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Reviewing the latest science on air 
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Life after WHO 2021 AQG – What does science tell us? 

Zorana Jovanovic Andersen, Chair of the European Respiratory Society (ERS) 
Environment and Health Committee; Professor in Environmental Epidemiology, 
Department of Public Health, University of Copenhagen, Denmark

24th May, 2023
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WHO 2021 AQG – main messages and beyond



1. Everyone is exposed – no lower threshold

1. Everyone in Europe is exposed to 
harmful levels of air pollution 
(97.5% European population)

2. No lower threshold below which air 
pollution is safe

Source: file:///C:/Users/vlq961/Downloads/ETC%20HE%20report%202022-3_status_eionet_mix_2021_2022-03-31_FINAL-2.pdf



2. Air pollution burden is huge, increasing & underestimated

• WHO 2005 AQG (Hoek et al. 2013): 6.2%*

• WHO 2021 AQG (Chen & Hoek 2020): 8.0% 

1. ELAPSE (after WHO 2021 AQG): 11.8% 

2. Stronger effects at low levels? 

• https://www.ersnet.org/wp-content/uploads/2022/04/Statement-HIA-by-ERS_ISEE_final-002.pdf
• https://journals.lww.com/environepidem/Fulltext/2022/10000/Benefits_of_future_clean_air_policies_in_Europe_.5.aspx*interpretation: 6.2 % increase in mortality risk for each 10 µg/m3 increase in PM2,5

Global

EU

2019: 307,000 deaths attributed to PM2.5

2020: 412,000 deaths attributed to PM2.5

238,000 deaths > 5 µg/m3 PM2.5

EEA

https://www.ersnet.org/wp-content/uploads/2022/04/Statement-HIA-by-ERS_ISEE_final-002.pdf
https://journals.lww.com/environepidem/Fulltext/2022/10000/Benefits_of_future_clean_air_policies_in_Europe_.5.aspx


3. Air pollution and climate change –
inseparable issues



Health burden of air pollution

COVID-19

Premature deaths + millions of new cases of 
disease, symptoms, worsened quality of life, 
doctor visits, ER visits, hospital admissions, sick 
days (school & work), medication use….



Air Pollution and Lung (Erik)
• Long-term (years, lifetime) exposure to air 

pollution can lead to impaired lung function 
and development of new lung disease in 
healthy individuals and increased risk of dying 
from those diseases:

asthma, COPD, pneumonia, COVID-19, lung cancer

• Short-term (hours, days) exposure to air 
pollution can exacerbate existing lung disease 
in lung patients and trigger:

wheezing, cough, shortness of breath, need for 
medication, ER visits, hospitalizations, and death

Ella Kissi-Debrah - 9 year old girl suffered fatal asthma 
attack triggered by air pollution, London, February 2013

GBD -
Mortality 
specific-
causes, 
‘fraction 
attributable’ 
to air pollution
https://www.stateof
globalair.org/

16% asthma 
cases in 
children due to 
air pollution*

*Khreis H, et al.. Environ. Int. 2017

https://www.stateofglobalair.org/
https://www.stateofglobalair.org/


Air pollution and cardio-metabolic health (Petter) 

GBD - Mortality specific-causes, 
‘fraction attributable’ to air pollution
https://www.stateofglobalair.org/

https://www.stateofglobalair.org/


Air pollution and cancer (Michelle)

• Cancer causes 1 in 4 deaths in the EU 
(1.3 million cancer deaths in 2020)

• Air pollution is carcinogenic,* causes 
lung cancer and possibly other 
(breast, liver, blood, stomach, colon) 
cancers

• BECA - the EU Green Deal is a key 
tool to limit people’s exposure to (air) 
pollution and prevent cancer, 

*International Agency for Research on Cancer (IARC) ‘Air Pollution and Cancer’ 2013 

GBD - ‘fraction attributable’ to air pollution
https://www.stateofglobalair.org/

https://www.stateofglobalair.org/


Emerging issues: air pollution and the brain (Barbara)

• Impaired neurocognitive development in 
children (learning difficulties, loss of IQ, ADHD, 
autism)

• Accelerated cognitive decline (dementia) elderly

• Mental health (suicide, depression, anxiety)

Early life Adulthood Old age



Everyone is exposed – some are more vulnerable

• Children

• Pregnant women

• Elderly

• Chronic diseases patients

• Poor (environmental inequality)

Brussels, Belgium

Sofia, Bulgaria



Conclusion

New AAQD, fully aligned with WHO 2021 AQG, is a major public 
and planetary health opportunity, that would:

1. prevent a substantial number of new cases of major NCDs 

2. make EU citizens more resilient to seasonal influenza epidemics and 
COVID-19-like new pandemics

3. improve life of lung, heart, and other chronic disease patients

4. Indirect benefit for health - help mitigate unprecedented climate change 
impact on our health and our planet

Clean air as a basic civil right - no one should get sick or 
die from breathing



Thank You
zorana.andersen@sund.ku.dk

@zoranajova

Rosamund Adoo Kissi
Debrah:'We need to 

ensure parents know 
the impact air 

pollution has on their 
children'

https://www.youtube.com/watch?v=V673obDHCVc

mailto:zorana.andersen@sund.ku.dk


Effects of low-level air pollution: A study in 
Europe, and a harmonized analysis with large 

studies in Canada and the United States

Bert Brunekreef, PhD

Emeritus Professor of Environmental Epidemiology

Utrecht University, The Netherlands



The WHO AQGs and low-level studies

• The AQGs are defined as the lowest level at which adverse effects on 
health have been demonstrated beyond reasonable doubt

• Technically: the AQGs have been set at the mean of the 5th 
percentiles of the exposure distributions in a reasonable number of 
high-quality studies showing these adverse effects

• The 2021 AQG report does not identify thresholds

• Non-zero thresholds may not exist – we simply don’t know, and we 
probably never will



Pollutant AQG 2005 AQG 2021 

PM2.5 year 10 µg/m3 5 µg/m3

PM2.5 24 hrs 25 µg/m3 15 µg/m3

PM10  year 20 µg/m3 15 µg/m3

PM10 24 hrs 50 µg/m3 45 µg/m3

O3 warm -- 60 µg/m3

O3 8 hrs 100 µg/m3 100 µg/m3

NO2 year 40 µg/m3 10 µg/m3

NO2 24 hrs -- 25 µg/m3

SO2 24 hrs 20 µg/m3 40 µg/m3

CO 24 hrs -- 4 mg/m3

2021 WHO Air Quality Guidelines



New studies into effects of low air pollution concentrations



CEANS

DCH

DNC

E3N

EPIC-

NL

EPIC-VareseHNR
KORA

VHM&PP

Pooled cohort

• N = 392,826

• Extensive covariate information



Belgian

Danish

Dutch

English

Norwegian

Rome

Swiss

Administrative cohorts

• N = 27,910,693

• Limited covariate info (except English)

• Analyzed individually -> Meta-analysis

0           2 M         4 M         6 M         8 M        10 M       12 M



Strak, BMJ 2021

EU LV

NAAQS

WHO 
2005 AQG



Strak, BMJ 2021
NAAQS

WHO 
2005 
AQG



Stafoggia, Lancet Plan Health 2022



Stafoggia, Lancet Plan Health 2022



HEI RR 208

https://www.healtheffects.org/publication/mortality-and-morbidity-effects-
long-term-exposure-low-level-pm25-bc-no2-and-o3-analysis

https://www.healtheffects.org/publication/mortality-and-morbidity-effects-long-term-exposure-low-level-pm25-bc-no2-and-o3-analysis
https://www.healtheffects.org/publication/mortality-and-morbidity-effects-long-term-exposure-low-level-pm25-bc-no2-and-o3-analysis


The data cloud…



Table P7 Comparison of performance of models with 
and without a threshold: natural-cause mortality 

HEI RR 208



Medicare, USA, all-cause mortality

HEI RR 211
https://www.healtheffects.org/publication/ass
essing-adverse-health-effects-long-term-
exposure-low-levels-ambient-air-pollution-0

https://www.healtheffects.org/publication/assessing-adverse-health-effects-long-term-exposure-low-levels-ambient-air-pollution-0
https://www.healtheffects.org/publication/assessing-adverse-health-effects-long-term-exposure-low-levels-ambient-air-pollution-0
https://www.healtheffects.org/publication/assessing-adverse-health-effects-long-term-exposure-low-levels-ambient-air-pollution-0


CanCHEC, non-accidental mortality

https://www.healtheffects.org/announcements/new-canadian-study-
reports-health-effects-very-low-air-pollution-levels. 

HEI RR 212

https://www.healtheffects.org/announcements/new-canadian-study-reports-health-effects-very-low-air-pollution-levels
https://www.healtheffects.org/announcements/new-canadian-study-reports-health-effects-very-low-air-pollution-levels


Harmonized analysis of Canadian, US and
European studies

• We harmonized the study populations to individuals age 65+, applied 
the same satellite-derived PM2.5exposure estimates, selected the 
same sets of potential confounders and the same outcome. 

• Hazard ratios for all-cause mortality associated with a 5 μg/m3 

increase in PM2.5were:

• 1.039 (1.032, 1.046) in CanCHEC - Canada, 

• 1.025 (1.021, 1.029) in Medicare- USA, and 

• 1.041 (1.014, 1.069) in ELAPSE - Europe. 



Chen, EHP 2023 (under review)



2022

WHO uses 1.08 (1.06-1.09) 
(Chen and Hoek, 2020)



What about ozone?

• No association between long-term O3 and mortality in ELAPSE

• Associations with PM2.5, NO2 in ELAPSE robust against adjustment
for O3

• Positive association in Medicare and CanCHEC even after adjustment
for PM2.5 and NO2

• O3 positively correlated with PM2.5 and NO2 in Medicare and
CanCHEC

• O3 negatively correlated with PM2.5 and NO2 in ELAPSE

• O3 modeled on different spatial scales, and concentration ranges 
small in ELAPSE cohorts



Short-term O3 is 
associated with
mortality in all
parts of the world
Vicedo-Cabrera, 
BMJ 2020



Concluding remarks

• WHO 2021 Air Quality Guidelines much lower than in 2005 for long-
term PM2.5 and NO2

• Mostly because we know better what happens at low concentrations
>> role of science has been crucial in documenting effects at low 
levels in great detail

• AAQD needs to specify how and when Limit Values will be aligned
with new WHO AQGs





Reviewing the latest science on air pollution and 
health – Part 1

Beyond mortality: summarising important 
health effects of air pollution across the life 

course

Chairs: Hanna Boogaard (HEI and ISEE) and Klea Katsouyanni (Imperial 
College London) 



Pregnancy and childhood

ERS-ISEE-HEI workshop, May 24th 2023

Erik Melén, MD, PhD 

Professor, senior consultant pediatric allergy

ERS Environmental Health Committee



A life-course perspective

40

Melén, Koppelman et al. Lancet Child & Adolescent Health 2022 Agusti, Melén et al. Lancet Resp Med 2022

The example of lung function trajectories



Children are particularly vulnerable to 

environmental hazards:

- More time outside, physically active 

- Higher rates of breathing and 

ventilation rates relative to body size

- Narrower airways 

- Ineffective airway particle filtering

- Underdeveloped detoxification systems

- Typically don’t choose lifestyle and 

environment
https://www.svt.se/nyheter/inrikes/avgaser-ger-barn-samre-lungor

Boogaard et al. Environ Int 2022

Exposure affects children in many ways:

- In utero exposure; growth impairment, 

preterm birth

- Lower respiratory infections

- Asthma, lung growth limitation → COPD risk

- Impede cognitive development

- Mortality (600,000 / y globally) 

https://www.svt.se/nyheter/inrikes/avgaser-ger-barn-samre-lungor
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• Current air pollution exposure 
also associated
with SARS-CoV2 infection and 
long-covid 

Early life exposure and health in young adults

• Chronic bronchitis 5,5%
• Irreversible airflow limitation 

according to COPD-criteria 2%

• Cough, phlegm, recurrent airway
infections and respiratory symptoms

• Air pollution exposure 0-1 y strongly
associated (OR 2-3)

Wang et al, Eur Resp J 2021; Thorax 2021
Yu et al, JAMA Open Network 2022; 
Lancet Regional Health Europe 2023



How can we mitigate air pollution health effects?

43

PM2.5 μg/m3

Eur Resp J 2023

Association between improvement of air quality and 

differences in lung function growth from age 8 to 24 years

Exposure improvement associated with 22% lower risk of 

having low lung function at age 24 years



Conclusions

• Better air quality – better health, bigger lungs!
• Prevention of chronic adult disease? Start early.



Cognitive development and neurologic disorders

Barbara Hoffmann, Heinrich-Heine-University of Düsseldorf, 
ERS Advocacy Chair Elect

Clean Air in Europe for All
Brussels, May 24, 2023

Healthy
brain

Brain of
Alzheimer 

patient



Air pollution and brain function
Hypotheses

Childhood

Age

Cognitive
function

Advanced Age 

High exposure leads
to impaired growth

Low 
exposure High exposure leads to

accelerated decline

Low air pollution
exposure

Cognitive
Impairment

Dementia

Cognitive
impairment and 
dementia occur

earlier in life



Cognitive development and brain structure in children
Barcelona and Rotterdam

High air pollution
exposure

Sunyer et al. Plos Med 2015

Low air pollution
exposure

Guxens et al. BPS 2018

• Decrease in gray
matter / cortical
thickness

• Changes in white
matter structure
(wiring)

Lower cognitive
growth among
highly exposed



48

Impact on the aging brain
Meta-analyses Thompson et al, 2023

Air pollution is related to
accelerated cognitive decline

Wilker et al, BMJ, 2023

Air pollution is related to
incidence of dementia



Conclusions

• Air pollution impairs
cognitive growth in babies
and children

• Air pollution accelerates
cognitive decline and 
development of dementia
in the aging brain

49



Heart disease from the air we breathe

Petter Ljungman, MD PhD
Associate professor, Karolinska Institutet
Senior consultant of cardiology, Danderyd Hospital, Sweden
Co-chair ISEE Europe, Scientific Secretary of the Swedish Society of 
Cardiology



Cardiovascular disease
Very common and the leading cause of death in the EU



Cardiovascular deaths from air pollution across Europe

Eur Heart J, Volume 40, Issue 20, 21 May 2019, Pages 1590–1596, 
https://doi.org/10.1093/eurheartj/ehz135
.

Cardiovascular 
disease

48%

Other causes
52%

PROPORTION OF AIR POLLUTION DEATHS  FROM 
CARDIOVASCULAR DISEASE

https://doi.org/10.1093/eurheartj/ehz135


Clinical outcomesDisease processesExposure

How does air pollution affect your heart?

53

Electrical disturbances

Blood vessel narrowing and clots
Heart failure Myocardial 

infarction

Stroke Arrhythmias



Immediate coronary effects of diesel

Mills NEJM 2007



Air pollution increases atherosclerosis

Filtered air PM2.5
Sun JAMA 2005

(n=28 apoE-/- mice; 
6 months, 6hr/day*5 
day/week)



Air pollution and arrhythmias at very low levels

56Mean 4.7µg/m3

Atrial Fibrillation Cardiac Arrest

Dahlquist et al 2022. Env Epi Raza et al 2014. EHJ



Air pollution 
affects a 
multitude of 
cardiovascular 
outcomes

de Bont 2022. Journal of Internal Medicine

0% 40%

Increased riskDecreased risk



Conclusions

1. Cardiovascular diseases are the most common causes of death and disease 
in the EU with considerable impacts on health and related costs

2. Air pollution contributes to a range of cardiovascular diseases as well as to a 
large proportion of all cardiovascular diseases

3. Stricter control of air pollution offers an effective strategy that will prevent 
new disease, reduce suffering and save many lives from the consequences 
of cardiovascular disease in the EU.
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Summarising important health 
effects of air pollution across the 
life-course: Cancer

MICHELLE C TURNER, PHD

ASSOCIATE RESEARCH PROFESSOR

BARCELONA INSTITUTE FOR GLOBAL HEALTH (ISGLOBAL), SPAIN



https://gco.iarc.fr/today/data/factsheets/cancers/15-Lung-fact-sheet.pdf



https://seer.cancer.gov/statfacts/html/lungb.html



GBD 2019 Respiratory Tract Cancers Collaborators, 2021



Outdoor air pollution is carcinogenic to humans 
(Group 1)

• Causes lung cancer
• Positive associations with bladder cancer

Particulate matter in outdoor air pollution is 
carcinogenic to humans (Group 1)

• Causes lung cancer

Strongly supported by documented genetic and 
related effects in humans and experimental 
animals (increases in genetic damage, promotes 
cancer progression)









▪There is clear and substantial evidence of a link between outdoor ambient 
air pollution, and particularly PM in outdoor air, with lung cancer 

▪This is an urgent worldwide public health challenge requiring multiple 
multilevel public health and policy interventions for cancer prevention

▪Expanding literature on air pollution and other cancers





Thank you
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ERS HEI ISEE

ersnet.org

@EuroRespSoc

@EuropeanRespiratorySociety

@EuropeanRespiratory

@europeanrespiratorysociety

healtheffects.org

@HEIresearch

@health-effects-institute

iseepi.org

@ISEE_global

@iseeglobaleducationchannel1735

@isee-global 

Thank you and keep in 
touch!

http://www.ersnet.org/
https://twitter.com/HEIresearch
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