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Objectives   British Columbia (BC), Canada, experienced an unprecedented summer with record-breaking high 
temperatures in 2021. Yet the health impact has not been examined in occupational settings. This study aimed 
to characterize occupational heat-related illness (HRI) among BC workers estimated by incidence rates and 
associations between heatwaves and HRI, compare risks from 2021 and prior summers of 2001–2020, and assess 
differential impacts on worker groups by demographics and occupations.
Methods   We identified HRI from workers’ compensation claims that occurred between June and August from 
2001–2021 in BC. Incidence rates were calculated using working population estimates from Statistics Canada’s 
Labour Force Survey. A time-stratified case-crossover design with conditional Poisson regression was used 
to examine the impact of heatwaves on occupational HRI. All analyses were stratified by year (2021 versus 
2001–2020), age, sex, and occupation.
Results   Of the 521 claims identified, 107 (21%) occurred in 2021. Incidence rates for 2021 and prior summers 
were 3.97 [95% confidence interval (CI) 3.26–4.80] and 0.93 (95% CI 0.85–1.03) claims per 100 000 workers, 
respectively. This difference represents a 327% increase. Rates were higher in health occupations in 2021 versus 
2001–2020. During 2001–2021, the risk of HRI during heatwave days was 4.33 (95% CI 2.98–6.27) times that 
during non-heatwave days, and the risk was higher among middle-aged workers and workers in trades, transport, 
and equipment operations. The 2021 heatwaves had greater impact on younger and female workers than those 
from prior summers.
Conclusions   Heat is a crucial workplace hazard. Prevention strategies should prioritize at-risk workers and not 
be limited to heatwaves.

Key terms   case-crossover study; climate change; extreme heat; global warming; heatwave; occupational health; 
workers’ compensation claim.
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In the summer of 2021, record-breaking high tempera-
tures occurred in the Pacific Northwest region of Canada 
and the United States (US). Many locations experienced 
prolonged and intense extreme hot weather, including 
British Columbia (BC) in Canada, and Washington and 
Oregon in the US (1). In BC, the reported daily maximum 
temperature was 49.6° C in Lytton, and broke the Cana-
dian national temperature record by 4.6° C, which stood 
for 86 years. It also exceeded the previous record among 
regions north of 45° N latitude set in July 1936 (1).

Heatwaves (ie, extreme heat events) are periods of 
abnormally hot weather. The 2021 heatwaves caused 

detrimental health impacts in the general popula-
tion. The 2021 heatwave that occurred in late June 
contributed to 619, 100, and 83 heat-related deaths 
in BC (2), Washington (3), and Oregon (4), respec-
tively. The risk of deaths in the general population 
during the heatwave was significantly higher among 
older populations and females (5). The health impacts 
were not limited to deaths but also include non-fatal 
outcomes. Increased rates of heat-related emergency 
department visits were observed in Washington and 
Oregon states, with higher risk among older popula-
tions and males (6, 7).
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Workers are a group in a unique situation during 
periods of higher outdoor and indoor temperatures due 
to their limited ability to control heat exposure while at 
work. Some unique work-related factors may influence 
the thermal comfort of workers, such as radiant heat, 
physical exertion, protective clothing, and personal 
protective equipment (8). In addition, the working 
population and the general population vary in their 
demographic composition and general health conditions. 
Accordingly, the magnitude and distribution of health 
impacts of sustained extreme heat exposure in occupa-
tional settings cannot be generalized from the findings 
derived from the general population (9).

High temperatures can place workers at higher risk 
for heat-related illness (HRI), which is an acute effect 
ranging from mild heat edema to life-threatening heat 
stroke. The risk of HRI for workers is significantly 
higher than for the general population (9, 10). How-
ever, the majority of evidence is from regions with hot 
climates (11, 12). In BC, where most people reside 
and work in areas with a temperate climate, only one 
study characterized occupational HRI and found higher 
rates of lost-time claims for HRI among male workers, 
younger workers, and those working in primary industry. 
However, it examined neither the impact of heatwaves 
nor the effect of extreme heat experienced in 2021 (13). 
The sparse evidence from the working population in 
temperate climates limits our ability to understand how 
heatwaves impact workers in these climates. Knowledge 
specific to this climate can help in the further refinement 
of appropriate prevention strategies.

To generate this foundational knowledge, we exam-
ined workers’ compensation claims to (i) characterize 
occupational HRI among BC workers and compare risks 
from the unprecedented 2021 and prior summers of 
2001–2020, with risks being estimated by incidence rates 
and associations between heatwaves and HRI; and (ii) 
assess how HRI incidence rates and heatwave impacts 
vary across age, sex, and occupational groups. This can 
help prioritize at-risk workers for the development and 
improvement of prevention strategies to mitigate risks for 
HRI in the workplace in BC’s changing climate.

Methods

Study area

Data was collected in BC, a Canadian province on the 
Pacific coast, at latitudes between 48° N and 60° N. Gen-
erally, the climate in BC is temperate throughout the year. 
Southern coastal BC has a mild climate moderated by the 
North Pacific current. In contrast, southern interior valleys 
have hot and dry summers influenced by continental air 

masses, with greater temperature extremes. The central 
and northern interior regions of BC account for two-thirds 
of the province’s land mass, but are largely mountainous 
and sparsely populated, with cool summers (14).

Case identification

We identified occupational HRI cases from workers’ 
compensation claims from 2001 to 2021, provided by 
WorkSafeBC, which is the provincial workers’ compen-
sation system and covers 92.5–98.2% of the labor force 
during the study period (15). WorkSafeBC investigates 
whether the injury or illness was caused by work or the 
work environment to determine if a claim is accepted, 
and reports the occurrence date of the injury or illness 
based on information provided by the worker and the 
employer. Sufficient work exposure must be established 
in order for a claim to be accepted. In the case where 
non-work exposure may have contributed to the injury 
or illness, the work exposure must be shown to have 
contributed to the injury or illness on the balance of 
probabilities (ie, the work exposure was more likely than 
not to have caused the injury or illness). Claim adju-
dicators make this determination in consultation with 
medical advisors. Either the worker or employer has the 
right to appeal the claim eligibility decision for internal 
review and, following this, to an external appeal tribu-
nal. Only accepted workers’ compensation claims for 
HRI that resulted in time lost from work were included 
in our analyses. The less severe claims that resulted in 
health care utilization but no time lost from work were 
not included because the compensation system lacked 
information about the cause of such claims.

We identified HRI claims based on International 
Classification of Diseases, ninth revision or nature of 
injury or source of injury codes. The diagnostic codes 
are presented in table 1. We further restricted our cohort 
to workers aged ≥15 years and those with no missing 
information reported on relevant covariates (ie, age, sex, 
occupation, employer location, meteorological data). We 
limited the analysis to summer months from 1 June to 31 
August to minimize the impact of seasonality.

Meteorological data

Historical meteorological data were obtained from 
Daymet (16), a daily weather dataset providing gridded 
estimates on a 1×1 km surface resolution. The gridded 
daily estimates from inhabited land were further spa-
tially averaged across forward sortation areas (FSA), 
which is a geographic area based on the first three 
digits of Canadian postal codes and inhabited land 
was selected based on Statistics Canada’s population 
ecumene boundary (ie, a population density of ≥0.4 
residents per square kilometer) (17). This can ensure 
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more accurate exposure measures and minimize impact 
by large areas of forest or bodies of water.

In this study, daily maximum temperature and mean 
water vapor pressure were retrieved, and the daily mean 
vapor pressure was used to calculate the daily mean rela-
tive humidity using Bolton’s equation (18), as relative 
humidity is likely to be a confounder of the heatwave-HRI 
relationship by influencing evaporative heat loss (11, 19). 
The FSA-level daily meteorological data were linked to 
HRI claims based on the date of occurrence of HRI and 
employer location reported on claims, assuming constant 
daily exposure among all workers within each FSA.

Heatwaves were defined as two or more consecutive 
days with summertime daily maximum temperature 
above the 95th percentile of temperatures for each FSA 
over all summer days between 2001 and 2020, as used 
in previous studies (20–23). Such location-based rela-
tive thresholds can better capture the spatial variation in 
workers’ acclimatization to the regional climate.

Statistical analyses

A descriptive analysis was conducted to characterize 
HRI claims that occurred over 2001–2021 and by age 
group, sex, and occupation. We further compared the 
HRI claims from the 2021 summer to those from the 
2001–2020 summers. The occupation categories were 
defined based on the highest level of the National Occu-
pation Classification hierarchy (24).

Incidence rates were calculated as the number of HRI 
claims per 100 000 BC workers, where the denominator 

was the count of BC workers estimated from the Labor 
Force Survey (25). We calculated the annual average 
rates for the summertime period, the average rates of the 
2021 summer compared to that of prior summers from 
2001–2020, and by age, sex, and occupation. The 95% 
confidence intervals (CI) were calculated using Byar’s 
approximation of the exact Poisson distribution (26).

To examine the impact of heatwave days on HRI 
claims, a time-stratified case-crossover study design was 
adopted, such that each case day was matched to 3–4 ref-
erent days based on the day of the week, month, and year. 
As comparisons are made within individuals, this study 
design eliminates confounding by known and unknown 
factors that do not vary day-to-day (27). We modeled 
daily counts of HRI with heatwaves using conditional 
Poisson regression. Relative humidity was adjusted for 
in the multivariable regression models as a time-varying 
confounder. The analyses were stratified by year (ie, 
2021 versus 2001–2020), age, sex, and occupation. All 
analyses were conducted in R version 4.0.5 (28).

Results

There were 557 lost-time HRI claims that occurred 
between 1 June and 31 August during 2001–2021, of 
which 521 had complete data and were included in the 
analysis. The distribution of HRI is characterized in 
table 2. The claims that occurred in 2021 (N=107) rep-
resents 21% of the total number of claims over the entire 
21-year study period. Compared to prior summers, the 
HRI claims in 2021 were more likely to occur among 
workers aged ≥55 years, female workers, and those 
with occupations in health and business, finance, and 
administration. There were fewer HRI claimants in 2021 
who were aged 15–24, male, and working in processing, 
manufacturing, and utilities.

The 521 HRI claims corresponded to a rate of 1.11 
(95% CI 1.02–1.21) per 100 000 workers per summer. 
As presented in figure 1, there was no visually appar-
ent temporal trend in prior summers, with rates for 
individual years ranging from 0.23 (95% CI 0.07–0.53) 
claims per 100 000 in 2011 to 2.19 (95% CI 1.65–2.86) 
per 100 000 in 2018. The claims from 2021 (N=107) 
corresponded to the highest rate for any year of 3.97 
(95% CI 3.26–4.80) per 100 000. The difference between 
summer 2021 and the prior summer average (0.93, 95% 
CI 0.85–1.03) represented a 327% increase (table 2).

The characteristics of HRI incidence rates by age, 
sex, and occupation are summarized in table 2. Over 
2001–2021, we found higher rates of HRI among work-
ers who were younger, male, and in occupations from 
primary industry; trades, transport, and equipment oper-
ators; and processing, manufacturing, and utilities. Rates 

Table 1. Diagnostic codes for identification of lost-time claims for 
heat-related illness

Diagnosis scheme & code Description
International Classification 
of Diseases, 9th revision

992.0 Heat stroke and sun stroke
992.1 Heat syncope
992.2 Heat cramps
992.3 Heat exhaustion, anhidrotic
992.4 Heat exhaustion, due to salt depletion
992.5 Heat exhaustion, unspecified
992.6 Heat fatigue, transient
992.7 Heat edema
992.8 Other unspecified heat effects
992.9 Unspecified effects of heat and light
276.5 Dehydration

Nature of Injury
00240 Heat stroke, sun stroke, heat exhaustion
07200 Effects of heat and light, unspecified
07210 Heat stroke
07220 Heat syncope
07230 Heat fatigue
07240 Heat edema
07280 Multiple effects of heat and light
07290 Effects of heat and light, not elsewhere classified

Source of Injury
93620 Heat-environmental
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Figure 1. Annual incidence rates for the summertime period of accepted lost-time claims for heat-related illness per 100 000 workers in British Columbia, 
Canada, 2001–2021. The dotted line indicates the overall average incidence rate for the 2001–2020 summers.

Table 2. Summary statistics and incidence rates of accepted lost-time claims for heat-related illness among workers in British Columbia, Canada, 
with claims that occurred between 1 June and 31 August, 2001–2021: Statistics compared between 2021 summer and 2001–2020 summers. 
[CI=confidence interval]

Variable 2001–2021 2001–2020 2021
Claims  
N (%)

Rate (95% CI) per 
100 000 workers 

per year

Claims  
N (%)

Rate (95% CI) per 
100 000 workers 

per year

Claims  
N (%)

Rate (95% CI) per 
100 000 workers 

per year

Overall 521 (100) 1.11 (1.02–1.21) 414 (79.5) 0.93 (0.85–1.03) 107 (20.5) 3.97 (3.26–4.80)
Age group (years)

15–24 94 (18.0) 1.31 (1.06–1.60) 80 (19.3) 1.18 (0.93–1.47) 14 (13.1) 3.59 (1.96–6.03)
25–34 147 (28.2) 1.48 (1.25–1.73) 114 (27.5) 1.22 (1.00–1.46) 33 (30.8) 5.48 (3.77–7.69)
35–44 102 (19.6) 0.97 (0.79–1.18) 83 (20.0) 0.83 (0.66–1.03) 19 (17.8) 3.26 (1.96–5.09)
45–54 111 (21.3) 1.03 (0.85–1.24) 88 (21.3) 0.86 (0.69–1.06) 23 (21.5) 4.35 (2.76–6.53)
≥55 67 (12.9) 0.78 (0.61–0.99) 49 (11.8) 0.62 (0.46–0.81) 18 (16.8) 3.06 (1.81–4.83)

Sex
Male 362 (69.5) 1.46 (1.31–1.62) 299 (72.2) 1.28 (1.14–1.43) 63 (58.9) 4.42 (3.40–5.65)
Female 159 (30.5) 0.72 (0.61–0.84) 115 (27.8) 0.55 (0.45–0.66) 44 (41.1) 3.47 (2.52–4.66)

Occupation
Primary industry 61 (11.7) 4.17 (3.19–5.35) 48 (11.6) 3.43 (2.53–4.55) 13 (12.1) 20.14 (10.71–34.44)
Trades, transport, and equipment opera-
tors and related

251 (48.2) 3.45 (3.03–3.90) 209 (40.1) 3.02 (2.63–3.46) 42 (39.3) 11.38 (8.20–15.38)

Processing, manufacturing, and utilities 41 (7.9) 2.31 (1.65–3.13) 36 (8.7) 2.12 (1.48–2.94) 5 (4.7) 6.23 (2.01–14.54)
Art, culture, recreation, and sport 16 (3.1) 0.98 (0.56–1.59) – a 0.78 (0.40–1.36) – a 4.43 (1.19–11.34)
Sales and service 81 (15.5) 0.65 (0.52–0.81) 63 (15.2) 0.54 (0.41–0.69) 18 (16.8) 2.81 (1.67–4.45)
Natural and applied sciences and related 16 (3.1) 0.49 (0.28–0.79) – a 0.43 (0.23–0.73) – a 1.18 (0.24–3.44)
Social science, education, government 
service, and religion

13 (2.5) 0.33 (0.18–0.56) – a 0.30 (0.15–0.54) – a  0.67 (0.07–2.40)

Health 20 (3.8) 0.64 (0.39–0.98) 8 (1.9) 0.27 (0.12–0.54) 12 (11.2) 5.51 (2.85–9.63)
Business, finance, and administration 19 (3.6) 0.24 (0.15–0.38) 11 (2.7) 0.15 (0.07–0.26) 8 (7.5) 1.81 (0.78–3.58)

a Statistics are not presented for occupation categories with <5 claims in 2021.

in 2021 were intensified compared to prior averages. 
The greatest increases were observed among workers 
in the 25–34 and 45–54 age groups and in occupations 
from primary industry; trades, transport, and equipment 
operators; and health occupations.

The daily ambient temperatures in summer 2021 were 
more extreme compared to prior summers. The 95th per-
centiles of summertime daily maximum temperatures for 
FSA ranged from 21.0° C to 34.9° C in prior summers, and 
from 22.2° C to 38.6° C in summer 2021 (figure 2). The 

annual average number of heatwave days per FSA was 
two in prior summers versus seven in summer 2021. Of 
the 521 HRI claims, 135 (26%) occurred during heatwave 
days. The associations between heatwaves and HRI are 
reported in table 3, and associations stratified by occupa-
tion are only reported for the two occupational groups with 
the highest claim counts. The overall risk of HRI during 
heatwave days was 4.33 (95% CI 2.98–6.27) times that 
during non-heatwave days, when controlling for relative 
humidity. The relative risk increased from 3.24 (95% CI 
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2.11–4.98) in prior summers to 10.19 (95% CI 4.45–23.35) 
in summer 2021. Across the entire 21-year study period, 
the impacts of heatwaves were greater among workers 
aged 45–54, 25–34, and 15–24, as well as workers from 
trades, transport, and equipment operators. The risk of HRI 
did not differ significantly between heatwave and non-
heatwave days among workers aged ≥55 and in primary 
industry. The 2021 heatwaves had greater impact in HRI 
among the younger age groups of 25–34 and 15–24 and in 
female workers, when compared to prior summers.

Discussion

The incidence rate of HRI claims was 327% higher 
during the extremely hot summer of 2021 compared to 
prior summers among workers aged ≥15 years in BC. 
The risk of HRI during heatwave days was significantly 
higher than that during non-heatwave days, and this 
association was greater in magnitude during summer of 
2021 in contrast to prior summers. In 2021, there was a 

Figure 2. The distribution of 95th percentiles of summertime daily maximum temperatures across forward sortation areas in British Columbia, Canada, in prior 
summers of 2001–2020 (left) versus summer 2021 (right).

Table 3. Associations between heatwaves and heat-related illness among workers in British Columbia, Canada, between 1 June and 31 August from 
2001–2021: Statistics compared between 2021 summer and 2001–2020 summers. [RR=relative risk; CI=confidence interval]

Variable 2001–2021  
N=521

2001–2020  
N=414

2021  
N=107

RR (95% CI) RR (95% CI) RR (95% CI)
Overall 4.33 (2.98–6.27) a 3.24 (2.11–4.98) a 10.19 (4.45–23.35) a
Age group (years)

15–24 5.42 (2.35–12.46) a 3.84 (1.51–9.77) a 20.18 (2.33–174.50) a
25–34 6.54 (3.04–14.05) a 3.99 (1.69–9.43) a 43.63 (4.57–416.71) a
35–44 2.23 (1.00–4.96) a 1.82 (0.73–4.53) 2.78 (0.38–20.29)
45–54 12.77 (3.72–43.80) a 10.67 (2.33–48.84) a 27.23 (2.61–284.15) a
≥55 1.77 (0.64–4.93) 1.83 (0.54–6.25) 0.77 (0.08–7.10)

Sex
Male 4.41 (2.80–6.95) a 3.69 (2.21–6.15) a 8.33 (2.88–24.11) a
Female 4.33 (2.23–8.43) a 2.48 (1.11–5.68) a 13.53 (3.54–51.62) a

Occupation b
Primary industry 2.01 (0.56–7.20) 1.70 (0.36–8.12) 3.50 (0.44–28.02)
Trades, transport, and equipment operators and related 3.36 (2.00–5.63) a 2.96 (1.63–5.35) a 4.83 (1.55–15.08) a

a Statistically significant with P<0.05.
b Relative risks by occupation were only reported for the two occupational groups with the highest claim counts.
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notable increase in rates from health occupations, while 
heatwaves of this year had greater association with HRI 
among younger and female workers than those from prior 
summers. Over the entire 21-year study period, heatwaves 
had a greater impact in elevating risks of HRI among 
workers aged 45–54 years and those working in trades, 
transport, and equipment operators. Incidence rates were 
higher among workers who were younger, male, and in 
occupations with substantial manual and outdoor work.

The risk of HRI in workplaces during heatwave 
days was 4.33 times that during non-heatwave days. 
This impact may have been greater absent any protec-
tive measures, such as WorkSafeBC’s advisory to cease 
work during extreme heat events (29). Our finding was 
similar as observed in South Australia, which found 4–7 
times the risk in a city located at latitude of 35° S (12). 
This is more than 10° closer in latitude to the equator 
compared to BC. These findings indicate elevated risk 
regardless of latitudes and regional climates, although 
the heatwave thresholds vary due to varying sensitivity 
to heat in those climates.

The annual average incidence rate for HRI in BC 
was 1.11 per 100 000 workers, which is similar to that 
of other Canadian provinces of Ontario (1.62 per 100 
000) (30) and Quebec (1.04 per 100 000) (11), but 
considerably lower than that of South Australia (4.5 
per 100 000) (12), and states of Florida (3.5 per 100 
000) (9) and Washington (3.1 per 100 000) (31) in the 
US. Yet comparison of incidence rates across regions 
warrants cautious interpretation because of different 
administrative datasets and study periods selected to 
identify occupational HRI. In addition, the incidence 
rate is likely an underestimate of the true burden of 
occupational HRI due to underreporting of HRI claims. 
Reasons may include that workers may think HRI is a 
mild health issue and not worth the time and effort to 
file a claim, they have job security and future employ-
ment concerns, or they may lack knowledge about the 
eligibility and coverage of workers’ compensation (32).

In summer 2021, the distribution of HRI and the 
impact of more intense and prolonged extreme heat 
presented different trends as compared to prior sum-
mers. Incidence rates were much higher, and heatwaves 
had a greater association with HRI. Compared to prior 
summers, heatwaves in 2021 were attributed to a higher 
risk of HRI among younger workers in age groups 15–24 
and 25–34, as well as female workers. It is possible that 
younger workers were more likely to assume they are 
healthier and chose not to take preventive actions and 
were more likely to undertake more strenuous work (33). 
The impact of heatwaves on HRI became greater among 
female workers than male workers, which contrasts 
with prior summers. This reversal indicates that female 
workers may be less heat tolerant than male workers 
at extremely elevated temperatures (34). In addition, 

health professionals experienced a more noticeable 
increase in the incidence rates. The findings comparing 
2021 versus prior summers should be interpreted with 
caution as several factors may modify the anomalous 
trend observed in 2021. One factor possibly contributing 
to this finding is the fact that some workers (eg, health 
professionals, essential workers working indoors) had 
to wear additional personal protective equipment during 
the COVID-19 pandemic, which may impede heat dis-
sipation and increase their risk of HRI (35). Another fac-
tor modifying the trend may be behavior change during 
the COVID-19 pandemic. For example, among workers 
who were able to work from home, the risk of HRI may 
be modified by the availability of air conditioning (AC) 
at home. In BC, only 32% households had AC, of which 
most were found in interior regions with hot summers 
and in those with higher socioeconomic status (36). A 
possible third factor is the lack of acclimatization as the 
most intense and prolonged heatwave in 2021 occurred 
in the early summer, when workers were poorly adjusted 
to the sudden increase in ambient temperatures. This is 
particularly important for workers undertaking strenu-
ous work and those who are not acclimatized to wearing 
masks in hot environments. This aligns with US studies 
which found that occupational HRI cases were more 
likely to occur during the first week of employment (31) 
and in early summer (23) when workers were not physi-
ologically adapted to tolerate heat and not psychologi-
cally vigilant to take preventative actions.

Middle-aged workers experienced greater impact 
from heatwaves and younger workers were at higher 
risk of HRI over summer months. The impact of heat-
waves was higher among the 45–54 age group, suggest-
ing that middle-aged workers may have deteriorated 
thermoregulatory functions and limited tolerance to 
extreme heat (37). Although older workers are expected 
to experience more physiological strain with advancing 
age (37), we did not observe significant differences in 
the risk of HRI during heatwave and non-heatwave 
days among workers aged ≥55 years. We hypothesize 
that these workers were more likely to work in more 
senior roles in offices equipped with AC or other cool-
ing interventions. Healthy worker effect may also play 
a role in that workers who are more susceptible to heat 
may self-select to depart from their positions, leaving 
the fittest workers in the jobs (38). In contrast, incidence 
rates were highest among younger workers during the 
summer months. This aligns with a previous study which 
found that the proportion of claimants <25 years old who 
filed HRI claims was significantly greater than that of 
all compensation claims (31). This is possibly because 
young workers were more likely to be assigned physi-
cally demanding tasks or entry-level labor positions (13, 
30). Prevention strategies should be developed consider-
ing variations in heat susceptibility among age groups in 
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response to varying degrees of heat exposure.
BC workers had 4.33 times the risk of HRI during 

heatwave compared to non-heatwave days, and the risks 
were not significantly different between men (4.41) and 
women (4.33), which was similarly observed in a South 
Australian study (11). In contrast, the overall incidence 
rates of HRI were higher among male versus female 
workers. These findings reflect gender differences as 
reported in previous studies (11, 12, 31), which could 
be explained by the fact that male workers constitute 
approximately 80% of the workforce that engages in 
more strenuous and/or outdoor work (39). When restrict-
ing to specific occupations, female workers had similar 
or higher rates compared to male workers (13). In com-
bination with our unique findings from the comparison 
of 2021 to prior average, prevention strategies should 
not be limited to male workers, and should be dynamic, 
taking into consideration the level of heat intolerance, 
especially during prolonged exposure to extreme heat.

The risk of HRI was disproportionate by occupa-
tion. The three occupations with the highest incidence 
rates were those in primary industry (eg, agriculture, 
forestry); trades, transport, and equipment operators (eg, 
construction, transportation); and processing, manufac-
turing, and utilities (eg, machine operators). The find-
ings were similar to those observed in Washington State 
(US) in that HRI rates were 5.2, 12.1, 3.5, and 3.0 per 
100 000 workers for agriculture, forestry, fishing and 
hunting; construction; transportation; and manufactur-
ing, respectively (31). Although workers from primary 
industry had the highest incidence rate, their risks dur-
ing heatwave days were not significantly different from 
non-heatwave days. We hypothesized that these workers 
were more likely to perform high-exertion activity at 
work. The increased metabolic rate induced by strenuous 
activity may contribute to the increased internal body 
heat, which may place them at higher risk for HRI even 
when the temperatures were not extreme (40). These 
workers were also more likely to work outdoors with 
radiant heat from the sun and lack of effective cooling 
interventions, which may contribute to the increased 
risk of HRI (41). Future research may examine the 
relationships between ambient temperatures and HRI to 
determine the temperature thresholds at which risks are 
elevated in different subgroups. Prevention strategies 
should target high-risk occupations for a wide range of 
weather conditions, not only limited to heatwave days.

Our study has some limitations. First, the incidence 
rates may not reflect the true burden of occupational heat 
exposure in BC because the lost-time claims did not cap-
ture HRI cases that were not reported to WorkSafeBC 
and those that did not result in time lost from work. 
More research is warranted to capture HRI cases more 
comprehensively, including those that were not severe 
enough to result in time lost from work and those that 

were work-related but underreported to workers’ com-
pensation systems. Identifying more cases may allow 
for more granular stratified analysis by combinations of 
age, sex, and/or occupation to account for disproportion-
ate demographics within occupations to identify at-risk 
workers and allow better estimates of the true HRI inci-
dence. In addition, future research may further explore 
the impact of heatwaves on workplace injury, which 
has been well documented in other jurisdictions (42). 
Second, there may be exposure misclassification par-
ticularly in sectors where workers predominantly work 
in remote sites, different from their reported employer’s 
locations (eg, forestry workers). Such non-differential 
misclassification may bias the results towards the null. 
In addition, using FSA-level meteorological estimates 
to represent heat exposure for all workers within each 
FSA may decrease precision, but is not expected to 
introduce bias in effect estimates (43). However, they 
cannot capture the full variability of microenvironments 
at workplaces (eg, presence of cooling or indoor heat 
sources). Ideally, to more precisely characterize heat 
exposure, future research should consider collecting 
information on work-specific heat sources or objectively 
measuring heat in workplaces, particularly in indoor 
work environments. Third, we did not consider relative 
humidity, solar radiation, and/or wind speed in heat 
metrics to define heatwaves as doing so is to estimate the 
combined effect of ambient temperature and additional 
weather parameters on HRI. Future studies may adopt 
additional heat metrics such as humidex and wet bulb 
globe temperature to better reflect workers’ experience 
of heat exposure and provide additional insight with 
respect to differential susceptibilities to heat.

This study has several strengths. It is the first study 
to quantify the association between occupational HRI 
and heatwaves in BC using workers’ compensation data 
linked with meteorological data. The near-universal 
coverage of workers’ compensation data allows the find-
ings to be generalized to all BC workers aged ≥15 years. 
Another strength is the use of time-stratified case-cross-
over study design which accounts for time-invariant 
confounding and minimizes potential bias arising from 
time trends. In addition, our study is the first to com-
pare results from the 2021 summer, which experienced 
record-breaking extreme temperatures, to prior summers 
in occupational settings. This provides insight about 
varying levels of heat susceptibilities to heatwaves of 
extreme intensity and informs prevention and adaptation 
strategies to mitigate the effects of intense future heat-
waves in this warming climate. A further strength of our 
study is that we not only examined risk factors for inci-
dence of occupational HRI during summer months, but 
also assessed whether those at-risk subgroups were at 
higher risk during heatwave compared to non-heatwave 
days. This points to HRI being not only a result of pro-
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longed and intense heat exposure and informs broader 
prevention measures even in the absence of heatwaves. 
Future work should explore the association between 
ambient temperatures and occupational HRI and identify 
risk factors for HRI when temperatures are high but not 
extreme. Further, heatwaves were defined by using loca-
tion specific thresholds. This allows generalizability of 
our results to regions in different climates.

Concluding remarks

Occupational heat exposure is a crucial workplace 
hazard that contributes to increased risk of HRI among 
workers, even in regions that typically feature temperate 
climates. The risk of HRI will likely increase due to the 
trend of warming temperatures and extremes in weather. 
Our findings of different at-risk subgroups during heat-
waves can inform the development and improvement of 
prevention strategies to mitigate occupational HRI for 
these workers. Prevention strategies should prioritize 
at-risk subgroups in response to not only heatwaves but 
also high ambient temperatures to improve the health 
and safety of workers in BC.
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