%)

ED visit for
overdose in
the last
year

n = 179
(7.6%)

Previous Treatment for Opioid
Dependencea; n (%)

804
(34.1%)

500
(30.9%)

217
(38.6%)

87 (48.6%)

Abstinent from opioid use at study entryd;
n(%)

732
(31.1%)

537
(33.3%)

166
(29.7%)

29 (16.3%)

Percentage of opioid-positive urine drug
screens if non-abstinent at study entryd;
mean (SD)

16.3 (23.3) 15.1
(22.9)

16.7
(22.8)

25.9 (25.9)

Substance use

Age start using opioids regularlya; mean
(SD)

24.9 (9.3) 25.9 (9.6) 22.7 (8.3) 22.4 (8.1)

IV drug use (past 30 days); n(%) 375
(15.9%)

164
(10.1%)

127
(22.6%)

84 (46.9%)

Alcohol use (past 30 days)e; n (%) 870
(36.9%)

588
(36.3%)

208 (37%) 74 (41.6%)

Prescription benzodiazepine use, n (%) 369
(15.6%)

242 (15%) 103
(18.3%)

24 (13.4%)

Non-prescription use of
benzodiazepines(past 30 days)e; n (%)

180 (7.6%) 88 (5.4%) 64
(11.4%)

28 (15.7%)

Cannabis use (past 30 days)e; n (%) 1257
(53.3%)

846
(52.3%)

301
(53.6%)

110
(61.8%)

Have access to naloxone kits; n (%) 1840 (78%) 1210
(74.7%)

472 (84%) 158
(88.3%)

Know how to use naloxone; n (%) 1907
(80.8%)

1243
(76.8%)

493
(87.7%)

171
(95.5%)

Mental and physical health

Suicidal ideation; n(%) 489
(20.7%)

298
(18.4%)

134
(23.8%)

57 (31.8%)

Total physical symptoms score on MAPc;
mean (SD)

14.3 (8.0) 13.8 (7.9) 15.2 (8.0) 16.0 (8.5)

Total psychological symptoms score on
MAPf; mean (SD)

11.7 (9.0) 10.7 (8.8) 13.4(8.9) 14.6 (9.5)
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Characteristic Total
Sample

N = 2,360

No
reported
overdoses

n = 1,619
(68.6%)

Lifetime
history of
overdoses

n = 562
(23.8%)

ED visit for
overdose in
the last
year

n = 179
(7.6%)

SD = Standard Deviation, MAT = Medication Assisted Treatment, IV = intravenous, MAP = Maudsley
Addiction Pro�le

a Data available for 2359 participants.

b Data available for 1580 participants.

c Data available for 2356 participants.

d Data available for 2352 participants.

e Data available for 2358 participants.

f Data available for 2354 participants.

 

In Table 2 we present the results of our multinomial regression analysis, identifying factors associated
with overdose history. Adjusting for other demographic and clinical factors, both participants with a
history of overdose and those with an ED visit for overdose in the last year were younger in age when
compared to the group with no reported overdoses (OR = 0.93, 95% CI = 0.89, 0.98, p = 0.007 and OR = 
0.84, 95% CI = 0.77, 0.92, p < 0.001, respectively). Compared to the group with no reported overdoses,
those with an ED visit in the last year have spent less time in treatment (OR = 0.92, 95% CI = 0.87, 0.97, p = 
0.001). Both those with a history of overdose and those with an ED visit for overdose in the last year were
more likely to report access to naloxone kits compared to the group with no reported overdoses (OR = 
1.59, 95% CI = 1.23, 2.06, p < 0.001 and OR = 1.90, 95% CI = 1.17, 3.08, p = 0.01, respectively). Additionally,
both groups were reporting higher numbers of physical symptoms on the MAP (OR = 1.02, 95% CI = 1.01,
1.03, p = 0.005 and OR = 1.03, 95% CI = 1.01, 1.05, p = 0.005, respectively) as well as higher rates of non-
prescription use of benzodiazepines (OR = 1.87, 95% CI = 1.32, 2.66, p < 0.001 and OR = 2.34, 95% CI = 
1.43, 3.81, p = 0.001, respectively). Patients with an ED visit for overdose in the last year were less likely to
be abstinent from opioids at study entry (OR = 0.49, 95% CI = 0.32, 0.75, p = 0.001). Adjusting for other
covariates, we did not identify a statistically signi�cant association between overdose status and suicidal
ideation for both groups with a history of overdose as well as those with an ED visit for overdose in the
last year (OR = 1.17, 95% CI = 0.92, 1.50, p = 0.202 and OR = 1.40, 95% CI = 0.97, 2.03, p = 0.071,
respectively). Lastly, no association was found between overdose status and sex, type of MAT, alcohol
use in the past 30 days as well as use of prescription benzodiazepines.
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Table 2
Univariate and multivariate multinomial analysis of demographic and clinical factors associated with

overdose status (N = 2360)

    Univariate
Multinomial Analysis

Multivariate
Multinomial Analysis

Overdose status Covariate OR 95%
CI

p
value

OR 95%
CI

p
value

No reported
overdoses
[reference]

- - - - - - -

Lifetime history of
overdoses

Age by �ve-year increments 0.99 0.98,
1.00

0.024 0.93 0.89,
0.98

0.007

  Sex 0.95 0.78,
1.15

0.595 0.88 0.72,
1.08

0.210

  MAT 0.85 0.66,
1.08

0.175 1.19 0.88,
1.60

0.254

  Dose 1.00 1.00,
1.01

< 
0.001

1.00 1.00,
1.01

0.005

  Years in treatment 1.02 1.00,
1.04

0.061 1.02 1.00,
1.04

0.082

  Have access to naloxone kits 1.77 1.38,
2.28

< 
0.001

1.59 1.23,
2.06

< 
0.001

  Suicidal Ideation 1.39 1.10,
1.75

0.005 1.17 0.92,
1.50

0.202

  Total physical symptoms
score on MAP

1.02 1.01,
1.04

< 
0.001

1.02 1.01,
1.03

0.005

  Alcohol use (past 30 days) 1.03 0.84,
1.26

0.776 1.01 0.82,
1.24

0.927

  Prescription benzodiazepine
use

1.28 0.99,
1.65

0.059 1.08 0.83,
1.42

0.559

  Non-prescription use of
benzodiazepines (past 30
days)

2.23 1.59,
3.13

< 
0.001

1.87 1.32,
2.66

< 
0.001

  Opioid abstinence at study
entry

0.85 0.69,
1.04

0.122 0.92 0.74,
1.14

0.445

ED visit for
overdose in the
last year

Age by 5-year increments 0.95 0.94,
0.97

< 
0.001

0.84 0.77,
0.92

< 
0.001

  Sex 0.84 0.62,
1.15

0.286 0.77 0.55,
1.08

0.128
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    Univariate
Multinomial Analysis

Multivariate
Multinomial Analysis

  MAT 0.96 0.65,
1.40

0.819 0.73 0.45,
1.16

0.181

  Dose 1.00 0.99,
1.00

0.015 1.00 0.99,
1.00

0.068

  Years in treatment 0.88 0.84,
0.92

< 
0.001

0.92 0.87,
0.97

0.001

  Have access to naloxone kits 2.54 1.59,
4.06

< 
0.001

1.90 1.17,
3.08

0.01

  Suicidal Ideation 2.07 1.48,
2.91

< 
0.001

1.40 0.97,
2.03

0.071

  Total physical symptoms
score on MAP

1.03 1.02,
1.05

< 
0.001

1.03 1.01,
1.05

0.005

  Alcohol use (past 30 days) 1.25 0.91,
1.71

0.170 1.02 0.73,
1.43

0.886

  Prescription benzodiazepine
use

0.88 0.56,
1.38

0.582 1.02 0.63,
1.63

0.944

  Non-prescription use of
benzodiazepines (past 30
days)

3.25 2.05,
5.13

< 
0.001

2.34 1.43,
3.81

0.001

  Opioid abstinence at study
entry

0.39 0.26,
0.59

< 
0.001

0.49 0.32,
0.75

0.001

OR = Relative Risk Ratio, CI = Con�dence Interval

Discussion
Among this cohort of patients receiving MAT, approximately 8% had an ED visit for an opioid overdose in
the last year while 24% reported a lifetime history of overdoses despite being on treatment. Therefore, for
a notable number of patients who have been diagnosed with OUD and are receiving MAT, factors that
contribute to overdose during MAT are important to consider.

The characteristics we found to be associated with lifetime and past-year history of opioid overdose
spanned across sociodemographic and treatment factors, as well as polysubstance use and comorbidity.

Sociodemographic Characteristics
Patients who had a history of overdose or an ED visit for overdose in the last year were found to be
signi�cantly younger in age when compared to the group with no reported overdoses. This �nding is in
keeping with current research that younger individuals are often at higher risk of both fatal and non-fatal
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overdoses, highlighting the need for further advocacy and research to improve outcomes for this
population. (9, 21, 23) While OUD can impact any individual regardless of age, the pediatric and
adolescent stages represent important periods for intervention as most individuals report use before
25 years of age. (9, 24, 25) This �nding is similarly re�ected in our data, where patients who had an ED
visit for opioid overdose in the last year started using opioids at a mean age of 22.4 years. Recent
literature has highlighted that a large proportion of individuals in treatment for OUD are actually young
adults but only a small number of them are receiving MAT. (24–26) This underuse of an effective
treatment in a vulnerable population is certainly alarming. (27) For these reasons, further research is
needed on identifying barriers to accessing treatment both within and outside the clinical environment for
younger adults with OUD. (24, 26)

Treatment Characteristics
Patients who had an ED visit for opioid overdose in the last year had spent fewer years in treatment in
comparison to patients who had no reported overdoses, with a median of 0.6 years. This �nding is
consistent with current literature that suggests that better retention in MAT is associated with reduced
overdose mortality. (5, 11) Additionally, the group with ED visits for overdose in the last year also had a
signi�cantly greater percentage of opioid-positive urine drug screens upon study entry. This �nding, in
parallel with the younger mean age of this group, is consistent with current literature for risk factors
predictive of discontinuing MAT prematurely. (21) More research into strategies for maintaining
engagement with MAT in populations at higher risk of discontinuation may have important bene�ts for
preventing overdose.

Substance Use Characteristics
More than 88% of patients who had an ED visit for overdose in the last year reported access to naloxone
kits, which is signi�cantly higher compared to the group with no reported overdoses where only 75% of
patients had access to naloxone. These numbers are in keeping with the nation-wide efforts to increase
naloxone access to individuals at risk of experiencing or witnessing an overdose event. (28, 29) Although
it is encouraging that individuals at highest risk also have the greatest access to naloxone, these
numbers are still concerning. Naloxone has been demonstrated to be a cost-effective agent for treating
opioid overdose as well as reducing opioid overdose deaths. (30) Current literature suggests that all
individuals who use opioids, who have a history of substance-use disorder or are in close contact with
those who do use opioids should have access to a naloxone kit. (3, 4, 28, 30–33) Practically, this
suggests that all individuals who are enrolled in MAT should have access to a naloxone kit as they ful�ll
all of the criteria. (3, 4, 28, 30–33) Accordingly, physicians have long advocated for this change, with the
U.S Surgeon General releasing a public health advisory in 2018 advocating for increased naloxone
access. (34) Additionally, many patients engaged in MAT are willing to carry and use naloxone kits and
those who have experience with naloxone believe it to be both effective and necessary. (28, 35) With
support from the literature, prescribers, as well as patients, it seems that continuing to improve access to
naloxone for any individual at risk should be considered. Currently, many researchers have identi�ed the
potential legislative and practical barriers surrounding the access, administration, and distribution of
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naloxone. On the legislative level, despite all 50 states passing laws to improve naloxone access to the
public, there remains signi�cant variation in these laws as well as prevalent underuse of naloxone. (28)
Additionally, Good Samaritan laws have only been established in 40 states and there are signi�cant
differences in the immunity provided to individuals who report overdoses. (28) In comparison, 8 of 13
provinces and territories in Canada have created initiatives for take-home naloxone program, and as a
country, have been working to improving access by expanding the list of medical professionals able to
provide and administer prescriptions of naloxone, improving rules for eligibility, as well as changing
naloxone’s prescription-only status. (36) Regarding practical considerations, providing training on
naloxone use, the physical size of the kit, as well as promotion from both the media and prescribers is
needed to increase awareness regarding the utility of naloxone. (35) Future studies should focus on
identifying barriers for improving access to naloxone for all individuals at risk, including those who are
enrolled in MAT but have no reported overdoses.

With regards to additional substance use characteristics, the non-prescription use of benzodiazepines
was more likely in both patients with a history of overdose as well as those with ED visits for overdose in
the last year. There was no signi�cant association between prescription benzodiazepine use and
overdose status. These �ndings are important for a number of different reasons. Firstly, this �nding
highlights the notable differences between use of prescription versus non-prescription benzodiazepines.
Multiple studies have found that the use of prescription benzodiazepines during opioid treatment does
not impact retention or outcomes when compared with non-prescription use of benzodiazepines. (20,37)
Similarly, the use of non-prescription benzodiazepines was associated with discontinuation of MAT. (20)
Our �ndings are in keeping with the current literature, but more research is required to elucidate the
difference between individuals who use prescribed or non-prescribed benzodiazepines. Additionally, these
�ndings should not be interpreted as advocacy for the indiscriminate prescription of benzodiazepines
during MAT. Interactions between opioids and benzodiazepines may increase the likelihood of death due
to respiratory depression. (38) Furthermore, while studies found no effect of prescription benzodiazepine
on MAT treatment, they also demonstrated a concomitant increase in the likelihood of accidental injuries,
ED visits, as well as issues with physical dependence. (20,37)Studies solely examining the impact of
benzodiazepine use without separate examination of prescription versus non-prescription populations
have also found increases in risk of drug overdose. (39,40)Combined with �ndings that benzodiazepines
are frequently co-prescribed with MAT, more research is needed to provide both prescriber and patient
education on safe use of benzodiazepines with MAT. (20,41,42)

Physical Health Characteristics
Both patients who had a history of overdose as well as those with an ED visit for overdose in the last year
reported more physical symptoms on the MAP compared to the group with no reported overdoses.
Overdose events are di�cult to classify by intent but it stands to reason that a proportion of overdoses
may be associated with suicidal thoughts. (7,43,44)While there is limited literature examining the
association between physical symptoms and suicidal ideation in individuals with OUD, multiple recent
studies that demonstrated that physical illness is associated with an increased risk of suicide, particularly
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in the presence of psychiatric comorbidities. (44–48) These �ndings suggest a need for further
exploration into the associations between physical illness, overdose, and suicide risk among individuals
with OUD in order to better support patients.

Mental Health Characteristics
When adjusting for other demographic and clinical factors, we found no signi�cant association between
suicidal ideation and lifetime or past-year history of opioid overdose. This result was unexpected given
the incremental increase in reports of suicidal ideation between the groups that correlated with
experiences of overdose. Some researchers have recently begun to elucidate the differences between an
opioid overdose and a suicide attempt. However, there is no current consensus on the difference between
the two and there is a de�ned absence of attempts to integrate research on suicidal attempts and
overdose in individuals with substance use disorders. (7,43,44)

Due to the discrepancies in the univariate and multivariate regression models, we conducted a post-hoc
analysis to identify possible associations between suicidal ideation and the other covariates (Appendix
1). Factors found to be associated with increased odds of reporting suicidal ideation included younger
age, shorter time in treatment, increased physical symptoms, alcohol use, prescription and non-
prescription benzodiazepine use, and ongoing opioid use at study entry (Appendix 1). Individuals
reporting suicidal ideation were most likely to use prescription or non-prescription benzodiazepines (OR = 
1.69, 95% CI = 1.32, 2.18, p < 0.001 and OR = 2.35, 95% CI = 1.70, 3.25, p < 0.001, respectively). This is an
alarming �nding as benzodiazepines are often identi�ed in opioid overdose deaths and current literature
suggests that benzodiazepine prescriptions in the general population are associated with increased risk
for both attempting and completing suicide. (49,50) However, few researchers have examined this
relationship in individuals with SUD as well as the differences in impact between prescription and non-
prescription benzodiazepines. (49,50)Given the signi�cant association between suicidal ideation and
both prescription and non-prescription use of benzodiazepines, further exploration into the association is
warranted in future research.

Strengths and Limitations
This study is strengthened by its large sample size as well as multisite enrollment, increasing con�dence
and producing more generalizable results. Additionally, the MAP, a validated research instrument used to
assess treatment outcomes in individuals with SUD was used to interview patients. As with all
observational studies, no causal relationship can be concluded and the potential for unknown
confounding variables exists. This study is also limited by healthy user and volunteer bias wherein
patients who are more satis�ed with treatment or experiencing less symptoms may volunteer compared
to their peers. It is likely that individuals who carry the highest illness burden may be least likely to
participate; for this study of patients self-reporting history of opioid overdoses, individuals who died by
overdose would not be included. Additionally, incidences where individuals required paramedic care but
did not present to the emergency department are not described in the data. Future studies using
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administrative health records (e.g., hospital records, emergency medical services records, coroner reports)
are required to better capture all individuals who may be affected by opioid overdose.

Finally, the generalizability of our results outside of Ontario, Canada must be considered, particularly due
to differences in the role of MAT as a harm-reduction treatment as compared to an abstinence-based
treatment, in different jurisdictions. MAT protocols in Canada function on the basis of harm reduction,
therefore individuals are not excluded from treatment based on ongoing opioid use, other substance use,
or overdose history.

Conclusions
Our �ndings indicate that a considerable proportion of patients enrolled in MAT are affected by past or
recent overdose. Additionally, there are signi�cant differences in sociodemographic, treatment, substance
use and mental/physical health characteristics among patients strati�ed by their overdose status. Our
study’s �ndings also concur with previous literature that suggests better retention in MAT is associated
with a decreased likelihood of overdose. (5, 11) These �ndings are signi�cant as while MAT reduces
overall mortality in these individuals, it also represents a period of increased risk in the event of an
overdose due to potential loss of tolerance to opioids. (3, 4) Therefore, future research to incorporate both
the identi�cation and consideration of clinical characteristics that may indicate higher risk for overdose
into MAT treatment programs may serve to further improve outcomes. This study also highlights the need
for further exploration into the accessibility of MAT across various age groups, potential barriers to
naloxone access, the impact of physical illness on overdose and suicidal ideation, as well as differences
in risk between the use of prescription and non-prescription benzodiazepines in both suicidal ideation and
overdose during MAT.

List Of Abbreviations
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Abbreviation Meaning

CI Con�dence interval

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, 5th Edition

ED Emergency department

IQR Interquartile range

MAP Maudsley Addiction Pro�le

MAT Medication-assisted treatment

OR Odds ratio

OUD Opioid use disorder

POST Pharmacogenetics of Opioid Substitute Treatment Response

SD Standard deviations

STROBE The Strengthening the Reporting of Observational Studies in Epidemiology

Declarations
Ethics Approval and consent to participate

All participants provided both verbal and written informed consent and ethics approval was obtained
from the Hamilton Integrated Research Ethics Board (POST project ID 4556).

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This study was supported by a research grant from the Canadian Institutes of Health Research (grant
number PJT-156306). The funding body has no role in the design, analysis, interpretation, or publication
of results.



Page 17/21

Author’s contributions

VYOA, TR, and ZS are responsible for the study concept and design. VYOA, TR, and ZS developed the
methods and data analysis plan. VYOA conducted statistical analyses. VYOA wrote the �rst draft of the
manuscript, and TR, NS, AH, CC, AW, LT, and ZS contributed to writing and critically revising the �nal
manuscript. All authors reviewed and approved the �nal manuscript.

Acknowledgements

The authors would like to offer their sincere thanks to the POST study participants, whose time and
contributions made this study possible. We would also like to thank the POST study team members and
volunteers for their invaluable support.

References
1. Centers for Disease Control and Prevention. Understanding the Epidemic | Drug Overdose | CDC Injury

Center [Internet]. Understanding The Epidemic. 2020 [cited 2020 Jun 10]. p. 1. Available from:
https://www.cdc.gov/drugoverdose/epidemic/index.html

2. Boslett AJ, Denham A, Hill EL. Using contributing causes of death improves prediction of opioid
involvement in unclassi�ed drug overdoses in US death records. Addiction. 2020;

3. Malta M, Varatharajan T, Russell C, Pang M, Bonato S, Fischer B. Opioid-related treatment,
interventions, and outcomes among incarcerated persons: A systematic review. PLoS Med.
2019;16(12).

4. Babu KM, Brent J, Juurlink DN. Prevention of Opioid Overdose. Campion EW, editor. N Engl J Med
[Internet]. 2019 Jun 6 [cited 2020 Jun 10];380(23):2246–55. Available from:
http://www.nejm.org/doi/10.1056/NEJMra1807054

5. Ma J, Bao YP, Wang RJ, Su MF, Liu MX, Li JQ, et al. Effects of medication-assisted treatment on
mortality among opioids users: a systematic review and meta-analysis. Mol Psychiatry. 2019 Dec
1;24(12):1868–83.

�. Larochelle MR, Bernson D, Land T, Stopka TJ, Wang N, Xuan Z, et al. Medication for opioid use
disorder after nonfatal opioid overdose and association with mortality: A cohort study. Ann Intern
Med. 2018 Aug 7;169(3):137–45.

7. Bohnert ASB, Ilgen MA. Understanding Links among Opioid Use, Overdose, and Suicide. Ingel�nger
JR, editor. N Engl J Med [Internet]. 2019 Jan 3 [cited 2020 Jun 10];380(1):71–9. Available from:
http://www.nejm.org/doi/10.1056/NEJMra1802148

�. Braden JB, Edlund MJ, Sullivan MD. Suicide deaths with opioid poisoning in the United States: 1999-
2014. Vol. 107, American Journal of Public Health. American Public Health Association Inc.; 2017. p.
421–6.

9. Bonnie R, Ford M, Phillips J, editors. Pain Management and the Opioid Epidemic. Pain Management
and the Opioid Epidemic. Washington, DC: The National Academies Press; 2017. 187–265 p.



Page 18/21

10. Hedegaard H, Miniño A, Warner M. Drug overdose deaths in the United States, 1999-2018 [Internet].
2020 [cited 2020 Jun 10]. Available from:
https://www.cdc.gov/nchs/products/databriefs/db356.htm

11. Hakansson A, Schlyter F, Berglund M. Factors associated with history of non-fatal overdose among
opioid users in the Swedish criminal justice system. Drug Alcohol Depend. 2008 Apr 1;94(1–3):48–
55.

12. Cao X, Wu Z, Li L, Pang L, Rou K, Wang C, et al. Mortality among methadone maintenance clients in
China: A six-year cohort study. PLoS One. 2013 Dec 12;8(12).

13. Maloney E, Degenhardt L, Darke S, Nelson EC. Are non-fatal opioid overdoses misclassi�ed suicide
attempts? Comparing the associated correlates. Addict Behav. 2009 Sep;34(9):723–9.

14. Bruneau J, Ahamad K, Goyer MÈ, Poulin G, Selby P, Fischer B, et al. Management of opioid use
disorders: A national clinical practice guideline. CMAJ [Internet]. 2018 Mar 5 [cited 2020 Nov
2];190(9):E247–57. Available from: www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.170958/-/DC1

15. American Psychiatric Association. DSM-5 Diagnostic Classi�cation. In: Diagnostic and Statistical
Manual of Mental Disorders. 2013.

1�. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)-A metadata-driven methodology and work�ow process for providing translational research
informatics support. J Biomed Inform. 2009 Apr;42(2):377–81.

17. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: Building
an international community of software platform partners. Vol. 95, Journal of Biomedical
Informatics. Academic Press Inc.; 2019.

1�. Marsden J, Gossop M, Stewart D, Best D, Farrell M, Lehmann P, et al. The Maudsley Addiction Pro�le
(MAP): A brief instrument for assessing treatment outcome. Addiction. 1998;93(12):1857–67.

19. (No Title) [Internet]. [cited 2020 Oct 8]. Available from: https://www.trimedic-inc.com/wp-
content/uploads/2018/04/Fastep-Package-Insert.pdf

20. Eibl JK, Wilton AS, Franklyn AM, Kurdyak P, Marsh DC. Evaluating the Impact of Prescribed Versus
Nonprescribed Benzodiazepine Use in Methadone Maintenance Therapy: Results From a Population-
based Retrospective Cohort Study. J Addict Med. 2019 May 1;13(3):182–7.

21. Marcovitz DE, McHugh RK, Volpe J, Votaw V, Connery HS. Predictors of early dropout in outpatient
buprenorphine/naloxone treatment. Am J Addict [Internet]. 2016 Sep 1 [cited 2020 Jun
10];25(6):472–7. Available from: http://doi.wiley.com/10.1111/ajad.12414

22. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for reporting
observational studies. UroToday Int J [Internet]. 2009 Oct 18 [cited 2020 Oct 6];2(2):806–8. Available
from: http://www.bmj.com/

23. Frank D, Mateu-Gelabert P, Guarino H, Bennett A, Wendel T, Jessell L, et al. High risk and little
knowledge: Overdose experiences and knowledge among young adult nonmedical prescription
opioid users. Int J Drug Policy. 2015 Jan 1;26(1):84–91.



Page 19/21

24. Grubb LK. Personal and Socioeconomic Determinants in Medication-assisted Treatment of Opioid
Use Disorder in Adolescents and Young Adults. Clin Ther. 2019 Sep 1;41(9):1669–80.

25. Neighbors CJ, Choi S, Healy S, Yerneni R, Sun T, Shapoval L. Age related medication for addiction
treatment (MAT) use for opioid use disorder among Medicaid-insured patients in New York. Subst
Abus Treat Prev Policy [Internet]. 2019 Jun 25 [cited 2020 Jun 10];14(1):28. Available from:
https://substanceabusepolicy.biomedcentral.com/articles/10.1186/s13011-019-0215-4

2�. Bagley SM, Larochelle MR, Xuan Z, Wang N, Patel A, Bernson D, et al. Characteristics and Receipt of
Medication Treatment Among Young Adults Who Experience a Nonfatal Opioid-Related Overdose.
Ann Emerg Med. 2020 Jan 1;75(1):29–38.

27. Hadland SE, Bagley SM, Rodean J, Silverstein M, Levy S, Larochelle MR, et al. Receipt of Timely
Addiction Treatment and Association of Early Medication Treatment with Retention in Care among
Youths with Opioid Use Disorder. JAMA Pediatr. 2018 Nov 1;172(11):1029–37.

2�. DeSimone EM, Tilleman JA, Kaku KA, Erickson CT. Expanding access to naloxone. US Pharm. 2018;

29. Lim JK, Bratberg JP, Davis CS, Green TC, Walley AY. Prescribe to prevent: Overdose prevention and
naloxone rescue kits for prescribers and pharmacists. Journal of Addiction Medicine. 2016.

30. Kerensky T, Walley AY. Opioid overdose prevention and naloxone rescue kits: What we know and
what we don’t know [Internet]. Vol. 12, Addiction Science and Clinical Practice. BioMed Central Ltd.;
2017 [cited 2020 Jun 10]. p. 4. Available from:
http://ascpjournal.biomedcentral.com/articles/10.1186/s13722-016-0068-3

31. Hanson BL, Porter RR, Zöld AL, Terhorst-Miller H. Preventing opioid overdose with peer-administered
naloxone: Findings from a rural state. Harm Reduct J [Internet]. 2020 Jan 9 [cited 2020 Jun
10];17(1):4. Available from:
https://harmreductionjournal.biomedcentral.com/articles/10.1186/s12954-019-0352-0

32. Doyon S, Aks SE, Schaeffer S. Expanding Access to Naloxone in the United States. J Med Toxicol.
2014 Dec 3;10(4):431–4.

33. Davis CS, Carr D. Legal changes to increase access to naloxone for opioid overdose reversal in the
United States. Drug Alcohol Depend. 2015 Dec 1;157:112–20.

34. U.S. Surgeon General’s Advisory on Naloxone and Opioid Overdose | HHS.gov [Internet]. 2018 [cited
2020 Jun 10]. Available from: https://www.hhs.gov/surgeongeneral/priorities/opioids-and-
addiction/naloxone-advisory/index.html

35. Khatiwoda P, Proeschold-Bell RJ, Meade CS, Park LP, Proescholdbell S. Facilitators and Barriers to
Naloxone Kit Use Among Opioid-Dependent Patients Enrolled in Medication Assisted Therapy Clinics
in North Carolina. N C Med J. 2018 May 1;79(3):149–55.

3�. Funding and Management of Naloxone Programs in Canada ENVIRONMENTAL SCAN. 2018.

37. Schuman-Olivier Z, Hoeppner BB, Weiss RD, Borodovsky J, Shaffer HJ, Albanese MJ. Benzodiazepine
use during buprenorphine treatment for opioid dependence: Clinical and safety outcomes. Drug
Alcohol Depend. 2013 Oct 1;132(3):580–6.



Page 20/21

3�. Afzal A, Kiyatkin EA. Interactions of benzodiazepines with heroin: Respiratory depression,
temperature effects, and behavior. Neuropharmacology. 2019 Nov 1;158.

39. Park TW, Saitz R, Ganoczy D, Ilgen MA, Bohnert ASB. Benzodiazepine prescribing patterns and
deaths from drug overdose among US veterans receiving opioid analgesics: Case-cohort study. BMJ.
2015 Jun 10;350.

40. Brands B, Blake J, Marsh DC, Sproule B, Jeyapalan R, Li S. The impact of benzodiazepine use on
methadone maintenance treatment outcomes. J Addict Dis. 2008 Jun 12;27(3):37–48.

41. Zhu Y, Coyle DT, Mohamoud M, Zhou E, Eworuke E, Dormitzer C, et al. Concomitant use of
buprenorphine for medication-assisted treatment of opioid use disorder and benzodiazepines: Using
the prescription behavior surveillance system. Drug Alcohol Depend. 2018 Jun 1;187:221–6.

42. Bramness JG, Kornør H. Benzodiazepine prescription for patients in opioid maintenance treatment in
Norway. Drug Alcohol Depend. 2007 Oct 8;90(2–3):203–9.

43. Darke S, Ross J. The relationship between suicide and heroin overdose among methadone
maintenance patients in Sydney, Australia. Addiction [Internet]. 2001 Oct 1 [cited 2020 Jun
10];96(10):1443–53. Available from: http://doi.wiley.com/10.1046/j.1360-0443.2001.961014438.x

44. Bohnert ASB, Roeder K, Ilgen MA. Unintentional overdose and suicide among substance users: A
review of overlap and risk factors. Vol. 110, Drug and Alcohol Dependence. Elsevier; 2010. p. 183–92.

45. Kaplan MS, McFarland BH, Huguet N, Newsom JT. Physical illness, functional limitations, and
suicide risk: A population-based study. Am J Orthopsychiatry [Internet]. 2007 Jan 1 [cited 2020 Jun
10];77(1):56–60. Available from: http://doi.apa.org/getdoi.cfm?doi=10.1037/0002-9432.77.1.56

4�. Qin P, Hawton K, Mortensen PB, Webb R. Combined effects of physical illness and comorbid
psychiatric disorder on risk of suicide in a national population study. Br J Psychiatry.
2014;204(6):430–5.

47. Goodwin RD, Marusic A, Hoven CW. Suicide attempts in the United States: The role of physical
illness. Soc Sci Med. 2003 Apr 1;56(8):1783–8.

4�. Goodwin RD, Kroenke K, Hoven CW, Spitzer RL. Major Depression, Physical Illness, and Suicidal
Ideation in Primary Care. Psychosom Med [Internet]. 2003 Jul [cited 2020 Jun 10];65(4):501–5.
Available from: http://journals.lww.com/00006842-200307000-00002

49. Schepis TS, Simoni‐Wastila L, McCabe SE. Prescription opioid and benzodiazepine misuse is
associated with suicidal ideation in older adults. Int J Geriatr Psychiatry [Internet]. 2019 Jan 16 [cited
2020 Jun 10];34(1):122–9. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1002/gps.4999

50. Dodds TJ. Prescribed Benzodiazepines and Suicide Risk. Prim Care Companion CNS Disord
[Internet]. 2017 Mar 2 [cited 2020 Jun 10];19(2). Available from:
http://www.psychiatrist.com/PCC/article/Pages/2017/v19n02/16r02037.aspx

Appendix



Page 21/21

Appendix 1. Multivariable model of factors associated with suicidal ideation

Covariate OR 95% CI p

Age 0.98 0.97, 0.99 < 0.001

Sex 0.91 0.74, 1.11 0.34

MAT 1.02 0.80, 1.31 0.85

Dose 1.00 1.00, 1.00 0.24

Years in Treatment 0.97 0.95, 1.00 0.02

Have access to naloxone kits 1.60 1.23, 2.08 < 0.001

Total physical symptoms score on MAP 1.08 1.06, 1.09 < 0.001

Alcohol Use (past 30 days) 1.21 0.99, 1.48 0.07

Prescription benzodiazepine use 1.69 1.32, 2.18 < 0.001

Non-prescription use of benzodiazepines (past 30 days) 2.35 1.70, 3.25 < 0.001

Opioid abstinence at baseline 0.68 0.54, 0.85 0.001

OR = Odds Ratio, CI = Con�dence Interval, MAT = Medication Assisted Treatment, MAP = Maudsley
Addiction Pro�le


