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The climate is changing, and the
effects that this is having on human
health will intensify over the next
years.
Are Canadians prepared for the next
extreme heat event?

PRESENTATION OUTLINE
To provide some insight into this important question, this
presentation will overview information on the following
areas of focus:
1. Brief overview of human thermoregulation and the human heat stress response,
2. Discuss individual and environmental factors that affect a person’s ability to
lose heat,
3. Review the thermal and cardiovascular response in older adults during a simulated
extreme heat event, and;
4. Discuss indoor temperature limits to protect health during extreme heat events.
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Individual factors of sex, age, and chronic disease can markedly alter thermoregulatory function by modulating
whole-body heat loss with intra-individual factors inducing further variability.
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The challenge
remains in
quantifying heat
exposure levels that
can be highly
variable between
individuals. Factors
to consider:

A study examined temperatures in
homes occupied by elderly individuals
(> 65 years) in Detroit, Michigan, USA
during the summer.
• mean outdoor temperature at the
Airport was 21.0°C (7.2 to 34.3°C).
• individual rooms for some dwellings
ranged from 16.7ºC to a max of 35ºC.
Chicago Heat Wave 1995

Figure. Hourly temperature measurements during the 2021 heat dome in
greater Vancouver. Outdoor measurements (black line) were taken from
the weather station at Abbotsford International Airport. Indoor
measurements (blue and red lines) were accessed through the ecobee
Donate Your data program.

Environ Res. 2016;146:27-34

Environmental Epidemiology, 2022, 6:e189

Individual factors that can
reduce heat dissipation and
increase susceptibility to
dangerous overheating.
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What we know:
An individuals ability to lose heat declines with increasing age at a rate of up ~4% per decade
although this rate is not appreciably modified by sex.
Heat loss is~5% lower in females compared to males at moderate to high heat stress conditions,
irrespective of age. Sex-differences persist throughout the lifespan.
Med Sci Sports Exerc. 2020;52(10):2242-2249.
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Heat loss response over 5 consecutive days

Physical exertion
over successive days
can deteriorate the
body’s ability to lose
heat

Temperature (Austin). 2018;5(4):293-295.
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The boundary at which temperature becomes deadly decreases with increasing
relative humidity
Hot/Humid
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Nature Climate Change 2017, 7:501-506.
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Appl Physiol Nutr Metab. 2014, 39(3):292-8.
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Ground-level ozone and other impacts to air quality are a clear
threat to health – extreme heat can worsen this response

• Air pollution contributes to approximately 14,600 premature deaths in Canada every year
and makes tens of thousands ill through respiratory and cardiac illnesses and other diseases.
• Air pollutants that cause these effects include fine particles and chemical toxins from
sources like industrial emissions; vehicle exhaust; electricity generation and home heating
powered by coal, oil, or gas; and smoke from wildfires.
• Ozone at ground level is a harmful air pollutant, because of its effects on people and the
environment, and it is the main ingredient in “smog." As temperatures rise, concentrations of
ground-level ozone will increase.

Clark et al. 2021. The Health Costs of Climate Change: How Canada Can Adapt,
Prepare, and Save Lives. Canadian Institute for Climate Choices.
https://climatechoices.ca/reports/ the-health-costs-of-climate-change/

CMAJ. 2010, 182(10):1053-1060.

Characterizing the human
physiological response to
extreme heat
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T2D=type 2 diabetes

Area in pink - amount of heat your body stores – the greater the value, the higher the elevation in core temperature
1

Temperature, 2017, 4(1):79-88 & 2Temperature, 2020, 16(17):263-269.

Question: What is the increase in hyperthermia
and cardiovascular burden experienced by older
adults during simulated daylong exposure to
extreme heat and is the magnitude of increase
greater relative to their younger counterparts?
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Figure. Time-dependent increases (Δ) in rectal temperature (Panel A) in the young (n=20, blue symbols) and older (n=19; orange symbols) adults over the 9-hour
extreme heat exposure (40°C, 10% relative humidity; Humidex 40°C). Individual data at the three- and nine-hour points of exposure for core temperature (B) and
body heat storage (C) are presented. Data reported as mean ± SD and individual points. † indicates a difference between the young and older adults when data is
averaged over time points (P<0.050).
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Figure. Time-dependent increases (Δ) in rectal temperature in healthy older
adults (n=19; grey symbols), and older adults with type 2 diabetes (n=10)
and hypertension (n=10) over the 9-hour extreme heat exposure. Data
reported as mean ± SD.
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Figure. Change (Δ) in heart rate (percentage of age-predicted maximum, panel A), cardiac output (panel B), systolic blood pressure (panel C), and diastolic
blood pressure (panel D) from baseline values in the young (n=20, blue symbols) and older (n=19; orange symbols) at the 3- and 9-hour points of the 9-hour
extreme heat exposure (40°C, 15% relative humidity). Data reported as mean ± standard deviation and individual points. † indicates a difference between the
young and older adults when data is averaged over time (P<0.050).

Question:
What is a safe indoor
temperature limit to safeguard
the health and well-being of
vulnerable individuals during an
extreme heat event?

We assessed resting exposure to:
i) 22°C, to simulate an air-conditioned
environment (COOL; humidex: 23°C);
ii) 26°C, corresponding to recommended
upper limits for indoor environments as set
by Toronto Public Health (TEMP; humidex
29°C);
iii) 31°C, similar to average daytime summer
temperatures in Ontario and Quebec and
slightly below World Health Organization
recommended day-time indoor temperature
limit during heat events (WARM, humidex:
37°C); and
iv) 36°C, based on maximal indoor
temperatures measured during extreme
heat events in a temperate continental
climate (HOT, humidex: 45°C).
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Figure 1. Time-dependent responses of rectal (panel A) in the older adults (n=16) over the 8-hour exposure in COOL (22°C), TEMP (26°C),
WARM (31°C) and HOT (36°C) conditions (relative humidity of 45% in each condition). Individual data at the end of each exposure are presented
in panel B. Data reported as mean ± SD and individual points. P-values indicate the output of post-hoc comparisons between model estimated
marginal means (adjusted for baseline values) of adjacent conditions (following detection of a significant effect of condition).

Figure. Time-dependent responses of
heart rate (panel A) and mean arterial
pressure (panel C) in the older adults
(n=16) over the 8-hour exposure to
COOL (22°C), TEMP (26°C), WARM
(31°C) and HOT (36°C) conditions
(relative humidity of 45% in each).
Individual data at the end of each
exposure are presented in panels B, and
D. Data reported as mean ± SD and
individual points. P-values indicate output
of post-hoc comparisons between model
estimated marginal means (adjusted for
baseline values) of adjacent conditions
(following detection of a significant
condition effect).
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Figure. Change in rectal temperature (panel A), heart rate
(panel B), and mean arterial pressure (panel C) in the
healthy older adults (n=16) and those with hypertension (n =
10) and type 2 diabetes (n = 10) over the 8-hour exposure to
WARM (31°C) and HOT (36°C) conditions (relative humidity
of 45% in each).
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Key take-home message:
A single-day exposure to temperatures ≤26°C will
likely not create an undue physiological strain in
older adults. However, sustained exposure to
temperatures greater than 26 but less than 31°C
may pose a risk to health in some adults, whereas
sustained exposure to temperatures ≥31°C should
be avoided for heat-susceptible populations
whenever possible.
To inform the creation of more encompassing
guidelines, it is important that future work explore
the consequences of these findings on health and
well-being over successive days. This includes
assessing responses in sedentary adults and those
with poor health that may limit their ability to
appropriately respond to heat stress.

Together….Creating Heat-Resilient Communities
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