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Abstract
Over the last decade, Canada has experienced a substantial increase in people dying from sub-
stance-related acute toxicity. Examining mortality rates by area-level characteristics can identify 
disproportionately affected populations and inform strategies to reduce substance-related acute 
toxicity deaths (ATDs). Using area-based methods, this study sought to examine substance-
related acute toxicity mortality rates for varying community population sizes, levels of commu-
nity remoteness, and indicators of deprivation in Canada from 2016 to 2017. Age-standardized 
mortality rates and rate ratios were calculated and disaggregated by sex. Mortality rates were 
highest in mid-sized urban communities with populations of 100,000 to 499,999 residents (15.9 
per 100,000 population), followed by larger cities of 500,000 to 1,499,999 (15.1 per 100,000 
population). The distribution of people who died also varied by community remoteness, with 
the highest mortality rates observed in accessible areas (14.9 per 100,000 population), followed 
by very remote areas (14.7 per 100,000 population). Neighbourhoods with the highest levels of 
deprivation, including high residential instability, economic dependency, and situational vulner-
ability, experienced 1.5 to 3.2 times more ATDs compared to neighbourhoods with the lowest 
levels of deprivation. Reported trends were similar among males and females, with higher mor-
tality rates for males across all area-level characteristics. This study provides novel evidence on 
the context surrounding deaths to inform responses to reduce ATDs in Canada and serves as an 
important baseline that can be used to measure future progress.

Keywords Drug overdose · Mortality · Urban population · Rural population · 
Neighbourhood · Inequalities

Introduction

Over the last decade, Canada has experienced a substantial rise in substance-related acute 
toxicity deaths (ATDs), sometimes referred to as “overdose” or “poisoning” deaths. Many 
of these deaths have been opioid-related with 38,514 people dying of apparent opioid tox-
icity in Canada between January 2016 and March 2023 (SAC, 2023). Much of the available 
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evidence on substance-related ATDs in Canada has focused on opioid-related deaths, as the 
rise in ATDs was largely attributed to the presence of synthetic opioids in the unregulated 
drug supply. However, ATDs often involve multiple substances; for example, there has 
been a rise in opioid-related deaths that also involve stimulants or benzodiazepines (PHAC, 
2022; Konefal et al., 2022), highlighting the polysubstance nature of deaths in Canada. The 
risk of acute toxicity may not depend only on the substances involved, but also on indi-
vidual level factors as well as broader social and structural determinants.

In 2017, acute toxicity deaths in Canada occurred at substantially higher rates than those 
for motor-vehicle collisions and other leading causes of premature death (Fischer et  al., 
2019) and have contributed to a depreciation of overall gains in life expectancy between 
2014 and 2016 (Orpana et  al., 2019). This crisis has affected communities across North 
America but is most concentrated in neighbourhoods experiencing high levels of poverty, 
marginalization, and deprivation (Alsabbagh et al., 2022; Kurani et al., 2020; Pawer et al., 
2021). Based on nationally representative survey data from Canada, the prevalence of 
illicit substance use appears higher in groups with lower income, compared to the highest 
income group, and lower in rural areas, compared to urban areas (Blair & Siddiqi, 2022). 
Disparities in ATD rates between communities have not been fully explained by substance 
use patterns, and instead might be a result of factors such as level of urbanicity, access to 
treatment and harm reduction services, socioeconomic inequities, and social determinants 
of health (Galea & Vlahov, 2002; Kurani et al., 2020; Pawer et al., 2021; Thomas, 2007; 
Young et al., 2022). For example, lower socioeconomic status is associated with chronic 
exposure to stressors, and more limited access to social and health supports and services, 
which can increase risks associated with substance use and related harms (Amaro et al., 
2021; Pawer et al., 2021). Additionally, substance use can be related to a range of harms, 
including negative impacts on physical health, including acute toxicity, as well as mental 
health, employment, income, housing, and social connection (Carrière et al., 2018; Cohen 
et al., 2022). Substance-related harms can be amplified by experiences of stigma and create 
further barriers in accessing care for people who use substances (Cohen et al., 2022; Park 
et al., 2020; Thompson et al, 2023), emphasizing the complex interplay of health, social, 
and structural factors in increasing risk of substance-related ATDs.

Although current research suggests that ATD rates are higher in urban areas (Gomes 
et al., 2021; Hedegaard & Spencer, 2021; Spencer et al., 2022), the geographic distribution 
of deaths may differ between jurisdictions and may change over time. A report on hospi-
talizations due to opioid poisonings in Canada between 2016 and 2017 found that rates 
were highest in medium-sized urban centres with populations between 50,000 and 99,999 
residents (CIHI, 2018). Provincial reports from across Canada indicate that the majority of 
substance-related ATDs have occurred among people who resided in large urban popula-
tion centres, though many deaths also occurred on the perimeter of these urban centres 
(PHO, 2019; British Columbia Coroners Service, 2017; Alberta Health, 2019; Manitoba 
Health, 2017). For example, geographic analysis of people who died due to opioid-related 
acute toxicity in Ontario during the COVID-19 pandemic from March to December 2020 
demonstrated considerable increases across regions of all population densities, with the 
largest absolute increases occurring in large urban centres (Gomes et al., 2021). However, 
significant increases in the relative rate of opioid-related deaths also occurred in the most 
rural and northern regions of the province (Gomes et al., 2021). Moreover, an analysis of 
acute toxicity events in British Columbia found that the likelihood of fatal acute toxicity 
was significantly higher in rural areas compared to large urban centres (Hu et al., 2022).

Deprivation, defined as the “inability for individuals and communities to attain basic 
resources and services” (Public Health Ontario (PHO), 2019) such as food, housing, 
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employment, education or social support and connection, is a significant and often under-
examined determinant of substance-related ATDs. In Ontario, ATDs occur across all soci-
oeconomic groups; however, approximately one-third of people who died resided in the 
most materially deprived neighbourhoods (Public Health Ontario (PHO), 2019). A variety 
of structural and social neighbourhood characteristics have been linked to disproportion-
ate levels of ATDs and are theorized to operate through a variety of mechanisms, both at 
the individual-level as well as systemically through the distribution of resources (Bradford 
& Bradford, 2020; Hollingsworth et al., 2017; Kurani et al., 2020; Pear et al., 2019). For 
example, neighbourhood-level income may influence substance use behaviours and the risk 
of experiencing harm through allocation of resources such as education, housing, employ-
ment and healthcare (Pawer et al., 2021). Moreover, people who have been periodically or 
chronically unhoused or living in unstable circumstances are overrepresented among those 
who died of acute toxicity in Canada (SAC, 2022).

There is limited national-level evidence available to describe the geographic, demo-
graphic, and socioeconomic circumstances of people who have died from substance-related 
acute toxicity in Canada. When information on individual-level indicators is unavailable or 
incomplete, area-based measures are commonly used to measure and track geographic and 
socioeconomic information (Pampalon et al., 2009). Understanding determinants and area-
level characteristics of substance-related ATDs was identified as an important evidence 
gap among subject matter experts, including people with lived experience of substance 
use, who were involved in planning this study as this information will identify areas of 
unmet needs and help develop tailored interventions to reduce substance-related ATDs. To 
address this gap, this study linked data from coroner and medical examiner charts of peo-
ple who have died from acute toxicity in Canada from 2016 to 2017 with area-level data 
sources to measure and compare mortality rates in urban and rural communities of differ-
ent sizes and of different levels of metropolitan influence and remoteness. Additionally, we 
integrated data from four composite measures of neighbourhood-level deprivation to assess 
whether there were trends in ATD rates observed from the least deprived to most deprived 
neighbourhoods.

Methods

Data Sources

This retrospective observational study involved linking data from four sources. The first 
data source was a national chart review study of coroner and medical examiner files for 
all residents of Canada who died from substance-related acute toxicity between January 
1, 2016, and December 31, 2017. This study included all individuals who, according to 
the death certificate, autopsy report or coroner or medical examiner report, died after an 
acute toxicity resulting from substance use where one or more of the substances were a 
drug or alcohol. Substances involved in deaths included illegal (unregulated), controlled 
and pharmaceutical drugs (including prescription and over-the counter products); alco-
hol and chemicals not intended for human use (e.g. veterinary drugs, non-pharmaceutical 
inhalants and household or industrial chemicals). An overview of the substances involved 
in deaths from the data source study has been previously published (PHAC, 2022). The 
study included deaths with an unintentional (accidental), intentional (suicide) or undeter-
mined manner of death. The national chart review study includes data from all of Canada’s 
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provinces and territories on demographic, socioeconomic and health characteristics of 
those who have died, the substances involved in the acute toxicity death and the circum-
stances surrounding the death (PHAC, 2022). Further details on the methods, limitations, 
substances involved and inclusion and exclusion criteria of the national chart review study 
have been previously reported (Rotondo et al., 2023).

Individual-level data from the chart review study were linked with Statistics Canada’s 
Postal Code Conversion File Plus (PCCF +) using the postal code of usual residence for 
each person who died. The PCCF + is a SAS control program developed by Statistics 
Canada in 2017 with a set of associated datasets from the Postal Code Conversion File 
and supplementary data (including population weights that assign standard geographic 
identifiers and areas based on postal code) (Statistics Canada, 2021a). Data were then 
linked with Statistics Canada’s Index of Remoteness (RI), which measures the geo-
graphic proximity of census subdivisions (CSD) to population centres, according to a 
given travel radius and population size (Statistics Canada, 2021b). The RI was linked to 
the national chart review dataset using the CSD unique identifier, which was obtained 
through the PCCF + linkage. Finally, chart review study data were linked to Statistic 
Canada’s Canadian Index of Multiple Deprivation (CIMD) using dissemination area 
(DA) unique identifiers. DAs have a population of approximately 400 to 700 residents 
and are the smallest standard geographical area for which all census data is collected in 
Canada (Statistics Canada, 2016). The CIMD is a validated, geographically based index 
of material and social deprivation consisting of four composite dimensions, including 
residential instability, economic dependency, ethno-cultural composition and situational 
vulnerability (Statistics Canada, 2019). The CIMD uses information from the 2016 Cen-
sus to derive DA or neighbourhood–level indicators.

Study Variables

Demographic and Death Variables

Data on the age, sex (male or female), manner of death (intentional, unintentional or unde-
termined), postal code of usual residence and municipality of usual residence of people 
who died from acute toxicity were obtained from the chart review study of substance-
related ATDs.

Community Population Size

Throughout this paper, we use the term community population size to refer to the vari-
able community size and metropolitan influence zone (CSizeMIZ), derived from the 
PCCF + linkage to identify urban and rural community population sizes. CSizeMIZ clas-
sifies urban areas based on the 2016 Census population size of each Census Metropolitan 
Area (CMA: a population of at least 100,000 residents) and Census Agglomeration (CA: a 
population of at least 10,000 residents). Rural areas are identified by metropolitan influence 
zones according to the degree of influence of CMAs and CAs (strong, moderate, weak, or 
no influence), based on the percentage of the population who commute to work in a CMA 
or CA core. Of the 9414 cases in the chart review study dataset, 22.6% were missing postal 
code of residence or did not have a valid postal code (e.g. postal code contained errors 
or was incomplete) and were therefore excluded from PCCF + linkage. The records with 
missing data were reviewed for additional location information (including municipality of 
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residence), and CSizeMIZ categories were imputed based on manually reviewed informa-
tion where possible. For the community size analysis, an additional 17.9% were imputed. 
The final community size analysis excluded 4.7% of all records due to unavailable data, 
and a total of 8973 people were included.

Community Remoteness

The term community remoteness is used throughout this paper to refer to the variable 
derived from the RI, which assigns relative remoteness values to almost all Canadian 
CSDs on a scale of 0 to 1, where 0 is the most accessible community and 1 is the least 
accessible (or most remote) community. The continuous RI values are classified into five 
discrete categories: easily accessible areas (RI, < 0.1500); accessible areas (RI, 0.1500 to 
0.2888); less accessible areas (RI, 0.2889 to 0.3898); remote areas (RI, 0.3899 to 0.5532) 
and very remote areas (RI, > 0.5532) (Subedi et  al., 2020). For the analysis of commu-
nity remoteness, records that could not be linked with the PCCF + (22.6%) were manu-
ally reviewed, as they were for the community size analysis, and an additional 17.9% of 
records were imputed from the available location data. The final community remoteness 
analysis excluded 4.7% of all records due to unavailable data and a total of 8,985 people 
were included.

Neighbourhood‑Level Indicators of Deprivation

The term neighbourhood-level indicators of deprivation is used throughout this paper 
to denote the four composite dimensions of the CIMD described in Table 1. The CIMD 
assigns each DA in Canada a quintile ranking, where a value of 1 corresponds to DAs 
with the lowest level of deprivation or concentration for that dimension, and a value of 
5 corresponds to DAs with the highest level of deprivation or concentration. The CIMD 
includes all provincial DAs with the exception of approximately 500 DAs with very small 
populations (less than 40) that were suppressed (Statistics Canada, 2019). A total of 23.2% 
of records were excluded from the CIMD analysis, which includes the records that could 
not be linked with the PCCF + (22.6% of all records). The CIMD contains DA-level data 
(a smaller level of geography than community size or remoteness), which could not be 
imputed based on the other location information available (e.g. municipality) among 
records that were missing postal code of residence. In addition, 0.6% of cases that were 
linked with the PCCF + were excluded due to suppression of very small DAs, as mentioned 
above. A total of 7230 people were included in the CIMD analysis.

Statistical Analysis

We calculated the per cent distribution of people who died due to substance-related acute 
toxicity by sex, age, manner of death and by area-level characteristics. To protect privacy, 
all values less than 10 were suppressed, and all percentages were calculated using num-
bers that were randomly rounded to base three (Hundepool et  al., 2010). For base three 
rounding, values that are a multiple of three remain unchanged, while values that are not a 
multiple of three have a two-thirds chance of rounding to the nearest multiple of three and 
a one-third chance of rounding to the second nearest multiple of three. Column percent-
age totals were also independently randomly rounded to base three and therefore may not 
always sum up to 100%.
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Next, we calculated age-standardized mortality rates (ASMR) per 100,000 population for 
each category of community population size and community remoteness, and for each quin-
tile of the CIMD. Mortality rates were adjusted by age using direct standardization to con-
trol for differences in age distributions across communities. The Canadian population from 
the 2016 Census was used as the standard population, with 10-year age categories for the 
rate denominator. Rate ratios (RRs) were computed to compare the mortality rates amongst 
groups by dividing the rate in one group by the rate of the comparison or reference group. For 
example, differences in ASMR by community population sizes were analysed by calculating 
RRs using the largest community population size (1,500,000 or more residents) as a refer-
ence category. Similarly, RRs of ASMR by community remoteness were calculated using the 
easily accessible area as the reference category. For neighbourhood-level indicators of depri-
vation, the RRs of ASMR were calculated using the least deprived or concentrated quintile 
(quintile 1) as the reference category. The corresponding 95% confidence intervals (CIs) were 
calculated for each RR to understand the statistical significance of these estimates. For exam-
ple, if the CI of a RR crosses the null (i.e. 1.0), then the ASMR is not significantly different 
than the reference category (Tan & Tan, 2010). Lastly, we stratified the analyses by sex. All 
statistical analyses were conducted using SAS Enterprise Guide 7.1.

Results

Of the 9414 people who died of a substance-related acute toxicity between January 1, 2016, 
and December 31, 2017, in Canada, 8973 people were included in the community size 
analysis, 8985 people were included in the community remoteness analysis, and 7230 peo-
ple were included in the analysis of neighbourhood-level indicators of deprivation (Fig. 1). 
The per cent distribution of people who died of an acute toxicity event by community pop-
ulation size, community remoteness and neighbourhood-level indicators of deprivation by 
sex, age and manner of death is displayed in Table 2. Across all area-level characteristics 
presented in this report, the majority of deaths were unintentional and occurred more often 
in males and people aged 30 to 59 years (Table 2).

Community Population Size

Over 50% of people in Canada who died of acute toxicity between 2016 and 2017 lived 
in larger urban communities (CMAs) with 500,000 or more residents (Table 2). ASMRs, 
however, were highest in communities with a population of 100,000 to 499,999 residents 
(15.9 per 100,000 population), followed by communities with 500,000 to 1,499,999 
(15.1 per 100,000 population) and 10,000 to 99,999 residents (14.6 per 100,000 popula-
tion) (Table 3). These rates were significantly higher than those observed in the largest 
communities with 1,500,000 or more residents (RR ranged from 1.4 to 1.5) (Fig.  2). 
In rural communities with a strong metropolitan influence, the mortality rate (7.9 per 
100,000 population) was significantly lower than the rate in the largest communities 
with 1,500,000 or more residents (RR, 0.7, 95% CI, 0.6, 0.9). There was little difference 
in mortality rates between rural communities with moderate or weak/no metropolitan 
influence and communities with 1,500,000 or more residents (Table  3). However, for 
females, ASMRs were significantly higher in rural communities with moderate or weak/
no metropolitan influence compared to the largest communities of 1,500,000 or more 
residents (RR ranged from 1.4 to 1.8) (Table 3; Fig. 2).
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Community Remoteness

The majority of people who died of acute toxicity resided in accessible or easily accessible areas 
(83.2%), and 69.5% of these deaths were unintentional (Table 2). ASMRs were highest in acces-
sible (14.9 per 100,000 population) and very remote areas (14.7 per 100,000 population) and 

All study records

(n=9,414)

77.4% of study records linked 

with PCCF+ by postal code of 

residence

17.9% of records 

imputed community 

size based on 

available location data

95.3% of records included in 

community size analysis

(n=8,973)

22.6% of records excluded 

from PCCF+ linkage due to 

unavailable postal code

95.3% of records included in 

community remoteness 

analysis

(n=8,985)

76.8% of records included 

in CIMD analysis

(n=7,230)

17.9% of records 

imputed remoteness 
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available location data

23.2% of all records

excluded from CIMD 

analysis

4.7% of all records 
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community size 

analysis

4.7% of all records

excluded from

community 

remoteness analysis

No records imputed for 

CIMD analysisa

0.6% additional records 

excluded from CIMD 

analysisb

a The CIMD contains dissemination area-level data (a smaller level of geography than community size or remoteness), 

which could not be imputed based on the other location information available for cases missing postal code of 

residence
b Additional records were excluded as they were unavailable in the CIMD. Small dissemination areas (populations
<40) are not available in the CIMD . 

Fig. 1  Flow chart of included cases of people who died of an acute toxicity in 2016 and 2017
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lowest in easily accessible (12.7 per 100,000 population) and remote areas (12.7 per 100,000 
population) (Table 4). There were negligible differences in ASMRs across levels of commu-
nity remoteness, as rate ratios ranged from 1.0 to 1.2 with overlapping CIs (Table 4; Fig. 3). 
For females, the mortality rate in accessible areas was significantly higher than easily accessible 
areas (RR: 1.4, 95% CI, 1.3, 1.6). While the highest ASMR was observed in very remote areas 
(11.3 per 100,000 population), this rate did not significantly differ from the reference category 
(RR, 1.7; 95% CI, 1.0, 2.8) (Table 4; Fig. 3). For males, ASMRs ranged from 16.1 per 100,000 
population in remote areas to 20.3 per 100,000 population in less accessible areas. Despite the 
high rates observed in males compared to females, there were no significant differences in rates 
across levels of community remoteness, with rate ratios ranging from 0.9 to 1.2 (Table 4; Fig. 3).

Neighbourhood‑Level Indicators of Deprivation

There was variation in the distribution of people who died of acute toxicity across 
neighbourhood-level indicators of deprivation (Table 2) and when analysed by ASMR 
(Table  5). The proportion of people who died ranged from 7.2% in neighbourhoods 
of low residential instability (quintile 1) to 29.1% in neighbourhoods with the high-
est levels of residential instability (quintile 5). There were 7.2 to 12.4 more deaths per 
100,000 population (2.3 to 3.2 times higher rates) in neighbourhoods with the highest 
levels of residential instability compared to the lowest (quintiles 4 and 5 versus quintile 
1) (Fig.  4; Table  5). A similar pattern in residential instability was observed for both 
females and males, with higher rates observed among males.

Neighbourhoods with the lowest levels of economic dependency had the highest proportion 
of people who died of acute toxicity (quintile 1, 17.6%) (Table 2), while the highest ASMR 
occurred in neighbourhoods with the highest economic dependency (quintile 5, 13.4 per 
100,000 population). Higher ASMRs were observed in neighbourhoods with higher levels of 

0.0
0.5
1.0
1.5
2.0
2.5
3.0

500,000 –

1,499,999 
residents

100,000 – 499,999 

residents

10,000 – 99,999 
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 ra

tio
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er
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00
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Community population sizes
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Abbreviations: ASMR: age-standardized mortality rate; CI: confidence interval; MIZ: metropolitan influence zone

Fig. 2  Age-standardized mortality rate ratios (per 100,000 population) and corresponding 95% con-
fidence intervals (CIs) of people who died of an acute toxicity in 2016 or 2017 by community popula-
tion size (CSizeMIZ category) and sex. ASMR, age-standardized mortality rate; CI, confidence interval; 
MIZ, metropolitan influence zone. Rate ratios were calculated using the largest community population size 
(1,500,000 or more residents) as a reference category, which is represented by the red dashed line in the 
figure. Error bars display 95% confidence intervals. If the error bar crosses the red dotted line, then that cat-
egory is not significantly different than the reference category
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economic dependency; however, this pattern was less pronounced than the pattern observed for 
the residential instability dimension (Table 5; Fig. 4). Again, this pattern was similar for both 
females and males, with rates ranging from 5.3 and 12.9 per 100,000 population in the neigh-
bourhoods with the lowest economic dependency to 8.5 and 18.5 per 100,000 population in the 
neighbourhoods with the highest economic dependency for females and males, respectively.

While those living in neighbourhoods with the highest ethno-cultural composition con-
centrations had the highest proportion of people who died of acute toxicity (quintile 4 and 
quintile 5, 18.5%), the highest ASMRs occurred in neighbourhoods with a moderate con-
centration of ethno-cultural composition (quintile 3, 13.0 per 100,000 population). This rate 
was significantly higher than the ASMR in neighbourhoods with the lowest concentration 
of ethno-cultural composition (RR, 1.8; 95% CI, 1.6, 2.0) (Table  5; Fig.  4). This pattern 
remained the same with a rate of 18.3 per 100,000 population for males (RR, 1.9; 95% CI, 
1.7, 2.2) and a rate of 7.9 for females (RR, 1.5; 95% CI, 1.2, 1.8) residing in neighbourhoods 
with a moderate concentration of ethno-cultural composition (quintile 3) (Table 5; Fig. 4).

Lastly, the greatest proportion of people who died resided in neighbourhoods with the 
highest levels of situational vulnerability (quintile 5, 28.2%) (Table 2). ASMRs increased 
gradually from neighbourhoods with low (6.8 per 100,000 population) to high (19.2 per 
100,000 population) situational vulnerability, with 2.8 times higher rates in quintile 5 versus 
1 (95% CI, 2.5, 3.1) (Table 5; Fig. 4). This pattern of increasing ASMRs with increasing 
levels of situational vulnerability was observed in both females and males (Table 5; Fig. 4).

Discussion

This study reveals several critical findings on the area-level characteristics of people who died 
due to substance-related acute toxicity in Canada in 2016 and 2017. First, ASMRs were highest 
among those living in communities with populations between 100,000 to 499,999 residents and 

0

0.5
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3
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SM
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00
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Abbreviations: ASMR: age -standardized mortality ratio; CI: con�dence interval. 

Fig. 3  Age-standardized mortality rate ratios (per 100,000 population) of people who died of an acute tox-
icity in 2016 or 2017 by community remoteness and by sex. Rate ratios were calculated using the easily 
accessible area category as the reference category, which is represented by the red dashed line in the figure. 
Error bars display 95% confidence intervals. If the error bar crosses the red dotted line, then that category is 
not significantly different than the reference category
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500,000 to 1,499,999 residents. Notably, rates among residents of rural communities (outside of 
CMAs and CAs with weak or no metropolitan influence) were significantly higher than those 
in the largest urban communities (populations over 1,500,000 residents). Second, while rates 
were highest in accessible areas, the second highest rates occurred in very remote areas. These 
findings demonstrate a pattern of geographic variation in ATDs, where disproportionate rates 
occurred in communities outside of the largest urban centres and outside of very accessible areas.

While both national-level information (Blair & Siddiqi, 2022) and provincial reports 
(Public Health Ontario (PHO), 2019; BC Coroners Service, 2017; Alberta Health, 2019; 
Manitoba Health, 2017) from Canada have shown that the prevalence of illicit substance 
use as well as ATDs is higher in larger urban centres, death rates have risen recently in mid-
sized urban communities and rural areas (Gomes et al., 2021; Public Health Ontario (PHO), 
2019; BC Coroners Service, 2017; Alberta Health, 2019; Manitoba Health, 2017; Friesen 
et al., 2021), and the likelihood of fatal acute toxicity was elevated in rural areas compared 
to urban centres in British Columbia (Hu et al., 2022). National-level studies conducted in 
the USA suggest that the largest increases in substance-related mortality since 1999 have 
occurred in rural areas, with deaths approaching rates observed in urban areas (Brady et al., 
2017; Keyes et al., 2014; Mack et al., 2017). Increasing rates in relatively rural and remote 
communities may be attributable to geographic barriers, health care access and utilization 
and historical and structural determinants (Bardwell & Lappalainen, 2021). The precise rea-
sons for the geographic variation observed in this present study are unclear and require fur-
ther investigation, including an analysis of the types of substances involved in deaths across 
geographic areas. The impact of health care services availability and access on substance 
use and related harms in rural/remote communities is another area warranting further inves-
tigation. Such analyses should consider access not only to substance use care, but to other 
health services such as specialized care for chronic pain and mental health. In addition, vir-
tual health care has recently expanded in many sectors across Canada, initially in response to 
the COVID-19 pandemic. Expanding access to virtual services and supports could serve as 
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Fig. 4  Age-standardized mortality rate ratios (per 100,000 population) of people who died of an acute tox-
icity in 2016 or 2017 by neighbourhood-level indicators of deprivation and by sex. Rate ratios were calcu-
lated using quintile 1 of each dimension as the reference category, which is represented by the red dashed 
line in the figure. Error bars display 95% confidence intervals. If the error bar crosses the red dotted line, 
then that category is not significantly different than the reference category
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one mechanism to support rural and remote communities, but further evaluation of the qual-
ity and impact of these services in the context of substance use and related harms is needed.

The analysis of neighbourhood-level indicators of deprivation revealed that in general, the 
highest mortality rates were observed in neighbourhoods with the highest levels of depri-
vation, including high residential instability, economic dependency and situational vulner-
ability. Our results are consistent with previous studies showing that acute toxicity hospi-
talizations and deaths tend to cluster in neighbourhoods with higher levels of deprivation, 
including areas with overrepresentation of people with lower income, educational attainment 
and employment (Alsabbagh et al., 2022; Altekruse et al., 2020; Barboza et al., 2022; Bozo-
rgi et  al., 2021; Bradford & Bradford, 2020; Shiels et  al., 2019; Ye et  al., 2018). Moreo-
ver, the effects of criminalization, stigmatization and poor access to resources and treatments 
have been well documented to disproportionately affect marginalized populations (Park 
et al., 2020). These effects may also be more commonly experienced in neighbourhoods with 
higher levels of certain measures of deprivation and may contribute to the high rates of ATDs 
observed in those neighbourhoods. In addition, the distribution of ATDs was observed to be 
the highest in neighbourhoods with moderate ethno-cultural composition. Prior research has 
found that opioid poisoning hospitalization rates are lower among visible minority groups 
(excluding Indigenous populations) (Carrière et al., 2018), but there is limited information 
available beyond this to understand potential ethno-cultural protective or risk factors on 
acute toxicity mortality in Canada. Recent studies from the USA indicate that the incidence 
of substance-related harms is increasing in Black communities (Althoff et al., 2020; Forati 
et al., 2021; Hedegaard & Spencer, 2021; Lippold & Ali, 2020). A study focused on quali-
tatively understanding the experience of substance use among Black women at high risk of 
HIV found that structural barriers such as housing instability, lack of employment and racial 
and gender discrimination led to increased substance misuse (Nydegger & Claborn, 2020). 
Importantly, living in stable neighbourhoods with adequate access to healthcare was associ-
ated with lower ATD rates in Black and Hispanic communities (Forati et al., 2021). Better 
collection of race and ethnicity data in Canada, as well as community engagement and quali-
tative research, may enhance our understanding of observed disparities across populations 
and support community-informed approaches.

Similar trends were observed for both males and females across the area-level charac-
teristics presented in this paper. Males consistently had higher mortality rates across com-
munity population sizes, levels of community remoteness and all CIMD dimensions and 
quintiles. These findings align with prior research on the relationship between sex and sub-
stance-related harms, in which males account for the vast majority of acute toxicity events 
(Altekruse et al., 2020; Brady et al., 2017; Jiang et al., 2018; Pawer et al., 2021).

This study contributes novel, national-level evidence on the area-level characteristics of 
acute toxicity mortality in Canada during an important time period in this public health cri-
sis. First, this analysis may serve as a baseline that future studies may be compared against 
as the study period (January 1, 2016, and December 31, 2017) is prior to (i) the introduc-
tion of many policies, programs, and interventions aimed at decreasing substance-related 
harms, particularly among the vulnerable and at-risk populations identified in this study; 
(ii) changes in available substances and an increase in the toxicity of the illicit drug supply, 
including the increase in acute-toxicity deaths that have involved fentanyl and analogues; 
and (iii) the COVID-19 pandemic, which saw a significant reduction in the availability of, 
and accessibility to, evidence-based local interventions, and changes in behavioural pat-
terns of substance use (e.g. using alone). Second, our findings were strengthened by the 
use of two different variables to measure urban–rural variation in mortality rates through 
community population size and community remoteness. Although differences were small 
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compared to the largest and most accessible communities, we were able to uncover high 
mortality rates in both rural (weak/no MIZ) and very remote areas. Third, our analysis dem-
onstrates that the context surrounding ATDs is complex and multi-dimensional. Previous 
studies that have used a single indicator of socioeconomic status have found that the high-
est rates for all opioid-related outcomes (i.e. hospitalizations, emergency department visits 
and mortality) occurred in neighbourhoods with the lowest levels of income (Alsabbagh 
et al., 2022; Altekruse et al., 2020; Kariisa et al., 2022; Young et al., 2022). However, multi-
dimensional measures of deprivation may allow for a more accurate investigation into inter-
secting inequalities. For example, our study found that the largest gaps occurred between the 
neighbourhoods with the highest compared to the lowest levels of residential instability and 
situational vulnerability. Residential instability captures low social connectedness and fluc-
tuations in a neighbourhood’s population such as living alone, marital status, frequent mov-
ing and overcrowding, while situational vulnerability encompasses socio-demographic con-
ditions including education, housing burden and the proportion of the population identifying 
as Indigenous (Statistics Canada, 2019). While our study did not directly measure mortality 
rates in Indigenous populations, other published studies have reported disproportionate ATD 
rates in Indigenous communities across Canada (Carrière et al., 2018; Firestone et al., 2015; 
Lavalley et al., 2018; Ponicki et al., 2018). The intergenerational effects of colonization, the 
residential school system and other historical, political, social and economic conditions have 
adversely affected the Indigenous population in Canada and may directly or indirectly con-
tribute to higher substance-related ATD rates (PHN, 2018; Loppie & Wien, 2022). Moreo-
ver, constructing and utilizing area-based measures of Indigenous health and wellbeing that 
are culturally specific and relevant and that acknowledge structures of colonialism and rac-
ism may help us better understand existing inequities in this population (Fu et al., 2015).

The findings in this report are subject to several limitations. First, information collected from 
coroner and medical examiner charts is used to support death investigations and not for research 
purposes, and therefore, information abstracted into the study database was not always consist-
ently available across individual files and regional offices. The provinces of British Columbia 
and Quebec had higher levels of missing postal code of residence data in the national chart 
review study due to data collection limitations. Cases where both the postal code and munici-
pality of residence were not available could not be linked with the PCCF + , RI and CIMD and 
therefore were excluded from this analysis. Additionally, as with other ecological studies, area-
based characteristics derived at the neighbourhood- or municipal-level are subject to certain 
biases, and findings do not apply to every individual within a neighbourhood or municipality. 
We did not investigate whether the relationships observed between mortality rates and com-
munity size, community remoteness and deprivation indexes are being influenced by other vari-
ables, nor did we explore interactions between measures outside of sex. Future multivariable 
analyses may address this gap. Moreover, while our study captures an important time period 
and provides a baseline where there was no national evidence previously available, further 
research is needed to investigate whether area-level characteristics have changed over time.

Conclusion

This study reveals that communities of all sizes, levels of remoteness and levels of dep-
rivation have been affected by substance-related acute toxicity mortality in Canada. 
However, our findings underscore the disproportionate number of people dying due to 
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substance-related acute toxicity in mid-size urban communities and neighbourhoods with 
high levels of deprivation. Recognizing continued increases in the number of people dying 
in Canada through 2022 (SAC, 2023), social and structural inequities may be exacerbat-
ing these increases, particularly in areas outside of large urban centres and in neighbour-
hoods with higher levels of deprivation. Evidence to better understand the circumstances 
surrounding these deaths and how communities are disproportionately affected can inform 
programs and policies aimed at reducing substance-related ATDs across Canada. These 
findings highlight the need for equity-focused public health responses to address the 
upstream drivers of substance-related ATDs, as well as further research on the factors that 
contribute to the disproportionate substance-related ATD rates observed.
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