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AUTRES EFFETS DE LA
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DALYs= sum of years lived with disability [YLD] and years of life lost [YLL]





Lilieveld, Nature 2015



For a universal climate agreement
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Comment les changements climatiques agissent sur la 
pollution atmosphérique et la santé respiratoire?
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ALLERGIC AND RESPIRATORY HEALTH

Chronic Diseases
• Direct: increased morbidity and/or mortality from weather evolution and extreme weather 

events (evidence for hot spells, extreme cold, temperature, humidity…) for chronic diseases



CLIMATE CHANGE AND ALLERGIC AND RESPIRATORY 
HEALTH . ACTUAL CHANGES

• Virtually certain
– Increased cardio-respiratory morbidity
– Increased cardio-respiratory mortality
– Increased infections (but probably in the 

case of cold-related  infections)

• Likely
– Increased AVC morbidity and related 

respiratory co-morbidity

• To be further confirmed
– Diminished respiratory infections due to 

warmer and fewer colder days



Figure 1 

The Lancet DOI: (10.1016/S0140-6736(14)62114-0) 

Copyright © 2015 
Gasparrini et al.
Lancet 2015

Mortality risk attributable 
to high and low ambient 

temperature

Exposure–response associations in 
representative cities of 13 countries, with 

related temperature distributions

OF NOTE: Africa is missing

Extreme cold and hot 

temperatures were responsible 

for 0·86% (0·84–0·87) of total 

mortality.

7·71% (95% empirical CI 7·43–

7·91) of mortality was 

attributable to non-optimum 

temperature
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• Indirect: increased morbidity and/or mortality

Climate changeClimate change

ALLERGIC AND RESPIRATORY HEALTH

Chronic Diseases
• Direct: increased morbidity and/or mortality from weather evolution and extreme weather 

events (evidence for hot spells, extreme cold, temperature, humidity…) for chronic diseases



CLIMATE CHANGE-RELATED  RISK FACTORS FOR ALLERGIC AND 
RESPIRATORY HEALTH: ACTUAL CHANGES

• Virtually certain
– Increased outdoor ozone level
– Increased outdoor PM level
– Increased natural aerosol sources 

• Likely
– Removal by precipitation of PM level at local level

• To be further confirmed
– Increase of indoor air pollutants

AIR POLLUTION

���� INCREASED IMPACT 
ON HEALTH EFFECTS



Climate change: impact on air pollution and 
related health effects

• Outdoor ozone: Overall increase in concentrations in high-income countries, 
but with wide regional differences

���� 1,500 more ozone-associated deaths 
annually by the year 2020 in UK 

UK Department of Health, 2008

• Outdoor PM: Local and transboundary increase in concentrations
– Transport , urbanisation, heating
– Desertification and a higher frequency of forest fires may increase 

transboundary transport of particles
���� Projections on increased mortality

and respiratory health effects

• Indoor air pollution: Overall increase in biomass use and other air pollutants
No projections



THE CLIMATE CHANGE CONUNDRUM: Environmental risks
have become increasingly inter-dependent and complex! Wildfire

Allergic and 

respiratory

diseases

among others

Indoor and 
outdoor air 
pollution

Pollen

Moulds



Pyramide des effets de la pollution atmosphérique

21

Plus la gravité des effets diminue plus le nombre de gens touchés augmente

• Effets à court terme et effets à long 
terme, mais continuité entre les 2 
types d’effets

I. Annesi-Maesano & W. Dab, Le livre de l’Interne. 
Pneumologie. Lavoisier Editeur 2013

Les PM de taille inférieure à 2,5 micromètres (PM2,5) sont les plus 
dangereuses



What constitutes an adverse effect of air pollution?

Forthcoming Joint ERS/ATS statement

Rationale: 

- Whether in the developed or developing world, the aim of air quality management is 

to limit or avoid any adverse impact of air pollution on the public’s health. Thus, there is 

a need to identify those effects that are considered “adverse” and to separate them 

from those effects not considered adverse, thus focusing control measures on the 

pollutants causing, and populations experiencing, the greatest health impacts. 

- 2000 Statement,  “What Constitutes an Adverse Health Effect of Air Pollution” focused 

largely on impacts to the respiratory system. However, since that time, new 
toxicological, clinical, and epidemiological studies have identified a wider range of 
health effects, often occurring at low levels of air pollution exposure (especially true 
for effects on the cardiovascular system). 
- New evidence is accumulating for adverse effects of air pollution on the Central 
Nervous System, reproduction and development, and certain metabolic outcomes. 

� the American Thoracic Society and the European Respiratory Society now update the 

ATS 2000 Statement to address these new scientific findings



New considerations for Assessing 

Adversity of Effects 
  

1.Persistence of Effect How persistent over time is the effect?  Generally,, 

persistent effects are of greater concern, although short 

term reversible changes may increase risk for triggering 

acute adverse events, such as MI 

2. Population Risk Is there a shift in the population risk distribution of an 

adverse event? 

3. Susceptibility  Are individuals with preexisting health conditions or genetic 

changes more affected? 

4. Medical/Functional 

Significance 

Is there evidence of one or more of the following:(1) 

interference with the activity of the affected person or 

persons, (2) incapacitating illness, (3) permanent injury, 

and/or (4) progressive dysfunction, (5) reduced quality of 

life? 

 



Overview of potential diseases, conditions and 
biomarkers affected by ambient air pollution

+ leukemia (Filippini, J Environ Sci Health C Environ Carcinog Ecotoxicol Rev., 

2015)



PM penetration



Exacerbation for IPF and air pollution

Adjusted on: age, FVC, DLCO, tabac

Lucile SESE, Hilario NUNES, Dominique VALEYRE, 

Isabella ANNESI-MAESANO et les membres de la 

cohorte COFI

ERJ (soumis)



Pollution atmosphérique et mortalité 

chez des patients FPI

Ajusté: age, CVF, DLCO, tabac

Lucile SESE, Hilario NUNES, Dominique VALEYRE, 

Isabella ANNESI-MAESANO et les membres de la 

cohorte COFI

IPF suite



Hypothesized mechanisms of air-pollution mediated type II 
DM/insulin resistance
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At the population level,

increment exposure of 10 μg/m3 of PM2.5

associated with a higher risk of:

• future diabetes (range of 10 to 27 %)

• diabetes mortality (1 %) 

Esposito, Endocrine 2015

E. Thiering & J. Heinrich
Trends Endocrinol Metab 2015 TLR Toll like receptor, NLR Nod like receptor

NADPH oxidase (nicotinamide adenine dinucleotide phosphate-oxidase)

BAT Brown Adipose Tissue WAT white adipose tissue

Non-alcoholic fatty liver disease (NAFLD)





Cela
commence dès
la vie in utero

voire la 
préconception
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Pollution atmosphérique
(PM, NO2, CO, O3…)

Dysfonctionnement 
placentaire

Dysfonction endothéliale

Effets respiratoires
- Bronchiolite
- Asthme
- Dysfonction pulmonaire
- Fonction respiratoire
- Inflammation

Effets 
cardiovasculaires
- Déséquilibre du 

système autonome
- Hypercoagulabilité
- Arythmie

Impact
- Naissance pré-terme
- Retard de croissance intra-uterine
- Petit poids à la naissance*
- Mortalité infantile

Stieb DM et al. Ambient air pollution, birth weight and preterm birth: a systematic review 
and meta-analysis. Environ Res. 2012 

�

Action sur le système immunitaire:

Diminution des lymphocytes T Reg
(%CD4+CD25+) en function de l’exposition de la 
mère avant et après la grossesse aux particules
fines   

Hertz-Picciotto, Baïz

�

*1.05 (0.99-1.12) per 10 µg/m3 PM2.5 to 1.10 (1.05-
1.15) per 20 µg/m3 PM10

Effets précoces de la pollution atmosphérique
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LB CD19+

CD3+, 
CD4+, CD8+

PM10

HAP

(Hertz-Picciotto I., 2005)

Liens entre exposition précoce à polluants

atmosphériques et développement du système

immunitaire

Cellules NK

CD4+, 
CD4+/CD8+

Pollution de l’air 

urbaine

(Hertz-Picciotto I., 2002)
Hertz-Picciotto I. et al. Air pollution 

and distribution of lymphocyte 

immunophenotypes in cord and 

maternal blood at delivery, 

Epidemiology, 13:172-183, 2002;

Hertz-Picciotto I., Herr CEW, Yap PH., 

Dostál M., Shumway RH., 

Ashwood P., Lipsett M., Joad JP., 

Pinkerton KE., Sram RJ. Air 

pollution and Lymphocytes 

Phenotype Proportions in Cord 

Blood. Environ Health Perspect., 

Vol 113, number 10, 2005).
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9/14

Exposition maternelle à la pollution atmosphérique et distribution des 
immunophénotypes lymphocytaires dans le sang de cordon ombilical . 
Etude de Cohorte EDEN (Baiz et al. BMC  Perinat Care 2012)

Exposition croissante de la 

femme au NO2 (N=370)

Exposition croissante de la 

femme au benzène (N=57) CD4+CD25+ (β=-0.76 [-1.62 to 0.10]) 

CD8+ (β=+0.71 [-0.02; 1.44]),                                 

NK (log) (β=+0.09 [0.01; 0.17])

Exposition croissante de la 

femme aux PM10 (N=370)

CD8+(β=+1,52 [0,21; 2,83]),
NK(β=+0.22 [0.02; 0.42]) 

CD4+CD25+ (β=-0.82 [-1.53; -0.11]),  
CD4+/CD8+ (β=-0.28 [-0.59; 0.03]), 
CD3+ (β=-2.85 [-5.67; -0.03])

3307/12/2015 Congrès de Pneumologie Nouméa



AIR POLLUTION AND ARLY LIFE EVENTS



Ha et al.





Neurological and psychiatric conditions 
associated with air pollution

. 

Alzheimer’s disease and other dementias 

Parkinson’s disease 

Reduced cognitive function in adults  

Reduced neurodevelopment in children  

Depression  

Anxiety disorders  

 

Examples of markers of neurological effects. 

Structural brain damage at functional magnetic resonance imaging (FMRI) 

Neurobehavioral testing 

Cognitive function testing 

 



Dietary, cook wares and packages

EDC

Building materials

Sources are everywhere… 
everywhere!07/12/2015 Congrès de Pneumologie Nouméa 38



Four reasons for emerging 
public health concern for 

EDC-exposure

The ubiquity of exposure

Low doses/non-monotonic 

The persistence of effects

The wide range of health effects

07/12/2015 39



Developmental 

neurotoxicology

phthalates, bisphenol a, glycol 
ethers, 

perfluorinated chemicals, flame 
retardants, etc. Hormonal cancer

Metabolic syndrom 

incl. diabetes

Reproductive health

Immunological

effects

Respiratory health

Studies on urinary
metabolites or objective 
assessments of EDCs
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Sources

Consumer products 
Building materials

Food

Environmental
Exposures

Dust and Air
Food

Human Uptake
(biomarkers)

Pregnant women/Infant/Foetus
Blood/Urine/Breastmilk

Amniotik fluid

Modifying
Factors

Moisture/Dampness
Air exchange rate
Temperature/RH

Pathways

Oral/Peroral
Inhalation

Dermal

Biological
mechanisms

Endocrinology
Immunology

Adjuvans

ENV.
EXPOSURE

HEALTH
EFFECTS

HUMAN
UPTAKE

PVC, Polish
Bornehag et al., 2005; Kolarik et al., 2008a

Phthalates in Indoor Air/Dust 
Adibi et al., 2003, Adibi et al., 2008; Kolossa-Gehring et al., 2011; Hsu et al., 2011; Bekö et al., 2013

PVC
Jaakkola et al., 1999;  Oie et al., 1999; Jaakkola et al., 2000; 2004; Bornehag et al., 2005; Kolarik et al., 2008b; Larsson et al., 2009; 

Choi et al., 2011; Shu et al., 2013A

Phthalates in Indoor Air/Dust
Bornehag et al., 2004; Kolarik et al., 2008b; Hsu et al., 2011; Callesen et al., 2011; Kishi et al., 2012

Phthalate metabolites in urine
Hsu et al., 2011; Just et al., 2012; Callesen et al., 2013; 

Bertelsen et al., 2013; Whyatt et al., 2013; Hoppin et al., 2013 

PVC 
Carlstedt et al., 2013; Shu et al., 2013B in manuscript; Shu et al.,  2013C in manuscript

Health Effects
Neurodevelopmental
Overweight/Obesity

Asthma/Allergy
Reproduction

Cancer

07/12/2015 Congrès de Pneumologie Nouméa 41



Effect of prenatal exposure to 

phthalates on child’s asthma

• Phthalates are a class of synthetic
compounds used widely in
polyvinyl chloride plastics, in
cosmetics, and in building
materials.

• Prenatal exposure to two 
phthalates - chemicals commonly 
used in plastics and cosmetics, 
such as skin moisturizers - may 
significantly increase the risk of 
childhood asthma.

Source : Whyatt Rmet al, Environ Health
Perspect. 2014  Oct;122(10):1141-6
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Asthma in Inner-City Children at 5-11 
years of age and prenatal exposure to 

Phthalates, Whyatt, EHP, 2014

07/12/2015 Congrès de Pneumologie Nouméa 43



Effect of Benzene on T-regs (regulatory T cells)

EDCs exposure in pregnancy and lung function

I. Annesi-Maesano Submitted

371 mother-child pairs
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Biological plausibility for EDC

• Modulation of immune system (balance 

lymphocytes Th1 and Th2)

• Th2 promoted antigen specific production of 

IgE and IgG1 

• Eosinophilic inflammation of the lung and the 

airways

• Oxydative stress

• ….
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EFFETS SUR LA SANTÉ DES 
ÉMISSIONS DE MOTEURS DIESEL. 
APPROCHE ÉPIDÉMIOLOGIQUE.



Le moteur diesel



Les émissions diesel



Moteur diesel et essence

Autres composantes de la phase gazeuse: eau, aldéhydes, hydrocarbures de bas poids 

moléculaire (ex. toluène), HAP légers (2-4 cycles) non cancérogènes 



Les émissions diesel



Composition moyenne du DIESEL particules 
diesel

(PM2.5)

Expertise CNRS Expertise CNRS Expertise CNRS Expertise CNRS 

«««« Diesel et santéDiesel et santéDiesel et santéDiesel et santé » 1996» 1996» 1996» 1996

Source : CNRS

51



Les effets sur la santé

� A court terme
� Effets irritants (oculaires, respiratoires (asthme…), 

cutanés)

� Céphalées, nausées

� Intoxication au CO (très rare)

�A long terme
� Réaction inflammatoire des voies aériennes

� Toux et expectoration chroniques

� Asthma, BPCO

� Effets génétoxiques et cencérogènes

� Effets sur le système CDV envisagés mais non prouvés



Diesel Exhaust Emissions-Health Effects

• Short-term: breathing in diesel fumes can cause 
coughing, itchy or burning eyes, chest constriction, 
wheezing, and difficulty breathing. 

• Long- term exposure to diesel may increase the risk of 
asthma

• Long term exposure to diesel fumes may increase the 
risk of lung cancer and possibly bladder cancer. 

• There is additional evidence that the fine particles in 
DPM can aggravate heart problems.



Diesel and asthma. Evidence.
• Increased asthma occurrence (McConnell, 2006)

• Traffic related pollutants are associated with airway 
inflammation reduced lung function, and reduced lung 
development (Gauderman 2012)

• Increased respiratory symptoms (Gauderman, 2005, Ryan 
2007)

• Increased doctor visits and use of medications (English, 
1999)

• Increased risk of ER and/or hospitalizations

• Cause or contribute to new-onset asthma

• Interact with allergens to increase intensity of allergic
response in susceptible individuals
– DEP can disrupt the regulation of the immune system in 

sensitive individuals, which can increase their risk of having 
allergic reactions to other substances in their environments



Diesel and asthma. Mechanisms.

• Irritant effect

• Immunologic effect

• Adjuvant effect



MECANISMES

07/12/2015 IAM –Capacité d'Allergie 56

Diesel (mais

aussi O3, NO2)
• Réponse

inflammatoire non 

spécifique des voies

aériennes



DIESEL PARTICLE

PM 2.5 RANGE

WATER 
ADSORBED

IRRITANT GAS 
ABSORBED IN 
WATER

Irritant
gases Deep lung exposure

to irritants

How particles increase 
exposure of irritants to 
the deep lungs



Diesel as an airway irritantant

• Diesel contains 40 toxic
air pollutants & many are 
irritants

• Trigger 
oxidative/inflammatory 
cascade

• Reactive airways
dysfunction syndrome or 
irritant-induced asthma

• Railroad workers riding
behind locomotive at 
increased risk of asthma



Diesel and immune changes

• Diesel exhaust exposure promotes

– IgE release

– Interleukin release

– Eosinophil production

• Increases in TH2 cells



Does air pollution induce new cases of asthma?
Taking into account birth cohorts!

07/12/2015 60

IAM – Besançon 2013

IAM –Capacité d'Allergie



Traffic-related pollution at birth is associated with the onset of childhood
asthma during the first 8 years of life (Dutch children)

Gehring et al, AJRCCM 2010

NO2
PM2.5
Soot/diesel

07/12/2015 61

IAM – Rochegude 2014

IAM –Capacité d'Allergie



• PM2.5

62

• NO2

07/12/2015

Air pollution exposure and asthma incidence
Birth cohort studies

Gower, Respirology 2012

IAM – Rochegude 2014

IAM –Capacité d'Allergie



% of people living within 75 m of roads with
>10’000 vehicles per day!
Perez et al, - Eur Respir J –2013

Childhood asthma 
attributable to 
near-road pollution:

14% (CI: 3-25%)
(city specific 
estimates: 7-23%)

07/12/2015 IAM –Capacité d'Allergie 63
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Kulkarni N et al. N Engl J Med 2006;355:21-30

Macrophages chargés en carbone chez des enfants 

Relation entre la Modélisation Annuelle en PM 10 et les Macrophages chargés en carbone 
IAM – DIU_Pneumo07/12/2015



Overall, air pollution exposure was not associated with sensitization 

to any common allergen, with odds ratios ranging from 0.94 (95% CI, 

0.63-1.40) for a 1 × 10-5 · m-1 increase in measurement of the 

blackness of PM2.5 filters to 1.26 (95% CI, 0.90-1.77) for a 5 μg/m3

increase in PM2.5 exposure at birth address. Further analyses did not 

provide consistent evidence for a modification of the air pollution 

effects by sex, family history of atopy, or moving status.

J Allergy Clin Immunol. 2013 Oct 3. pii: S0091-

6749(13)01299-2. doi: 

10.1016/j.jaci.2013.07.048. [Epub ahead of 

print]

Meta-analysis of air pollution exposure
association with allergic sensitization in 
European birth cohorts.
Gruzieva O,

Air pollution and allergic sensitisation
(specific IgE)

IAM –Capacité d'Allergie

07/12/2015 65



Les effets cancérogènes
� Première évaluation par le CIRC (1988) � classement groupe 2A 

(cancérogène probable pour l’homme)

� Chez l’animal: « preuves suffisantes » d’une association causale entre 

l’exposition aux émissions diesel et le risque de cancer pulmonaire

� Chez l’homme: « preuves limitées » d’un effet cancérogène 

pulmonaire

� Etudes épidémiologiques: risque relatif de KP modéré

� Nombreux biais ou facteurs de confusion potentiels: tabagisme, 

exposition à l’amiante 

� Deuxième évaluation par le CIRC (2012) � classement des émissions 

diesel dans le groupe 1 (cancérogène certain pour l’homme)

� « preuves suffisante » pour le lien entre le KP et l’exposition aux 

émissions diesel chez l’homme

� « preuves limitées » pour le lien entre diesel et K de la vessie 

(résultats significatifs chez les travailleurs mais négatifs dans les 

études de cohortes)
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PM and Lung cancer
Raaschou-Nielsen et al. Lancet Oncology 2013

• European Study of Cohorts for Air Pollution Effects 
(ESCAPE)

• Meta-analysis of 17 cohort studies in 9 European 
countries including almost 313 000 people, 2095 with 
lung cancer during the average 13 years of follow up
Air pollution concentration estimated a t the home 
addresses using land-use regression models. 

• For every increase of 5 micrograms per cubic meter 
of PM 2.5 pollution, the risk of lung cancer rose by 
18%, and for every increase of 10 micrograms per 
cubic meter in PM 10 pollution the risk increased by 
22%, with stronger effects indicated for 
adenocarcinomas . 



Traffic-related exposure studies on lung cancer.
PM, particulate matter.

Polosa et al 2014







Adar, AJRCCM 2015



Adar, AJRCCM 2015





Dadvand, Sci Total Environ 2015

NDVI=Normalized Difference Vegetation Index



What to tell patients?

Stop running outdoors?

Ware a mask?

Use air cleaners?

Avoid opening the

windows? 

Drink more orange juice?

Change your apartment?

Change your genes?
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What to tell patients?

Stop running outdoors?

Ware a mask?

Use air cleaners?

Avoid opening the

windows? 

Drink more orange juice?

Change your apartment?

Change your genes?
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Merci

isabella.annesi-maesano@inserm.fr



Mortalité liée à la pollution atmosphérique
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Plus la gravité des effets diminue plus le nombre de gens touchés augmente

• Effets à court terme et effets à long 
terme, mais continuité entre les 2 
types d’effets

• Asthme, BPCO, infections, 
cancer du poumon

• Maladies ischémiques, AVC

I. Annesi-Maesano & W. Dab, Le livre de l’Interne. 
Pneumologie. Lavoisier Editeur 2013

Les PM de taille inférieure à 2,5 micromètres (PM2,5) sont les plus 
dangereuses

WHO 2014
~ 7 Millions de morts
Mortalité due à la pollution de l’extérieur:
40% – maladies ischémiques;
40% – AVC;
11% – BPCO;
6% – Cancer du poumon;
3% – Infections respiratoires infantiles;

Mortalité due à la pollution de l’intérieur:
34% – AVC;
26% – maladies ischémiques;
22% – BPCO;
12% – Infections respiratoires infantiles;
6% – Cancer du poumon.

� Importante morbidité



Illustration de l'absence de seuil des effets sanitaires de la pollution atmosphérique :
quel que soit le niveau d'exposition (10, 20, 40 µg/m³), on observe une augmentation de 0,6% des appels à 

SOS médecins pour symptômes respiratoires lorsque les concentrations ambiantes de PM2,5 augmentent d'1 
µg/m³

Source : ORS Île-de-France
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ERS 2015
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ERS 2015
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ERS 2015


