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Abstract

The acute toxicity (sometimes called “overdose” or “poisoning”) crisis has affected Canadians
across all stages of life, including youth, adults and older adults. Our biological risks
and exposures to substances change as we age. Based on a national chart review study
of coroner and medical examiner data on acute toxicity deaths in 2016 and 2017, this
analysis compares the burden of deaths and circumstances of death, locations of acute
toxicity event and death, health history and substances contributing to death of people,

Highlights

¢ This analysis reveals key differences
in the characteristics of acute tox-

by sex and life stage.
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Introduction

The acute toxicity (sometimes called “over-
dose” or “poisoning”) crisis has affected
Canadians from all walks of life and of all
ages—children, youth, adults including
older adults have died. At the population
level, our biological risks from substance
use change as we age: our brains are not
fully developed until our mid-20s;' over
time we can accumulate more diseases
and disorders;* and eventually our metab-
olism and ability to process substances
slows down.® Our exposures to substances
also evolve with age: first exposures to
nonmedical substance use are often in our
youth;* peer pressure to engage in non-
medical substance use changes over time;*
and we are more likely to have multiple
prescriptions in later life.

In this analysis, we compare characteris-
tics of acute toxicity deaths across life

stages for youth, adults and older adults.
This analysis serves as an important base-
line at the beginning of the acute toxicity
crisis that can be used to measure change.
It is intended to bridge previously pub-
lished in-depth reports on youth® and
older adults,” and compares broader life
stages rather than the 5- or 10-year age
groupings other reports use based on the
same dataset.5?

Methods

This study was reviewed and approved by
the Public Health Agency of Canada Research
Ethics Board (REB 2018-027P), the University
of Manitoba Health Research Ethics Board
(HS22710) and the Newfoundland and
Labrador Health Research Ethics Board
(20200153).

For the purposes of this study, life stages
are defined as youth (aged 12 to 24 years),
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icity deaths by sex and life stage,
and suggests potential intervention
points for each group.

Many people across demographics
were alone while using substances
before the acute toxicity event, and
many were alone when they died.
Youth, particularly female youth,
more often died in circumstances
where someone might have been
available to help by calling 911 or
administering first aid and naloxone.
For the people who were in contact
with health care prior to their death,
about one-quarter (24%-28%) of
adults and older adults sought assis-
tance for reasons related to pain.
Youth more often sought assistance
for a nonfatal acute toxicity event
(13%-14%) or for mental health
(particularly female youth, 21%)
than people in other life stages.
Multiple substances contributed to
most deaths, and both pharmaceu-
tical and nonpharmaceutical sub-
stances were common causes of
death for all life stages and sexes.
There are demographic differences
in the specific substances contrib-
uting to death.
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adults (aged 25 to 59 years) and older
adults (aged 60 plus years). Substances
include alcohol, pharmaceutical and non-
pharmaceutical drugs and chemicals not
approved for human consumption (e.g.
illegal drugs, nonpharmaceutical inhal-
ants, industrial or household chemicals,
or veterinary drugs). Based on a national
retrospective chart review study of coro-
ner and medical examiner data on all
substance-related acute toxicity deaths
from 1 January 2016 to 31 December
2017,%1° we calculated the burden of acci-
dental substance-related acute toxicity
deaths and characteristics of people who
died by sex and life stage. Table 1 lists the
variables used in the analysis and their
descriptions.

Burden is based on the number of deaths,
mortality rate and proportionate mortality
ratio due to accidental substance-related
acute toxicity. Mortality rates were calcu-
lated with population counts from the
2016 Census'" as the denominator. To cal-
culate the proportionate mortality ratios
attributable to substance-related acute tox-
icity, we used data from Statistics Canada
on all-cause accidental mortality counts
by demographic group for the denomina-
tors. We included all-cause deaths with
ICD-10 codes V01-V99 (transport accidents),
WO00-X59 (other external causes of acci-
dental injury), Y85 (sequelae of transport
accidents) and Y86 (sequelae of other
accidents).

We also analyzed the circumstances of
death, locations of the acute toxicity event
and death, health history and substances
contributing to death of people who died
of accidental acute toxicity, by sex at birth
and life stage, using the variables described
in Table 1. We calculated the proportions
of each group that had a given character-
istic, and conducted Pearson chi-square
tests to assess statistical differences across
life stages and sex (p < 0.05). As informa-
tion on the variables of interest are not
always recorded in death investigation
files, the results represent only the mini-
mum proportions of people who had a
given characteristic.

To protect privacy, all counts are randomly
rounded to base 3 (i.e. values had differ-
ent chances of being rounded to nearest
multiples of 3) and counts less than 10 are
suppressed.'’ Since table totals were also
independently rounded to base 3, the sum
of values do not always equal the total.
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Proportions and mortality rates are calcu-
lated with rounded counts.

Results

Each of these demographic groups has
been affected by the acute toxicity crisis in
different ways. Acute toxicity accounted
for 41% to 60% of all accidental deaths
for youth and adults (Table 2). The mor-
tality rate due to accidental acute toxicity
was much higher for male adults (30
deaths per 100000 population) than the
other demographic groups (2.8-9.5 deaths
per 100000 population). Among the peo-
ple who died of accidental acute toxicity,
contacts with health care, circumstances
of death and substances contributing to
death varied by life stage and sex.

Circumstances of accidental acute toxicity
deaths

e QOlder adults were less often using sub-
stances in the presence of others prior
to their death (12%-14% vs. 16%-28%).

e Older adults were more often already
dead when found compared with youth
and adults (38%-39% vs. 19%-29%).

e Many people were found in or near a
bed (24% to 39%) where their acute
toxicity event could have been misinter-
preted as sleep. Females were more often
found in or near a bed.

e Among people who were reported to
show signs of opioid toxicity before
death, naloxone was less often adminis-
tered to older adults (counts and propor-
tions suppressed due to small numbers).

e For all life stages, the most frequent
location for the acute toxicity event
leading to death was the individual’s
personal residence (59%-87%). Of those
who had their acute toxicity event in
their personal residence, older adults
more commonly lived alone (31%-32%
vs. 16% or less).

e Though less common across all life
stages, youth and adults were more
often at the home of another person
compared to older adults (14%-16%
and 9%-10%, respectively, vs. 5% or
less).

e Most people died where the acute toxic-
ity event happened (68 %-84%). Female

youth were most often transported to
hospital before death (26%), and male
older adults were least often transported
to hospital (10%).

Health history and previous contacts with
the health system of people who died of
accidental acute toxicity

e Most people who died had a history of
substance use (excluding alcohol). This
was less common for female older
adults (55%) than other demographic
groups (71%-83%).

e Female older adults also had a history
of substance use disorders (excluding
alcohol) less frequently than other demo-
graphic groups (10% vs. 18%-22%).

e The frequency of alcohol use disorders
increased with age (5%-6% among
youth to 12%-15% among older adults).

e Male youth (42%) and female older
adults (43%) had a history of chronic
(daily) substance use less often than
other demographic groups (48%-59%).

® Having a history of depression or depres-
sive symptoms and of anxiety disorders
was more frequent among females than
males (29%-39% and 19%-22%, respec-
tively, vs. 19%-22% and 11%-14%,
respectively).

e Contact with health care services (inpa-
tient or outpatient) in the year prior to
death was more common with increased
age (58%-61% for youth to 80%-91%
for older adults).

e For the people who were in contact
with health care prior to their death,
there were no demographic differences
in seeking care for substance use and/
or addictions. About one-quarter (24 % -
28%) of adults and older adults sought
assistance for reasons related to pain.
Youth more often sought assistance for
a nonfatal acute toxicity event (13%-
14%) or for mental health (particularly
female youth, 21%) than people in
other life stages.

Substances causing accidental acute
toxicity deaths

e A pharmaceutical substance contributed
to death most often among female older
adults (63% vs. 28%-46%).
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TABLE 1

Variables used to describe the burden of substance-related acute toxicity deaths and the characteristics of people who died,

Variable

by sex and life stage, Canada, 2016-2017

Description

Burden
Number of accidental acute toxicity deaths

Mortality rate due to accidental acute toxicity per
100000 population

Proportionate mortality ratio due to accidental
acute toxicity

Circumstances of death

Was using substances in the presence of others
Deceased when found

Found in or near a bed

Had signs of opioid toxicity

Naloxone was given

Place of acute toxicity event
Lived alone

Place of death
Health history *
History of substance use (excluding alcohol)

History of substance use disorder
(excluding alcohol)

History of alcohol use disorder
History of chronic (daily) substance use

Lifetime history of a nonfatal acute toxicity event
History of depression or depressive symptoms
History of anxiety disorder

Contact with health care in the previous year

Sought assistance for...

Vol 44, N° 7/8, July/August 2024

A count of accidental substance-related acute toxicity deaths.

The number of deaths for every 100 000 people in that population. Controls for differences in the number of
people that fall into each demographic category.

The proportion of all-cause accidental mortality that is due to accidental acute toxicity.

The person who died consumed substances in the presence of others prior to the fatal acute toxicity event,
i.e. the substance use was witnessed.

There was no known witness to the fatal acute toxicity event and no intervention was possible when the
person who died was found.

The person who died was in or near where they could have been thought to be sleeping. A perception that
the person was sleeping, and not unconscious, could have delayed a response.

A bystander or first responder who witnessed the fatal acute toxicity event observed one or more signs of
opioid toxicity. These include snoring/gurgling, difficulty breathing, pinpoint pupils, unconsciousness or
unresponsiveness, or blue lips/fingernails/face. As toxicology information is not immediately available,
bystanders and first responders use toxidromes, or symptoms of toxicity, to determine the substance(s)
causing the acute toxicity and how to respond.

The count as well as the proportion of those with signs of opioid toxicity who were given naloxone, an
antidote for opioid toxicity. This includes naloxone given by bystanders, EMS, police, fire, hospital staff or
others.

The fatal acute toxicity event occurred in the home of the person who died, in the home of another person
or in another location.

Of those whose fatal acute toxicity event occurred in their own home, those who lived alone. Those who
lived alone may have been less likely to have someone nearby to help.

Whether the person was transported from the location of the acute toxicity event to a hospital or another
location before they died, or if they died in the same place as the acute toxicity event.

The death investigation file includes information that the person had a history of substance use, excluding
the use of alcohol or the use of pharmaceuticals as prescribed to them.

The death investigation file explicitly states that the person had a substance use disorder.

The death investigation file explicitly states that the person had an alcohol use disorder.
The death investigation file mentions that the person used substances chronically (i.e. daily).
The death investigation file includes a record of a previous nonfatal acute toxicity event (overdose).

The death investigation file includes information that the person had a depressive disorder or
depressive symptoms.

The death investigation file includes information that the person had an anxiety disorder.

The person had contact with health care services in the year prior to their death. This could be outpatient or
inpatient services.

For those who had contact with health care services in the year prior to their death, the death investigation
file describes a specific reason the person sought health care services, e.g. pain, a nonfatal acute toxicity
event, substance use and/or addictions, or mental health.

Continued on the following page
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TABLE 1 (continued)

Variables used to describe the burden of substance-related acute toxicity deaths and the characteristics of people who died,

Variable

by sex and life stage, Canada, 2016-2017

Description

Substances contributing to death

Origin of substances contributing to death

At least one of the pharmaceutical drugs was
prescribed

Substances most often contributing to death
Multiple toxicity, no substances specified

Multiple substances contributed to death

Origins of substances are categorized into:

« nonpharmaceutical (“street drugs” and substances not intended for human use, e.g. industrial or

household chemicals or veterinary medications);

o pharmaceutical (produced for human use by a regulated pharmaceutical manufacturer);
« ethanol (originating in the alcoholic beverage industry or home-distilled alcohol and does not fall

under the other origin categories), or

« unknown (insufficient evidence to determine the origin of the substance).

A substance can have multiple origins.

Deaths due solely to prescribed substances or alcohol were not available from British Columbia.

Of the people who had at least one pharmaceutical drug contribute to their death, those who had been

prescribed at least one of these drugs.

Specific substances that contributed to at least 10% of deaths for one of the demographic groups.

Deaths with a cause of death describing multiple substances contributing to the death, but not listing the

specific contributing substances.

Deaths where more than one substance was identified as a contributor to the death.

Abbreviation: EMS, emergency medical services.

2 Abstractors included any information about health history in the file, including medical records or statements from family or friends. The conditions reported may not have been clinically

diagnosed.

® A nonpharmaceutical substance con-
tributed to death most often among
youth and male adults (72%-74%).

e Youth had a prescription for pharma-
ceutical drugs that contributed to their
deaths less often than other groups
(16%-18% vs. 40%-66%).

e Multiple substances contributed to most
deaths (55%-72%).

e The most common substances contrib-
uting to death in youth were similar for
both sexes (fentanyl, cocaine, metham-
phetamine, ethanol [alcohol] and amphet-
amine), but there were sex differences
for the other age groups. For example,
fentanyl contributed to a greater pro-
portion of male adult deaths (53%)
than female adult deaths (36%) and to
male older adult deaths (32%) than
female older adult deaths (16%).

e Fentanyl was a cause of more than half
of fatal acute toxicity events of youth
(55%-57%) and male adults (53%).

Discussion

This analysis reveals key differences in the
characteristics of acute toxicity deaths by
sex and life stage and suggests potential
intervention points for each group. Many

people who died of acute toxicity had con-
tact with health care in the year prior to
their death. These encounters with the
health care system provide earlier oppor-
tunities to identify and address the risk of
a fatal acute toxicity event as well as
unmet health and social needs that may
contribute to substance use. About one in
four adults and older adults were in con-
tact with health care for reasons related to
pain. Such contacts create an opportunity
for discussions regarding pain manage-
ment, including safe use of pain medica-
tions, seeking relief from other substances,
and other available treatment options and
services to help alleviate pain.

Youth, particularly female youth, more often
died in circumstances where someone
might have been available to help by call-
ing 911 or administering first aid and
naloxone (Table 2). It is important that
potential witnesses to acute toxicity events
be able to recognize and respond to the
emergency, and have the right tools to
help (e.g. a naloxone kit, a phone to call
911). Many people across demographics
were alone while using substances before
the acute toxicity event, and many were
alone when they died. Removing the
stigma of substance use is important so
that those who are using substances alone
can find greater safety with others. Sup-
porting connections to laypeople trained
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in overdose prevention or formalized
supervised consumption services could
help prevent these deaths.

Multiple substances contributed to most
deaths, and both pharmaceutical and non-
pharmaceutical substances were common
causes of death for all life stages and sexes
(Table 2). When a pharmaceutical sub-
stance contributed to death, many people,
and particularly older adults and female
adults, had been prescribed the substance
that caused their death. The involvement
of multiple substances in an acute toxicity
event is the norm, and the potential com-
bined harms of substances are an impor-
tant consideration for prescribing practices
(e.g. management of multiple prescrip-
tions), patient education, harm reduction
programs, drug checking services and
drug alerts.

In this study, we were unable to differenti-
ate between whether the multiple sub-
stances involved were intentionally or
unintentionally consumed. Initiatives to
address the toxic drug supply would ben-
efit all demographics, as would a harm
reduction approach to prescribing that
emphasizes patient education about the
risks of their prescription drugs, their risks
in combination with other substances and
the risks of diversion.!>!?
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TABLE 2

Burden, circumstances of death, documented health history and substances contributing to the deaths of people who died of accidental
acute toxicity, by sex and life stage, Canada, 2016-2017

Older adults
Youth (12-24 years) Adults (25-59 years)
(=60 years)
Female Male Female Male Female Male

Total accidental acute toxicity deaths N =207 N =525 N =1563 N = 4896 N =246 N = 462
%%ré;gt};;:ﬁi?snm accidental acute toxicity, per 3.9 95 9. 30 28 6.0
Proportionate mortality ratio, % 42 41 59 60 3.1 5.9
Circumstances of death, % (n)
Was using substances in the presence of others* 28 (57) 19 (102) 20 (315) 16 (783) 12 (30) 14 (63)
Deceased when found* 19 (39) 24 (126) 28 (435) 29 (1419) 39 (96) 38 (177)
Found in or near a bed" 35 (72) 30 (156) 35 (543) 24 (1191) 39 (96) 24 (111)
Had signs of opioid toxicity® 36 (75) 30 (159) 33 (519) 26 (1263) 27 (66) 21 (96)

Naloxone was given” 40 (30) 34 (54) 22 (114) 28 (357) Suppressed Suppressed
Place of acute toxicity event*, % (n)
Personal residence 59 (123) 61 (321) 70 (1092) 62 (3021) 87 (213) 77 (354)

Lived alone Suppressed 7(23) 16 (179) 15 (465) 32 (69) 31 (111)
Home of another person 16 (33) 14 (75) 10 (162) 9 (453) Suppressed 5Q1)
Other 23 (48) 25 (129) 20 (309) 29 (1419) 10 24) 18 (84)
Place of death*, % (n)
Same as place of acute toxicity event 68 (141) 71 (375) 71 (1113) 76 (3735) 78 (192) 84 (390)
Hospital 26 (54) 22 (114) 22 (339) 17 (825) 17 42) 10 (48)
Other 6(12) 7 (39) 7 (111) 7 (333) 5(12) 5(24)
Health history, % (n)
History of substance use (excluding alcohol)* 83 (171) 81 (426) 78 (1215) 83 (4083) 55 (135) 71 (330)
History of substance use disorder (excluding alcohol)* 20 (42) 20 (105) 22 (339) 20 (966) 10 (24) 18 (81)
History of alcohol use disorder” 6(12) 5Q27) 9 (135) 9 (426) 12 (30) 15 (69)
History of chronic (daily) substance use” 48 (99) 42 (219) 50 (783) 54 (2646) 43 (105) 59 (273)
Lifetime history of a nonfatal acute toxicity event 17 (36) 17 (87) 15 (234) 12 (585) 15 (36) 9 (42
History of depression or depressive symptoms® 29 (60) 19 (99) 33 (516) 20 (963) 39 (96) 19 (90)
History of anxiety disorder* 22 (45) 14.(72) 19 (300) 11 (528) 21 (51) 11 (51)
Contact with health care in the previous year*, % (n) 61 (126) 58 (306) 80 (1254) 66 (3249) 91 (225) 80 (369)
Sought assistance for pain® 14 (18) 17 (51) 26 (321) 25 (810) 24 (54) 28 (105)
Sought assistance for a nonfatal acute toxicity event" 14 (18) 13 (39) 7 (90) 8 (249) 7 (15) 7 (24)
Sought assistance for substance use and/or addictions 19 (24) 17 (51) 13 (165) 14 (444) 9(21) 9(33)
Sought assistance for mental health* 21 (27) 14 (42) 13 (165) 11 (342) 11 (24) 6(21)
Origin of substances contributing to deathc, % (n)
At least 1 nonpharmaceutical* 72 (150) 73 (384) 55 (861) 74 (3624) 18 (45) 55 (255)
At least 1 pharmaceutical” 32 (66) 29 (150) 46 (720) 28 (1347) 63 (156) 40 (186)

At least 1 of the pharmaceutical drugs was prescribed” 18 (12) 16 (24) 56 (402) 40 (537) 66 (99) 56 (102)
Substances most often contributing to death, % (n)
Fentanyl" 57 (117) 55 (291) 36 (555) 53 (2562) 16 39) 32 (150)
Cocaine” 28 (57) 30 (156) 30 (474) 39 (1887) 10 24) 36 (165)
Methamphetamine* 22 (45) 17 (87) 22 (339) 24 (1170) 5012 11 (51)
Ethanol (alcohol)* 16 (33) 15 (81) 21 (330) 23 (1107) 18 (45) 26 (120)
Amphetamine® 13 (27) 11 (57) 7 (117) 14 (678) Suppressed 6 (30)
Morphine? 12 (24) 14.(72) 14 (219) 14 (696) 11 (27) 17 (78)

Vol 44, N° 7/8, July/August 2024

Continued on the following page

Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice




TABLE 2 (continued)
Burden, circumstances of death, documented health history and substances contributing to the deaths of people who died of accidental
acute toxicity, by sex and life stage, Canada, 2016-2017

Older adults
Youth (12-24 years) Adults (25-59 years)
(=60 years)
Female Male Female Male Female Male

Alprazolam® 10 (21) 10 (51) 2(27) 2(78) Suppressed Suppressed
Diacetylmorphine (heroin)* 6(12) 12 (63) 6(99) 12 (606) Suppressed 6 (30)
Methadone* 6(12) 7 (36) 11 (168) 8(378) 5(12) 8(39)
Multiple toxicity, no substances specified” Suppressed 3(18) 8 (120) 4 (201) 15 (36) 6(27)
Oxycodone” Suppressed 6 (30) 7 (114) 5 (258) 12 (30) 6 (30)
Multiple substances contributed to death 68 (141) 64 (336) 72 (1122) 71 (3480) 55 (135) 64 (297)

Sources: National chart review study of substance-related acute toxicity deaths (2016 to 2017)®'; 2016 Census."

Notes: Deaths due solely to prescribed substances or alcohol were not available from British Columbia and all numbers in this table may be underestimates. The denominator for each group
is from the 2016 Census." The all-cause mortality counts by demographic group used to calculate the proportion of the mortality rate for all causes due to acute toxicity were provided by
Statistics Canada. All accidental deaths include ICD-10 codes V01-V99, W00-W99, X00-X59, Y85 and Y86.

To protect privacy, counts from the national chart review study of substance-related acute toxicity deaths were randomly rounded to base 3, and proportions and rates were based on random-
ized counts. Counts <10 and the proportions and rates based on counts <10 are suppressed. Test statistics and exact p values are not shown to protect the random rounding.

2 Signs of opioid toxicity include snoring/gurgling, difficulty breathing, pinpoint pupils, unconscious or unresponsive, or blue lips/fingernails/face.

The “hospital” category includes only the people who were transported to hospital from another location. If an acute toxicity event leading to death occurred in a hospital and the person
died in hospital it was categorized as “same as place of acute toxicity event.” Less than 1% of fatal acute toxicity events occurred in a hospital. Notably, most of the fatal acute toxicity events
that occurred in hospitals were among male adults (33 of 45 events, not shown).

cOrigins of substances are categorized into: nonpharmaceutical (“street drugs” and substances not intended for human use, e.g. industrial or household chemicals or veterinary medications);
pharmaceutical (produced for human use by a regulated pharmaceutical manufacturer); ethanol (originating in the alcoholic beverage industry or home-distilled alcohol, neither of which
belong in the other origin categories); or unknown (insufficient evidence to determine the origin of the substance). A substance can have multiple origins.

4 Amphetamine and morphine are active metabolites of other substances that may have contributed to death. Amphetamine is a metabolite of methamphetamine and morphine is a metabo-

lite of heroin. The presence of these substances in toxicology testing may be because the parent substance was consumed rather than the substance itself.

*p <0.05.

Strengths and limitations

A chart review of death investigation data
allowed for more detailed analysis of pat-
terns in substance-related acute toxicity
deaths for different demographic groups.
This is particularly true for the circum-
stances surrounding the death, as there is
limited contextual information captured in
other reporting systems.

Death investigation protocols vary across
the country, and information about these
variables is not always consistently avail-
able in death investigation files. Age, sex
and manner of death were complete for all
records, but for other characteristics, these
are the minimum proportions of people
who died of substance-related acute toxic-
ity that had a given characteristic, and
may underestimate the true number.

Conclusion

Acute toxicity is a major cause of acciden-
tal deaths among youth and adults in
Canada, and entirely preventable. Contex-
tual information from coroner and medi-
cal examiner files, even where some of the
information we seek is missing, reveals
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patterns and potential opportunities to pre-
vent further acute toxicity deaths for spe-
cific demographic groups, including through
focused interventions across the life
course. These patterns may have changed
since the study period of 2016 to 2017,
particularly during the COVID-19 pandemic,
but these results serve as an important base-
line to measure the impacts of interven-
tions implemented in the intervening years.
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