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Résumé : L"étude des marqueurs biologiques dans la broncho-pneumopathie chronique obstructive (BPCO) et l'asthme, deux maladies respiratoires chroniques affectant des millions de personnes dans le monde, pourrait améliorer leur diagnostic, leur traitement et leur prévention. Cette thèse comprend deux parties. La première visait à évaluer l'association entre un marqueur spécifique des poumons, la protéine surfactant D (SP-D) sérique, et la BPCO, et à trouver un seuil de SP-D capable de discriminer les patients BPCO des témoins. Elle a été réalisée dans le cadre d"une étude cas-témoin au Liban incluant des patients BPCO (n=90), des asthmatiques (n=124) et des témoins (n=180). La deuxième partie visait à évaluer les associations chez les adultes des marqueurs de l"inflammation systémique (protéine C-réactive ultra-sensible, hs-CRP (n=252) et cytokines (n=283)) et des marqueurs de dommages dus au stress oxydant (8-isoprostanes 8-IsoPs (n=258) du condensat de l"air exhalé), avec les phénotypes de l"asthme.

Cette étude a été réalisée dans le cadre de l'étude épidémiologique longitudinale Française des facteurs génétiques et environnementaux de l'asthme (EGEA). Les résultats ont montré que les niveaux de SP-D sériques étaient associés positivement avec la BPCO et des seuils des niveaux de SP-D chez ces patients ont été identifiés avec d'excellentes valeurs discriminantes. Dans EGEA, aucune association n'a été trouvée entre les niveaux de hs-CRP sériques et le contrôle de l"asthme. Des profils de cytokines sériques (identifiés par analyse en composante principale) avec des niveaux élevés d"interleukine(IL)-1Ra et d"IL-10 ont été associés avec moins de crises d'asthme et un risque plus faible d'un mauvais contrôle de l'asthme sept ans plus tard. Les résultats des analyses préliminaires sur les associations entre les niveaux de 8-IsoPs et les phénotypes de l'asthme sont également présentés. Globalement, ces résultats ont montré l'utilité d'étudier les marqueurs biologiques en lien avec la BPCO et l'asthme.

Title: Biological markers for chronic obstructive pulmonary disease and asthma. Keywords: Respiratory diseases, epidemiology, COPD, asthma control, serum SP-D, serum hs-CRP, serum cytokine profiles, 8-IsoPs of exhaled breath condensate.

Abstract: Studying the biological markers in chronic obstructive pulmonary disease (COPD) and asthma, two chronic respiratory diseases affecting millions of individuals around the world, could improve their diagnosis, their treatment and their prevention. This thesis includes two parts. The first aimed to assess the association between a lung-specific biomarker, serum Surfactant Protein D (SP-D), and COPD, and to find cut-off points able to discriminate COPD patients from controls using SP-D levels. It was performed in a case-control study in Lebanon including COPD (n=90) and asthma patients (n=124) and controls (n=180). The second part aimed to assess the crosssectional and longitudinal associations in adults between systemic inflammatory biomarkers (high sensitivity C reactive protein hs-CRP (n=252) and cytokines (n=283)) and biomarkers of damage due to oxidative stress (8-Isoprostanes 8-IsoPs (n=258) in the exhaled breath condensate) and asthma outcomes.

This study was performed in the French longitudinal epidemiological study on the genetics and environmental factors of asthma (EGEA). Results showed that serum SP-D levels were positively associated with COPD and thresholds for SP-D levels in these patients were identified with excellent discriminant values. In EGEA, no association was found between serum hs-CRP levels and asthma control. Serum cytokine profiles (identified by principal component analysis) with high levels of interleukin (IL)-1Ra and IL-10 were associated with less asthma attacks and lower risk of poor asthma control seven years later. The results of the preliminary analyses on the associations between the levels of 8-IsoPs and asthma outcomes are also presented. Overall, these results have shown the usefulness of studying the biological markers related to COPD and asthma.
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Objectifs spécifiques du travail

Le premier objectif spécifique a été réalisé parmi des patients Libanais consultant pour symptômes ou maladies respiratoires. Il visait à étudier l'association entre les niveaux d'un marqueur biologique spécifique du poumon, la protéine surfactant-D (SP-D) sérique, et la BPCO. Un seuil optimal capable de discriminer les patients BPCO des témoins en utilisant les niveaux de la SP-D a été recherché. La validité de la SP-D a donc été comparée à celle de deux marqueurs sériques de l'inflammation systémique, qui sont la CRP et le fibrinogène. La CRP est un marqueur très sensible de l'inflammation systémique. Le fibrinogène est une protéine de phase aiguë et un facteur de coagulation du sang. Les taux de fibrinogène circulants ont été trouvés significativement plus élevés chez les patients atteints de BPCO par rapport aux témoins. Ces deux marqueurs ont été validés dans des essais cliniques de laboratoire, sont associés au degré de sévérité de l'inflammation des voies aériennes, mais ils ne sont pas spécifiques du poumon. Nous avons posé l'hypothèse que la SP-D, récemment associée avec la BPCO, pourrait être un marqueur biologique plus spécifique que la CRP ou le fibrinogène pour différencier des patients atteints de BPCO de personnes consultant pour d'autres maladies respiratoires y compris l'asthme ou ayant des symptômes respiratoires.

Le deuxième objectif spécifique a été réalisé dans le cadre de l'étude épidémiologique EGEA et visait à évaluer les associations entre les niveaux de marqueurs de l"inflammation (CRP ultra-sensible (hs-CRP) sérique, profils de cytokines sériques) ou de marqueurs du stress oxydant (8-isoprostanes (8-IsoPs) du condensat de l"air exhalé) d"une part et l'asthme d"autre part. Trois analyses différentes ont donc été effectuées dans l'étude EGEA. L'inflammation chronique dans l'asthme est orchestrée par de nombreux marqueurs grâce à des interactions complexes, mais peu d'études ont été réalisées à ce jour sur les associations entre les niveaux de hs-CRP sérique, ou les cytokines sériques et le contrôle de l'asthme, notamment sous une approche prospective. La hs-CRP est utile pour la détection de l'inflammation systémique de bas grade présente dans l'asthme et à notre connaissance, l'association avec le contrôle de l'asthme chez les adultes n'a été étudiée que dans deux études avec des résultats contradictoires. Les cytokines sont des protéines ayant un rôle dans l'inflammation chronique de l'asthme. Des thérapies ciblées par des anticorps anti-interleukine-(IL)-5 et IL-13 ont été récemment développées et ont abouti à des résultats encourageants chez certains patients, alors qu'elles sont demeurées inefficaces chez d'autres. Bien que ces cytokines soient utilisées comme cible thérapeutique pour améliorer le contrôle de l'asthme, l'association entre les niveaux de cytokines dans le sérum et contrôle de l'asthme a été peu étudiée. À notre connaissance, une seule étude cas-témoin a évalué les associations entre les profils de cytokines dans les crachats induits et le contrôle de l'asthme, et aucune étude n'a utilisé cette approche dans le sérum dans une étude prospective. Enfin, l'inflammation des voies respiratoires dans l'asthme pourrait être étudiée au plus proche du poumon à l'aide de marqueurs biologiques mesurés dans le condensat de l'air exhalé. À notre connaissance, une seule étude a étudié les associations entre les niveaux de 8-IsoPs et le contrôle de l'asthme chez l'adulte et n'a rapporté aucune association. Les résultats ont montré que les niveaux de SP-D au-dessus de la valeur médiane étaient significativement et positivement associés à la BPCO (ORa = 3,86 et Intervalle de Confiance à 95% (IC 95%) [1,[START_REF] Varraso | Nutrition and asthma[END_REF], valeur de P=0,005 et 6,26 [1.81-21.65], valeur de P=0,004 pour tous les patients BPCO et pour ceux qui sont fumeurs actuels et ex-fumeurs respectivement).

Evaluation de

Ce résultat est concordant avec les résultats rapportés dans les études antérieures. Aucune association n"a été observée entre les taux de CRP, de fibrinogène et la BPCO. Aucune association n'a été trouvée entre la SP-D et l'asthme. Un premier score (score 1) a été identifié pour le diagnostic des patients BPCO. Le seuil optimal était de 15,5 et les sensibilité et spécificité étaient de 76,4% et de 89,3% respectivement. Chez les fumeurs actuels et les exfumeurs atteints de BPCO, un deuxième score (score 2) a été identifié. Le seuil optimal était de 18,5 et les sensibilité et spécificité étaient de 77,8% et 88,5% respectivement Le nombre de participants adultes inclus dans les analyses était de 252.

Dans les analyses transversales, les taux sériques de hs-CRP ont été associés significativement à l'asthme non contrôlé, une association qui était à la limite de la significativité après En conclusion, ce travail montre l'intérêt de l'étude des profils de cytokines dans les associations avec le contrôle de l'asthme en complément de l'étude des niveaux de cytokines individuelles. Ces profils pourraient également permettre de raffiner les phénotypes de certains patients, et pourraient aider à cibler les patients souffrant d'asthme non contrôlé pour la thérapie.

Les résultats préliminaires des analyses sur les associations entre les niveaux de 8-IsoPs mesurés dans le condensat de l'air exhalé et l'asthme sont également présentés. Aucune association significative n"a été observée entre les niveaux des 8-IsoPs et les phénotypes de l"asthme. Des résultats complémentaires sont en cours afin de confirmer ces résultats préliminaires.

Conclusion

Dans la première partie de cette thèse, la SP-D a été trouvée associée significativement avec la BPCO, mais pas avec l'asthme. 

FOREWORD

Chronic respiratory diseases are chronic diseases of the airways and other structures of the lungs that represent a wide array of serious diseases (1). They strongly predict the overall health, ageing and all-cause mortality ( 2), and they are a major cause of global morbidity and mortality (3). Chronic respiratory diseases affect hundreds of millions of people of all ages (more than 50% of them live in low and middle income countries or are deprived populations)

and account for four million deaths annually (1,[START_REF] Varkey | Chronic respiratory diseases: challenges in diagnosis and prevention[END_REF]. The fraction of disability-adjusted life years (DALYs) from all chronic respiratory diseases was 44.9% among 306 diseases from 188 countries measured from 1990 till 2013 [START_REF] Gbd | Global, regional, and national disability-adjusted life years (DALYs) for 306 diseases and injuries and healthy life expectancy (HALE) for 188 countries, 1990-2013: quantifying the epidemiological transition[END_REF]. The most common chronic respiratory diseases include chronic obstructive pulmonary disease (COPD), asthma, allergic rhinitis, occupational lung diseases, sleep apnea syndrome and pulmonary hypertension [START_REF]Layout 1 -GARD_actionplan_FINAL[END_REF]. In this thesis, we will focus on COPD and asthma, the two diseases from which the global burden appears to be growing (2).

COPD is a heterogeneous disease with various clinical presentations, affecting around 210 million individuals around the world [START_REF] Lozano | Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010[END_REF]. COPD is characterized by persistent airflow limitation that is usually progressive and is the fourth leading cause of death worldwide (8).

COPD prevalence is growing especially in adults over 40 years of age, with a considerable increase with age, particularly among smokers (1). Asthma is a chronic inflammatory disease of the airways, affecting around 300 million individuals around the world [START_REF] Bousquet | Uniform definition of asthma severity, control, and exacerbations: document presented for the World Health Organization Consultation on Severe Asthma[END_REF]. It is a complex disease, with strong clinical heterogeneity and phenotypic variability over time [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. The prevalence of asthma has nearly doubled over the last decades, more particularly in westernized countries [START_REF] Antó | Recent advances in the epidemiologic investigation of risk factors for asthma: a review of the 2011 literature[END_REF]. Even though COPD and asthma are two distinct disease entities, they often present overlapping conditions of clinical features particularly among smokers and older adults. This is called the Asthma-COPD Overlap Syndrome (ACOS) [START_REF] Postma | The Asthma-COPD Overlap Syndrome[END_REF].

It is now widely recognized that ageing is largely determined throughout the life course, including the pre-birth period [START_REF] Carraro | Early-life origins of chronic respiratory diseases: understanding and promoting healthy ageing[END_REF]. Thus, in order to ensure a healthy ageing for subjects having chronic respiratory diseases, we need to better understand the pathophysiologic mechanisms of these diseases to allow a better diagnosis, treatment and prevention (3). In both COPD and asthma, the study of biological markers is of interest since they are likely to play a key role in the persistent inflammation and in the pathogenesis of these two diseases [START_REF] Stockley | Biomarkers in chronic obstructive pulmonary disease: confusing or useful?[END_REF][START_REF] Lambrecht | The immunology of asthma[END_REF]. In COPD and asthma, the inflammation is both local to the lungs and systemic [START_REF] Girdhar | Systemic inflammation and its response to treatment in patients with asthma[END_REF].

To assess systemic inflammation, biological markers from the blood are the most promising ones and are easily procured using standard venipuncture techniques [START_REF] Jaw | Unifying thoracic biomarkers: surfactant protein-D and beyond[END_REF]. Moreover, and in order to assess local inflammation in asthma, the exhaled breath condensate (EBC), which is obtained by non-invasive sample collection technique, was brought to the attention of researchers in the last decade. It is a useful tool to study the inflammatory molecules in the airway lining fluid [START_REF] Janicka | Isoprostanes-biomarkers of lipid peroxidation: their utility in evaluating oxidative stress and analysis[END_REF].

The general aim of this thesis is to study the role of biological markers in COPD and asthma.

The thesis includes two parts. The first part was performed in a study conducted in Lebanon and aimed at assessing the association between a lung specific biological marker and COPD, in comparison with two systemic markers of inflammation validated in the clinical laboratory assays. The second part was performed on French data as part of the Epidemiological study on the Genetics and Environment of Asthma (EGEA) and aimed at evaluating the cross-sectional and longitudinal associations between inflammatory biological markers from the blood and biological markers related to oxidative stress from EBC, on one hand and asthma outcomes on the other.

Two guidelines have oriented my thesis:

1-Research has recently focused on the assessment of lung specific biological markers in the diagnosis and prognosis of COPD. Thus, the first part of the thesis was focused on the role of a lung specific biological marker in COPD, an association that has not yet been evaluated in Lebanese patients.

2-

The integration of the study of biological markers in respiratory epidemiology, especially in asthma, in view of improving the respiratory health of these patients by opening new possibilities for the disease management, such as the development of new therapies, is currently a hot topic. Furthermore, and since achieving controlled asthma is an important goal in asthma management, the second part of the thesis focused on the cross-sectional and longitudinal associations between biological markers and asthma control outcomes.

The thesis is divided in four parts:

The first part is a general introduction in which general aspects regarding the epidemiology and the clinical features of COPD and asthma are presented. Since discussing all cells and cellular elements implicated in the inflammatory process associated with COPD or asthma is beyond the scope of this thesis, selected biological markers used to diagnose COPD or asthma or to predict asthma outcomes are illustrated, and the general and specific objectives are presented.

The second part presents the study conducted in Lebanon about the association between a lung specific biomarker and COPD. This part includes the methods used, the results obtained, the clinical implications of the main results, the comparison with other studies and the strengths and main limitations of the performed analyses.

The third part presents the analyses of the data selected from the EGEA study. This part includes first a description of the EGEA study. Then, the three different analyses that were carried out are presented, the association between asthma outcomes on one hand and inflammatory biological markers as well as biological markers related to oxidative stress on the other. In each analysis, the methods used, the results obtained, the clinical implications of the main results, the comparison with other studies and the strengths and main limitations of the performed analyses are presented.

The fourth and last part is a general conclusion that includes a summary of the main results from both parts of the thesis, the common strengths and limitations, the implications regarding public health, and finally the recommendations and perspectives from the thesis.

GENERAL INTRODUCTION

COPD

In this part, the general characteristics of COPD are presented regarding clinical features and epidemiological aspects.

COPD definition and overview

COPD is a heterogeneous disease with various clinical presentations. It is characterized by persistent airflow limitation that is usually progressive, not fully reversible and associated with an enhanced chronic inflammatory response in the airways and the lung to noxious particles or gases (8). The characteristic symptoms of COPD are chronic and progressive dyspnea, cough and sputum production that can vary from day to day [START_REF] Kessler | Symptom variability in patients with severe COPD: a pan-European cross-sectional study[END_REF].

A clinical diagnosis of COPD is considered in any patient who has dyspnea, a chronic cough or sputum production, and a history of exposure to the disease risk factors (tobacco smoke, smoke from home cooking and heating fuels, occupational dusts and chemicals). Spirometry original publications and 75 communications to international meetings so far [START_REF] Faner | Lessons from ECLIPSE: a review of COPD biomarkers[END_REF].

The goals of COPD management are to determine the severity of the disease, and to improve the patient"s functional status and quality of life by preserving optimal lung function, improving symptoms, and preventing the risk of future events such as the recurrence of exacerbations, the hospital admissions or death, in order to guide therapy (22). The 

Epidemiological aspects

Prevalence

There are at least 210 million persons in the world with COPD [START_REF] Lozano | Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010[END_REF]. Most data on COPD prevalence came from high income countries. COPD prevalence greatly underestimates the total burden of COPD because the disease is usually not diagnosed until it is clinically apparent and moderately advanced. Moreover, COPD prevalence presents remarkable variation due to the differences in COPD definitions between studies [START_REF] Athanazio | Airway disease: similarities and differences between asthma, COPD and bronchiectasis[END_REF]. It was estimated to range from 4% to 20% in adults over 40 years of age, with a considerable increase by age, particularly among ever-smokers and men. COPD can occur as well in subjects aged 20-44 years (1). COPD prevalence was reported to be 6% in France ( 24) and 9.7% in Lebanon [START_REF] Waked | Chronic obstructive pulmonary disease prevalence in Lebanon: a cross-sectional descriptive study[END_REF].

COPD has been classified as the 5 th (out of 306 diseases and injuries) cause of DALYs worldwide [START_REF] Gbd | Global, regional, and national disability-adjusted life years (DALYs) for 306 diseases and injuries and healthy life expectancy (HALE) for 188 countries, 1990-2013: quantifying the epidemiological transition[END_REF]. COPD is the 3 rd leading cause of death in the world causing 3 million deaths per year [START_REF] Lozano | Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010[END_REF]. Deaths attributable to COPD have increased sharply in countries where data is available. The burden of COPD is expected to increase mainly in Asia and Africa in the coming decades, due to increased tobacco use in those regions (2).

Social and economic impact

The social and economic cost of COPD is considerable both in terms of direct costs (drugs, medical visits, hospitalizations) and indirect ones (days of absences, premature death). In Europe, the total direct costs of respiratory diseases are estimated to be about 6% of the total health care budget, with COPD accounting for 56% of this cost of the respiratory disease, thus €38.6 billion per year. COPD exacerbations account for the greatest proportion of the total COPD burden on the health care system (8).

Etiological aspects

Although 90% of COPD is caused by long term cigarette smoking, only 25% of chronic tobacco smokers develop COPD [START_REF] Løkke | Developing COPD: a 25 year follow up study of the general population[END_REF]. COPD tends to occur more frequently in smokers with a family history of obstructive airways disorders including asthma and COPD. Besides smoking, there are underlying genetic factors in the development of COPD. Variants of some genes have been investigated and identified to have close associations with COPD [START_REF] Kim | Genetic variants in HHIP are associated with FEV1 in subjects with chronic obstructive pulmonary disease[END_REF][START_REF] Pabst | Toll-like receptor-9 polymorphisms in sarcoidosis and chronic obstructive pulmonary disease[END_REF].

COPD is thus a multifactorial disease resulting from complex interactions between genetic, environmental, lifestyle and social factors.

Genetic factors

Although it is relevant to some populations, the hereditary deficiency in alpha-1 antitrypsin is a genetic risk factor for COPD that shows the interaction between genes and environmental exposures leading to COPD [START_REF] Stoller | The challenge of detecting alpha-1 antitrypsin deficiency[END_REF]. Other genes have been related to a decline in lung function parameters [START_REF] Hunninghake | MMP12, lung function, and COPD in high-risk populations[END_REF].

Exposure to particles

Any type of tobacco (cigarette, waterpipe, cigar, environmental tobacco smoke...) [START_REF] Raad | Effects of waterpipe smoking on lung function: a systematic review and meta-analysis[END_REF][START_REF] Kohansal | The natural history of chronic airflow obstruction revisited: an analysis of the Framingham offspring cohort[END_REF], as well as occupational exposures (organic and inorganic dusts, chemical agents and fumes) [START_REF] Naidoo | Occupational exposures and chronic obstructive pulmonary disease: incontrovertible evidence for causality?[END_REF] and indoor pollution (biomass cooking, heating in poorly ventilated areas...) [START_REF] Ko | Air pollution and chronic obstructive pulmonary disease[END_REF] are all risk factors for COPD. Outdoor air pollution is a potential risk factor for COPD, but more research is required to clarify its role in the initiation of COPD [START_REF] Atkinson | Long-term exposure to outdoor air pollution and the incidence of chronic obstructive pulmonary disease in a national English cohort[END_REF].

Age and sex

Age is known to be a risk factor for COPD, but it is unclear if this is the result of the cumulative exposures throughout life. Males have a higher COPD prevalence than females.

However, COPD prevalence in females has recently been reported to be equal to that in males, probably due to changes in tobacco smoking habits [START_REF]Burden of COPD[END_REF].

Lung growth and infections

Factors that affect lung growth during gestation and childhood (low birth weight, lung infections...) have the potential of increasing an individual"s risk of developing COPD [START_REF] De Marco | Risk factors for chronic obstructive pulmonary disease in a European cohort of young adults[END_REF][START_REF] Svanes | Early life origins of chronic obstructive pulmonary disease[END_REF]. Moreover, it has been demonstrated that childhood asthma and childhood respiratory infections have much the same impact on adult lung function and the risk of COPD as heavy smoking [START_REF] Svanes | Early life origins of chronic obstructive pulmonary disease[END_REF], suggesting that COPD can be considered as a disease of childhood that manifests in adults [START_REF] Voraphani | Risk of current asthma among adult smokers with respiratory syncytial virus illnesses in early life[END_REF][START_REF] Postma | Risk factors and early origins of chronic obstructive pulmonary disease[END_REF].

Other respiratory diseases

Asthma and chronic bronchitis might be risk factors for COPD development. After adjusting for smoking, adults with asthma had a higher risk of having COPD than those without asthma [START_REF] Silva | Asthma as a risk factor for COPD in a longitudinal study[END_REF]. Another study has reported that chronic bronchitis in younger adult smokers is associated with a higher risk of having COPD [START_REF] Guerra | Chronic bronchitis before age 50 years predicts incident airflow limitation and mortality risk[END_REF].

Asthma

In this section, general characteristics of asthma are presented regarding the clinical features and the epidemiological aspects.

Asthma definition and overview

Asthma is a common and potentially serious chronic inflammatory disease of the airways, clinically characterized by recurring respiratory symptoms, such as wheezing, shortness of breath, chest tightness and cough. The symptoms are associated with variable expiratory airflow (e.g., difficulty breathing air out of the lungs due to bronchoconstriction (airway narrowing), airway wall thickening, and increased mucus) caused by airway inflammation.

The symptoms may be triggered or worsened by factors such as allergens, tobacco smoke, viral infections, exercise and stress. Moreover, variable airflow obstruction that is reversible and may resolve spontaneously or in response to medication, and airway hyperresponsiveness (AHR) to allergen, pharmacologic or physiological stimuli are as well asthma characteristics (43). Furthermore, an important pathogenic feature of asthma is the imbalance of oxidative stress and antioxidant capacities [START_REF] Mittal | Reactive oxygen species in inflammation and tissue injury[END_REF][START_REF] Chung | Molecular mechanisms of oxidative stress in airways and lungs with reference to asthma and chronic obstructive pulmonary disease[END_REF].

In asthma, strong clinical heterogeneity and phenotypic variability are observed (Figure 1) [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. Its clinical expression varies over time (during the same day, month, depending on seasons or years) in its occurrence, frequency and intensity. Asthma patients may experience periods of remission, sometimes followed by a relapse of symptoms [START_REF] Taylor | Asthma in remission: can relapse in early adulthood be predicted at 18 years of age?[END_REF]. Asthma usually occurs during childhood but can also occur at any age. During childhood, boys has a higher risk of developing asthma than girls whereas after puberty, the risk in men is lower [START_REF] Melgert | Are there reasons why adult asthma is more common in females?[END_REF]. For many years, asthma had been considered as a single disease, but now it is well-known that asthma consists of multiple phenotypes. Recent studies have focused on asthma heterogeneity, which has promoted the concept that asthma consists of multiple phenotypes or of consistent groupings of characteristics. Asthma heterogeneity can be observed at different levels: clinical (e.g. control of the disease, evolution of the disease), biological (e.g. allergic/non-allergic, eosinophilic/non-eosinophilic inflammation), or etiological [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. Many years ago, asthma was considered to be an allergic, eosinophilic and TH2-(T-helper type 2 lymphocytes) mediated disease, but epidemiological studies have shown that atopic asthma is observed in less than half of the cases [START_REF] Pearce | How much asthma is really attributable to atopy?[END_REF]. Other phenotypes include late-onset asthma, and asthma with obesity or with fixed airflow limitation (43,[START_REF] De Nijs | Adult-onset asthma: is it really different?[END_REF]. Epidemiological research performed over the past decade has identified novel phenotypes able to simultaneously integrate multiple disease features [START_REF] Xie | A global perspective in asthma: from phenotype to endotype[END_REF][START_REF] Siroux | The investigation of asthma phenotypes[END_REF]. Examples of these phenotypes include early-onset mild allergic asthma, severe non-atopic asthma with frequent exacerbations... [START_REF] Moore | Identification of asthma phenotypes using cluster analysis in the Severe Asthma Research Program[END_REF][START_REF] Siroux | Identifying adult asthma phenotypes using a clustering approach[END_REF][START_REF] Schatz | Phenotypes determined by cluster analysis in severe or difficult-to-treat asthma[END_REF][START_REF] Prosperi | Challenges in identifying asthma subgroups using unsupervised statistical learning techniques[END_REF], but understanding poorly controlled asthma phenotype remains the great unmet clinical need [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. Asthma control, which reflects the activity of the disease over a short period of time, and asthma severity, which reflects the intrinsic severity of the disease, are important in evaluating patients and their response to treatment [START_REF] Bousquet | Uniform definition of asthma severity, control, and exacerbations: document presented for the World Health Organization Consultation on Severe Asthma[END_REF]. The control of asthma has incorporated both symptom control over the past 4 weeks (assessed with day and night symptoms, use of reliever therapies, and activity limitations) and the risk factors for poor asthma outcomes (risk factors at diagnosis, particularly for patients having exacerbations, low lung function, risk factors for developing fixed airflow limitation and for medication side effects) (43,[START_REF] Siroux | Phenotypic determinants of uncontrolled asthma[END_REF].

Over the recent decades, the public health priority has been to improve the assessment and management of asthma, thus to achieve and maintain optimal asthma control by reducing airway inflammation and preventing fixed airway obstruction (43,[START_REF] Beasley | Risk factors for asthma: is prevention possible?[END_REF]. The fine-tuning and regular intake of medications even in the absence of symptoms, the identification of triggers, the use of a written action plan and the facilitation of self-management education may help to achieve asthma control. Reliever medications such as SABA, associated with anticholinergic drugs and oral corticosteroids or not, are used to reverse bronchoconstriction occurring during exacerbations. Maintenance therapies are based on ICS, associated or not with LABA or other medications according to the control of the disease (43). LABA might increase severe attacks and mortality in some subpopulations of subjects with asthma [START_REF] Dixon | Long-acting β-agonists and asthma: the saga continues[END_REF].

Epidemiological aspects

Prevalence

Around 300 million individuals are affected by asthma worldwide [START_REF] Bousquet | Uniform definition of asthma severity, control, and exacerbations: document presented for the World Health Organization Consultation on Severe Asthma[END_REF]. The prevalence of asthma or respiratory symptoms associated with asthma is higher in children than in adults [START_REF] Masoli | The global burden of asthma: executive summary of the GINA Dissemination Committee report[END_REF]. It has nearly doubled over the past decades, more particularly in westernized countries [START_REF] Antó | Recent advances in the epidemiologic investigation of risk factors for asthma: a review of the 2011 literature[END_REF]. It is also higher in industrialized countries and is associated with the adoption of an urban lifestyle in developing countries [START_REF] Robinson | Effect of urbanisation on asthma, allergy and airways inflammation in a developing country setting[END_REF][START_REF] Eder | The asthma epidemic[END_REF]. It is estimated that an additional 100 million people will have asthma by 2025 (2). A large study conducted among 178,215 adults from 70 countries in 2002-2003 estimated the prevalence of physician-diagnosed asthma at 4.3% worldwide, ranging from 0.2% (in China) to 21.0% (in Australia) [START_REF] To | Global asthma prevalence in adults: findings from the cross-sectional world health survey[END_REF]. However, while the prevalence of asthma is still increasing in some countries, it has been suggested that the increase in the asthma epidemic is coming to an end in some countries with a high prevalence of the disease [START_REF] Eder | The asthma epidemic[END_REF][START_REF] Bousquet | The public health implications of asthma[END_REF]. In 2006, more than 10% of the whole population in France had ever had asthma and the prevalence of current asthma, defined by the presence of asthma symptoms or the use of asthma medication in the past 12 months, was of 7% [START_REF]L"asthme en France en[END_REF]. In 2009, in Lebanon, the prevalence of ever having asthma was 8.3% among 13 to 14 year-old students [START_REF] Musharrafieh | Prevalence of asthma, allergic rhinitis and eczema among Lebanese adolescents[END_REF], and the prevalence of physician diagnosed asthma was estimated to be 4.8% among 5 to 12 year-old students [START_REF] Waked | Asthma, allergic rhinitis and eczema in 5-12-year-old school children across Lebanon[END_REF]. Asthma has been classified as the 28 th (out of 291 diseases) cause of DALYs worldwide [START_REF] Murray | Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010[END_REF]. It is estimated that around 200,000 people die prematurely each year as a result of asthma, with over 80% of these deaths occurring in low-and middle-income countries [START_REF] Pawankar | Allergic diseases and asthma: a major global health concern[END_REF][START_REF] Anandan | Is the prevalence of asthma declining? Systematic review of epidemiological studies[END_REF]. Uncontrolled asthma, defined according to the recommendations of the Global INitiative for Asthma (GINA), affects one third of the subjects with asthma in Europe, with significant geographical variability (20% to 67% depending on the country, about one third in France) [START_REF] Cazzoletti | Asthma control in Europe: a real-world evaluation based on an international population-based study[END_REF].

Economic and social impact

The social and economic cost of asthma is considerable both in terms of direct costs (drugs, medical visits, hospitalizations) and indirect ones (disease stops, days of absences, premature death). The total cost of asthma is approximately €17.7 billion per year in Europe ( 71), and €1.5 billion per year in France [START_REF]Programme d"action, de prévention et de prise en charge de l"asthme (2002-2005[END_REF]. Patients with severe or poorly controlled asthma are the ones that concentrate the largest expenditures [START_REF] Bahadori | Economic burden of asthma: a systematic review[END_REF][START_REF] Accordini | The cost of persistent asthma in Europe: an international population-based study in adults[END_REF].

Etiological aspects

Asthma is a multifactorial disease resulting from complex interactions between genetic, environmental, lifestyle and social factors [START_REF] Antó | Recent advances in the epidemiologic investigation of risk factors for asthma: a review of the 2011 literature[END_REF]. In a recent international workshop on asthma and allergies, Bousquet et al. confirmed the importance of gene-environment interactions as well as early-life risk factors [START_REF] Bousquet | Birth cohorts in asthma and allergic diseases: report of a NIAID/NHLBI/MeDALL joint workshop[END_REF]. However, the causation of asthma remains largely unknown.

Genetic factors

Asthma has an important genetic component. As of 2011, 173 genes have been associated

with asthma or clinical conditions related to it [START_REF] Laprise | To define the biological nature of asthma[END_REF]. Interactions between genes and environmental factors were reported; therefore, research is now focusing on the development of gene-gene and gene-environment interaction studies, including epigenetic alterations [START_REF] Kauffmann | Gene-environment interactions in asthma and allergic diseases: challenges and perspectives[END_REF][START_REF] Rava | Gene-environment interactions in the study of asthma in the postgenomewide association studies era[END_REF].

Environmental factors

Exposure to indoor environment (allergens such as dust mites, pets (mainly cats and dogs), cockroaches, mice and fungi) is an important risk factor for the development and exacerbations of allergic asthma [START_REF] Moual | Environment and asthma in adults[END_REF]. Contact with livestock in the farming environment during childhood, causing optimal immunological maturation may provide a healthy lifestyle for those at risk of developing allergic asthma [START_REF] Sozańska | Consumption of unpasteurized milk and its effects on atopy and asthma in children and adult inhabitants in rural Poland[END_REF][START_REF] Varraso | Farming in childhood, diet in adulthood and asthma history[END_REF]. Exposure to air pollution, which causes inflammation, can increase asthma outcomes such as exacerbations, emergency visits and increased medication intake [START_REF] Moual | Environment and asthma in adults[END_REF]. Asthma is now the first occupational respiratory disease in adults, and more than 400 agents have been specifically identified as disease-related [START_REF] Lemiere | Occupational asthma: new deleterious agents at the workplace[END_REF]. The role of exposure to cleaning products is reported to explain part of the increase in asthma prevalence observed in most developed countries (43,[START_REF] Zock | Update on asthma and cleaners[END_REF].

Smoking

Tobacco smoke contains several chemicals, which promote oxidative stress leading to inflammation, thus to asthma [START_REF] Moual | Environment and asthma in adults[END_REF]. Maternal smoking during pregnancy and exposure to tobacco smoke during childhood increase the risk for the child to have asthma during adolescence [START_REF] Beasley | Risk factors for asthma: is prevention possible?[END_REF]. In contrast, the effects of both passive and active smoking on asthma in adults are more unclear. Tobacco exposure has an effect on asthma control; smoking asthma patients have more symptoms, exacerbations and higher risk of hospitalizations than nonsmoking asthma patients [START_REF] Pietinalho | Linkage between smoking and asthma[END_REF].

Diet, obesity and physical activity

The dietary regimes (less fruit/vegetables, more ready to eat meals), the obesity epidemic, and the decrease in physical activity, have been suggested to play a role in the increase of asthma worldwide [START_REF] Varraso | Nutrition and asthma[END_REF]. It is still discussed whether the decrease in physical activity relates more to the evolution than the development of asthma [START_REF] Eijkemans | Physical activity and asthma: a systematic review and meta-analysis[END_REF].

Socio-economic factors

The role of socio-economic status (SES) in asthma has been rarely discussed in the literature even though it is related to air pollution, smoking, nutrition and occupation [START_REF] Antó | Recent advances in the epidemiologic investigation of risk factors for asthma: a review of the 2011 literature[END_REF]. Measuring SES is difficult in epidemiological studies since variables can be taken into account either at individual level or at area level. At the individual level, lower SES was reported to be associated with more severe/symptomatic asthma or poorly controlled asthma, and poor adherence to ICS was reported to be associated with lower income and lower educational level [START_REF] Moual | Environment and asthma in adults[END_REF].

Lung growth and infections

Factors that affect lung growth during gestation or childhood such as pre-term birth (<37 weeks), low birth weight (<2.5 kg) and high infant weight gain (>600 g/month) are associated with subsequent risk of asthma in childhood [START_REF] Sonnenschein-Van Der Voort | Preterm birth, infant weight gain, and childhood asthma risk: a meta-analysis of 147,000 European children[END_REF]. In adults, the risk of asthma is increased with self-reported recent lower or upper respiratory tract infection or atopy [START_REF] Rantala | Respiratory infections precede adult-onset asthma[END_REF].

COPD and asthma comorbidities and differential diagnosis

Several comorbidities, such as cardiovascular diseases (CVD), osteoporosis, depression and lung cancer are commonly present in patients with COPD (8). Asthma as well may often coexist with other diseases, such as obesity, gastro esophageal reflux disease (GERD), anxiety and depression, food allergy and anaphylaxis, rhinitis, sinusitis and nasal polyps (43).

Even though some features may help to diagnose COPD (onset in mid-life, slow progression of symptoms, history of tobacco smoking or exposure to other types of smoke) and asthma (early onset in life, variation of symptoms from day to day and getting worse at night or in the early morning, presence of allergy, rhinitis and/or eczema and a family history of asthma), in some patients (particularly smokers and older adults), a clear distinction between both diseases is not possible (8,43). COPD and asthma often present overlapping conditions of clinical features called the ACOS. The ACOS is characterized by persistent airflow limitation with several features associated on the one hand with asthma, and on the other with COPD and is therefore identified in clinical practice [START_REF] Postma | The Asthma-COPD Overlap Syndrome[END_REF]89). A systematic literature review reported that the prevalence of asthma-COPD overlap was approximately 20% in patients with obstructive airway disease (asthma or COPD) and was consistent across study designs and varying definitions [START_REF] Gibson | Asthma-COPD overlap 2015: now we are six[END_REF].

Biological markers in epidemiological studies

The biological markers are in the continuum between the exposure from the environment and the disease [START_REF] Vineis | Integrating biomarkers into molecular epidemiological studies[END_REF]. Integrating their measurement in epidemiological studies of complex diseases may be pertinent in order to better understand the etiology of these diseases, and therefore, to refine the phenotypes. The types of biological markers were defined in 1987 by the National Academy of Sciences (NAS) [START_REF] Council | Biological Markers in Environmental Health Research[END_REF] upon the work of Perera and Weinstein [START_REF] Perera | Molecular epidemiology and carcinogen-DNA adduct detection: new approaches to studies of human cancer causation[END_REF] and were categorized as follows: biological markers of exposure, of effect and of susceptibility. These categories have been extensively discussed mainly with regard to pulmonary diseases. A biological marker of exposure is an exogenous substance or the product of an interaction between a xenobiotic agent and a molecule measured in an organism.

A biological marker of effect is a measurable biochemical, physiologic, or other alteration within an organism that could be a potential health impairment or disease. A biological marker of susceptibility is an indicator of an acquired limitation of an organism's ability to respond to the challenge of exposure to a specific xenobiotic substance. Then, the continuum between exposure (E) and the development of clinical disease (CD) has been elaborated to include the following classes of biological markers: internal dose (ID), biological effective dose (BED), early biological effects (EBE), altered structure and function (ASF), and biological markers of prognostic significance (PS) (94) (Figure 2). In this thesis, we will focus on CD, ASF and PS biological markers. Abbreviations: E, exposure; ID, internal dose ; BED, biological effective dose; EBE, early biological effects; ASF, altered structure and function; CD, clinical disease; PS, prognostic significance.

The considerable progress made in biology in the past 50 years has generated more than 30,000 reports on biological markers, but less than one thousand (3%) have emerged as clinically useful (Diagnostic and Prognostic biomarkers SciClips database). In the future, advanced bioinformatics will help the use of new biological markers in clinical practice by improving the quality and standardization of input data in the databases, refining the definition of prognostic or predictive markers, and establishing links between existing databases [START_REF] Pritzker | Bioinformatics advances for clinical biomarker development[END_REF]. Biological markers included in epidemiological studies need to be valid, reliable and practical [START_REF] Schulte | Biomarkers in epidemiology: scientific issues and ethical implications[END_REF]. The best biological markers for the future should be indicators of a normal or pathological biological process, of the presence of pathogens, or of the response to a therapeutic intervention.
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Biological markers in COPD and asthma

In order to assess COPD or asthma presence, severity or state such as progression or response to treatment, clinically assessable biological markers are needed and have become a hot topic.

Inflammation, which is associated with both COPD and asthma, is a highly complex, interrelated network of cells and cellular elements [START_REF] Stockley | Biomarkers in chronic obstructive pulmonary disease: confusing or useful?[END_REF][START_REF] Lambrecht | The immunology of asthma[END_REF] and could be assessed through the biological markers measurements. Moreover, biological markers research in asthma has recently focused on the multidimensional approach, thus the combination of various markers instead of the assessment of the value of biological markers studied separately [START_REF] Vijverberg | Clinical utility of asthma biomarkers: from bench to bedside[END_REF], as well as biomarkers obtained using non-invasive sampling techniques [START_REF] Voynow | Isoprostanes and asthma[END_REF].

It is clearly beyond the scope of this thesis to discuss all cells and cellular elements (such as cytokines, proteins....) implicated in the inflammatory or pathogenic processes associated with COPD or asthma, which is a large body of literature. Thus, selective biological markers investigated in the study performed in Lebanon as clinical biomarkers for COPD or asthma (serum C-reactive protein (CRP) and surfactant protein D (SP-D) and plasma fibrinogen) or in the French EGEA study as predictors of asthma control (serum high-sensitivity CRP (hs-CRP), serum cytokines and EBC 8-IsoProstanes (8-IsoPs)) will be illustrated.

C-reactive protein (CRP) and high-sensitivity C-reactive protein (hs-CRP)

CRP is the first acute-phase protein to be described and is a highly sensitive systemic marker of inflammation, infection and tissue damage. CRP is predominantly produced and secreted by hepatocytes although other cells including alveolar macrophages may also synthesize it under the control of pro-inflammatory cytokines, mainly Interleukin-6 (IL-6) [START_REF] Allam | High sensitivity Creactive protein: its correlation with sputum cell counts in bronchial asthma[END_REF]. In healthy subjects, CRP is increased with increasing age and body mass index (BMI), in women and in heavy smokers (100,101). In addition, CRP is probably the most non-specific marker of inflammation and is not particularly a good marker of respiratory health outcomes or rate of decline in lung function in COPD patients because the predominant source of circulating CRP is the liver and not the lungs (102,103). There has been no clear mechanism to implicate CRP in the pathophysiology of COPD, and it does not reflect known genetic polymorphism, although CRP levels are genetically determined, suggesting it is merely a general marker of the underlying inflammatory process associated with COPD [START_REF] Stockley | Biomarkers in chronic obstructive pulmonary disease: confusing or useful?[END_REF]. High CRP levels were associated with increased hospitalizations although probably reflecting disease severity (104).

CRP levels are higher during exacerbations, most probably when the cause is bacterial (105).

Thus, they can be used to distinguish between exacerbations with or without bacterial infections (106). Regarding the association with lung function tests, results have been inconsistent, with reports of weak to moderate unadjusted correlations between FEV 1 and CRP (107-109). CRP has shown high variability over time when measured at baseline and 3

months later (110). It seems, according to a review conducted in 2014, that CRP causal role in COPD is controversial and that CRP may not be a suitable biological marker for COPD due to the conflicting reports regarding its value to predict mortality and hospitalizations, its low specificity and high variability (111). Regarding CRP and asthma, it has been reported that the mean CRP levels of patients with asthma and rhinitis were not significantly different from those of healthy control groups (112). Another study reported that CRP levels did not discriminate between COPD and asthma patients ( 113). The hs-CRP test is able to detect small amounts of the protein in the serum, 0.5-10 mg/L versus 10-1000 mg/L for regular CRP test. Serum hs-CRP test was reported to be suitable for the detection of systemic inflammation in asthma [START_REF] Allam | High sensitivity Creactive protein: its correlation with sputum cell counts in bronchial asthma[END_REF]100,114) as CRP levels were significantly elevated in neutrophilic asthma, which is more severe and represents an increased systemic inflammation (115). Moreover, serum hs-CRP levels correlated with asthma characteristics such as BHR (100), FEV 1 (116), and sputum cytology (117). However, other studies have reported contradictory results regarding the above mentioned associations (118,119). Overall, hs-CRP appears to be clinically more reliable as a marker of asthma when compared to ordinary CRP.

Fibrinogen

Fibrinogen is an acute phase protein and a blood clotting factor which is synthesized by hepatocytes and released in large amounts into the circulation primarily in response to IL-6 stimulation (120,121). In healthy subjects, positive associations were reported between fibrinogen and age and female gender (122). It is possible that fibrinogen could be used as a non-invasive measurement of ongoing airway inflammation and lung tissue destruction.

Circulating fibrinogen levels were shown to be significantly higher in COPD patients compared to controls (123,124). Plasma fibrinogen levels are higher in COPD patients with frequent exacerbations and are associated with hospitalizations (124,125). Conflicting results

were reported regarding the association between fibrinogen and lung function parameters in COPD patients (126,127). No genetic polymorphisms of fibrinogen levels have been identified in COPD although circulating fibrinogen levels are genetically determined, indicating that fibrinogen is also more likely to be a reflective feature of COPD rather than a causal factor (125). Even though studies indicate that therapy can reduce fibrinogen levels, it remains unknown whether this affects progression or other outcomes (125). Serum SP-D was reported to be significantly higher in COPD patients compared to controls (130,131,139) and during exacerbation of COPD compared to stable COPD (139,140).

Among smokers, most studies have reported reduced levels of SP-D in broncho-alveolar lavage (BAL) (130,141) and increased circulating levels (130,131,142). Conflicting results

were reported regarding the association between SP-D and lung function tests in COPD patients (130,131,143,144). Several single nucleotide polymorphisms (SNPs) are associated with serum SP-D levels in COPD patients (111). Furthermore, there is no clear evidence regarding the associations between SP-D levels and asthma. Some have reported an increase in serum SP-D levels in asthma patients (145) while others have reported no significant difference in serum SP-D levels between controls and asthma patients (142).

Cytokines

Cytokines are small proteins (sometimes classified as peptides and can also be glycosylated)

that are secreted by a variety of cellular sources acting either on the cells producing them or on the surrounding cells. Some of them can also act on distant cells. They play an important role in cell signaling. Cytokines have been named based on their numerical order of discovery Furthermore, this approach seems to be more powerful since it allows the identification of pools of cytokines with diagnostic performance superior to single cytokines in terms of sensitivity, specificity and robustness [START_REF] Vijverberg | Clinical utility of asthma biomarkers: from bench to bedside[END_REF]. However, it has been reported that recent studies utilizing multiplex analysis for the parallel analysis of multiple cytokines within one serum/plasma sample have neglected to include anti-inflammatory cytokines (such as receptor antagonists) (97).

8-isoprostanes

The exhaled breath condensate (EBC) was introduced in the mid-1990s as a new technique for measuring airway oxidative stress in lung diseases. It is a non-invasive method that can be carried out on mechanically ventilated patients as well as on children. Oxidative stress, which is characterized by an imbalance between increased exposure to free radicals, mainly derived from oxygen, and antioxidant defenses, is involved in the pathophysiology of asthma. Lipids are a major target of free radical attacks, which induce lipid peroxidation. One of the major biological markers for the successful measurement of oxidative stress in EBC is the 8-IsoPs (159). The IsoPs are prostaglandin (PG)-like substances that are produced in vivo independently of cyclooxygenase (COX) enzymes, primarily by free radical-induced lipid peroxidation of arachidonic acid [START_REF] Janicka | Isoprostanes-biomarkers of lipid peroxidation: their utility in evaluating oxidative stress and analysis[END_REF]. They are chemically stable, formed in vivo and are the most specific markers of lipid peroxidation. Elevated IsoPs levels have been associated with inflammatory pulmonary diseases. 8-IsoPs levels were found to be elevated in the EBC of asthma patients compared to healthy controls, but this increase was related to the disease severity [START_REF] Voynow | Isoprostanes and asthma[END_REF]. Moreover, it has been reported that 8-IsoPs levels were not affected by ICS therapy in children having asthma [START_REF] Voynow | Isoprostanes and asthma[END_REF]160).

Objectives and flow of the thesis

As previously mentioned, the general objective of the thesis is to study the role of biological markers in COPD and asthma. The thesis includes two specific objectives:

o The first specific objective was to assess the association between serum SP-D levels and COPD, an association that has not yet been evaluated in Lebanese patients, in comparison with serum CRP and plasma fibrinogen levels among subjects consulting for respiratory diseases or symptoms and to search for the optimal cut-off point able to discriminate COPD patients from controls using SP-D levels.

In reply to the first specific objective, a case-control study was performed in Lebanon. As COPD diagnosis is confirmed by spirometry (8), and since spirometry is a difficult technique, that is not always available, requires a certain expertise for its interpretation and is poorly correlated with disease severity (161,162), an alternative is needed. Research has recently focused on the measurement of a variety of biological markers that appear to exhibit a utility in the diagnosis and prognosis of COPD. Among these biological markers, the circulating levels of systemic markers of inflammation, such as C-reactive protein (CRP) and fibrinogen, are validated in clinical laboratory assays [START_REF] Faner | Lessons from ECLIPSE: a review of COPD biomarkers[END_REF]. They have been shown to reflect the degree of severity of airway inflammation [START_REF] Allam | High sensitivity Creactive protein: its correlation with sputum cell counts in bronchial asthma[END_REF]124), but they are not lung-specific (125,163,164).

Therefore, associations between a pulmonary-specific marker, SP-D and COPD were investigated (130,131). In this study, it was hypothesized that SP-D is a more specific biological marker than CRP or fibrinogen for the differentiation of COPD patients among individuals consulting for respiratory symptoms or diseases, including those with asthma.

Therefore, the associations of SP-D, CRP and fibrinogen with patients with COPD or asthma were investigated. The optimal cut-off point able to discriminate COPD patients from controls using serum SP-D levels was also sought.

o The second specific objective was to assess the cross-sectional and longitudinal associations between asthma outcomes and serum CRP levels, serum cytokine profiles as well as EBC 8-IsoPs levels respectively.

In reply to the second specific objective, data from the EGEA study was used and three different analyses were performed including systemic as well as EBC biological markers of damage due to oxidative stress.

As the chronic inflammation in asthma is orchestrated by multiple cells and biological markers through complex interactions (148), and as little is known about the associations of these biological markers with asthma control outcomes, especially in a prospective design, the association between systemic markers, such as CRP levels (first analysis) and cytokine profiles (second analysis) and asthma outcomes were evaluated. Hs-CRP levels were chosen since hs-CRP is useful for the detection of low grade systemic inflammation present in asthma and to our knowledge, its association with asthma control in adults was previously investigated in two studies using cross-sectional designs and conflicting results were reported (165,166). Then, the associations between serum cytokines profiles and asthma outcomes were performed because recently, target-directed therapies with anti-Immunoglobulin (Ig) E or anti-interleukin (IL)-5 and anti-IL-13 antibodies were developed. However, these therapies have shown encouraging results in some patients, while they remained ineffective in others (167,168). Although cytokines are used as target therapy to improve asthma control (43,169), little is known about their association with asthma control outcomes. To our knowledge, only one case-control study has evaluated associations between cytokine profiles in sputum and asthma control outcomes (156), and no study has used this approach in serum within a prospective design.

Moreover, biological markers potentially related to asthma could also be measured in EBC.

Thus, the associations between EBC 8-IsoPs and asthma outcomes were evaluated (third analysis). EBC has raised the hope of finding an easy, non-invasive and reliable method to measure biological markers in asthma. As far as we know, a single study has assessed the relation between 8-IsoPs and asthma control using asthma control test (ACT) in 25 asthma patients and by performing univariate analyses and reported no correlation (170).

In the three above mentioned analyses, it was hypothesized that biological markers could predict asthma outcomes, and therefore longitudinal associations were also sought.

EVALUATION OF SP-D AS A BIOMARKER FOR COPD

This part is devoted to assess the association between serum SP-D, a lung specific biological marker, and COPD, an association that has not yet been evaluated in Lebanese patients, and to find a cut-off point able to discriminate COPD patients from controls using serum SP-D levels.

Material and methods

Study design and participants

A case-control study was conducted and the data collection, entry and statistical analyses took 

Questionnaire

A standardized questionnaire, adapted to the local Arabic language, was filled out by all participants with the assistance of trained interviewers. The questionnaire included detailed information on the socio-demographic characteristics, exposure to the disease risk factors, clinical assessment of the disease and its symptoms using the American Thoracic Society (ATS) questionnaire (175), the "MRC" breathlessness scale (176), and smoking history.

Blood collection and pulmonary function tests

Before pulmonary function tests, venous blood samples with or without anticoagulant were withdrawn from all participants, immediately transported at 4°C to the Immunology Laboratory of the Lebanese University and centrifuged at 4°C within 12 hours after withdrawal. Plasma and serum were then aliquoted and stored frozen at -20°c until their analysis within 6 months.

All participants underwent baseline spirometry by a trained physician. Reversibility assessments (post-bronchodilator spirometry) were performed following the inhalation of two puffs of Ventoline (albuterol) with 30 minutes after baseline spirometry. Calibrator, controls and samples were added at a dilution of 1:10 and incubated overnight at 4°C. This was followed by successive incubations with biotinylated monoclonal anti-human SP-D antibody (dilution 1:2,000; Grith Sorensen´s laboratory), horseradish peroxidase-conjugated streptavidin (cat.no., 43-4323; dilution 1:20,000; Zymed; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and o-phenylenediamine (Zymed; Thermo Fisher Scientific, Inc.) in citrate-phosphate buffer pH 5, containing 0.014% H2O2. Plates were read at 492 nm in a multichannel spectrophotometer (Bio-Tek ELx800 (BioTek instruments, Inc., Vermont, USA)) after adding H2SO4. Serum CRP and plasma fibrinogen levels were measured using double antibody sandwich ELISA kits (Immunology Consultants Laboratory, Inc., Portland, OR, USA) according to the manufacturer's protocol. All samples were tested in duplicate. The coefficient of variation was 4.8% for SP-D, 2.7% for CRP, and 2% for fibrinogen.

Statistical analyses

Fibrinogen was normally distributed, whereas SP-D and CRP levels were not even after log10 transformation. Results are expressed as median (interquartile ranges). Differences between groups were tested using the T-test or Chi-squared when appropriate (non-parametric tests gave same results). Associations between biological markers and lung function parameters in COPD patients were estimated using generalized linear models with adjustment for age (continuous), sex, smoking (ever-smokers versus non-smokers) and BMI classes.

Three logistic regressions models were used to evaluate the association between SP-D and COPD. In the first and second regressions, COPD patients versus controls were used as dependent variable. The independent variables were SP-D expressed as above/below the median value, and all potential confounding variables such as age, sex, smoking and BMI classes, and all the remaining socio-demographic characteristics and respiratory symptoms (cough, wheezing and expectoration) having P-values < 0.20 in the univariate analyses. In the first regression, smoking was forced into the model since serum SP-D levels were previously reported to be higher in smoker subjects (131). As a sensitivity analysis, the second regression was performed in ever-smokers (smokers and ex-smokers) only. Then, in order to confirm the ability of SP-D to differentiate patients with COPD from those with asthma, a third regression including COPD versus asthma patients as the dependent variable was performed.

The adjusted odds ratios (aORs) obtained from the first and second regressions respectively were then rounded to the nearest units and used as coefficients in the calculation of score 1 (for all COPD patients and controls) and score 2 (for ever-smoker COPD patients and controls) with the purpose of predicting COPD diagnosis. Receiver-operating characteristic (ROC) curves were then generated in order to determine the ability of the scores 1 and 2 to discriminate between patients with COPD and controls. The ROC curve is a graphical technique widely accepted as a method for selecting an optimal cut-off point for a test able to discriminate between subjects with and those without disease and at which optimal sensitivity and specificity are achieved. Moreover, it allows the assessment of the diagnostic accuracy of a test. The curve is obtained by calculating the sensitivity and specificity of the test at every possible cut-off point, and plotting sensitivity (on the y axis) against 1-specificity (on the x axis). The shape of the curve reflects the overall strength of association between the underlying test and the disease status. The best cut-off point for balancing the sensitivity and specificity of a test is the point on the curve closest to the (0, 1) point. Optimal sensitivity and specificity are defined as those yielding the minimal value for (1-sensitivity)2 +

(1-specificity)2. The cut-off point corresponding to these sensitivity and specificity values is the one closest to the (0, 1) point and is considered to be the best point that differentiates between subjects with and those without disease. The total area below the ROC curve is known as the area under the curve (AUC) ( 178). An AUC > 0.8 is considered to reflect a good accuracy of the diagnostic test (179). P-values < 0.05 were considered to indicate a statistically significant difference. All analyses were performed using SPSS software, version 17.0 (SPSS, INc., Chicago, IL, USA).

Sample size calculation

According to a previous study on SP-D in COPD (180), the smallest difference that could exist between healthy individuals and patients with COPD was 56.6 ng/mL, while the standard deviation (SD) was 80.2 ng/mL. With an alpha error of 5%, a power of 80%, a minimum of 32 patients and 64 controls was required for the study (181).

Results

Participants' characteristics

Characteristics of COPD and asthma patients and controls are described in Table 1. The three groups were significantly different regarding age, sex, smoking, marital status and education.

Compared with controls, patients with COPD were more frequently men, ever-smokers and unmarried (all P-values ≤ 0.003); while patients with asthma were younger, more often unmarried, non-smokers and were more likely to have a university degree (all P-values ≤ 0.02). Compared to asthma patients, COPD patients were older, more frequently men, eversmokers and were less likely to have a university degree (all P-values ≤ 0.001). No other significant associations were found. Ever-smokers: Current and ex-smokers.

Associations between biological markers and COPD and asthma -Univariate analyses

The three groups were significantly different regarding SP-D levels only. Serum SP-D levels were significantly increased in COPD patients as compared with controls and with asthma patients. There were no significant differences in SP-D levels between asthma patients and controls. No other significant associations were observed (Table 2). No significant associations were identified between biological markers and FEV 1 % predicted or FEV 1 /FVC following the administration of a bronchodilator in COPD patients (Table 3). SP-D, surfactant protein-D; CRP, C-reactive protein; CI: confidence interval.

Associations between SP-D and COPD -Multivariate analyses

Multivariate analyses performed on all COPD patients and controls showed that having SP-D levels above the median value, being a man, being unmarried and having symptoms such as a morning cough, cough during the day and wheezing during the day were significantly and positively associated with COPD (Table 4a). The same associations were observed in eversmoker COPD patients and controls (Table 4b).

In the third regression (Table 4c) with COPD patients versus asthma patients as the dependent variable, SP-D levels above the median value, older age, being a man and having a morning cough were significantly and positively associated with COPD. COPD, chronic obstructive pulmonary disease; Ever-smokers: Current & ex-smokers.

Construction, properties and thresholds of the scores for COPD diagnosis

Taking into account the aORs from the first regression (from Table 4a) and rounding to the nearest unit, a first score (score 1) for COPD diagnosis was computed as follows:

Score 1 = (SP-D above/below the median x 4) + (sex x 3) + (marital status x 3) + (cough in the morning x 39) + (cough during the day x 11) + (wheezing during the day x 65) + (smoking x 1).

In COPD patients, score 1 has a minimum of 6 and a maximum of 129. The mean was 47.2, the median was 49 and the SD was 31.9. In controls, the minimum was 6, the maximum was 75, with a mean of 12.6, a median of 10 and a SD of 10.1.

The ROC curve generated for score 1 is shown in Figure 4 for the comparison of COPD patients with controls. The AUC was at 0.890 (0.841-0.940; P-value < 0.001). The most optimal cut-off point was calculated to be 15.5 (Table 5) at which point sensitivity, specificity, positive predictive value and negative predictive value were 76.4%, 89.3%, 81% and 74% respectively. The value in bold is the optimum cut-off point.

Discussion

Summary of findings

In this study, we investigated the association of COPD with serum SP-D levels among subjects consulting for respiratory diseases or symptoms, and in comparison with serum CRP and plasma fibrinogen levels. SP-D levels were found to be significantly and positively associated with COPD whereas serum CRP and plasma fibrinogen levels were not. Furthermore, a score for COPD diagnosis with excellent discriminant values was identified, with the best scale for the diagnosis of COPD being obtained using SP-D levels, socio-demographic characteristics, and respiratory symptoms significantly associated with COPD.

Comparisons with other studies and interpretation

The present study found that SP-D levels were significantly and positively associated with COPD as compared with controls, a result in line with previous studies (130,139,182). To the best of our knowledge, the present study is the first to confirm such a result through multivariate analyses. The association between SP-D and COPD has previously been investigated by bivariate analyses (130,139,142). Ou et al. did (140,183). Since smoking is known to highly affect SP-D levels, the present study considered ever-smokers only, and it was found that SP-D remained significantly and positively associated with COPD, a result concordant with previous literature (130,138). No association of CRP or fibrinogen with COPD was found in the present study. Previous studies have reported higher CRP or fibrinogen levels in stable COPD patients compared with controls (123,184). However, the use of CRP and fibrinogen as biological markers for COPD is limited by their low specificity and low predictive value for COPD (172) and any inflammatory or infectious condition, even if not related to lung inflammation, can modify CRP levels (185).

In the present study, SP-D levels were also significantly elevated in COPD patients as compared with asthma patients, a result in agreement with a previous study by Mutti et al. (142). We observed no significant differences in SP-D levels between asthma patients and controls. To the best of our knowledge, there is no clear evidence regarding the association between SP-D and asthma. One study has reported no association of SP-D levels with asthma (142), while some small clinical/case studies have indicated that raised serum SP-D levels are associated with allergy (186,187). Finally, SP-D appears to be a clinical biological marker for COPD, able to differentiate COPD patients among individuals consulting for respiratory diseases or symptoms including those with asthma, while serum CRP and plasma fibrinogen levels are not.

The present study did not find an association between SP-D and FEV 1 % predicted or FEV 1 /FVC in COPD patients. Previous studies failed to provide a clear evidence of an association between biological marker levels and lung function parameters. Some studies have reported similar results, whether in bivariate analyses (129,188) or in multivariate analysis (143). However, others have described significant negative correlations between SP-D levels and lung function parameters in univariate analyses with a borderline P-value for the association between SP-D and FEV 1 % predicted (189) or a weak but significant association with FEV 1 /FVC in only 20 COPD smokers (130). Others have found an association with FEV 1 through multivariate analyses in only 23 patients with advanced COPD (128), in stable COPD patients (139) or in smokers only (190). Regarding CRP and fibrinogen, the results of the present study are concordant with two previous studies that found no association with FEV 1 % in COPD patients (110,128). By contrast, others have found an inverse correlation between CRP or fibrinogen and lung function test results (143,191). Differences between the studies may be explained in part by differences in the sample size, inclusion or exclusion of non-smoker COPD patients and the severity of the disease. In the present study, 81% of the COPD patients were classified in groups A and B and 19% in groups C and D, and smoker, ex-smoker and non-smoker COPD patients were included.

To the best of our knowledge, the present study is the first to suggest a score for COPD diagnosis with excellent discriminant values and validity results (AUC, sensitivity, specificity, positive predictive value and negative predictive value). There are validated diagnosis scales that could be used in primary care settings without the need for blood marker measurements such as DS-COPD (diagnosis score for COPD patients) (192). A previous study has created ROC curves based on 44 stable COPD patients to evaluate the diagnostic accuracy of SP-D, and found a total AUC of 0.734 (180). In the present study, to obtain more accurate results, ROC curves were generated for two scores calculated from the variables identified to be associated with COPD in the logistic regression models for all COPD patients and controls and for ever-smoker COPD patients and controls, respectively. In addition to SP-D, the formula for calculating the score included socio-demographic characteristics and respiratory symptoms associated with COPD. The AUCs were 0.890 and 0.894 for all subjects and ever smokers, respectively, which may be considered as an improvement compared with the results reported in previous literature.

Strengths and limitations

The particular selection of patients and controls allowed us to support our hypothesis that SP-D is able to differentiate COPD patients among individuals consulting for respiratory diseases or symptoms, including those with asthma. COPD and asthma patients, healthy controls and outpatients consulting for non-respiratory diseases were recruited. One of the study limitations was the low percentage of COPD patients presenting severe and very severe stages of the disease that required treatment with ICS. Therefore, we assessed the effect of medical treatment as a whole, regrouping patients receiving β2-agonists (or anticholinergics) combined or not with ICS. SP-D levels were lower in the group of COPD patients who were receiving treatment compared with those that were not receiving treatment, but the association did not reach the level of significance reached by previous studies (182,193,194). The present study may have a selection bias (75.6% of COPD patients were ever smokers versus 62.2% of controls) but this did not affect the analytical results. Recall bias might be possible because information on previous smoking history was based on self-reports. The information bias introduced by underreporting is probable, as smoking behaviors are sensitive issues, particularly among patients that do not want to stop smoking. However, as the patients knew that the study outcome may be beneficial in their medical follow up, it was assumed that the information bias was minimized.

Conclusion

In conclusion, SP-D appears to be able to differentiate COPD patients from patients consulting for other respiratory symptoms or diseases. Used along with socio-demographic characteristics and respiratory symptoms associated with COPD, SP-D is able to discriminate COPD patients from controls, particularly among smokers. The predictive value of SP-D as a biological marker of COPD was planned to be evaluated in Lebanese patients within a large scale study with prospective follow-up but due to financial issues, it was interrupted.

However, we hope we will be able to finalize this work in the future.

As a result of the work performed in this part of the thesis, an article entitled "SP-D as a clinical biomarker for COPD with excellent discriminant values" was published in Experimental and Therapeutic Medicine Journal. Another article on SP-D genotyping entitled "Surfactant protein D (SP-D) levels, polymorphisms and multimerization in healthy and

inflammatory disease state" is in the process of being finalized and will include my name as a co-author.

BIOLOGICAL MARKERS AND ASTHMA CONTROL OUTCOMES

This part describes the three analyses aiming to find the association between inflammatory biological markers (serum hs-CRP and serum cytokine profiles) and a marker of damage due to oxidative stress (8-IsoPs) on one hand and asthma outcomes on another in a longitudinal design using data from the French EGEA study.

EGEA: Study design and follow-up

The EGEA study (https://egeanet.vjf.inserm.fr/index.php/fr/) is a French multicenter longitudinal study. It combines a case-control and a family based study with an initial group of asthma cases and their first-degree relatives and a group of controls, followed-up for over 20 years. It was conducted in five French cities (Grenoble, Lyon, Marseille, Montpellier and Paris) [START_REF] Siroux | Phenotypic determinants of uncontrolled asthma[END_REF](195)(196)(197). The general objective of the EGEA study is to assess genetic and environmental risk factors and their interactions with asthma and the associated phenotypes of bronchial hyperresponsiveness and allergic sensitization. This study is important in order to develop preventive measures and new asthma management. It provides public health information with the goal of improving the respiratory health of the population. As a follow-up study of EGEA2, the third survey (EGEA3) was initiated from 2011 to 2013 using a self-completed questionnaire. Among the 1996 subjects invited to respond to the questionnaire, 1558 filled it out (79.2% follow-up rate for more than 20 years).

Ethical approval was obtained from the relevant institutional review board committees (Cochin Port-Royal Hospital and Necker-Enfants Malades Hospital, Paris). All participants signed written informed consent. The EGEA study participants and follow-up from EGEA1 till EGEA3 are summarized in Figure 6. Abbreviations: EGEA, epidemiological study on the genetics and environment of asthma; DNA, deoxyribonucleic acid; RNA, ribonucleic acid; EBC, exhaled breath condensate.

Participants selection

We performed three analyses on adults with current asthma from EGEA2 (Figure 7). Subsequent selections were done for each analysis. Abbreviations: EGEA, epidemiological study on the genetics and environment of asthma. 1991 -1995 2003 -2007 2011 Adults having past asthma; n=125

EGEA1 EGEA2 EGEA3

Characteristics of the participants with current asthma from the EGEA study

At EGEA2, the mean age of the 558 adults with current asthma was 39 years, half of them were women, and 48% were non-smokers. Almost half of them reported asthma attacks in the past year and 52% were classified as controlled according to GINA 2015. More than 80% had an allergic sensitization (Table 7). 3856 (3015; 4825) Abbreviations: ICS, inhaled corticosteroids; FEV 1 , forced expiratory volume in 1 second; PD20, dose of methacholine causing a 20% fall in FEV in 1 second from baseline; *Methacholine challenge test was performed if baseline FEV 1 ≥ 80% predicted (n=292). SPT+, a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens; GM, geometric mean; (Q1;Q3), first and third quartiles.

Respiratory phenotyping

Respiratory phenotypes used in the three different analyses performed using data from the EGEA study are described below: Inclusion criteria used to define "ever asthma" in cases were based on self-reported answers to the four questions: "Have you ever had attacks of breathlessness at rest with wheezing?", "Have you ever had asthma attacks?", "Was this diagnosis confirmed by a physician?", and "Have you had an asthma attack in the past 12 months?", or a positive response to at least two questions and a positive review of their medical record. Asthma in relatives of cases was defined as a positive answer to at least one of the two first questions. Among subjects with asthma, "current asthma" was defined by a report of respiratory symptoms (wheezing, nocturnal chest tightness, attacks of breathlessness following strenuous activity, at rest or at night time, and asthma attacks) or use of inhaled and/or oral medicines because of breathing problems in the past twelve months.

ICS medications were defined among subjects who reported to have used ICS in the past 12 months prior to inclusion.

A composite score proposed by Pekkanen (203,204), labeled here as the "asthma symptom score" was calculated both at EGEA2 and EGEA3. The score varies from 0 to 5 and is based on the number of asthma symptoms reported in the past 12 months (wheezing and breathlessness, woken up with chest tightness, woken up by an attack of shortness of breath, attack of shortness of breath at rest, attack of shortness of breath after exercise). In the analyses, the score is presented as 0, 1, and ≥ 2. We assessed the change of asthma symptoms from EGEA2 to EGEA3 using the difference of asthma symptom scores (Pekkanen) as follows and defined three groups: i) the "better" group: EGEA3 score -EGEA2 score < 0, ii) the "stable" group: EGEA3 score -EGEA2 score = 0, iii) the "worse" group: EGEA3 score -EGEA2 score > 0. In the analyses we put the stable group and the better group together.

"Asthma symptom control" at EGEA2 and EGEA3 was evaluated using answers to survey questions to approximate as closely as possible the GINA 2015 definition. Subjects were defined with controlled, partly-controlled and uncontrolled asthma if they fit none, 1-2 or 3-4 of the following criteria, respectively: frequent daytime symptoms (defined by at least 1 asthma attack or 1 or more episode of shortness of breath per week in the past 3 months), any nighttime symptom (defined by woken up because of asthma or by an attack of shortness of breath in the past 3 months), frequent use of reliever medications (defined by an average use of short acting bronchodilators twice per week in the past 3 months), and any activity limitation (defined by the following answer "totally limited", "extremely limited", "very limited", "moderately limited" or "somewhat limited" to the question "Overall, in all the activities that you have done during the past two weeks, how limited have you been by your asthma? ").

Asthma exacerbation was defined by hospital or emergency admissions because of respiratory problems or the use of oral steroids for breathing difficulties in the past year.

Allergic sensitization was defined by an SPT+ with a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens (indoor: cat, Dermatophagoides pteronyssinus, Blattela germanica, outdoor: olive, birch, Parieteria judaica, timothy grass, Cupressus and ragweed pollen, and molds: Aspergillus, Cladosporium herbarum, Alternaria tenuis).

Pulmonary function test was performed using a standardized protocol with similar equipment across centers according to the ATS / ERS (European Respiratory Society) guidelines ( 205).

FEV 1 % predicted value was based on Quanjer et al. reference equations (206). It is defined as FEV 1 divided by the average FEV 1 in the population for any person of similar age, sex and body composition. For subjects with an FEV 1 of ≥ 80% of the predicted value, a methacholine bronchial challenge test was performed. The patients inhaled at most 4 mg of methacholine which provokes a constriction of the airways. The dose of methacholine causing a 20% fall in FEV in 1 second from baseline (PD20) was recorded. The degree of narrowing was then quantified by spirometry.

Blood tests and EBC collection

Venous blood samples were drawn from all participants with or without anti-coagulant. Tubes without anti-coagulant were centrifuged immediately after collection at 4°C and serum was separated in aliquots and stored at -80°C from 6.6 to 9.6 years until analysis, according to standardized procedures.

Total Immunoglobulin E (IgE) levels were assessed by UniCAP system (Pharmacia®) in serum in a centralized laboratory, and expressed in international units (IU) per milliliter.

Eosinophil and neutrophil cell counts were obtained from white blood cell counts from tubes with anti-coagulant.

EBC samples were collected with RTubes TM (Respiratory Research Inc., Charlottesville, VA, USA) according to a standardized method. The RTubes were rinsed with deionized water and dried thoroughly. Participants breathed orally at tidal volumes into a mouthpiece attached to a cold condenser (-20°C). They were seated comfortably with a headrest. All headrests and back seats were tilted slightly to avoid any saliva contamination during breathing maneuvers.

Breathing was quiet and regular. After 15 minutes, EBC collection was immediately separated in aliquots and stored at -80°C from 5 to 9 years according to standardized procedures.

Maintenance of the cold chain was guaranteed in every case for blood and EBC samples.

First analysis: Cross-sectional and longitudinal associations between hs-CRP and current asthma

This analysis attempts to characterize the cross-sectional and longitudinal associations between serum hs-CRP levels and asthma outcomes in a selected population from the French EGEA study of adult patients with current asthma.

Material and methods

Participants' selection

Among the 558 participants with current asthma who were adults at EGEA2 (≥ 16 years old), the present analysis included 252 participants who were followed-up at EGEA3, excluding those who had no available serum hs-CRP measurements (n=94), those who reported other chronic inflammatory diseases, respiratory or cardiorespiratory diseases, cancer or diabetes (n=170) since these diseases may affect CRP levels as reported by previous literature (Figure 8).

Figure 8. Flow chart of the participantsdata on hs-CRP and current asthma

Abbreviations: EGEA, epidemiological study on the genetics and environment of asthma; hs-CRP, high sensitivity C-reactive protein.

Biological phenotypes

Hs-CRP measurements

Hs-CRP tests were performed at the laboratory of Alfred Bernard, at the Catholic University of Louvain, Belguim, in January 2011, using the Syncron system of a Beckman Coulter purchased from the firm Analys. Hs-CRP measurement was based on the formation of turbidity following the reaction of the antigen with an antibody coated on a particle. This kinetic turbidimetric reaction was measured at 940 nm. The standard curve was adjusted every day of analysis by adding a calibrator. The value of 3 mg/L was accepted as the normal limit by Beckman or the Catholic University of Louvain laboratories. The glomerular filtration rate

The glomerular filtration rate (GFR), measured in mL/1.73m 2 min is associated with kidney function ( 207). In the EGEA study, the GFR was not measured directly but was calculated from the serum level of creatinine (mg/dL), which was assessed via the following formula (208): GFR = 141.min (Scr/k, 1) α . max (Scr/k, 1) - where Scr is serum creatinine (mg/dL), K is 0.7 for women and 0.9 for men and α equals 0.329 for women and 0.411 for men.

GFR was measured in order to test if there is any association between hs-CRP levels and kidney diseases.

Statistical analyses

Hs-CRP values were log10 transformed due to their skewed distribution and expressed as Due to the familial aggregation of the data, multivariate analyses (except multinomial logistic regressions) were performed using generalized estimating equations (GEE) with an exchangeable working correlation to account for the potential clustering within the families, thus, the dependence between observations. Hs-CRP levels were studied in association with asthma outcomes (exacerbations, attacks, asthma symptom control, asthma symptom score (Pekkanen)), lung function, allergic sensitization, BHR (PD20), IgE levels and blood cell counts at EGEA2 (cross sectional analyses), and with asthma attacks, asthma symptom control, asthma symptom score (Pekkanen) at EGEA3 and evolution of asthma symptom score (Pekkanen) between EGEA2 and EGEA3 (longitudinal analyses). Age, sex, smoking, BMI and center at EGEA2 were included as covariates.

As the presence of respiratory infections in the past four weeks may affect blood neutrophil counts, we further adjusted the association between hs-CRP levels and neutrophil counts on respiratory infections as a sensitivity analysis. P-values < 0.05 were considered to indicate a statistically significant difference. Statistical analyses were performed using SPSS software, version 20.0. 3947 (3000;4918) 3766 (3040;4800) 0.07 Abbreviations: ICS, inhaled corticosteroids; FEV 1 , forced expiratory volume in 1 second; PD20, dose of methacholine causing a 20% fall in FEV in 1 second from baseline; *Methacholine challenge test was performed if baseline FEV 1 ≥ 80% predicted; SPT+, a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens; GM, geometric mean; (Q1;Q3), first and third quartiles.

Participants' characteristics

At EGEA2, the mean age of the selected 252 adults with current asthma was 39 years, half of them were women, and 50% were non-smokers. Almost half of them reported asthma attacks in the past year and 57% were classified as controlled according to GINA 2015. More than 80% had an allergic sensitization. At EGEA3, 26% of them had a worsening of asthma symptom between EGEA2 and EGEA3 (Table 9). 3766 (3040; 4800) NA Abbreviations: ICS, inhaled corticosteroids; FEV 1 , forced expiratory volume in 1 second; PD20, Dose of methacholine causing a 20% fall in FEV in 1 second from baseline; *Methacholine challenge test was performed if baseline FEV 1 ≥ 80% predicted (n=159). SPT+, a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens; IgE, immunoglobulin E; GM, geometric mean; (Q1;Q3), first and third quartiles; NA, not available; EGEA: epidemiological study on the genetics and environment of asthma. eosinophil counts and IgE levels. Hs-CRP levels were positively associated with a higher risk of BHR and higher neutrophil counts (Table 11). *OR or ß (95% CI) were adjusted for age, sex, smoking, BMI and center; GEE regression methods were performed, except for asthma symptom score where multinomial logistic regressions were applied. Bolded results are statistically significant at P-values < 0.05. Abbreviations: FEV 1 , forced expiratory volume in 1 second; PD20, dose of methacholine causing a 20% fall in FEV in 1 second from baseline; SPT+, a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens; hs-CRP, high sensitivity C-reactive protein; IgE, immunoglobulin E; OR: odds ratio; CI: confidence Interval.

Longitudinal associations between serum hs-CRP levels and asthma outcomes at EGEA3

Serum hs-CRP levels at EGEA2 were unrelated to asthma attacks in the past 12 months, asthma symptom control or asthma symptom score (Pekkanen) at EGEA3 and change in asthma symptom score (Pekkanen) between EGEA2 and EGEA3 (Table 12). where multinomial logistic regressions were applied.

Abbreviations: EGEA, epidemiological study on the genetics and environment of asthma; OR, odds ratio; CI, confidence interval.

Sensitivity analyses

The association between hs-CRP levels at EGEA2 and neutrophil counts remained significant after further adjustment for respiratory infections in the past four weeks [β (95%CI): 0.04 (0.001; 0.08), P-value=0.045].

Discussion

Summary of findings

In the cross-sectional analyses, serum hs-CRP levels were found to be significantly associated with uncontrolled asthma, an association that became borderline significant after adjustment for age, sex, smoking and center and non-significant after additional adjustment for BMI.

Moreover, serum hs-CRP levels were positively associated with blood neutrophil counts and a higher risk of BHR at baseline. No associations were found with asthma attacks or exacerbations in the past 12 months, with asthma symptom score, lung function, allergic sensitization, eosinophil counts and IgE levels at baseline. No associations were found with asthma attacks, asthma symptom control, asthma symptom score (Pekkanen), and change of asthma symptom score (Pekkanen) between EGEA2 and EGEA3 seven years later.

Comparison with other studies and interpretation

A positive correlation was found between CRP and age and is confirmed by previous literature (101,210). The relation between CRP and sex is less clear. Women had higher CRP levels in line with a previous study (211); however, another did not find a relation between CRP and sex (101). Moreover, positive associations between smoking and CRP levels were previously reported (101,212) in contrast with our results, yet Wood et al. in 2012 stated that there is no association between hs-CRP levels and smoking (115). The positive association with overweight or obesity is well established (213-215). Since adipose tissue has an active role in CRP metabolism (216), this association was expected and has been described several times.

Even though the association did not reach the level of significance, serum hs-CRP levels were increased in asthma patients who were receiving ICS therapy compared to those who were not. Previously, steroid untreated asthma patients were reported to have significantly higher levels of CRP compared to the treated ones (117,217). The difference in findings might be due to the fact that in previous studies, asthma patients included in the analyses used ICS medication currently, whereas the definition of ICS treatment in the EGEA2 study included treatment over the past 12 months. Hence, the group of asthma patients receiving ICS therapy might include subjects with former treatment. They might increase the mean CRP values in this group since the anti-inflammatory properties of ICS are limited to the time of their intake. In the cross-sectional analyses, hs-CRP levels were significantly higher in patients having uncontrolled asthma. This association was borderline significant after adjustment for the potential confounding variables age, sex, smoking and center and non-significant after additional adjustment for BMI. According to the previous literature, CRP levels increase with increasing BMI and BMI may confound the association between CRP and asthma (218).

Thus, BMI might be a confounding factor for the association between hs-CRP and asthma control. To our knowledge, there are three previous studies which reported conflicting results

in the association of hs-CRP levels and asthma control assessed by univariate analyses. Some have reported no association with asthma control assessed through GINA, ACT or asthma control questionnaire (115,165), and others have reported significant negative correlation with asthma control assessed through ACT (166). Since the definition of asthma control per ACT includes four symptoms/reliever questions plus a patient"s self-assessed level of control in the past 4 weeks (219), while the definition per asthma symptom control includes daytime symptoms, night waking, and need for reliever and activity limitation in the past 4 weeks as well (43), we can suppose that assessing asthma control by using asthma symptom control is more objective and may lead to more accurate results.

Moreover, hs-CRP levels were unrelated to allergic sensitization which is consistent with previous literature (101,166). No associations were found with IgE levels. Previous reports showed absence or weak positive correlation with IgE levels (101,220). Positive associations with bronchial hyperresponsiveness were observed in contrast with previous literature (101,221). Our results might be more accurate since we explored this association using multivariate analysis while previous studies have used univariate analyses. No association with eosinophil counts was found. Previously, no associations were reported with blood eosinophil counts (220), but positive correlations were observed with sputum eosinophils in 45 asthma patients assessed through multivariate analysis (221) or in 99 asthma patients assessed through univariate analysis (217). Our study population included more subjects (n=252) and blood eosinophils were measured instead of sputum eosinophils.

Furthermore, positive associations with neutrophil counts were found, which is concordant with previous results reporting this association in sputum neutrophils (115,221). No association was found with FEV 1 %. There is no clear evidence regarding the association with lung function parameters. Some have reported a negative correlation in the univariate analysis for 45 patients with mild asthma (221), or in the multivariate analysis for 99 asthma patients.

Others have reported negative significant associations in asthma patients who were not receiving ICS treatment and no associations in asthma patients who were receiving ICS treatment (117). However, other studies have reported no associations with FEV 1 % whether in the univariate or multivariate analyses (115,118,165,166). No associations were found between hs-CRP levels and asthma attacks, exacerbations or asthma symptom score. As far as we know, these associations were not previously explored in the literature.

In the longitudinal analyses, no associations were found with asthma attacks, asthma symptom control, and asthma symptom score or change of asthma symptom score between EGEA2 and EGEA3 seven years later. These associations were not previously investigated in a prospective design, thus comparisons were not possible.

Strengths and limitations

Most participants with asthma included in this study were recruited in chest clinics as asthma cases, with a careful procedure set up to include true asthmatics. Some were also recruited as relatives of asthma cases, based on answers to questions on asthma diagnosis. This leads to a group of asthma patients with a wide range of severity and response to methacholine. Asthma symptom control was defined according to GINA 2015. No correlations were found between hs-CRP levels measured in the EGEA2 study and variables like storage time and hour of blood test which is consistent with a high quality of the EGEA data collection. However, the selection of the participants with asthma included in the present analyses was driven first by an adult status with current asthma and the availability of hs-CRP measurements at the EGEA2 survey, and secondly by a follow-up at the EGEA3 survey.

Conclusion

In conclusion, no correlation between the degrees of systemic inflammation estimated by hs-CRP levels and asthma symptom control classified as per GINA 2015 was observed since BMI might be a confounding factor in this association.

Compared to the study performed in the first part of the thesis in Lebanon where no associations were found between CRP and asthma, hs-CRP levels from the EGEA study were shown to be significantly increased in asthma patients compared to controls (preliminary analyses performed before excluding the non-asthmatics from the database). Thus, hs-CRP tests are more useful to study the associations with asthma and asthma outcomes than the ordinary CRP test.

It was hypothesized that hs-CRP levels are associated with asthma control but this association was not found nor any other innovative result. Thus, we decided not to write an article in regard to this part of the thesis.

Second analysis: cross-sectional and longitudinal associations between cytokine profiles and current asthma

This analysis is devoted to assess the cross-sectional and longitudinal associations between serum cytokine profiles and asthma outcomes using data from the EGEA study.

Materials and methods

Participants' selection

Among the 558 participants with current asthma who were adult at EGEA2 (≥ 16 years old), the present analysis included 283 participants with available data for serum cytokines measurements, lung function parameters and eosinophil and neutrophil counts and who were followed-up at EGEA3, excluding those who reported respiratory, cardiorespiratory diseases, cancer, diabetes, other chronic inflammatory diseases, or tuberculosis (n=93) or who had smoked one hour prior to blood sampling (n=3) (Figure 10). the pool result obtained from the same plate and expressed as ratio. These ratios were included in the statistical analyses.

Statistical analyses

The Pearson correlation coefficient was used to estimate correlations between cytokine levels.

To reduce the dimension of the cytokines data set (n=7) to a few uncorrelated components that account for a meaningful amount of the variance contained in the original set of variables, principal component analysis (PCA) was performed by using the PRINCOMP procedure in the SAS software.

PCA does not rely on a prior knowledge of the relationship among the variables of interest. It identifies uncorrelated linear combinations of observed variables, called principal components (PC), which explain the greatest degree of variance among a set of observed variables, within a specified study population ( 222). The PCs are organized in order of descending independent contribution to discriminate the variance in the data. Each PC produced from PCA corresponds to a different linear combination of the measured quantities. The Kaiser criterion is used for significant PC inclusion, thus only PCs that have eigenvalues greater than 1 will be retained (223). These PC can be used simultaneously in statistical analyses, and may be thought of as independent constructs represented by the markers that mainly explain that component. Interpretability of the final solution is a major determinant of the minimum number of components to be used in the analyses. In this analysis, no rotations were made on the data. Components were used to calculate PC scores for each subject. PC1 and PC2 scores obtained were expressed as above/below the median (high/low PC score) as a result of their skewed distribution, and for clinical meaningfulness.

To rigorously confirm the partitioning of the data set, the VARCLUS procedure was also performed (http://www.math.wpi.edu/saspdf/stat/chap68.pdf). This procedure is closely related to PCA and is used as an alternative method for eliminating redundant dimensions. It finds clusters of variables that are as correlated as possible among themselves and as uncorrelated as possible with variables in other clusters.

Standard statistical tests (chi2 or Fisher exact test when appropriate, and student T-test or ANOVA) were performed to test the univariate associations between the PC scores and the socio-demographic characteristics. Then and except for polytomous logistic regression, multivariate analyses were conducted using GEE regression methods to take into account the familial aggregation of the data (GENMOD and MIXED procedures in SAS). PC1 and PC2 scores were studied in association with asthma outcomes, lung function, allergic sensitization, IgE levels and blood cell counts at EGEA2 (cross sectional analyses), and with asthma attacks, asthma symptom control, asthma symptom score (Pekkanen) at EGEA3 and evolution of asthma symptom score (Pekkanen) between EGEA2 and EGEA3 (longitudinal analyses).

Age (continuous), sex, smoking status (never, ex-, current smokers), BMI status (4 classes), and center at EGEA2 were included as covariates. Associations between individual cytokines and asthma outcomes at EGEA3 were as well investigated.

As sensitivity analyses, the association between PC1 and neutrophil counts was further adjusted on respiratory infection, which may affect blood neutrophil counts. As use of ICS in the past 12 months could reflect asthma severity and therefore lead to an issue of overadjustment, we further adjusted for ICS in the past 12 months in the association between PC2 at EGEA2 and subsequent risk of asthma control at EGEA3 after main analyses. As lung function and the level of asthma symptom control at EGEA2 may also reflect asthma severity, we further adjusted for FEV 1 and asthma control at EGEA2 in the association between PC2 at EGEA2 and subsequent risk of asthma control at EGEA3. 

Participants' characteristics

At EGEA2, the mean age of the selected 283 adults with current asthma was 37 years, half of them were women, and 53% were non-smokers. Almost half of them reported asthma attacks in the past year, and 55% were classified as having controlled asthma, according to GINA 2015. More than 80% had an allergic sensitization. At EGEA3, 50% of them were classified as having controlled asthma and 27% of them had a worsening of asthma symptoms, as compared to EGEA2 (Table 14). 3745 (3000; 4690) NA Abbreviations: ICS, inhaled corticosteroids; FEV 1 , forced expiratory volume in 1 second; PD20, dose of methacholine causing a 20% fall in FEV in 1 second from baseline; *Methacholine challenge test was performed if baseline FEV 1 ≥ 80% predicted (n=189). SPT+, a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens; IgE, immunoglobulin E; GM, geometric mean; (Q1;Q3), first and third quartiles; NA, not available; EGEA, epidemiological study on the genetics and environment of asthma.

Profiles of serum cytokines

The mean, minimum and maximum serum levels of the seven studied cytokines, along with their ratio values in order to minimize the inter-plate variability are summarized in Table 15. As shown in Table 16a, IL-1Ra was more strongly correlated with IL-10 (r=0.61) than with other cytokines (r=0.29-0.50), whereas IL-5, IL-7, IL-8, IL-13 and TNF-α were highly correlated together (r=0. 65-0.90). Correlations were similar using raw cytokine levels (Table 16.b). Using PCA, we retained the first two PCs, which accounted for 82.5% of the variability. The correlations between cytokines and PC are presented in Figure 11 and Table 17. Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-alpha.

At EGEA2, a higher PC2 score was associated with overweight or obesity. No association was observed between PC1 and BMI. No other significant associations of PC1 or PC2 scores with age, sex, or smoking were observed (Table 18). Abbreviations: PC, principal component; SD, standard deviation.

Cross-sectional associations between PC scores and asthma outcomes at EGEA2

Both PC1 and PC2 scores were unrelated to exacerbations, asthma attacks, asthma symptom control, asthma symptom score (Pekkanen), lung function, and allergic sensitization.

Participants with higher PC2 score had a lower risk of BHR (Table 19). Participants with higher PC1 score had significantly higher neutrophil counts, an association that remained significant after adjustment for respiratory infections in the past four weeks (P-value = 0.02). Participants with higher PC2 score had significantly lower total IgE levels, and lower neutrophil counts, an association of borderline significance. No associations were found between PC1 or PC2 and eosinophil counts (all P-values>0.2, Table 20). 

Longitudinal associations between PC scores and asthma outcomes at EGEA3

Participants with higher PC1 score at baseline tended to have more asthma attacks at EGEA3, and higher subsequent risk of poor asthma symptom control, but the associations did not reach the level of significance (P-values < 0.10). Participants with higher PC2 score at baseline (EGEA2) reported significantly less asthma attacks 7 years later (at EGEA3), and were at lower subsequent risk of poor asthma symptom control (partly controlled and uncontrolled asthma) than those with lower PC2 score at baseline. Both PC1 and PC2 scores at EGEA2

were unrelated to asthma symptom score at EGEA3 and change in asthma symptom score between EGEA2 and EGEA3 (Table 21). 156 pg/mL of IL-13 in sputum to have good diagnostic accuracy for the detection of not-wellcontrolled asthma (157). Likewise, IL-8 levels in BAL were found to be higher in subjects with uncontrolled than in those with controlled asthma (155). To our knowledge, only one case-control study has studied the association between sputum levels of a panel of 12 cytokines including IL-5, IL-10 and TNF-α and asthma control in 106 asthma patients (156): uncontrolled asthma being more common among participants with the "IL-5/IL-17A-high" profile than in those with the "IL-5/IL-17A-low" profile. Although differences in study designs and protocols (profiles versus individual cytokines, biological compartments, asthma control assessment) prevent any direct between-study comparison, some consistencies in the result were found. In the present study, both T-helper type 1 lymphocytes (TH1) and TH2 pathways are covered by the panel of cytokines included in PC1. Interestingly, the recent review by Fatj and Wenzel (167) showed that therapies targeting the canonical type 2 cytokines IL-4, IL-5, and IL-13 have shown consistent efficacy, especially in asthma patients with evidence of TH2/type 2 inflammation. These results suggest that either the cytokine profile or individual cytokine approaches may be warranted and really complement each other, depending on the type of inflammation of the patients.

Interestingly, a high PC2 profile including IL-1Ra and IL-10 was significantly associated with low IgE levels. A negative association was also found with neutrophil counts but it was not significant. We also found that PC2 was significantly associated with lower BHR at baseline, and lower subsequent risk of asthma attacks and uncontrolled asthma seven years later. Hakonarson et al. were the first to show that the treatment of antigen-sensitized animals with IL-1Ra inhibited airway hyperresponsiveness and inflammation (228). Later, it was reported that sputum IL-1Ra levels were also significantly and positively correlated with lung function in patients with asthma (147,229). Recently (230), the IL-1Ra/IL-1β ratio was compared between four sputum inflammatory profiles (paucigranulocytic, eosinophilic, neutrophilic, mixed) in 80 adults with asthma, and was significantly reduced in neutrophilic asthma, suggesting an imbalance of available anti-inflammatory mediators. Moreover, in the largescale consortium-based Genomewide Association Study of Asthma (GABRIEL), association of genomewide significance was found between asthma and a genetic variant implicating IL1R1/IL18R1 (231). Previous studies have shown that IL-10 treatment reduced airway hyperresponsiveness (232,233) and that suppression of airway hyperresponsiveness by regulatory T cells is IL-10-dependent (234). Overall, these results highlight the importance of including IL-1Ra and IL-10, and possibly other anti-inflammatory cytokines, in future studies of associations between cytokine profiles and asthma control outcomes with the possibility to monitor the evolution of the disease in uncontrolled patients.

Strengths and limitations

To our knowledge, our study is the first to investigate the association between serum cytokine profiles and asthma control outcomes in a prospective design. A careful procedure was set up to include true asthmatics in the study with a wide range of severity and response to methacholine. Asthma symptom control was defined according to GINA 2015. Cytokines were measured in serum, which represents a less invasive approach than sputum assays for further implementation in the context of epidemiological studies, or in clinical practice. Even though we have only explored a small part of the cytokines network, we have included key inflammatory, anti-inflammatory and TH2 cytokines as well as a receptor antagonist, cytokines often neglected in previous studies [START_REF] Vijverberg | Clinical utility of asthma biomarkers: from bench to bedside[END_REF]. Finally, since chronic inflammation in asthma is orchestrated by multiple cytokines through complex interactions (147), we performed a multiplex analysis, allowing the parallel analysis of multiple cytokines in one serum sample (146). It is interesting to note that IL-8 and TNF-α were clustered together with TH2 type cytokines, suggesting that systemic neutrophil activation and inflammation may result in asthma patients regardless of the type of local inflammatory profile.

Conclusion

In conclusion, the present study identified for the first time that serum cytokine profiles with high levels of IL1-Ra and IL-10 were associated with less asthma attacks and lower risk of poor asthma control outcomes in adults in a longitudinal design. More generally, this study indicates that assessing cytokine profiles when studying the associations with asthma control outcomes may be sometimes more efficient than assessing individual cytokine levels, and may help to target patients with uncontrolled asthma for therapy.

As a result of the work performed in this part, an article entitled "Blood cytokine profiles and subsequent risk of asthma symptom control in adults from the EGEA study" was submitted to Allergy journal and is currently under review.

Third analysis: Preliminary findings for the association between 8-isoprostanes and current asthma

This analysis is devoted to find the associations between EBC 8-IsoPs levels and asthma outcomes using data from the EGEA study.

Materials and methods

Participants' selection

Among the 558 participants with current asthma who were adult at EGEA2 (≥ 16 years old), the present analysis included 258 participants, excluding those who do not have available EBC 8-IsoPs measurements (n=202), those who had smoked one hour prior to EBC collection (n=4) or those who had non-detectable 8-IsoPs levels (n=94) (Figure 14). from eight calibrator levels (0.8 -500 pg/ mL). The LLD was 4.0 pg/ mL. The intra-assay coefficient of variation was less than 20%.

In order to "validate" the 8-IsoPs measurements, we first performed descriptive analyses for 8-IsoPs levels in non-asthmatics. Among them, 31% had non-detectable 8-IsoPs levels. No associations were found between 8-IsoPs levels and plate number, hour of EBC collection or storage time. 8-IsoPs levels were significantly and negatively associated with age (r = -0.17, P-value = 0.001) and were higher in women (P-value = 0.04). 8-IsoPs levels were not associated with smoking (P-value = 0.5). No association was observed with BMI classes (P-value = 0.5), which is concordant with a previous study that reported no association with BMI in healthy non-asthmatics (235).

Comparison of 8-IsoPs levels between non-asthmatics and participants having current asthma was studied before selecting the participants with current asthma for the analyses. 8-IsoPs levels were significantly higher in participants having current asthma [n; GM (Q1; Q3): 258;

3.34 (1.62; 7.26)] versus non-asthmatics [374; 2.46 (1.10; 5.69)], P=0.003. Moreover, 8-IsoPs levels were not significantly different between patients having current or ever asthma.

Statistical analyses

8-IsoPs values were log10 transformed due to their skewed distribution and expressed as GMs (interquartile range) (Figure 15). Abbreviations: ICS, inhaled corticosteroids; FEV1, forced expiratory volume in 1 second; PD20, dose of methacholine causing a 20% fall in FEV in 1 second from baseline; *Methacholine challenge test was performed if baseline FEV 1 ≥ 80% predicted (n=151 for selected participants); SPT+, a mean wheal diameter 3mm than the negative control for at least one of 12 aeroallergens; GM, geometric mean; (Q1; Q3), first and third quartiles; ND, non-detectable.

Cross-sectional associations between EBC 8-IsoPs and asthma outcomes at EGEA2

No associations were found between 8-IsoP levels and exacerbations or asthma attacks in the past 12 months, asthma symptom control, asthma symptom score (Pekkanen), BHR or FEV1.

(Table 25). Abbreviations: OR, odds ratio; CI, confidence interval; PD20, dose of methacholine causing a 20% fall in FEV in 1 second from baseline; FEV1, forced expiratory volume in 1 second.

Similar associations were observed after further adjustment for ICS use in the past 12 months, when adjusting for age, sex, BMI, smoking and center and stratifying by ICS use, or when removing the outliers from the database (n=2 for participants having current asthma).

Conclusion

No correlations were found between EBC 8-IsoPs levels measured at EGEA2 and variables like storage time and hour of blood test which is consistent with a good quality of the EGEA2 data collection.

GENERAL DISCUSSION

This thesis has shown the usefulness of evaluating lung specific biological markers as clinical biomarkers for COPD as well as biological markers of systemic inflammation in assessing future risk of asthma outcomes.

Summary of findings and interpretation

In the first part of this thesis, SP-D was shown to be significantly associated with COPD but not with asthma. Moreover, a score for COPD diagnosis with excellent discriminant values (sensitivity, specificity, positive predictive value, and negative predictive value) was identified using serum SP-D levels.

Since COPD is still underdiagnosed and sometimes diagnosed too late, the early diagnosis of COPD is still quite a challenging task for the clinician, and efforts have been made to find specific markers that can identify disease phenotypes ( 239). In the study performed on the Lebanese population, COPD was defined as a post bronchodilator ratio of FEV 1 /FVC being < than 70%. In previous literature, diverse definitions were used to diagnose COPD. The most used definition relies on the GOLD guidelines, thus the presence of a post-bronchodilator (242,243). This will result in lower prevalence estimates of COPD compared to the GOLD definition in the elderly (242). However, Güder et al. have reported that the LLN led to more false negative diagnoses and that adding FEV 1 and the residual volume/total lung capacity ratio (RV/TLC) to GOLD or LLN improved the diagnostic accuracy, with a reduction of up to 50% of the number of misdiagnoses (244).

Simple and robust tools are needed to identify subjects with an obstructive ventilator condition even if they have few symptoms. Using the correct diagnosis is very important in order to avoid misclassification biases and especially for the differentiation of COPD from asthma patients. Lung specific biological markers, such as SP-D could be used as clinical biomarkers for COPD. Moreover, these biological markers or scores generated from them could provide a surrogate for spirometry by using equipment that is cost-effective and readily available in the clinical settings. Moreover, this could make an early detection possible in order to prevent the decline in respiratory function, for which current pharmacological treatment is ineffective.

Similarly, there is a need to find asthma biological markers able to identify clinically relevant asthma phenotypes, optimize diagnosis, and guide treatment. In the second part of this thesis, we found that the cytokine profiles were associated differently with subsequent asthma outcomes.

Different asthma biological markers are already available for clinical practice such as airway eosinophilia and airway remodeling measured from BAL or bronchial biopsy. Even though biopsies and BAL are considered as the GOLD standard methods to assess airway inflammation, they are invasive methods, thus their use in the clinical routine is limited [START_REF] Vijverberg | Clinical utility of asthma biomarkers: from bench to bedside[END_REF]245,246). Inflammatory phenotypes, namely eosinophilic, neutrophilic, mixed and paucigranulocytic types, have been identified in sputum (247). In addition to being invasive, the reproducibility of sputum induction measurements over time has been debated (248,249).

A less invasive procedure can be used such as peripheral blood collection, which is practical among participants of all ages for large epidemiological studies and for further routine clinical practice (151,158). Single serum or plasma biological markers have been previously measured and associated with asthma outcomes but integrating a multidimensional approach could strengthen the diagnostic ability of a clinically applicable algorithm to phenotype asthma [START_REF] Vijverberg | Clinical utility of asthma biomarkers: from bench to bedside[END_REF].

Moreover, approaching phenotypes by using more statistically based approaches such as cluster analysis or PCA could capture key patterns of marker profiles from a panel of multiple analytes [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]250), thus offering new possibilities for the disease management, such as the development of targeted asthma treatment. Among key serum/plasma biological markers, we will cite the cytokines since they play important roles in both eosinophilic and noneosinophilic asthma, and anti-interleukin therapy with anti-IL-4, IL-5 and IL-13 have shown success among specific populations of asthma patients (251). Hence, more research in the field may allow a personalized approach to asthma management. Moreover, since asthma is associated with oxidative stress, measuring biological markers of damage due to oxidative stress from EBC could provide a non-invasive alternative for BAL, sputum, biopsy, and even blood. In the last two decades, there has been increasing interest in measuring EBC compounds in subjects with pulmonary diseases (252,253) since this approach is feasible in children and adults, could provide access to volatile and nonvolatile respiratory compounds without the need of performing bronchoscopy with BAL, and offers a 100% successful collection (254). However, even though research has focused on the measurement of noninvasive biological markers such as those found in EBC or in saliva and their association with asthma outcomes (159,250), they are still in their research phase. Once the clinical value of these biological markers (especially the ones from EBC since closer to the lung) is established, they could provide a practical and non-invasive method to use in care centers.

Lastly, whether from blood or EBC, the current need is for profiles of markers that best predict treatment response in asthma patients.

Common strengths and limitations

The strengths of this work lie firstly in the well-defined classification of the patients included in both parts of the thesis, which is spirometry for COPD patients and recruiting asthma patients in chest clinics. Secondly, they lie in the statistical methods used and /or the study designs. This includes the ROC curve analysis, the longitudinal design of the EGEA study, which can provide information about continuity, prediction, and within-individual change (255), and the choice of mediators studied in the multiplex analyses that could determine the methods" success [START_REF] Vijverberg | Clinical utility of asthma biomarkers: from bench to bedside[END_REF]. Finally, all reported outcomes in this thesis are patient-centered. This reflects the pragmatic nature of the research, for which the hypothesis and study design are formulated, based on information needed to make a clinical and/or public health decision (256).

An important component not approached in this thesis is the effect of the environment on the occurrence and severity of COPD and asthma. However, assessing individual exposure with pollutants from the environment remains an important challenge in epidemiology studies (257). Considering the occurrence of COPD or asthma as the clinical consequence of an interaction between environmental factors on the one hand and the existence of a not yet properly understood genetic predisposition on the other is needed. This will enable us to intervene before the disease is developed.

Implications for public health

Hundreds of millions of people are burdened with chronic respiratory conditions. The disease burden from COPD is in the number of deaths that it causes while the greatest burden of asthma is the morbidity and disruption of lives that it causes. The ability to control and eliminate respiratory diseases worldwide relies on public health measures, which include increasing awareness, education and capacity, thus a better management of the disease (2,3).

This could be accomplished through research. Research helps to improve the understanding of disease processes, which then allows for better diagnoses, treatment, and prevention. In order to promote the respiratory health of the population, we need to identify new initiatives. In this thesis, integrating the study of biological markers in respiratory epidemiology has been explored. Some of the results might have public health implications that are discussed below, firstly regarding the global burden of COPD, and secondly regarding asthma management.

Global burden of COPD

Given the emergence of COPD in the last 20 years, especially in developing countries, the global burden of COPD is projected to increase substantially in Asia and Africa in the coming decades, mostly as a result of increased tobacco use. Tobacco is the single most preventable cause of death in the world (2); however, it may not be possible to reduce its use in some regions due to the lack of government oversight and regulations regarding the sale of tobacco products or the use of tobacco in public places. Moreover, the tobacco industry has insistently fought the efforts done to reduce the use of its products. In this context, trying to identify COPD by using biological markers, especially in developing countries or in the regions where spirometry is not always available has an important public health implication. It may allow the fast implementation of treatment, thus the improvement of the lung health of COPD patients.

Additionally, scores generated from biological markers could be used in the primary care settings in order to ensure a smoother transition from research to practice.

Asthma management

Despite advances in asthma therapies, a proportion of asthma patients are still having difficulty in gaining adequate asthma control (258). Moreover, asthma prevalence is increasing with urbanization which is due to changes in the lifestyles and in the socioeconomic factors [START_REF] Robinson | Effect of urbanisation on asthma, allergy and airways inflammation in a developing country setting[END_REF]. Thus, the number of patients having uncontrolled asthma is as well increasing. Therefore, achieving asthma control remains a challenge. Assessing biological markers profiles that are related to subsequent asthma outcomes could help to target patients for therapy and might reduce future risks of uncontrolled asthma. Additionally, this

will have an impact on the national economic implications and will lead to a reduction in the cost of future interventions.

Overall, our findings are useful for health care professionals and public health decision makers since they can assist them in making decisions to allocate resources toward research in the field of respiratory epidemiology. They can help in ensuring an early diagnosis for COPD patients, especially in developing countries and in achieving and maintaining an adequate control for asthma patients. This will lead to an improvement in the quality of life of these patients, especially at a time where active ageing is central to political agendas in the industrialized world (259).

Recommendations and perspectives

Several recommendations and perspectives might be raised from this thesis. Some of them are presented below.

o Since SP-D is a lung specific biological marker, its predictive value should be evaluated within a large scale study with prospective follow-up in Lebanon. In fact, this part was planned to be pursued after the case-control study but was interrupted due to financial issues. However, we hope we will be able to finalize this work in the future.

o The association between serum cytokines profiles, by including a large number of inflammatory and anti-inflammatory cytokines, and asthma outcomes using a prospective design needs to be further studied. This could improve our understanding of the physiopathology of asthma by opening new possibilities for disease management, especially since cytokines are currently being implemented as targeted therapies for asthma patients (167,168). However, these therapies showed encouraging results in some patients while they remained ineffective in others, thus need to be further investigated in future research.

o Studying the associations of biological markers from different compartments and asthma outcomes is of interest. In this thesis, we studied the associations between biological markers from blood and from EBC and asthma outcomes. However, the analyses on EBC 8-IsoPs and asthma outcomes as well as the article are still in progress and will be finalized in the coming three months.

Finally, with the enormous global morbidity and mortality rates that chronic respiratory diseases are causing, further research is needed in the field of respiratory epidemiology. The transition from research to public health practices has the best chance of reducing the burden of COPD and asthma around the world in the coming years.
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  la SP-D comme marqueur biologique de la BPCO Une étude cas-témoins incluant 90 patients BPCO (ayant un rapport VEMS / CVF après inhalation de bronchodilatateur inférieur à 70%) et 124 patients atteints d"asthme (diagnostic clinique confirmé par spirométrie) consultant dans les cliniques externes du département de pneumologie de l"hôpital universitaire et le centre médical Saint Georges à Beyrouth a été réalisée. Des témoins de la population générale (n = 92) ou venant pour des consultations non respiratoires dans le même hôpital (n = 88) ont également été recrutés. Tous les participants ont signé un consentement éclairé et ont rempli un questionnaire standardisé. Des prélèvements sanguins ont été effectués. Après centrifugation à 4°C, les échantillons de plasma / sérum ont été répartis en aliquots et conservés à -20°C jusqu'à leur analyse dans les 6 mois. Suite aux prélèvements sanguins, un test de spirométrie (avant et 30 minutes après administration de bronchodilatateur) a été effectué. La mesure de la SP-D a été effectuée par dosage immuno-enzymatique (ELISA). Les niveaux de CRP sérique et de fibrinogène plasmatique ont été mesurés en utilisant des kits ELISA. Trois modèles de régressions logistiques ont été utilisés pour évaluer l'association entre la SP-D et de la BPCO. Dans la première et la deuxième régression, tous les patients BPCO et les témoins ont été inclus dans les analyses. Les variables indépendantes étaient la SP-D (dessus/dessous de la médiane), et les variables de confusion potentielles telles que l'âge, le sexe, le tabac et l'indice de masse corporelle (IMC), ainsi que toutes les caractéristiques sociodémographiques et les symptômes respiratoires ayant été trouvés associés dans les analyses univariées (valeur de P<0.20) ont été incluses dans le modèle. Dans la deuxième régression, seuls les patients BPCO et les témoins fumeurs actuels ou ex-fumeurs ont été également inclus. Une troisième régression a considéré les patients BPCO et les patients atteints d"asthme. Les odds-ratios ajustés (ORa) obtenus à partir de la première et de la deuxième régression ont ensuite été arrondis aux unités les plus proches et utilisés comme coefficients dans le calcul du score 1 (pour tous les patients BPCO et les témoins) et le score 2 (pour les patients BPCO et les témoins, fumeurs actuels ou ex-fumeurs). Des courbes ROC ont ensuite été générées pour déterminer la capacité des scores 1 et 2 à discriminer les patients BPCO des témoins. Toutes les analyses ont été réalisées avec le logiciel SPSS version 17.0.

  . Ces scores sont associés à d'excellentes valeurs discriminantes, avec la meilleure échelle pour le diagnostic de la BPCO obtenue en utilisant les niveaux de SP-D, les caractéristiques socio démographiques, et les symptômes respiratoires associés de façon significative avec la BPCO. En conclusion, la SP-D semble pouvoir différencier les patients BPCO d"autres patients consultant pour des symptômes ou pour d"autres maladies respiratoires. Utilisée avec les caractéristiques sociodémographiques et les symptômes respiratoires associés à la BPCO, la SP-D est capable de discriminer les patients BPCO des témoins ainsi que des patients atteints d'asthme. 4. Etude EGEA L"étude EGEA (https://egeanet.vjf.inserm.fr/ ) est une étude française longitudinale castémoin et familiale avec un premier groupe de cas asthmatiques et de leurs parents du premier degré, et des témoins (première enquête EGEA1, entre 1991 et 1995, n=2047). Après 12 ans, un suivi a été mené entre 2003 et 2007 (EGEA2). Parmi les participants en vie (n=2002), 92% (n=1845) ont rempli un auto-questionnaire court, et parmi eux 1601 (n=1570 adultes âgés de 18 ans et plus) ont eu un examen complet. Tous les sujets ont répondu à un questionnaire pour caractériser l'asthme et les symptômes respiratoires et allergiques associés, les traitements et les expositions environnementales. La troisième enquête (EGEA3) a été menée de 2011 à 2013 (suivi de 20 ans) en utilisant des auto-questionnaires et 1558 questionnaires ont été retournés (79% de suivi). "L'asthme actuel" a été défini par la présence de symptômes respiratoires (sifflement, oppression thoracique nocturne, crise d'essoufflement suite à une activité intense, au repos ou pendant la nuit, et crise d'asthme) ou la prise de médicaments (inhalés et/ou oraux) en raison de problèmes respiratoires dans les douze derniers mois. "Le contrôle (des symptômes) de l'asthme" a été évalué à l'aide des réponses aux questionnaires afin d'être aussi proche que possible de la définition de Global INitiative for Asthma (GINA) 2015. Les adultes ayant un asthme actuel à EGEA2 et revus à EGEA3 ont été sélectionnés. Ensuite, trois analyses ont été effectuées portant respectivement sur la hs-CRP sérique, des cytokines sériques et les 8-IsoPs du condensat de l"air exhalé. Trois groupes de sujets ont été sélectionnés en fonction de la disponibilité des données relatives à ces paramètres. Dans chaque analyse, les sujets ayant d"autres maladies qui peuvent influencer les niveaux de ces marqueurs biologiques ont été exclus. et asthme actuel dans l'étude EGEA Les niveaux de hs-CRP (mg/mL) ont été dosés par le système Syncron d"un Beckman Coulter. Les valeurs de hs-CRP ont été transformées en log10 en raison de leur distribution nonnormale et exprimées en moyennes géométriques. Les niveaux de hs-CRP ont ensuite été étudiés en association avec les phénotypes de l'asthme, la fonction ventilatoire, immunoglobuline-(Ig)-E et les comptes de neutrophiles et d'éosinophiles sanguins à EGEA2 (analyses transversales), ainsi qu'avec les crises d'asthme, le contrôle de l"asthme, le score de symptômes d'asthme de Pekkanen à EGEA3 et l'évolution du score de symptômes d'asthme de Pekkanen entre EGEA2 et EGEA3 (analyses longitudinales). En raison de l'agrégation des données (étude familiale), les analyses multivariées (à l'exception des régressions logistiques multinomiales) ont été effectuées en utilisant des équations d'estimation généralisées. L"âge, le sexe, le tabac, l'IMC et le centre ont été inclus en tant que variables potentielles de confusion. Les analyses statistiques ont été effectuées à l'aide du logiciel SPSS, version 20.0.

  is required to confirm a COPD diagnosis. The presence of a post bronchodilator ratio of the forced expiratory volume at one second (FEV 1 )/forced vital capacity (FVC) being less than 70% confirms the presence of persistent airflow limitation, thus ofCOPD (8,[START_REF] Zwar | Predictors of accuracy of diagnosis of chronic obstructive pulmonary disease in general practice[END_REF]. In order to determine COPD severity, COPD patients are classified into four categories (A, B, C and D) based on the symptomatic assessment according to the modified Medical Research Council Questionnaire (mMRC), on breathlessness according to the COPD assessment test (CAT), on the patient"s spirometric classification according to post-bronchodilator FEV 1 and/or on the risk of exacerbations (8). Diagnosing COPD accurately has been a priority for many researchers. We can cite the Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points (ECLIPSE) study, which is a large 3-year observational controlled multicenter international study aimed at defining clinically relevant subtypes of COPD and identifying novel biological markers and genetic factors. It has produced more than 50

  identification and reduction of risk factors, mainly cigarette smoke and regular intake of medications are important components in COPD management. Medications include shortacting anticholinergic or short-acting beta 2 -agonist (SABA) for patients in group A and longacting anticholinergic or long-acting beta 2 -agonist (LABA) for patients in group B associated with inhaled corticosteroids (ICS) for patients in group C. ICS along with LABA and/or longacting anticholinergic are recommended for group D patients (8).

Figure 1 :

 1 Figure 1: Asthma phenotypes (Wenzel, Nature Medicine 2012; 18 (5): 716-725).

Figure 2 :

 2 Figure 2: Biologic marker components in sequential progression between exposure and disease (FromSchulte PA, Environmental Research, 1989; 48: 129-144).
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 53 Surfactant protein-D (SP-D)To capture respiratory health events, lung-specific biological markers are the most advantageous (128). Recent studies have described associations between a pulmonary-specific marker,. SP-D protein is a member of a family of collagenous carbohydrate-binding proteins, known as collectins, which is a subgroup of C-type (calcium dependant) lectins (132). SP-D is produced in the lungs by alveolar type II cells and nonciliated Clara cells as well as by bronchial and tracheal gland cells. It is secreted into the airspaces, where it forms a large, oligomeric complex. Outside the lungs, SP-D is also synthesized by epithelial cells of many human tissues, including the salivary, sweat, and lachrymal glands, pancreas and bile ducts, renal tubules as well as gastrointestinal and genital tract (133). However, it is assumed that SP-D in serum mainly originates from the respiratory tract (134). SP-D facilitates the resolution of lung inflammation (133) and has the advantage to be a stable molecule over a period of 6 months that can be reliably measured in serum(135). Serum SP-D seems to rise as a consequence of leakage from the lung due to increased vascular permeability associated with lung inflammation(131,132). In healthy subjects, serum SP-D is increased in men, in smokers, and with increasing age and BMI(131,(136)(137)(138).

(

  especially, in the interleukin family, currently up to or on a given functional activity (e.g., tumor necrosis factor (TNF) family). During a specific immune response, the main producers of cytokines are TH cells. Among these TH1 cells secrete INF-γ and IL-2 and enhance cellular immune responses, while TH2 cells secrete IL-4, IL-5, IL-6, Il-13 and favor antibody responses (146). Over 50 cytokines have now been identified in asthma, but their role in the pathophysiology of this complex airway disease is often unclear (147). They play a role in the chronic inflammation in asthma through complex interactions (148). Among key cytokines, IL-5, IL-7 and IL-13 are implicated in eosinophilic asthma triggered by the TH2 pathway, IL-8 is crucial in neutrophil recruitment[START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]149,150), and tumor necrosis factoralpha (TNF-α) has a central role in systemic inflammation (151). Additionally, Interleukin 1 receptor antagonist (IL-1Ra), an antagonist of IL-1, has anti-inflammatory activity (152), and IL-10 is able to inhibit pro-inflammatory cytokine synthesis (153,154). Cytokine levels have been often measured after direct and invasive sampling procedures i.e. BAL or induced sputum to better understand the inflammatory mechanisms in relation with asthma control outcomes(147,(155)(156)(157). The measurement of cytokine levels in serum may be a valuable alternative, as standardized collection of peripheral blood is practical among participants of all ages for large epidemiological studies and for further routine clinical practice(151,158).

  place in Lebanon between June 2011 and April 2013. All COPD patients consulting at the outpatients" clinics of the Pulmonology department of Saint George Hospital University and Medical Center in Beirut during the above mentioned period were recruited. COPD diagnosis was defined as a post-bronchodilator ratio of FEV 1 /FVC of < 70% (171). Ninety COPD patients were classified into categories based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines 2013 (171). There were 35 patients in group A, 38 in group B, 3 in group C, and 14 in group D. None of the patients had an exacerbation one month prior to the inclusion. With regard to medication, COPD patients were classified as treated when they were receiving beta2-agonists or anti-cholinergic agents (whether short acting or long acting) combined or not with ICS, as suggested previously (172) . A total of 46 COPD patients were found to be on regular medication. Patients with asthma (n=124) were defined according to GINA guidelines 2013 (173). A clinical diagnosis based on symptoms (breathlessness, wheezing, cough and chest tightness), family history of asthma, worsening symptoms when exposed to various risk factors was performed and lung function measurements were assessed. Having another respiratory disease was the exclusion criterion for COPD or asthma patients. Healthy individuals from the general population (n=92) and outpatients consulting for a variety of non-respiratory problems in the same hospital (n=88) were recruited. Controls had normal lung function tests as defined by GOLD guidelines (171).The exclusion criteria were previous or current diagnosis of any respiratory disease such as asthma, COPD, chronic bronchitis, fibrosis, tuberculosis or lung cancer. Finally, genotyping of three coding SNPs of the SP-D gene was performed on 115 healthy controls from the general population, 62 COPD and 97 asthma patients since previous studies have reported a genetic influence on SP-D serum levels(132,174). I performed the statistical analyses for the genotype association with clinical outcomes. The results are not reported in this thesis since they are part of an immunology thesis for another PhD student. Ethical approval was obtained from the ethical committee at the Lebanese university. Written informed consent was provided by all participants. The study participants are presented in Figure3.

Figure 3 .

 3 Figure 3. Participants of the study Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, global initiative for chronic obstructive lung disease; FEV 1 , forced expiratory volume in 1 second; FVC, forced vital capacity.
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 14 Measurement of SP-D, CRP and fibrinogenQuantification of SP-D was performed by a five-layered enzyme-linked immunosorbent assay (ELISA) as previously described by. Briefly, microtiter plates were coated with F(ab') 2 anti-human SP-D antibody (cat.no., K477; dilution, 1:1500; Grith Sorensen´s laboratory, Odense, Denmark) in sodium carbonate buffer(pH 9.6). Following overnight incubation at 4°C, the plates were washed and left in contact with washing buffer (Tris-buffered saline, 0.05% Tween20, 5mM CaCl 2 ) for 1 hour at room temperature.

Figure 4 .

 4 Figure 4. ROC curve with all COPD patients and controls.

  The first cross-sectional survey (EGEA1) took place between 1991 and 1995. The questionnaire used in the study included parts of standardized questionnaires, such as the questionnaire of the European Community Respiratory Health Survey (ECRHS) (198), of the International Union against Tuberculosis and Lung diseases / "Union Internationale Contre la Tuberculose et les Maladies Respiratoires" (UICTMR) study (199), of the Tucson study (200), of the British Medical Research Council / European Coal and Steel Community (201), of the "Pollution Atmosphérique et Affections Respiratoires Chroniques" (PAARC) (202), and of the ATS (175) with additional questions when needed. Questionnaires were distributed.After the collection of self-administered questionnaires, the eligible applicants as well as first degree relatives of potential cases were invited to participate in the study. Overall, 2,047 participants aged from 7 to 70 years were enrolled, including 388 families of asthma cases (children <16 years and adults) and 415 controls. Asthma cases were recruited from 7 chest clinics. Two thirds of adult control subjects were population-based (electoral rolls), and onethird from surgery hospitals or check-up centers. Children control participants were recruited in surgery hospitals. All in all, half of the controls were population-based. Control subjects were matched for age, sex, month of exam and city. This first data collection allowed a good characterization of the population in terms of health, environmental exposures and the creation of a bio-bank, including genetics.Between 2003 and 2007, this population was contacted for the second survey. In total, 2002 individuals were still alive. Among them, 1845 participants (92.2%) in addition to 73 new family members, who were not examined at the first survey or were born later, completed a short self-administered questionnaire. Responders to the self-completed questionnaire were invited for a complete examination, and detailed information was available for 1601 subjects (77.1% of the alive cohort + 58 new family members). The examination included detailed questionnaires to assess respiratory and allergic symptoms, personal and familial history of respiratory and allergic diseases, domestic and professional environmental factors from early childhood, lung function tests (spirometry and methacholine challenge test), a blood sampling, an EBC collection and a skin prick test (SPT). This second data collection aimed at improving the asthma phenotypic characterization since it included very detailed information on health, and the environment as well as a thorough program of collection of biological material.

Figure 6 .

 6 Figure 6. Participants and methodology of the EGEA study EGEA collection is certified ISO 9001 since 2006 (AFNOR certificate N° 2006/26271.7)

Figure 7 .

 7 Figure 7. Participants selected from the EGEA study.

  geometric means (GMs) (interquartile range). The GMs are more robust comparing variables with different numeric ranges (209). They apply only to strictly positive numbers. The GM µ g is calculated via: Associations between hs-CRP levels and storage time, GFR, hour of blood test and smoking in the 24 hours prior to the blood sampling and with age (continuous), sex, smoking (never, ex-, current smokers), BMI (4 classes), and ICS use in the past 12 months were assessed using standard statistical tests such as student T-test or ANOVA test and Pearson correlation coefficient or its non-parametric Spearman correlation coefficient.

Furthermore, we can

  state that our study population is larger (n=252) compared to the study by Takemura et al. (n=59) or Hoshino et al. (n=99) which might be the reason for the different findings. Further, Takemura et al. excluded smoker subjects and those with CRP levels > 10 mg/L which might be severe cases needing asthma treatment. The exclusion of these subjects might have led to an underestimation of mean CRP levels in the asthma treated group.

Figure 10 .

 10 Figure 10. Flow chart of the participantsdata on cytokines and current asthma Abbreviations: EGEA, epidemiological study on the genetics and environment of asthma.

  Finally, both PC1 and PC2 were used in the same model. P-values < 0.05 were considered to indicate a statistically significant difference. Statistical analyses were done using SPSS software version 20.0 then repeated using the SAS software, version 9.3 (SAS Institute, Inc., Cary, North Carolina, USA). Similar results were obtained and the results presented are those of SAS software.

  PC1 was mainly explained by the inflammatory cytokines IL-5, IL-7, IL-8, IL-13 and TNF-α (0.81 to 0.95), while PC2 was mainly explained by the anti-inflammatory cytokines IL-1Ra and IL-10 (0.67). Participants with high scores on one PC have therefore high levels for the cytokines that mainly explain the PC. The dendrogram obtained with the VARCLUS procedure confirmed the partition in two clusters: cluster 1 {IL-5, IL-7, IL-8, IL-13 and TNF-α} and cluster 2 {IL-1Ra and IL-10} (Figure12).

Figure 11 .

 11 Figure 11. Graphical representation of the scores in the space and box plots of the two principal components. The first principal component (PC1) included IL-5, IL-7, IL-8, IL-13, and TNF-α. The second principal component (PC2) included IL-1Ra and IL-10. PC1 and PC2 have skewed distributions.Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-alpha.

Figure 12 :

 12 Figure 12: Dendrogram of the seven cytokines obtained by using proc VARCLUS.

Figure 14 .

 14 Figure 14. Flow chart of the participantsdata on 8-IsoPs and current asthma Abbreviations: EGEA, epidemiological study on the genetics and environment of asthma; 8-Isops, 8-isoprostanes.

FEV 1 /

 1 FVC ratio of < 70% to define irreversible airflow obstruction, regardless of the patients" age and sex. Since the FEV 1 value decreases more quickly with age than the FVC, the GOLD definition has the disadvantage of possible over-diagnosis in elderly patients. The proportion of false-positive diagnoses using the post-bronchodilator ratio was reported to be of 8.9% for 31-40 year-old group, 15.5% for those aged 41-50 years, 23.9% for those aged 51-60 years, 33.2% for those aged 61-70 years, 38.7% for those aged 71-80 years, and 42.7% for those aged over 81 years (240). Adjusting the FEV 1 /FVC ratio for normative ageing effects appears to reduce the false-positive rate reported in ageing patients (241). The ATS/ERS statement recommends using the lower limit of normal (LLN) procedure of the FEV 1 /FVC to diagnose COPD in place of using the post-bronchodilator ratio of FEV 1 /FVC. The LLN is based on age-stratified pre-bronchodilator cut-off values of the FEV 1 /FVC ratio. Patients having a value below the lower 5 th percentile of an aged-matched healthy reference group are diagnosed as having COPD
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	De plus, un score pour le diagnostic de la BPCO avec d'excellentes valeurs discriminantes a été identifié en utilisant les niveaux de SP-D sériques. Certains des résultats obtenus pourraient avoir des implications de santé publique. Concernant la BPCO, son fardeau semble augmenter, en particulier dans les pays en développement principalement en raison de l'augmentation de l'usage du tabac. Dans ce contexte, trouver un moyen pratique pour diagnostiquer la BPCO, en particulier dans les régions où la spirométrie n"est pas toujours disponible, pourra cibler les patients BPCO nécessitant une thérapie afin de 3.1. EGEA: 3.5. Blood tests and EBC collection ...................................................................................... 3.7.2.5. 3.7.3.2. Comparisons with other studies and interpretation .......................................................
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Table 1 .

 1 Characteristics of controls, COPD and asthma patients.

	Controls	COPD patients	Asthma patients
	(N=180)	(N=90)	(N=124)

Table 2 .

 2 Variations of SP-D, CRP and fibrinogen levels between patients and controls

		Controls	COPD	P-value *	Asthma	P-value # P-value §
		(N=180)	patients		patients		
			(N=90)		(N=124)		
	SP-D (ng/mL)	1269	1510	0.02	1130	0.7	0.02
		(664;1884)	(986;2174)		(676;1852)		
	CRP (ng/mL)	9.72	8.41	0.5	8.35	0.4	0.3
		(4.37;15.5)	(3.48;14.3)		(3.35;15.8)		
	Fibrinogen (µg/mL)	3135	2992	0.5	3358	0.09	0.06
		(2730;3597)	(2550;3965)		(2575;4079)		
	Results expressed as Median (Q1; Q3).				

* COPD patients compared to controls; # Asthma patients compared to controls; § COPD patients compared to asthma patients; Bolded results are statistically significant at P-values < 0.05. Abbreviations: COPD, chronic obstructive pulmonary disease; SP-D, surfactant protein-D; CRP, C-reactive protein; (Q1; Q3), first and third quartiles. SP-D levels were lower in the COPD patients who were receiving inhaled therapy (ICS and/or bronchodilators) compared with the COPD patients who were not, but the difference did not reach the level of significance [n=46 versus 42, Median (Q1;Q3): 1298 (892;2132) versus 1681 (1182;2469) ng/mL respectively, P-value=0.10].

Table 3 .

 3 Associations between biological markers and lung function tests in COPD patients

		FEV 1 %predicted*	P-value	FEV 1 /FVC*	P-value
		β (95 % CI)		β (95 % CI)	
	SP-D	-0.51 (-9.50;8.49)	0.9	-8.55 (-31.6;14.5)	0.5
	CRP	-0.02 (-0.18;0.13)	0.8	-0.06 (-0.45;0.33)	0.8
	Fibrinogen	5.60 (-2.46;13.7)	0.2	5.95 (-15.0;26.9)	0.6
	Generalized linear models were performed; β (95 % CI) were adjusted for age, sex, smoking
	and BMI.				

*After administration of a bronchodilator.

Abbreviations: FEV 1 , forced expiratory volume in 1 second; FVC, forced vital capacity;

Table 4 .

 4 Associations between serum SP-D levels and COPD -Multivariate analyses

(a) -First regression -N =221 -COPD patients versus controls as dependent variable

  

		aOR	95% CI	P-value
	SP-D (above the median)	3.86	1.51; 9.85	0.005
	Men	2.92	1.23; 6.93	0.02
	Not Married	3.07	1.19; 7.96	0.02
	Cough in the morning	39.2	10.1; 153	<0.001
	Cough during the day	10.9	3.25; 36.6	<0.001
	Wheezing during the day	64.9	11.8; 356	<0.001
	Ever-smokers	1.31	0.54; 3.18	0.5
	Nagelkereke R 2 = 60%; Hosmer-Lemeshow goodness-of-fit, P-value = 0.541; 86.4% of the
	subjects correctly classified.			
	(b)			

-Second regression -N =141 -COPD patients versus controls as dependent variable for ever-smokers

  

	SP-D (above the median)	6.26	1.81; 21.65	0.004
	Men	4.22	1.43; 12.5	0.009
	Not Married	3.38	1.04; 10.9	0.04
	Cough in the morning	53.8	10.7; 272	<0.001
	Cough during the day	8.66	1.80; 41.8	0.007
	Wheezing during the day	35.8	4.82; 267	<0.001
	Nagelkereke R 2 = 62%; Hosmer-Lemeshow goodness-of-fit, P-value = 0.926; 84.4% of the
	subjects correctly classified.			
	(c)			

-Third regression-N =201 -COPD patients versus asthma patients as dependent variable

  

	SP-D (above the median)	2.53	1.29; 4.96	0.007
	Age	1.04	1.02; 1.07	<0.001
	Men	2.84	1.44; 5.62	0.003
	Cough in the morning	8.70	3.29; 23.0	<0.001
	Nagelkereke R 2 = 39%; Hosmer-Lemeshow goodness-of-fit, P-value = 0.867; 76.1% of the
	subjects correctly classified.			
	Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; SP-D, surfactant protein-D;

Table 5 .

 5 Coordinates of the ROC curve for all COPD patients and controls

	COPD positive if ≥ (a)	Sensitivity 1 -Specificity
	5.0000	1.000	1.000
	6.5000	0.986	0.913
	8.0000	0.986	0.772
	9.5000	0.958	0.671
	10.5000	0.931	0.470
	11.5000	0.889	0.342
	12.5000	0.889	0.336
	13.5000	0.861	0.235
	15.5000	0.764	0.107
	17.5000	0.694	0.087
	19.0000	0.694	0.074
	20.5000	0.681	0.060
	22.5000	0.667	0.047
	24.5000	0.639	0.047
	26.5000	0.597	0.040
	36.5000	0.569	0.040
	45.5000	0.556	0.040
	47.0000	0.542	0.034
	48.5000	0.542	0.027
	49.5000	0.486	0.020
	51.5000	0.431	0.013
	56.5000	0.403	0.013
	62.0000	0.306	0.013
	67.5000	0.278	0.013
	71.5000	0.264	0.013
	73.0000	0.250	0.013

Table 6 .

 6 Coordinates of the ROC curve for ever-smoker COPD patients and controls.

	COPD positive if ≥ (a)	Sensitivity	1 -Specificity
	6.0000	1.000	1.000
	8.5000	1.000	0.759
	10.5000	0.981	0.724
	12.0000	0.963	0.586
	13.5000	0.907	0.368
	15.0000	0.907	0.356
	16.5000	0.889	0.287
	18.5000	0.778	0.115
	21.5000	0.685	0.069
	24.5000	0.667	0.069
	27.5000	0.611	0.057
	36.0000	0.574	0.057
	44.5000	0.556	0.057
	46.5000	0.556	0.034
	48.0000	0.537	0.034
	49.5000	0.519	0.034
	51.0000	0.500	0.034
	52.5000	0.481	0.034
	54.5000	0.463	0.034
	57.5000	0.426	0.034
	60.0000	0.407	0.034
	62.5000	0.389	0.023
	64.5000	0.370	0.023
	66.0000	0.315	0.011
	69.0000	0.241	0.000
	72.5000	0.204	0.000
	77.0000	0.093	0.000
	95.0000	0.056	0.000
	113.0000	0.037	0.000
	117.0000	0.000	0.000
	Abbreviation: COPD, chronic obstructive pulmonary disease.

  not find an association between SP-D and COPD in bivariate and multivariate analyses (183) and Ilumets et al. adjusted for a single confounding factor, which is age (180). Others have performed multivariate analyses concerning associations of SP-D, but considering COPD exacerbation rather than diagnosis

Table 7 .

 7 Characteristics of the 558 adults with current asthma at the second survey (EGEA2)

	At EGEA2

  1.209 . 0.993 Age . 1.018[if woman].1.159[if black] 

Table 8 .

 8 Comparison of main characteristics between non-selected and selected participants

	Non-selected	Selected	P-value
	N=306	N=252	

Table 9 .

 9 Characteristics of the 252 adults with current asthma at the second survey (EGEA2)

	At EGEA2	At EGEA3

Table 11 .

 11 Cross-sectional associations between serum hs-CRP levels and asthma outcomes

	(EGEA2)		
		Hs-CRP	
		Unadjusted	Adjusted*
		OR (95% CI)	OR (95% CI)
	Exacerbations (past 12 months)	1.52 (0.78;2.95)	1.12 (0.52;2.41)
	Asthma attacks (past 12 months)	1.32 (0.77;2.25)	1.23 (0.67;2.26)
	Asthma symptom score (Pekkanen)		
	1 versus 0	1.76 (0.62;4.96)	1.29 (0.37;4.55)
	≥ 2 versus 0	1.75 (0.68;4.51)	1.08 (0.34;3.41)
	Methacholine test, PD20 ≤ 4 mg	2.53 (1.13;5.70)	3.80 (1.39;10.4)
	SPT+	0.87 (0.42;1.77)	1.35 (0.55;3.32)
		ß (95% CI)	ß (95% CI)
	FEV 1 % predicted	-0.02 (-0.06;0.03)	-0.01 (-0.06;0.04)
	Neutrophils, cells/mm 3	0.06 (0.02;0.09)	0.04 (0.001;0.08)
	Eosinophils, cells/mm 3	0.03 (-0.05;0.11)	0.04 (-0.05;0.13)
	IgE, IU/ml	0.03 (-0.14;0.19)	0.14 (-0.04;0.32)

Table 12 .

 12 Longitudinal associations between serum hs-CRP levels and asthma outcomes

	(EGEA3)		
		Unadjusted	Adjusted*
		OR (95% CI)	OR (95% CI)
	Asthma attacks (past 12 months)	1.12 (0.65;1.93)	0.98 (0.49;1.97)
	Asthma symptom control		
	Partially controlled versus controlled	1.44 (0.67;3.11)	1.20 (0.51;2.84)
	Uncontrolled versus controlled	2.09 (0.58;7.48)	1.04 (0.21;5.03)
	Asthma symptom score (Pekkanen)		
	1 versus 0	0.62 (0.25;1.51)	0.61 (0.23;1.64)
	≥ 2 versus 0	1.07 (0.54;2.12)	0.73 (0.34;1.57)
	Change in the asthma symptom		
	score between EGEA2 and EGEA3,		
	Better/stable versus worse	0.85 (0.47;1.54)	1.29 (0.62;2.70)

*OR (95% CI) were adjusted for age, sex, smoking status, BMI and center; GEE regression methods were performed, except for asthma symptom control and asthma symptom score

  An aliquot of the same human serum pool was run by duplicate in each plate. In order to minimize inter-plate variability, each serum cytokine value was divided by

		Non-selected
		Serum cytokines
	Adults with current	measurements, lung function
	asthma; n=558	parameters and eosinophil and
		neutrophil counts not
		available; n=130
	Serum cytokines measurements, lung	
	function parameters and eosinophil and	
	neutrophil counts available; n=428	With other chronic
		inflammatory, respiratory or
		cardiorespiratory diseases /
	Without other chronic inflammatory, respiratory or	cancer / diabetes / tuberculosis
	cardiorespiratory diseases / cancer / diabetes /	n=93
	tuberculosis; n=335	
		Had smoked in the hour prior
		to blood sampling; n=3
	Didn"t smoke in the hour prior to blood sampling;	
	n=332	
	Follow-up at EGEA3	Dead, did not answer, moved,
		missing; n=49
	Selected for the analyses;	
	n = 283	

Table 13 .

 13 Comparison of main characteristics between non-selected and selected participants

	Non-selected	Selected	P-value
	N=145	N=283	

Table 14 .

 14 Characteristics of the 283 adults with current asthma at the second survey (EGEA2)

	At EGEA2	At EGEA3

Table 15 .

 15 Serum levels of cytokines

		Adults with current asthma, N=283
		Mean ± SD	Minimum	Maximum
	IL-1Ra (pg / mL)	19801 ± 29281	58.9	176381
	Ratio IL-1Ra /pool	0.36 ± 0.69	0.002	6.99
	IL-5 (pg / mL)	69.1 ± 57.2	4.92	403.6
	Ratio IL-5/pool	0.42 ± 0.37	0.03	3.94
	IL-7 (pg / mL)	245 ± 170	40.0	1168
	Ratio IL-7/pool	0.58 ± 0.37	0.11	2.09
	IL-8 (pg / mL)	620 ± 523	10.9	3283
	Ratio IL-8/pool	0.40 ± 0.32	0.007	2.00
	IL-10 (pg / mL)	167 ± 265	9.67	3291
	Ratio IL-10/pool	0.46 ± 0.77	0.03	8.98
	IL-13 (pg / mL)	275 ± 221	22.0	1410
	Ratio IL-13/pool	0.49 ± 0.37	0.04	2.35
	TNF-α (pg / mL)	613 ± 567	11.4	3552
	Ratio TNF-α/pool	0.37 ± 0.33	0.01	2.17
	Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-alpha; SD, standard deviation.

Table 16 .

 16 Pearson correlation coefficients for each pairwise correlation of cytokines.

	a. By taking the variability into account				
	IL-1Ra/pool						
	0.29	IL-5/pool					
	0.42	0.76	IL-7/pool				
	0.34	0.76	0.89	IL-8/pool			
	0.61	0.29	0.44	0.32	IL-10/pool		
	0.38	0.72	0.90	0.77	0.42	IL-13/pool	
	0.50	0.65	0.79	0.75	0.55	0.71	TNF-α/pool
	All P-values are < 0.001.					
	b. By taking raw cytokine levels into account			
	IL-1Ra						
	0.51	IL-5					
	0.59	0.86	IL-7				
	0.57	0.86	0.93	IL-8			
	0.63	0.38	0.46	0.40	IL-10		
	0.53	0.80	0.90	0.81	0.44	IL-13	
	0.60	0.75	0.80	0.78	0.53	0.72	TNF-α
	All P-values are < 0.001.					
	Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-alpha.		

Table 17 .

 17 Contribution of biological markers to each principal component

		Box plots
		PC1	PC2
	Marker	PC1	PC2
	Ratio IL-7/ pool	0.95	-0.18
	Ratio IL-13/ pool	0.90	-0.18
	Ratio IL-8/ pool	0.89	-0.29
	Ratio TNF-α/ pool	0.88	0.07
	Ratio IL-5/ pool	0.81	-0.32
	Ratio IL-1Ra/ pool	0.58	0.67
	Ratio IL-10/ pool	0.60	0.67
	Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-alpha

Table 18 .

 18 Associations between PC scores and age, sex, BMI and smoking

	PC1 above the	P-value PC2 above the	P-value
		median		median	
	Age, years, Mean ± SD	36.7 ±16.1	0.9	35.5 ±14.4	0.2
	Women, n(%)	65 (45.8)	0.2	74 (52.1)	0.4
	Body Mass Index (BMI), n (%)		0.1		0.004
	<20 kg/m²	24 (16.9)		17 (12.0)	
	[20 -25[kg/m²	83 (58.5)		69 (48.6)	
	[25 -30[ kg/m²	28 (19.7)		40 (28.2)	
	>=30 kg/m²	7 (4.90)		16 (11.3)	
	Smoking, n(%)		0.6		0.7
	Non-smokers	73 (51.4)		77 (54.2)	
	Ex-smokers	29 (20.4)		32 (22.5)	
	Smokers	40 (28.2)		33 (23.2)	

Table 19 .

 19 Cross-sectional associations between cytokines PC scores and asthma outcomes

	(EGEA2)			
		PC1 score above the median	PC2 score above the median
		Unadjusted	Adjusted*	Unadjusted	Adjusted*
		OR (95% CI)	OR (95% CI)	OR (95% CI)	OR (95% CI)
	Exacerbations,	0.79 (0.42;1.49) 0.72 (0.33;1.53) 0.68 (0.36;1.28) 0.65 (0.29;1.47)
	(past 12 months)			
	Asthma attacks,	1.17 (0.73;1.85) 1.09 (0.65;1.82) 0.74 (0.46;1.18) 0.68 (0.40;1.16)
	(past 12 months)			
	Asthma symptom control, (controlled reference)	
	Partially	1.26 (0.76;2.11) 1.23 (0.69;2.19) 0.65 (0.39;1.08) 0.67 (0.37;1.20)
	controlled			
	Uncontrolled	0.89 (0.39;2.03) 0.86 (0.32;2.32) 0.89 (0.39;2.03) 0.79 (0.29;2.19)
	Asthma symptom score (Pekkanen)		
	1 versus 0	1.30 (0.55;3.11) 1.14 (0.43;3.00) 1.70 (0.71;4.07) 1.94 (0.74;5.11)
	≥ 2 versus 0	1.02 (0.48;2.19) 0.95 (0.41-2.21) 1.14 (0.53;2.44) 0.99 (0.43;2.30)
	Methacholine test,	1.13 (0.61;2.11) 0.90 (0.43;1.89) 0.45 (0.24;0.84) 0.46 (0.23;0.91)
	PD20≤4mg (N=189)			
	SPT+	0.95 (0.51;1.79) 0.82 (0.38;1.78) 0.82 (0.42;1.60) 0.68 (0.30;1.58)

β (95% CI) β (95% CI) β (95% CI) β (95% CI) FEV 1 % predicted

  

	2.09 (-1.77;5.95) 1.75 (-2.27;5.77) -1.34 (-5.20;2.53) -0.41(-4.46;3.63)
	*OR / β (95% CI) were adjusted for age, sex, smoking status, BMI and center; GEE
	regression methods were performed, except for asthma symptom control and asthma symptom
	score where polytomous logistic regressions were applied. Bolded results are statistically
	significant at P-values< 0.05.
	Abbreviations: FEV 1 , forced expiratory volume in 1 second; PD20, dose of methacholine
	causing a 20% fall in FEV in 1 second from baseline; SPT+, a mean wheal diameter 3mm
	than the negative control for at least one of 12 aeroallergens; PC, principal component; OR,
	odds ratio; CI, confidence interval.

Table 20 .

 20 Cross-sectional associations between cytokines PC scores and neutrophil and

	eosinophil counts and IgE levels (at EGEA2)		
		PC1 score	PC2 score
		Unadjusted	Adjusted*	Unadjusted	Adjusted*
	Neutrophils, cells/mm 3				
	Below the median	3564	3590	3899	3906
		(3376-3764)	(3357-3839)	(3691-4120)	(3637-4195)
	Above the median	3937	3958	3602	3668
		(3728-4158)	(3700-4234)	(3410-3804)	(3438-3912)
	P-value	0.01	0.02	0.04	0.13
	Eosinophils, cells/mm 3				
	Below the median	209	207	226	227
		(186-234)	(180-239)	(201-254)	(195-264)
	Above the median	221	220	205	203
		(197-248)	(190-254)	(183-230)	(178-233)
	P-value	0.5	0.5	0.2	0.2
	IgE, IU/mL				
	Below the median	128	136	196	185
		(101-163)	(102-181)	(154-250)	(137-251)
	Above the median	185	166	122	128
		(146-236)	(124-221)	(97-155)	(97-168)
	P-value	0.03	0.26	0.005	0.04
	All values are expressed as GM (min-max).		
	*Results were adjusted for age, sex, smoking status, BMI and center; GEE regression methods
	were performed.				

Abbreviations: GM, geometric mean; min, lower value; max, higher value; PC, principal component; IgE, immunoglobulin E.

Table 21 .

 21 Longitudinal associations between cytokines PC scores and asthma outcomes

	(EGEA3)			
		PC1 score above the	PC2 score above the median
		median	
		Unadjusted	Adjusted*	Unadjusted	Adjusted*
		OR (95% CI)	OR (95% CI)	OR (95% CI)	OR (95% CI)
	Asthma attacks			
	(past 12 months)	1.27 (0.78;2.08) 1.71 (0.91;3.20) 0.77 (0.47;1.27) 0.56 (0.31;1.00)
	Asthma symptom control, (controlled reference)	
	Partly	0.81 (0.44;1.51) 0.80 (0.39;1.64) 0.64 (0.34;1.18) 0.48 (0.23;1.02)
	controlled			
	Uncontrolled 2.24 (0.84;5.98) 3.04 (0.92;9.98) 0

.29 (0.10;0.81) 0.12 (0.03;0.45) Asthma symptom score (Pekkanen)

  

	1 versus 0	1.58 (0.74;3.37) 1.31 (0.57;3.03) 0.76 (0.36;1.61) 0.85 (0.37;1.95)
	≥ 2 versus 0 1.01 (0.55;1.84) 1.02 (0.51;2.01) 0.74 (0.40;1.35) 0.59 (0.30;1.17)
	Change in the asthma symptom score (Pekkanen)
	between EGEA2 and EGEA3,
	Better/stable	0.74 (0.42;1.30) 0.91 (0.49;1.69) 1.32 (0.74;2.36) 1.12 (0.56;2.24)
	versus worse	
	*OR (95 % CI) were adjusted for age, sex, smoking, BMI and center. GEE regression
	methods were performed except for asthma symptom control and asthma symptom score
	evolution where polytomous logistic regressions were applied. Bolded results are statistically
	significant at P-values< 0.05, those in italic are at 0.05<P-values<0.10.

Abbreviations: PC, principal component; EGEA, epidemiological study on the genetics and environment of asthma; OR, odds ratio; CI, confidence interval.
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	(EGEA3)

  sectional analyses). Age, sex, smoking status, BMI, and center were included as covariates. Multivariate analyses were as well conducted firstly further additional adjustment for ICS use in the past 12 months, secondly by adjusting for age, sex, smoking status, BMI, and center and stratifying by ICS use and thirdly by removing the outliers from the database.Results of the statistical tests were considered significant if P-values were < 0.05. All analyses were performed using SPSS software, version 20.0. Analyses are still in progress and will be finalized in the coming three months.

	Figure 15. Histograms for 8-IsoPs levels before and after log10 transformation
	The associations of 8-IsoPs levels with plate number, hour of Abbreviations: 8-IsoPs, 8-isoprostanes.
	EBC collection, storage time, and smoking within 24 hours prior to EBC collection and with
	age (continuous), sex, smoking (current, ex-and non-smokers), BMI (4 classes) and ICS use
	were assessed in patients with current asthma using standard statistical tests such as student T-

test or ANOVA test and Pearson correlation coefficient or its non-parametric Spearman correlation coefficient. Multivariate analyses (except multinomial logistic regressions) were performed using GEE. 8-IsoPs levels were studied in association with asthma outcomes (cross-N= 258 Mean ± SD: 6.67 ± 15.2 Median (Q1; Q3): 3.36 (1.62; 7.26) Minimum: 0.06 Maximum: 222 N= 258 Mean ± SD: 0.52 ± 0.50 Median (Q1; Q3):0.53 (0.21; 0.86) Minimum: -1.22 Maximum: 2.35
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 23 Comparison of main characteristics between selected and non-selected participants and those having non-detectable 8-IsoPs levels For non-selected versus selected; & For having non-detectable (ND) 8-IsoPs versus selected.

	Selected; N=258	Non-selected; N=206	ND 8-IsoPs; n=94	P-value #	P-value &

# 
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 25 Cross-sectional associations between EBC 8-IsoPs levels and asthma outcomes OR/ β (95% CI) were adjusted for age, sex, smoking status, BMI, and center. GEE regression methods were performed, except for asthma symptom control and asthma symptom score where multinomial logistic regressions were applied.

	Unadjusted	Adjusted*
	OR (95% CI)	OR (95% CI)

*

UNIT OR LAB: NAME AND ADDRESS

France: [START_REF] Accordini | The cost of persistent asthma in Europe: an international population-based study in adults[END_REF] The value in bold is the optimum cut-off point.

A second score (score 2) was calculated from the second regression (from Table 4b) for eversmoker COPD patients and controls as follows: Score 2 = (SP-D above/below the median x 6) + (sex x 4) + (marital status x 3) + (cough in the morning x 54) + (cough during the day x 9) + (wheezing during the day x 36).

In ever-smoker COPD patients, score 2 has a minimum of 10 and a maximum of 116. The mean was 47.7, the median was 51 and the SD was 28.5. In ever-smoker controls, the minimum was 7, the maximum was 67, with a mean of 15, a median of 13 and a SD of 11.4. The ROC curve generated from score 2 is shown in Figure 5. The AUC was at 0.895 (0.841-0.950; P-value < 0.001). The most optimal cut-off point was 18.5 at which point sensitivity, specificity, positive predictive value and negative predictive value were 77.8%, 88.5%, 70% and 82% respectively (Table 6). 

Results

Study participants

Participants selected for the hs-CRP analysis versus those non-selected Participants selected for this analysis (n=252) included more subjects with controlled asthma and had more positive methacholine challenge test than those not selected (n=306). The two groups were similar for age, sex, BMI, smoking status, allergic sensitization, exacerbations, asthma attacks, asthma symptom score, ICS use, FEV1 % predicted, and blood cell counts (Table 8).

Association between serum hs-CRP levels and potential confounding variables

No significant associations were observed between serum hs-CRP levels and hour of blood test (P-value = 0.6), storage time (P-value = 0.5), GFR (P-value = 0.06), and smoking in the 24 hours prior to blood sampling (P-value = 0.6). Hs-CRP levels were positively associated with age. Significantly, higher hs-CRP levels were observed in women, in overweight and obese participants. No associations were observed with smoking status or between those who used ICS in the past 12 months versus not (Table 10). [16-25[ 76; 0.91 (0.41;1.92) [25-35[ 52; 1.52 (0.67;2.92) [35-45[ 34; 1.59 (0.79;2.95) [45-55[ 44; 1.45 Abbreviations: GM, geometric mean; (Q1; Q3), first and third quartiles.

Cross-sectional associations between serum hs-CRP levels and asthma symptom control at EGEA2

Serum hs-CRP levels were significantly and positively associated with uncontrolled versus controlled asthma. This association was borderline significant after adjustment for center, age, sex and smoking and non-significant after additional adjustment for BMI (Figure 9). Abbreviations: BMI, body mass index; OR, odds ratio.

Cross-sectional associations between serum hs-CRP levels and asthma outcomes at EGEA2

No associations were found between hs-CRP levels and exacerbations or asthma attacks in the past 12 months, asthma symptom score (Pekkanen), FEV1% predicted, allergic sensitization,

Results

Study participants

Participants selected for the analyses versus those non-selected Participants selected for the analysis were younger, more often non-smokers, had lower BMI and a better lung function than those not selected (n=145). The two groups were similar for sex, allergic sensitization, asthma-related phenotypes and blood cell counts (Table 13).

Associations between levels of individual cytokines and asthma control outcomes showed that participants with high levels of IL-13 reported significantly more asthma attacks at baseline (OR=2.41 [1.21; 4.79]), and that participants with high levels of IL-7 or IL-13 at baseline were at higher subsequent risk of uncontrolled asthma at EGEA3, those with high level of IL-13 at baseline reporting also significantly more asthma attacks at EGEA3. No other associations were found (Table 22).

Sensitivity analyses

The association between higher PC2 score at baseline and lower subsequent risk of poor asthma symptom control remained significant after further adjustment for ICS use in the past 12 months, for lung function or asthma symptom control at EGEA2. Finally, this association was also consistently observed when analyses were performed after including PC1 in the model (Figure 13). Odds Ratios (ORs) adjusted for age, sex, smoking, BMI and center. Further adjustment for * ICS treatment, † FEV 1 % predicted at EGEA2, ffi asthma symptom control at EGEA2. $ both PC1 and PC2 scores were included in the same model.

Subjects were classified as controlled, partly controlled and uncontrolled according to the asthma symptom control as per GINA 2015.

Abbreviations: BMI, body mass index; ICS, inhaled corticosteroids; FEV 1 , forced expiratory volume in one second; PC, principal component.

Discussion

Summary of findings

This study identified for the first time two serum cytokine profiles defined by PCA, the first profile including five cytokines involved either in eosinophilic inflammation (IL-5, IL-7, IL-13) or neutrophilic inflammation in asthma (IL-8 and TNF-α) and the second one including two anti-inflammatory cytokines (IL-1Ra and IL-10). These profiles were differently associated with asthma control outcomes in adults with current asthma at baseline. The first cytokine profile was significantly associated with higher blood neutrophil counts at baseline, and positively associated at borderline significance with subsequent risk of asthma attacks and poor asthma control, but was not associated with any asthma outcomes cross sectionally. The second cytokine profile was significantly associated with low total IgE levels and lower BHR at baseline, and low subsequent risk of asthma attacks and poor asthma control in adults.

Evidence for the main longitudinal associations is strengthened by consistency of the results obtained after further adjustments, showing that longitudinal effects on EGEA3 were not simply due to associations from EGEA2.

Comparisons with other studies and interpretation

In the cross-sectional analyses, participants with high PC1 (above the median) scores had higher blood neutrophil counts than those with low PC1 scores. These results are consistent with the positive association between IL-8 levels and neutrophil counts found in sputum (115) and in blood [START_REF] Wenzel | Asthma phenotypes: the evolution from clinical to molecular approaches[END_REF]. However, no associations between PC1 and blood eosinophil counts or total IgE levels were observed, in contrast with previous studies on IL [224][225][226]. PC1 profile was not correlated with asthma control outcomes, allergic sensitization, and lung function. In contrast, numerous reports found associations between sputum cytokines levels and clinical outcomes of asthma. Norzilla et al. reported an association between sputum IL-5 and IL-8 levels and exacerbations (227), and IL-8 levels in BAL were found to be inversely correlated with FEV 1 in a clinical study (155). It is to be noted that no association between PC1 and asthma symptom control were found, while participants with high levels of IL-13 reported significantly more asthma attacks at baseline, and were at higher subsequent risk of asthma attack and uncontrolled asthma at EGEA3, a result consistent with a previous study on 217 asthma patients that reported the threshold of

Preliminary results

Study participants

Participants selected for the analyses versus those non-selected

Participants selected for the analyses (n=258) were similar to those non-selected (n=206) for age, sex, BMI status, smoking, exacerbations, asthma attacks, asthma symptom score, ICS use, FEV1, BHR, allergic sensitization and blood cell counts. Moreover, the 258 participants selected for the analyses were compared to those having non-detectable 8-IsoPs levels (n=94)

as the levels of 8-IsoPs in this group were lower than the limit of detection, thus could be considered as an informative group. Participants having non-detectable 8-IsoPs levels had more asthma attacks and included more subjects with uncontrolled asthma. No other significant associations were observed (Table 23).

Participants' characteristics

As shown in Table 23, the mean age of the selected 258 adults with current asthma was 38 years, half of them were women, 52% were non-smokers, and 41% reported asthma attacks in the past year. Moreover, 58% were classified as controlled according to GINA 2015 and 81% had an allergic sensitization.

Association between EBC 8-IsoPs levels and potential confounding variables

No significant associations were observed between 8-IsoPs levels and plate number (P-value = 0.3), hour of EBC collection (P-value = 0.4), storage time (P-value = 0.1) or smoking in the 24 hours prior to EBC collection (P-value = 0.8). 8-IsoPs levels were negatively associated with age and were lower in participants who used ICS in the past 12 months versus not. No significant associations were observed with sex, BMI and smoking (Table 24). [16 -25[ 87; 4.20 (2.07;9.68) [25 -35[ 55; 3.87 (2.10;6.76) [35 -45[ 22; 2.35 (0.83;6.79) [45 -55[ 46; 3.38 (1.49;9.43 The preliminary results showed no association with asthma outcomes. A previous study found no association between 8-IsoP levels and asthma control using ACT (170). Another study reported no significant differences in 8-IsoP levels between subjects exposed to oil spill versus those not and both groups included subjects with asthma or atopy (236). However, previous reports including children or adults having asthma, 8-IsoP levels were higher in severe patients and during exacerbations (237,238). Analyses will be pursued in order to confirm the initial findings. Moreover, additional analyses will be conducted by including participants having non-detectable 8-IsoPs levels as an informative group in the analyses and expressing the 8-IsoP levels by classes.