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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
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Pooled cohort

• N = 392,826

• Extensive covariate information
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Administrative cohorts

• N = 27,910,693

• Limited covariate info (except English)

• Analyzed individually -> Meta-analysis
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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, 2019)



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
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