
Impact de l’environnement 
sur l’AVC

Professeur Yannick Béjot

Service Hospitalo-Universitaire de Neurologie, CHU Dijon Bourgogne 

Université Bourgogne Europe

Lausanne, 18 septembre 2025

Symposium annuel du 
Centre cérébrovasculaire

CHUV



Déclaration liens d’intérêt

• Grant/Research Support: Medtronic
• Consulting Fees/Honoraria: BMS, Pfizer, Medtronic, Amgen, Servier, NovoNordisk, Novartis, Argenx
• Major Stock Shareholder/Equity: none
• Royalty Income: none
• Ownership/Founder: none
• Intellectual Property Rights: none
• Other Financial Benefit: none

Vice-Président SFNV

World Stroke Organization group on climate and stroke

Associate Editor: Frontiers in Neurology

Editorial Board: Neuroepidemiology



Leading causes of global DALYs  Worldwide
GDB, Lancet. 2024:S0140-6736(24)00757-8. 

Epidemiological challenge of stroke



Ongoing demographic transition

Epidemiological challenge of stroke



Béjot Y, Neuroepidemiology 2019;52:78–85
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145,000 habitants
9.6% > 75 ans

156,000 habitants
12.4% > 75 ans

An expected 50% 
increase in the total 

number of stroke 
between 2010 and 

2030
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GBD 2019, Lancet Neurol 2021; 20: 795–820
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By 2050: 

• 200 million stroke survivors

• 30 million new strokes each year

• 12 million deaths from stroke each year

• … and 150 million people with dementia and 5 million deaths from 
dementia each year

Global Burden of Disease

Epidemiological challenge of stroke



Environmental factors of stroke - overview

Air Pollution

Extreme
temperature

Urbanization

Soil and water 
pollution

Climate change



Increase in greenhouse gas emissions is the main driver of climate change

Ranta A, Stroke. 2024;55:1118-1128

+++

Anthropogenic air 
pollution

CO2 - NOx - SO2 - O3 - 
PM2.5 - PM10

Natural pollution
Wildfires

Dust storms
…

Relationship between climate change, pollution and temperature  



Short-term exposure Shah ASV, BMJ. 2015;350:h1295

Ambient air pollution and stroke



Béjot Y, Cerebrovasc Dis 2011;32:589–613 

Source: European Environment Agency 

Ambient air pollution and stroke

Short-term exposure 
Ozone pollution
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Ambient air pollution and stroke

Short-term exposure 
Ozone pollution



Henrotin JB, Occup Environ Med 2007;64:439-45

Association between air pollutants and the occurrence of stroke 

Short-term exposure 
Ozone pollution

Ambient air pollution and stroke



Henrotin JB, Occup Environ Med 2007;64:439-45

Odds ratio between ischemic strokes subtypes and pollutant concentration from 1-day lag, in men
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Henrotin JB, Occup Environ Med 2007;64:439-45

Odds ratio between ischemic strokes subtypes and pollutant 
concentration from 1-day lag, in men

Quintile 1: < 9 µg/m3

Quintile 2: 9-20 µg/m3

Quintile 3: 21-32 µg/m3

Quintile 4: 33-48 µg/m3

Quintile 5: > 48 µg/m3

Short-term exposure 
Ozone pollution

Ambient air pollution and stroke
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Henrotin JB, Heart 2010;96:1190-1996

Dose-response relationship (with 1-day lag) between O3 quartiles and ischemic events
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Ambient air pollution and stroke



Henrotin JB, Heart 2010;96:1190-1996

Dose-response relationship (with 1-day lag) between O3 quartiles and ischemic events
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Ambient air pollution and stroke



Henrotin JB, Heart 2010;96:1190-1996

Source: European Environment Agency 

Short-term exposure 
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Source: European Environment Agency Air quality in Europe - 2020 report  EEA Report No 09/2020
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Jiang Y, Eur Heart J. 2023;44(18):1622-1632

% change in daily hospital per 10 μg/m3 increase in daily ambient 8-h maximum ozone concentration
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Jiang Y, Eur Heart J. 2023;44(18):1622-1632
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Attributable numbers of stroke during 2015– 2017
78 784 (95% CI: 44,182, 112,903)

Jiang Y, Eur Heart J. 2023;44(18):1622-1632
Short-term exposure 
Ozone pollution

Ambient air pollution and stroke



Gu J, Sci Total Environ. 2020;715:136896.

8,359,162 hospital admissions in 248 Chinese cities from 2013 to 2017

Per 10 μg/m3 increase in PM2.5 concentration

Short-term exposure 

Ambient air pollution and stroke

PM2.5



Exposure-response curves of the effects of PM2.5 (lag 0 day) on hospital admissions

Gu J, Sci Total Environ. 2020;715:136896.

8,359,162 hospital admissions in 248 Chinese cities from 2013 to 2017

Short-term exposure 

Ambient air pollution and stroke

PM2.5



Alexeeff S, J Am Heart Assoc. 2021;10:e016890.

Incident stroke Cerebrovascular mortality

per 10-μg/m3 increase in  long-term  fine  particulate  matter  <2.5  μm  in  diameter  exposure 

Long-term exposure 

Ambient air pollution and stroke



Keller K, Thromb Res 2023 ;S0049-3848(23)00080-4..

• German nationwide inpatient sample
• 1.5 millions patients hospitalisés pour infarctus cerebral en 

Allemagne (2015-2019)
• Données pollution selon lieu de residence (German Federal 

Environmental Agency)

Long-term exposure 

Ambient air pollution and stroke



Keller K, Thromb Res 2023 ;S0049-3848(23)00080-4..

• In-hospital mortality

Long-term exposure 

Ambient air pollution and stroke



Béjot Y, Neurologies 2024;258:118-122.

Ambient air pollution and stroke



Royé D, Environ Res. 2019:173:349-358  Study in Madrid, Spain, including 106,036 IS hospital admissions
 Daily apparent temperatures

IS mortality

IS hospital admissions

Extreme temperatures and stroke



Zhu X, JAMA Netw Open. 2024;7:e240627  Time-stratified case-crossover study in China - 82 455 patients with acute IS
 Hourly temperature

Association between IS and extremely high temperature
(99th percentile of the temperature distribution)

Association between ambient temperature and IS 
accumulated over 0 to 10 hours 

Transient exposure to high temperature associated with IS 
Association occurring at the concurrent hour and lasting for up to 10 hours

Extreme temperatures and stroke



Zhu X, JAMA Netw Open. 2024;7:e240627  Time-stratified case-crossover study in China - 82 455 patients with acute IS
 Hourly temperature

Association was greater in magnitude in the north than in the south

Extreme temperatures and stroke



Zhu X, JAMA Netw Open. 2024;7:e240627  Time-stratified case-crossover study in China - 82 455 patients with acute IS
 Hourly temperature

Trends toward higher ORs among patients with dyslipidemia

Extreme temperatures and stroke



Rowland ST, Environ Res. 2022;207:112229 Time-stratified case-crossover study in New York - 578,181 ischemic and 164,755 
hemorrhagic strokes.

 Hourly temperature

A 10°C increase over 7 h was associated with 5.1% increase in hourly ischemic stroke rate
Temperature negatively associated with hemorrhagic stroke over 5 hours

Ischemic stroke

percent increase in the hourly 
stroke rate for a 10°C increase in 
hourly temperature for each lag 

Hemorrhagic stroke

Extreme temperatures and stroke



Alahmad B, Stroke. 2024;55:1847-1856
 3 443 969 ischemic and 2 454 267 hemorrhagic stroke deaths 
 from 522 cities in 25 countries

Pooled exposure-response relationships between overall 
temperature percentiles and relative risk of stroke

Extreme temperatures and stroke



Alahmad B, Stroke. 2024;55:1847-1856

Extremely cold days (<2.5th percentile)

Extreme temperatures and stroke

Extremely hot days (>75th percentile)



2019–20 bushfire in Australia

Wildfires
Hasnain MD, Eur Stroke J. 2024:23969873231223307

Other consequences of climate change



2019–20 bushfire in Australia

Wildfires Hasnain MD, Eur Stroke J. 2024:23969873231223307

Daily hospital admissions ischaemic stroke across lag 0–3 days

Other consequences of climate change



2015 wildfires in California

Wildfires Wettstein ZS, J Am Heart Assoc. 2018;7:e007492

Lag 0

Other consequences of climate change



Sand and dust storms
Zhang C, Nat Commun. 2023 Oct 27;14(1):6867

Other consequences of climate change

Mortality risk associated with sand and dust storms events at lag0 day



Béjot Y, Lettre du Neurologue 2025;3.

Pathophysiological approach



Ranta A, Stroke. 2024;55:1118-1128Climate change and stroke - summary



Green space and stroke Whyte M, J Neurol Sci. 2024;457:122870

Urbanization and stroke

Protective association between green space exposure and:
 Stroke risk
 Stroke-related death 
 Stroke-related disability



Green space and stroke
Anxionnat R, in revision

Urbanization and stroke

Dijon Stroke Registry (2005-2008)

First-ever ischemic stroke (n=360)
One-year recurrence / death



Berg ZK, J Am Heart Assoc.2019;8:e012569

Soil and water pollution, and stroke

Pesticides

 7557 Japanese-American men from the Kuakini Honolulu Heart Program
 Exposure estimation: Occupational Safety Health Administration exposure scale
 10-year follow-up

Coronary heart disease and stroke



Xu L, Environ Res. 2022;205:112535 

Soil and water pollution, and stroke

Metals exposure

cadmium (Cd)
arsenic (As)
nickel (Ni)
aluminum (Al) 

copper (Cu)

Prevalence ratios of stroke by quintiles of urinary creatinine-corrected element levels

19,380 adults in China during 2013–2014



Münzel T, Atherosclerosis. 2025:403:119160 

Soil and water pollution, and stroke

Overview of pathophysiological mechanisms
metals and pesticides



Marfella R, N Engl J Med 2024;390:900-10

Soil and water pollution, and stroke

Micro- and nano-plastics

257 patients with endarterectomy for asymptomatic carotid artery stenosis (>70%)
Mean (±SD) follow-up of 33.7±6.9 months



Marfella R, N Engl J Med 2024;390:900-10

Soil and water pollution, and stroke

Micro- and nano-plastics

Associations between the Presence of MNPs and Cardiovascular Events

nonfatal myocardial infarction, nonfatal 
stroke, or death from any cause



Münzel T, Atherosclerosis. 2025:403:119160 

Soil and water pollution, and stroke

Micro- and nano-plastics



Conclusion

Criteria for causality in epidemiological research

1. Strength of the association.
The stronger the association between a risk factor and outcome, the more likely the relationship is to be causal

2. Consistency of findings
Have the same findings must be observed among different populations, in different study designs and different times?

3. Specificity of the association
There must be a one to one relationship between cause and outcome

4. Temporal sequence of association
Exposure must precede outcome

5. Biological gradient
Change in disease rates should follow from corresponding changes in exposure (dose-response)

6. Biological plausibility
Presence of a potential biological mechanism

7. Coherence
Does the relationship agree with the current knowledge of the natural history/biology of the disease?

8. Experiment
Does the removal of the exposure alter the frequency of the outcome?
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