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ABSTRACT
Objective
To describe the contributions of prescribed and non-
prescribed opioids to opioid related deaths.
DESIGN
Population based cohort study.
Setting
Ontario, Canada, from 1 January 2013 to 31 December 
2016.
Participants
All Ontarians who died of an opioid related cause.
Exposure
Active opioid prescriptions, defined as those with a 
duration overlapping the date of death, and recent 
opioid prescriptions, defined as those dispensed in 
the 30 and 180 days preceding death. Postmortem 
toxicology results from the Drug and Drug/Alcohol 
Related Death database were used to characterise 
deaths on the basis of presence of prescribed and 
non-prescribed (that is, diverted or illicit) opioids, 
overall and stratified by year and age.
Results
2833 opioid related deaths occurred. An active opioid 
prescription on the date of death was relatively 
common but declined slightly throughout the study 
period (38.2% (241/631) in 2013 and 32.5% 
(278/855) in 2016; P for trend=0.03). Older people 
and women were relatively more likely to have an 
active opioid prescription at time of death. In 2016, 
46% (169/364) of people aged 45-64 had an active 
opioid prescription compared with only 12% (8/69) 
among those aged 24 or younger (P for trend<0.001). 
Similarly, 46% (124/272) of women had an active 
opioid prescription at time of death compared with 
26.4% (154/583) of men (P<0.001). Among people 
with active opioid prescriptions at time of death, 

37.8% (375/993) also had evidence of a non-
prescribed opioid on postmortem toxicology. By 2016, 
the non-prescribed opioid most commonly identified 
after death was fentanyl (41%; 47 of 115 cases). 
Among people without an active opioid prescription at 
time of death, fentanyl was detected in 20% (78/390) 
of deaths in 2013, increasing to 47.5% (274/577) by 
2016 (P<0.001).
Conclusions
Prescribed, diverted, and illicit opioids all play an 
important role in opioid related deaths. Although 
more than half of all opioid related deaths still 
involved prescription drugs (either dispensed or 
diverted) in 2016, the increased rate of deaths 
involving fentanyl between 2015 and 2016 is 
concerning and suggests the need for a multifactorial 
approach to this problem that considers both the 
prescribed and illicit opioid environments.

Introduction
The North American opioid overdose crisis has 
been attributed, in part, to the widespread use of 
prescription opioids to treat chronic non-cancer 
pain over the past two decades.1 In particular, long 
term and high dose opioid prescribing has been 
associated with serious adverse events, including risks 
of developing an opioid use disorder, overdose, and 
death.1-3 Furthermore, combined use of opioids with 
other depressants of the central nervous system, most 
commonly benzodiazepines, has been highlighted as 
an important risk factor for death due to overdose.4 
Despite recent evidence of decreasing rates of opioid 
prescribing across Canada,5 the prevalence of 
exposure to opioids remains high with an opioid being 
prescribed to one in eight Ontarians to manage pain 
in 2016.6 Similarly, more than 42 000 opioid related 
deaths (13.1 per 100 000 population) are estimated 
to have occurred in the United States and nearly 
3000 in Canada (8.1 per 100 000 population) in that 
year.7 8 The burden of this early loss of life is clear. In 
Ontario, the most populous province in Canada, 1 in 
133 deaths in 2015 were opioid related, leading to 
nearly 30 000 years of life lost.9 Since this time, the 
policy response has primarily focused on improving 
the care of people with opioid use disorders, reducing 
diversion of prescribed opioids, and promoting safe, 
appropriate opioid prescribing, as evidenced by new 
clinical practice guidelines for opioids in chronic non-
cancer pain published for both the US and Canada in 
2016 and 2017.10 11

Shifts in prescribed opioid formulations,5 
restrictions on accessibility of prescription drugs,12 and 
the growing presence of clandestinely manufactured 

1Li Ka Shing Knowledge 
Institute of St. Michael’s 
Hospital, Toronto, ON, Canada
2Institute for Clinical Evaluative 
Sciences, Toronto, ON, Canada
3Li Ka Shing Centre for 
Healthcare Analytics Research 
and Training at St. Michael’s 
Hospital, Toronto, ON, Canada
4The Sunnybrook Research 
Institute, Toronto, ON, Canada
Correspondence to:  
T Gomes GomesT@smh.ca  
(or @Tara_Gomes on Twitter)
Additional material is published 
online only. To view please visit 
the journal online.
Cite this as: BMJ 2018;362:k3207 
http://dx.doi.org/10.1136/bmj.k3207

Accepted: 9 July 2018

What is already known on this topic
Opioid related deaths continue to climb in North America
This growing problem has been associated with the widespread prescribing of 
opioids over the past 20 years
Use of non-prescribed (diverted or illicit) opioids is thought to be the major 
contributor to opioid related deaths

What this study adds
Prescribed, diverted, and illicit opioids all play an important role in opioid 
related deaths
One third of opioid related deaths were among people actively treated with a 
prescription opioid
A concerning trend of increased involvement of non-prescribed fentanyl in 2016 
aligns with the recent introduction of illicit fentanyl to the market
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opioids have caused the illicit opioid market to become 
considerably more toxic since 2012.13 14 In particular, 
the emergence of clandestinely manufactured fentanyl 
(and its analogues) has been associated with a sharp 
increase in opioid related fatalities in parts of North 
America, as these potent drugs are contaminating 
the illicit opioid market.15-18 For example, in 
British Columbia, Canada, 1156 deaths due to drug 
overdose involving illicit fentanyl occurred in 2017, 
representing a 73% increase over the same period 
the previous year.18 In Ontario, a 62% increase in the 
rate of fentanyl related deaths was observed between 
2015 and 2016.19 Consequently, researchers and 
policy makers have called for timely data on trends 
in the relative contributions of prescribed and non-
prescribed (that is, diverted and illicit) opioids to 
opioid related deaths.20 21 This information can be 
a crucial component of evidence informed policy 
responses that comprehensively address the roles that 
prescribers, pharmacists, harm reduction workers, 
and law enforcement can play in tackling the ongoing 
opioid crisis.22 23

An understanding of this problem requires linked 
data from both prescription claims and postmortem 
toxicological investigations—data that are rarely 
available at a population level. Here, we used two 
such databases to study the relative contributions 
of prescribed and non-prescribed opioids to opioid 
related deaths in Ontario, the most populous province 
in Canada. Specifically, our primary objective was to 
estimate the proportion of people dying of an opioid 
related cause who had an active opioid prescription 
at time of death and to evaluate how this has changed 
over time.

Methods
Setting
We conducted a population based cohort study of 
all people who died of an opioid related cause in 
Ontario between 1 January 2013 (when sufficient 
comprehensive data on all opioid prescriptions were 
available in the province) and 31 December 2016. In 
Ontario, a medical coroner investigates all deaths that 
are sudden or unexpected to determine the cause of 
death. Deaths to which an opioid contributed, either 
alone or in combination with another drug or alcohol, 
are defined as opioid related and included in this 
analysis.

Data sources
We used the Drug and Drug/Alcohol Related Death 
(DDARD) database to identify all deaths determined 
to be opioid related in Ontario over the study period. 
This database is created through chart abstraction 
of coronial investigations and includes details on 
manner of death (accidental, suicide, undetermined) 
and drug concentrations from postmortem toxicology 
(see supplementary materials for opioids captured in 
postmortem toxicology).24 We used the Ontario Health 
Insurance Plan (OHIP) Registered Persons Database, 
which contains information on every Ontarian 

ever issued a health card, to identify demographic 
information and the Ontario Narcotics Monitoring 
System (NMS) database to identify all prescriptions 
for opioids and benzodiazepines dispensed from 
community pharmacies. This database includes all 
prescriptions dispensed, regardless of payer. We 
also used the Ontario Drug Benefit (ODB) claims 
database to identify publicly funded prescription 
drugs dispensed to eligible residents of Ontario 
over the study period, and the OHIP Claims History 
Database to identify services rendered by physicians. 
We identified all diagnoses and procedures occurring 
in emergency departments and hospital admissions by 
using the Canadian Institute for Health Information’s 
National Ambulatory Care Reporting System and 
Discharge Abstract Database, respectively. All datasets 
were linked using unique, encoded identifiers, and 
were analysed at the Institute for Clinical Evaluative 
Sciences (ICES; www.ices.on.ca).

Identification of patients
We identified all people who died of an opioid related 
cause over our study period and excluded those with 
invalid patient identifiers who could not be linked to 
the ICES data repository. In all analyses, we defined the 
index date as the date of death.

Opioid exposure definition
In our primary analysis, we defined active opioid 
prescriptions as those with a day’s supply overlapping 
the index date. In a secondary analysis, we defined 
recent opioid prescriptions as those dispensed in the 
30 days, 180 days, one year, two years, and three years 
before the index date. To investigate the contribution of 
benzodiazepines to opioid related deaths, we defined 
active benzodiazepine prescriptions as those with a 
day’s supply overlapping the index date and measured 
the prevalence of concomitant active prescriptions 
for both opioids and benzodiazepines. In a sensitivity 
analysis to explore the role of fentanyl in any temporal 
changes in prevalence of active opioid prescriptions, 
we replicated our primary analysis, excluding all 
deaths for which fentanyl was present on postmortem 
toxicology. Finally, in a post hoc secondary analysis 
to test the generalisability of these findings to non-
fatal overdoses, we replicated our analysis among 
people visiting the emergency department with an 
opioid related toxicity by using ICD-10 (International 
Classification of Diseases, 10th revision) diagnosis 
codes T40.0, T40.1, T40.2, T40.3, T40.4, and T40.6.

Patient characteristics
We used linked databases to identify sociodemographic 
characteristics, including age, sex, urban/rural 
location of residence, and fifth of neighbourhood 
income. Furthermore, we determined the prevalence 
of previous diagnoses of mental health problems and 
addictions, including alcohol use disorder (previous 
three years), hospital visits (emergency department visit 
or inpatient hospital admission) for an opioid overdose 
(previous year), and emergency department visits for 
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other mental health diagnoses (anxiety disorders, 
deliberate self harm, mood disorders, schizophrenia, 
and substance related disorders; previous three years). 
See the supplementary materials for the ICD-10 
codes we used to define each of these comorbidities. 
Finally, we used postmortem toxicology to characterise 
involvement of other drugs in opioid related deaths, 
including cocaine, benzodiazepines, antipsychotics, 
antihistamines, stimulants, tetrahydrocannabinol, 
tricyclic antidepressants, and other antidepressants.

Statistical analysis
We summarised patients’ characteristics over the study 
period by using descriptive statistics, and we stratified 
the analysis according to whether the patient had an 
active opioid prescription at time of death. We used 
χ2 and one way analysis of variance test statistics to 
compare categorical and continuous characteristics, 
respectively, between cohorts. In our primary analysis, 
we reported the prevalence of active and recent opioid 
prescriptions and active concomitant benzodiazepine 
prescriptions before opioid related deaths in Ontario. 
In a secondary analysis, we measured the prevalence 
of active opioid prescriptions, stratified by age and 
sex. Finally, we studied the relative contribution of 
prescribed and non-prescribed opioids to each death 
in each year of the study period by using postmortem 
toxicology results. We used two tailed, exact Cochran-
Armitage trend tests to determine whether significant 
trends existed in the prevalence of prescribed and 
non-prescribed opioids over the study period and the 
Kruskal-Wallis test to compare medians over time. We 
adjusted all postmortem drug concentrations for the 
potential prevalence of opioid metabolites wherever 
possible (see supplementary materials for details 
of these adjustments). In particular, we determined 
heroin involvement on the basis of the presence of 
6-monoacetylmorphine in postmortem toxicology. We 
used SAS software (version 9.4) for all analyses and a 
type 1 error rate of 0.05 as the threshold for statistical 
significance.

Patient involvement
No patients were involved in setting the research 
question or the outcome measures, nor were 
they involved in developing plans for design or 
implementation of the study. No patients were asked to 
advise on interpretation or writing up of results. There 
are no plans to disseminate the results of the research 
to study participants. However, study results will be 
disseminated to patients and citizens involved in the 
Ontario Drug Policy Research Network Citizens’ Panel 
and the Ontario Opioid Drug Observatory.

Results
We identified 2910 opioid related deaths in Ontario 
over the study period, of which 2833 (97.4%) had 
valid identifiers permitting their analysis. On average, 
decedents were 43 (SD 13.5) years of age, 67.5% 
(n=1911) were male, and 34.1% (n=966) resided in 
the neighbourhood with the lowest fifth of income 

(table 1). Previous diagnoses of mental health 
disorders and addictions were relatively common, 
with 8.6% (n=244) having been admitted to hospital 
for an opioid overdose in the year before death, 25.8% 
(n=730) having a diagnosis of alcohol use disorder, 
and 41.9% (n=1188) having a visit to an emergency 
department for a mental health disorder in the 
previous three years. Overall, patients’ demographic 
characteristics and involvement of other drugs in death 
differed considerably according to whether the patient 
had an active opioid prescription at time of death. In 
particular, people with no active opioid prescriptions 
tended to be younger, were more likely to be men, 
were slightly more likely to reside in higher income 
neighbourhoods, and were more likely to have cocaine 
or stimulants present in postmortem toxicology at 
time of death (table 1). In contrast, we observed little 
difference in the patterns of use of health services, 
diagnoses of alcohol use disorder, and mental health 
diagnoses between patient groups.

In 2013, 38.2% (241/631) of people who died 
from an opioid related cause had an active opioid 
prescription on their date of death. Although the 
absolute number of deaths involving an active 
prescription increased by 15.4% between 2013 and 
2016 (from 241 to 278 deaths), the proportion of all 
deaths with an active opioid prescription declined 
significantly to 32.5% (278/855) in 2016 (P=0.03; 
table 2). When considering recent opioid prescribing 
(previous 30 days), we found a similar trend over 
time, but these reductions did not achieve statistical 
significance. In contrast, we observed no apparent 
trend in the prevalence of more remote opioid 
prescribing (from six months to three years before the 
index date). By 2016, 59.4% (n=508) had received 
an opioid in the preceding 180 days, rising to 76.4% 
(n=653) when we considered a three year lookback 
period. Although prevalence declined over our study 
period, active benzodiazepine prescriptions remained 
common in 2016, with 27.6% (n=236) of people 
who died of an opioid related cause having an active 
benzodiazepine prescription at time of their death 
and 16.1% (n=138) having active prescriptions for 
both benzodiazepines and opioids. In our sensitivity 
analysis, we found that, after exclusion of deaths 
involving fentanyl, a significant change in the 
prevalence of active opioid prescriptions at time of 
opioid related death (36.8% in 2013 v 39.8% in 2016; 
P=0.18) was no longer apparent. This suggests that 
the changes in trend observed in our primary analysis 
were being driven by deaths involving fentanyl.

In our analysis stratified by age and sex, people 
aged 45 years and older and women were more likely 
to have an active opioid prescription at their time 
of death (table 3). In particular, 46% (169/364) of 
patients aged 45-64 had an active opioid prescription 
in 2016 compared with only 12% (8/69) among those 
aged 24 or younger (P<0.001; table 3). Similarly, 46% 
(124/272) of women had an active opioid prescription 
at time of death compared with 26.4% (154/583) of 
men (P<0.001; table 3).
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Among the 278 patients who had an active opioid 
prescription at time of death in 2016, approximately 
two thirds (64%; n=179) had their opioid prescription 
reimbursed by the public drug programme, and the 
median number of days between the date of the last 

opioid prescription dispensed and the date of the 
opioid related death was 4 (interquartile range 1-10) 
days (supplementary materials). Among people with 
only prescribed opioids detected on postmortem 
toxicology, the prevalence of specific opioid drugs 

Table 1 | Demographic characteristics of patients who died from an opioid related cause in Ontario, 2013 to 2016. Values are numbers (percentages) 
unless stated otherwise

Characteristics
Opioid related death 
(n=2833)

No active opioid prescription 
(n=1836)

Active opioid prescription 
(n=997) P value*

Mean (SD) age, years 43.0 (13.5) 39.8 (13.2) 49.0 (11.8) <0.001
Age group, years:
  0-24 240 (8.5) 220 (12.0) 20 (2.0)

<0.001
  25-34 647 (22.8) 537 (29.2) 110 (11.0)
  35-44 596 (21.0) 402 (21.9) 194 (19.5)
  45-64 1222 (43.1) 622 (33.9) 600 (60.2)
  ≥65 128 (4.5) 55 (3.0) 73 (7.3)
Sex:
  Female 922 (32.5) 493 (26.9) 429 (43.0) <0.001  Male 1911 (67.5) 1343 (73.1) 568 (57.0)
Fifth of neighbourhood income:
  1 (lowest) 966 (34.1) 574 (31.3) 392 (39.3)

<0.001

  2 591 (20.9) 365 (19.9) 226 (22.7)
  3 441 (15.6) 291 (15.8) 150 (15.0)
  4 384 (13.6) 279 (15.2) 105 (10.5)
  5 (highest) 359 (12.7) 245 (13.3) 114 (11.4)
  Missing 92 (3.2) 82 (4.5) 10 (1.0)
Location of residence:
  Rural 293 (10.3) 179 (9.7) 114 (11.4)

<0.001  Urban 2484 (87.7) 1602 (87.3) 882 (88.5)
  Missing 56 (2.0) 55 (3.0) 1 (0.1)
Hospital visit for opioid overdose (previous year) 244 (8.6) 156 (8.5) 88 (8.8) 0.77
Alcohol use disorder (previous 3 years) 730 (25.8) 477 (26.0) 253 (25.4) 0.73
Mental health ED visit (previous 3 years): 1188 (41.9) 767 (41.8) 421 (42.2) 0.82
  Anxiety disorders 339 (12.0) 224 (12.2) 115 (11.5) 0.60
  Deliberate self harm 419 (14.8) 269 (14.7) 150 (15.0) 0.78
  Mood disorders 294 (10.4) 185 (10.1) 109 (10.9) 0.48
  Schizophrenia 122 (4.3) 92 (5.0) 30 (3.0) 0.01
  Substance use disorders 691 (24.4) 455 (24.8) 236 (23.7) 0.51
  Other mental health disorders 82 (2.9) 48 (2.6) 34 (3.4) 0.23
Presence of other drugs at death on toxicology report:
  Cocaine 925 (32.7) 716 (39.0) 209 (21.0) <0.001
  Benzodiazepines 1342 (47.4) 748 (40.7) 594 (59.6) <0.001
  Antipsychotics 405 (14.3) 211 (11.5) 194 (19.5) <0.001
  Antihistamines 469 (16.6) 237 (12.9) 232 (23.3) <0.001
  Stimulants 468 (16.5) 367 (20.0) 101 (10.1) <0.001
  Tetrahydrocannabinol 78 (2.8) 56 (3.1) 22 (2.2) 0.19
  Tricyclic antidepressants 250 (8.8) 95 (5.2) 155 (15.5) <0.001
  Other antidepressants 1021 (36.0) 563 (30.7) 458 (45.9) <0.001
ED=emergency department.
*P values from χ2 tests of comparison. P<0.05 indicates statistically significant difference between groups measured.

Table 2 | Prevalence of opioid prescriptions among patients who died from opioid related cause in Ontario, 2013 to 2016. Values are numbers 
(percentages) unless stated otherwise
Measures 2013 (n=631) 2014 (n=635) 2015 (n=712) 2016 (n=855) P value (trend test)
Active opioid prescription on date of death 241 (38.2) 224 (35.3) 254 (35.7) 278 (32.5) 0.03
Opioid prescription within previous:
  30 days 301 (47.7) 283 (44.6) 338 (47.5) 367 (42.9) 0.15
  180 days 390 (61.8) 368 (58.0) 432 (60.7) 508 (59.4) 0.61
  1 year –* 414 (65.2) 473 (66.4) 555 (64.9) 0.87
  2 years –* –* 520 (73.0) 616 (72.0) 0.66†
  3 years –* –* –* 653 (76.4) –
Active benzodiazepine prescription on date of death 207 (32.8) 207 (32.6) 237 (33.3) 236 (27.6) 0.04
Active opioid and benzodiazepine prescription on date of death 127 (20.1) 118 (18.6) 147 (20.6) 138 (16.1) 0.10
Sensitivity analysis: active opioid prescription among non-fentanyl 
opioid related deaths

182/494 (37) 161/464 (35) 196/500 (39) 200/503 (40) 0.18

*Data omitted owing to incomplete data capture in lookback period.
†P value derived from χ2 test; all other P values reflect two tailed, exact Cochran-Armitage trend tests.
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changed between 2013 and 2016, with fentanyl (from 
23% to 15%; P=0.04) and morphine (from 16% to 
8%; P=0.01) becoming less frequently involved, and 
methadone (from 10% to 17%; P=0.02) becoming 
more frequently involved (table 4). Furthermore, 
37.8% (375/993) of people with active opioid 
prescriptions also had evidence on postmortem 
toxicology of an opioid that was not prescribed to 
them. By 2016, the most common non-prescribed 
opioid involved in these deaths was fentanyl (41%; 
47/115). Finally, among people with no active opioid 
prescription at time of death, the contribution of 
various opioids changed significantly over time. 

By 2016, nearly half (47.5%; 274/577) of these 
deaths involved fentanyl (compared with 20% in 
2013; P<0.001), whereas involvement of oxycodone 
(from 22% to 17%; P=0.02), methadone (from 27% 
to 18%; P<.001), and codeine (from 21% to 12%; 
P<.001) fell over this same period. It is important to 
note that only a small number (<3%) of methadone 
prescriptions active at time of death were for a pain 
indication, highlighting the role of methadone used 
to treat opioid use disorder in these deaths. In an 
exploratory analysis, among decedents in 2016 in 
whom fentanyl was detected after death but for whom 
no active fentanyl prescription was present at time 

Table 3 | Prevalence of active prescription for opioid dispensed on date of opioid related death in Ontario, stratified by age and sex, 2013 to 2016. 
Values are numbers (percentages) unless stated otherwise

Year
Age group (years) Sex
0-24 25-34 35-44 45-64 ≥65 P value* Female Male P value*

2013 ≤5/46 29-33/138 (21-24) 48/141 (34) 140/278 (50) 19/28 (68) <0.001 101/209 (48) 140/422 (33) <0.001
2014 ≤5/57 25-29/150 (17-19) 50/142 (35) 133/267 (50) 11/19 (58) <0.001 85/201 (42) 139/434 (32) 0.01
2015 6/68 (9) 24/156 (15) 52/140 (37) 158/313 (50) 14/35 (40) <0.001 119/240 (50) 135/472 (29) <0.001
2016 8/69 (12) 28/203 (14) 44/173 (25) 169/364 (46) 29/46 (63) <0.001 124/272 (46) 154/583 (26) <0.001
In cases where number of patients is <6, this number has been suppressed to ensure confidentiality. In cases where only one record is suppressed, another record has been suppressed to provide a 
range to avoid residual disclosure.
*For comparisons by age group, P values reflect two tailed, exact Cochran-Armitage trend tests. For comparisons by sex, these represent results of χ2 tests. P<0.05 indicates statistically significant 
difference between groups measured.

Table 4 | Prevalence of prescribed and non-prescribed opioids in fatal opioid overdoses, Ontario, 2013 to 2016. Values are numbers (percentages) 
unless stated otherwise

Patients with active opioid prescription†
2013 
(n=239)

2014 
(n=223)

2015 
(n=254)

2016 
(n=277) P value*

Only prescribed opioids present on toxicology 154 (64) 142 (64) 160 (63) 162 (58) 0.17
Type of prescribed opioid that overlapped with death date:
  Oxycodone 56 (36) 45 (32) 58 (36) 53 (33) 0.71
  Hydromorphone‡ 33 (21) 32 (23) 48 (30) 45 (28) 0.09
  Fentanyl 36 (23) 32 (23) 30 (19) 24 (15) 0.04
  Methadone 15 (10) 10 (7) 16 (10) 28 (17) 0.02
  Morphine‡ 25 (16) 30 (21) 19 (12) 13 (8) 0.01
  Codeine 16 (10) 16 (11) 10 (6) 21 (13) 0.81
  Other§ ≤5 ≤5 ≤5 ≤5 0.38
Presence of non-prescribed opioids on toxicology 85 (36) 81 (36) 94 (37) 115 (42) 0.17
Type of opioid on toxicology with no active prescription:
  Oxycodone 11 (13) 12 (15) 20 (21) 13 (11) 0.95
  Hydromorphone‡ 8 (9) 17 (21) 18 (19) 20 (17) 0.25
  Fentanyl 15 (18) 16 (20) 22 (23) 47 (41) <0.001
  Methadone 26 (31) 16 (20) 11 (12) 12 (10) <0.001
  Morphine‡ 15 (18) 9 (11) 19 (20) 22 (19) 0.44
  Codeine 23 (27) 24 (30) 29 (31) 25 (22) 0.41
  Heroin ≤5 9 (11) 8 (9) ≤5 0.49
  Other§ ≤5 ≤5 ≤5 ≤5 1.0
No evidence of active opioid on toxicology 42 (18) 50 (22) 41 (16) 70 (25) 0.12
Patients without active opioid prescription (n=390) (n=411) (n=458) (n=577)
Type of opioid on toxicology:
  Oxycodone 86 (22) 78 (19) 74 (16) 96 (17) 0.02
  Hydromorphone‡ 76 (19) 79 (19) 107 (23) 104 (18) 0.82
  Fentanyl 78 (20) 108 (26) 154 (34) 274 (47) <0.001
  Methadone 106 (27) 89 (22) 93 (20) 102 (18) <0.001
  Morphine‡ 76 (19) 77 (19) 89 (19) 97 (17) 0.32
  Codeine 83 (21) 91 (22) 96 (21) 67 (12) <0.001
  Heroin 49 (13) 87 (21) 76 (17) 70 (12) 0.24
  Other§ 10 (3) 6 (1) 7 (2) ≤5 0.002
Drugs listed in each group are not mutually exclusive; someone could have multiple non-prescribed drugs present at toxicology, and all are captured in table.
In cases where number of patients is <6, this number has been suppressed to ensure confidentiality. In cases where only one record is suppressed, another record has been suppressed to provide a 
range to avoid residual disclosure.
*P values reflect two tailed, exact Cochran-Armitage trend tests. P<0.05 indicates statistically significant difference between groups measured.
†4 patients are excluded from table owing to unknown opioid involvement at time of death.
‡Opioids that may be metabolites of other opioids (see note in Methods).
§Includes anileridine, buprenorphine, hydrocodone, meperidine, pentazocine, propoxyphene, and tramadol.
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of death, just 2% (6/321) were dispensed a fentanyl 
prescription in the six months preceding death.

In our secondary analysis exploring opioid 
prescribing before 12 847 emergency department 
visits for an opioid toxicity, our results were generally 
consistent with those from the mortality analysis. 
Specifically, we found a significant reduction in 
previous dispensations of active opioid prescription 
between 2013 and 2016 (from 44.2% to 39.5%; 
P<0.001; table 5). In 2016, 80.0% (3058/3821) of 
people visiting an emergency department for an opioid 
toxicity event had received a prescription opioid in the 
previous three years.

Discussion
In this population based cohort study of nearly 
3000 opioid related deaths, we found that in 2016, 
whereas only one third of patients had an active opioid 
prescription at time of death, more than three quarters 
of decedents had been dispensed an opioid in the three 
years before death. Furthermore, 40% of the deaths 
with evidence of an active opioid prescription had 
additional opioids involved in the death, suggesting an 
important contribution of either remotely prescribed 
or illicitly obtained drugs in these deaths. Finally, the 
role of non-prescribed fentanyl in opioid related deaths 
increased substantially between 2013 and 2016, 
among both people actively being prescribed opioids 
and those with no evidence of prescription opioid use. 
These findings highlight the important inter-relations 
between the prescribed and illicit opioid markets 
among people dying due to opioids in Ontario and the 
growing role of clandestinely manufactured fentanyl 
in these trends.

Comparison with other studies
Our findings are similar to those reported in other 
jurisdictions, including in British Columbia and 
Alberta, Canada. In British Columbia, Gladstone 
et al reported the proportion of deaths related to 
prescription opioids in 2013 in which an opioid had 
been prescribed in the previous 60 days.25 In this 
analysis, women were more likely than men to have 
been recently dispensed an opioid (54% v 29%), which 
aligns closely with our findings of 48% of women and 
33% of men having an active opioid prescription at 
time of death that same year. Similarly, in Alberta, 32% 
of opioid related deaths in 2017 occurred in people 

dispensed an opioid in the previous 30 days,26 which 
is slightly lower than our finding of 43% in 2016. This 
could reflect inter-jurisdictional differences in the role 
of non-prescribed opioids in fatal overdoses, which has 
been shown elsewhere,16 or might indicate growth in 
overdoses attributable to clandestinely manufactured 
synthetic opioids in 2017.27 Importantly, in Alberta in 
2017, only 23% of deaths involving fentanyl had an 
opioid prescription in the previous 30 days.26

An emerging concern across North America is the 
contamination of the illicit opioid supply with synthetic 
fentanyl and its analogues.15 16 27 Given the potency of 
these drugs, the lack of regulation and control over the 
amount consumed, and the proliferation of counterfeit 
pills containing fentanyl,27 jurisdictions across the US 
and Canada have reported large increases in fentanyl 
related deaths in 2016 and 2017.15 17 18 26 In our study, 
we found evidence of the increasing contributions of 
fentanyl and its analogues to opioid related deaths 
in Ontario. In particular, among people who died 
of an opioid related cause but had no active opioid 
prescriptions at time of death, only 20% of deaths 
involved fentanyl in 2013 compared with nearly 50% 
in 2016. Although this clearly shows the growing 
role of non-prescribed fentanyl in these deaths across 
the province, it is important to highlight the large 
contribution of prescribed and diverted prescription 
opioids to these deaths. Half of the deaths without 
active opioid prescriptions involved non-fentanyl 
opioids, suggesting diversion of prescriptions, and 
approximately 20% of people who died of an opioid 
related cause in 2016 had only prescribed opioids 
in their system at time of death. Finally, the absolute 
number of people with an active opioid prescription 
who died of an overdose increased by 15% over our 
study period. This reinforces the need for responses to 
the opioid crisis that address all avenues through which 
people can access these drugs, including prescriptions, 
diverted drugs, and illicitly manufactured products.

Strengths and limitations of study
This study has several strengths, including its use 
of medical coronial data to identify postmortem 
toxicological findings for all opioid related deaths 
occurring in Ontario and the use of comprehensive, 
linked prescription data to determine the contribution 
of prescription opioids to these deaths. However, 
several limitations warrant emphasis. For example, we 

Table 5 | Prevalence of opioid prescriptions among patients who had emergency department visits for opioid overdose in Ontario, 2013 to 2016. Values 
are numbers (percentages) unless stated otherwise
Measures 2013 (n=2773) 2014 (n=2998) 2015 (n=3255) 2016 (n=3821) P value (trend test)
Active opioid prescription on date of death 1227 (44.2) 1353 (45.1) 1440 (44.2) 1511 (39.5) <0.001
Opioid prescription in previous:
  30 days 1450 (52.3) 1569 (52.3) 1718 (52.8) 1874 (49.0) 0.01
  180 days 1801 (64.9) 1936 (64.6) 2161 (66.4) 2379 (62.3) 0.06
  1 year –* 2148 (71.6) 2385 (73.3) 2665 (69.7) 0.06
  2 years –* –* 2560 (78.6) 2931 (76.7) 0.05†
  3 years –* –* –* 3058 (80.0) –
* Data omitted due to incomplete data capture in lookback period
† P value derived from χ2 test; all other P values reflect two tailed, Cochran-Armitage trend tests.
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could not examine more remote opioid prescriptions, 
and we cannot exclude the possibility that some 
deaths seeming to involve diverted opioids might 
have involved older prescriptions to the same person. 
We characterised this by doing sensitivity analyses, 
investigating any opioid prescriptions dispensed 
in the previous three years (when data allowed). 
Secondly, we cannot differentiate between diverted 
prescription fentanyl patches and illicitly produced 
fentanyl by using postmortem toxicology. However, in 
an exploratory analysis, we confirmed that less than 
2% of people with fentanyl present on toxicology at 
time of death and no active fentanyl prescription had 
been dispensed fentanyl at any point in the previous 
six months. This, in conjunction with the introduction 
of fentanyl patch-for-patch programmes across 
Ontario that were designed to reduce diversion of 
fentanyl patches,28 29 suggests that the recent growth 
of involvement of fentanyl in deaths is most likely 
attributable to illicitly manufactured fentanyl. Finally, 
we defined heroin involvement in deaths on the basis 
of presence of 6-monoacetylmorphine in postmortem 
toxicology. However, owing to its rapid metabolism, 
this may underestimate the true prevalence of heroin 
involvement in deaths.

Conclusions and policy implications
The prescribed and illicit opioid environment 
continues to evolve, with recent focus on the important 
role of illicitly produced fentanyl in rising rates of 
opioid related deaths. This study of all opioid related 
deaths in Ontario over a four year period describes 
the ongoing combined roles of prescribed, diverted, 
and illicit opioids in this market and highlights the 
emerging contributions of non-prescribed fentanyl to 
fatal overdoses across the province. Although more 
than half of all opioid related deaths still involved 
prescription drugs (either dispensed or diverted) in 
2016, the increased prevalence of deaths involving 
non-prescribed fentanyl between 2015 and 2016 
is alarming. In light of these trends, the success of 
programmes and policies designed to tackle the 
ongoing opioid crisis cannot focus solely on the 
prescribed or illicit environment but must consider 
the multifactorial contributions of various sources of 
opioids to this public health problem.
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