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Impact van luchtverontreiniging op de 
gezondheid

• Pieken van luchtverontreiniging 
• Langdurige (chronische) blootstelling

effecten op populatie-niveau
effecten op “gevoelige” groepen



Short term effects of 
pollutant particles

(temporal variation)



NEW YORK TIMES
5 Dec 1930 6 Dec 1930 8 Dec 1930



Firket, Bull.Acad.R.Méd.Belg., 1931, 11, 683-734

1-5 December 1930

(N > 60, x 10.5)



Medische waarnemingen (1930)

• Wie was aangetast?
• Vooral ouderen, astmalijders, hartpatiënten & 

verzwakten, zelfs indien binnen gebleven
• toch ook wie voorheen gezond was 
• ook kinderen

“vele duizenden”

• vee ook aangetast (tenzij uit de vallei naar de 
heuvels weggebracht)



Conclusies (1930)

“Si les mêmes conditions 
se trouvent réunies, les 
mêmes accidents se 
reproduiront”

“Si un désastre survenait 
à Londres dans des 
conditions analogues on 
aurait à déplorer 3.179 
morts immédiates”

Onder dezelfde 
voorwaarden zijn 
dezelfde gevolgen te 
verwachten

Een soortgelijke 
catastrofe zou in 
Londen leiden tot 3.179 
onmiddellijke doden



London fog
5-9 December 1952 

Wilkins E.T. Journal of the Royal Sanitary Institute, 1954, 74, 1-21

N > 3,000



London fog
5-9 December 1952 

Wilkins E.T. Journal of the Royal Sanitary Institute, 1954, 74, 1-21

Dec 1952 – Feb 1953: ~12,000 excess deaths
Bell ML, Davis DL. Reassessment of the Lethal London Fog of 1952: 
Novel Indicators of Acute and Chronic Consequences of Acute Exposure 
to Air Pollution. Environ Health Perspect 2001;109 Suppl 3:389-94.

not due to influenza
Bell ML et al. Environ Health Perspect 2004;112:6-8 

N > 3,000



Smog in China treft gebied dat veertig keer zo groot is als België 
woensdag 30 januari 2013



Short term effects of air pollution

• Time-series studies:
Statistical relation between 
• daily mortality 

and 
• air pollution (PM10)
+ taking into account weather variables, etc.



Variation in daily mortality and PM10
Flanders, 1997-2003

non-traumatic deaths  (n = 354 357)
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non-traumatic deaths  (n = 354 357)

Daily mortality vs quartiles of PM10
Flanders, 1997-2003
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Mean daily mortality by season 
specific quartiles of PM10

Non-traumatic deaths (n = 354 357)
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630 deaths/year
(total deaths: 50,000/year)



Pope & Dockery. J Air Waste Manage Assoc 2006, 56, 709-742



PM10 & mortality/morbidity (short term)

Pope, Ch.31 in Holgate et al. 1999

Stylized summary: % change per 10 µg/m3 change in PM10



Cardiovascular morbidity

Peters et al. “Exposure to traffic and the onset of 
myocardial infarction” N Engl J Med, 2004, 351, 1721-30 

Case-crossover study, 691 nonfatal MI (Augsburg; 1999-2001) 
activity before onset of MI (standardized interview-based diary)?

1h before MI vs control (24-71 h before MI)
• any means of transportation → O.R.=2.92

• car → O.R.=2.60
• bicycle → O.R.=3.94
• public transport → O.R.=3.04

• severe exertion → O.R.=6.38



Brook RD et al. Air pollution and cardiovascular disease. A statement for health-
care professionals from the expert panel on population and prevention science of 
the American Heart Association. Circulation 2004 (June 1); 109: 2655-71



Platelet activation

0 25 50 75 100 125 150
0

50

100

150

200

250

300 r = -0.24
p = 0.017

Recent outdoor PM10, µg/m3

PF
A

-1
00

 c
lo

su
re

 ti
m

e,
 s

ec

Jacobs et al. 
EHP 2010,118, 191-6









EHP 2011, 119,1017-1022



PM exposure and infant mortality
(Flanders, 1998-2007) (Scheers et al. 2011)
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PM exposure and mortality in late neonates
(Flanders, 1998-2007) (Scheers et al. 2011)



Sensitive groups

• 1998-2010, UZ Leuven
• 215 patients with CF
• 2204 AB cures for exacerbations



Goeminne et al. Chest 2013, 143, 946-54



Long term effects    
of pollutant particles

(spatial variation)



8 MEI 2014

http://www.standaard.be/cnt/dmf20140507_01096576
http://www.who.int/phe/health_topics/outdoorair/databases/cities/en/#



http://europa.eu.int/comm/environment/air/cafe/activities/pdf/cafe_scenario_report_2.pdf

Estimated loss of 
life expectancy

(months)
attributable to PM2.5

(2000)





Brooks et al. Circulation 2010,121, 2331-78



PM and mortality (long term)

• 3,886 subjects hospitalized for MI in 64 US centers, 1989-1996 
• 10 year follow-up of 3,547 geocoded subjects: 1,071 deaths

Rosenbloom et al. Residential proximity to major roadway and 10-year 
all-cause mortality after myocardial infarction. Circulation 2012, 125, 
2197-2203



PM and mortality (long term)

• Canada, 2.1x106 adults, 1991-2001
• Satellite-derived estimates of PM2.5

mean 8.7 μg/m3; IQR 6.2 μg/m3

• HR for 10 µg/m3 increase in PM2.5: 
Cox model with ecological covariates

& urban/rural indicator
• non-accidental mortality: 1.15

[1.13-1.16]

• ischemic heart disease:  1.31
[1.27-1.35]

Crouse et al. Risk of nonaccidental and cardiovascular mortality in 
relation to long-term exposure to low concentrations of fine particulate 
matter: a Canadian national-level cohort study. Environ Health Persp
2012, 120, 708-14



PM and mortality (long term)

Crouse et al. EHP 2012, 120, 708-14



Brook RD et al. Air pollution and cardiovascular disease. A statement for health-
care professionals from the expert panel on population and prevention science of 
the American Heart Association. Circulation 2004 (June 1); 109: 2655-71

?



Pollution (long term) and CV morbidity

• Prospective cohort study, Germany: 
• 2000 - : 4494 persons, 45-74 y
• Coronary artery calcification (CAC) by electron-beam CT

• Exposure: distance of residence to major roads 
• OR for high CAC (> 75th percentile):

• > 200 m from major road : 1 (reference)
• 101-200 m : 1.08
• 51-100 m : 1.34
• < 50 m :  1.63

Hoffmann et al. Residential exposure to traffic is associated with 
coronary atherosclerosis. Circulation 2007, 116, 489-96



Blood leukocyte count

Jacobs et al. 
EHP 2010,118, 191-6



Oxidized LDL
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Air pollution and pneumonia
Neupane et al. Long-term exposure to ambient air pollution and risk of 
hospitalization with community-acquired pneumonia in older adults. 
AJRCCM 2010, 181, 47-53

• Hamilton, Ontario
• Case-control study, 2003 – 2005

345 patients (> 65 y) hospitalized for CAP 
494 controls from community

• Estimated annual exposure to PM2.5, NO2, at residence
• adjusted OR for hospitalization for CAP [↑ from 5th to 95th percentile]: 

• PM2.5 [9.3 → 12.4 µg/m3] 2.26 (1.20-4.24) 
• NO2   [16.1 → 23.3 µg/m3] 2.30 (1.25-4.21)
• SO2 [4.6 →  7.2 µg/m3] 0.97 (0.59-1.61) 



Air pollution and lung cancer
Nawrot et al. Lung cancer mortality and fine particulate air pollution in 
Europe (Letter). Int J Cancer 2007, 120, 1825-6

Men
p=0.028

Women
p=0.18



Air pollution and lung cancer
Turner et al. Long-term ambient fine particulate matter air pollution and 
lung cancer in a large cohort of never-smokers. AJRCCM 2011, 184, 
1374-81

• ACS, 1982-2008, 188,699 life-long never-smokers
• 1,100 lung cancer deaths
• Estimated exposure to PM2.5 at residence (metropolitan stat. area)
• Adjustments for personal variables (incl. passive smoking) + 

ecologic variables (residential radon, SES) 
• For PM2.5 + 10 µg/m3 → HR +15-27% lung cancer mortality



Air pollution and COPD

• Metropolitan Vancouver, 467,994 residents, 45-85 y, 
without COPD at baseline
• Estimated 5 y exposure (1994-1998) to traffic-related pollutants 

[BC, PM2.5, NO2, NO] and woodsmoke
• 4 y follow-up (1999-2002): COPD hospitalization (n=2,299) or 

mortality (n=541) 

no significant association with PM2.5 (0-10.2 µg/m3) or 
NO2, NO, but positive associations with BC (+6% for IQR) 
and woodsmoke (hospitalizations)

Gan WQ et al. Associations of ambient air pollution with chronic 
obstructive pulmonary disease hospitalization and mortality. AJRCCM 
2013, 187, 721-7



Air pollution and COPD
Gan WQ et al. Associations of ambient air pollution with chronic 
obstructive pulmonary disease hospitalization and mortality. AJRCCM 
2013, 187, 721-7
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Traffic-related pollution and children

• Cross-sectional study (CHS), southern California: 
• 5,341 children (5-7 y) from 13 communities (2003)
• Respiratory Questionnaire (ISAAC)

• Exposure: 
• Residence proximity to nearest major road (geocoding)
• Estimate of exposure to fresh traffic-modeled pollutants

• Adjustments: maternal smoking, ETS, SES, housing characteristics
O.R. for lifetime asthma, prevalent asthma or wheeze
• Residence < 75 m of major road: 1.29, 1.50, 1.40 (vs > 300 m)

McConnell et al. Traffic, susceptibility, and childhood asthma. Env 
Health Persp 2006, 114, 766-72



Traffic-related pollution and children

• Prospective cohort study (CHS), southern California: 
• 3677 children (10 y) from 12 communities (start 1993 or 1996)
• 8 y follow-up: yearly questionnaire & spirometry

• Exposure: 
• model-based estimates of traffic-related pollution
• + proximity to nearest freeway (motorway) or major road

• Adjustments for socioeconomic status (low, middle, high), gas 
stoves, pets, ETS
Residence within 500 m of motorway (vs > 1,500 m) : 

FEV1 -81 mL [-143 – -18] = 97% [94.6-99.4]

Gauderman et al. Effect of exposure to traffic on lung development from 
10 to 18 years of age: a cohort study. Lancet 2007, 369, 571-7



Gauderman et al. Effect of exposure to traffic on lung development from 
10 to 18 years of age: a cohort study. Lancet 2007, 369, 571-7



Traffic-related pollution and children

• Leicester, UK, 64 healthy children, 8-15 y
• Carbon content of airway macrophages (> induced sputum): 

median C surface (µm2)
// modeled annual PM10 at home:

+ 1.0 µg PM10 → + 0.10 µm2 C

Kulkarni et al. Carbon in airway macrophages and lung function in 
children. NEJM 2006, 355, 21-30



Kulkarni et al. Carbon in airway macrophages and lung function in 
children. NEJM 2006, 355, 21-30

+ 1.0 µm2 C
→ -17% FEV1
→ -13% FVC
→ -35% FEF25-75



Traffic-related pollution and children

• Prospective birth cohort studies, Munich, Germany: 
• 2,860 children (4y) + 3,061 children (6y)

• Exposure assessment: 
• PM2.5 & NO2 at 40 measurements sites (4 x 2 weeks 3/1999 to 7/2000)
• + GIS-based modeling of pollution at residence (birth, 2 or 3 y, 6y) 
• + distance of residence to major roads

• Adjustments for sex, age, parental atopy, maternal education, siblings, ETS, gas 
cooking, home dampness, molds, dogs & cats

Adjusted OR for “doctor-diagnosed asthmatic bronchitis”:
• < 50 m to nearest main road: 1.66 [1.01-2.59] (vs > 50 m)

Morgenstern et al. Atopic diseases, allergic sensitization, and exposure 
to traffic-related air pollution in children. AJRCCM 2008, 177, 1331-7



Morgenstern et al. Atopic diseases, allergic sensitization, and exposure 
to traffic-related air pollution in children. AJRCCM 2008, 177, 1331-7
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■ 250-1000 m
♦ > 1000 m
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Traffic-related pollution and children

• Prospective birth cohort study (PIAMA), Nl: 
• 3,963 newborns (1996-7) + follow-up up to 8 y (n=3,863)
• Questionnaires + specific IgE (n=1,700) + BHR (n=936) 

• Exposure (birthplace home address): 
• PM2.5, soot and NO2 at 40 sites (4x2weeks, 3/1999 – 4/2000)
• Traffic intensity (GIS)

• Adjustments: maternal smoking, education, breastfeeding, gas 
cooking, moving house, …
asthma incidence & prevalence related to air pollution

Gehring et al. Traffic-related air pollution and the development of 
asthma and allergies during the first 8 years of life. Am J Respir Crit 
Care Med 2010, 181, 596-603



Gehring et al. Traffic-related air pollution and the development of asthma and allergies 
during the first 8 years of life. Am J Respir Crit Care Med 2010, 181, 596-603

IQR 10.4 µg/m3        [18.5-28.9]
IQR   3.2 µg/m3        [14.9-18.1]
IQR   0.57.10-5 m-1 [1.35-1.92]

(3-6%) (1.4-2.4%)



Is dit zo belangrijk?



http://europa.eu.int/comm/environment/air/cafe/activities/pdf/cafe_scenario_report_6.pdf



Effects of smoking

Doll R et al. BMJ 2004; 328:1519

34469 British doctors born 1900-1930
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Pope et al. EHP 2011, 119, 1616-21



Relevantie

• Een klein (“triviaal”) gemiddeld effect op 
groepsniveau betekent niet dat het effect 
triviaal is 
• voor bepaalde individuen
• voor de volksgezondheid



Effects of residential proximity to 
traffic in lung transplant patients

(Nawrot et al., Thorax 2011, 66, 748-54)



BOS and mortality after lung transplantation and 
residential proximity to traffic

> 171 m

> 171 m

< 171 m
< 171 m





Public health relevance

• Künzli N. The public health relevance of air pollution abatement. 
Eur. Respir. J. 2002, 20, 198-209

France+Austria+Switzerland (73.4 million)

outcome risk function (+%) per annual attributable
mean 10 µg/m3 PM10 cases proportion

adult mortality 4.3 40,600 6%
hospital admissions resp. : 1.31; CV: 1.25 48,000 2%
chronic bronchitis adults 9.8 47,100 12%
chronic bronchitis child 30.6 543,000 30%
restricted activity days 9.4 30.5 million 12%
asthma attacks child: 4.4; adult: 3.9 1.04 million 6%



http://www.ersnet.org/images/stories/pdf/web-AQ2010-ENG.pdf



Eur Respir J 2012, 39, 525-528



Dank voor uw aandacht

ben.nemery@med.kuleuven.be



Is bestrijding van 
luchtverontreiniging zinvol?



“Interventies”
• Pope C.A. Respiratory disease associated with 

community air pollution and a steel mill, Utah Valley. 
Am.J. Publ.Health 1989, 79, 623-8
• strike in 1986-87
• PM10 (µg/m3): 90 → 51 (mean)

365 → 113 (high) 
• 50% fewer hospital respiratory admissions in 

children



“Interventions”

Clancy et al. Effect of air-pollution control on death rates in 
Dublin, Ireland: an intervention study. Lancet 2002; 360:1210-44
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“Interventies”
• Friedman et al. Impact of changes in transportation

and community behaviors during the 1996 Summer 
Olympic Games in Atlanta on air quality and 
childhood asthma. JAMA, 2001, 285, 897-905
• peak morning traffic counts: -22.5%
• peak daily O3 : 81.3 ppb → 58.6 ppb
• mean daily PM10 : 36.7 → 30.8 µg/m3

• asthma acute care events: -41.6% 



Beijing Olympics 2008
• Wu et al. Association of heart rate variability in taxi 

drivers with marked changes in particulate air pollution
in Beijing in 2008. EHP, 2010, 118, 87-91

• Panel study, 11 taxi drivers, 36 y 
• Before, during, after olympic games 
• ECG HRV: “marked changes”



Beijing Olympics 2008
• Lin et al. Acute respiratory inflammation in children and 

black carbon in ambient air before and during the 2008 
Beijing Olympics. EHP, 2011, 119, 1507-12

• Panel study, 36 children (10.6 y)
• 5 periods in 2007-2008
• FENO



Beijing Olympics 2008
• Rich et al. Association between changes in air 

pollution levels during the Beijing Olympics and 
biomarkers of inflammation and thrombosis in healthy
young adults. JAMA, 2012, 307, 2068-78.

• Panel study, 125 medical residents (63 M, 62 F), mean 24 y
• 6 visits (before, during, after)
• ECG, BP, blood: CRP, fibrinogen, WBC, vWf, sCD40L, 

sCD62P

• + editorial Dominici & Mittleman, JAMA 2012, 307, 2100-1



Rich et al. JAMA, 2012, 307, 2068-78

Beijing Olympics 2008

Dominici & Mittleman, 
JAMA 2012, 307, 2100-1

Rich et al. JAMA, 2012, 307, 2068-78







Role of physicians and health
professionals*

* European Respiratory Society (ERS)
“Air quality and health” 

Künzli et al.
http://www.ersnet.org/index.php/publications/reference-books.html



Role of physicians and health
professionals

Target 1: abatement of ambient air pollution
• Sustained improvement of air quality through

reduction of emissions
• Stringent air-quality regulations
“The opinion of health professionals can be

influential in the decision-making process” 



http://www.ersnet.org/images/stories/pdf/web-AQ2010-ENG.pdf



Role of physicians and health
professionals

Target 2: reducing indoor pollution of outdoor
origin

• Opening windows only outside rush hour times
and hours with high O3

• Air-conditioning ??
• Air-filtering devices ??





Role of physicians and health
professionals

Target 3: modifying personal exposure or dose
• Location matters: highest exposure to traffic-related

pollutants within 50-100 m of busy roads
• Moving house ?
• Day care & schools
• Walking, jogging, sports
! “Environmental equity”

• Time and activity matters
• Sports outside rush hours
• Sports in the morning (summer smog)

• Masks ? 



Role of physicians and health
professionals

Target 4: clinical action and preventive treatment
• Counselling about air-pollution (including active and 

passive smoking)
• Preventive interventions

• Antioxidants and vitamins: some experimental and 
epidemiological evidence of beneficial effects of antioxidant 
vitamin supplements (→ healthy diet)

• Optimize asthma treatment
• Statins



Eur Respir J 2012, 39, 525-528








