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Abstract

Background: Over the past decade, rates of drug poisoning deaths have increased dramatically in Canada. Current
evidence suggests that the non-medical use of synthetic opioids, stimulants and patterns of polysubstance use are
major factors contributing to this increase.

Methods: Counts of substance poisoning deaths involving alcohol, opioids, other central nervous system (CNS)
depressants, cocaine, and CNS stimulants excluding cocaine, were acquired from the Canadian Vital Statistics Death
Database (CVSD) for the years 2014 to 2017. We used joinpoint regression analysis and the Cochrane-Armitage trend
test for proportions to examine changes over time in crude mortality rates and proportions of poisoning deaths
involving more than one substance.

Results: Between 2014 and 2017, the rate of substance poisoning deaths in Canada almost doubled from 6.4 to 11.5
deaths per 100,000 population (Average Annual Percent Change, AAPC: 23%, p <0.05). Our analysis shows this was
due to increased unintentional poisoning deaths (AAPC: 26.6%, p < 0.05) and polysubstance deaths (AAPC: 23.0%,

p <0.05). The proportion of unintentional poisoning deaths involving polysubstance use increased significantly from
38% to 58% among males (p <0.0001) and 40% to 55% among females (p < 0.0001). Polysubstance use poisonings
involving opioids and CNS stimulants (excluding cocaine) increased substantially during the study period (males
AAPC: 133.1%, p<0.01; females AAPC: 118.1%, p <0.05).

Conclusions: Increases in substance-related poisoning deaths between 2014 and 2017 were associated with
polysubstance use. Increased co-use of stimulants with opioids is a key factor contributing to the epidemic of opioid
deaths in Canada.

Keywords: Polysubstance mortality, Opioid poisoning, Stimulants, Polysubstance use, Intentional poisoning,
Unintentional poisoning

Background

It is estimated that over 27,000 deaths were either
directly or indirectly attributable to substance use in
Canada in 2017 (excluding tobacco) [1]. This included
over 11,000 substance poisoning deaths, 99% of which
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were attributable to alcohol, opioids, other central nerv-
ous system (CNS) depressants (such as benzodiazepines
and barbiturates), cocaine, and other CNS stimulants
(such as amphetamines). Over the past decade, rates of
substance poisoning deaths have increased dramatically
in Canada [2, 3]. This increase has largely been associated
with the non-medical use of prescription opioids or other
illegal opioids [2, 4—6]. However, since 2015, evidence
suggests increases in stimulant use across Canada began
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contributing to rising numbers of substance-related poi-
soning deaths [5, 7-9]. This evidence suggests co-use of
opioids and stimulants as well as other patterns of poly-
substance use may be contributing to the increase in sub-
stance poisoning deaths [9-12].

Polysubstance use, i.e., the concurrent or simultaneous
use of more than one substance, is common in Canada
[13-17]. Compared to individuals using primarily one
substance, polysubstance use is more reliably associated
with mental illness [18, 19], negative social and finan-
cial impacts [20], and poor treatment outcomes [21, 22].
Polysubstance use is also associated with elevated risk of
fatal and non-fatal substance-related poisonings [18, 23,
24]. Despite the frequency of polysubstance use and its
strong association with substance-related morbidity and
mortality, there are currently no national-level statistics
on the impacts of polysubstance use in Canada. To fill
this gap, this study presents counts, rates and propor-
tions of polysubstance-related poisoning deaths involv-
ing alcohol, opioids, other CNS depressants, cocaine,
and other CNS stimulants excluding cocaine using data
acquired from the Canadian Vital Statistics Death Data-
base for the years 2014 to 2017.

Methods

Data sources and cause of death variables

All methods were performed in accordance with the
relevant guidelines and regulations. This study exam-
ined death record data from the Statistics Canada hold-
ings of the Multiple Cause of Death files (MCOD). The
MCOD database provides information on a single under-
lying cause of death (UCD), up to 20 additional causes
and demographic data from all provincial and territo-
rial vital statistics registries on all deaths occurring in
Canada. An underlying cause of death is defined as the
“disease or injury which initiated the train of events lead-
ing directly to death, or the circumstances of the accident
or violence which produced the fatal injury” [25]. The
UCD and contributing causes of death are listed by the
medical examiner/coroner and classified according to
the World Health Organization “International Statistical
Classification of Diseases and Related Health Problems
10™Revision” [25]. The MCOD files include not only the
underlying cause of death, but also the immediate cause
of death and other intermediate and contributory condi-
tions listed on the death certificate. Population data used
for generating crude rates were obtained from Statistics
Canada [26].

Case selection and inclusion criteria

The dataset includes all death records from January 1%,
2014 to December 31, 2017 where a substance poison-
ing is listed as the UCD. A substance poisoning death is

Page 2 of 12

an acute toxicity death resulting from the direct effects
of consuming an exogenous substance and can be inten-
tional or unintentional[25]. ICD-10 codes for the fol-
lowing substance categories were included: alcohol,
opioids, other central nervous system (CNS) depressants,
cocaine, and CNS stimulants excluding cocaine. Poison-
ing deaths resulting from other substance use categories
were not included in this categorical analysis; previous
work has shown that virtually all substance use poison-
ing deaths occur within the five chosen substance use
categories[27]. The analysis includes the ICD-10 codes
X41-X45 (unintentional poisoning) and X61-65 (inten-
tional poisoning). The codes for undetermined intent
(Y11-Y15), were also included and considered as unin-
tentional poisonings in this study. The multiple cause of
death data using the ICD-10 “T” codes is used to identify
poisoning deaths resulting from combinations of sub-
stances across the selected substance categories. Among
deaths with substance poisoning as the underlying cause,
the type of substance or substance category is indicated
by the following ICD-10 multiple cause-of-death codes:
alcohol (T51.91, T51.92, T51.94), opioids (T40.0, T40.1,
T40.2, T40.3, T40.4, or T40.6); other CNS depressants
(T42.3, T42.2, T42.6, T42.7), cocaine (T40.5); and CNS
stimulants excluding cocaine (T43.6). Substance-related
poisoning deaths were categorized as single substance
when only one of the five substance categories was listed
as a cause of death, and polysubstance when two or more
of the five substance categories were listed. Counts across
all unique combinations of substances were obtained and
stratified by year, sex, and intention. Records in which a
decedent had multiple substances listed upon death is
only represented once for that combination.

To meet data confidentially requirements, Statistics
Canada uses a disclosure method called the Laplace
mechanism leading to some loss in precision of the
dataset. Briefly, the Laplace mechanism adds a meas-
ure of noise to each row-level observation so as to sat-
isfy privacy concerns in releasing Vital Statistics data.
This mechanism is applied internally by the Statistics
Canada Vital Statistics Team before the data is released
to researchers as standard practice. The variances of the
estimates were made to equal a value of two. Application
of the disclosure method can also result in negative esti-
mations when counts are very low. Following the meth-
odology recommended by Statistics Canada, all negative
counts were truncated to zero [28]. This resulted in a
small positive bias in some combination counts.

Statistical analyses

Crude mortality rates were calculated by sex and intent
for the years 2014 to 2017 and were expressed as the
number of deaths reported each calendar year divided by
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the estimates of the July 1 resident population of Canada
(per 100,000 persons and 95% confidence interval [CI]).

Counts and crude mortality rates for the year 2017
exclude substance poisoning deaths in the Yukon ter-
ritory as this data was not available from Statistics
Canada’s Vital Statistics Database at the time of data
extraction (September 2019). Analyses were carried out
on all unintentional and intentional poisoning deaths and
stratified by type of poisoning death (single substance
versus polysubstance and across combinations of sub-
stance groups). For each year*sex stratum, proportions of
all poisoning deaths involving more than one substance
group (“polysubstance”) were calculated overall and for
each substance group. Crude mortality rates were ana-
lyzed with Joinpoint Regression version 4.8.0.1 (National
Cancer Institute, Bethesda, MD) [29] to determine
whether changes between 2014 and 2017 were signifi-
cant [30]. Temporal trends in proportions were assessed
using the Cochran-Armitage test for linear trends, using
the ExcelStat data analysis add-on for Excel. A p-value of
less than 0.05 was considered statistically significant for
all analyses.

Results

Trends in mortality rates of substance poisoning deaths
Figure 1 presents the crude mortality rates of all sub-
stance poisoning deaths in Canada between 2014 and
2017. According to the data, mortality rates increased
1.8-fold among females (4.22 to 5.96 deaths/100,000)
and 2.0-fold among males (8.69 to 17.19 deaths/100,000)
(Table 1). In 2017, the mortality rate for substance poi-
soning deaths was almost three-times higher among
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Table 1 Total counts (n), crude mortality rates®, 95% confidence
intervals, and average annual percent change (AAPC) for
substance poisoning deaths by sex in Canada, 2014 - 2017

2014 2015 2016 2017 AAPC (%)
All poisonings
Both sexes
n 2281 2398 3018 4212
Rate 6.44 6.72 8.36 11.54 23.0%
95 (6.17,6.70) (6.45,6.99) (8.06,866) (11.19, (2.4,47.8)
% Cl 11.89)
Males
n 1528 1662 2133 3114
Rate  8.69 9.38 11.90 17.19 27.3%
95 (8.25,9.13) (8.93,9.84) (11.40, (16.59, (5.1,54.1)
% Cl 1241) 17.79)
Females
n 753 736 885 1098
Rate 4.22 4.09 4.87 5.96 134
95 (3.92,4.52) (3.79,439) (4.55,5.19) (5.61,6.32) (-3.2,32.9)
% Cl

@ Rates are deaths per 100,000 population.
* Indicates a significant increasing trend from 2014 to 2017, p<0.05.

males compared to females (Table 1). Mortality rates for
polysubstance versus single substance deaths are plot-
ted in Fig. 2 and estimates from the joinpoint analyses
are presented in Table 2. The data show that mortal-
ity rates for polysubstance deaths increase significantly
overall (2.6-fold, AAPC=40.5%), and among both
males (3.0-fold, AAPC=45.9%) and females (2.0-fold,
AAPC=27.6%). Mortality rates for deaths involving
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Fig. 1 Crude mortality rates of all substance poisoning deaths by sex in Canada, 2014 - 2017
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Fig 2 Crude mortality rates of single substance and polysubstance poisoning deaths by sex in Canada, 2014 - 2017

only one substance, defined as single substance deaths,
remained unchanged across all groups between 2014 and
2017. Mortality rates for intentional versus unintentional
deaths are plotted in Fig. 3 and estimates from the join-
point analyses are presented in Table 3. The data show
that mortality rates for unintentional deaths increase
significantly overall (1.9-fold, AAPC=26.6%) and among
males (2.1-fold, 29.9%). There were no significant change
in rates of unintentional deaths among females. Mortality
rates for intentional deaths remain unchanged across all
groups (Table 3).

Contribution of substance categories to polysubstance
deaths

The percentage of unintentional substance poisoning
deaths identified as polysubstance use deaths increased
significantly during the study period, from 39% (756
of 1949 deaths) in 2014 to 57% (2228 of 3882 deaths)
in 2017 (Table 4). To examine how each substance cat-
egory (alcohol, depressants, opioids, cocaine, and other
stimulants) contributed individually to total counts of
unintentional polysubstance poisoning deaths, we cal-
culated the proportion of all poisoning deaths for each
substance where more than one substance contributed
to death (i.e., “polysubstance” proportions for each sub-
stance category, Table 4). For example, among all deaths
where alcohol was listed as a cause of death, this is the
proportion of those records which also had another sub-
stance category present. Almost all substance categories
among both males and females were increasingly likely
over the study period to be involved in polysubstance

deaths, as compared to single substance deaths. Indeed,
in 2017 over 50% of deaths in each substance category
had another substance category present. Other CNS
depressants had the highest proportion of deaths that
involved another substance category (95% of deaths
involving other CNS depressants in 2017 included
another substance category). Cocaine and other CNS
stimulants also had high proportions (85% and 88% in
2017, respectively).

Most common polysubstance combinations

We next determined the five most frequent polysub-
stance poisonings that caused unintentional deaths
between 2014 and 2017 towards understanding which
substance combinations were the most likely to be
involved in unintentional poisoning deaths. Mortality
rates for the most frequent polysubstance combina-
tions among males are plotted in Fig. 4, and the most
frequent polysubstance combinations among females
are plotted in Fig. 5. Counts, rates, and estimates from
the joinpoint analyses are presented in Table 5. The
data show that the largest increases in polysubstance
mortality rates among males occurred from combi-
nations of opioids and other CNS stimulants (exclud-
ing cocaine) (12.9-fold increase, AAPC=133.1%),
opioids, cocaine, and other CNS stimulants (2.8-fold
increase, AAPC=79.9%) and opioids and cocaine
(3.3-fold increase, AAPC=55.5%). Among females,
the largest increases in polysubstance mortality rates
occurred from combinations of opioids and other CNS
stimulants (excluding cocaine) (13.3-fold increase,
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Table 2 Total counts (n), crude mortality rates?, 95% confidence
intervals, and average annual percent change (AAPC) for
substance poisoning deaths by sex and type (single substance
versus polysubstance) in Canada, 2014 - 2017

2014 2015 2016 2017 AAPC (%)
Polysubstance
Both sexes
n 868 1052 1477 2352
Rate 245 295 4.09 6.44 40.5%
95 (2.29, (2.77, (3.88, 6.18, (17.5,67.9)
% Cl 261) 3.13) 4.30) 6.70)
Males
n 583 750 1045 1776
Rate 332 4.23 583 9.80 45.9%
95 (3.05, (3.93, (548, (9.35, (20.2,77.1)
% Cl 3.58) 4.54) 6.19) 10.26)
Females
n 285 302 432 576
Rate  1.60 1.68 238 3.13 27.6%
95 (147, (1.49, (215, (2.87, (7.9,50.8)
% Cl 1.78) 1.87) 2.60) 3.38)
Single substance
Both sexes
n 1413 1346 1541 1860
Rate 3.99 3.77 4.27 5.10 93
95 (3.78, (3.57, (4.06, (4.86, (-6.5,27.9)
% Cl 4.19) 3.97) 4.48) 5.33)
Males
n 945 912 1088 1338
Rate 537 515 6.07 7.39 123
95 (5.03, (4.82, (5.71, (6.99, (-4.5,32.1)
% Cl 5.72) 548) 7.77) 7.78)
Females
n 468 433 453 522
Rate 262 241 249 2.84 29
95 (2.38, (2.18, (2.26, (3.08, (-10.7,18.6)
% Cl 2.86) 2.64) 2.72) 2.59)

2 Rates are deaths per 100,000 population.
* Indicates a significant increasing trend from 2014 to 2017, p<0.05.

AAPC=118.1%), opioids, cocaine, and other CNS stim-
ulants (2.6-fold increase, AAPC=38.4%), and opioids
and cocaine (2.3-fold increase, 37.4%). In 2017, opioids
and cocaine, and opioids and CNS stimulants (exclud-
ing cocaine) were the most common polysubstance
unintentional poisoning deaths among both males and
females. All the top polysubstance combinations among
both males and females included opioids, and mortal-
ity rates for almost all of these polysubstance combina-
tions increased significantly between 2014 and 2017.
Combinations of opioids and alcohol did not increase
significantly for either males or females in this period.
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The same was true for combinations of opioids and
other CNS depressants for females.

Interpretation

We examined the contribution of polysubstance use to
substance poisoning deaths in Canada between 2014 and
2017. We show that increasing rates of unintentional poi-
soning deaths in Canada during this time were largely
attributable to increasing rates of polysubstance poi-
soning deaths. Polysubstance poisoning mortality rates
increased far more than single-substance death rates, and
by 2017, more than half of all unintentional poisoning
deaths were polysubstance deaths. These increases were
much more dramatic among males. All substance catego-
ries examined during the study period were increasingly
involved in polysubstance deaths, as compared to single
substance deaths. Combinations of opioids with cocaine
and/or CNS stimulants excluding cocaine were associ-
ated with the largest increases in unintentional polysub-
stance poisoning deaths during the study and accounted
for the most unintentional deaths from polysubstance
use in 2017.

Canadian data indicate that unintentional poison-
ing deaths have increased almost 3-fold between 2008
and 2018 in Canada [3]. Rates of unintentional poison-
ing deaths in Canada have further accelerated since the
start of the COVID-19 pandemic [4, 9, 31]. This increase
has been largely driven by the use (either deliberate
or accidental) of synthetic opioids like fentanyl [2, 4, 6,
9]. According to toxicology data in both Canadian and
American jurisdictions, trends in overdose deaths involv-
ing cocaine and other stimulants have also increased
substantially in the past five to ten years [4-6, 32, 33].
Synthetic opioids, mostly illegally sourced fentanyl, also
underlie these recent increases in stimulant-related poi-
soning deaths [2, 5, 9, 10, 34-36]. This is likely driven
in part by consuming drugs from the illegal supply that
contain both synthetic opioids and stimulants (whether
intentionally or not). Toxicological analysis of illegal
drugs seized by Canadian law enforcement agencies sug-
gests that, when stimulants do co-occur with opioids in
the same drug sample, the opioid is usually fentanyl or
one of its analogues [8]. Data from the United States fur-
ther demonstrate that opioid-related overdoses in recent
years are generally more likely to involve at least one
other substance category [36—41]. Hence, polysubstance
use, and more specially the co-use of opioids and stim-
ulants, is becoming a primary driver of increased sub-
stance poisoning deaths in Canada.

Results suggest the use of opioids in combination
with other substances, particularly stimulants, needs to
be addressed in efforts to curb the epidemic of opioid
deaths in Canada across the spectrum of prevention,



Konefal et al. BMC Public Health

(2022) 22:269

Page 6 of 12

s 4 a4 o
o N A OO @

DEATHS PER 100,000
o)

o N B~ O

2014 2015

Both sexes intentional
Males intentional

Females intentional

2016 2017

——Both sexes unintentional
——Males unintentional

Females unintentional

Fig. 3 Crude mortality rates of intentional and unintentional substance poisoning deaths by sex in Canada, 2014 - 2017

Table 3 Total counts (n), crude mortality rates®, 95% confidence intervals, and average annual percent change (AAPC) for substance
poisoning deaths by sex and intent (intentional versus unintentional) in Canada, 2014 - 2017

2014 2015 2016 2017 AAPC (%)
Unintentional

Both sexes

n 1949 2047 2655 3882

Rate 5.50 573 735 10.64 26.6%

95 % Cl (5.26,5.74) (5.48,5.98) (7.07,7.63) (10.30,10.97) (2.3,56.8)
Males

n 1374 1476 1958 2943

rate 7.81 833 10.93 16.25 29.9%

95%Cl (740,8.22) (7.91,8.76) (10.44,11.47) (15.66, 16.84) (46,61.3)
Females

n 575 571 697 939

Rate 322 3.18 3.83 5.10 18.0

95 % Cl (2.96, 3.48) (2.92,3.44) (3.55,4.11) (4.77,543) (-3.2,43.7)

Intentional

Both sexes

n 332 351 363 330

Rate 0.94 098 1.01 0.90 -0.90

95 % Cl (0.84, 1.04) (0.88, 1.09) (0.90,1.11) (0.81, 1.00) (-11.6,11.1)
Males

n 154 187 175 171

Rate 0.88 1.05 097 0.94 1.1

95%Cl (0.74,1.01) (0.90,1.21) (0.83,1.12) (0.80, 1.08) (-15.7,21.4)
Females

n 178 165 189 159

Rate 1.00 091 1.04 0.86 -2.8

95% Cl (0.85,1.14) (0.77,1.05) (0.89,1.18) (0.73,1.00) (-18.5,16.0)

@ Rates are deaths per 100,000 population.

* Indicates a significant increasing trend from 2014 to 2017, p <0.05.
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Table 4 Proportions and 95% confidence intervals of all unintentional poisoning death involving more than one substance by
substance category and sex, 2014-2017

2014 2015 2016 2017 Trend (p)®
Both sexes
All substances 0.39(0.37,041) 044 (042,047) 0.50(0:48,0.52) 0.57 (0.56,0.59) <0.0001
Alcohol 049 (0.45,0.52) 0.55(0.51,0.58) 0.66 (0.62, 0.69) 0.74 (0.71,0.76) < 0.0001
Opioids 0.51(0.48,0.54) 0.58(0.55, 0.60) 61(0.59,0.63) 0.66 (0.64, 0.68) < 0.0001
Other CNS Depressants 0.89 (0.85,0.93) 0.93 (0.91,0.96) 0.94(0.92,0.97) 0.95(0.93,0.97) <0.01
Cocaine 0.77(0.73,0.81) 0.77 (0.74,0.80) 0.78(0.76,0.81) 0.85 (0.83,0.86) < 0.0001
Other CNS Stimulants* 0.71 (0.64,0.77) 0.71 (0.65,0.76) 0.79(0.75,0.82) 0.88 (0.86, 0.90) < 0.0001
Males
All substances 0.38(0.36,041) 045 (043,048) 0.50(0.48,0.52) 0.58 (0.56, 0.60) < 0.0001
Alcohol 0.50 (0.46,0.54) 0.57 (0.53,0.61) 0.68 (0.64,0.73) 0.76 (0.73,0.80) < 0.0001
Opioids 0.51(0.47,0.54) 0.59 (0.56,0.62) 0.62 (0.59, 0.64) 0.66 (0.64, 0.68) < 0.0001
Other CNS Depressants 0.90 (0.85, 0.95) 0.96 (0.93,0.99) 0.94 (0.91,0.98) 0.97 (0.95,0.99) <0.05
Cocaine 0.76 (0.71,0.80) 0.77 (0.73,0.81) 0.77 (0.74,0.80) 0.85 (0.83,0.87) < 0.0001
Other CNS Stimulants* 0.70(0.61,0.78) 0.71 (0.65,0.77) 0.78 (0.74,0.82) 0.89(0.87,0.92) <0.0001
Females
All substances 0.40 (0.40, 0.40) 0.42(0.42,042) 0.50 (0.49, 0.50) 0.55 (0.55,0.55) < 0.0001
Alcohol 045 (045, 0.46) 046 (0.45,047) 0.57 (0.57,0.58) 0.66 (0.65, 0.66) <0.0001
Opioids 0.52(0.52,0.53) 0.54 (0.54, 0.54) 0.60 (0.59, 0.60) 0.65 (0.65, 0.65) < 0.0001
Other CNS Depressants 0.87 (0.86,0.87) 0.90 (0.90,0.91) 0.94 (0.93,0.94) 091 (0.91,0.92) n.s.
Cocaine 0.80(0.80,0.81) 0.76 (0.76,0.77) 0.84 (0.84,0.85) 0.84 (0.83,0.84) n.s.
Other CNS Stimulants* 0.73(0.71,0.75) 0.68(0.67,0.70) 0.79(0.79,0.80) 0.85 (0.84,0.85) <001

* Stimulants excluding cocaine e.g., methamphetamine

? Cochran-Armitage trend test (Monte Carlo method - Number of simulations = 5000) / Two-tailed test. Significant increasing trends from 2014 to 2017 at the
p<0.0001 level (****), p<0.01 level (**), and p<0.05 level (*)

n.s. indicates no significant trends from 2014 to 2017
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("polysubstance”), 2014-2017




Konefal et al. BMC Public Health (2022) 22:269 Page 8 of 12
0.6 1
E .
0.5 -1
o ]
S ]
S04
\8 ] ° A ®
x 1 ®
w .3 b
o - 4
2] ]
|J_Z ]
= 0.2 1 /.
w
[a] ] ®
°
0
2014 2015 2016 2017

—— Opioids + depressants
——Opioids + stimulants*

—— Opioids + cocaine + stimulants*

("polysubstance”), 2014-2017

Opioids + cocaine

Opioids + alcohol

* Stimulants excluding cocaine e.g., methamphetamine.
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harm reduction, and treatment. Specifically, measures
that address the unpredictability of the illegal drug sup-
ply would reduce harms related to polysubstance use
(whether multiple substances are used deliberately or
not) [8]. These may include expanding access to reliable
information about drug contents through drug check-
ing services, as well as access to overdose prevention
services such as supervised consumption/ overdose
prevention sites and take home naloxone kits [42].
Drug contamination and other upstream risk factors
may be addressed by interventions that provide a legal,
pharmaceutical-grade supply of opioids and non-opioid
substances [43—-45]. In all cases, people who use drugs
must be involved throughout implementation and eval-
uation to ensure services are relevant to the preferences
and needs of people who use drugs in different contexts
[45-47].

In general, prevention efforts can target common
pathways that lead to substance use disorders, treat-
ment strategies can focus on common features across
substances, and service delivery can also be structured
in a way to address issues associated with multiple
types of substance use [23, 37, 41]. Polysubstance use
also has important implications for public health sur-
veillance and research. Identifying factors (e.g., demo-
graphics, behaviors) linked to polysubstance use can
inform interventions and prevention pathways, while

patterns of polysubstance use should be monitored
alongside trends of other substances in a timely fash-
ion, particularly as the COVID-19 pandemic has rap-
idly impacted the illegal drug supply and substance use
behaviors.

Limitations

We limited our analysis to death records for poison-
ing deaths involving only five different substance catego-
ries that frequently cause substance poisoning deaths [3,
46-48]. Cannabis, hallucinogens, solvents and inhalants,
antidepressants and other psychoactive substances were
excluded from the analysis. Methodologically, this exclu-
sion was necessary to avoid very low counts (close to zero
or negative estimations) for polysubstance combinations
that appeared infrequently in the vital statistics database.
Although there is evidence suggesting that these other
substance classes more rarely cause fatal poisonings on
their own [5, 49-51], they could be involved in poisoning
deaths primarily caused by other substances [5, 52—54]
and warrant further investigation to better characterize
the polysubstance nature of poisoning deaths. In addi-
tion, our definition of polysubstance is conservative and
confined by broad substance categories; the dataset ana-
lysed for this study does not differentiate between differ-
ent types of substances within each category. For instance,
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Table 5 Total counts (n), crude mortality rates?, 95% confidence
intervals, and average annual percent change (AAPC) for
unintentional polysubstance poisoning deaths by sex, 2014 —
2017

2014 2015 2016 2017 AAPC (%)
Males
Opioids 4+ Cocaine
n 140 160 232 480
Rate 0.80 0.90 1.29 2.65 55.5%
95 (0.67, (0.76, (113, (241, (5.3,1294)
% Cl 0.93) 1.04) 1.46) 2.89)
Opioids 4 Other CNS Stimulants®
n 26 58 166 349
Rate 0.15 033 092 1.93 133.1%*
95 (0.09, (0.24, (0.78, (1.72, (87.7,189.6)
% Cl 0.21) 041) 1.06) 2.13)
Opioids + Alcohol
n 122 132 135 169
Rate 0.70 0.74 0.75 094 9.9
95 (057, (0.62, (0.63, (0.79, (-3.5,25.0)
% Cl 0.82) 0.87) 0.88) 1.08)
Opioids 4+ Cocaine + Other CNS Stimulants®
n 24 41 86 142
Rate 0.14 023 048 0.78 79.9*
95 (0.08, (0.16, (0.38, (0.65, (53.4,110.9)
% Cl 0.19) 0.30) 0.58) 091)
Opioids 4 Cocaine + Alcohol
n 49 60 82 143
Rate 0.28 034 0.46 0.79 44.4%
95 (0.20, (0.25, (0.36, (0.66, (13.3,83.8)
% Cl 0.36) 043) 0.56) 0.92)
Females
Opioids 4 Cocaine
n 44 44 64 107
Rate 0.25 0.24 035 0.58 374
95 017, 0.17, (0.27, (047, (-0.6,90.1)
% Cl 0.32) 0.32) 0.44) 0.69)
Opioids + Other CNS Stimulants®
n 8 16 61 97
Rate 0.04 0.09 0.34 053 118.1%
95 - (0.04, (0.25, (042, (10.2,331.7)
% Cl 0.13) 042) 0.63)
Opioids 4 Other CNS Depressants
n 57 70 66 67
Rate 0.32 039 037 037 29
95 (0.24, (0.30, (0.28, (0.28, (-134,22.3)
% Cl 0.40) 0.48) 0.45) 0.45)
Opioids 4 Alcohol
n 41 36 27 39
Rate 0.23 0.20 0.15 0.21 -46
95 (0.6, (0.14, (0.09, (0.15, (-34.1,38.1)
% Cl 0.30) 0.27) 0.21) 0.28)
Opioids + Cocaine + Other CNS Stimulants®
n 14 19 25 38
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Table 5 (continued)
2014 2015 2016 2017 AAPC (%)
Rate  0.08 0.1 0.14 0.21 38.4**
95 (0.04, (0.06, (0.08, 0.14, (25.3,52.8)
% Cl 0.12) 0.15) 0.19) 0.27)

@ Rates are deaths per 100,000 population

b Stimulants excluding cocaine e.g., methamphetamine

“-" indicates that the 95% Cl is not reliable enough to report

* Indicates a significant increasing trend from 2014 to 2017, p<0.05
** Indicates a significant increasing trend from 2014 to 2017, p<0.01

a poisoning death caused by both heroin and fentanyl for
example, would be considered a single substance poison-
ing death.

Our study methodology also does not distinguish
between deliberate polysubstance use (when an individ-
ual explicitly uses two or more substances), and acciden-
tal polysubstance use (when an individual thinks they are
using only one substance, but it is contaminated or adul-
terated by another substance category). Both deliberate
and accidental polysubstance use may underlie increases
in unintentional poisoning deaths from the co-use of opi-
oids and stimulants. For instance, fentanyl and related
synthetic opioids are often consumed unknowingly with
other substances [8, 34, 55—58] while the popularity and
desire for using both opioids and stimulants has also
grown among people who use either substance [56, 59].
These different pathways leading to polysubstance use is
an area for further investigation.

Another important limitation of this dataset is that
counts of poisoning deaths are not segregated by age,
as this would result in small estimates that would need
to be supressed to prevent identification of individ-
ual records. Therefore, we were unable to investigate
any age-specific trends or calculate any age-adjusted
death rates. An analysis of demographic characteris-
tics from a comparable dataset from overall intentional
and unintentional injuries for 2017, which are largely
(but not exclusively) accounted for by substance use
poisonings, shows the majority of intentional and
unintentional injury deaths occurred in the 35-64 age
group (See Supplementary Table 1). Finally, our study
ultimately depends on the accuracy of toxicology
screenings carried out by coroners and medical exam-
iners, and proper identification and coding of sub-
stances as contributing causes of death. Not only can
these processes be imperfect, but there can be incon-
sistent practices in toxicology screening and testing
leading to inaccuracies in death records for substance
poisoning deaths [2, 60, 61]. More specifically, because
collecting evidence to ascertain intent is especially
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difficult, intentional deaths (suicides) may frequently
be misclassified as unintentional deaths or deaths with
undetermined intent [61]. This would lead to an over-
estimation of the number and rates of unintentional
poisoning deaths in our study. The time required to
complete death investigations and classify the cause
of death may have also resulted in an underestimation
of poisoning deaths in our study, particularly for more
recent years.

Conclusion

To our knowledge, this is the first study examining
national patterns of polysubstance poisoning deaths
in the era of the opioid epidemic. A multitude of inter-
secting factors are causing increased rates of substance
poisoning deaths in Canada, including increased use
of stimulants from the illegal drug supply, contamina-
tion of the illegal drug supply with fentanyl/synthetic
opioids, and a changing landscape of polysubstance use
where co-consumption of opioids, stimulants and other
substances is increasingly more popular. Improved sur-
veillance of polysubstance use patterns and harms will
be essential to informing responses to the ongoing opi-
oid crisis in Canada. As the COVID-19 pandemic con-
tinues to fuel substance poisoning deaths, these data
highlight the need for essential services and supports
to be accessible for people most at risk and the need
to expand prevention, treatment, and harm reduction
activities.
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