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Context

Canada is experiencing warming at twice the rate of the global average due to climate
change. The intensity and frequency of heat events in Canada are projected to increase
in the future also because of climate change [1]. However, extreme heat already impacts
the health of people living in Canada—the unprecedented extreme heat event in western
North America in 2021 resulted in 619 heat-related deaths in British Columbia [2] and
several thousand visit emergency departments across the country every summer for
heat-related concerns (see Results section). Future heat-related mortality in Canada is
projected to increase due to climate change, potentially by as much as 10.7% by 2090 [3].
To quantify and contextualize these impacts, a national picture of current and past
heat-related morbidity and mortality is needed.

No pan-Canadian picture of heat-related morbidity and mortality presently exists. Smaller,
regional quantifications of the burden of annual heat-related illness and death have been
calculated [see 2,4,5]. However, they are inconsistently available across space and time

and do not constitute a comprehensive national-level understanding. To help fill this gap,
this bulletin describes the burden of heat-related morbidity and mortality in Canada over the
last 20 (morbidity) and 40 years (mortality) using nationally-available health administrative
datasets. By sharing the available heat-related health data in Canada, this bulletin provides
baseline measurements against which future data can be compared following changes in
climate, demographics, policy direction, and implementation of intervention strategies.

What is heat-related morbidity and mortality?

Heat-related morbidity and mortality refer to iliness or death caused by heat exposure.

Such adverse health outcomes occur when core body temperature rises and the body is
unable to effectively dissipate heat. While this can cause mild heat-related illnesses such as
heat cramps, if the core temperature remains elevated, this may exacerbate underlying health
conditions and/or heatstroke may develop, potentially leading to permanent disability or death.

Heat-related ilinesses are conditions, ranging from mild (for example, heat cramps) to severe
(for example, heatstroke), that are caused by exposure to heat. They are measurable in health
data by a set of diagnostic codes that identifies them as health outcomes of external heat
exposure (see Appendix Table Al). Exposure to heat can cause adverse health effects beyond
heat-related illnesses, like cardiac arrest or acute kidney failure, but because these health
outcomes can have many different causes, they are not as easily measured using health data.

Heat exposure can also result in death by heatstroke or by the exacerbation of underlying
conditions like cardiovascular disease. It is difficult to capture the burden of heat-related
mortality, particularly when death was caused by heat acting on an existing health condition.
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Due to the challenges of capturing heat-related morbidity and mortality in Canada, this
bulletin focuses on heat-related illnesses (see Appendix Table A1) and deaths with an
underlying (primary) cause of exposure to excessive heat.

In Canada, heat-related morbidity and mortality occur during the warmer months of the
year, usually between May and September. As Canada’s climate continues to change, it is
projected that the warmer period of the year will lengthen and there will be more frequent,
intense and severe extreme heat events [1]. Without intervention, climate change is
expected to result in more heat-related illnesses and deaths among people in Canada [3].

This bulletin frequently references the effects that the extreme heat events in eastern
Canada in 2018 (June 28 to July 6) [6,7] and in western Canada in 2021 (June 25 to July 2) [8]
had on the data presented in this bulletin. Although extreme heat events occur across Canada
in many different regions each summer, these 2 events are highlighted because of their
significant impact on health—as they noticeably influenced national-level morbidity and
mortality rates—and because they occurred relatively recently. It is beyond the scope

of this bulletin to identify each extreme heat event in Canada in the last 20 to 40 years

and examine their individual impacts on national-level morbidity and mortality rates.

Methods

This bulletin employed a retrospective, population-based descriptive analysis of health
administrative data to describe the burden of heat-related morbidity and mortality in
Canada between 2004 to 2023 (morbidity [excluding Quebec?]) and 1981 to 2022 (mortality).

Data sources

To capture the national scope of heat-related morbidity and mortality, this analysis used

3 nationally-available health administrative datasets.” 2 clinical administrative datasets—
Discharge Abstract Database (DAD) and National Ambulatory Care Reporting System
(NACRS)—were used to identify records that included a diagnosis of heat-related illness
during hospitalizations® and emergency department (ED) visits, respectively. The Canadian
Vital Statistics Death Database (CVSD), an administrative survey that collects demographic
and cause of death information, provided records of heat-related deaths.

a Quebec hospital discharge and emergency department visit data were not accessible for this analysis.

b Note that while hospital discharge and death datasets used in this analysis have complete record coverage across Canada,
some provinces and territories do not submit, or only partially submit, ED visit records to the National Ambulatory Care
Reporting System (NACRS). This affects the national-level rates presented in this bulletin.

¢ This bulletin uses the term ‘hospitalizations’ to refer to inpatient stays for heat-related ilinesses, based on hospital
discharge records.
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Records in DAD, NACRS and CVSD were identified using diagnosis codes from International
Statistical Classification of Diseases, Injuries, and Causes of Death, Ninth Revision (ICD-9)¢
and International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision, Canada (ICD-10-CA) (for information on the data sources used and the data they
provided, see Appendix Table A2; for the list of ICD-9 and ICD-10-CA diagnosis codes used
to identify records, see Appendix Table Al). Access to DAD and NACRS data was provided
through Health Canada’s Health Data and Analysis Dissemination Division (HDAD), with data
available from 2004 (NACRS) and 2005 (DAD). HDAD provided access to CVSD records
from 1981 to 1999 and from 2000 to 2022, CVSD data were used from the Statistics
Canada website [9].

Morbidity inclusion and exclusion criteria

Inclusion and exclusion criteria for heat-related morbidity were based on those used

for the “Heat-Related llinesses” indicator published by the United States Environmental
Protection Agency [10] and were adapted for use in the Canadian context based on data
availability. Inclusion criteria (see below) allowed for the identification of as many records
with a heat-related iliness as possible between May and September (Canada’s warmer
months of the year).

Clinical and demographic data contained in the hospital discharge and ED visit records
and used in this analysis, included: clinical diagnoses (ICD-10-CA) —all fields, age, sex and
date of hospital discharge or ED visit. A hospital discharge or ED visit record was included
in the analysis if:

1. 1 or more diagnoses (including discharge diagnoses for ED visits) in the record contained
an ICD-10-CA T67 series code or external cause of injury code X30 (Appendix Table A1)

2. the hospital admission date or ED visit date of registration occurred between
May 1 and September 30

d Prior to 2000, the CVSD used the ICD-9 classification system. In 2000, the ICD-10-CA classification system was implemented.

e Statistics Canada online Table 13-10-0156-01 provided mortality data from 2000-2022 because Health Canada access
did not extend past 2015. The year 2000 is the first year data is available for Table 13-10-0156-01 [9].
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A hospital discharge or ED visit record was excluded from the analysis if:
1. data for clinical diagnosis, age, sex, or date of admission or ED visit were missing

2. the ICD-10-CA external cause of injury code for exposure to excessive heat
of man-made origin (W92) was recorded

3. it occurred within 2 weeks of a previous record (with a diagnosis of a heat-related iliness)
for the same patient

4. *NACRS data only—the visit was not an emergency department visit (for example,
day surgery)

Mortality inclusion and exclusion criteria

Inclusion and exclusion criteria for heat-related mortality were based on those used by

the United States Environmental Protection Agency’s “Heat-Related Deaths” indicator

and adapted for use in the Canadian context based on data availability [11]. Records were
included if the cause of death was exposure to excessive heat (Appendix Table Al), but
due to data limitations, the period of death could not be restricted to May-September. More
specifically, available data were limited to: cause of death (ICD-9, ICD-10-CA) (contributing
cause of death data were not accessible), year of death, age and sex. Records were
excluded if they were missing data in any of these fields.

Crude rate calculation

The rates presented in this bulletin are crude rates. Annual crude rates of cumulative
incidence were calculated per million population for heat-related hospitalizations and deaths,
and per 100,000 ED visits for heat-related ED visits. National-level population denominators
sourced from Statistics Canada were used for hospitalizations and deaths [12], which are
fully captured across the country by DAD and CVSD. ED visit denominators were derived
from the total number of ED visits reported to NACRS because ED visits are not consistently
captured across Canadian provinces and territories; therefore, ED visit rates were calculated
using a denominator derived from the total number of ED visits occurring between May 1

and September 30 of the calendar years in this analysis.? Statistical analysis was conducted
with SAS®9 software.

f Quebec hospital discharge data not included.
g ED visit denominators were records of ED visits (for example, not day surgeries) occurring between May 1 and September 30.
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Results

How many people in Canada are hospitalized or visit the emergency department
with a heat-related iliness each year?

Between 2005 and 2023, there were 3,753 hospitalizations with at least 1 diagnosis

of a heat-related illness (Figure 1)." Annual rates varied over the reporting period and ranged
between 3.0 and 32.2 hospitalizations per million population. Averaged over the reporting
period, there were 7.1 hospitalizations per million population annually (5.7 hospitalizations
per million population annually if 2021, the year of the extreme heat event in western
Canada, is excluded). Compared to the average annual rate for the reporting period, annual
rates increased by 21.1% in 2018 (8.6 hospitalizations per million population) and by 367.6%
in 2021 (32.2 hospitalizations per million population), both years during which extreme heat
events occurred (that is, the 2018 eastern Canada extreme heat event and the 2021
extreme heat event in western Canada).

Figure 1: Counts and rates of hospitalizations with a diagnosed heat-related iliness
(per million population), overall and by sex, Canada, 2005 to 2023

600 40.0

Number of hospitalizations
Rate (per million population)

Rate: Male

w7 Cases: Female = Cases: Male ««+eeeee Rate: Both sexes — — —Rate: Female

Data from Quebec not included.
Data source: Discharge Abstract Database, 2005 to 2023.

h Includes records with ICD-10-CA T67 series and/or X30 diagnosis codes.
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There were 38,398 ED visits with at least 1 diagnosis of a heat-related illness between 2004
and 2023 (Figure 2)." Annual rates of heat-related ED visits per 100,000 ED visits varied
over time, ranging between 25.1 and 81.3, with an average annual rate for the reporting
period of 48.1 (46.3 heat-related ED visits per 100,000 ED visits annually if 2021, the year

of the extreme heat event in western Canada, is excluded). Noticeable increases in counts
and rates occurred in 2018 and 2021, when rates increased by 38.7% and 69.0% to 66.7
and 81.3 heat-related ED visits per 100,000 ED visits, respectively, compared to the average
annual rate for the reporting period. Both 2018 and 2021 were years in which extreme heat
events occurred (the eastern Canada heat event and the extreme heat event in western
Canada, respectively).

There was a noticeable increase in counts and rates of heat-related ED visits over time,
particularly from 2010 onwards. This was due to variations in the volume of provincial and
territorial ED visit data submitted to NACRS each year (see Limitations section). Importantly,
only a few provincial and territorial health authorities have mandates that require submission
of all ED visit data to NACRS. Ontario and Alberta, 2 of Canada’s most populous provinces,
fully submit ED visit data and therefore strongly influence national-level rates.

Figure 2: Counts and rates of emergency department visits with a diagnosed
heat-related iliness (per 100,000 ED visits), overall and by sex, Canada, 2004 to 2023
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Data from Newfoundland and Labrador, New Brunswick, Quebec, Nunavut and Northwest Territories not available.
Data source: National Ambulatory Care Reporting System, 2004 to 2023.

i Includes records with ICD-10-CA T67 series and/or X30 diagnosis codes.
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Age, sex and heat-related hospitalizations and emergency department visits

Annual rates of hospitalization with a heat-related diagnosis were highest in individuals
aged 80 years and older, with average annual rates for the reporting period ranging from
0.2 (under 2 years) to 44.6 per million population (80 years and older) (Figure 3). With few
exceptions, males had higher annual hospitalization rates than females in age groups where
individuals were older than 12 years. Sex-based differences in average annual rates for the
reporting period across age groups increased with age and ranged from 0.4 (2 to 12 years)
to 17.7 (80 years and older) more male hospitalizations each year per million population.
While male hospitalization rates consistently increased with age, steady increases of female
rates only occurred between older age groups (45 to 64 years, 65 to 79 years and 80 years
and older).

Annual rates of ED visits with a heat-related diagnosis were highest in individuals between
the ages of 19 to 24 years, with average annual rates for the reporting period increasing from
18.6 (under 2 years) to 70.8 per 100,000 ED visits (19 to 24 years) and then decreasing with
older age (37.0 and 37.8 ED visits per 100,000 ED visits, 65 to 79 years and 80 years and
older, respectively) (Figure 4). Annual rates for males were consistently higher than those
for females in age groups 19 to 24 years, 25 to 44 years, 45 to 64 years and 65 to 79 years.
Sex-based differences in average annual rates for the reporting period were highest in the
age groups 19 to 24 years and 25 to 44 years (39.8 and 40.1 more male ED visits per year
per 100,000 ED visits, respectively). Although the highest rates for males were between
the ages of 19 to 24 years (average annual rate for the reporting period: 92.0 ED visits per
100,000 ED visits), the highest rates for females were in the age group 13 to 18 years, with
an average annual rate for the reporting period of 62.3 ED visits per 100,000 ED visits.

i There were fewer than five (n=5) hospitalizations with a heat-related diagnosis in individuals under 2 years of age between
2005 and 2028.
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Figure 3: Rates of hospitalizations with a diagnosed heat-related iliness (per million
population), by sex and age group, Canada, 2005 to 2023. Axis range differs for
age groups 65 to 79 and 80 years and older
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Data source: Discharge Abstract Database, 2005 to 2023.

Note: There were fewer than 5 (n=5) hospitalizations for individuals under the age of 2 years between 2005 and 2023;
graph not displayed. Additionally, the axis range differs for the graphs for ages 65 to 79 years and 80 years and older
for display purposes due to much higher rates in these age groups.
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Figure 4: Rates of emergency department visits with a diagnosed heat-related illness
(per 100,000 ED visits), by sex and age group, Canada, 2004 to 2023
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What types of heat-related iliness were most common?

There were 3,571 diagnoses of a heat-related iliness (ICD-10-CA T67.0-T67.9), whether as
the most responsible diagnosis* and/or in a subsequent diagnosis position, made during
hospitalizations between 2005 and 2023 (Figure 5). Heatstroke was the most frequently
diagnosed heat-related illness, accounting for 52.3% (n=1,866) of heat-related diagnoses
during this period, followed by heat exhaustion (39.1%, n=1,398). In over half of the
hospitalizations where a heat-related iliness was diagnosed, the heat-related illness

was recorded as the most responsible diagnosis (56.5%, n=2,119).

Figure 5: Number of heat-related diagnoses recorded in hospitalization records,

Canada, 2005 to 2023
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Data from Quebec not included.

Data source: Discharge Abstract Database, 2005 to 2023.

Includes only T67.0-T67.9 diagnoses. Does not include counts of external cause of injury code X30.
* Other and unspecified effects of heat and light include diagnosis codes T67.8-T67.9.

** Heat exhaustion includes diagnosis codes T67.3-T67.5.

k Diagnosis or condition that can be described as being most responsible for the patient’s stay in hospital (from Canadian
Institute for Health Information. Assigning Diagnosis Types to DAD Abstracts [job aid]. Ottawa, ON: CIHI; 2022).
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Between 2004 and 2023, there were 36,121 diagnoses of heat-related illness (ICD-10-CA
T67.0-T67.9) made in emergency departments, whether as the main problem' and/or in a
subsequent diagnosis position, or as a discharge diagnosis (Figure 6). The most frequently
diagnosed heat-related iliness was heat exhaustion, which accounted for 54.2% (n=19,590)
of heat-related diagnoses during this period. Heatstroke was the second most frequently
diagnosed heat-related illness (28.6%, n=10,345). In ED visit records where a heat-related
illness was diagnosed, the heat-related illness was recorded as the most responsible
diagnosis in the majority of records (80.1%, n=28,924).

Figure 6: Number of heat-related diagnoses recorded in emergency department
records, Canada, 2004 to 2023
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Data from Newfoundland and Labrador, New Brunswick, Quebec, Nunavut and Northwest Territories not available.
Data source: National Ambulatory Care Reporting System, 2004 to 2023.

Includes only T67.0-T67.9 diagnoses. Does not include counts of external cause of injury code X30.

* Other and unspecified effects of heat and light include diagnosis codes T67.8-T67.9.

** Heat exhaustion includes diagnosis codes T67.3-T67.5.

| ICD-10-CA code that describes the most clinically significant diagnosis, condition, problem or circumstance for the client’'s
visit (from Canadian Institute for Health Information. NACRS Data Elements, 2023 to 2024. Ottawa, ON: CIHI; 2023).
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How many people in Canada die from heat exposure each year?

There were 916 recorded deaths caused by exposure to extreme heat in Canada between
1981 and 2022 (Figure 7). There were no heat-related deaths recorded in 1982. Two-thirds
(66.3%, n=607) of recorded heat-related deaths since 1981 have occurred since 2016, with
35.8% (n=328) occurring in 2021, the year of the extreme heat event in western Canada.m
The average annual rate of heat-related deaths per million population between 1981 and
2022 was 0.6 (0.4 heat-related deaths per million population if 2021, the year of the extreme
heat event in western Canada, is excluded). The rate of 8.6 deaths per million population in
2021 represents a 1,333.3% increase over the average annual rate for the reporting period.
Male counts and rates of death were generally higher than those for females, with an
average annual difference of 4.3 more deaths (count) and 0.3 more deaths per million
population (rate) for males.

Figure 7: Counts and rates of heat-related deaths (per million population), overall
and by sex, Canada, 1981 to 2022
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Data for Yukon not available as of 2017.

Data sources: Canadian Vital Statistics Death Database, 1981 to 1999 (Health Canada access), 2000 to 2022 (accessed
from Statistics Canada Table 13-10-0156-01).

Includes only underlying (primary) causes of death recorded as X30.

Note: For data between 1981 and 1999, where there were fewer than 5 (n<5) female or male deaths per year, counts

and rates were suppressed for both sexes and for females and males combined.

m The discrepancy between the number of heat-related deaths that occurred during the 2021 extreme heat event in western
Canada that were reported by the British Columbia Coroners Service and the number of deaths available in national
datasets is discussed below in the ‘Limitations’ section.
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Age, sex, and heat-related death

Over 85% of all heat-related deaths between 1981 and 2022 occurred in individuals aged

45 years and older, with individuals 80 years and older accounting for ~30% of all heat-related
deaths (Figure 8). Generally, in age groups including individuals older than 24 years and
younger than 80 years, there were noticeably more male deaths than female deaths; in

age groups including individuals aged 25 to 44 years and 45 to 64 years, males accounted
for 84.5% (n=71) and 71.0% (n=181) of deaths, respectively. Females accounted for more
heat-related deaths only in individuals aged 80 years and older (57.1%, n=153).

Individuals 80 years and older had the highest average annual mortality rate over the
reporting period (4.8 deaths per million population), followed by those aged 65 to 79 years
(1.5 deaths per million population) (Figure 9). Age groups with individuals younger than

65 years had average annual rates of death per million population over the reporting period
of: 0.1 (under 1 year)", 0.3 (1to 4 years), 0.0 (5 to 14 years), 0.1 (15 to 24 years), 0.2 (24 to

44 years) and 0.7 (45 to 64 years).

When examining sex and age, annual rates of death per million population averaged over
the reporting period were the same or similar for females and males younger than 45 years
(under 1year: 0.1, both sexes; 1to 4 years: 0.3, both sexes; O deaths in individuals aged

5 to 14 years; 15 to 24 years: 0.0 for females, 0.1 for males; 25 to 44 years: 0.1 for females,
0.3 for males). There were noticeably higher annual rates for males compared to females
in older age groups (Figure 10). Rates per million population averaged over the reporting
period (1981 to 2022) were: 45 to 64 years: 0.4 for females, 1.0 for males; 65 to 79 years:
1.2 for females, 1.7 for males; 80 years and older: 4.5 for females, 5.3 for males.

n Note that due to data limitations, the age groupings used in the morbidity and mortality analyses differ as follows:
morbidity (under 2 years, 2 to 12 years, 13 to 18 years, 19 to 24 years); mortality (under 1year, 1to 4 years, 5 to 14 years,
15 to 24 years).
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Figure 8: Counts of heat-related deaths, by sex and age group, Canada, 1981 to 2022
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Data for Yukon not available as of 2017.

Data sources: Canadian Vital Statistics Death Database, 1981 to 1999 (Health Canada access), 2000 to 2022 (accessed
from Statistics Canada Table 13-10-0156-01).

Includes only underlying (primary) causes of death recorded as X30.

Notes: Due to data limitations, the age groupings used in the morbidity and mortality analyses differ as follows:
morbidity (under 2 years, 2 to 12 years, 13 to 18 years, 19 to 24 years); mortality (under 1 year, 1to 4 years, 5 to 14 years,
15 to 24 years). There were O deaths in individuals aged 5 to 14 years (age group not displayed in graph).
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Figure 9: Rates of heat-related deaths (per million population), by age group,
Canada, 1981 to 2022
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Data for Yukon not available as of 2017.

Data sources: Canadian Vital Statistics Death Database, 1981 to 1999 (Health Canada access), 2000 to 2022 (accessed
from Statistics Canada Table 13-10-0156-01).

Includes only underlying (primary) causes of death recorded as X30.

Notes: Due to data limitations, the age groupings used in the morbidity and mortality analyses differ as follows: morbidity
(under 2 years, 2 to 12 years, 13 to 18 years, 19 to 24 years); mortality (under 1year, 1to 4 years, 5 to 14 years, 15 to 24
years). For data between 1981 and 1999, where there were fewer than 5 (n<5) female or male deaths per year, counts
and rates were suppressed for both sexes and for females and males combined.

There were 0 deaths in individuals aged 5 to 14 years (age group not displayed in graph).
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Figure 10: Rates of heat-related deaths (per million population), by sex and selected
age groups, Canada, 2000 to 2022. Axis range differs for each age group presented
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Data for Yukon not available as of 2017.
Data source: 2000 to 2022 (accessed from Statistics Canada Table 13-10-0156-01).
Includes only underlying (primary) causes of death recorded as X30.

Notes: Due to data limitations, annual rates pre-2000 were suppressed due to annual counts of heat-related deaths of
fewer than 5 (n<5). For this reason, rates displaying both sex and age were limited to age groups with larger annual counts
(that is, 25 to 44 years, 45 to 64 years, 65 to 79 years and 80 years and older).

Due to data limitations, the age groupings used in the morbidity and mortality analyses differ as follows: morbidity (under
2 years, 2 to 12 years, 13 to 18 years, 19 to 24 years); mortality (under 1 year, 1to 4 years, 5 to 14 years, 15 to 24 years).

The axis range differs for these graphs for display purposes.

16



Heat-Related Morbidity and Mortality in Canada

Discussion

What do national data on heat morbidity and mortality tell us?

This analysis used nationally-available health administrative data to track heat-related
health impacts retrospectively. While the data are not collected specifically for surveillance
purposes, they do offer a relatively comprehensive pan-Canadian perspective.

The number of annual heat-related deaths has increased noticeably in the last decade. These
comparatively larger mortality counts coincide with years in which there were record-breaking
extreme heat events, which have been occurring with greater frequency and severity than

in previous decades. Over the 42 years included in the reporting period (1981 to 2022),
two-thirds of recorded heat-related deaths have occurred in the last 7 years (n=607).

National-level morbidity rates were affected by the severe heat events occurring in 2018

and 2021. Annual rates in 2018 increased by 21.1% (hospitalization) and 38.7% (ED visit)

and in 2021 by 367.6% (hospitalization) and 69.0% (ED visit) over reporting period averages.
It should be noted that ED visit data is not consistently submitted by all provinces and territories.

Rates of severe heat-related health outcomes (that is, hospitalization and death) were highest
in individuals 80 years and older, while ED visit rates were highest in adolescents and young
adults (13 to 18 years, 19 to 24 years). Annual male morbidity rates were generally higher
than female rates for individuals under the age of 13 years while, with few exceptions, annual
male rates in age groups with individuals aged 13 years and older were consistently higher
than those for females (particularly between the ages of 19 and 44 years [ED visits] and for
those 80 years and older [hospitalizations]). Mortality rates for males were higher than
those for females in older age groups, with the most noticeable difference between
sex-based rates in individuals aged 80 years and older.

Heatstroke and heat exhaustion were the most frequently diagnosed heat-related illnesses.°
Heatstroke was the most common heat-related diagnosis made during hospitalizations
(52.3% [n=1866]), while heat exhaustion accounted for 54.2% (n=19,590) of heat-related
diagnoses during emergency department visits.

Limitations of using health administrative data for heat-related health surveillance

Using health administrative data to describe the burden of heat morbidity and mortality in
Canada has several limitations. The challenges in this bulletin included using data collected
for administrative rather than surveillance purposes, issues with data accessibility and
consistency, delays in data availability and potential underreporting. These factors impact
the development of a comprehensive national picture of heat-related illness and death.

o ICD-10-CA T67 series diagnoses only.
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Although health administrative datasets were selected to inform this analysis, their data is
intended for clinical administrative purposes, not for surveillance. Therefore, these datasets
include very little data on the cause(s) of the conditions diagnosed in the records. While the
morbidity datasets have record fields for detailing the circumstances of injury or illness, they
are not mandatory to complete. Furthermore, it was often not possible to link an exposure
to excessive natural heat (captured for this analysis by ICD-10-CA code X30) to a non-heat
specific diagnosis, especially if there was more than 1 diagnosis recorded. Therefore, this
analysis did not capture conditions caused by heat exposure but not recorded as a T67
diagnosis (for example, ICD-10-CA code R55—syncope [fainting]). For example, if a record
included a diagnosis of syncope and nausea as well as exposure information (ICD-10-CA
code X30), it was not specified which diagnosis was related to the exposure code.

Several of the limitations were related to data accessibility. Firstly, in capturing heat-related
morbidity, the analysis was limited to hospitalization and ED visit records. Individuals seeking
medical care for heat-related iliness from health care providers such as family doctors

or walk-in clinics were not captured in this analysis. Secondly, due to the nature of data
sharing agreements between the federal government and the province of Quebec, it was
not possible to access Quebec hospital discharge and ED visit data. Lastly, there were
restrictions on the level of detail in the data that could be published in this bulletin—several
annual mortality rates and counts with small numbers were suppressed to ensure the
confidentiality of personal health information, and limits on data disaggregation resulted

in different age groupings for morbidity and mortality data.

Consistency of data coverage across time and space were limitations for the analysis

of hospital discharge and ED visit data. Submission of ED visit data to NACRS varied
annually across provinces and territories by record completeness and volume —that is,
some provinces and territories submitted all ED visit data, some submitted a subset (from
a limited number of facilities and/or partial patient records) and others did not submit any
data. Importantly, Ontario submits all ED visit data to NACRS; its large population and large
submission volume mean that it strongly influences trends in national data, particularly
because many other provinces and territories do not submit or only partially submit data

to NACRS. Additionally, NACRS provincial and territorial reporting timelines since 2004
were inconsistent, with some provinces and territories recently beginning submission of
ED visit data and others no longer reporting. Incomplete coverage of ED visit data across all
provinces and territories precluded the use of population denominators for rate calculation.
As a result, the ED visit ‘rate’ is not a true rate as its denominator is derived from the total
number of ED visits across the country, not the population at risk.
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Timeliness (how quickly data is collected, reported and made available) was a limitation

for the analysis of both morbidity and mortality data. Morbidity data were available a few
months after collection but were subject to modification until May of the following calendar
year while provinces and territories finalized data submissions. Mortality data were available
following a delay of over a year after their collection. Mortality data were also subject to
retroactive modification. For example, the discrepancy between CVSD mortality counts and
those published by the British Columbia Coroners Service for 2021 can be explained by the
ongoing submission of coroners’ certificates of death to British Columbia Vital Statistics
[13]. The national data cannot be updated until the provincial data is submitted.

Underreporting presents a significant challenge in quantifying the burden of heat-related
deaths in Canada, partly because it is difficult to determine whether extreme heat was

a causal or contributing factor in these deaths. Heat-related deaths that occur among
individuals with preexisting disease (for example, heart, lung disease) are usually attributed
to the underlying medical condition. Cases where the individual is found deceased

before medical intervention also precludes the ability to observe signs and symptoms

of hyperthermia; and after death, many hyperthermia autopsy findings associated with
heat exposure do not clearly indicate hyperthermia. Thus, a determination of hyperthermia
as a cause or contributing factor to death is often based on the investigation of the scene
and circumstances of death. These factors contribute to issues with accuracy and
comparability of heat-related mortality data [see 14,15,16,17].

Conclusion

Using nationally-available health administrative data allowed for the development of

a pan-Canadian picture of heat-related morbidity and mortality in Canada. While there

are limitations to using these data sources, this bulletin demonstrates that the number

of heat-related deaths in Canada has increased over the last decade compared to the

30 years preceding it. Furthermore, there were more heat-related deaths, hospitalizations
and ED visits during years with extreme heat events. Older individuals and males were also
found to more frequently experience severe health outcomes (that is, hospitalization and
death). As Canada’s climate continues warming and extreme heat events become more
frequent and severe, the likelihood of adverse heat-related health outcomes will continue
to rise without targeted intervention or adaptation strategies [see 3].

The threat of heat-related mortality and morbidity is increasing, making a comprehensive,
consistent and continually-updated national picture of heat-related deaths and illnesses a
valuable tool for understanding the impacts of climate change and adaptation strategies on
the health of people living in Canada. Improvements to data quality, accessibility, availability
and timeliness would allow for a more comprehensive picture of heat-related morbidity

and mortality to better understand impacts and inform adaptation actions.
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Disclaimer

Parts of this material are based on data and information compiled and provided by the Canadian
Institute for Health Information (CIHI). However, the analyses, conclusions, opinions and statements
expressed herein are those of the authors, and not necessarily those of CIHI.

How to learn more

Learn about what Health Canada is doing to protect the health of people living in
Canada from extreme heat: Extreme heat events
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Appendix

Table A1. ICD-9 and ICD-10-CA codes used to identify heat-related morbidity
and mortality records

Mortality (ICD-9 and ICD-10-CA) 1981 to 2022

ICD-9 Used for records 1981 to 1999

900 Exposure to excessive heat due to weather conditions
900.9 Exposure to excessive heat of unknown origin®
ICD-10-CA Used for records 2000 to 2022

X30 Exposure to excessive natural heat

Morbidity (ICD-10-CA) 2004/05 to 2023

X30 Exposure to excessive natural heat

T67 Code Series Effects of heat and light

T67.0 Heatstroke and sunstroke

T671 Heat syncope

T67.2 Heat cramp

T67.3 Heat exhaustion, anhidrotic

T67.4 Heat exhaustion due to salt depletion

T67.5 Heat exhaustion, unspecified

T67.6 Heat fatigue, transient

Te7.7 Heat oedema

T67.8 Other effects of heat and light

T67.9 Effect of heat and light, unspecified

p Although this diagnostic code is not specific to natural heat exposure, it was included to create a definition for heat
death identification that would capture as many potential heat deaths due to environmental heat exposure as possible,
particularly in older data (1981-1999), due to the limited information available.
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Table A2. Information on the data sources used in this analysis

Database/Table Name

Data Steward

Available
Years of Data

Discharge Abstract
Database (DAD)

National Ambulatory
Care Reporting
System (NACRS)

Canadian Vital
Statistics Death
Database (CVSD)

Deaths, by cause,
Chapter XX: External
causes of morbidity
and mortality

(VO1to Y89)

Population estimates
on July 1, by age
and sex

and/or Data Data Type
Holder
Canadian
Institute .
for Health Hospital

. discharges
Information
(CIHI)
Canadian
Institute
for Health ED visits
Information
(CIHI)
Statistics Mortality
Canada records
Statistics Mortality
Canada records
Statistics Population
Canada denominators

22

2005 t0 2023

2004 to 2023

198110 1999

2000 to 2022

1981 to 2022

Health Canada—
Health Data Analysis
and Dissemination
Division (HDAD)

Health Canada—
Health Data Analysis
and Dissemination
Division (HDAD)

Health Canada—
Health Data Analysis
and Dissemination
Division (HDAD)

Statistics Canada
website [9]

Statistics Canada
website [12]
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