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A B S T R A C T

Background: British Columbia is the epicenter of the current fentanyl-related overdose crisis in Canada. Our
study characterizes prescribing histories of people who had an opioid-related overdose compared to matched
controls.
Methods: We examined linked administrative data for individuals who overdosed between January 1, 2015 and
November 30, 2016. Past prescriptions over five years were assessed for opioids for pain, opioid agonist therapy,
benzodiazepines/z-drugs, antidepressants, antipsychotics, gabapentinoids, mood stabilizers and anti-epileptics,
muscle relaxants, and other sedating medications. Prescribing history of 9964 cases was compared with that of
49,820 matched controls.
Results: Overdose cases were more likely to be prescribed opioids for pain and to have used prescription opioids
on a long-term basis in the previous five years compared to controls. However, at the time of overdose, 92% of
men and 86% of women did not have an active opioid for pain prescription, and approximately half had not
filled one in the past five years. Those who overdosed tended to have more prescriptions for psychotropic
substances than controls. Fewer than 10% of cases had an active prescription for opioid agonist therapy and most
were not on treatment in the past.
Conclusions: Low prevalence of active prescriptions for opioids for pain at the time of overdose suggests that
opioid prescribing plays a limited short-term impact in the current fentanyl-related crisis of overdoses. While
liberal opioid prescribing practices may have contributed to the development of the current overdose crisis,
regulation and enforcement of clinicians’ prescribing practices will likely have limited impact in reducing
overdoses.

1. Introduction

Drug overdoses involving opioids have been dramatically increasing
in North America since 2000, with a more rapid rise in the last several
years (Fischer et al., 2018; Rudd et al., 2016a,b). Opioid overdoses have
been described as occurring in the context of an intertwined epidemic
driven by increasing availability of prescribed and diverted opioids
since the 1990s (Slavova et al., 2017; Unick et al., 2013). More recently,
statistics show an unprecedented increase in drug overdose deaths that
have been linked to the replacement of heroin and diverted pharma-
ceutical opioids with fentanyl and its analogues, extremely potent
opioids, into the illegal drug supply (European Monitoring Centre for

Drugs and Drug Addiction, 2017; Seth et al., 2018; Vivolo-Kantor et al.,
2018).

British Columbia (BC), Canada, has been the epicenter of the current
fentanyl-related overdose crisis in Canada, leading to the declaration of
a public health emergency in April 2016 (Government of British
Columbia, 2016). Estimates indicate that illicitly-manufactured fen-
tanyl is the main driver of current crisis in BC; the proportion of illicit
drug overdose deaths with detected fentanyl rose from 4% in 2012 to
more than 80% in 2017 and 2018 (British Columbia Coroners Service,
2018). These increases parallel the surge in overdose events and over-
dose deaths seen in recent years (British Columbia Coroners Service,
2017). While the contribution of patients’ own prescribed medications
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to the risk of opioid overdose is well studied, these analyses have fo-
cused on patients receiving prescribed opioids (Bohnert et al., 2011;
Glanz et al., 2018; Larochelle et al., 2016; Nadpara et al., 2017; Ray
et al., 2016; Zedler et al., 2014), thereby limiting our ability to gen-
eralize findings to the broader population of individuals experiencing
opioid-related overdoses.

Specifically, there are gaps in our understanding of the patterns of
use of prescribed medications among people using illegal opioids.
Survey data on prescription drug use before overdose are often self-
reported, generally conducted on high-risk urban populations, and
collected on non-fatal cases only (Chahua et al., 2014; Fischer et al.,
2004; Kerr et al., 2007; Silva et al., 2013). Coroners’ studies using
toxicology results generally report substances detected in biological
samples, but do not differentiate between those that were prescribed or
obtained illegally (Boscarino et al., 2016; Groot et al., 2016; Shah et al.,
2008). Other studies with coroners’ data have excluded overdoses due
to illegal opioids such as heroin (Hall et al., 2008; Johnson et al., 2013)
or, among the studies focused specifically on individuals experiencing
illegal drug overdoses, have generally examined only a limited set of
medications over a short time period before overdose (Madadi et al.,
2013; Spies et al., 2015).

Despite this limited information, one of the common actions im-
plemented by many jurisdictions to combat the recent surge in overdose
deaths has been restriction and regulation of clinicians’ prescribing of
opioids, such as introduction of new prescribing standards by the
College of Physicians and Surgeons of BC in June 2016 (College of
Physicians and Surgeons of British Columbia, 2016; Dowell et al.,
2016). Our study uses a large linked administrative dataset to examine
the prevalence and past history of use of a range of prescription med-
ications among men and women who experienced an opioid-related
drug overdose in BC.

2. Materials and methods

2.1. Data sources

BC has universal healthcare service coverage and each resident of
BC holds a unique Personal Health Number, thus allowing for virtually
complete capture of healthcare services use by BC residents. The BC
Provincial Overdose Cohort includes linked administrative data on
healthcare utilization for individuals experiencing an opioid overdose
in BC. Briefly, individuals experiencing opioid-related overdoses were
identified using data from the BC Ambulance Service (BCAS), Drug and
Poison Information Centre (DPIC), BC Coroners Service (BCCS), case-
based reporting from emergency departments (ED), National
Ambulatory Care Reporting System (NACRS), Discharge Abstract
Database (DAD) and Medical Services Plan (MSP). Five years of health
history for each patient were then appended through linkage across
datasets on unique personal identifiers from hospital discharge sum-
maries, ED visits, visits to physicians on fee-for-service billing system
(the majority of physicians in BC), and all prescriptions dispensed in
community pharmacies, regardless of insurance status or mode of
payment.

2.2. Study population

The cohort includes individuals who experienced a drug-related
overdose event between January 1, 2015 and November 30, 2016. This
period captures a rapid rise in unintentional opioid-related drug deaths
in BC. Based on data availability, individuals meeting any of the fol-
lowing criteria were considered to have experienced an opioid-related
drug overdose: administration of the opioid antagonist naloxone by
paramedics, call to DPIC with an opioid-related event, physician-diag-
nosed opioid overdose in the ED (from case-based reporting), coroner
determined illicit drug overdose death, visit to hospital, ED or physician
with an associated opioid overdose (poisoning) diagnosis code (from

DAD, NACRS and MSP) (see supplementary material for more details on
case ascertainment). Related events present in multiple data sets and
occurring within 24 h of each other (e.g., a single overdose involving
ambulance response, transport to emergency department, and admis-
sion to hospital) were grouped into a single overdose episode to prevent
double counting of overdoses.

Controls were selected from a 20% random sample of the 2016 BC
population (overdose cases removed). Cases were matched 1:5 without
replacement to controls based on birth year, sex, and local health area
of residence (there are 89 areas in BC). For each case, prescription drug
history was examined at the time of first recorded overdose and during
the previous five years; for controls, comparisons were made over the
same time frame based on a generated index date that corresponded
with the first overdose date of the matched case.

Cases and controls were included if they were present in the pro-
vincial patient roster for each year for the past five years prior to first
overdose/index date and if they were born between 1941 and 2005
inclusive (i.e., age inclusion 10–75 years). Cases and controls were
excluded if they had at least one hospitalization for cancer or palliative
care in the past five years prior to the overdose/index date (Fig. 1).
Nonfatal and fatal overdoses were grouped because 1) there were not
enough fatal cases to provide enough statistical power for some com-
parisons and 2) we found few clinically meaningful differences in
prescribing history and comorbidities between the two groups. Previous
analyses using this cohort also showed few differences in healthcare
utilization patterns between fatal and non-fatal cases (Otterstatter et al.,
2018).

2.3. Concept definitions

Prescribing histories of cases and controls spanning five years before
the index date were assessed for the following classes of medications:
opioids for pain, opioid agonist therapy (OAT), benzodiazepines/z-

Fig. 1. Flow diagram of selection of study cohort.
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drugs, antidepressants, antipsychotics, gabapentinoids, mood stabi-
lizers and anti-epileptics, muscle relaxants, stimulants, and other se-
dating medications (nabilone, chloral hydrate, and phenobarbital).
These classes were chosen to encompass the most common psychoac-
tive medications dispensed to cases and controls. A full list of medica-
tions included in each class is available in the supplementary material.
To best capture medications that are primarily self-administered, all
non-injection formulations were included (i.e., oral, buccal, intranasal,
rectal, and transdermal). Long-acting injectable formulations of anti-
psychotics were also included. Opioids for cough suppression were
excluded, as were low dose codeine formulations (i.e., < 30mg codeine
per tablet, therefore including Tylenol 3 s and equivalents but excluding
weaker formulations). OAT medications (i.e., methadone and bupre-
norphine/suboxone used to treat opioid use disorder) were identified in
the dataset through OAT-specific fees codes; all other opioid prescrip-
tions were classified as opioids for pain. Medications from each class
that had sedating properties were identified (e.g., sedating anti-
depressants) (Clinical Handbook of Psychotropic Drugs, 2015). Non-
prescription (over-the-counter) medications were not captured.

The period of active prescription was defined as the time between
the day on which the medication was dispensed and the day on which
the prescription would have run out if taken every day based on re-
corded number of days’ supply dispensed. Daily dose was calculated as
follows. First, medications in each class were converted to a standard
measure that allowed comparison across medications within the class.
For opioids, doses were converted to morphine equivalents (ME)
(Nielsen et al., 2016); all other medications were converted to daily
defined doses (DDDs) (World Health Organization (WHO)
Collaborating Centre for Drug Statistics Methodology, 2018). The daily
dose of each dispensation was calculated as the total amount dispensed
divided by the number of days supplied. Overlapping prescriptions (i.e.,
prescriptions in which additional medication was dispensed before the
end of the days’ supply of the previous dispensation) were treated by
summing the doses on the overlapping days, using MEs or DDDs to
combine medications within classes.

For “opioids for pain” drugs only, episodes were defined based on a
group of one or more dispensations with less than 182 days gap from
the last day of supply of the previous dispensation to the next dis-
pensation date (Smolina et al., 2016). Episode duration was defined
from the first dispensation date to the date of the last day of supply
among a sequential group of dispensations. Episodes were categorized
as short-term (episode duration ≤90 calendar days) and long-term
(episode duration> 90 calendar days). Long-term episodes were fur-
ther divided into four groups based on intensity of opioid use during the
episode, using the percentage of days on which there was medication
supply: occasional (< 20% days on therapy), intermittent (20-< 50%
days on therapy), chronic (50-< 90% days on therapy), and every day
(≥90% days on therapy).

Recent initiation on opioids for pain was defined as occurring when
there was an active prescription of opioids for pain on the index date
and an episode was started within four weeks before the index date.
Recent discontinuation from opioids for pain was assessed for the po-
pulation of chronic and everyday long-term users only. Recent dis-
continuation was defined as occurring when a long-term episode with
≥50% of days on therapy ended within six weeks before the index date.
To identify instances of potentially inappropriate prescribing, we
identified individuals who had evidence of multi-doctoring (≥3 dif-
ferent physicians prescribing opioids for pain, OAT, benzodiazepines/z-
drug, and/or stimulants in the 28 days before the index date) or multi-
pharmacy (≥3 different pharmacies dispensing medications from the
aforementioned classes in the 28 days before the index date).
Potentially inappropriate prescribing was identified when an individual
met criteria for both multi-doctoring and multi-pharmacy for opioid for
pain medications (Gomes et al., 2014).

ICD9/10 codes from inpatient and outpatient health service records
were used to derive mental and physical health diagnoses received in

the past year prior to overdose. Mental health conditions under con-
sideration were the following: substance use disorder, alcohol use dis-
order, major depressive and related disorders, anxiety disorders, ad-
justment disorder, schizophrenia, bipolar disorder, personality
disorders, attention-deficit/hyperactivity disorder (ADHD), and devel-
opmental disorders (including intellectual disabilities and fetal alcohol
spectrum disorder). A full list of ICD codes and algorithms used to de-
rive mental health diagnoses can be found in the supplementary ma-
terial. Physical health diagnoses that were assessed as risk factors in-
cluded chronic pain, cardiovascular disease (including angina,
hypertension, ischemic heart disease, and myocardial infarction), and
respiratory disease (including asthma and chronic obstructive pul-
monary disorder). Physical health diagnoses were based on case defi-
nitions used by the BC Ministry of Health (British Columbia Centre for
Disease Control, 2018), with the exception of chronic pain, which was
based on a validated algorithm (Tian et al., 2013; Tonelli et al., 2015).
Additionally, we considered if an individual was flagged as being an
intravenous drug user in the past year using two versions of a validated
algorithm (Janjua et al., 2018). The more sensitive algorithm identifies
people who inject drugs through diagnostic codes for substance use. A
more specific version of the algorithm additionally requires diagnostic
codes for injection-related infections such as cellulitis and endocarditis
(Janjua et al., 2018).

2.4. Statistical analyses

Pearson's chi-squared tests were used to compare prescription use
and prevalence of diagnosed mental/physical health comorbidities be-
tween cases and controls, separately by sex. All comparisons were
performed at two different time frames, at the time of overdose/index
date for prescription use and based on five years of history. For co-
morbidity analyses, both one year and five-year time frames were as-
sessed. All analyses were performed using SAS Enterprise Guide V7.1
with statistical significance level set at 0.01.

3. Results

The overall study sample yielded 9964 cases that were matched to
49,820 controls (Fig. 1). The majority of cases (67%) were men, and
11% of cases experienced a fatal overdose event during the study
period. The mean (median) age was 39 (37) for men and 39 (36) for
women. Since birth year was one of the matching variables, the age
distribution was similar among controls.

Table 1 summarizes prescription drug classes active at the time of
overdose for cases and at the index date for controls, as well as history
of use of these drug classes at any point in the previous five years.
Generally, both current and past use of selected medications was sig-
nificantly higher among cases than controls. However, despite a rela-
tively higher level of use of certain prescription medications, the ma-
jority of cases did not have active prescriptions at the time of overdose.

3.1. Active prescriptions

Among all active prescriptions at the time of overdose, anti-
depressants were the most common (men 17%; women 32%), followed
by benzodiazepines/z-drugs (men 12%; women 22%) and anti-
psychotics (men 12%; women 17%). Overall, almost half of all female
cases and a third of all male cases had an active prescription for at least
one sedating medication. Compared to controls, all cases received sig-
nificantly higher daily doses of non-opioid and non-benzodiazepine/z-
drug sedating medications (Fig. 2).

Active opioid for pain prescriptions were uncommon. Among men,
7.7% of cases vs 0.9% of controls had an active opioid for pain pre-
scription on the day of overdose. Among women, the figures were 14%
for cases and 1.1% for controls.

For both cases and controls with an active prescription for an opioid
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for pain, the majority were in a long-term episode of use. Among cases,
6.0% of men and 10% of women were chronic opioid users at the time
of overdose. Cases tended to have higher-dose prescriptions compared
with controls. Few cases and controls experienced a recent initiation
into opioid for pain therapy or a recent discontinuation from long-term
chronic opioid therapy. These patterns were similar among men and
women.

Fewer than 10% of cases had a prescription for OAT at the time of
overdose and fewer than 5% of cases were seeking opioids for pain from
multiple doctors or multiple pharmacies.

3.2. Past five-year history

The level of exposure to selected medication classes was

substantially higher when the time frame was expanded to the past five
years. Similar to the patterns observed for active prescriptions, the most
common medications were antidepressants (men 57%; women 75%),
followed by benzodiazepines/z-drugs (men 49%; women 67%) and
antipsychotics (men 42%; women 49%). Approximately a third of cases
had a history of OAT (men 34%; women 33%) and many had been
prescribed gabapentin and/or pregabalin (men 25%; women 31%).
Overall, almost all cases had a history of use of at least one sedating
medication.

History of opioid for pain use was prevalent in both groups, but
significantly more common among cases than controls. Among men,
46% of cases vs 16% of controls had at least one past opioid for pain
prescription, while for women, the figures were 55% for cases and 19%
for controls.

Table 2 provides more details regarding patterns of past opioid for
pain use among the study populations. Cases tended to have more long-
term episodes of use compared with controls, as the majority of the
latter group took opioids for pain on a short-term basis only. Among
long-term users of opioids for pain, approximately 67% of cases and
45% of controls took opioids on a chronic basis, i.e., at least every other
day or more often. The patterns were similar for men and women. Of all
individuals who experienced an overdose during the study period, 14%
of men and 20% of women had used opioids for pain on a chronic basis
at some point in the past five years. In comparison, only 1.5% of men
and 1.8% of women fell into this category among controls.

3.3. Morbidity burden

The higher level of use of selected prescription medications among
cases can be at least partially explained by the significantly higher
burden of prevalent mental health conditions in this population, as il-
lustrated in Table 3.

With the exception of developmental disorders and cardiovascular
disease for men, the prevalence of all comorbidities assessed both

Table 1
Active and previous history of prescription drug use by drug class and sex for cases and controls.

Active prescription at first overdose/index date Past five year history

Men Women Men Women

All cases
(N=6672)

Matched controls
(N=33,360)

All cases
(N=3292)

Matched controls
(N=16,460)

All cases
(N=6672)

Matched controls
(N=33,360)

All cases
(N=3292)

Matched controls
(N=16,460)

Opioid for pain 514(7.7%) 292(0.9%) 446(14%) 188(1.1%) 3034(46%) 5472(16%) 1821(55%) 3162(19%)
Short-term episode 73(14%) 34(12%) † 58(13%) 26(14%) † N/A N/A
Long-term episode 441(86%) 258(88%) 388(87%) 162(86%)
Dose < 90ME 251(49%) 190(65%) 253(57%) 146(78%) N/A N/A
Dose 90-200ME 156(30%) 54(19%) 110(25%) 28(15%)
Dose > 200ME 107(21%) 48(16%) 83(19%) 14(7.4%)
Recent initiation of opioid

for pain
53(0.79%) 26(0.08%) 33(1.0%) 20(0.12%) N/A N/A

Recent discontinuation from
long-term opioid
therapy

90(1.3%) 37(0.11%) 59(1.8%) 27(0.16%) N/A N/A

OAT 528(7.9%) 283(0.85%) 272(8.3%) 82(0.50%) 2291(34%) 484(1.5%) 1090(33%) 148(0.90%)
Benzos/Z-drugs 803(12%) 610(1.8%) 720(22%) 458(2.8%) 3291(49%) 4629(14%) 2190(67%) 3654(22%)
Antidepressants 1153(17%) 1609(4.8%) 1059(32%) 1455(8.8%) 3822(57%) 5017(15%) 2480(75%) 3955(24%)
Antipsychotics 808(12%) 606(1.8%) 558(17%) 244(1.5%) 2799(42%) 1667(5.0%) 1616(49%) 744(4.5%)
Gabapentin/Pregabalin 469(7.0%) 275(0.82%) 368(11%) 175(1.1%) 1636(25%) 1408(4.2%) 1024(31%) 860(5.2%)
Mood stabilizers/anti-

epileptics
228(3.4%) 327(1.0%) 197(6.0%) 197(1.2%) 773(12%) 725(2.2%) 637(19%) 456(2.8%)

Muscle relaxants 147(2.2%) 127(0.38%) 164(5.0%) 100(0.61%) 1696(25%) 3486(10.4%) 1134(34%) 1967(12%)
Stimulants 126(1.9%) 174(0.52%) 55(1.7%) 79(0.48%) 589(8.8%) 704(2.1%) 266(8.1%) 282(1.7%)
Other sedating drugs1 32(0.5%) 31(0.090%) 31(0.94%) 11(0.07%) 286(4.3%) 147(0.44%) 200(6.1%) 69(0.42%)
Any sedating drugs 2246(34%) 2014(6.0%) 1540(47%) 1250(7.6%) 5427(81%) 11,408(34%) 2901(88%) 6830(42%)
Any sedating drugs

excluding opioid
1773(27%) 1687(5.1%) 1331(40%) 1126(6.8%) 4905(74%) 8847(27%) 2742(83.%) 5606(34%)

Multi-doctoring and multi-
pharmacy

265(4.0%) 31(0.090%) 144(4.4%) 16(0.10%) N/A N/A

1 This class contains nabilone, chloral hydrate, and phenobarbital; all comparisons are statistically significant (< 0.01) unless indicated by †.

Fig. 2. Defined daily doses (DDDs) of sedating medications active on the
overdose/index date, other than opioids or benzodiazepines/z-drugs.
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during the past year and past five years was significantly higher among
cases. Approximately half of all cases had a recorded diagnosis of
substance use disorder in the five years prior to overdose for both sexes.
Other common morbidities were intravenous drug use (men 35%;
women 40%), anxiety disorder (men 30%; women 45%), major de-
pressive and related disorders (men 34%; women 52%), and alcohol use
disorder (men 18%; women 21%). The five-year prevalence of diag-
nosed chronic pain was relatively low, at 10% for men and 14% for
women for cases and approximately 3% for controls.

4. Discussion

This analysis examined select prescription drug histories among
9964 people who experienced an opioid-related drug overdose in 2015
and 2016 in British Columbia. We found that cases were more likely to
have had a prescription for an opioid for pain and to have used pre-
scription opioids on a long-term basis at some point over the past five
years compared with matched controls. However, at the time of over-
dose, most people did not have an active prescription for an opioid for
pain and approximately half had not filled any opioid prescriptions for
pain in the past five years. The results also show that those who over-
dosed tended to have substantially more prescriptions for psychotropic

substances compared with controls. Current or past use of medications
to treat opioid use disorder was not common among cases – the vast
majority was not on OAT treatment at the time of overdose and most
did not have any history of OAT therapy in the past five years.

It is widely thought that medical prescribers have directly con-
tributed to the current crisis through increased prescribing of opioid
medications over the last two decades and thus increased population
exposure to these substances. In addition, several qualitative studies
suggest some individuals may move from prescribed to illegal opioids if
they are cut off from therapy (Daniulaityte et al., 2006; Harocopos and
Allen, 2015; Kendall, 2017; Mars et al., 2014; Mui et al., 2014). We
found few active long-term prescription “opioid for pain” users among
our cases; of these active users, almost all were still continuing their
therapy and did not experience any discontinuation in their prescrip-
tion just prior to or at the time of overdose. These results suggest that
interruption of opioid medications among chronic users is unlikely to
have greatly contributed to the rise in fentanyl-related deaths. How-
ever, more individuals have used opioids on a long-term basis over the
past five years compared with the number of cases who were active
users, suggesting that previous exposure to opioids may still play an
important role in shaping the current crisis. Specifically, it is possible
that an increase in opioid prescribing over the past three decades may

Table 2
Five-year history1 of long-term/short-term use of opioids for pain (OAT therapy not included) by sex, comparing cases and controls.

Men Women

Cases Controls Cases Controls

Measure Category N % N % N % N %
Number of people with past episodes of opioid use 6672 33,360 3292 16,460

No past episodes 3638 54.5 27888 83.6 1471 44.7 13298 80.8
1+ past episodes 3034 45.5 5472 16.4 1821 55.3 3162 19.2

Episode types among people with at least 1 episode 3,034 5,472 1,821 3,162
Short-term use only 1638 54.0 4351 79.5 827 45.4 2496 78.9
Long-term use only 893 29.4 729 13.3 636 34.9 427 13.5
Short- & long-term use 503 16.6 392 7.2 358 19.7 239 7.6

Highest episode intensity2 among people with at least one long-term episode 1,396 1,121 994 666
Occasional 210 15.0 320 28.5 163 16.4 183 27.5
Intermittent 231 16.5 299 26.7 181 18.2 188 28.2
Chronic 556 39.8 318 28.4 361 36.3 189 28.4
Every day 399 28.6 184 16.4 289 29.1 106 15.9

1 Includes active prescriptions at the time of overdose/index date 2Episode intensity is based on the percentage of days on which there was medication supply:
occasional (< 20% days on therapy), intermittent (20-< 50% days on therapy), chronic (50-< 90% days on therapy), and every day (≥90% days on therapy).

Table 3
Prevalence of diagnosed mental health and physical health comorbidities among cases and controls.

Past year prevalence Past five year prevalence

Men Women Men Women

All cases Matched controls All cases Matched controls All cases Matched controls All cases Matched controls

Major depressive and related disorders 904(14%) 866(2.6%) 690(21%) 726(4.4%) 2278(34%) 2619(7.9%) 1701(52%) 2181(13%)
Anxiety disorder 850(13%) 722(2.2%) 645(20%) 614(3.7%) 1979(30%) 2263(6.8%) 1488(45%) 1826(11%)
Adjustment disorder 411(6.2%) 225(0.67%) 313(9.5%) 193(1.2%) 1077(16%) 786(2.4%) 836(25%) 781(4.7%)
Bipolar 418(6.3%) 274(0.82%) 363(11%) 171(1.0%) 926(14%) 724(2.2%) 751(23%) 474(2.9%)
Schizophrenia 467(7.0%) 309(0.93%) 241(7.3%) 63(0.38%) 768(12%) 536(1.6%) 387(12%) 145(0.88%)
Personality disorder 218(3.3%) 53(0.16%) 171(5.2%) 26(0.16%) 504(7.6%) 180(0.54%) 354(11%) 108(0.66%)
ADHD 125(1.9%) 117(0.35%) 40(1.2%) 50(0.30%) 329(4.9%) 363(1.1%) 109(3.3%) 136(0.83%)
Developmental disorders 9(0.13%) 3(0.01%) 20(0.61%) 5(0.03%) 34(0.51%) 30(0.09%) 39(1.2%) 18(0.11%)
Substance use disorder 2407(36%) 572(1.7%) 1242(37%) 129(0.78%) 3448(52%) 1102(3.3%) 1740(53%) 325(2.0%)
Alcohol use disorder 570(8.5%) 143(0.43%) 314(9.5%) 31(0.19%) 1222(18%) 500(1.5%) 684(21%) 145(0.88%)
IDU 1217(18%) 162(0.49%) 720(22%) 39(0.24%) 2335(35%) 509(1.5%) 1331(40%) 169(1.0%)
IDU+ IRI 423(6.3%) 36(0.11%) 258(7.8%) 9(0.05%) 1048(16%) 138(0.41%) 638(19%) 46(0.28%)
Cardiovascular disease 337(5.1%)† 1514(4.5%) 193(5.9%) 643(3.9%) 681(10%) 3072(9.2%) 409(12%) 1348(8.2%)
Respiratory disease 278(4.2%) 574(1.7%) 277(8.4%) 336(2.0%) 659(9.9%) 1451(4.3%) 590(18%) 967(5.9%)
Chronic pain 279(4.2%) 320(0.96%) 218(6.6%) 195(1.2%) 671(10%) 1059(3.2%) 471(14%) 621(3.8%)

All comparisons between cases and matched controls in Table 3 are statistically significant (p < 0.01) unless marked by “†”; ADHD=attention deficit hyperactivity
disorder; IDU= injection drug use; IRI= injecting-related infections.
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have indirectly contributed to the development of the current surge in
illicit drug overdose deaths by increasing the number of individuals
who have used opioid drugs and who thus may be at risk of overdose.

It is important to keep in mind that regulating opioid prescribing
results in a lower level of availability of high quality prescription
medications, with two opposite effects: while some prescription-opioid
related deaths may have been prevented, a lower level of pharmaceu-
tical drug supply available for diversion leads some individuals who use
drugs to turn to illicitly-produced opioids (Martin et al., 2018), thus
possibly exposing them to products contaminated with fentanyl and in
turn increasing their risk of opioid overdose. Unfortunately, the extent
to which these forces play out in BC has not been quantified. However,
the finding that most individuals experiencing an overdose did not have
an active prescription for opioids at the time of overdose suggests that
regulating opioid prescribing may have a limited, short-term impact on
the current crisis of unprecedented increases in drug-related overdoses
fueled by contamination of the illegal drug supply.

Our study is among the first to examine the patterns of use of var-
ious classes of prescription medications among individuals experiencing
an opioid-related overdose during the current epidemic. Comparisons
with other study populations are complicated by the heterogeneity of
research on drug overdoses – e.g., variability in case definitions to in-
clude or exclude non-opioid overdoses, prescription-only overdoses,
and/or intentional overdoses – and the rapidly changing nature of the
opioid overdose crisis across jurisdictions. Importantly, prior studies
have focused on fatal overdose deaths or on prescription drug-related
opioid overdoses, which represent only a minority of all current drug
overdoses, and thus results from such studies may not be generalizable
to all overdose events.

Our findings are generally comparable to those from previous stu-
dies. Among Canadian sources, a study from Ontario examining opioid-
related accidental deaths from 2006 to 2008 found that 33% had a
prescription for an opioid for chronic pain and 7.2% had a prescription
for acute pain (Johnson et al., 2013). Research from BC on opioid-re-
lated deaths (excluding OAT medications) in 2013 reported that 54% of
women and 29% of men had an active opioid prescription in the 60
days before death (Gladstone et al., 2015). Both of these analyses
predate the current crisis and included a relatively small number of
deaths, largely capturing prescription-opioid related deaths. Among all
people experiencing opioid-related overdose in a large American health
network between 2005 and 2015, 68% had been prescribed opioids in
the previous 12 months (Boscarino et al., 2016). An epidemiological
analysis of prescription histories of individuals experiencing a fentanyl-
related drug overdose death in Ohio in 2014 found that 28% received a
prescription opioid in the month prior to death (Spies et al., 2015).

Compared to controls, cases were more likely to be prescribed se-
dating medications, and, if prescribed, received higher doses. Sedating
medications can act both as possible contributors to overdose (e.g.,
through synergistic respiratory depression when combined with other
medications (Gomes et al., 2017; Park et al., 2015; Sun et al., 2017) and
as potential therapies (e.g., treatment of underlying mental illness such
as anxiety, depression, and psychosis, the symptoms of which also
commonly include sleep disturbances). A particularly high-risk situa-
tion for overdose is the combination of sedating prescription medica-
tions with illegal opioids, as this also adds a lack of physician knowl-
edge of co-ingestion to the underlying risk associated with the variable
potency of the illegal drug supply.

While our analysis did not specifically evaluate sex differences,
there were notable differences in prescription drug use and comorbid-
ities between men and women. At the time of overdose, female cases
had approximately twice as high levels of active prescriptions for
opioids for pain, antidepressants, and benzodiazepines/z-drugs com-
pared with male cases. However, there were not substantial dose dif-
ferences among those who had at least one sedating medication. Past
exposures for many psychotropic drugs remained higher for women,
but with smaller differences. Similarly, prevalence of diagnosed anxiety

and depressive disorders was higher for females than males for both
cases and controls.

In our cohort, benzodiazepines and z-drugs were the most com-
monly prescribed non-opioid sedating medication, although sedating
anti-depressants, antipsychotics, gabapentinoids, and mood stabilizers/
anti-epileptics were all more frequently prescribed to cases than con-
trols. It is therefore important to consider the potential additive or sy-
nergistic role of prescribed medications from these classes in con-
tributing to overdose (Gomes et al., 2017; Lyndon et al., 2017; Oliva
et al., 2017; Zedler et al., 2014). As these medications have therapeutic
indications; however, it is essential that their use not be framed solely
in terms of risk, lest patients lose access to beneficial and necessary
therapies. This last point is of particular concern as, similar to illegally
produced opioids such as fentanyl, there is increasing availability of
illegally produced benzodiazepines and theoretical risk of displacement
of patients to the illegal market (Abouchedid et al., 2018; Häkkinen
et al., 2014; Arens et al., 2016).

It is likely that the higher level of use of the examined prescription
medication classes among cases can be at least partially explained by
the significantly higher burden of psychiatric comorbidities in this
population. The prevalence of all analyzed mental disorders was ap-
proximately five to ten times higher in the population with a history of
overdose compared to controls; the differences in substance use dis-
orders and alcohol use disorder were even more pronounced. This is in
keeping with a systematic review of risk factors for overdose on pre-
scription opioids, which found a four-fold increase in risk associated
with psychiatric disorders and a five-fold increase with substance use
disorders (Brady et al., 2017). In recent years, coordination or in-
tegration of treatment of substance use disorders, mental disorders and
physical disorders have been increasingly recommended. Such an in-
tegrated approach may not only help improve outcomes, but also to
avoid other adverse events, such as overdoses (Canadian Centre on
Substance abuse, 2009).

An indicator of high-risk and severe substance use is injection drug
use (IDU). The prevalence of being identified as using injection drugs
among those who had an overdose was almost as high as being iden-
tified as having a substance use disorder – approximately half of cases
were identified as IDU in the five years previous to the overdose. The
number of IDU was low in the control population and much lower than
the prevalence of substance use disorder, suggesting less severe and less
risky use of substances among controls.

These findings reflect the importance of considering the indication
for underlying mental health conditions when examining rates of pre-
scription medications in people who overdose, especially for substance
use disorders. It is therefore not surprising that OAT use is higher
among cases than controls, or that one in three people who experience
an overdose have been prescribed OAT in the preceding five years. The
proportion of individuals receiving active OAT therapy is similar to the
frequency of OAT use (8.6%) observed among people who died of fatal
overdose in Canada in 2006–2008 (Madadi et al., 2013). Thus, our
results provide reassurance that OAT alone or in combination with
other medications is not a major component of the current opioid
overdose crisis, and supports the US Food and Drug Administration’s
call not to deny OAT to individuals currently receiving other CNS de-
pressants (U.S. Food and Drug Administration, 2016). While approxi-
mately one third of cases had been dispensed OAT in the previous five
years in our study, less than 10% were still receiving it at the time of
overdose. Receiving OAT is associated with a substantially reduced risk
of mortality (Bell et al., 2009; Larochelle et al., 2018). The response to
the opioid overdose crisis must therefore identify and address patient,
provider, and system-level reasons for not initiating and for dis-
continuing therapy, with a goal of lessening and removing barriers to
treatment. It must also be recognized that not all individuals who use
opioids are eligible, ready or interested in OAT, and developing alter-
native public health strategies to reach them is critical.

Similar to mental health diagnoses, we found that prevalence of
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chronic pain was significantly higher among cases than controls, which
may help explain higher levels of use of opioids for pain among cases.
Prevalence estimates in our study were lower than what was reported
through surveys of the general Canadian population (Reitsma et al.,
2012; Schopflocher et al., 2011); however, our cohort was younger and
predominantly male, while chronic pain diagnoses tend to be more
common among older women. Nevertheless, our five-year prevalence
results of 10% for men and 14% for women among cases are consistent
with 2007/08 figures from the Canadian Community Health Survey,
which reported prevalence of 9% for men and 12% for women aged 12
to 44 years. However, chronic pain diagnosis is poorly captured by
administrative data and we may have underestimated the true pre-
valence among our study population (Ramage-Morin and Gilmour,
2010).

This study has several limitations. The majority of overdose events
were identified based on administrative data, which do not capture any
events that occurred without contact with medical, emergency, or
coroners’ services. This would tend to exclude people with even fewer
encounters with health services and less access to opioid prescriptions.
Inconsistent coding standards and varying ways of information collec-
tion across contributing data sources may have resulted in mis-
classification or misidentification of some overdose events. Our data
sources also did not allow us to distinguish between overdose cases that
were related to prescription opioids vs illicit opioids. While fatal
overdose cases are restricted to those obtained illicitly, we were unable
to exclude prescription-only overdoses from non-fatal cases. However,
BC Coroners reported relatively stable rates of prescription-opioid re-
lated deaths in BC of approximately 75 deaths per year (McLarnon,
2017), compared with a recent rapid rise to 1446 illicit drug overdose
deaths in 2017, with 81% having fentanyl detected (British Columbia
Coroners Service, 2017). Personal communication with the BC Cor-
oner’s Office has confirmed that prescription-opioid related deaths in
BC have been relatively stable between 2010 and 2016. We estimate
that less than 5% of all fatal drug overdose deaths in BC were related to
prescription opioids in 2016. Given the correlation between fatal and
non-fatal overdoses, most of the overdose events captured in our da-
taset are likely related to illegal drug supply. Further, the demographic
characteristics of the study population (mostly young males) are con-
sistent with the population at risk of illicit drug overdoses, rather than
prescription opioid overdoses, who tend to be older individuals and
more likely to be women. Only medications dispensed in community
pharmacies could be assessed; prescriptions written but not filled, and
medications dispensed in hospital were not captured. Additionally,
dispensed medications are not necessarily consumed, and therefore the
results may overestimate consumption. On the other hand, we were also
unable to capture use of diverted prescription opioids and thus may
have underestimated consumption. Because we relied on fee codes to
identify OAT, these results may slightly overestimate opioids for pain
and underestimate OAT in the situation where opioids without an OAT
fee code (e.g., long-acting oral morphine, hydromorphone) were used
off-label to treat opioid use disorder. Lastly, this study presents de-
scriptive results only, precluding attribution of association or causality
between covariates and risk of overdose.

In conclusion, we found that active opioid for pain prescriptions are
not common among people who experienced an opioid-related drug
overdose. While overdose cases were more likely to fill opioid for pain
prescriptions, the majority did not have an active opioid medication
prescription at the time of overdose, and almost half did not have a
history of any opioid prescriptions in the past five years. These findings
suggest that while regulation and enforcement of healthcare providers’
prescribing practices may improve appropriate prescribing and reduce
the use of opioids for management of chronic pain, it will likely have
limited short-term impact on reducing the fentanyl-related overdose
burden and could have the unintended consequences of pushing people
to seek illegal and unregulated supplies. Future research should focus
on quantifying the relative contribution of any prescription-related risk

factors to illegal drug overdose.
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