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Abstract

Background Hot weather can negatively impact mental health and increase the risk of suicide. The relationship
between heat and risk of suicide is not fully understood, and varies geographically across regions with differing
climates, cultures, and socio-economic factors. The objective of this study was to investigate the relationship between
hot summer days and suicides in British Columbia, Canada (BC).

Methods A time-stratified case-crossover design was used to estimate the relationship between hot days (exposure)
and suicide (outcome), considering same-day and two-day mean temperature. Conditional logistic regression

was used to estimate the odds ratio (OR) for the association between hot days and suicides for three outcomes
including: (1) suicide attempts by self-poisoning extracted from BC Drug and Poison Information Centre (DPIC)
database (2012-2023); (2) completed suicides by self-poisoning extracted from BC vital statistics (2004-2023); and (3)
completed suicides by violent methods extracted from BC vital statistics (2004-2023). Analyses were stratified by sex,
age, ecological region, substance types used in self-poisonings, and by methods of violent suicide.

Results There were 9,599 suicide attempts via self-poisoning and 2,571 suicide deaths included in this study. Overall,
hot days were associated with increased odds of self-poisoning suicide attempts and deaths, but not with suicide
deaths via violent methods. The odds ratio [95% confidence interval] for suicide attempts via self-poisoning on hot
days was 1.191.11,1.29], and 1.48 [1.12, 1.95] for suicide deaths. There was no effect of hot days on suicide deaths by
violent methods. The associations varied by day of exposure, sex, age groups, and geography. The effect of hot days
was greatest for suicide attempts and deaths involving opioids and elevated for suicide attempts involving opioid and
analgesia combinations, analgesics alone, and alcohol.

Conclusions The risk of suicide via self-poisoning was increased on hot summer days in BC, Canada. However, the
relationship was influenced by other factors that vary among individuals and geographies. Policy decisions and future
research for suicide-prevention during hot weather should consider sub-population susceptibility.
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Introduction

Increasing temperatures negatively impact mental health
globally. Heat exposure can increase chronic stress and
anxiety and has been associated with elevated hospi-
talizations for mood disorders, such as depression [1].
There is also growing evidence that extreme heat can
increase the risk of suicide. For example, a meta-analy-
sis of 19 studies found that a 1 °C increase in mean daily
temperatures was associated with a 1.7% increase in the
incidence of suicide [2]. Given that the intensity and fre-
quency of extreme heat events are expected to increase
due to climate change, it is important to understand the
relationship between suicide and hot weather to prevent
future deaths [3].

The link between heat and the risk of suicide is not
completely understood and is likely driven by a combi-
nation of biological, psychological, and circumstantial
factors. Heightened suicide risk during extreme heat has
been associated with pre-existing mental illness, age, and
sex [4, 5]. Biologically, hot weather may impact the level
of several hormones and neurotransmitters, including
serotonin, noradrenaline, and dopamine, that influence
psychological state and are central to the pathophysiol-
ogy of many mental illnesses [6]. Altered hormone and
neurotransmitter levels may exacerbate symptoms of
mental illnesses such as suicide ideation among those
with depression [7]. Previous studies have also indicated
that exposure to high temperatures can alter mood by
increasing irritability, aggression, frustration, and dis-
rupting sleep patterns [8, 9]. Circumstantial factors, such
as housing instability, housing quality, and income, may
also affect an individual’s risk. For instance, low socio-
economic status and poor housing quality are simultane-
ously associated with higher temperature exposure (e.g.,
no air conditioning) and higher rates of mental illness
[10]. In conjunction with these factors, the relationship
between suicide and heat varies geographically with cli-
mate, culture, and socio-economic factors [7, 11, 12].

High temperatures may also have different impacts
on the risk of completed suicides (i.e., death by sui-
cide) versus attempted suicides [13]. While there is
growing evidence linking heat to an increased risk of
completed suicides, there are fewer studies that have
investigated the association between heat and non-fatal
suicide attempts [14]. This is an important gap because
the number of attempts is greater than the number of
completed suicides, and people who attempt suicide are
more likely than the general population to make another
attempt [15]. Suicide deaths are more well-studied, partly
because death records are more accessible through vital
statistics registries. In contrast, suicide attempts may go

undocumented and there are no centralized databases
where all attempts are recorded. Researchers have used
emergency dispatch records, hospitalizations, cohort
studies, and cross-sectional surveys to estimate suicide
attempts, but each approach has limitations [16].

Poison control centres are telehealth services that
assist callers and healthcare professionals in the man-
agement of poisonings. They provide an alternative yet
underused source of data for estimating the number of
suicide attempts by poisoning [17, 18]. This is important
because recent studies have found that suicides by self-
poisoning among youth have increased in the USA [19]
and British Columbia, Canada (BC) [20]. Poison control
data have not been previously used to assess the rela-
tionship between hot weather and suicide attempts by
self-poisoning.

In Canada, the risk of suicide varies by region, with the
national 2020 age-standardized mortality rate attribut-
able to suicide being 10.9 per 100,000 people and ranging
from 4.1 to 72.2 across the country [21]. In BC, the crude
mortality rate due to suicide has remained relatively
stable from 2016 to 2023 at about 12 deaths per 100,000
population [22]. Suicide deaths in BC are more com-
mon in January and during the summer months (May—
August), and they vary geographically, with the highest
rates in northern regions. In 2021, an unprecedented
extreme heat event caused hundreds of deaths in BC,
with a disproportionate effect on individuals with men-
tal disorders, particularly schizophrenia [4, 23]. Despite
this, no studies have investigated the association between
suicides and heat exposure in BC or other regions in
Canada.

The objective of this study was to investigate the rela-
tionship between daily ambient temperatures and suicide
attempts and deaths in BC, Canada. We use a time-strat-
ified case-crossover design to investigate the associa-
tion between hot days and: (1) suicide attempts reported
to the BC Drug and Poison Information Centre (DPIC)
from 2012 to 2023; (2) suicide deaths by self-poisoning
recorded in BC vital statistics data from 2004 to 2023,
and; (3) suicide deaths by violent methods recorded
in BC vital statistics data from 2004 to 2023. We then
explore how these relationships vary by age, sex, climatic
region, and method of suicide.

Methods

Study area and period

The province of BC is located on the west coast of Canada
with a land mass of ~ 945,000 km?. The 2021 population
was just over 5 million with more than 60% living in the
southern coastal region that includes greater Vancouver



Li et al. Environmental Health (2025) 24:25

[24]. This study used four different types of spatial infor-
mation to estimate heat exposure and to explore the spa-
tial heterogeneity of the heat-suicide relationship. First,
we used 6-digit postal codes to identify the approximate
location of suicides. These postal codes were converted
to geographic coordinates (i.e., latitude and longitude)
using the Statistics Postal Code Conversion file [25].
Second, each suicide was assigned to a local health area
(LHA) based on its geographic coordinates. LHAs com-
prise 89 discrete administrative health boundaries that
cover all of BC. Third, we used approximately 52,000 dis-
semination blocks (DBs) from the 2016 census to derive
population-weighted temperatures for each LHA. DBs
are the smallest geographic reporting unit for census
counts in Canada. Fourth, we assigned the location of
each suicide to one of four ecoregions that reflect the var-
ied macroclimates across BC, including the coastal, dry
plateau, mountain, and northern regions. We included
ecoregions because a previous study in BC found that the
relationship between mortality and temperature varied
significantly between these regions [26]. Spatial infor-
mation specific to each suicide dataset is provided in the
sub-sections described below.

We defined summer as June 21— September 21, con-
sistent with the National Research Council Canada [27].
During this season, temperatures vary widely across the
four ecoregions, with the population-weighted averages
ranging from 19.9 °C in the coastal ecoregion, 24.2 °C
in the dry plateau, 21.0 °C in the mountains, and 18.6 °C
in the north [26]. Analyses for self-poisoning suicide
attempts reported to DPIC covered summers from 2012
to 2023 while analyses for suicide deaths reported in Vital
Statistics covered summers from 2004 to 2023.

Suicide attempts

DPIC is the poison control centre for BC and Yukon and
has been located at the BC Centre for Disease Control
(BCCDC) since 2012 [28]. DPIC provides consultation
services for both the public and health care professionals
on the management of acute poisonings and medication
safety. All calls to DPIC are recorded in a database that
includes age, sex, 6-digit postal code of the call or expo-
sure location, route of exposure (e.g., oral, inhalation,
dermal), reason for call, substances involved, and poison-
ing outcome.

We extracted records of suicide attempts from the
DPIC database, including all calls from BC residents dur-
ing the summers of 2012—-2023 where the reason for the
call was coded as ‘suspected intentional suicide! DPIC
substance data are categorized using American Asso-
ciation of Poison Control Centres codes, which describe
1157 substances and 70 substance sub-groups [29]. In
this coding system, opioids are categorized as analgesics.
To assess the impact of opioids, we split the analgesic
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category into three sub-categories including opioids,
drugs with both opioid and non-opioid analgesic ingre-
dients, and non-opioid analgesics. These categories are
henceforth referred to as opioids, opioid/analgesics, and
analgesics. After splitting this category, we extracted the
ten most frequent substances used in self-poisoning sui-
cide attempts and aggregated the remainder as “other
substances”.

Suicide deaths

The BC Vital Statistics database contains a registry of
all vital events including births, marriages, and deaths
for BC residents. Death records include age, sex, 6-digit
postal code for the location of death, and ICD-10 codes
for contributing and underlying causes of death, coded
according to the International Classification of Diseases
10th Revision (ICD-10). We extracted all deaths with an
ICD-10 code indicating self-harm or suicide (X60 - X84)
as the underlying or contributing cause of death during
the summers of 2004—-2023. Suicide deaths were further
delineated by self-poisoning (X60 - X69) and violent
methods (X70 - X84), which included suffocation, falls,
and firearms. Individual ICD-10 codes were used to fur-
ther categorize each suicide according to the type of sub-
stance or specific method of suicide (Table S1).

Temperature data

Data extracted from the Meteorological Service of Can-
ada Open Data [30] were used to estimate daily popula-
tion-weighted mean temperature for each LHA. To do
this, we spatially interpolated temperatures across the
province at a resolution of 769 m. Interpolations were
calculated using thin-plate splines accounting for daily
mean temperatures measured at Environment and Cli-
mate Change Canada (ECCC) weather stations (N=128)
in BC and near the BC borders in Alberta and Yukon Ter-
ritory [31]. We then extracted the temperatures at the
population-weighted centroids of DBs and calculated
the daily mean for each LHA by taking the population-
weighted average of temperatures across all DBs in that
LHA (Fig. 1). We aggregated temperatures at the LHA
level to account for imprecision in the DPIC postal code
data [32]. For example, callers sometimes only reported
their city, and DPIC assigns a default postal code for that
city in such cases.

Hot day exposure

For every LHA, the temperature on each day of the study
period was classified as a hot day (yes/no) based on
whether it was equal to or greater than the 95th percen-
tile of temperatures over the previous 28 days (4 weeks)
within that LHA. Temperatures were classified using
1-day and 2-day averages, where the 2-day running mean
was used to account for any short-terms lags in the effect
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B. Suicide Deaths (Vital Statistics)
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Fig. 1 Distribution of suicides by local health area (LHA, N=89) and ecoregions across British Columbia, Canada. (A) The number of self-poisoning at-
tempts reported to the Drug and Poison Information Centre (DPIC) in the summers between 2012-2023 per 10,000 population; (B) the number of suicide
deaths in BC vital statistics from 2004-2023 per 10,000 population. Ecoregions are shown as outlined (black) and labeled (North, Mountain, Coast, Dry

Plateau) polygons

of temperature on suicide. We chose this locally and
temporally relativistic approach for three reasons. First,
populations are adapted to the typical climate in their
region (i.e.,, LHA), meaning that relative changes in local
temperature may be more health relevant than absolute
temperatures [33]. Second, population acclimatization
(i.e., previous 28 days) to higher temperatures happens
over the course of every summer [34], such that popula-
tions are more accustomed to higher temperatures later
in the summer. Finally, absolute temperatures vary widely
across BC, and using a measure of locally relevant tem-
perature (i.e., LHA and previous 28 days) allows inclusion
of data from across the province in the same models.

Study design

We used a time-stratified case-crossover design [35] to
estimate the relationship between hot days (exposure)
and suicide (outcome). Overall, we compared the hot day
status of the date on which a subject attempted or com-
pleted suicide (case day), with the status of 3—4 control
days, matched based on the calendar day, month, and
year of the case day and the residential LHA of the sub-
ject. For example, if the subject attempted suicide on
Tuesday July 9, 2019, the control dates would be Tues-
day July 2, 16, 23, and 30, 2019. This design controls for
individual-level factors that do not vary over short time-
periods, such as age, sex, smoking status, exercise, diet,
and chronic conditions [36].

Statistical analysis

We used conditional logistic regression to estimate the
odds ratio (OR) and 95% confidence intervals for the
association between hot days and suicides. Models were
conditioned on individual case/control day strata so that
case days were compared with matched control days

(Eq. 1.):

Case Day (%) | Stratum = B¢+ S 1Hot Day (1)
0

We examined three different models based on suicide
outcomes, including: (model 1) attempted suicide by self-
poisoning, based on DPIC data; (model 2) completed
suicide by self-poisoning, based on vital statistics data,
and; (model 3) completed suicide by violent methods,
based on vital statistics data. Next, we stratified models
by sex (male, female) and age (<25 years, 25-55 years, >
55 years) to assess whether the relationship between hot
days and suicides was modified by these variables. To
address the wide variety of average temperatures expe-
rienced across climate types, we also stratified analyses
by the four ecoregions (coast, dry plateau, mountain,
and northern). Finally, to assess whether the relation-
ship between hot days and suicide was driven by specific
methods of suicide, we stratified models by the substance
used for self-poisoning in suicide attempts and deaths,
and by the method of violent suicide. Due to limited
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sample sizes for most substances and methods, we lim-
ited these sub-group analyses to categories with at least
50 cases or more than 5% of suicide attempts or deaths.
All analyses were performed using R (Version 4.3.1) [37]
and the survival package (Version 3.5.7) [38] to fit condi-
tional logistic regression models.

Sensitivity analysis

We performed sensitivity analyses to examine our defini-
tion of hot days. First, we varied the percentile threshold
(90th, 95th, 97th and 99th ) of mean daily temperatures
for defining hot days. Second, we increased the num-
ber of days for calculating the temperature percentile to
56 days (8 weeks) to examine whether a 28-day window
was appropriate for capturing acclimatization. Third, we
reran models 1-3 using the absolute mean daily tempera-
ture per LHA as the exposure instead of defining spatially
and temporally relative hot days.

Results

Description

There were 9,599 suicide attempts (2012—-2023) and 2,571
deaths (2004—2023) after excluding 301 DPIC cases miss-
ing postal code information. The mean (range) annual
number of suicide attempts per summer by self-poison-
ing was 775 (478-1137) with a mean age of 31.8 (10.8—
84.5) years. Most self-poisoning attempts were among
females (70.2%) and the most common substances used
were antidepressants (e.g., selective serotonin reuptake
inhibitors, tri-cyclic antidepressants), analgesics (e.g.,
Tylenol, Advil) and sedative medications (e.g., benzodi-
azepines, barbiturates) (Fig. 2A). The mean annual num-
ber of completed suicides per summer was 126 (30-165).
Completed suicides occurred more often among older
adults, with a mean age of 48.4 (15.6-90.9) years and
among males (76.3%). Of the completed suicides, 651
(25.3%) were performed using self-poisoning methods
and 1,920 (74.7%) using violent methods (Table 1).

Case days had a mean (range) temperature of 18.2 °C
(-1.0 °C, 32.7 °C) for suicide attempts, 18.2 °C (3.1 °C,
27.0 °C) for self-poisoning suicide deaths, and 17.9 °C
(5.7 °C, 29.6 °C) for violent suicide deaths. Control days
had a mean temperature of 17.6 °C (-1.9 °C, 32.4 °C) for
suicide attempts, 17.5 °C (1.5 °C, 30.5 °C) for self-poison-
ing suicide deaths, and 17.7 °C (-1.1 °C, 32.4 °C) for vio-
lent suicide deaths (Table 1).

Hot days and attempted suicides by self-poison (Model 1)

There was an association between hot days and
attempted suicide via self-poisoning (Model 1), with an
OR [95% confidence interval] of 1.19 [1.11, 1.29]. In strat-
ified analyses, the relationship was stronger for males
and increased with increasing age (Fig. 3A; Table S2, S3).
The OR was elevated in each ecoregion, but was only

Page 5 of 12

significant in the coastal region, where the majority of
the BC population lives and the majority (76.3%) of DPIC
calls occurred. When the 1-day and 2-day hot day defini-
tions were compared, the ORs were similar but slightly
lower for the 2-day definition, except for in the dry pla-
teau where the OR increased marginally (Fig. 3A).

When suicide attempts were stratified by substance,
the OR for hot days was significantly increased for opi-
oids, opioid/analgesics, alcohol, and analgesics. The OR
was highest for opioids at 1.66 [1.11, 2.48] in attempted
suicides, even though opioids accounted for only 1.8%
of self-poisoning attempts (Fig. 2). The ORs were ele-
vated for anticonvulsants, antidepressants, and sedatives
(Fig. 4A; Table S4).

Hot days and suicide deaths by self-poisoning (Model 2)
and violent methods (Model 3)
Among suicide deaths by self-poisoning (Model 2), the
overall OR for hot days was 1.48 [1.12, 1.95]. Upon strati-
fication, the OR was higher for males and for those <25
years old, with no clear pattern by age (Fig. 3B; Table
S2, S3). The OR was increased in the dry plateau and
coastal ecoregions, but not in the northern and mountain
regions. The OR estimates for the 2-day definition of hots
days were similar or slightly attenuated compared with
the 1-day definition. When stratified by substances used,
hot days were increased for opioids with ORs of 1.95
[0.97, 3.93] and 2.66 [1.22, 5.79], for the 1-day and 2-day
definitions, respectively (Fig. 4B). Opioids accounted for
13.9% of all self-poison deaths. The OR was also elevated
for carbon monoxide poisoning (Fig. 4B; Table S4).
Among suicide deaths by violent methods (Model 3),
the overall and all stratified 1-day and 2-day ORs were
null (Fig. 3C). Suicides by firearms was slightly less than
1.0 during hot days (Fig. 4C).

Sensitivity analysis

Sensitivity analyses supported the conclusions of the
main analysis, but indicated that some findings were sen-
sitive to our definition of hot days. When varying the per-
centile threshold for defining a hot day, the ORs remained
relatively consistent with the overall 95th percentile defi-
nition, with several exceptions (Figure S1). Specifically,
for suicide attempts, the ORs increased with an increas-
ing percentile threshold for the 55+ age group and in the
north ecoregion. In the dry plateau, the ORs were higher
for the 97th and 99th percentile compared with the 90th
and 95th. Extending referent window from four to eight
weeks had no clear impact on findings (Figure S2). When
using absolute temperature, the odds of all three types of
suicide increased for a 1°C increase in temperature, but
the size of the effect varied across ecoregions (Figure S3).
Further, the effect of a 1°C increase was largest from 10
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Fig. 2 Top methods used in suicides on hot days (orange) and non-hot days (blue). (A) Proportion of substances used in self-poisoning attempts re-
corded by the Drug and Poison Information Centre (DPIC); (B) proportion of substances used in self-poisoning suicide deaths (ICD-10 codes) recorded in
BC vital statistics; (C) proportion of methods used in violent suicide deaths (ICD-10 codes) recorded by in BC vital statistics
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Table 1 Summary statistics for BC summer suicide attempts (2012-2023), self-poisoning suicide deaths (2004-2023), and violent

suicide deaths (2004-2023)

Attempted suicides,
self-poisoning

Suicide deaths,
self-poisoning

Suicide deaths,
violent methods

N=9,599 N=651 N=1,920

Sex

Female 6734 (70.2%) 252 (38.7%) 358 (18.7%)

Male 2783 (29.0%) 399 (61.3%) 1562 (81.4%)
Age Groups

Age<25 4130 (43.0%) 33(5.1%) 234 (12.2%)

Age 25-55 3651 (38.0%) 362 (55.6%) 975 (50.8%)

Age 55+ 1134 (11.8%) 256 (39.3%) 711 (37.0%)
Ecoregions

Coast 7324 (76.3%) 473 (72.7%) 1328 (69.1%)

Dry plateau 1010 (10.5%) 94 (14.4%) 277 (14.4%)

Mountain 919 (9.6%) 68 (10.5%) 181 (12.3%)

North 346 (3.6%) 16 (2.5%) 81 (4.2%)
Categorized as hot days

Case days 998 (10.4%) 82 (12.6%) 180 (9.4%)

Control days? 1948 (8.9%) 178 (8.8%) 592 (9.7%)

? The percentage of control days classified as hots days are relative to the total number of matched control days. There were 22,300, 2,012, and 6,105 unique control
days matched to suicide attempts, self-poisoning deaths, and violent deaths, respectively

to 15 °C and decreased (though remained significant in
some regions) slightly at higher temperatures (Figure S3).

Discussion

Summary

We found that the odds of suicide attempts and deaths
by self-poisoning were higher on hot summer days in
BC, Canada. Hot days had a stronger relationship with
suicide deaths compared with attempts, and the strength
of the relationships for both varied geographically. The
association between hot days and self-poisoning suicides
was driven by the temperature on the day of suicide (i.e.,
1-day definition), and was strongest for self-poisoning
via opioids, opioid/analgesic combinations, alcohol, and
analgesics among suicide attempts and for opioids among
suicide deaths. The strength of the relationship with hot
days was greater among males, for both suicide attempts
and deaths, but there were different patterns among age
groups. Suicide deaths by violent methods were not asso-
ciated with hot days.

Self-poisoning suicides

The odds of suicide attempts and deaths by self-poison-
ing were increased on hot days, with a stronger relation-
ship for suicide deaths. This finding is consistent with
other case-crossover studies on the association between
suicides and hot ambient temperatures in Canada [39]
and globally [12, 40]. For example, Villeneuve found
that suicide deaths across Canada from 2002 to 2015
increased by 10.1% per interquartile range increase in
temperature [39]. Like our study, Villeneuve found that
heat on the day of suicide was more important than heat

in the preceding days. These results are also consistent
with several systematic reviews and meta-analyses which
have reported that suicide deaths and attempts increased
with increasing temperatures on the day of death [2, 7].
This indicates that the effect of heat on suicide may be
rapid and likely requires immediate interventions on hot
days or prevention strategies that identify and target at-
risk populations prior to hot weather.

We found that the relationship between hot days and
self-poisoning suicides varied geographically. The asso-
ciation between hot days and self-poisoning suicide
deaths was strongest in the dry plateau ecoregion, while
the association with self-poisoning suicide attempts was
strongest in the coast ecoregion. Previous studies have
also found geographic variability in the relationship
between heat and suicides. For example, Kim et al. 2019
performed a multi-country analysis across 341 locations
in 12 countries and found that the shape of the relation-
ship between heat and suicides varied with climate [11].
In their study, linear relationships were more common in
cooler regions (UK, Canada, Switzerland) and J-shaped
curves were more likely in hotter climates (Japan, Tai-
wan, South Korea).

The association between self-poisoning suicides and
hot days was stronger for males but was different among
age groups for suicide attempts versus deaths. Other
studies have also been mixed across time and space for
sex and age. For example, a time-stratified case cross-
over analysis found that the association between suicide
deaths and temperature was stronger among males in 12
of 15 cities across Japan, China, and South Korea [40],
while Luan et al. 2019 only reported a stronger effect for
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Fig. 3 Odds ratios (OR) 95% confidence intervals for suicide on hot days versus non-hot days in British Columbia, Canada (BC). ORs are stratified by
y-axis variables, such that the top row (All) includes all suicides, and the second row (Male) only includes suicides among males. Columns show (A) self-
poisoning suicide attempts; (B) suicide deaths by self-poisoning, and; (C) suicide deaths by violent methods. Axes are shown on different scales to visual

relative differences between variables within each panel

males in 12 of 31 cities in China [41]. While there is no
single reason why males may experience greater risks
only in some areas, it may be due to differences in socio-
economic factors linked to sex, such as the likelihood to
work outdoors [42]. Similarly, variable associations with
age may be driven by age-related factors not measured in
this study.

Self-poisoning attempts and deaths with opioids had
the strongest association with temperature even though
opioids only accounted for a small proportion of attempts
(1.8%) and deaths (13.9%). Although this has not been
previously reported, a recent study found that deaths
in BC from opioid overdoses were elevated during hot-
ter weather. Using the same time-stratified case-cross-
over design as our study, Henderson et al. reported an
OR of 1.15 [0.99, 1.33] on hotter days for opioid toxicity
alone with higher ORs for combinations of opioids with
cocaine and amphetamines [43]. Here, we report that hot
days were associated with suicide attempts and deaths via

opioids alone, and suicide attempts via opioid/analgesic
combinations, alcohol, and analgesics.

There are different mechanisms by which the use of
opioids and other substances may increase the risk of sui-
cide death during hot weather [44]. For example, opioids
may result in a decrease in fluid intake and dehydration
[45]. During hot weather, dehydration can be exacerbated
by sweating leading to injury and death, particularly fol-
lowing an overdose during which an individual loses con-
sciousness. As such, substance-related suicides may be
difficult to differentiate from accidental overdoses which
can lead to death during hot weather because of increased
dehydration and decreased consciousness. Nevertheless,
we also found that non-fatal suicide attempts via opioids
and other substances were elevated during hot days, add-
ing confidence to the finding that suicides deaths via opi-
oids were increased during hot days.

It is difficult to argue that people are more likely to
choose to use opioids or other substances with suicidal
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intent during hot weather. Instead, it could be that the
substance used with suicidal intent overlaps with other
factors. For instance, individuals with substance use dis-
order have a higher risk of suicide and lower access to
housing with air conditioning [46, 47]. As such, these
individuals may be more exposed to hotter indoor tem-
peratures, have a higher baseline risk of suicide, and have
easy access to opioids, alcohol, and analgesics. Despite
these speculations, more evidence is needed to under-
stand why suicides via opioids and other specific sub-
stances may be increased during hot weather.

Our findings also need to be contextualized in the
ongoing opioid crisis in BC. In 2016, opioid-related
deaths were declared a national public health emer-
gency, with BC having the highest reported death rate in
Canada [46]. Injuries and deaths due to opioid toxicity
have continued to rise, particularly since the COVID-19
pandemic [47]. The population affected by the ongoing
emergency has a higher prevalence of many risk factors
associated with mortality during hot weather, including
lower socio-economic status, reduced access to housing
and healthcare, higher rates of mental illness and other

comorbidities, and greater levels of social isolation [23,
47]. It is likely that all these factors interact to influence
the association between heat and suicides in different
ways for different individuals.

Suicide deaths by violent methods

In the primary analyses, there was no association
between hot days and violent suicide deaths. This find-
ing is inconsistent with previous literature, which has
reported that this association is stronger than the asso-
ciation with non-violent suicide. For example, a study in
England and Wales found a 5% increase in violent sui-
cide rates per 1 °C increase of mean daily temperature
above 18 °C from 1993 to 2003, but found no association
with non-violent suicides [12]. Our results do align with
a case-crossover study conducted in Switzerland from
1995 to 2016, which found a stronger association with
heat for non-violent suicides [48]. Discrepancies between
studies may be related to regional differences in non-heat
related factors such as access to violent methods. For
instance, in the US, firearms accounted for 63.1% of male
suicides [49], while they only accounted for 20.7% of male
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suicides in our BC study, where gun ownership is much
less common.

Differences between studies may also be driven by
varying analytical approaches. For example, it is com-
mon in the literature to use absolute temperature as a
linear predictor of suicide [12, 14, 40]. In our sensitivity
analysis, we did find that violent suicides increased with a
1 °C increase in absolute temperature, but this effect was
largest at relatively lower temperatures and decreased at
higher temperatures (Figure S3). We saw similar associa-
tions for suicide attempts and deaths by self-poisoning.
In our overall models, the definition of hot days used a
spatially and temporally relative definition of what con-
stitutes hot temperatures, so that hot days represent days
that are abnormally hot for a particular region and time.
This is important because BC has a very large landmass
with a highly variable climate from north to south, and
west to east. People become acclimatized to increasing
temperatures throughout the summer and people who
live in hotter regions may be more resilient to higher
temperatures [50, 51]. Using absolute temperature does
not account for these spatial and temporal effects.

Strengths and limitations

This is the first study to investigate the association
between hot days and attempted or completed suicides
in BC. Further, this is the first study to directly compare
suicide attempts and deaths at a regional scale using
both DPIC and vital statistics data. Our study high-
lights the value of DPIC data for examining the relation-
ship between climate variables and outcomes related to
mental health. These data enabled us to identify clear
similarities in the impacts of heat on the risk of suicide
attempts and deaths, including the effect of opioids and
being male, indicating that these may be important risk
factors during hot weather in BC. Similarly, differences
between the two datasets, such as in the effect of age and
geographic region, demonstrate how assessing either
attempts or deaths alone may be insufficient to fully
understand the impact of heat on suicide.

This study also had several limitations. First, it does
not account for other meteorological variables such as
humidity or air pollution. Extreme heat may co-occur
with other climate hazards such as wildfire smoke, which
may also be associated with increased risk of suicide
[52]. However, the only other study investigating the
link between heat and suicide in Canada found that the
effects of temperature on suicide were greater than the
effects of three different air pollutants at the national
level [39]. Second, temperatures were aggregated over
large geographic areas and may not represent the tem-
peratures that individuals truly experienced. Despite
this limitation, our sensitivity analyses found increasing
risk of suicide attempts with increasing percentiles used
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to define hot temperature. This suggests that our defini-
tion of hot days was capturing the effect of temperature.
Third, rates of suicide were variable across the province
(Figure 1), generally aligning with higher risk regions
identified by the BC Coroners report on suicides [22].
More research is required to understand why this was the
case. For example, previous work indicates that suicides
are more common in remote and rural areas [53] and
specifically among Indigenous populations, because of
the ongoing and systemic harms caused by policies that
led to residential schools, forced family separation, and
drove a loss of language and traditions, as well as ongo-
ing societal-driven disparities related to structural deter-
minants of mental health [54]. Future work should seek
to identify and account for these drivers of variability to
more fully understand the impacts in different areas and
populations.

Public health implications

Overall, our study found suicide attempts and deaths
increased during hot summer days in BC. This increase
was driven by self-poisoning suicides and was most
pronounced for specific substances, especially opioids.
These risks were variable geographically, were more pro-
nounced among males, and differed by age, highlighting
how the effect of heat on the risk of suicide is likely to
be context specific and variable across the population.
We also found that the impact of hot days appears to be
rapid, with temperature on the day of suicidal intent driv-
ing the association. In contrast, heat warnings may only
be issued for consecutive days with hot temperatures
[55]. The rapid impacts of heat in our study suggest that
heat warning thresholds may need to tailored to specific
sub-groups to balance the risks of same day heat in those
populations with public warning fatigue. Finally, other
climate hazards, such as drought and wildfire smoke, may
also impact mental health and the risk of suicide [56].
This underscores the need to understand suicide risk in
the broader and systemic context of climate change to
prevent future deaths.
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