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Background

Climate-related 
environmental exposures 
increasingly affect 
healthcare delivery

Medical imaging represents 
significant resource 
utilization in emergency 
departments 



Objective

¢ƻ ƛƴǾŜǎǘƛƎŀǘŜ ǎƘƻǊǘπǘŜǊƳ ŀǎǎƻŎƛŀǘŜŘ ōŜǘǿŜŜƴ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎ ŀƴŘ ƳŜŘƛŎŀƭ ƛƳŀƎƛƴƎ ǳǘƛƭƛȊŀǘƛƻƴ 
ƛƴ ŜƳŜǊƎŜƴŎȅ ŘŜǇŀǊǘƳŜƴǘǎΦ



Study Design

Retrospective, time-stratified, case-cross over study 

11 years (2013-2023) 

1,946,465 imaging studies

Moving daily averages of each environmental exposure



Factors that INCREASE Imaging

PM2.5 NO2 Temperature



CŀŎǘƻǊǎ ǘƘŀǘ Lb/w9!{9 LƳŀƎƛƴƎ

PM2.5 NO2 Temperature



Factors that DECREASE Imaging

Wind wŀƛƴ Snow



Sex-specific Differences

Larger effect sizes observed in men compared to women

Women Men



Clinical Impact and Conclusions

Short term environmental 
factors may be useful in 
predicting image utilization. 

Paradigm shift from reactive to 
predictive healthcare resource 
management



¢Ƙŀƴƪ ȅƻǳ



Sex-specific Associations of Long-term Air 
Pollution Exposure with Coronary Artery Stenosis 
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Introduction

ÁDespite growing evidence linking air pollution to 
adverse cardiac outcomes, data remain limited 
regarding its association with CT-based markers of 
coronary artery disease (CAD).

ÁFurthermore, sex-specific differences in these 
associations are not well understood.



Purpose

ÁTo evaluate the relationship between long-term fine 
particulate (PM2.5) air pollution exposure and
CT-based markers of coronary artery disease (CAD), 
stratified by patient sex.



Methods

ÁtƻǇǳƭŀǘƛƻƴΥ !Řǳƭǘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƻǳǘǇŀǘƛŜƴǘ /ŀǊŘƛŀŎ 
/¢ ŦƻǊ ŜǾŀƭǳŀǘƛƻƴ ƻŦ /!5 

Á5ŜǎƛƎƴΥ aǳƭǘƛπǎƛǘŜ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ŎƻƘƻǊǘ όнлмнπнлноύ

Á{ǘŀǘƛǎǘƛŎǎΥ aǳƭǘƛǾŀǊƛŀōƭŜ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭǎ ŀŘƧǳǎǘŜŘ 
ŦƻǊ ŀƎŜΣ ǎŜȄΣ /¢ ǳƴƛǘΣ ǎƛǘŜΣ ȅŜŀǊΣ ŀƴŘ ǎƻŎƛƻŜŎƻƴƻƳƛŎ 
ǎǘŀǘǳǎΦ



Outcomes

ÁAgatston coronary calcium score 
(CACS)

ÁTotal plaque burden (p category)

ÁhōǎǘǊǳŎǘƛǾŜ /!5Υ җтл҈ ŘƛŀƳŜǘŜǊ 
stenosis



Exposure

Á10-year mean 
exposure to PM2.5 
prior to CT



Results

ÁN = 11,123 (59±11 years, 51.7% men)

ÁMedian PM2.5 (µg/m3) = 7.5 (4.3 ς 9.2)

ÁMedian CACS = 3 (IQR 0, 115) 

ÁNo plaque = 45.6% (3338/7313)

ÁObstructive CAD = 8.2% (602/7313)



Results

ÁtaнΦр ƭƻƴƎπǘŜǊƳ ŜȄǇƻǎǳǊŜ όм ҡƎκƳо ƛƴŎǊŜŀǎŜύ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘΥ 

ςмлΦт҈ ƘƛƎƘŜǊ /!/{ όLww мΦмл ώмΦлсΣ мΦмпϐύ

ςмнΦр҈ ƎǊŜŀǘŜǊ ƻŘŘǎ ƻŦ ƘƛƎƘŜǊ ǇƭŀǉǳŜ ōǳǊŘŜƴ όLww 
мΦмн ώмΦлпΣ мΦнмϐύ

ςннΦс҈ ƎǊŜŀǘŜǊ ƻŘŘǎ ƻŦ ƻōǎǘǊǳŎǘƛǾŜ /!5 όLww мΦнн 
ώмΦллΣ мΦпфϐύ



Results

ÁWomen:
ς15.9% higher CACS (IRR 1.15 [1.09, 1.22])

ς54.7% greater odds of obstructive CAD (IRR 1.54 [1.01, 2.35])

ςNo association with plaque burden (IRR 1.07 [0.96, 1.20])

ÁMen:
ς6.4% higher CACS (IRR 1.06 [1.10, 1.12])

ς15.6% greater odds of higher plaque burden (IRR 1.15 [1.04, 1.27])

ςNo association with obstructive CAD (IRR 1.12 [0.89, 1.41]).



Conclusion

ÁHigher long-term exposure to PM2.5 air pollution 
was associated with greater coronary artery calcium, 
total plaque burden, and obstructive coronary artery 
disease, with sex-specific differences.
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Projections of future heat -related emergency medical imaging demand 

under climate change scenarios
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The Effects of Rising Temperatures

Ψή

Temperatures are expected to increase 
by 1.4 - 4.4OC by the end of the 

century

Radiology is integral in the diagnosis 
of heat-related diseases

But how will demand for medical 
imaging change by 2100?



To calculate the future excess medical imaging 
demand due to climate-induced increases in 

temperature

29

Objective



Hanneman et al.

30

Per 10 degrees Celsius change 
in the 2-day moving average 
of mean daily temperature, 
there is an 3.3% increase in 

the medical imaging 
utilization



3ÈÁÒÅÄ 3ÏÃÉÏÅÃÏÎÏÍÉÃ 0ÁÔÈ×ÁÙÓ ɉ330ÓɊ
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Ȱ4ÁËÉÎÇ ÔÈÅ 'ÒÅÅÎ 
2ÏÁÄȱ

- Low-emissions 
pathway

- Sustainable 
practices adopted

ȱ-ÉÄÄÌÅ ÏÆ ÔÈÅ 2ÏÁÄÓȱ

- Historical patterns
- Minimal to 

moderate regard for 
climate policies

Ȱ4ÁËÉÎÇ ÔÈÅ (ÉÇÈ×ÁÙȱ

- Fossil fuel 
dependency

- Limited 
international 

cooperation for 
climate goals

SSP1-2.6 SSP2-4.5 SSP3-7.0



Increase in medical imaging demand
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0.05% increase in the SSP1-2.6 pathway

0.05% increase in the SSP2-4.5 pathway

0.10% increase in the SSP3-7.0 pathway



Increase in medical imaging demand
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Increase in modality-specific demand
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What does this mean for the future of radiology?

35

ÅResults seem modest, but only represent the increase in 
demand for a single radiology department
ÅThe effect across every department in all Canadian 

hospitals will be substantial

ÅEven with immediate sustainable changes (SSP1-2.6), heat-
driven rises in ED imaging will still increase until the end of the 
century

ÅThese projections highlight the necessity for investment into 
climate-resilient healthcare systems and the need to decrease 
greenhouse gas emissions in radiology departments
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ΧȢ-ÁÓÓÏÎȤ$ÅÌÍÏÔÔÅ 6ȟ :ÈÁÉ 0ȟ 0ÉÒÁÎÉ !ȟ #ÏÎÎÏÒÓ 3,ȟ 0ïÁÎ #ȟ "ÅÒÇÅÒ 3ȟ ÅÔ ÁÌȢ 3ÕÍÍÁÒÙ ÆÏÒ 
0ÏÌÉÃÙÍÁËÅÒÓȢ )Îȡ #ÌÉÍÁÔÅ #ÈÁÎÇÅ ΨΦΨΧȡ 4ÈÅ 0ÈÙÓÉÃÁÌ 3ÃÉÅÎÃÅ "ÁÓÉÓȢ #ÏÎÔÒÉÂÕÔÉÏÎ ÏÆ 
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ÃÁÒÄÉÏÖÁÓÃÕÌÁÒ ÈÅÁÌÔÈ ÏÕÔÃÏÍÅÓȡ Á ÓÙÓÔÅÍÁÔÉÃ ÒÅÖÉÅ× ÁÎÄ ÍÅÔÁȤÁÎÁÌÙÓÉÓȢ 4ÈÅ ,ÁÎÃÅÔ 
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ΪȢ(ÁÎÎÅÍÁÎ +ȟ 4ÁÂÏÕÎ /ȟ +ÉÒÐÁÌÁÎÉ !ȟ %ÒÔÌȤ7ÁÇÎÅÒ "ȟ !ÇÕÅÔ *ȟ $ÅÌÁÎÅÙ 3ȟ ÅÔ ÁÌȢ )ÎÃÒÅÁÓÅÄ 
%ÍÅÒÇÅÎÃÙ $ÅÐÁÒÔÍÅÎÔ -ÅÄÉÃÁÌ )ÍÁÇÉÎÇȡ !ÓÓÏÃÉÁÔÉÏÎ ×ÉÔÈ 3ÈÏÒÔȤ4ÅÒÍ %ØÐÏÓÕÒÅÓ ÔÏ 
!ÍÂÉÅÎÔ (ÅÁÔ ÁÎÄ 0ÁÒÔÉÃÕÌÁÔÅ !ÉÒ 0ÏÌÌÕÔÉÏÎȢ 2ÁÄÉÏÌÏÇÙȢ ΨΦΨΪȠΩΧΩɉΨɊȡÅΨΪΧάΨΪȢ 

ΫȢ.ÉÓÈÉÍÕÒÁ (ȟ .Á×Á .ȟ /ÇÁ×Á 4ȟ &ÕÓÈÉÍÉ +ȟ 3ÃÈ×ÁÒÔÚ "3ȟ &ÕÊÉ×ÁÒÁ 4Ȣ 0ÒÏÊÅÃÔÉÏÎÓ ÏÆ ÆÕÔÕÒÅ 
ÈÅÁÔȤÒÅÌÁÔÅÄ ÅÍÅÒÇÅÎÃÙ ÈÏÓÐÉÔÁÌÉÚÁÔÉÏÎÓ ÆÏÒ ÁÓÔÈÍÁ ÕÎÄÅÒ ÃÌÉÍÁÔÅ ÁÎÄ ÄÅÍÏÇÒÁÐÈÉÃ 
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ÆÏÒ ÓÕÐÐÏÒÔÉÎÇ ÔÈÉÓ ÐÒÏÊÅÃÔȦ
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