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RÉSUMÉ LONG

Introduction

Dans les dernières décennies, la prévalence de l'asthme infantile a constamment augmenté dans les pays développés et a maintenant atteint un plateau dans certains pays. Cependant, l'étiologie de cette augmentation et la complexité de l'asthme présentant différents phénotypes provoqués par une variété de facteurs de risque doivent encore être étudiées. La pollution de l'air (environnement physique) et les facteurs psychologiques (environnement social) ont été considérés comme des facteurs importants pour le développement de l'asthme infantile.

Bien que des politiques aient été mis en oeuvre pour réduire la pollution de l'air dans les pays européens, le trafic, les centrales électriques, l'industrie et les activités agricoles continuent à émettre des quantités importantes de polluants. Pour la pollution de l'air extérieur, il s'agit de la pollution de l'air liée au trafic, particules dont PM 2.5 (de particules d'un diamètre aérodynamique inférieur à 2,5 m) et PM 10 (de particules d'un diamètre aréodynamique inférieur à 10 m), NO x (oxyde d'azote ), CO (monoxyde de carbone) , COV (composés organiques volatils) , SO 2 (dioxyde de soufre) , O 3 (ozone), benzène et de la pollution dérivée de la combustion du charbon et d'autres combustibles dans des installations industrielles ainsi que des pollens et des moisissures. Pour la pollution de l'air intérieur, il s'agit polluants caractéristiques de l'habitation, du lieu de travail, école, des centres de soins de jour, des bars… Les polluants de l'air intérieur incluent des composants de la fumée de tabac ambiante, NO x , NO 2 (dioxyde d'azote), COV, PM 2.5 et PM 10 , moisissures et allergène.

Les principales sources de polluants de l'air intérieur sont : fumée du tabac, de l'humidité dans la maison ou à l'école, chauffage domestique, cuisine, peintures, et le contact avec les animaux. Fait à noter, la corrélation entre les polluants de l'air extérieur et les polluants de l'air intérieur par le biais du transfert lors de l'ouverture des fenêtres. Les polluants de l'air extérieur et intérieur peuvent être mesurés objectivement et subjectivement.

Plusieurs études font état d'un lien entre l'exposition à court terme à la pollution de l'air extérieur et dans la cas de l'asthme infantile l'augmentation des crises, les hospitalisations et l'utilisation des médicaments de l'asthme, tandis que l'exposition à long terme à la pollution de l'air extérieur est liée à l'augmentation de la prévalence et l'incidence de l'asthme infantile et des hospitalisations. Les expositions à court terme à des polluants de l'air intérieur sont associées à une augmentation des exacerbations d'asthme, et à une augmentation de la prévalence. Cependant, l'association entre l'exposition à long terme aux polluants de l'air intérieur et le développement de l'asthme infantile n'est pas entièrement établie. Les résultats les plus consistants sont ceux sur les relations entre l'asthme et la fumée de tabac dans l'environnement, l'humidité ou les moisissures et la proximité résidentielle à une route très fréquentée en termes de trafic.

En ce qui concerne les facteurs psychologiques, ils comprennent plusieur niveaux micro ou individuel, méso et macro. Pour les facteurs psychologiques au niveau micro, ils se composent de stress perçu, de dépression, d'anxiété, des événements de la vie, des problèmes de comportement, alors que le niveau méso inclut le stress dans la famille, la violence dans la famille, la violence dans la communauté, et le soutien social. Enfin, les facteurs au niveau macro sont associate à la structure socilale. Cependant, aucune étude épidémiologique ou clinique n'a trouvée de relation significative pour les relations entre les facteurs psychologiques du niveau macro et l'asthme infantile. Des relations, en revanche, ont été trouvées dans le cas du stress et de la dépression de la mère.

Bien que les données sur les relations entre l'exposition aux polluants atmosphériques et l'asthme d'un côté et entre les facteur psychologiques et l'asthme de l'autre soient en augmentation, peu d'études ont investigué l'impact des interactions entre l'exposition aux polluants atmosphériques et les caractéristiques psychologiques sur l'asthme infantile. Les objectifs de cette thèse sont d'examiner l'hypothèse selon laquelle les caractéristiques psychologiques constituent un modificateur de la relation entre l'exposition polluants atmosphériques et l'asthme infantile.

A cet effet, nous avons utilisé les données de l'Etude des 6 villes, avec dessein transversales, et l'étude de cohorte mère-enfant de type longitudinale EDEN (Étude sur les Déterminants pré et postnatals du développement de la santé l'ENfant) pour examiner cette hypothèse.

Population et les méthodes d'étude

L'Etude des 6 villes est la phase II de l'étude internationale de l'asthme et des allergies dans l'enfance (International Study of Asthma and Allergies in Childhood) menée en France entre Mars 1999 et Octobre 2000. Cette étude a recruté 9615 enfants âgés en moyenne de 10 ans dans 6 villes ( Créteil , Reims , Marseille , Strasbourg , Clemont -Ferrand , Bordeaux) de la France métropolitaine.

Les enfants venaient de 108 écoles sélectionnées au hasard dans les six villes. Dans la thèse, nous n'avons inclus que les enfants qui résidaient à leur adresse actuelle depuis plus de 3 ans et qui avaient rempli le échelles sur les problèmes d'émotion et de comportement (échantillon total de 4209). La concentration en polluant de benzène, CO, NO 2 , NO x , PM 10 (de particules d'un diamètre aérodynamique inférieur à 10 m), et COV aux 108 adresses des écoles ont été estimées par un modèle de dispersion via le logiciel STREET® 5, en utilisant les données de la moyenne des polluants de 3 ans (1998-2000). Les facteurs psychologiques, à savoir les problèmes d'émotion et de comportement, ont été mesurées par deux échelles (symptômes émotionnels et les problèmes de comportement) du questionnaire Point-forts -Point faibles (SDQ-Fra). Obtenir un score total entre 0 et 8 a été défini comme des « problèmes émotionnels et de comportement (PEC)», tandis qu'obtenir un score entre 9-20 a été défini comme «aucune émotion et aucun problèmes de comportement (Non PEC)». Les symptômes et maladies ont été déterminés à l'aide de réponse à un questionnaire standardisé. Le sifflement actuel a été défini par une réponse «oui» à la question «Au cours des 12 derniers mois, votre enfant a-t-il eu des sifflements dans la poitrine?». L'asthme diagnostiqué actuel a été défini par : (i) une réponse «oui» à la question «Est-ce que l' asthme de votre enfant a été diagnostiquée par un médecin», (ii) crise de sifflement au cours des 12 derniers mois et (ou) utilisation de médicaments pour soigner l'asthme au cours des 12 derniers mois. Nous avons également inclus l'eczéma actuel, car hautement lié à l'asthme. L'eczéma actuel a été défini comme démangeaisons dans les zones de flexion (les plis des coudes, derrière les genoux, en avant des chevilles, sous les fesses, autour du cou, autour des yeux ou de oreilles) au cours des 12 derniers mois.

L'étude EDEN est une étude de cohorte en cours qui a recruté (< 24 semaines d'aménorrhée (SA))

2002 femmes enceintes à Nancy et à Poitiers en 2003 ( https://eden.vjf.inserm.fr ). Les critères de non-inclusion étaient les suivants: 1) grossesse gémellaire; 2) diabète maternel avant la grossesse; 3) quittant la région au cours des 3 prochaines années ; 4) ne pas parlant ou lisant le français . Nous avons mené la première enquête par questionnaire standardisé lorsque les femmes étaient à 24-28 SA. Nous avons ensuite suivi les paires mère-enfant à la naissance, 4 mois 8 mois, 12 mois, 2 ans, 3

ans, 4 ans et 5 ans, 8 ans (données pas montrées pour cette dernière période) de l'enfant. Le nombre total de couples mère-enfant suivi aux âges de 1, 2, 3, 4, et 5 ans de l'enfants était 1765, 1436, 1313, 1228, et 1139, respectivement. Dans la thèse, nous avons inclus les enfants ne se déplaçant pas hors de la région dans la première année de la vie et sans données manquantes sur l'exposition aux polluants de l'air extérieur in utero et la première année de la vie, et la dépression maternelle pendant la grossesse (échantillon total de 1222 dans le premier 3 ans, et 722 dans les 5 premières années). Les expositions précoces de la vie au tabagisme parental, la pollution de l'air liée au trafic, l'humidité, les moisissures, les agents de blanchiment, les acariens, les animaux domestiques et le chauffage domestique ont été évaluées par des questionnaires remplis par les parents des enfants.

Les concentrations en polluant de benzène , CO, NO 2 , SO 2 , PM 10 et de COV aux adresses résidentielles in utero et à la première année de la vie ont été estimées par un modèle de dispersion via le logiciel STREET® 5, en tenant compte des données de la pollution de l'air ambiant, les caractéristiques de la circulation véhiculaire, et les caractéristiques topographique et météorologique de l'adresse. Le facteur psychologique que nous avons évaluée dans l'étude EDEN sont la dépression maternelle prénatale, qui a été évaluée à l'aide de l'Échelle d'évaluation de l'état dépressif du Centre d'études épidémiologiques (CES-D), contenant 20 éléments. Le score total va de 0 à 60 pouvait être obtenu.

Les scores totaux entre 0-2 ont été exclus de l'analyse parce que ces scores extrêmement bas sont considéres comme un déni de symptômes dépressifs. Dans les analyses, la dépression maternelle prénatale a été définie comme une variable binaire: présence de dépression maternelle (score total ≥ 16) et absence de dépression maternelle (score total < 16). Les événement de santé ont été évalués par questionnaire standard. Les «sifflements dans la vie» a été défini par une réponse «oui» à la question de «Votre enfant a-t-il eu des sifflement dans la poitrine?». L'asthme diagnostiqué dans la vie a été définie par une réponse «oui» à la question de «Votre enfant a-t-il eu un asthme diagnostiqué par un médecin?». L'eczéma diagnostiqué par un médecin a été identifié par «oui» aux toutes questions : «Votre enfant a-t-il eu un eczéma diagnostiqué par un médecin?», «Votre enfant a-t-il eu sur la peau une éruption (plaques rouges , boutons ...) qui démange (envie de se gratter), et qui apparaît et disparaît par intermittence», et «Cette éruption qui démange, a-t-elle, touché l'une des zones suivants: les plis des coudes, derrière les genoux, en devant les chevilles, sous les fesses, autour du cou, autour des yeux ou des oreilles?». La rhino-conjonctivite allergique a été identifiée par des réponses positives aux questions suivantes : «Votre enfant a-t-il eu des éternuements, le nez qui coule ou le nez bouché alors qu'il n'avait pas d'infection respiratoire (ni rhume,ni rhinopharyngite, ni grippe…)», et «ces problèmes de nez étaient-ils accompagnés de larmoiements (pleurs) ou de démangeaisons (envie de se gratter) des yeux?». L'état de santé de l'enfant a été évalué dans les vagues de l'enquête menée lorsque les enfants avaient 4 mois, 8 mois, 12 mois, 2 ans, 3 ans , 4 

ABSTRACT

The purposes of this thesis are to examine the hypothesis according to which psychological features are a modifier of the relation between exposure to air pollution and childhood asthma.

To this extent, we used the data from the cross-sectional French 6 Cities Study and the longitudinal EDEN (Study of pre-and post-natal determinants of children's growth and development) motherchild cohort study to examine the hypothesis.

The data show that both subjectively and objectively measured air pollutants were related to childhood asthma. The analyses on the relationships between psychological factors and childhood asthma and allergies yielded that children with behavioral problems had a higher odds ratio in relation to prevalences of asthma and eczema, asthma severity and early asthma onset in the French 6 Cities study and maternal depression during pregnancy was associated with the development of allergic rhinoconjunctivitis in the first 5 years of life in children of the EDEN mother-child cohort study. Taking into account the interactions between air pollutants and psychological factors, results

showed that the relationships between air pollutants and childhood asthma were modified by psychological factors.

In conclusion, our results add new evidence on the relationships between subjectively and objectively measured air pollutants and/or psychological factors (behavioral problems and maternal depression during pregnancy) and childhood asthma and imply to consider children with psychological problems as a population susceptible to the detrimental effects of air pollutants and take into account these factors simultaneously into the paradigm of childhood asthma prevention.
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Introduction

Asthma is defined as "a chronic inflammatory disorder of the airway in which many cells and cellular elements play a role. The chronic inflammation is associated with airway hyper responsiveness that leads to recurrent episodes of wheezing, breathlessness, chest tightness, and coughing, particularly at night or in the early morning. These episodes are usually associated with widespread, but variable, airflow obstruction within the lung that is often reversible either spontaneously or with treatment" 1 . Childhood has been considered as a critical period for the development of asthma as the lung, the respiratory system and the immune system are developing.

In the past decades, the prevalence of childhood asthma has increased constantly in western developed countries and only now has reached a plateau in some countries [START_REF] Baiz | Is the Asthma Epidemic Still Ascending?[END_REF][3][START_REF] Russell | The childhood asthma epidemic[END_REF][START_REF] Duggan | The 2002-2007 trends of prevalence of asthma, allergic rhinitis and eczema in Irish schoolchildren[END_REF][START_REF] Asher | Worldwide time trends in the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three repeat multicountry cross-sectional surveys[END_REF][7] . However, the increase of childhood asthma has still to be explained. In addition, asthma is a complex disease presenting various phenotypes caused by a variety of risk factors (Fig. 1) [START_REF] Johnson | Environmental epidemiology of pediatric asthma and allergy[END_REF][START_REF] Subbarao | Epidemiology of asthma: risk factors for development[END_REF] , namely a genetic susceptibility in the presence of certain environmental stressors and conditions (see Fig. 2).

Air pollution (physical environment) and psychological features (social environment) that have known important variations during childhood asthma prevalence increase [START_REF] Gruzieva | Exposure to air pollution from traffic and childhood asthma until 12 years of age[END_REF][START_REF] Chen | Early-life indoor environmental exposures increase the risk of childhood asthma[END_REF][START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF][START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF][START_REF] Dos Santos | Maternal mental health and social support: effect on childhood atopic and non-atopic asthma symptoms[END_REF][START_REF] Fang | Maternal Bereavement and Childhood Asthma-Analyses in Two Large Samples of Swedish Children[END_REF][START_REF] Lange | Parental psychosocial stress and asthma morbidity in Puerto Rican twins[END_REF][START_REF] Shankardass | Parental stress increases the effect of traffic-related air pollution on childhood asthma incidence[END_REF][START_REF] Milam | Parental stress and childhood wheeze in a prospective cohort study[END_REF] have been considered

as important factors to be taken into account in order to explain the complex etiology of childhood asthma and thus its evolution. Nevertheless, although the impact of air pollution on asthma and allergies has been largely investigated with more evidence for asthma than for other allergies, the effects of psychological factors on these affections have rarely studied at the population level. In addition, few studies have investigated the interactions between air pollution and psychological features and the combined effects on childhood asthma of concurrent exposures to multiple risk factors. Yet, promising results have shown the existence of an interaction between air pollution and some psychological factors with an increased impact of air pollution in individuals presenting psychological troubles [START_REF] Shankardass | Parental stress increases the effect of traffic-related air pollution on childhood asthma incidence[END_REF] . 

Genetics

Inherited genetic profiles (family history, race, gender), genetic susceptibility variants (genes and biomarkers)

Air pollution and childhood asthma

Although policies have been implemented to reduce the air pollution in European countries, traffic, power plants, industry, household and agricultural activities continue to emit significant amount of air pollution [START_REF]Air quality in Europe-2013 report[END_REF] . Data from European Environment Agency (http://www.eea.europa.eu/highlights/eumeets-most-international-air) showed that since 1990, emission of the main air pollutants of lead (Pb), sulfur oxide (SO x ), Carbon Monoxide (CO), non-methane volatile organic compounds (NMVOCs), polycyclic aromatic hydrocarbon (total PAH), nitrogen oxide (NO x ), benzo(a)pyrene (BaP) and ammonia (NH 3 ) decreased by 89 %, 82 %, 64 %, 59 %, 58 %, 48 %, 45 % and 28 % respectively, and emission continued to reduce between 2010 and 2011. However, emissions of ozone (O 3 ), particulate matter (PM), and persistent organic pollutants (POPs) have not decreased substantially. Table 1 presents the proportion of the European Union (EU) urban population exposed to pollutant concentration levels above the limit and target values set in EU legislation and the World Health Organization (WHO) air quality guidelines between 2009 and 2011 [START_REF]Air quality in Europe-2013 report[END_REF] .

Fig. 2: Environmental and non-environmental factors for childhood asthma (by Annesi-Maesano I.)

In addition, air pollution as one of the environmental factors that influences the diseases [START_REF] Sonnenschein-Van Der Voort | Air pollution, fetal and infant tobacco smoke exposure, and wheezing in preschool children: a population-based prospective birth cohort[END_REF][START_REF] Carlsten | Air pollution, genetics, and allergy: an update[END_REF] and the gene expression [START_REF] Salam | Genetic and epigenetic variations in inducible nitric oxide synthase promoter, particulate pollution, and exhaled nitric oxide levels in children[END_REF] , plays an important role in mediating the phenotypic expression of the respiratory system in ways that predisposes children to the development of respiratory and allergic diseases including asthma later in the life [START_REF] Carlsten | Air pollution, genetics, and allergy: an update[END_REF] .

Table 1-Percentage of the urban population in the EU exposed to air pollutant concentrations above the EU and WHO reference levels (2009-2011)

WHO AQG, WHO air quality guideline; PM 2.5 , Particulate Matter with an Aerodynamic Diameter Below 2.5m; PM 10 , Particulate Matter with an Aerodynamic Diameter Below 10m; NO 2 , nitrogen dioxide; SO 2 , sulfur dioxide.

Related sources of outdoor and indoor air pollutants and the methods of assessment 1.Related sources of air pollution

Table 2 presented the main sources of outdoor and indoor air pollutants in relation to childhood exposures. Outdoor air pollutants included traffic-related air pollution, allergen, particulate matter, NO x , CO, Volatile Organic Compounds (VOCs), SO 2 , O 3 and benzene that essentially from the combustion of coal and other fuels in industrial plants and emission of motor vehicles [START_REF]Respiratory effects of pollution[END_REF] .

Indoor air pollution could be from the environment of dwelling, workplace, school, day care centers, bars, et al. Indoor air pollution consists of environmental tobacco smoke (ETS), NO X , NO 2 , VOCs, PM 2.5 , dampness and molds in the house, and allergen (see table 2). The major sources are related to tobacco smoke, moisture in the home or school, domestic heating and cooking, paints, and contact with pets [START_REF]Respiratory effects of pollution[END_REF][START_REF] Viegi | Indoor air pollution and airway disease[END_REF] . Of note, outdoor air pollutants correlate with indoor air pollutants [START_REF] Habre | Sources of indoor air pollution in New York City residences of asthmatic children[END_REF] . Habre R and coworkers [START_REF] Habre | Sources of indoor air pollution in New York City residences of asthmatic children[END_REF] recently explored the sources of indoor air pollutants in New York city residences of asthmatic children. Results showed that outdoor sources account for 28 % of indoor PM 2.5 mass. 

Air pollution assessment

Table 3 presented the methods of assessment of outdoor and indoor air pollutants in relation to childhood exposures [START_REF] Yu | Passive dosimeters for nitrogen dioxide in personal/indoor air sampling: a review[END_REF][START_REF] Zou | Air pollution exposure assessment methods utilized in epidemiological studies[END_REF][START_REF] Ozkaynak | Air pollution exposure prediction approaches used in air pollution epidemiology studies[END_REF] . The methods of measuring exposures to outdoor air pollutants include standard questionnaires, regional monitoring, proximity modeling, dispersion models, land-use regression, and individually active sampling and passive sampling. The methods of investigating exposures to indoor air pollutants consist of standard questionnaires and individual measurement using active and passive samplers. 

Relationships between outdoor air pollution and childhood asthma 1.1.2.1 Relationships between short-term exposure to outdoor air pollution and childhood asthma

Evidence has consistently showed that short-term exposure to outdoor air pollution is related to increased asthma attacks and exacerbation, hospitalizations and asthma medication use [START_REF] O'connor | Acute respiratory health effects of air pollution on children with asthma in US inner cities[END_REF][START_REF] Yamazaki | Modifying Effect of Age on the Association between Ambient Ozone and Nighttime Primary Care Visits Due to Asthma Attack[END_REF][START_REF] Nastos | Outdoor particulate matter and childhood asthma admissions in Athens, Greece: a time-series study[END_REF][START_REF] Iskandar | Coarse and fine particles but not ultrafine particles in urban air trigger hospital admission for asthma in children[END_REF][START_REF] Slaughter | Effects of ambient air pollution on symptom severity and medication use in children with asthma[END_REF] .

O'Connor GT et al [START_REF] O'connor | Acute respiratory health effects of air pollution on children with asthma in US inner cities[END_REF] found that higher daily NO 2 concentration (average of hourly measurements) obtained from the US Environmental Protection Agency Aerometric Information Retrieval System database was associated with more frequent asthma symptoms and asthma-related school absences in children of 7 urban US communities. Yamazaki S and coworkers 30 indicated that 24-hour mean concentration of ozone measured by monitoring stations of local authority was related to nighttime primary care visits for asthma attacks in warmer months in children in metropolitan Tokyo. In

Greece, a study have showed that mean daily PM 10 (Particulate Matter with an Aerodynamic Diameter Below 10 m) concentration recorded by the air pollution-monitoring network is related to asthma exacerbation among 5-14 year-old children [START_REF] Nastos | Outdoor particulate matter and childhood asthma admissions in Athens, Greece: a time-series study[END_REF] . In addition, short-term exposure to outdoor air pollution could trigger hospitalizations and increase medical use. Iskandar A et al [START_REF] Iskandar | Coarse and fine particles but not ultrafine particles in urban air trigger hospital admission for asthma in children[END_REF] have found that short-term exposures to NO X , NO 2 , PM 10 and PM 2.5 were related to increased risk of hospital admissions for asthma in children aged 0-18 years. Slaughter JC [START_REF] Slaughter | Effects of ambient air pollution on symptom severity and medication use in children with asthma[END_REF] and coworkers found that shortterm exposure to outdoor air pollution of PM 10 and PM 2.5 was associated to increased risk of more severe asthma attacks and medication use in children with asthma.

Relationships between long-term exposure to outdoor air pollution and childhood asthma

Mounting evidence has showed that long-term outdoor air pollution is related to increased childhood asthma prevalence and incidence and hospital admissions [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF][START_REF] Patel | Air pollution and childhood asthma: recent advances and future directions[END_REF][START_REF] Erbas | Persistent pollen exposure during infancy is associated with increased risk of subsequent childhood asthma and hayfever[END_REF][START_REF] Laumbach | Respiratory health effects of air pollution: update on biomass smoke and traffic pollution[END_REF][START_REF] Amato | Urban Air Pollution and Climate Change as Environmental Risk Factors of Respiratory Allergy: An Update[END_REF][START_REF] Shima | Effects of air pollution on the prevalence and incidence of asthma in children[END_REF][START_REF] Lin | Chronic Exposure to Ambient Ozone and Asthma Hospital Admissions among Children[END_REF][START_REF] Mcconnell | Asthma in exercising children exposed to ozone: a cohort study[END_REF] . Pénard-Morand C et al [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF] had found that long-term exposure to benzene, SO 2 , PM 10 , NO x and CO measured by dispersion models was related to childhood asthma in the population-based French 6 Cities study. Erbas B et al [START_REF] Erbas | Persistent pollen exposure during infancy is associated with increased risk of subsequent childhood asthma and hayfever[END_REF] found that persistent outdoor pollen concentration in infancy (cumulative exposure up to 4-6 months)

increases the risk of asthma in children aged 6-7 years. Lin S et al [START_REF] Lin | Chronic Exposure to Ambient Ozone and Asthma Hospital Admissions among Children[END_REF] indicated that chronic exposure to ambient ozone may increase the risk of hospital admissions among children aged 1-6 years.

As the main sources of air pollution in developed countries, where industrial pollution is decreasing continuously, traffic-related air pollution had been recognized particularly as an important factor for explaining the origins of childhood asthma in these countries [START_REF] Carlsten | Air pollution, genetics, and allergy: an update[END_REF][START_REF] Patel | Air pollution and childhood asthma: recent advances and future directions[END_REF][START_REF] Laumbach | Respiratory health effects of air pollution: update on biomass smoke and traffic pollution[END_REF][START_REF] Nordling | Traffic-related air pollution and childhood respiratory symptoms, function and allergies[END_REF][START_REF] Gehring | Traffic-related Air Pollution and the Development of Asthma and Allergies during the First 8 Years of Life[END_REF][START_REF] Mcconnell | Childhood Incident Asthma and Traffic-Related Air Pollution at Home and School[END_REF][START_REF] Gasana | Motor vehicle air pollution and asthma in children: A meta-analysis[END_REF][START_REF] Bernstein | Traffic-Related Pollutants and Wheezing in Children[END_REF][START_REF] Gruzieva | Exposure to air pollution form traffic and childhood asthma until 12 years of age[END_REF][START_REF] Morgenstern | Atopic diseases, allergic sensitization, and exposure to traffic-related air pollution in children[END_REF] . Data of a Swedish birth cohort study showed that exposure to traffic-related air pollution in the first year of life is associated with development of asthma for preschool children [START_REF] Nordling | Traffic-related air pollution and childhood respiratory symptoms, function and allergies[END_REF] . In an American cohort study, results implicated that traffic-related air pollution at school and homes may both contribute the development of childhood asthma [START_REF] Mcconnell | Childhood Incident Asthma and Traffic-Related Air Pollution at Home and School[END_REF] . In the past 5 years, the main birth cohort studies investigating the relationship between long-term exposure to traffic-related air pollution and childhood asthma are showed in Table 4. Of all selected cohort studies, 10 cohort studies showed that there was statistically significant causal relationship between traffic-related air pollution and childhood asthma, while only 2 cohort studies indicated no association. 

Relationship between indoor air pollution and childhood asthma

Compared with outdoor air pollution, the exposure to indoor air pollution is more frequent than that of outdoor air pollution because people spend 90% of their time indoor globally. In European countries, because of the economic crisis and the decreased availability of oil and other combustion products, people insulated their homes which decreased the air exchange, and more recently used wood heating that reduced the indoor air quality. Considering that infants spend more time in house than adults for too young to walk out by themselves, it is important to assess the influence of indoor air pollution on the health of the children. In addition, pregnant mothers spent most of their time at home, indoor air pollution may also be critical for the pre-natal health of children. According to the WHO report, indoor smoke of solid fuel is the third important factor that contributes to the global burden of disease for 0-4 years' old children [START_REF] Organization | A conceptual framework for action on the social determinants of health[END_REF] .

Relationships between short-term exposure to indoor air pollution and childhood asthma

Studies showed that short-term exposure to indoor air pollution was related to increased childhood asthma attacks, prevalence and asthma exacerbation [START_REF] Zhao | Asthmatic symptoms among pupils in relation to winter indoor and outdoor air pollution in schools in Taiyuan, China[END_REF][START_REF] Annesi-Maesano | Poor air quality in classrooms related to asthma and rhinitis in primary schoolchildren of the French 6 Cities Study[END_REF][START_REF] Hulin | Respiratory health and indoor air pollutants based on quantitative exposure assessments[END_REF] . Zhao Z et al [START_REF] Zhao | Asthmatic symptoms among pupils in relation to winter indoor and outdoor air pollution in schools in Taiyuan, China[END_REF] have found that a 7-day mean concentration of indoor exposure to SO 2 assessed by passive (diffusion) sampling was related to wheezing attacks in Chinese pupils. In France, Annesi-Maesano I et al [START_REF] Annesi-Maesano | Poor air quality in classrooms related to asthma and rhinitis in primary schoolchildren of the French 6 Cities Study[END_REF] indicated that 5-day mean concentration of high level exposures to PM 2.5 , acrolein and NO 2 measured by passive diffusion samplers were related to increased prevalence of past year asthma in schoolchildren. Hulin M et al [START_REF] Hulin | Respiratory health and indoor air pollutants based on quantitative exposure assessments[END_REF] indicated that papers published up to the year 2011 in the peer-reviewed journals consistently support the short-term effect of indoor air pollutants measured quantitatively on asthma exacerbation.

Relationships between long-term exposure to indoor air pollution and childhood asthma

In literature, the association between long-term indoor air pollution and the development of childhood asthma is heterogeneous [START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF][START_REF] Hulin | Respiratory health and indoor air pollutants based on quantitative exposure assessments[END_REF] . The most consistent results are for relationships between environmental tobacco smoke, residential proximity to busy road and household dampness or visible molds [START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF] . Evidence is also reliable for indoor exposure to NO 2 and particles and childhood asthma [START_REF] Hulin | Respiratory health and indoor air pollutants based on quantitative exposure assessments[END_REF] .

In the past 5 years, the main cohort studies that have investigated the relationships between longterm exposure to indoor air pollutants and childhood asthma are showed in table 5 [START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF][START_REF] Ryan | Exposure to Traffic-related Particles and Endotoxin during Infancy Is Associated with Wheezing at Age 3 Years[END_REF][START_REF] Hansel | A longitudinal study of indoor nitrogen dioxide levels and respiratory symptoms in inner-city children with asthma[END_REF][START_REF] Henderson | Household chemicals, persistent wheezing and lung function: effect modification by atopy?[END_REF][START_REF] Krauss-Etschmann | Current use of room disinfectants and allergic symptoms at the age of 4 years[END_REF][START_REF] Iossifova | Mold exposure during infancy as a predictor of potential asthma development[END_REF][START_REF] Karvonen | Confirmed Moisture Damage at Home, Respiratory Symptoms and Atopy in Early Life: A Birth-Cohort Study[END_REF][START_REF] Kerkhof | Effects of pets on asthma development up to 8 years of age: the PIAMA study[END_REF][START_REF] Raaschou-Nielsen | Long-term exposure to indoor air pollution and wheezing symptoms in infants[END_REF][START_REF] Mccormack | Indoor particulate matter increases asthma morbidity in children with non-atopic and atopic asthma[END_REF][START_REF] Tischer | Respiratory health in children, and indoor exposure to (1,3)-beta-D-glucan, EPS mould components and endotoxin[END_REF][START_REF] Jung | Childhood exposure to fine particulate matter and black carbon and the development of new wheeze between ages 5 and 7 in an urban prospective cohort[END_REF][START_REF] Reponen | Infant origins of childhood asthma associated with specific molds[END_REF][START_REF] Neuman | Maternal smoking in pregnancy and asthma in preschool children: a pooled analysis of eight birth cohorts[END_REF][START_REF] Carlsen | Does Pet Ownership in Infancy Lead to Asthma or Allergy at School Age? Pooled Analysis of Individual Participant Data from 11 European Birth Cohorts[END_REF][START_REF] Bunyavanich | A twin study of early-childhood asthma in Puerto Ricans[END_REF] . The evidence for the association between development of childhood asthma and environmental tobacco smoke is quite consistent [START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF][START_REF] Ryan | Exposure to Traffic-related Particles and Endotoxin during Infancy Is Associated with Wheezing at Age 3 Years[END_REF][START_REF] Iossifova | Mold exposure during infancy as a predictor of potential asthma development[END_REF][START_REF] Neuman | Maternal smoking in pregnancy and asthma in preschool children: a pooled analysis of eight birth cohorts[END_REF][START_REF] Bunyavanich | A twin study of early-childhood asthma in Puerto Ricans[END_REF] . Dampness and molds, as for another important indoor air exposure, is found to have negative effects on childhood asthma 12, 51, 62-63, 69, 73 . Of note, the evidence on the negative effect of visible molds determined by home inspection and childhood asthma is reliable [START_REF] Ryan | Exposure to Traffic-related Particles and Endotoxin during Infancy Is Associated with Wheezing at Age 3 Years[END_REF][START_REF] Iossifova | Mold exposure during infancy as a predictor of potential asthma development[END_REF][START_REF] Karvonen | Confirmed Moisture Damage at Home, Respiratory Symptoms and Atopy in Early Life: A Birth-Cohort Study[END_REF] , but the effect of the microbial components measured by dust sampling is contradictory [START_REF] Tischer | Respiratory health in children, and indoor exposure to (1,3)-beta-D-glucan, EPS mould components and endotoxin[END_REF][START_REF] Reponen | Infant origins of childhood asthma associated with specific molds[END_REF] . A recent meta-analysis on eight European birth cohorts data showed that exposure to molds in early life is associated with an increased risk of asthma particularly in young children [START_REF] Tischer | Meta-analysis of mould and dampness exposure on asthma and allergy in eight European birth cohorts: an ENRIECO initiative[END_REF] . Exposures to dampness and molds could also interact with some genes (e.g. signal transducer and activator of transcription 6 (STAT6), interleukin13 (IL13) and beta-2 adrenergic receptor (ADRB2)) to increase the risk of asthma [START_REF] Su | Gene-Gene and Gene-Environmental Interactions of Childhood Asthma: A Multifactor Dimension Reduction Approach[END_REF] . Results on the relationships between childhood asthma and indoor long-term exposure to NO 2 59, 65 , particles [START_REF] Raaschou-Nielsen | Long-term exposure to indoor air pollution and wheezing symptoms in infants[END_REF][START_REF] Mccormack | Indoor particulate matter increases asthma morbidity in children with non-atopic and atopic asthma[END_REF][START_REF] Jung | Childhood exposure to fine particulate matter and black carbon and the development of new wheeze between ages 5 and 7 in an urban prospective cohort[END_REF] , VOCs [START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF][START_REF] Krauss-Etschmann | Current use of room disinfectants and allergic symptoms at the age of 4 years[END_REF][START_REF] Raaschou-Nielsen | Long-term exposure to indoor air pollution and wheezing symptoms in infants[END_REF] , pets [START_REF] Heinrich | Influence of indoor factors in dwellings on the development of childhood asthma[END_REF][START_REF] Kerkhof | Effects of pets on asthma development up to 8 years of age: the PIAMA study[END_REF][START_REF] Carlsen | Does Pet Ownership in Infancy Lead to Asthma or Allergy at School Age? Pooled Analysis of Individual Participant Data from 11 European Birth Cohorts[END_REF] and endotoxins [START_REF] Ryan | Exposure to Traffic-related Particles and Endotoxin during Infancy Is Associated with Wheezing at Age 3 Years[END_REF][START_REF] Tischer | Respiratory health in children, and indoor exposure to (1,3)-beta-D-glucan, EPS mould components and endotoxin[END_REF] are heterogeneous. contribute to variance in susceptibility to doctor-diagnosed asthma in the first year of life * API was defined as having recurrent wheezing (2 or more wheezing episodes in the previous 12 months) at the age of 3 years and met at least 1 of 3 major criteria (parental history of asthma, allergic sensitization to ≥1 aeroallergens, and eczema (defined as either physician-diagnosed eczema on physical examination or parental report of frequent skin scratching for more than 6 months accompanied by red spots, raised bumps, or rough, dry, scaly skin))or 2 or 3 minor criteria (wheezing without a cold, physician-diagnosed allergic rhinitis, and allergic sensitization to milk or egg).

Psychological features and childhood asthma

Several investigations, overall clinical studies, showed that psychological features were related to childhood asthma [75][START_REF] Calam | Behavior problems antecede the development of wheeze in childhood[END_REF][START_REF] Macri | Psychological factors in childhood asthma[END_REF][START_REF] Guxens | Parental psychological distress during pregnancy and wheezing in preschool children: The Generation R Study[END_REF][START_REF] Liu | Psychological Stress and Hospitalization for Childhood Asthmaa Nationwide Cohort Study in Two Nordic Countries[END_REF][START_REF] Feldman | Child and Family Psychiatric and Psychological Factors Associated With Child Physical Health Problems Results From the Boricua Youth Study[END_REF][START_REF] Suglia | Social and environmental stressors in the home and childhood asthma[END_REF][START_REF] Wright | Epidemiology of Stress and Asthma: From Constricting Communities and Fragile Families to Epigenetics[END_REF] . Psychological features are well-known trigger of asthma attacks and exacerbations [START_REF] Liu | Psychological Stress and Hospitalization for Childhood Asthmaa Nationwide Cohort Study in Two Nordic Countries[END_REF] . Studies also showed an increased prevalence of asthma in children experiencing psychological disorders [START_REF] Feldman | Child and Family Psychiatric and Psychological Factors Associated With Child Physical Health Problems Results From the Boricua Youth Study[END_REF][START_REF] Suglia | Social and environmental stressors in the home and childhood asthma[END_REF] . Annesi-Maesano I. has indicated that psychological factors (including social relationships, individual risk factors (psychological)) are important risk factors for developing childhood asthma (see Fig. 2). In addition, Wright RJ has presented an ecological approach for understanding the relationships between stress and asthma in view of epidemiology [START_REF] Wright | Epidemiology of Stress and Asthma: From Constricting Communities and Fragile Families to Epigenetics[END_REF] (see Fig. 3), showing that the interplay between genetic factors, individual stress, stress related characteristics of family and community in utero life and during life course contribute to the development of asthma. Fig. 3: Stress and asthma in view of epidemiology [START_REF] Wright | Epidemiology of Stress and Asthma: From Constricting Communities and Fragile Families to Epigenetics[END_REF] 

Psychological factors and assessment tools in relation to asthma

Psychological disorders included micro-or individual, meso-and macro-levels [START_REF] Martikainen | Psychosocial determinants of health in social epidemiology[END_REF] . The micro-or individual level of psychological determinants included both prenatal (maternal disorders during pregnancy) and postnatal factors (disorders reported by parents/caregivers). Meso-level psychological factors included concepts of social network and support, work control, home control, effort/reward balance, security and autonomy that related to social formations, such as family, daycare centers and schools for the children and religious institution, the firm and the club for the parents or caregivers [START_REF] Martikainen | Psychosocial determinants of health in social epidemiology[END_REF] . In the previous studies, family structure and violence in the community are used as index of meso-level psychological factors. The macro-level psychological determinants are associated with social structure [START_REF] Martikainen | Psychosocial determinants of health in social epidemiology[END_REF] . We do not list the measurement of macro-level psychological determinants for no related epidemiological or clinical studies were found. We presented in table 6 the main psychological factors in relation to childhood asthma and their assessment in epidemiological studies.

Table 6 -Psychological factors and assessment tools in relation to childhood asthma Psychological factors Assessment tools Micro-level (Individual level)

Perceived Stress Perceived stress scale (PSS): a total score of all 10 items is used to assess the degree to which children perceive situations in their lives as stressful [START_REF] Cohen | A global measure of perceived stress[END_REF][START_REF] Long | Preliminary Evidence for the Feasibility of a Stress Management Intervention for 7-to 12-Year-Olds with Asthma[END_REF] ;

The 4-item Perceived stress scale (PSS4): a total score of all 4 items is calculated to assess the degree to which children perceive their lives were unpredictable, uncontrollable, and overwhelming in the preceding month [START_REF] Wright | Community violence and asthma morbidity: the Inner-City Asthma Study[END_REF] .

Depression

Child depression index (CDI): a total score of all 27 items (cutoff score=13) is used to describe depressive symptoms [START_REF] Long | Preliminary Evidence for the Feasibility of a Stress Management Intervention for 7-to 12-Year-Olds with Asthma[END_REF][START_REF] Kovacs | The Children's Depression Inventory Manual[END_REF] ; Beck depression inventory short form: a total score of all 13 items (cutoff=5) to assess the symptoms of depression [START_REF] Beck | Short form of depression inventory: cross-validation[END_REF][START_REF] Lefevre | Maternal depression related to infant's wheezing[END_REF] ; The center for epidemiological studies-depression scale (CES-D): a total score of all 20 items (cutoff=16) to assess the depressive symptoms, demoralization, or general distress [START_REF] Apter | Exposure to community violence is associated with asthma hospitalizations and emergency department visits[END_REF] .

Anxiety

The state-trait anxiety inventory for children (STAIC): a total score of all 40 items (cutoff score=34) is used to measure anxiety symptoms [START_REF] Long | Preliminary Evidence for the Feasibility of a Stress Management Intervention for 7-to 12-Year-Olds with Asthma[END_REF][START_REF] Lefevre | Maternal depression related to infant's wheezing[END_REF][START_REF] Speilberger | State-Trait Anxiety Inventory for Children[END_REF] ;

The anxiety subscale of crown-crisp experiential index (CCEI): a total score of 8 items is used to measure anxiety symptoms [START_REF] Cookson | Mothers' anxiety during pregnancy is associated with asthma in their children[END_REF][START_REF] Birtchnell | The total score of the Crown-Crisp Experiential Index: a useful and valid measure of psychoneurotic pathology[END_REF] . Life events A list of major stressful life events that might have occurred in the life of the subject or those of others close to the subject during the past 12 months with a total score indicating the number of events that the subject reported 75,[START_REF] Wright | Community violence and asthma morbidity: the Inner-City Asthma Study[END_REF][START_REF] Cookson | Mothers' anxiety during pregnancy is associated with asthma in their children[END_REF][START_REF] Turyk | Stressful life events and asthma in adolescents[END_REF] ; Whether have lost a close relative (mother, father or a sibling) [START_REF] Liu | Psychological Stress and Hospitalization for Childhood Asthmaa Nationwide Cohort Study in Two Nordic Countries[END_REF] .

Behavioral problems

Child behavior checklist (CBCL)-parent report form: including internalizing, externalizing and total problems [START_REF] Long | Preliminary Evidence for the Feasibility of a Stress Management Intervention for 7-to 12-Year-Olds with Asthma[END_REF][START_REF] Achenbach | Manual for the child behavior checklist and revised child behavior profile[END_REF] ;

The Eyberg child behavior inventory (ECBI): a total score of all 36 items (cutoff score=131) is calculated to measure child behavior problem [START_REF] Calam | Behavior problems antecede the development of wheeze in childhood[END_REF] .

Meso-level

Stress in the family Parental stress measured by 4-item perceived stress scale [START_REF] Wright | Parental stress as a predictor of wheezing in infancy -A prospective birth-cohort study[END_REF] .

Violence in the family

Maternal intimate partner violence (IPV): a yes answer to question "how often does he (baby's father) hit or slap you when he is angry?" [START_REF] Suglia | Social and environmental stressors in the home and childhood asthma[END_REF] .

Violence in the community

The following events occurred in their neighborhoods during the past 6 months: 1) a fight in which a weapon was used, 2) a violent argument between neighbors, 3) a gang fight, 4) a sexual assault or rape, 5) a robbery or mugging [START_REF] Wright | Community violence and asthma morbidity: the Inner-City Asthma Study[END_REF][START_REF] Apter | Exposure to community violence is associated with asthma hospitalizations and emergency department visits[END_REF] ; crime rates in the community [START_REF] Shankardass | Social environment and asthma: associations with crime and No Child Left Behind programmes[END_REF] .

Social support

The medical outcome study social support survey (MOSSS): a total score of all 19 items on a 5-point Likert scale (the total score ranges from 0 to 100 with higher score indicating more support) is calculated to describe social support [START_REF] Apter | Exposure to community violence is associated with asthma hospitalizations and emergency department visits[END_REF] ; Perceived instrumental support: whether the family of the subject could count on someone during the next year for the loan, emergency babysitting or child care, place to live, consigner for bank loan [START_REF] Turney | Perceived instrumental support and children's health across the early life course[END_REF] .

Psychological factor related to childhood asthma

At individual level, both prenatal (e.g. during pregnancy) and postnatal psychological disorders are showed to be associated with the risk of childhood asthma 75-76, 89, 92 . De Marco et al 75 have found that foetal exposures to stressful life events during pregnancy was positively associated with wheezing (odds ration=1.41, 95% confidence interval: 1.03-1.94), asthma (odds ratio=1. [START_REF] Marin | Double-Exposure to Acute Stress and Chronic Family Stress is Associated With Immune Changes in Children With Asthma[END_REF] have found that there was interaction between chronic family stress and individual stress to the production of asthma-related cytokines, thus increase the risk of childhood asthma. Considering the impact of meso-level psychological factors, results showed that stress in the family [START_REF] Wright | Parental stress as a predictor of wheezing in infancy -A prospective birth-cohort study[END_REF] , violence in the family [START_REF] Suglia | Social and environmental stressors in the home and childhood asthma[END_REF] , violence in the community [START_REF] Wright | Community violence and asthma morbidity: the Inner-City Asthma Study[END_REF][START_REF] Apter | Exposure to community violence is associated with asthma hospitalizations and emergency department visits[END_REF][START_REF] Shankardass | Social environment and asthma: associations with crime and No Child Left Behind programmes[END_REF] and social support [START_REF] Apter | Exposure to community violence is associated with asthma hospitalizations and emergency department visits[END_REF][START_REF] Turney | Perceived instrumental support and children's health across the early life course[END_REF] related to childhood asthma.

One potential biological mechanism may be that psychological features could alter immune responses of children, thus increasing the risk of asthma [START_REF] Wright | Epidemiology of Stress and Asthma: From Constricting Communities and Fragile Families to Epigenetics[END_REF]100 . Psychological features may also increase the release of inflammatory mediators and the subsequent cascade of inflammatory events, thus increasing the susceptibility to asthma 101 .

Interactions between air pollutants and psychological features in relation to childhood asthma

In previous study, evidence had consistently showed that air pollution may interact with psychological features to affect childhood asthma 102-105 . Clougherty et al 102 found that there were synergistic effects of traffic-related air pollution and exposure to violence on urban asthma etiology in American children. Recently, data further suggested an interaction between air pollution and prenatal community violence in relation to wheezing in children followed from birth to the age of 2 years 103 . Chen et al 104 investigated the interaction between traffic-related air pollution and family stress in relation to childhood asthma. Results showed that traffic-related air pollution and family stress interacted in predicting both biologic and clinical outcomes in children with asthma. Peters JL et al 105 have found an interaction between prenatal negative life events and exposure to dust mite allergen in relation to elevated cord blood Immunoglobulin E (IgE), an altered immune system response for the development of asthma.

The potential mechanisms may be that both stress and air pollution may increase the risk of asthma through lung structure and lung function changes [106][107][108][109] , and altered immune system responses 105 .

Rationale and hypotheses of the thesis

As a whole, there are few data on the interactions between asthma, air pollution and psychological factors. In our thesis, we used both cross-sectional and longitudinal data to examine the relationships between childhood asthma and air pollutants on one hand and psychological features on the other that could act on the structure and function of respiratory system in children possibly through overlapping biological mechanisms 110 . We also examined whether the relationships might be enhanced through the interaction between air pollution and psychological disorder which is scarcely documented in the literature.

The purposes of this thesis are to examine the hypothesis according to which psychological features constitute a modifier of the relation between air pollution and childhood asthma. 

Conceptual framework of the thesis

Objective of the thesis

This thesis aimed at:

1) Exploring the relationships between air pollutants and asthma in prenatal and early life;

2) Examining the relationships between psychological features and childhood asthma;

3) Showing whether there are interactions between air pollutants and psychological disorders in relation to childhood asthma.

To this extent, we used cross-sectional and longitudinal population based data of children living in France.

Study population and methods

We used the dataset from French 6 Cities study and EDEN mother-child cohort study (Study of preand post-natal determinants of children's growth and development) to examine the hypotheses of the thesis.

Introduction of the study protocols

French 6 cities study

The French 6 cities study is the phase II of International Study of Asthma and Allergies in Childhood (ISAAC) conducted in France between March 1999 and October 2000.

Objectives

The objectives of French 6 cities study included: 1) to study the risk factors of childhood allergic and respiratory diseases; 2) to explore whether the change of risk factors could explain the differences in diseases prevalences between phase I and phase II.

Study protocol

This study recruited 9615 children with an average age of 10 years in 6 cities (Creteil, Reims, Marseille, Strasbourg, Clermont-Ferrand, and Bordeaux) of France 111 . The children were from 108 randomly selected schools from the 6 cities.

conducted the first questionnaire investigation when women were at 24-28 WA. We then followed up the mother-child pairs when children were at birth, 4 months 8 months, 12 months, 2 years, 3 years, 4 years and 5 years. Most of the families are continued to be followed up right now. The data were collected mainly by questionnaires which were completed by the parents of the children. 

Study population

French 6 cities study

In our study, we included only those children aged 10-12 years that resided at their current address for more than 3 years and without missing data on emotion and conduct problems (total sample of 4209).

EDEN mother-child cohort study

The total number of mother-child pairs followed up at ages of 1, 2, 3, 4, and 5 years of children was 1765, 1436, 1313, 1228, and 1139, respectively. In the thesis, we included children not moving outside of the region in the first year of life and without missing data on in utero and first year of life exposures to outdoor air pollutants, and maternal depression during pregnancy (total sample of 1222 in the first 3 years, and 722 in the first 5 years).

Assessment of psychological features

French 6 cities study

We used 2 scales (each scale has 5 items) of Strength and Difficulty Questionnaire (SDQ) 113 , which is emotional symptoms (internalizing disorder) and conduct problems (externalizing disorder), to measure the psychological disorders of the school children. We scored each items using a three-point Likert scale: 0 for "not true", 1 for "somewhat true" or 2 for "very true". The score of each item added up to a total score of emotion and conduct problems (ECPs), ranging from 0 to 20. There were 2 methods for classification of psychological variables in the thesis. In article 2, we used normative banding method for classifying the total SDQ scores 114 , children were classified into "normal", "borderline" or "abnormal" using the following cut-off points: 0-3, 4, and 5-10 respectively for emotional (internalizing) problems; and 0-2, 3, 4-10 respectively for conduct (externalizing) problems. In article 3, however, we defined the psychological disorders as binary variables for statistical stratification the study population into 2 groups to show the interactions between outdoor air pollutants and psychological features. Both emotional symptoms and conducts problems children with highest 10 % scores (cut-off = 4) were defined as having difficulties. The total scores between 0 and 8 were defined as "emotion and conduct problems (ECPs)", while the score range for "no emotion and conduct problems (No ECPs)" was 9-20.

EDEN mother-child cohort study

Maternal depression during pregnancy was assessed using the Centre for Epidemiological Studies-Depression scale (CES-D) 115 , which was translated and validated in French population 116 . This selfadministered questionnaire included 20 items that assessed the depressive symptoms of depressive mood, feeling of guilty, worthlessness and helplessness, psychomotor retardation, loss of appetite,

Assessment of health outcomes

French 6 Cities study

Current wheezing was defined by a "yes" response to question "In the last 12 months, had your child had wheezing in the chest?" 121 . Current doctor-diagnosed asthma was defined by: (i) a "yes" response to question "Has the asthma of your child been diagnosed by a physician"; (ii) parentreported wheezing attacks in the last 12 months and (or) asthma medication use in the last 12 months 122 . We also included current eczema, a disorder sharing genetic and environmental risk factors with asthma and having a causal link with asthma 123 . Current eczema was defined as itchy rash in flexural areas in the last 12 months 121 .

EDEN mother-child cohort study

Ever wheezing was defined by a "yes" response to question of "Did your child ever have wheezing or whistling in the chest?". Ever doctor-diagnosed asthma was defined by a "yes" response to question of "Did your child have a diagnosed asthma by a physician during 0-4 months, or 4-8 months, or 8-12 months, or 1-2 years, or 2-3 years, or 3-4 years, or 4-5 years?". Doctor-diagnosed eczema was identified by "yes" responses to all of the questions of "Did you child ever have a doctordiagnosed eczema by a physician during 0-4 months, or 4-8 months, or 8-12 months, or 1-2 years, or 2-3 years, or 3-4 years, or 4-5 years?", "Did you child ever have an itchy skin rash (red patches, buttons…) that you want to scratch, which was coming and going intermittently during 0-4 months, or 4-8 months, or 8-12 months, or 1-2 years, or 2-3 years, or 3-4 years, or 4-5 years?", and "Did this itchy rash any of the following places: the folds of the elbows, behind the knees, in front of the ankles, under the buttocks, or around the neck, ears or eyes?". Allergic rhinoconjunctivitis was identified by positive answers to the following questions of "Did your child have a problem with sneezing, or a runny or blocked nose when she/he did not have a respiratory infection (without a cold, or nasopharyngitis, or a flu)?". All the health outcomes were assessed in the survey waves conducted when children were at ages of 4 months, 8 months, 12 months, 2 years, 3 years, 4 years, 5

years. In each survey waves, both lifetime incidences and prevalences of the health outcomes were calculated.

Statistical analysis

1.6.1 Descriptive analysis

Characteristics of study population

The population characteristics were presented by means and standard deviation when the variables are continuous, and described by counts and percentages when the variables are categorical.

According to the type of variables, t-test and chi-square test were implemented to analyze the differences of the characteristics between boys and girls or different exposure levels.

Exposure to air pollutants

The exposures to air pollutants through sources measured by standard ISAAC questionnaires were described by counts and percentages. Chi-square test was used to analyze the differences of exposures to these air pollutants between different characteristics.

Concentrations of air pollutants measured objectively by dispersion models were presented as means and standard deviation. The differences of exposures to these air pollutants between boys and girls or other characteristics were examined by t-test.

Exposure to psychological features

The Exposures to psychological features were described by counts and percentages. Chi-square test was used to analyze the differences of exposures to psychological disorders between different characteristics.

Health outcomes

The health outcomes were presented by counts and percentages. Chi-square test was used to analyze differences of health outcomes between different characteristics. Morbidity associated with health outcomes was defined in terms of prevalence (number of cases/number of children at risk at the considered period) and incidence (number of new cases/number of children at risk at the considered period after having excluded those that developed the same health outcome in the previous periods).

Analytical analysis 2.6.2.1 Multivariable logistic regression

Multivariable logistic regression was used to analyze the relationships between exposures to air pollutants or psychological features and the health outcomes when exposure assessed simultaneously with the health outcomes, adjusting potential confounders. Adjusted odds ratios (aORs) and 95 % confidence interval (CI) were used to estimate the relationships between exposures to air pollutants or psychological disorders and the health outcomes.

There are 3 steps for the analysis using multivariable logistic models:

1) To examine whether the covariates are confounders. Confounders had been identified when the addition of a covariate to the model with only exposures and intercept changed the odds ratio (OR) by 10%, without considering statistical significance.

2) To test the statistical significance of interaction terms of gender and exposures, and family history of asthma, eczema, allergic rhinitis or food allergy and exposures, adjusting for confounders.

As the interaction terms were not significant (P-value>0.20) in all the models, they were consequently dropped. If the interaction terms were statistical significant (P-value<0.20) as tested in Wald chi-square test in the logistic model, they were kept in the final models.

3) To choose the best-fitted models using the method of likelihood ratio (LR) chi-square test. For each outcome, we included firstly the exposures, and then interaction terms, and finally the confounders in the models. When the model added a new term, it was compared with the model without the new added term using the LR chi-square statistic which was calculated by -2 Log L(the model without the added term) -2 Log L(fitted model with the added term). The best-fitted model was found when the model added one more item and the LR chi-square statistic was not significant.

Marginal models

Marginal models were applied for taking into account of the non-independence of data of children measured repeatedly in different survey waves for the longitudinal dataset, or children living in the same community [124][125] . The marginal models were estimated by the Generalized Estimating Equation (GEE) approach, using exchangeable working correlation matrices. Adjusted odds ratios (aORs) and 95 % confidence interval (CI) were used to estimate the relationships between exposures to air pollutants or psychological disorders and the health outcomes.

There are 3 steps for the analysis using GEE models:

1) To examine whether the covariates are confounders. Confounders had been identified when the addition of a covariate to the model with only exposures and intercept changed the odds ratio (OR) by 10%, without considering statistical significance.

2) To test the statistical significance of interaction terms of time and exposures, gender and exposures and family history of asthma, eczema, allergic rhinitis or food allergy and exposures, adjusting for confounders. As the interaction terms were not significant (P-value>0.20) in all the models, they were consequently dropped. If the interaction terms were statistical significant (P-value<0.20) as tested in Wald chi-square test in the GEE models, they were kept in the final models.

3) To choose the best-fitted models. For each outcome, we included firstly the exposures, and then interaction terms, and finally the confounders in the models. When the model added a new term, it was compared with the model without the new added term. The best-fitted model had a smallest value of QIC (Quasilikelihood under the Independent model Criteria) compared with other models.

Evidence from the French 6 Cities study

In French 6 Cities study, we have already published several articles, which consistently showed that air pollutants were related to school children's asthma and allergies [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF]111,127 . We found that allergic sensitization related to residential proximity (in situ assessment) fine particles 127 , asthma (lifetime and past year) related to benzene, SO 2 , PM 10 , NO x and CO (dispersion model based assessment) [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF] , eczema (lifetime and past year) was significantly positively associated with benzene, PM 10 , NO 2 , NO x and CO (dispersion model based assessment) and lifetime allergic rhinitis was significantly associated with PM 10 (dispersion model based assessment) in primary school children [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF] .

Evidence from the EDEN mother-child cohort study

Presentation of article 1

In article 1, we studied the impacts of various air pollutants on the development of asthma phenotypes in the first year of life. We assessed both in utero and first year of life exposures to air pollutants of passive smoking and traffic-related air pollution, and the first year of life exposures to air pollutants of dampness, visible moulds, bleaching agents, house dust mites, contact with cats, contact with dogs, domestic gas heating, domestic petroleum heating, and domestic wood heating.

For the health outcomes, we took into account both single asthma phenotypes (Ever bronchiolitis, ever wheezing and ever doctor-diagnosed asthma) and multi-dimensional asthma phenotypes (bronchiolitis and wheezing, doctor-diagnosed asthma with a history of bronchiolitis, doctordiagnosed asthma with wheezing, doctor-diagnosed asthma with wheezing and a history of bronchiolitis). Results showed that both single and multi-dimensional asthma phenotypes were positively related to the first year of life exposures to passive smoking, traffic related air pollution and dampness, but negatively associated with contact with cats and domestic wood heating. Results persisted for in utero exposures to passive smoking and traffic-related air pollution. For comparing the impacts of different air pollutants on health outcomes by measuring adjusted population attributable risk, traffic-related air pollution in utero life and in the first year of life had a greater impact than other pollutants on the health outcomes.

Article 1. Modifiable exposures to air pollutants related to asthma phenotypes in the first year of life in children of the EDEN mother-child cohort study 3.2.3 Complementary results from the EDEN mother-child cohort study

Relationships between in utero exposures to air pollutants sources and health

outcomes in the first 5 years of life.

In order to confirm the relationships between in utero exposures to air pollutants sources and the development of asthma in the first year of life in our study population, we used GEE model to examine the relationships between maternal smoking during pregnancy and in utero exposure to traffic-related air pollution, and health outcomes in the first 5 years of life in children of the EDEN mother-child cohort study (results were described in table 7).

Results showed that maternal smoking during pregnancy was related to the development of wheezing in the first 5 years of life, while in utero exposure to traffic-related air pollution was related to the development of wheezing and allergic rhinoconjuntivitis in the first 5 years of life. Compared to maternal smoking during pregnancy, in utero exposure to traffic-related air pollution had greater impacts on the development of respiratory health outcomes according to the values of aPARs. This confirms previous results and suggests that maternal smoking and in utero exposure to traffic-related air pollution could contribute to the causality chain in asthma development. 

Relationships between objectively measured outdoor air pollutants in utero life and health outcomes in the first 5 years of life

In order to further examine the relationships between in utero exposures to objectively measured air pollutants in utero life and the development of asthma in early life in our study population, we used GEE model to explore the relationships between an interquartile increase of in utero exposures to outdoor air pollutants and health outcomes in the first 3 years and the first 5 years of life (table 8) in children of the EDEN mother-child cohort study, respectively.

No significant relationships were found between objectively measured outdoor air pollutants in utero life and the development of asthma both in the first 3 years of life and in the first 5 years of life. However, a trend existed between ever wheezing and rhinoconjunctivitis and benzene, between ever wheezing and doctor-diagnosed eczema and CO, and between ever wheezing and VOCs. The 

Psychological features and childhood asthma

4.1 Evidence from French 6 cities study

Presentation of article 2

In article 2, we explored the relationships between psychological features and asthma severity and early onset in school children. The psychological disorders, namely behavioural problems, were assessed by the SDQ questionnaire. Asthma outcomes were assessed by the ISAAC questionnaire.

Asthma severity was classified as intermittent, mild persistent, moderate persistent (in our study, no child had severe persistent asthma), while early-onset asthma was defined as an asthma having started in the first 4 years of life. Results showed that children with abnormal or borderline emotional or conduct problems were found to be more asthmatic. Compared to being normal, abnormal or borderline emotional or conduct problems were found to be related to mild to moderate persistent asthma and to an asthma having started before the age of 4 years. No relationship was found between behavioural problems and asthma management and treatment adherence.

Article 2. Externalizing and internalizing behavioural problems related to asthma in school children

Evidence from the EDEN mother-child cohort study

Presentation of article 3

In article 3, we tested the hypothesis that maternal depression during pregnancy related to the development of childhood asthma and allergies in early life. Maternal depression was assessed by the Centre for Epidemiological Studies-Depression scale (CES-D). The health outcomes included wheezing, doctor-diagnosed asthma, doctor-diagnosed eczema and allergic rhinoconjunctivitis in the first 5 years of life. Results showed that there were significant relationships between maternal depression during pregnancy and the development of allergic rhinoconjunctivitis in the first 5 years of life of the children in EDEN mother-child cohort study, while no significant relationships were found between maternal depression during pregnancy and the development of wheezing, doctordiagnosed asthma and doctor-diagnosed eczema.

Article 3. Maternal depression during pregnancy according to the CES-D scale related to allergic rhinoconjunctivitis in the first 5 years of life in children of the EDEN mother-child cohort study

Introduction

In utero life is an important period for the development of immune system, which is crucial for the development of asthma and allergies 100,129 . In previous studies, in utero life stressors have well been identified as critical factors that impact on asthma and allergies of children in early life 75,[START_REF] Cookson | Mothers' anxiety during pregnancy is associated with asthma in their children[END_REF]100,[130][131] .

Peter JL et al 130 has summarized findings on prenatal environmental factors influencing atopy and early asthma. Results support the influence of maternal exposures to environmental pollutants, such as allergens, traffic-related air pollution, tobacco smoke, and organochlorine and social factors on asthma and allergies. However, few studies examined the relationships between maternal psychological disorders during pregnancy and the development of asthma and allergies. Recently, de Marco R et al 75 has reported the impact of foetal exposure to maternal stressful life events during pregnancy (SLEP) on asthma and atopic diseases, results showed that children of mothers who had experienced SLEP had moderate risk of developing wheezing, asthma, eczema and allergic rhinitis during their childhood. Cookson H et al [START_REF] Cookson | Mothers' anxiety during pregnancy is associated with asthma in their children[END_REF] have found that maternal anxiety during pregnancy (measured by anxiety scale of the Crown-Crisp Experiential Index (CCEI)) was related to asthma in children aged 7 ½ years.

The purpose of our study is to explore the potential relationship between maternal depression during pregnancy (assessed by Centre for Epidemiological Studies-Depression scale (CES-D) questionnaire) and the risk of developing asthma and allergies in the first 5 years of life.

Methods

Study population and data collection

In EDEN (Study of pre-and post-natal determinants of children's growth and development)

mother-child cohort study, we recruited 2002 pregnant women (<24 weeks of amenorrhea (WA)) in Nancy and Poitiers in 2003. One thousand one hundred and thirty-nine mother-child pairs were followed-up until the age of 5 years (the sample size of our study).

Measurement of maternal depression

To measure maternal depression, we used the self-reported CES-D questionnaire which was completed by mothers between 24 and 28 WA. This self-administered questionnaire included 20 items, of which each was scored from 0 (never) to 3 for (all the time). The score of each item was then added up into a total score, ranging from 0 to 60. In the statistical models, maternal depression was classified into binary variable according to the total scores (maternal depression: CES-D scores ≥ 16 and no maternal depression: CES-D scores < 16).

Measurement of health outcomes

Health outcomes were assessed by ISAAC questionnaires filled by the parents for the period: 0-4 months, 4-8 months, 8-12 months, between 1 and 2 years, between 2 and 3 years, between 3 and 4 years, between 4 and 5 years. For the analyses, the following health outcomes were considered:

wheezing, doctor-diagnosed asthma, doctor-diagnosed eczema and allergic rhinoconjunctivitis at 1 year, 2 years, 3 years, 4 years and 5 years. One health outcome was considered as present in the first year of life if it was reported at least once at one of the 4 questionnaire distributed in the first year of life.

At each period of follow-up, detailed questions were as follows: wheezing was defined by a "yes" response to question of "Did your child ever have wheezing or whistling in the chest?". Ever doctordiagnosed asthma was defined by a "yes" response to question of "Did your child have a diagnosed asthma by a physician?". Doctor-diagnosed eczema was identified by "yes" responses to all of the questions of "Did you child ever have a doctor-diagnosed eczema by a physician. Allergic rhinoconjunctivitis was identified by positive answers to the following questions of "Did your child have a problem with sneezing, or a runny or blocked nose when she/he did not have a respiratory infection (without a cold, or nasopharyngitis, or a flu)?".

Statistical analysis

The population characteristics were presented by means and percentages. Morbidity associated with asthma phenotypes was defined in terms of prevalence and incidence. Marginal models were used to measure the relationships between maternal depression during pregnancy and childhood asthma, adjusting for the covariates of study center, maternal educational attainment, maternal smoking during pregnancy, maternal age at recruitment, maternal pre-pregnancy body mass index, siblings, gender of the new-born, and family history of asthma, eczema, allergic rhinitis or food allergy. The marginal model was estimated by the Generalized Estimating Equation (GEE) approach, using exchangeable working correlation matrices.

All statistical tests were performed using SAS® statistical software version 9.2 (SAS® Institute Inc, Cary, North Carolina). All P-values were two-tailed. P<0.05 was considered statistically significant.

Results

Characteristics of the study population

The characteristics of all recruited sample at the beginning of the study and the sample used in our study were described in table 9. We followed up 607 (53.29 %) boys and 532 (46.71 %) girls until the age of 5 years. Among 21.81 % of these children's mother smoked during pregnancy and 13.67 % of these children's mothers had clinical significant depression (the total scores for CES-D ≥16) during pregnancy. Compared to the characteristics of all recruited sample, children followed up to ages of 5 years (the study sample of our study) had significant different characteristics of study center, maternal education attainment, maternal smoking during pregnancy and maternal depression during pregnancy (P<0.01), except for the characteristics of maternal age at recruitment, maternal prepregnancy body mass index, siblings, gender and family history of asthma, eczema, allergic rhinitis or food allergy. 

Health outcomes in the first 5 years of life

The health outcomes in the first 5 years of life were presented in table 10. For children at ages of 5 years, the prevalences of wheezing, doctor-diagnosed asthma, doctor-diagnosed eczema and allergic rhinoconjunctivitis were 46.78 %, 20.99 %, 29.17 %, and 22.54 %, respectively.

Table 10-Incidences and prevalences of health outcomes in the first 5 years of life

Age of the children Wheezing

Doctordiagnosed asthma

Doctordiagnosed eczema

Allergic rhinoconjunctivitis 1 year

Incidence, n (%) 271 ( 

Relationships between maternal depression during pregnancy and health outcomes

The relationships between maternal depression during pregnancy and health outcomes were showed in table 11. There were significant relationships between maternal depression during pregnancy and the development of allergic rhinoconjunctivitis in the first 5 years of life of the children in EDEN mother-child cohort study, while no significant relationships were found between maternal depression during pregnancy and the development of wheezing, doctor-diagnosed asthma and doctor-diagnosed eczema. 

Discussion

In our study population, 13.67 % of the mothers had clinical significant depression (the total scores for CES-D ≥16) during pregnancy and maternal depression during pregnancy was related to ever allergic rhinoconjunctivitis in the first 5 years of life.

Maternal depression during pregnancy is an important risk factor for the health of both mothers and infants, thus it has been considered as a major public health concern 132 . One study recruited 579 women (average age=29. Results showed that the 3 tools were accurate and reliable in detecting major and minor depression among low-income African American prenatal women 134 . The prevalence rates of maternal depression during pregnancy are 18.25 % and 13.67 % in all recruited women and mothers whose children were followed up until the age of 5 years, respectively. This difference may be explained that mother-child pairs with higher maternal depression during pregnancy in our study sample have more dropouts in the 5-year follow-up.

In our study, we focus on the influence of maternal depression during pregnancy on the offspring's development of asthma and allergies, disorders with complex etiology. In the previous studies, data indicated that maternal depression was associated with the development of asthma and allergy in children of western countries [START_REF] Lefevre | Maternal depression related to infant's wheezing[END_REF]135 in early life and wheezing in children aged ≤ 3 years, using a case-control study design. Results

showed that there was a statistical link between maternal depression and infants' wheezing and its severity. In our study population, we found the maternal depression during pregnancy was the risk factor for ever allergic rhinoconjunctivitis in the first 5 years of children.

One potential explanation of the relationship between maternal depression and the development of allergic rhinoconjunctivitis could be that psychological factors may have influence on the immune system [136][137][138] , favoring the development of asthma and allergies. Another explanation could be that psychological factors may have detrimental effect on the lung structure and function 139 . In addition, as presented in existing data, in utero life exposures were identified as important factors for the development of the structure and functions of immune system and respiratory system 140-141 , favoring the further development of asthma and allergies. In utero life exposures to psychological disorders as important exposures that influence the development of asthma and allergies of the children have been well documented in the literature 75,[START_REF] Lefevre | Maternal depression related to infant's wheezing[END_REF][142][143] . Recently, Khashan AS et al 142 found that prenatal exposure to severe life events increases the risk of hospitalization for asthma in the offspring. "Fetal programming" theory, indicating that in utero life exposures may alter expression of the fetal genome and may have lifelong consequences, has been used to further explain potential mechanism of the risk of in utero life exposures to asthma and allergies. This theory also considers that in utero life is a critical period and may have permanent effects on structure, physiology and metabolism of the offspring [144][145][146] .

The strengths of our investigation consist in the facts that the sample was drawn from the general population and that our study is a longitudinal study which allows us to determine the potential causality between exposures and health outcomes. The limitation of our study lays in that both exposure and health outcomes are assessed by questionnaires and reporting bias may be existed in the investigation. Another limitation could be that our study sample has fewer mothers with depression during pregnancy then the general French Population. Therefore, the health effect of maternal depression on the development of childhood asthma and allergies may be underestimated.

Interaction between air pollutants and psychological

features in relation to childhood asthma 5.1 Evidence from French 6 cities study

Presentation of article 4

In article 4, we explored the interaction between outdoor air pollutants and psychological disorders, namely emotion and conduct problems, in relation to childhood asthma and eczema.

Outdoor air pollutants were assessed by a dispersion model through the STREET® 5 software, using data of the 3-years average (from 1998 to 2000). Psychological features were measured by 2 scales (emotional symptoms and conduct problems) of SDQ questionnaire. The health outcomes included current wheezing, current doctor-diagnosed asthma and current eczema. Results showed that there were interactions between outdoor air pollutants and emotion and conduct problems. Children with emotion and conduct problems had 1.17 to 1.51 times higher adjusted odds ratios for the associations between outdoor air pollutants, and asthma phenotypes and current eczema than children with emotion and conduct problems.

Article 4. Relationships between ambient air pollutants and childhood asthma and

eczema were modified by emotion and conduct problems 5.2 Evidence from EDEN mother-child cohort study

Interaction between subjectively measured air pollutants in utero life and maternal depression during pregnancy in relation to asthma

We used GEE model to examine the interactions between exposures to reported maternal smoking during pregnancy and in utero exposure to traffic-related air pollution, and maternal depression during pregnancy in the first 5 years of life in children of the EDEN mother-child cohort study (results were presented in table 12).

Results showed that there was interaction between maternal smoking during pregnancy and maternal depression during pregnancy in relation to ever doctor-diagnosed asthma, while interaction was found between in utero exposure to traffic-related air pollution and maternal depression during 

Interaction between objectively measured air pollutants in utero life and maternal depression during pregnancy in relation to asthma and allergies

We used GEE model to examine the interactions between exposures to objectively measured air pollutants, namely benzene, CO, NO 2 , PM 10 , SO 2 , VOCs in utero life, and maternal depression during pregnancy in relation to health outcomes in the first 5 years of life in children of the EDEN motherchild cohort study (results were presented in table 13).

Results showed that interaction was found between exposure to benzene and maternal depression during pregnancy in relation to doctor-diagnosed eczema (P<0.20). 

Discussion

We discuss here the validity of our results in terms of exposure assessment, health outcome identification, and the relationships of environmental and psychological factors with childhood asthma and the potential mechanisms.

The measurement of air pollutants

In previous studies, both subjective measurement and objective measurement of air pollutants were used. Some studies showed that the subjectively measured exposure was weakly associated with the objectively assessed exposure 147 . However, other investigations argued that results of the two kinds of measurement are moderately or strongly related [148][149] . We present here the different results of the studies included simultaneously the subjective and objective measurements (see table 14). Weakly correlated to one another For subjective measurement of air pollutants, most of the studies used questionnaires to investigate the exposures. Self-reported traffic intensity, distance to freeway or main road were indicators commonly assessed as subjective measurement of air pollutants. In recent years, however, objective measurement tools, such as dispersion modelling and land-use regression modelling have been widely used as objective tools to estimate exposures to air pollution [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF][150][151] . Of note, although misclassification or reporting bias may be existed in subjective measurement of air pollutants, more research is need to clarify the sensitivity and speciality of different measurement tools, including both subjective tools and objective tools, in detecting a health effect. Forastiere F et al 152 indicated that both subjective and objective measurement had their advantages, and that no single method could be considered as the gold standard.

In the thesis, both subjective and objective indicators of exposures to air pollution were used in the data set of EDEN mother-child cohort study, and results showed that the subjective measurement was strongly associated with the objective measurement 153 .

Identification of health outcomes

The health outcomes in the thesis were assessed by standard ISAAC questionnaires completed by the parents. The major limitation of the assessment of health outcomes is the recall bias. In the French 6 Cities study, the information on the health outcomes in the past 12 months was collected by the parents. In the EDEN mother-child cohort study, asthma symptoms were reported by the parents every 3 months in the first year of life of the children and every 12 months afterward.

However, the assessment of asthma outcomes by ISAAC questionnaire normally with a recall period of 12 months has showed consistent validity in diverse populations. Nwaru BI et al 154 have found that the ISAAC questionnaire-based investigation had highly valid information on the prevalence of parent-reported childhood asthma for epidemiological purposes in Finland (both the sensitivity and specificity are 98 %). Another study showed also adequate validity of the ISAAC questionnaire to distinguish between asthmatic and non-asthmatic children aged 6-to 7-year-old in Brazil, indicating that the sensitivity and specificity for "asthma ever" indicators were 87.2 % and 100 %, respectively 155 .

Relationships between air pollutants and childhood asthma

We found that both subjectively measured air pollutants and objectively measured air pollutants are related to childhood asthma, eczema, and allergic rhinitis. In schoolchildren of the French 6 cities study, allergic sensitization was related to dispersion model based exposure to residential proximity fine particles 127 , asthma (lifetime and past year) was related to exposures to benzene, SO 2 , PM 10 , NO x , and CO, eczema (lifetime and past year) was associated with exposures to benzene, PM 10 , NO 2 , NO x , and CO, and lifetime allergic rhinitis was associated with exposure to PM 10 13 . In the first year of life in children of the EDEN mother-child cohort study, both single and multi-dimensional asthma phenotypes were positively related to the first year of life exposures to passive smoking, traffic related air pollution and dampness, but negatively associated with contact with cats and domestic wood heating. Results persisted for in utero exposures to passive smoking and traffic-related air pollution. In addition, traffic-related air pollution in utero life and in the first year of life had a greater impact than other pollutants on the health outcomes 153 . In the first 5 years of life of child in the EDEN mother-child cohort study, maternal smoking during pregnancy was related to the development of wheezing, while in utero exposure to traffic-related air pollution was related to the development of wheezing and allergic rhinoconjuntivitis. Compared to maternal smoking during pregnancy, in utero exposure to traffic-related air pollution had greater impacts on the development of respiratory health outcomes according to the values of aPARs. However, no significant relationships were found between objectively measured outdoor air pollutants and the development of asthma and allergies in the first 5 years of life in children of the EDEN mother-child cohort study.

Both indoor and outdoor air pollutants have been found to be related to childhood asthma and allergies in previous studies [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF][START_REF] Annesi-Maesano | Poor air quality in classrooms related to asthma and rhinitis in primary schoolchildren of the French 6 Cities Study[END_REF][156][157][158] . In our study, the data from French 6 cities studies also showed that outdoor air pollutants (SO 2 , PM 10 , NO 2 , NO x , CO) [START_REF] Penard-Morand | Long-term exposure to close-proximity air pollution and asthma and allergies in urban children[END_REF] and indoor air pollutants (formaldehyde, PM 2.5 , acrolein and NO 2 ) [START_REF] Annesi-Maesano | Poor air quality in classrooms related to asthma and rhinitis in primary schoolchildren of the French 6 Cities Study[END_REF] were related to the prevalence of asthma and allergies in schoolchildren.

In our longitudinal data, results showed that indoor air pollutants (in utero life passive smoking, dampness in the first year of life) were positively related to asthma phenotypes in the first year of life, that domestic wood heating in the first year of life was negatively related to asthma phenotypes in the first year of life, and that in utero life passive smoking was positively related to wheezing in the first 5 year of life.

The potential mechanism for the effects of air pollutants on childhood asthma and allergies has been explored increasingly in the previous studies. Firstly, air pollutants could have detrimental effects on the development of the lung 106, 159 , especially in early life which is a critical period for the lung development. One review on the relationship between air pollutants and the development of lung has concluded that the air pollutants of environment tobacco smoke, ozone, and particulate matter affect the development of lung and the structure of the respiratory system 106 . Secondly, air pollutants could have negative effects on the lung function, thus favoring the development of asthma and allergies. Air pollutants, such as ozone 157 , traffic-related air pollution 107, 161-162 were identified as factors that impact on the lung function in children. One nonhuman primate study has showed that ozone-exposed infant monkeys had four fewer nonalveolarized airway generations, hyperplastic bronchiolar epithelium, and altered smooth muscle bundle orientation in terminal and respiratory bronchioles, comparing with control infants 163 . Thirdly, the relationships between air pollutants and childhood asthma and allergies could be explained by the interaction between air pollutants and genes, thus increase the genetic susceptibility to be asthmatic or allergenic. Blekic M et al 164 has examined the interaction between early-life indoor air pollutants (environmental tobacco smoke and furry pets ownership) and genes in 17q12-21 region in relation to asthma in schoolchildren. Results indicate that several genes in 17q12-21 region interacted with the early-life air pollutants to impact on the development of asthma in schoolchildren.

Relationships between psychological features and childhood asthma

Psychological disorders (behavioral problems in French 6 cities study and maternal depression in the EDEN mother-child cohort study) were found to be related to asthma and allergies both in our study population. In children of the French 6 cities study, emotional or conduct problems were found to be related to asthma, eczema, severe asthma and asthma early onset (before the age of 4 years).

In children of the EDEN mother-child cohort study, maternal depression during pregnancy was associated with the development of allergic rhinoconjunctivitis in the first 5 years of life, but no significant relationships were found between maternal depression during pregnancy and the development of wheezing, doctor-diagnosed asthma and doctor-diagnosed eczema.

Psychological features have been well documented in literature as important influencing factors of childhood asthma and allergies. Chang HY et al 165 has found that psychological and behavioral problems are weakly associated with asthma and strongly associated with allergic rhinitis and atopic dermatitis in Korean preschoolers. In Puerto Rican children, paternal and maternal psychological factors (posttraumatic stress disorder, depressive symptoms, and antisocial behavior) and childhood abuse were indicated to influence asthma morbidity [166][167] . In children of United States, studies have showed that violence and stress are associated with increased childhood asthma [168][169] . In children of European Union, the number of studies on the relationships between psychological features and asthma and allergies are increasing, but evidence on the relationships still lacked. In Italian children, data showed that foetal exposure to maternal stressful events moderately increased the risk of having wheezing, asthma, eczema and allergic rhinitis 75 . In Swedish children, results showed that maternal bereavement shortly before and during pregnancy, a proxy for prenatal stress, was positively related to childhood asthma [START_REF] Fang | Maternal Bereavement and Childhood Asthma-Analyses in Two Large Samples of Swedish Children[END_REF]142 . In children of United Kingdom, data indicated that negative life events increase the risk of children's asthma attacks over the coming few weeks 170 , and that behavior problems measured by the Behavior Screening questionnaire related to asthma in children with atopic dermatitis 171 . In children of Rotterdam, Netherlands, studies showed that maternal psychological distress during pregnancy assessed by the Brief Symptom Inventory questionnaire was associated with increased risk of wheezing in the first 6 years of life independent of paternal psychological distress during pregnancy and maternal and paternal psychological distress after delivery [START_REF] Guxens | Parental psychological distress during pregnancy and wheezing in preschool children: The Generation R Study[END_REF] . In French children, Lefevre F et al 172 found that there was a link between maternal depression (investigated by the questionnaire of the Beck Depression Inventory short form) and infants' wheezing and its severity, using a case-control study design. In our study conducted in France, we further described this relationship by using longitudinal data. In addition, our data also showed a significant relationship between maternal depression during pregnancy and the development of allergic rhinoconjunctivitis in the first 5 years of life.

One possible explanation for the relationships of psychological features and childhood asthma and allergies is that psychological disorders could be associated with detrimental changes in the structure of airway. One review has indicated that stress and injury may relate to a phenotypic shift in the epithelium of asthmatic airway, with likely direct transformation of epithelial cells into mensenchymal cells 108 . Another explanation could be that psychological factors reduce children's lung function. Suglia SF et al 109 studied the relationships between psychological factors (reported community violence and interparental conflict by mothers) and childhood lung function. Results

showed that both community violence and interparental conflict were associated with decreased childhood lung function independent of socioeconomic status, tobacco smoke exposure, birthweight, and respiratory illness history. The plausible pathway for the relationships between psychological factors and asthma and allergies could be that psychological disorders produce changes in the Hypothalamo-Pituitary-Adrenal (HPA) axis regulation and thence dysregulation of immune system functioning, favoring the development of asthma and alleriges 137 . In an animal study, results implicated that prenatal stress produces long-term changes in the HPA axis responses in the offspring of rats, with elevated plasma corticosterone which elicited aberrant immune functions 173 . Wright RJ et al 174 have found that higher prenatal stress was related to increase IL-8 (Interleukin 8) production after microbial stimuli and increased tumor necrosis factor-alpha to microbial stimuli, and also was associated with increased IL-13 after dust mite stimulation and reduced phytohemagglutinin-induced IFN-gamma.

Interactions between air pollutants and psychological features in relation to childhood asthma

Our results showed that there were interactions between air pollutants and psychological features in relation to childhood asthma and allergies. Children with emotion and conduct problems had 1.17 Few studies have explored the interactions between psychological features and air pollutants in relation to childhood asthma and allergies. Clougherty JE et al 102 examined the synergistic effects of long-term exposure to traffic-related air pollution using geographic information system and exposure to violence on urban childhood asthma. Results showed that an interaction was found between traffic-related air pollution and violence exposure in relation to elevated risk of childhood asthma.

Chen E et al 104 NO 2 interacted with high family stress to increase over time in symptoms in children with asthma. indicated that Shankardass K and coworkers [START_REF] Shankardass | Parental stress increases the effect of traffic-related air pollution on childhood asthma incidence[END_REF] presented that the risk of asthma attributable to traffic-related air pollution was significantly higher for children with high parental In previous studies, both psychological features and air pollutants are identified as factors influencing the lung development 106, 108-109, 128 . However, few studies examined the likely critical periods that susceptible to the psychological disorders and air pollutants in relation to childhood asthma and allergies, which will give important empirical evidence for identifying the vulnerable age groups of children that need to be given priority to access to the pulmonary health care. 

Altered immune system responses

Psychological disorders and air pollutants could elicit altered immune system responses, mainly including Th1 (T helper type 1) /Th2 imbalance and increased production of IgE.

Th1/Th2 imbalance plays an important role in immune system responses in relation to asthma and allergies. Cytokine products of Th1 and Th2 cells are mutually inhibitory 179 . The Th1/Th2 imbalance could increase the production of cytokines that contribute to the development of asthma and allergies 174,180 . There is ample evidence on the impacts of cytokine production changes on the development of asthma and allergies. Studies indicated that IL-4 (Interleukin 4) and IL-13 (Interleukin 13) are key factors that contribute to the airway remodeling by acting on human lung fibroblasts 181 , thus increased the risk of having asthma and allergies. Recently, IL-23 has been found to be inversely related to lung function 182 , a preceding pathway for asthma and allergies development.

An IgE interaction could result in the release of the mediators contained in mast cells. Those mediators trigger bronchoconstriction and airway hyperresponsiveness, which is common pathway leading to asthma and allergies. Chen E and coworkers 104 have found that NO 2 interacted with chronic family stress in predicting increased IgE level (interaction P value=0.02).

Conclusion

In conclusion, our results showed that both air pollutants and psychological factors are related to childhood asthma, and that air pollutants may interact with psychological features on the health outcomes, implying to consider children with psychological problems as a susceptible population to the detrimental impacts of air pollutants on asthma and to take into account these two kinds of factors simultaneously into the paradigm of childhood asthma prevention.

Perspectives

1) The gene-environment interactions between air pollutants, psychological factors and genes need to be further examined to fully understand the biological mechanism of the development of asthma and allergies;

2) The relationship between exposures (air pollutants, psychological factors) and lung structure and function need to be further explored, taking into account of the interaction between air pollutants and psychological disorders;

3) The spatial correlation between physical environment (air pollution) and social environment (psychological feature) could be taken into account to disentangle the effects of the two kinds of exposures and better understand the interactions between them;

4) The relationships between exposures and severity of health outcomes need further be elucidated in order to take countermeasures to reduce clinical symptoms in children.

5)

In the long term the EXPOSOME approach and the EWAS (Environment-wide Associations Study) have to be applied to better understand asthma. This strategy will be conducted in the HEALS (Health and Environment-wide Association based on Large population Surveys) project funded in the frame of the FP7_ENV of the EC of which the EPAR team is coordinator (see Fig. 6). 
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  The questionnaires including the health condition of the pregnant women, pre-and post-natal environmental exposures (domestic or professional exposures, contact with allergens), nutritional factors, socioeconomic factors, psychological factors and the health and (or) diseases conditions of the children were completed by the parents of the children. Data on clinical examination were also collected by physicians. This study was approved by the ethical committee (ComitéConsultatif pour la Protection des Personnesdans la RechercheBiomédicale, CCPPRB) of Kremlin Bicêtre and by the Data Protection Authority (Commission Nationale de l'Informatique et des Libertés, CNIL).

  similar results was indicated in the recently published data of ESCAPE project, which showed that no significant associations between air pollution exposure at birth address (assessed by land-use regression models) and lung function in children aged 6-8 years 128 .

  37) in Bordeaux, France, indicated that 24 % of the women presented with a highly intense depressive symptoms during pregnancy (assessed by CES-D). Results of another French population-base study showed that the prevalence rate of maternal depression during pregnancy (assessed by the Edinburgh Postnatal Depression Scale, EPDS) was 18.3 % 133 . Tandon SD et al have compared the sensitivity, specificity and positive predictive value of the 3 tools of measuring maternal depression during pregnancy, namely CES-D, EPDS and BDI-II (Beck Depression Inventory II).

  pregnancy in relation to the development of wheezing in the first 5 years of life (P<0.20). No interactions were found between the considered exposures and maternal depression during pregnancy in relation to doctor-diagnosed eczema and allergic rhinoconjunctivitis (P>0.20).

to 1 .

 1 51 times higher adjusted odds ratios for the associations between outdoor air pollutants (benzene, CO, NO 2 ,NO x , PM 10 , VOCs), and asthma phenotypes and current eczema than children without emotion and conduct problems in the case of French 6 cities study. In children of the EDEN mother-child cohort study, interaction was found between maternal smoking during pregnancy and maternal depression during pregnancy in relation to ever doctor-diagnosed asthma in the first 5 years of life. There was also interaction between in utero exposure to traffic-related air pollution and maternal depression during pregnancy in relation to the development of wheezing in the first 5 years of life (P<0.02). No interactions were found between subjectively measured air pollutants and maternal depression during pregnancy in relation to doctor-diagnosed eczema and allergic rhinoconjunctivitis (P>0.02). As for the objectively measured air pollutants, interaction was only found between exposure to benzene and maternal depression during pregnancy in relation to doctor-diagnosed eczema in the first 5 years of life (P<0.20).
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 5 Fig. 5: Principal stages of lung development in humans [Kajekar R et al 106 ]

Fig. 6 :

 6 Fig. 6: EXPOSME approach and the EWAS in relation to childhood asthma (From David M. Balshaw,

  

  

  

  

  

  

  

  Les modèles les marginaux ont été estimés par la méthode de Generalized Estimation Equation (GEE), en utilisant les matrices de corrélation échangeables. Les odds ratios ajustés (aOR) et l'intervalle de confiance de 95 % (IC) ont été utilisés pour estimer les relations entre l'exposition aux polluants de l'air ou les facteurs psychologiques et les résultats de santé. L'impact de chaque exposition sur la santé a été estimé par le risque attribuable de population ajusté (aPAR), la fraction de la morbidité a connu dans la population qui n'aurait pas eu lieu si l'effet associé au facteur de risque d'intérêt était absent. Le prise en compte des interactions entre la pollution de l'air et les facteur psychologiques a été faite en incluant le produit des deux dans les modèles. Nous présentons dans la thèse les aPARs avec signification statistique. Une exposition élevée à la pollution a été définie par une augmentation interquartile de la concentration des polluants.Les données ont montré qu' a la fois les polluants atmosphériques mesurés subjectivement et les polluants atmosphériques mesurés objectivement étaient associés à l'asthme infantile, avec une augmentation du risque d'asthme chez les enfants qui étaient exposés à des niveaux élevés de divers polluants atmosphériques. Dans l'Etude des 6 villes, les polluants de l'air ambiant (benzène, CO, NO 2 , NO x , SO 2 , PM 10 et COV) évalués par le modèle de dispersion étaient associés à l'asthme infantile.Dans la première année de vie des enfants de l'étude EDEN, plusieurs phénotypes de l'asthme étaient corréles positivement au tabagisme parental, à la pollution de l'air liée au trafic et à ambiant mesuré objectivement (benzène, CO, NO 2 , SO 2 , PM 10 et de COV) et le développement de l'asthme et des allergies au cours des 5 premières années (papier soumis). de l'air ambiant étaient significatifs (P-valeur interaction <0,20 pour phénotypes de l'asthme et d'eczéma respectivement). Une augmentation interquartile des expositions à benzène, NO x et COV a été mise en relation avec les sifflements actuels (aOR=1,22 (95 % IC : 1,00-1,50), 1,35

	Résultats l'air Les analyses sur les relations entre les facteurs psychologiques et de l'asthme infantile ont montré (95 % IC : 1,06-1,72) et 1,43 (95 % IC : 1,03-2,00), respectivement), alors que l'exposition à NO x a été
	une association entre les problèmes comportementaux et la prévalence de l'asthme et de l'eczéma, liée aussi à l'asthme diagnostiqué actuel (aOR=1,30 (95 % IC : 1,01-1,67)), chez les enfants avec
	l'asthme sévère et l'apparition de l'asthme précoce dans l'Etude des 6 villes. Les enfants présentant problèmes émotionnels et de comportement. Cependant, aucune relation n'a été trouvée entre les
	des symptômes émotionnels anormaux ou des problèmes de comportement étaient plus polluants de l'air ambiant et les phénotypes de l'asthme chez les enfants sans problèmes
	asthmatiques que les autres (P<0,01). Par rapport à la normalité, les symptômes émotionnels émotionnels et de comportement. De même, l'eczéma actuel était associé à une augmentation
	interquartile des expositions à benzène, CO, NO 2 , NO
	trafic était liée au développement des sifflements (aOR=1,23, 95% IC: 1,01-1,50; aPAR=5,38, 95% IC:
	0,28-9,29) et de la rhino-conjuntivitis allergiques (aOR=1,71, 95% IC: 1,16-2,52; aPAR=13,72, 95% IC:
	4,56-19,88) à 5 ans. Cependant, aucune relation significative n'était observée entre les polluants de

ans, et 5 ans respectivement. Dans chaque vague, la prévalence et l'incidence de l'événement de santé ont été calculées.

Les résultats ont été présentés par des moyens et écarts-types lorsque les variables étaient continues, et par des pourcentages lorsque les variables étaient catégoriques. Une régression logistique multivariée a été utilisée pour analyser les relations entre l'exposition aux polluants de l'air ou les caractéristiques psychologiques et les événements de santé, en cas d'exposition évaluée en même temps que la santé, après adjustement sur les facteurs de confusion potentiels. Les modèles marginaux ont été appliqués pour la prise en compte de la non-indépendance des données des enfants mesurées à maintes reprises dans les différentes vagues de l'enquête lor de leur suivi longitudinal, ou dans le cas d'enfants qui vivaient dans la même communauté ou fréquentaient la même école/class. l'humidité, mais négativement au contact avec les chats et au chauffage au bois domestique. L'exposition au trafic dans la vie in utero et pendant la première année de vie avaient un impact plus important que les autres polluants sur les phénotypes de l'asthme chez les enfants. Pour les expositions relevant de la première année de vie, les aORs pour la pollution de l'air liée au trafic étaient les plus élevés (1,71 (95% IC: 1,08-2,72)) pour l'asthme diagnostiqué, bronchiolite avec sifflement (1,44 (95% IC: 1,05-1,99)), et l'asthme diagnostiqué avec une histoire de la bronchiolite (2.01 (95 % IC: 1,23-3,30)). Les aPARs sur la base de ces aORs étaient 13,52% , 9,39% et 17,78 %, respectivement. Les résultats persitaient dans le cas du tabagisme maternel prénatal et du trafic dans la vie in utero, bien que des associations statistiquesment significatives aient été observées seulement avec le phénotype de bronchiolites.
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En considérant les 5 premières années de vie de l'enfant de l'étude EDEN, le tabagisme maternel pendant la grossesse était lié au développement des sifflements dans les 5 années (aOR=1,24, 95% IC: 1,01-1,52; aPAR=4,54, 95% IC: 0,23-8,03), tandis que l'exposition in utero à la pollution de l'air du anormaux et les problèmes de comportement étaient liés à l'asthme persistant léger à modéré (aOR = 1,55 (95 % IC: 1,26-1,90) et 1,42 (95 % IC: 1,17-1,71), respectivement) et à l'asthme à debut précoce (risque relatif ajusté par modèle de Cox= 1,60 (95 % IC: 1,27-2,01) et 1,34 (95 % IC: 1,05-1,70)). 2 Dans l'étude EDEN, la dépression pendant la grossesse a été trouvée associée avec le développement de la rhino-conjonctivite allergique (aOR = 1,87, 95 % IC: 1,33-2,62) dans les 5 premières années de vie. Aucune relation significative n'a été trouvée entre la dépression maternelle pendant la grossesse et les sifflements, l'asthme diagnostiqué et l'eczéma diagnostiqué (aOR= 1,12 (95 % IC= 0,91-1,39), 1,23 (95 % IC= 0,81-1,85) et 1,17 (95 % IC= 0,86-1,61, respectivement). 3 La prise en compte des interactions entre les polluants de l'air et les facteurs psychologiques ont montré que les relations entre les polluants de l'air et l'asthme infantile étaient modifiées par des facteurs psychologiques. Les enfants ayant des problèmes d'émotion et de comportement avaient odds ratios ajustés de 1,17 à 1,51 fois plus élevés pour les associations entre les polluants de l'air ambiant (benzène, CO, NO2 ,NO x , PM 10 , COV), et les phénotypes de l'asthme et de l'eczéma actuel que les enfants sans problèmes émotionnels et de comportement dans le cas de l'Etude des 6 villes. Le terme d'interaction entre les symptômes émotionnels et les problèmes de comportement et les 2 Annesi-Maesano I, Zhou C, Baïz N, Banerjee S, André Charpin D, Caillaud D, de Blay F, Raherison C, Lavaud F. Externalizing and internalizing behavioural problems related to asthma in school children. Allergy 2013; 68: 1471-1474. 3 Zhou C, Baïz N, Banerjee S, Charpin DA, Caillaud D, de Blay F, Raherison C, Lavaud F, Annesi-Maesano I. The relationships between ambient air pollutants and childhood asthma and eczema are modified by emotion and conduct problems. Ann Epidemiol. 2013 Dec;23(12):778-83.

polluants x , PM 10 et de COV (aOR=1,48 (95 % IC : 1,24-1,75), 1,42 (95 % IC : 1,24-1,62), 1,52 (95 % IC : 1,31-1,77), aOR=1,55 (95 % IC : 1,30-1,85), 1,43 (95 % IC : 1,24-1,66), et 1,54 (95 % IC : 1,21-1,96), respectivement), chez les enfants avec les problèmes émotionnel et de comportement. Les relations persistaient chez les enfants sans problèmes émotionnels et de comportement en cas d'exposition à CO, NO 2 et PM 10 (aOR=1,16 (95 % IC : 1,03-1,30), 1,24 (95 % IC : 1,08-1,43) et 1,18 (95 % IC : 1,04-1,34), respectivement). Chez les enfants de l'étude EDEN, une interaction était observée entre le tabagisme maternel pendant la grossesse et la dépression prénatale par rapport à l'asthme diagnostiqué au cours des 5 premières années de vie

(aOR= 1,56, 95 % IC: 0,74-3,29 pour les enfants avec la dépression maternelle prénatale, aOR= 0,78, 95 % IC: 0,45-1,33 pour les enfants sans la dépression maternelle prénatale, P-valeur interaction: 0,14). Il y avait aussi une interaction entre l'exposition in utero à la pollution de l'air liée au trafic et la dépression pendant la grossesse dans le cadre du développement des sifflements au cours des 5 premières années de vie (aOR= 1,68, 95 % IC: 1,15-2,43 pour les enfants avec la dépression maternelle prénatale, aOR= 1,13, 95 % IC: 0,89-1,43 pour les enfants sans la dépression maternelle prénatale, P-valeur interaction: 0,08). En ce qui concerne les polluants de l'air mesuré objectivement dans l'étude EDEN, l'interaction n'était qu'entre l'exposition au benzène et la dépression pendant la grossesse par rapport à l'eczéma diagnostiqué au cours des 5 premières années de vie chez l'enfant (P-valeur interaction: 0,17).

  ConclusionsEn conclusion, nos résultats fournissent de nouvelles données sur les relations entre les polluants atmosphériques mesurés subjectivement et objectivement et/ou les facteurs psychologiques (problèmes comportementaux et de dépression maternelle pendant la grossesse) et l'asthme infantile, ce qui suggère de considérer les enfants ayant des problèmes psychologiques comme une population sensible aux effets néfastes des polluants atmosphériques et de prendre en compte ces facteurs simultanément dans le paradigme de la prévention de l'asthme infantile. cet effet, nous avons utilisé les données de l'Etude des 6 villes avec dessein transversale, et l'étude de cohorte mère-enfant de type longitudinale EDEN (Étude sur les Déterminants pré et postnatalsdu développement de la santé l'ENfant) pour examiner cette hypothèse.
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RÉSUMÉ

Les objectifs de cette thèse est d'examiner l'hypothèses selon laquelle les caractéristiques psychologiques constituent modificateur de la relation entre l'exposition aux polluants atmosphériques et l'asthme infantile.

A

Les données ont montré qu'à la fois les polluants atmosphériques mesurés subjectivement et les polluants atmosphériques mesurés objectivement étaient associés à l'asthme infantile. Les analyses sur les relations entre les facteurs psychologiques et de l'asthme infantile ont montré une association entre les problèmes comportementaux et la prévalence de l'asthme et de l'eczéma, l'asthme sévère et l'apparition de l'asthme précoce dans l'Etude des 6 villes et la dépression pendant la grossesse était associée au developpement de la rhino-conjonctivite allergique au cours des 5 premières années de vie chez les enfants de l'étude EDEN. La prise en compte des interactions entre les polluants de l'air et les facteurs psychologiques ont montré que les relations entre les polluants de l'air et l'asthme infantile étaient modifiées par les facteurs psychologiques.
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Table 2 -Sources of major outdoor and indoor air pollutants in relation to childhood exposures Pollutants Related sources Outdoor air pollutants

 2 

	Traffic-related air pollution	Fuel combustion in vehicles
	Allergens	Pollen
	Particulate matter	Wild fire; Coal combustion in industrial plants; Fuel
		combustion in vehicles
	NO x	Mainly from fuel combustion in vehicles and industrial plants
	CO	Coal combustion in industrial plants and fuel combustion in
		vehicles
	VOCs	Mainly from fuel combustion in vehicles and industrial plants
	SO 2	Mainly from the emissions of fuel combustion at power
		plants and sulfuric acid manufacture
	O 3	Production of sunlight acting on NO x and VOCs that emitted
		mainly from fuel combustion in vehicles and industrial plants
	Benzene	Fuel combustion in vehicles and tobacco smoking
	Indoor air pollutants	
	Traffic-related air pollution	Mainly from fuel combustion in vehicles passed by the house
		by opening the windows
	Environmental tobacco smoke	Tobacco smoking in the home, school…
	Allergen	House dust mites excretion; Pollen; Pets; Molds
	Molds	Moisture in the home or school
	Particulate matter	Mainly from domestic heating or cooking and tobacco smoke
	NOx	Mainly from domestic fuel heating or cooking
	CO	Mainly from domestic heating or cooking; Tobacco smoke
	VOCs	New carpet; Glues and adhesives; Paints; Furniture and wood
		products; Cleaning agents and disinfectants

Table 3 -Methods of assessing exposures to outdoor and indoor air pollutants Exposures to air pollutants Methods Outdoor air pollutants
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	Subjectively measured	Standard questionnaire (such as ISAAC questionnaire)
	Objectively measured	
	Background exposures	Central site/regional monitoring conducted usually by local
		authority.
		Eventually coupled with GIS to better estimate air pollution
		exposure
	Proximity exposures	Monitoring exposure to air pollutants at locations near to an
		emission source;
		Geographic information system (GIS) based estimating
		Dispersion models (incorporating background exposures and
		meteorological data);
	Community-based exposures	Land-use regression (combining background exposures with
		spatially varying characteristics, typically for traffic-related air
		pollution);
		Dispersion models (incorporating background exposures and
		meteorological data);
	Personal exposures	Active (pumped) sampling (including badges, tube, radical
		designs) ;
		Passive (diffusive) sampling (including badges, tube, radical
		designs)
	Indoor air pollutants	
	Subjectively measured	Standard questionnaire (such as ISAAC questionnaire)
	Objectively measured	
	Personal exposures	Active (pumped) sampling (including badges, tube, radical
		designs);
		Passive (diffusive) sampling (including badges, tube, radical
		designs)
	Both indoors and outdoors	
	Personal exposures	Active (pumped) sampling (including bages, tube, radical
		designs) ;

Passive (diffusive) sampling (including bages, tube, radical designs)

Table 4 -Cohort studies on the relationships between long-term exposure to traffic-related air pollution and childhood asthma
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	study	Study population	Exposure			Asthma-related	Odds ratio or
								outcomes	Relative risk
	Morgenstern	2860 children were	the distance to the	Doctor-	Relationship	for
	V et al 47 ,	followed up from	nearest main road, a	diagnosed and	traffic-related air
	2008	birth to the age of 4	surrogate for traffic-	Parent-reported	pollution	and
		years	and 3061	related air pollution	asthmatic	doctor-diagnosed
		children		were				bronchitis	or	asthma:	1.66
		followed up until				asthma	(1.01-2.59);
		the age of 6 years in				Relationship	for
		Munich						traffic-related air
		metropolitan area,				pollution	and
		Germany						parent-reported
								asthma:	1.24
								(1.01-1.52)
	Jerrett M et	217	children	Personal exposure	Doctor-	A	within-
	al 48 , 2008	followed up 8 years	to NO 2 measured by	diagnosed	community
		until the age of 10-	passive (diffusion)	asthma onset	interquartile range
		18 years in Southern	sampling			increase in annual
		California, US					residential	NO 2 :
								1.28 (1.05-1.57)
	Nording E et al 41 , 2008	4089 children from 4 Swedish	NO x and PM 10 from traffic were	Parent-reported Wheezing	NO X: 1.60 (1.09-2.36)
		municipalities were	assessed with	a
		followed up from	dispersion model	
		birth to 4 years-old			
		age					
	Krämer U et	3390	newborns	Distance of the	Doctor-	No association;
	al 49 , 2009	from	small-town	home address to the	diagnosed	Distance	from
		areas of Germany	next major road and	asthmatic	major road: 0.86
		followed up until 6	land-use regression	bronchitis	or	(0.66-1.14); NO 2 :
		years old age		model	based	asthma	1.17 (0.86-1.58);
					concentration		of	Soot: 1.16 (0.87-
					NO 2 and soot			1.54)
	Oftedal B et	2871	children	A dispersion model	Parent-reported	No association;
	al 50 , 2009	followed up from	based concentration	doctor-	An	interquartile
		birth to age of 9-10	of NO 2 and distance	diagnosed	range increase of
		years	in	Oslo,	to the major road		asthma onset	NO 2 : 0.82 (0.67-
		Norway						1.02);Distance to
								major road: 0.99
								(0.90-1.08)
	Ryan PH et	762 children were	Land-use regression	Parent-reported	Relationship
	al 51 , 2009	enrolled at age 1	model	based	recurrent	between	traffic-
		year and followed	concentration		of	wheezing and	related particles
		up until the age of 3	traffic-related			persistent	and	persistent
		years in Cincinnati,	particles			wheezing at 36	wheezing:	1.75
		US						months	(1.07-2.87)

Table 5 -Cohort studies investigated the relationships between long-term exposure to indoor air pollutants and childhood asthma
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	Studies		Study population	Exposures		Outcomes	Odds ratio/ Relative risk
	Hansel		150 children aged	3-day indoor NO 2	Caregiver-	Relationship	between
	NN	et	2-6 years with	measured	by	reported	nocturnal awakenings due
	al 59 , 2008	doctor-diagnosed	passive	bage	asthma	to cough, wheeze, shortness
			asthma	were	sampler at baseline,	symptoms	of breath or chest tightness
			followed up for 6	3 months and 6		and per 20-ppb (parts-per-
			months	in	months,			billion) increase of NO 2 : 1.12

Table 7 -Association between in utero exposures to air pollutants sources and health outcomes in the first 5 years of life in children of the EDEN mother-child cohort study (n=722)

 7 aOR:odds ratio adjusted by potential confounders of study center, maternal educational attainment, maternal smoking during pregnancy, maternal age at recruitment, maternal pre-pregnancy body mass index, siblings, gender of the new-born, and family history of asthma, eczema, allergic rhinitis or food allergy.

	Health outcomes	aOR † (95% CI)	aPAR(%) ‡ (95%CI)
	Ever wheezing		
	Maternal smoking during pregnancy	1.24(1.01,1.52)	4.54(0.23,8.03)
	In utero exposure to traffic-related air pollution	1.23(1.01,1.50)	5.38(0.28,9.29)
	Ever doctor-diagnosed asthma		

† ‡ aPAR: adjusted population attributable risk based on GEE models

Table 8 -Association between an interquartile increase of in utero exposures to outdoor air pollutants and health outcomes in early life in children of the EDEN mother-child cohort study Health outcomes The first 3 years of life (n=1222) The first 5 years of life (n=722)

 8 : adjusted prevalence odds ratio; CI, confidence interval; IQR, interquartile range for the concentrations of outdoor air pollutants.† aOR: odds ratio adjusted by potential confounders of study center, maternal educational attainment, maternal smoking during pregnancy, maternal age at recruitment, maternal prepregnancy body mass index, siblings, gender of the new-born, and family history of asthma, eczema, allergic rhinitis or food allergy.

		IQR (µg/m 3 )	aOR † (95 % CI)	IQR (µg/m 3 )	aOR † (95 % CI)
	Ever wheezing				
	Benzene	2.09-2.21	1.03 (0.98-1.09)	2.10-2.21	1.02 (0.97-1.07)
	CO	489.19-568.23	1.15 (0.99-1.34)	494.07-580.88	1.03 (0.88-1.19)
	NO 2	18.09-28.28	1.03 (0.86-1.23)	17.84-24.04	1.03 (0.95-1.12)
	PM 10	18.00-21.89	0.98 (0.83-1.16)	17.78-21.67	0.98 (0.85-1.13)
	SO 2	2.61-3.33	1.02 (0.91-1.16)	2.67-3.31	0.98 (0.89-1.08)
	VOCs	4.07-6.83	1.04 (0.96-1.12)	4.02-6.08	1.03 (0.99-1.07)
	Ever doctor-				
	diagnosed				
	asthma				
	Benzene	2.09-2.21	0.95 (0.84-1.08)	2.10-2.21	0.89 (0.77-1.03)
	CO	489.19-568.23	1.00 (0.73-1.36)	494.07-580.88	0.93 (0.70-1.23)
	NO 2	18.09-28.28	0.94 (0.68-1.32)	17.84-24.04	1.11 (0.94-1.31)
	PM 10	18.00-21.89	0.93 (0.68-1.27)	17.78-21.67	0.94 (0.69-1.27)
	SO 2	2.61-3.33	0.97 (0.75-1.24)	2.67-3.31	1.10 (0.91-1.32)
	VOCs	4.07-6.83	0.93 (0.80-1.09)	4.02-6.08	0.99 (0.91-1.08)
	Ever doctor-				
	diagnosed				
	eczema				
	Benzene	2.09-2.21	0.96 (0.88-1.05)	2.10-2.21	1.02 (0.94-1.11)
	CO	489.19-568.23	1.13 (0.95-1.35)	494.07-580.88	1.11 (0.86-1.44)
	NO 2	18.09-28.28	0.93 (0.74-1.17)	17.84-24.04	0.95 (0.83-1.09)
	PM 10	18.00-21.89	1.05 (0.87-1.28)	17.78-21.67	0.99 (0.81-1.20)
	SO 2	2.61-3.33	1.07 (0.93-1.23)	2.67-3.31	0.99 (0.92-1.06)
	VOCs	4.07-6.83	1.02 (0.94-1.10)	4.02-6.08	0.98 (0.87-1.11)
	Ever allergic				
	rhinoconjunctivi				
	tis				
	Benzene	2.09-2.21	1.10 (0.97-1.26)	2.10-2.21	1.01 (0.94-1.09)
	CO	489.19-568.23	1.10 (0.85-1.42)	494.07-580.88	0.84 (0.64-1.11)
	NO 2	18.09-28.28	1.00 (0.76-1.33)	17.84-24.04	1.01 (0.86-1.18)
	PM 10	18.00-21.89	0.93 (0.72-1.20)	17.78-21.67	0.89 (0.69-1.14)
	SO 2	2.61-3.33	1.03 (0.86-1.23)	2.67-3.31	0.95 (0.81-1.10)

aOR

Table 9 -Characteristics of all recruited sample and sample of our study

 9 P, P-value for t-test or chi-square test between all recruited sample and sample of the thesis;

	Variables	All recruited Sample (N=2002)	Sample of our study (n=1139)	P *
	Study center, n (%)			
	Poitiers	968 (48.35)	(55.31)	<0.01
	Nancy	1034 (51.65)	(44.69)	
	Total	2002 (100.00)	(100.00)	
	Maternal education attainment, n (%)			
	Less than high school	143 (7.56)	(4.54)	<0.01
	High school	745 (39.38)	(35.35)	
	College/University or more	1004 (53.07)	(60.11)	
	Total	1892 (100.00)	1123 (100.00)	
	Maternal smoking during pregnancy, n (%)			
	Smoking	520 (27.62)	(21.81)	<0.01
	No smoking	1363 (72.38)	(78.19)	
	Total	1883 (100.00)	(100.00)	
	Maternal age at recruitment (years), (Mean±SD † )	30.98±4.90	31.13±4.70	0.42
	Maternal pre-pregnancy body mass index, n			
	(%)			
	Underweight (<18.50kg/m 2 )	154 (8.17)	(7.59)	0.90
	Normal (18.50-24.99kg/m 2 )	1228 (65.18)	(66.07)	
	Overweight (25.00-29.99 kg/m 2 )	334 (17.73)	(17.14)	
	Obese (≥30.00 kg/m 2 )	168 (8.92)	(9.20)	
	Total	1884 (100.00)	(100.00)	
	Siblings, n (%)			
	No siblings	848 (44.56)	(46.97)	0.20
	With siblings	1055 (55.44)	(53.03)	
	Total	1903 (100.00)	1137 (100.00)	
	Gender of the newborn, n (%)			
	Male	1000 (52.55)	(53.29)	0.69
	Female	903 (47.45)	(46.71)	
	Total	1903 (100.00)	1139 (100.00)	
	Family history of asthma, eczema, allergic			
	rhinitis or food allergy, n (%)			
	No family history	918 (48.26)	(47.29)	0.61
	With family history	984 (51.74)	(52.71)	
	Total	1902 (100.00)	1127 (100.00)	
	Maternal depression during pregnancy,			
	n (%)			
	No depression	1308 (81.75)	(86.33)	<0.01
	Depression	292 (18.25)	(13.67)	

* † SD, standard deviation

Table 11 -Relationships between maternal depression during pregnancy and health outcomes in the first 5 years of life

 11 aOR:odds ratio adjusted by potential confounders of study center, maternal educational attainment, maternal smoking during pregnancy, maternal age at recruitment, maternal pre-pregnancy body mass index, siblings, gender of the new-born, and family history of asthma, eczema, allergic rhinitis or food allergy.

	Health outcomes	aOR †	95 % CI ‡
	Wheezing	1.12	0.91, 1.39
	Doctor-diagnosed asthma	1.23	0.81, 1.85
	Doctor-diagnosed eczema	1.17	0.86, 1.61
	Allergic rhinoconjunctivitis	1.87	1.33, 2.62
	aOR, adjusted odds ratio; CI, confidence interval;	
			

† 

  . Wood RA et al have found that maternal depression during pregnancy (assessed by Edinburgh Postnatal Depression Scale, EPDS) was positively associated with wheezing (two or more episodes) in children aged 12 months in URECA (Urban Environment and Childhood Asthma) birth cohort study 135 . Lefevre F et al 89 have assessed the relationship between maternal depression (investigated by the questionnaire of the Beck Depression Inventory short form)

Table 12 -Health effects of subjectively measured air pollutants on health outcomes according to maternal depression during pregnancy Healthoutcomes Maternal depression, OR (95% CI) †

 12 

	Without maternal depression (n=609)	With maternal depression (n=113)	Interaction P value §

Table 13 -Health effects of air pollutants on health outcomes according to maternal depression during pregnancy IQR (µg/m 3 ) Maternal depression, OR (95% CI) †

 13 

	Interaction
	P value §

† aOR:odds ratio adjusted by potential confounders of study center, maternal educational attainment, maternal smoking during pregnancy, maternal age at recruitment, maternal pre-pregnancy body mass index, siblings, gender of the new-born, and family history of asthma, eczema, allergic rhinitis or food allergy.

Table 14 -Studies on the relationships between subjectively measured and objectively measured indicators of air pollutants study

 14 

		Study population Subjective	Objective		measured	Relationships
				measured	indicators			between subjective
				indicators				and	objective
								measurement
	Cesaroni	948825 59-year-	Self-reported	Distance from busy roads	Moderately
	Get al 149 ,	old	Rome	traffic	from		geographical	correlated to one
	2008	residents, Italy	intensity	information system; area-	another
					based	emission	of
					particulate	matter;
					estimated concentration
					of nitrogen dioxide from
					a land-use regression
					(LUR) model	

Zhou C, Baïz N, Zhang T, Banerjee S, Annesi-Maesano I. Modifiable exposures to air pollutants related to asthma phenotypes in the first year of life in children of the EDEN mother-child cohort study. BMC Public Health.

May 24;13(1):506.
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Standard core questionnaires on demographics, current and previous (including first year of life) risk factors, such as living conditions, birth weight, gestational age, place of birth, socioeconomic status, breastfeeding, family size, family history of atopic diseases, infections, vaccinations, crowding, pets, environment tobacco smoke, cooking fuels, damp housing, type of windows, type of bedding, area of residence, physical activity and nutritional factors, were completed by parents of the children 112 . Data on clinical examination and skin prick test (SPT) for atopy were also collected by trained filed workers 112 .

The study protocol was approved by French National Ethics Board (Comité Consultatif de Protection des Personnes se prêtant à des Recherches Biomédicales, CCPPRB, approvalnumber: 01/07, Marseille, France).

EDEN mother-child cohort study

Objectives

The objectives of the EDEN mother-child cohort study are to examine the relationships between maternal exposures to risk factors and maternal health during pregnancy, the early life exposures to risk factors of children, and the health and (or) the development of diseases of children.

Study protocol

The EDEN mother-child cohort study is an ongoing study which recruited 2002 pregnant women (<24 weeks of amenorrhea (WA)) in Nancy and Poitiers in 2003 (https://eden.vjf.inserm.fr). The criteria for non-inclusion were: 1) twin pregnancy; 2) knowing diabetes before pregnancy; 3) planned to move outside of the region in the next 3 years; 4) not being able to speak or read French. We

Assessment of air pollutants

French 6 Cities study

Concentrations of benzene, CO, NO 2 , NO x , PM 10 , VOCs at 108 school addresses were estimated by a dispersion model through the STREET® 5 software, using data of the 3-years average (from 1998 to 2000). The STREET dispersion model has been validated in France (Pénard-Morand Atmospheric Environment 2008). Because in urban France almost all children live within 500 meters of their elementary schools, the exposure to outdoor air pollutants estimated in school addresses was considered as a satisfactory assessment of proximity to exposure to outdoor air pollutants in residential addresses.

EDEN mother-child cohort study

Early life exposures to parental smoking, traffic-related air pollution, dampness, molds, bleaching agents, house dust mites, pets and domestic heating were assessed by questionnaires completed by the parents of the children.

In utero and first year of life Concentrations of benzene, CO, NO 2 , SO 2 , PM 10 , and VOCs at residential addresses were estimated by a dispersion model through the STREET® 5 software, taking into account of data from background air pollution, traffic characteristics, and condition of topographical and meteorological dispersion of air pollutants. and sleep difficulties over the past 7 days, and was completed by the mothers between 24 and 28 WA. Each item was scored from 0 (never) to 3 for (all the time). The score of each item was then added up into a total score, ranging from 0 to 60. The total scores between 0-2 were excluded from the analysis because these extremely low scores are thought to be related to denial of depressive symptoms 117 . According to the previous studies [118][119][120] , maternal depression was defined as a binary variable: maternal depression (the total score≥16) and no maternal depression (the total score <16).

Adjusted population attributable risk

The impact of each exposure on health outcomes was estimated by the adjusted Population Attributable Risk (aPAR), the fraction of the total disease experienced in the population that would not have occurred if the effect associated with the risk factor of interest was absent 126 . The estimates of aPAR were calculated based on multivariable logistic regression or GEE model-based odds ratio, using the formula provided by Bruzzi 126 : aPAR = 1-∑(ρ j / RR j ) ρ j is the proportion of all disease cases within the stratum j. The model-based odds ratios were used to estimate the relative risk for stratum j compared with the baseline stratum (RR j ). When the modelbased odds ratio was less than 1.0, the aPAR estimate was negative, representing a potentially protective effect. The lower and upper 95% confidence interval (95% CI) of odds ratios for each stratum was used to estimate the lower and upper bounds of aPAR. We present in the thesis significant aPAR.

All statistical tests were performed using SAS® statistical software version 9.2 (SAS® Institute Inc, Cary, North Carolina). All P-values were two-tailed. P<0.05 was considered statistically significant, except for considering the significance of the interaction term (P-value<0.20).

Air pollutants and childhood asthma

In this part, we show the results on the relationships between air pollutants and childhood asthma and allergies, using both cross-sectional (French 6 Cities study) and longitudinal data (EDEN motherchild cohort study). Several articles were published on the relationships in the French 6 Cities study.

We also add some new results on the relationships, using the dataset for the thesis. For the EDEN mother-child cohort study, we published 1 article in BMC public health. We present in the thesis the detail of this article.

Abstract

BACKGROUND

Evidence on relationship between maternal depression and the development of childhood asthma and allergies in early life is still scarce. We aim to examine this relationship using data set of EDEN mother-child cohort study.

METHODS

One thousand one hundred and thirty-nine children were followed-up until the age of 5 years.

Maternal depression was self-reported through the Centre for Epidemiological Studies-Depression scale (CES-D) questionnaire. Maternal depression was classified into binary variable (maternal depression: CES-D scores ≥16, and no maternal depression: CES-D scores <16). Asthma and allergies in the first 5 years of life were assessed using the questionnaire of International Study of Asthma and Allergies in Childhood. Adjusted odds ratio (aOR) was estimated for the relationship between maternal depression and early-life asthma and allergies by marginal models through the method of generalized estimating equation (GEE), adjusting for the confounders of study center, maternal educational attainment, maternal smoking during pregnancy, maternal age at recruitment, maternal pre-pregnancy body mass index, siblings, gender of the new-born, and family history of asthma, eczema, allergic rhinitis or food allergy.

RESULTS

In our study population, 13.67 % of the mothers had clinical significant depression (the total scores for CES-D ≥16) during pregnancy. For children at ages of 5 years, the prevalences of wheezing, doctor-diagnosed asthma, doctor-diagnosed eczema and allergic rhinoconjunctivitis were 46.78 %, 20.99 %, 29.17 %, and 22.54 %, respectively. Maternal depression during pregnancy was associated with ever ever allergic rhinoconjunctivitis (aOR = 1.87 (95% CI=1.33-2.62)). No significant relationships were found between maternal depression during pregnancy and wheezing, doctor-