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Abstract 

Objectives  In Canada, substance-related accidental acute toxicity deaths (AATDs) continue to rise at the national 
and sub-national levels. However, it is unknown if, where, when, and to what degree AATDs cluster in space, time, 
and space–time across the country. The objectives of this study were to 1) assess for clusters of AATDs that occurred 
in Canada during 2016 and 2017 at the national and provincial/territorial (P/T) levels, and 2) examine the substance 
types detected in AATD cases within each cluster.

Methods  Two years of person-level data on AATDs were abstracted from coroner and medical examiner files using 
a standardized data collection tool, including the decedent’s postal code and municipality information on the places 
of residence, acute toxicity (AT) event, and death, and the substances detected in the death. Data were combined 
with Canadian census information to create choropleth maps depicting AATD rates by census division. Spatial scan 
statistics were used to build Poisson models to identify clusters of high rates (p < 0.05) of AATDs at the national 
and P/T levels in space, time, and space–time over the study period. AATD cases within clusters were further exam‑
ined for substance types most present in each cluster.

Results  Eight clusters in five regions of Canada at the national level and 24 clusters in 15 regions at the P/T level were 
identified, highlighting where AATDs occurred at far higher rates than the rest of the country. The risk ratios of identi‑
fied clusters ranged from 1.28 to 9.62. Substances detected in clusters varied by region and time, however, opioids, 
stimulants, and alcohol were typically the most commonly detected substances within clusters.

Conclusion  Our findings are the first in Canada to reveal the geographic disparities in AATDs at national and P/T lev‑
els using spatial scan statistics. Rates associated with substance types within each cluster highlight which substance 
types were most detected in the identified regions. Findings may be used to guide intervention/program planning 
and provide a picture of the 2016 and 2017 context that can be used for comparisons of the geographic distribution 
of AATDs and substances with different time periods.
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Introduction
In the last few decades, there have been substantial shifts 
in drug use patterns and the regulation of drugs in Can-
ada [1, 2]. These shifts are both the cause and response 
to the continual increase in overall drug use, the types of 
drugs used and circulating in the illegal drug supply, and 
the harms related to drug use [2, 3]. Increases in drug use 
and related harms in Canada have been influenced by a 
range of factors, including changes in prescription pat-
terns, legislation, drug availability and increasing toxic-
ity of the drug supply, and social attitudes towards drug 
use [2–6]. Substance types like opioids, stimulants, alco-
hol, and benzodiazepines have been commonly detected 
in acute toxicity deaths (ATDs, sometimes called ‘over-
dose’ or ‘poisoning’ deaths) across Canada [7, 8]. In 2017, 
ATDs were responsible for approximately 1.6% of all 
deaths in Canada and continue to rise [7–10]. Acciden-
tal opioid-related ATDs alone roughly tripled from 2016 
to 2022, with the largest increase occurring in 2020 [8]. 
The World Health Organization has shown that in 2019 
Canada may have had the second-highest rate of ATDs in 
the world [11]. Yet, much is to be understood regarding 
the distribution of ATDs across Canada.

Rates of ATD vary substantially between provinces/
territories (P/Ts), indicating that ATDs in Canada are 
not evenly distributed across the country [12, 13]. Spati-
otemporal analyses of data from British Columbia (BC) 
and Alberta (AB) have demonstrated spatial clustering 
of different drug-related outcomes within their respec-
tive provinces [14–18]. For example, Hu et al. found that 
the probability of surviving an acute toxicity event was 
lower in rural areas compared to urban areas of BC, pos-
sibly due to a lack of access to harm reduction services 
in rural communities [14]. They also found a statisti-
cally significant region of higher risk in southern BC that 
included the areas around Kamloops, Kelowna, Merit, 
and many of the communities along the Fraser River [14]. 
They further identified a region of lower risk in Greater 
Vancouver, potentially due to the positive effects of local 
intervention methods [14, 19, 20]. Despite findings that 
suggest that ATDs cluster in space, to date, there are no 
spatiotemporal analyses on ATDs at the national level or 
comprehensive comparisons across multiple P/Ts when 
analysed at the P/T level in Canada.

Spatial scan statistics are amongst the most widely used 
and understood methods for the detection of geographic 
clusters in disease surveillance [21]. Using these methods 
to examine the spatial distribution of different substance-
related outcomes in different populations in the entire 
United States, studies have identified and quantified clus-
ters in regions where drug-related outcomes occurred at 
higher than expected rates/proportions [22–24]. These 
studies were largely in agreement with each other and 

offer a comprehensive understanding of clustering and 
the distribution of disease across entire populations. 
These same techniques may provide valuable information 
to support the development of targeted interventions in 
Canada.

Data regarding the location, time, and substances 
involved among substance-related ATDs that took place 
in Canada between 2016 and 2017 were collected as part 
of a retrospective national chart review study led by the 
Public Health Agency of Canada (Rotondo J, VanStee-
landt A, Kouyoumdjian F, Bowes MJ, Kakkar T, Jones G, 
et al.: Substance-related acute toxicity deaths in Canada 
from 2016 to 2017: A protocol for a retrospective chart 
review study of coroner and medical examiner files, 
forthcoming). With this information, it was possible to 
begin identifying geographic trends and risk factors asso-
ciated with substance-related ATD at the national level. 
Therefore, the objectives of this study were to i) analyse 
this data using spatial scan statistics to identify clusters 
of high mortality rates in space, time, and space–time 
for all substance-related accidental acute toxicity deaths 
(AATD) at the national and at P/T levels and ii) further 
characterize identified clusters by examining the sub-
stance type-specific AATD rates based on substances 
detected in toxicology. Results from this study will 
establish the foundational spatiotemporal epidemiology 
of AATDs in Canada, which can help guide the devel-
opment of interventions by identifying regions most 
affected by AATDs and the type of substances involved, 
to establish a baseline in AATD trends from which we 
can both assess the evolution of the overdose crisis over 
time, and evaluate the impact of intervention strategies 
moving forward.

Methods
Data
Data for this study were obtained from a retrospective 
chart review of the coroner and medical examiner files 
of people who died from substance-related acute tox-
icity (AT) between 2016 and 2017 in Canada (Rotondo 
J, VanSteelandt A, Kouyoumdjian F, Bowes MJ, Kakkar 
T, Jones G, et  al.: Substance-related acute toxicity 
deaths in Canada from 2016 to 2017: A protocol for a 
retrospective chart review study of coroner and medi-
cal examiner files, forthcoming). The people included 
in this study were any individuals who died of a sub-
stance-related accidental AT event between January 
1st, 2016 and December 31st, 2017. Data collection in 
BC differed slightly, where people in BC were included 
in the study if they died of a substance-related acciden-
tal AT event involving unregulated or pharmaceutical 
substances not prescribed to them (i.e. information on 
AATDs only involving prescribed substances or alcohol 
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was not available). Substance type involvement for 
the purposes of this study was based on the detection 
of substances in post-mortem toxicological screening 
and may not necessarily be limited to substances that 
directly caused death, with the exception of BC, where 
only the substances that were thought to have con-
tributed to death were reported. A standardized data 
collection tool was used to abstract case information, 
including information on the manner of death, the sub-
stances involved, and the postal code or municipality 
of residence, the AT event, and death. The chart review 
study’s protocol has been described in detail elsewhere 
(Rotondo J, VanSteelandt A, Kouyoumdjian F, Bowes 
MJ, Kakkar T, Jones G, et  al.: Substance-related acute 
toxicity deaths in Canada from 2016 to 2017: A pro-
tocol for a retrospective chart review study of coroner 
and medical examiner files, forthcoming). This spa-
tiotemporal study included only ATDs for which the 
manner of death was accidental and did not include 
data from ATDs for which the manner of death was sui-
cide or undetermined.

Spatiotemporal analyses were conducted using the cen-
sus division (CD) and the centroid of the census subdivi-
sion (CSD) of the residence of the person who died. This 
was determined based on the residential postal code. If 
the residential postal code was not available, the location 
was assigned using the centroid of the residential munici-
pality. If the residential municipality was not available, 
the postal code or municipality of the AT event location 
was used (n = 126). When residence and AT event loca-
tions were not available, the postal code or municipality 
of the death location was used (n = 141). Statistics Cana-
da’s Postal Code Conversion File Plus (PCCF +) residen-
tial file version 7B was used to identify the CSD of each 
postal code [25]. Mortality rates were calculated using 
Statistics Canada’s July 2016 and 2017 CD and CSD pop-
ulation estimates as denominators. To protect privacy, 
all counts using chart review study data were randomly 
rounded to base three and all counts less than 10 have 
been suppressed. Proportions and rates are based on 
rounded counts. All of the data was used in the analyses, 
information was only suppressed in the presentation of 
data and did not affect the analysis in any ways.

Although residence, event, and death locations were 
largely in agreement with each other at the CSD level, 
there were some discrepancies between these variables. 
73% of the residence and AT event locations had the same 
CSD reported, while 9% had different CSDs reported and 
18% had either the residence or the AT event locations 
missing. 81% of the residence and death locations had 
the same CSD reported, while 13% had different CSDs 
reported and 7% either the home location or the death 
location was missing. Lastly, 79% of the AT event and 

acute death locations had the same CSD reported, while 
5% had different CSDs reported and 15% had either the 
death location or the AT event location missing.

Descriptive analyses
AATD mortality rates were calculated by CSD, CD, P/T, 
and detected substance types. Only the six most com-
monly detected substance type categories were examined 
in this analysis, including opioids, stimulants, alcohol, 
benzodiazepines, antidepressants, and antipsychotics. A 
breakdown of the substances included in each category is 
available in Supplementary Table  1. Analyses were con-
ducted using Stata 17 (StataCorp, College Station, TX).

To provide context for interpreting results from the 
spatial scan statistic choropleth maps depicting the 
AATD mortality rates by CD were created using ArcGIS 
v10 [26]. Although CSDs were used to identify clusters, 
choropleth maps depict AATD rates across CDs rather 
than CSDs as this resulted in fewer regions with sup-
pressed rates and greater visual clarity.

Spatiotemporal analyses
Scan statistics using Poisson models were used to iden-
tify AATD clusters in space, time, and space–time [21]. 
As input, case locations were defined by the CSD cen-
troid, and AATD mortality rates were calculated using 
the CSD population as the denominator. A national-level 
cluster was defined as a cluster identified using data from 
the entire country and compared to the national mean 
mortality rate, while a P/T-level cluster was defined as a 
cluster identified using information from a given P/T and 
compared to that respective P/T’s mean mortality rate. 
To identify clusters at the national and P/T levels, scan 
statistics were performed for all of Canada and then on 
each P/T individually. Due to relatively few AATDs, data 
for Yukon, Northwest Territories, and Nunavut, herein 
called the Territories, were combined for the P/T-level 
analyses.

A maximum cluster spatial scanning window of 50% 
of the population at risk was used since there were no a 
priori assumptions regarding the maximum cluster size. 
Furthermore, no maximum value was set for the radius 
of the scanning window since deaths were not evenly dis-
tributed across Canada. These parameters allow for the 
identification of large and small clusters and minimize 
pre-selection bias [21]. Each scan was performed using 
the entire study period (i.e., January 1st, 2016 to Decem-
ber 31st, 2017) using a maximum temporal window of 
50% (i.e., 1 year). Standard Monte Carlo estimations with 
999 replications were used for all scans. Days were used 
for the smallest temporal resolution for purely tempo-
ral scans; however, due to computational limitations, 
months were used for the smallest temporal resolution 
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of space–time scans. Spatial clusters were not allowed 
to overlap in space, temporal clusters were not allowed 
to overlap in time. Space–time clusters were allowed to 
overlap in space or time, but not both space and time. 
Crude rates were used in this study to identify where 
AATDs occurred at the highest rates, without adjustment 
for explanatory variables.

All scan statistics were performed using SaTScan v 9.6 
with a one-tailed hypothesis (α = 0.05), identifying clus-
ters of CSDs with higher-than-expected mortality rates 
[21]. Each cluster’s p-values, observed to expected ratios, 
radius, location in space and time, and member CSDs 
were reported. Statistically significant space and space–
time clusters were mapped using ArcGIS v10.

Results
Of the 7,902 AATDs that occurred in Canada in 2016 and 
2017, 7,899 had location information and were included 
in this analysis. The average mortality rate from AATDs 
across Canada during this period was 10.9 AATDs per 
100,000 people per year (Table  1). AATDs generally 
increased throughout the study period, with the highest 
number of deaths occurring in July 2017 (Fig.  1). Opi-
oids were detected most often in these deaths, followed 
by stimulants, alcohol, then benzodiazepines (Table  1). 
More than one substance could be detected in a single 
death. The order of most commonly detected substance 
types involved in AATDs varied by province (Table  1). 
BC, AB, and the Territories had the highest mortality 
rates at 25.0, 17.9, and 12.7 AATDs per 100,000 people 
per year, respectively (Table  1). Prince Edward Island 
(PE), Quebec (QC), and Newfoundland and Labra-
dor (NL) had the lowest mortality rates at 4.0, 4.1, and 
4.8 AATDs per 100,000 people per year, respectively 
(Table  1). As seen in Figs.  2, 3, 4 and 5 and Supple-
mentary Table  2, the CDs with the highest AATD rates 
occurred in BC, AB, eastern Manitoba (MB), and north-
western Ontario (ON). 36 CDs had no AATDs during 
this time. The highest rates of AATDs by CD were found 
in Thompson-Nicola BC, Division No. 19 MB, Strathcona 
BC, Central Okanagan BC, and Nanaimo BC, at more 
than 30 AATDs per 100,000 people per year (S. Table 2).

Temporal clusters
The national-level temporal cluster analysis detected 
one large temporal cluster in the second half of the study 
period from December 13th, 2016 to December 4th, 2017 
(CAAT) (Table  2). P/T-level temporal clustering was 
observed from November 10th, 2016 to July 26th, 2017 in 
BC (BCAT), November 30th, 2017 to December 1st, 2017 
in AB (ABAT), September 29th, 2016 to September 13th, 
2017 in MB (MBAT), and April 28th, 2017 to Decem-
ber 31st, 2017 in ON (ONAT). Temporal clusters had 

risk ratios ranging from 1.34 (CAAT) to 4.62 (ABAT). It 
should be noted that the period of cluster ABAT was 1 
day, leading to an over-estimated risk ratio.

In each temporal cluster, when comparing AATD rates 
by substance type with their respective regions, there 
were generally higher rates of total AATDs, opioids, fen-
tanyl-opioids, non-fentanyl opioids, stimulants, alcohol, 
but generally the same rates of benzodiazepines, antide-
pressants, and antipsychotics (Table  3). However, clus-
ter ABAT had higher rates of all substance types. AATD 
rates of detected fentanyl opioids and stimulants were 
particularly high in the BCAT and ABAT clusters. The 
high values of cluster ABAT were in part due to the short 
period.

National‑level space and space–time clusters
The spatial scan at the national level identified three sta-
tistically significant spatial clusters, where CSD mortal-
ity rates were higher than the national average (Fig.  2, 
Table 4). One large area cluster in western Canada cov-
ered most of BC and western AB (CAAS1) while another 
encompassed eastern MB and northwestern ON, includ-
ing Thunder Bay, ON (CAAS2). A small area cluster was 
identified encompassing Oshawa, ON. These clusters had 
risk ratios ranging from 1.95 (CAAS3) to 3.08 (CAAS1) 
(Table 4).

There were five statistically significant space–time clus-
ters at the national level (Fig.  3, Table  5). The locations 
of these clusters were similar to those of the purely spa-
tial clusters. Cluster CAAST1 covered the majority of 
BC and western AB and occurred from November 1st, 
2016 to October 31st, 2017. Cluster CAAST2 covered 
northwestern ON (including Thunder Bay) and occurred 
from February 1st, 2017 to December 31st, 2017. Cluster 
CAAST3 covered southeastern ON, including (Niagara 
Falls, St. Catharines, Hamilton, Brantford, and Toronto) 
and occurred from June 1st, 2017 to December 31st, 
2017. Cluster CAAST4 covered the majority of Manitou-
lin Island, ON and the areas just north of it and occurred 
from January 1st, 2017 to April 30th, 2017. Lastly, 
CAAST5 covered the cities of Kitchener and Cambridge 
in southern ON and occurred between January 1st, 
2017 and December 31st, 2017. These clusters had risk 
ratios ranging from 1.53 (CAAST3) to 9.72 (CAAST4) 
(Table 5). Although the risk ratio for CAAST4 was very 
high, this cluster had relatively few AATDs (n = 12).

In each national-level cluster, when comparing AATD 
rates by substance type within their respective regions, 
there were generally higher rates of total AATDs for 
every substance type considered (Table  6). However, in 
the CAAS2 and CAAST2 clusters (covering northwest-
ern ON and eastern MB), there were relatively low rates 
of AATDs with fentanyl detected.
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P/T‑level space and space–time clusters
The spatial scan at the P/T level identified 15 statisti-
cally significant spatial clusters, where CSD mortality 
rates were higher than the P/T average (Fig. 4, Table 4). 
In BC there were two clusters that covered greater Van-
couver (BCAS1) and southern BC (including Kamloops 
and Kelowna, BCAS2). In AB, two clusters were identi-
fied; one covering Edmonton to Red Deer (ABAS2) and 
another the area just west of Calgary (ABAS1). Of the 
seven clusters identified in ON, one occurred in north-
ern Ontario (ONAS1). The remaining clusters occurred 

in southern Ontario, including Toronto (ONAS4), 
Oshawa (ONAS3), Kingston (ONAS7), Barrie and the 
areas north of Barrie (ONAS6), northeastern Nia-
gara (including St. Catharines, Welland, and Niagara 
Falls, ONAS5), and central southern Ontario (includ-
ing Hamilton, Kitchener, Brantford, and Woodstock, 
ONAS2). The final four clusters were detected in north-
western QC (QCAS1), Saint John, New Brunswick 
(NB) (NBAS1), Cape Breton, Nova Scotia (NS) and its 
surrounding areas (NSAS1), and southern Yukon (YT) 
(including Whitehorse, TRAS1). Risk ratios for purely 

Table 2  Characteristicsa of national and provincial/territorial-level temporal clustersb of accidental acute toxicity deaths (AATDs) in 
Canada, 2016 to 2017

a Counts and mortality rates are based on counts randomly rounded to base 3, and numbers less than 10 have been suppressed (sup). Mortality rates are equal to the 
number of AATDs per 100,000 population per year
b Purely temporal AATD clusters were identified with the spatial scan statistic using Poisson models at the national and provincial/territorial levels
c O/E = Observed over expected AATDs

Cluster name Region Time frame Risk ratio Observed 
AATDs

Expected 
AATDs

P-value O/Ec Observed rate Expected rate

CAAT​ Canada 2016/12/13 
to 2017/12/4

1.34 4,452 3,873  < 0.001 1.15 12.5 10.9

BCAT​ British Columbia 2016/11/10 
to 2017/8/26

1.80 1,329 973  < 0.001 1.37 34.1 25.0

ABAT Alberta 2017/11/30 
to 2017/12/1

4.62 18 4 0.002 4.50 81.8 17.9

MBAT Manitoba 2016/9/29 
to 2017/9/13

1.70 159 126 0.044 1.26 12.6 9.9

ONAT Ontario 2017/4/28 
to 2017/12/31

1.50 1,089 850  < 0.001 1.28 11.4 8.9

Fig. 1  Frequencya of accidental acute toxicity deaths (AATDs) by month in Canada, January 1st, 2016 to December 31st, 2017

Notes: a Counts were based on counts randomly rounded to base 3
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spatial clusters ranged from 1.34 (ONAS4) to 4.26 
(TRAS1) (Table 4).

Nine statistically significant space–time clusters 
were identified, with locations similar to those of the 
purely spatial clusters (Fig.  5, Table  5). There were 
three space–time clusters in BC covering the greater 
Vancouver area between November 1st, 2016 and June 
30th, 2017 (BCAST1), southern BC (including Kam-
loops and Kelowna) between October 1st, 2016 and 
August 31st, 2017 (BCAST2), and southwestern BC 
(including Abbotsford) between December 1st, 2016 
and May 31st, 2017 (BCAST3). In AB a cluster was 
detected in Calgary and its surrounding areas between 
January 1st, 2017 and December 31st, 2017 (ABAST1). 
Three ON clusters were detected covering southeast-
ern ON (including Niagara Falls, St. Catharines, Ham-
ilton, Brantford, and Toronto) between May 1st, 2017 
and October 31st, 2017 (ONAST1), northern ON 
between December 1st, 2016 and November 30th, 2017 
(ONAST2), and Kitchener, Guelph, and the surround-
ing areas between January 1st, 2017 and December 

31st, 2017 (ONAST3). There was also a cluster in 
southwestern QC which covered Gatineau between 
March 1st, 2016, and December 31st, 2017 (QCAST1), 
and a cluster in NS covering Cape Breton and sur-
rounding areas between March 1st, 2016, and Febru-
ary 28th, 2017 (NSAST1). Risk ratios ranged from 1.47 
(ABAST1) to 3.83 (NSAST1) (Table 5).

In each P/T-level cluster, when comparing AATD 
rates by substance type within their respective regions, 
there were generally higher rates of total AATDs for 
every substance type considered (Table  7). However, 
the rates by substance type varied substantially by 
region, such as fentanyl opioids commonly detected 
in western regions but were rare in eastern regions 
(Table 7). Therefore, the substance types most detected 
in AATDs at the P/T level were typically similar to the 
substance types most detected in clusters within their 
respective P/T, but at much higher rates within the 
clusters. A list of CSDs included in each cluster of this 
study is presented in supplementary Table 3.

Fig. 2  Locations of statistically significant national-level spatial clusters of accidental acute toxicity deaths (AATDs) identified with the spatial scan 
statistic using Poisson models depicted over a choropleth map illustrating census division AATD rates across Canada, 2016 to 2017
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Discussion
This study presents the first national analysis using spa-
tial scan statistics to identify clusters in space, time, and 
space–time of AATDs in Canada. Our results provide 
evidence for spatiotemporal heterogeneity in AATD 
rates at the national and P/T levels. This heterogene-
ity was also depicted by corresponding choropleth maps 
of AATD rates at the CD level across the country. Fur-
thermore, this study provides evidence that detected 
substance types among AATDs differed substantially 
between clusters, pointing to the complexity of factors 
influencing the occurrence of AATDs in Canada. Results 
from these analyses in combination with more recent 
data can be used to guide interventions by targeting the 
regions highlighted in this study and the substance types 
most commonly detected, guide future research, and 
provide a basis for future comparisons.

At the national level, space and space–time analyses 
identified eight clusters in five regions where AATDs 
occurred at statistically significantly higher rates across 
Canada. These clusters highlighted western Canada 

(BC and western AB), northern ON/eastern MB, Mani-
toulin area, southeastern ON, and Oshawa, as regions 
that had substantially higher AATD rates when com-
pared to the national mean (Figs. 2 and 3). The elevated 
rates of AATDs identified as clusters spatially aligned 
well with the AATD mortality rates depicted by the 
choropleth maps (Figs.  2, 3, 4 and 5). These regions 
have been highlighted by several other studies, includ-
ing the National Report concerning ATD across Canada 
[12, 13, 27]. These clusters had risk ratios at least 2 to 3 
times higher than regions outside of them (Tables 4 and 
5). These risk ratios further highlighted the geographic 
disparity between regions within clusters compared to 
those outside of them. It is important to note that QC, 
PE, and NL had substantially lower AATD rates when 
compared to other Canadian P/Ts (Table  1). These 
provinces had substantially different substance profiles 
detected, where they had low rates of both fentanyl and 
non-fentanyl opioids, which may explain some of the 
reason for the relatively low rates observed (Table 1).

Fig. 3  Locations of statistically significant national-level space-time clusters of accidental acute toxicity deaths (AATDs) identified with the spatial 
scan statistic using Poisson models depicted over a choropleth map illustrating census division AATD rates across Canada, 2016 to 2017
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At the P/T level, space and space–time analyses iden-
tified 24 clusters in 15 regions where AATDs occurred 
at statistically significant higher rates across Canada. 
These clusters highlighted southern YT including White-
horse, Greater Vancouver, southern BC including Kam-
loops, Kelowna, and many of the communities along 
the Fraser River, Abbotsford and its surrounding areas, 
Calgary and its surrounding areas, Edmonton to Red 
Deer, the areas just west of Calgary, northern ON includ-
ing Thunder Bay, southeastern ON, Oshawa, Kingston, 
Barrie and the areas north of Barrie, northwestern and 
southwestern QB, Saint John NB, and Cape Breton NS, 
as regions that had substantially higher AATD rates 
when compared to their respective P/T mean (Figs.  4 
and 5, Tables  4 and 5). These clusters had risk ratios at 
least 2 to 3 times higher than the regions outside of them 
(Tables 4 and 5). In the last two decades, some of these 
regions, for example, Vancouver, have been noted exten-
sively in literature for having particularly high rates of 
drug-related outcomes [7, 14–18, 28, 29]. The clusters in 
of southern BC which included Kamloops, Kelowna, and 

many of the communities along the Fraser River identi-
fied in this study closely resembled a cluster identified by 
Hu et al., [14]. However, regions such as Saint John NB, 
Barrie, Cape Breton, and northern Ontario have rarely 
been highlighted in literature as having had high rates of 
AATD. This may suggest that despite having high rates of 
AATDs, some regions may be overlooked.

Purely temporal and space–time clusters generally 
occurred in 2017 (S. Figure  1). This is likely reflecting 
the general increase in AATDs over the study period. 
Interestingly, cluster ABAT had a very short time win-
dow where fentanyl was detected heavily in these 
AATDs (Tables 2 and 3). However, there were no space–
time clusters specifically associated with November or 
December 2017 when it occurred. This may be because 
space–time methods were aggregated to the month due 
to computational limitations, while temporal analyses 
were measured to the day. Though, other methods, such 
as space–time permutation models, are better used for 
identifying local outbreak events [30]. No strong evi-
dence of a seasonal trend in AATDs across Canada was 

Fig. 4  Locations of statistically significant provincial/territorial-level spatial clusters of accidental acute toxicity deaths (AATDs) identified 
with the spatial scan statistic using Poisson models depicted over a choropleth map illustrating census division AATD rates across Canada, 2016 
to 2017
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observed. However, if a seasonal trend did exist, it may 
be overshadowed by the relative increase in AATDs 
throughout the study period and the short time frame 
examined.

As AATD usually involves more than one substance 
type [7, 13, 31], the detection of different substance types 
associated with AATDs within clusters was explored. 

In general, throughout all clusters, opioids were the 
most frequently detected substance type among AATDs 
(Tables 1, 3, 6 and 7). However, whether the most com-
mon opioids were fentanyl or non-fentanyl opioids varied 
by region. Where fentanyl was detected less, there were 
typically higher rates of non-fentanyl opioids, benzodi-
azepines, antidepressants, and antipsychotics detected. 

Fig. 5  Locations of statistically significant provincial/territorial-level space–time clusters of accidental acute toxicity deaths (AATDs) identified 
with the spatial scan statistic using Poisson models depicted over a choropleth map illustrating census division AATD rates across Canada, 2016 
to 2017

Table 3  Detected substance type-specific accidental acute toxicity death (AATD) ratesa among national and provincial/territorial-level 
temporal AATD clusters in Canada, 2016 to 2017

a Mortality rates are based on counts are randomly rounded to base 3. Mortality rates are equal to the number of AATDs per 100,000 population per year. More than 
one substance type could be detected from a single AATD

Cluster All AATDs Opioids Fentanyl opioids Non-
fentanyl 
opioids

Stimulants Alcohol Benzodiazepines Antidepressants Antipsychotics

CAAT​ 22.6 10.3 7.5 5.5 8.0 4.1 2.9 2.4 1.2

BCAT​ 34.3 29.5 28.1 9.3 23.1 8.5 1.3 1.5 0.8

ABAT 155.7 155.7 155.7 sup 103.8 sup sup sup sup

MBAT 12.6 8.8 4.5 5.9 6.4 6.6 5.7 4.5 1.2

ONAT 11.5 9.7 6.7 6.2 7.0 4.7 2.9 2.1 1.1
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Alcohol and stimulant-related AATDs were relatively 
high across all provinces and clusters and tended to be 
the second and third most detected substance types after 
opioids, respectively (Tables 1, 6 and 7).

Fentanyl-related AATDs were highest in western 
Canada, where it had first been reported in Canada in 
2011 [13], but gradually decreased among AATDs that 
occurred further east and often further north from the 
United States border, with fentanyl-related AATDs being 
quite rare in QC and the Atlantic provinces of eastern 
Canada (Tables  1, 6 and 7). These results may reflect 
the increasing presence of fentanyl/fentanyl-related 
analogues and their origin in the drug supply through-
out this study period, such as carfentanil which was 
found in the highest proportions in BC and AB among 
all carfentanil-related seized samples tested by Health 
Canada’s Drug Analysis Service from 2016 to 2017 [13, 
32, 33]. Additionally, both inside and outside of clusters, 
we found that benzodiazepines, antipsychotics, and anti-
depressants were commonly detected in AATDs across 
Canada, but benzodiazepines and antidepressants were 
detected particularly often relative to the total AATDs 
in the Maritime provinces and rarely in BC (Tables 1, 6 
and 7). Although this may be due in part to the absence 
of information on BC AATDs that only involved pre-
scribed substances or alcohol, as discussed in the meth-
ods. The distribution of detected substance type rates in 
AATDs forming clusters tended to follow a similar order 
to the substance types most detected overall in the P/Ts 
in which the clusters occurred (Tables 1, 6–7). However, 
within cluster rates were typically much higher for each 
of the substance types. Though there were exceptions, 
such as the clusters in northern ON, where the order of 
most detected substances differed substantially from 
that of ON overall (Tables  1, 6–7). This highlights that, 
although there were major regional differences in sub-
stance types between clusters, substance-specific inter-
ventions targeted at the provincial level may also broadly 
address the substance types most affecting regions within 
clusters. The most current estimates of opioids and stim-
ulants contributing to AATDs showed stimulant and 
opioid AATDs peaked in 2021 and reduced slightly in 
2022. When compared to detected opioid and stimulant 
AATDs in this study (Table  1), these estimates showed 
a general increase across P/Ts, with particularly high 
increases in opioid AATDs in BC, AB, SK, ON, QC, and 
particularly high increases in stimulant AATDs in SK, 
MB, and ON [7].

This study focuses on the "big picture" regarding the 
spatiotemporal distribution of AATDs in Canada. Simi-
lar to research by Hernandez et al., our study shows that 
a large portion of total AATDs are from regions dispro-
portionately affected by drug-related harms, highlighting 

the importance of targeting interventions [36]. We rec-
ommend that future studies use space–time permuta-
tion models to identify clusters that are a result of major 
changes through time, that are not biased by purely spa-
tial and purely temporal clusters [30]. Finding these non-
endemic events using space–time permutation models, 
potentially like those associated with “bad batches” of 
drugs [32–35], may give insight into specific events that 
result in major changes in AATDs through time. Further 
studies are needed to gain deeper insight into the causes 
of these clusters. These studies should be repeated often 
to monitor changes in AATDs through time, including 
changes in the substances contributing to or involved 
in these deaths, and to measure the impact of any given 
intervention. Further studies should also examine why 
QC, PE, and NL had substantially lower AATD rates 
when compared to other Canadian P/Ts (Table 1). If the 
location of non-substance-related deaths were available, 
Bernoulli models could also be used to examine clusters 
of proportional morbidity. We also attempted to iden-
tify clusters in space, time, and space–time regarding 
those who died of suicide-related AT, however, there was 
inadequate statistical power using data only from this 
time period to report any comprehensive or meaningful 
results. This should be explored in the future using data 
from a longer time period. Lastly, it would be meaning-
ful to use information on non-fatal overdoses to examine 
the probability of surviving an AT event to help further 
understand the efficacy of interventions used across 
Canada.

Limitations
Several limitations should be considered when inter-
preting the results of this study. The data analysed in 
this study are at least six years old at the time of publi-
cation. More current publicly available data regarding 
all AATDs does not yet exist, however, more recent data 
concerning opioid-related AATDs showed that they have 
more than doubled from 2017 to 2022 [8]. This highlights 
that opioid-related AATDs have worsened substantially 
since the study period and the climate regarding AATDs 
changes quickly. Therefore, it is necessary to emphasize 
that the findings in this study are related to the 2016 and 
2017 period and in order to understand more recent 
events, similar studies using more recent data need to be 
performed. The scanning window in the spatial cluster 
analysis was limited to a circular shape. This means for 
the analysis at the CSD level, CSD data are considered in 
the scanning window when the centroid of the CSD falls 
within the window. The resulting significant cluster is 
visualized on the map as a circle, centred by the centroid 
of the window location, with a radius of length to the fur-
thest CSD centroid, for the CSDs included in the cluster. 
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As a result, the mapped circle can overlap parts of CSDs 
that were not part of the significant cluster [37]. This 
approach to the spatial scan statistic works best when the 
spatial units used to aggregate data are uniform in area 
and shape. As the Canadian CSDs vary in area and shape, 
with smaller units in more populated areas. Therefore, 
the large clusters detected by this analysis should not be 
interpreted as indicating that the entire area has elevated 
AATD rates, but rather, should be interpreted as a broad-
brush guide to highlight regions in the country where we 
would expect to find communities with elevated rates. 
Furthermore, geographic units were limited to CSDs, 
more discrete geographic units would allow for higher-
resolution clusters. Our analyses used the smallest geo-
graphic unit possible. It should be noted that when using 
aggregate data, results may differ based on the level the 
researcher chooses to aggregate their data to (modifiable 
area unit problem) [38]. However, as the rates for CSDs 
and CDs did not differ considerably, and our clusters 
were typically large and included many CSDs, clusters 
may not differ substantially if we had information that 
allowed us to use unaggregated or aggregated to a higher 
resolution.

Data quality and availability limitations may have 
affected the results. Differences in substances tested, test-
ing practices, and laboratory equipment across the P/Ts 
and over time, could have resulted in inaccurate preva-
lence estimates in this study. In particular, data from BC 
did not include AATDs if the cause of death was only 
from prescribed pharmaceutical substances or alcohol. 
Therefore, AATD rates from BC were likely underes-
timated and this error would likely differ by substance 
types detected. We felt choosing substance types by their 
detection in post-mortem examinations would give a 
broader perspective on the AATDs that occurred. This 
choice does not impact in any way the detection of clus-
ters, but would impact the substance-type characteriza-
tion of clusters. We chose to prioritize the location of 
the individual based on the CSD of residence rather than 
event or death locations. We assume the residential loca-
tion is more representative of risk factors for AATD and 
more meaningful for policies this information may influ-
ence. Furthermore, the majority of AATDs occurred at 
the individual’s residence (65%) [7]. However, residence, 
event, and death locations at the CSD level were largely 
in agreement with each other, therefore focusing on 
either event or death location would likely not cause sub-
stantial changes to the clusters. It should be noted that 
some variation in clusters would still likely be present if 
event or death locations were prioritized instead of resi-
dence. Lastly, the data analysed took at least two years to 
collect and characterize a period six years prior to this 
study’s publication date. Though the results can provide 

a comprehensive baseline to compare with more current 
data, current rates, clusters, and cluster information may 
differ substantially. Improvements in the data reporting 
process and the comparability of data across P/Ts could 
facilitate and enhance the efficiency and timeliness of 
similar studies in the future.

Conclusion
Since the end of the study period, the rate of AATDs has 
continued to increase [2, 3]. It is of growing importance 
to understand how substances, both legal and part of the 
illegal drug supply, affect populations living in Canada, 
and how these dynamics change over time. In this study, 
we identified eight clusters in five regions at the national 
level as well as 24 clusters in 15 regions at the P/T level 
that highlight where AATD rates occurred far higher 
than the national or P/T mean. Information on the areas 
most impacted by AATDs can be used by institutions 
from the municipal to the federal level to help guide the 
targeting of interventions aimed at reducing substance-
related harms. The descriptive statistics of each cluster 
should help highlight what drug types most impacted 
these clusters, helping to further target substance-spe-
cific interventions within these areas, as even within P/
Ts, not all clusters observed the same patterns of sub-
stances that were commonly detected among AATDs. It 
is imperative that such studies continue and are updated 
frequently to understand how AATDs change with time, 
which substances are affecting which regions, and to 
measure the impact of any given intervention. We hope 
this study assists in directing future research to identify 
factors that contribute to these clusters and provides a 
baseline for future comparison, to help reduce the harms 
caused by these substances.
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