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Learning objectives

1. Discuss the acute impact of wildfire smoke exposure on human health, especially 

among Ontarians

2. Describe data sources and new findings in the area of wildfire-related health research

3. Describe the principles and the emerging methodologies in triangulating evidence in 

health research 
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Disclaimer

This presentation was created by its author. It will be published on the Public Health 

Ontario (PHO) website for public use as outlined in our Website Terms of Use. PHO is 

not the owner of this content. Any application or use of the information in this document 

is the responsibility of the user. PHO assumes no liability resulting from any such 

application or use.
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Source: https://www.timeshighereducation.com/peer-review-way-validating-research-bunk
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The health effects of air pollution?

Source: https://vizhub.healthdata.org/gbd-compare/

Cardiovascular cause: 3.5M

Respiratory cause: 1.1M

Respiratory infections & TB: 750,000 

>6M deaths
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Source: https://www.canada.ca/en/health-canada/services/publications/healthy-living/health-impacts-air-pollution-2021.html

Air pollution is an 
ongoing public health 
concern in Canada
• PM2.5 accounted for an 

estimated 10,000 premature 
deaths in 2016
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Source: Chen et al. 2024 under review

Any observable benefit from the past air quality 
improvements in Canada?

From 2007 to 2016, joint change in exposures to 3 pollutants was found to 
prevent 609 deaths/M population and gain 2,652 years of life/M in Canada



8
Source: https://www.stateofglobalair.org/

Trend of PM2.5 in North America, 1990-2020

Canada
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Sources: https://www.latimes.com/; https://www.npr.org/; https://www.nytimes.com
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Source: https://www.nature.com/articles/s41586-023-06522-6
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Wildfires are a growing issue in and around Ontario

• While wildfires 

commonly occurred 

in western Canada, 

they have occurred in 

and around Ontario 
ON

QC

MB
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Wildfires are a growing issue in and around Ontario

• Focusing on Ontario, most 

wildfires were in the 

Northwestern Ontario

• Due to long distance and 

relatively modest intensity, 

the wildfire smoke has 

rarely substantially affect 

air quality in Ontario’s large 

population centres

ON QC

MB
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The unprecedented 2023 Wildfires significantly 
worsened air quality in Ontario’s population centres

Sources: https://www.cp24.com/news/toronto-air-quality-reaches-high-risk-level-due-to-ontario-quebec-wildfire-smoke-1.6430862?cache=yes; 

https://www.theweathernetwork.com/en/news/weather/severe/2023-year-in-review-ontario-wildfires-and-smoke

June 7, 2023 Toronto (CP24)
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Also affected major cities in the U.S.

Sources: https://www.cnbc.com/2023/06/07/canadian-wildfire-smoke-nyc-residents-urged-to-stay-inside.html; https://www.nbcnews.com/science/environment/year-wildfire-

smoke-us-faces-brutal-season-rcna92453; https://www.aljazeera.com/news/liveblog/2023/6/8/canada-wildfires-live-smoky-haze-spreads-across-us-cities



Evidence from the U.S.

Source: Chen K et al JAMA 2023
16



Source: McArdle C et al 2023 MMWR
17

• In New Jersey and New 

York, 364 excess visits 

during June 6-8, 2023

• Overall an 17% increase 

in asthma ED visits than 

expected 



Why studying the health impact of 2023 wildfire 
smoke exposure in Ontario?

• Given evidence on wildfire smoke exposure on asthma ED visits in the 

U.S., it is of great interest whether a similar impact occurred in Ontario

• It is also important to know whether other health outcomes (esp., 

cardiovascular) were affected by high level of wildfire smoke exposure

• The 2023 wildfire season in Ontario comprised 2 unprecedented major 

wildfire episodes (~3 weeks apart), providing a unique opportunity to 

characterize difference (if any) in the health impacts

• Finally, we aimed to close the gap between association and causation 

(through epidemiological triangulation)
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Epidemiological triangulation

Source: Lawlor D et al 2016 International Journal of Epidemiology; Pearce N et al 2019 Epidemiology

• Seek different study designs, data sources, and analytical approaches

o Examples: traditional cohort studies, natural experiments, randomized experiments

o Involve different assumptions (hence, different sources of potential biases)

o May yield different findings (align with the Bradford Hill criteria of ‘consistency’) 

o Goal is strengthen confidence in causal inference (qualitative assessment)

• In contrast, systematic review approach seeks similar studies 

o Expected to see similar findings

o Goal is to obtain a more precise estimate of an exposure (quantitative assessment)
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• Interrupted time-series study (a quasi-experiment design for evaluating 

a well-defined public policy or intervention) 

• Case crossover study (a self-matched study design)

• Daily time-series study (a regression-based approach)

• Falsification analysis: a negative outcome control (non-

cardiorespiratory outcome) and a placebo test (year 2022)

• Visual analysis

20

Study design: 5 complementary approaches used
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Data sources: health outcome

• ACES (The Acute Care Enhanced Surveillance Application)

o Ontario Syndromic Surveillance system developed by KFL&A Public Health

o Timely (real-time monitoring triage registration records from EDs in Ontario)

o Population representative (over 95% of Ontario’s acute care hospitals)

o A wide array of syndromes ascertained using validated algorithms

• NACRS (National Ambulatory Care Reporting System)

o “Gold standard” acute care data (commonly used to study acute effects of many 

risk factors and healthcare utilizations)

o However, a limitation is lag in data availability (delayed up to 6-12 months)



22

Data sources: exposure

• Air quality monitoring stations in ON (MOECP)

o “Gold standard” air quality measurement data

o Timely (real-time monitoring air quality in Ontario)

o Not specific to wildfires and not all PHUs have a station

• Wildfire smoke plume (NOAA HMS)

o Satellite-based remote sensing data covering entire NA

o Available daily, with smog plume intensity score (0: no, 

1: light, 2: medium, 3: heavy)

o Possible missingness due to cloud cover and difficult to 

differentiate vertical height of plumes

Source: https://www.airqualityontario.com/aqhi/locations.php?forecast_period=3; https://www.ospo.noaa.gov/Products/land/hms.html#maps
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Study area: 29 Ontario Local Health Units

• ~97% of Ontario 

population



• Conditional Poisson regression (each of 29 PHUs as a stratum) with 

adjustment for confounding, overdispersion, and autocorrelation 

• Key confounders included secular trend, seasonal effect, day-of-week 

effect, daily temperature, daily humidity, common co-pollutants (O3 and 

NO2), reported COVID-19 cases, and holidays

• Outcomes: asthma, other respiratory diseases, coronary heart disease, 

and non-respiratory and non-cardiovascular disease

24

Statistical analysis
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Smoke day: (1) > max. of daily mean PM2.5

(Jan 2022-May 2023) and (2) plume intensity 

score (heavy)

Ontario
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Smoke day: (1) > max. of daily mean PM2.5

(Jan 2022-May 2023) and (2) plume intensity 

score (heavy)

Toronto Public Health 
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Smoke day: (1) > max. of daily mean PM2.5

(Jan 2022-May 2023) and (2) plume intensity 

score (heavy)

Ottawa Public Health 



Selected confounders: O3, NO2, temp, rel. humidity
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Visual analysis
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Visual analysis



33

Triangulation of evidence

Interrupted time-

series study

9% to 23% increase in daily asthma ED visits during the 1
st

wave 

(depending on lag and data source), but not in the 2
nd

wave. No 

association found for other outcomes

Case crossover 

study

8% to 20% increase in daily asthma ED visits during the 1
st

wave 

(depending on lag and data source), but not in the 2
nd

wave. No 

clear evidence found for other outcomes

Traditional time-

series study

2% to 11% increase in asthma ED visits on days classified with 

“heavy” smoke plume compared to days with no plume (depending 

on lag and data source). No clear evidence for other outcomes

Falsification analysis (1) non-cardiorespiratory-related ED visits: null effect and (2) 

placebo test (using year 2022): null effect on all outcomes

Visual analysis Visual jump in daily incidence of asthma ED visits at the 1
st

wave, 

but not at the 2
nd

wave. No clear jump found for other outcomes
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In summary

• Ambient air pollution is an ongoing public health issue in Canada; the 

2023 wildfire season exacerbated this impact

• Exposure to the 2023 wildfire smoke was causally linked to a significant 

increase in asthma-related ED visits in Ontario

o Daily visits jumped up to 23%, lagged by 1 day, and peaked on day 2 or 3

• There was a sharp increase in asthma ED visits following the 1st wave of 

wildfires, but not with the 2nd wave

• Comparable findings between syndromic ED visits and CIHI ED visits, 

supporting the utility of syndromic data for (real-time) wildfire surveillance
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Next steps

• Long-term effect of exposure to wildfire smoke

• Vulnerability and environmental justice
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In the context of wildfires and public health

What additional research evidence are you seeking to support your work 

in protecting public health in Ontario?
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