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Introduction

Exposure to outdoor air pollution is associated with various respiratory outcomes, including a decline in lung function (1) -an early predictor of cardiorespiratory morbidity and mortality [START_REF] Adam | Adult lung function and long-term air pollution exposure. ESCAPE: a multicentre cohort study and meta-analysis[END_REF].

A growing body of evidence suggests that chronic exposure to nitrogen dioxide (NO2) and particulate matter with an aerodynamic diameter <10 µm (PM10) is linked to a decline in FEV1, FVC and FEV1/FVC -especially in Europe [START_REF] Götschi | Long-Term Effects of Ambient Air Pollution on Lung Function[END_REF]. Exposure to NO2 and PM10 has been linked to lower FEV1 [START_REF] Adam | Adult lung function and long-term air pollution exposure. ESCAPE: a multicentre cohort study and meta-analysis[END_REF][START_REF] Ackermann-Liebrich | Lung Fundion and Long Term Exposure to Air Pollutants in Switzerland[END_REF][START_REF] Schikowski | Long-term air pollution exposure and living close to busy roads are associated with COPD in women[END_REF][START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF], FVC [START_REF] Adam | Adult lung function and long-term air pollution exposure. ESCAPE: a multicentre cohort study and meta-analysis[END_REF][START_REF] Ackermann-Liebrich | Lung Fundion and Long Term Exposure to Air Pollutants in Switzerland[END_REF][START_REF] Schikowski | Long-term air pollution exposure and living close to busy roads are associated with COPD in women[END_REF] and FEV1/FVC values [START_REF] Schikowski | Long-term air pollution exposure and living close to busy roads are associated with COPD in women[END_REF] in adults. However, only two studies have investigated the associations between the sulphur dioxide (SO2) -one of the main markers of industrial pollution -and lung function. The studies found that SO2 was associated with a lower FEV1 [START_REF] Ackermann-Liebrich | Lung Fundion and Long Term Exposure to Air Pollutants in Switzerland[END_REF][START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF] and a lower FVC (4).

Small airway obstruction may reduce flow at low volume, leaving flow at high lung volumes much less affected. Therefore, small airway function can be probed by measuring indices of forced expiratory manoeuvres, such as the forced expiratory flow (FEF) between 25% and 75% of FVC (FEF25-75) and at 75% of FVC (FEF75) [START_REF] Quanjer | Measurement of FEF25-75% and FEF75% does not contribute to clinical decision making[END_REF]. Although small airway disorders are frequently implicated in early-stage chronic obstruction [START_REF] Ranga | Structure and function of small airways in health and disease[END_REF] and in asthma [START_REF] Schiphof-Godart | Development of a tool to recognize small airways dysfunction in asthma (SADT)[END_REF], data on the putative association with chronic exposure to outdoor air pollution are still very scarce [START_REF] Downs | Reduced Exposure to PM 10 and Attenuated Age-Related Decline in Lung Function[END_REF].

In previous research, we found that a short-term exposure to outdoor air pollution was associated with lower FEV1/FVC, FEF25-75 and FEF75 values [START_REF] Dauchet | Short-term exposure to air pollution : Associations with lung function and in fl ammatory markers in non-smoking healthy adults[END_REF]. Hence, we aimed to study the relationship between residential exposure to road-traffic-related and industrial pollutants (NO2, PM10, and SO2) and lung function including FEF25-75 and FEF75 that may be more specific of small airway obstruction.

Methods

Study population

The study included participants aged between 40 and 65 in the 2011-2013 Enquête Littoral Souffle Air Biologie Environnement (ELISABET) cross-sectional survey. The ELISABET study's methodology has been described in detail elsewhere [START_REF] Dauchet | Short-term exposure to air pollution : Associations with lung function and in fl ammatory markers in non-smoking healthy adults[END_REF][START_REF] Clement | Changes over time in the prevalence and treatment of cardiovascular risk factors , and contributions to time trends in coronary mortality over 25 years in the Lille urban area ( northern France )[END_REF][START_REF] Giovannelli | Low-grade systemic in fl ammation : a partial mediator of the relationship between diabetes and lung function[END_REF][START_REF] Hulo | Global Lung Function Initiative reference equations better describe a middleaged , healthy French population than the European Community for Steel and Coal[END_REF][START_REF] Quach | Prevalence and underdiagnosis of airway obstruction among middle-aged adults in northern France: The ELISABET study 2011-2013[END_REF][START_REF] Riant | Associations between long-term exposure to air pollution , glycosylated hemoglobin , fasting blood glucose and diabetes mellitus in northern France[END_REF][START_REF] Devien | Sources of household air pollution: The association with lung function and respiratory symptoms in middle-aged adult[END_REF]. Briefly, the study sample was representative of the general population in the Lille and Dunkirk urban areas of northern France. Data were collected at the participant's home or (very occasionally) during a consultation in a healthcare establishment. In all cases, a trained, registered nurse administered a detailed questionnaire and performed spirometry testing. The study protocol was approved by the local independent ethics committee (CPP Nord Ouest IV, Lille, France; reference 2010-A00065-34; ClinicalTrials.gov identifier: NCT02490553), in compliance with the French legislation on biomedical research. All participants provided their written, informed consent to participation in the study.

Outcome assessment

Spirometry was performed according to the 2005 American Thoracic Society (ATS) and European Respiratory Society (ERS) guidelines [START_REF] Miller | Standardisation of spirometry[END_REF]. The spirometers (Micro 6000, Medisoft, Sorinnes, Belgium) were calibrated weekly. The highest recorded values of FEV1, FVC and FEV1/FVC were selected for statistical analysis. We also measured FEF25-75 and FEF75 from the expiration that had the highest sum of FEV1 and FVC. No bronchodilators were administered. All spirometry data were collected by eight trained nurses, and validated by an experienced specialist physician (JLE). We expressed the spirometry data as z-score that described the difference (in standard deviations) between the measured value and the value predicted by the 2012 Global Lung Initiative equations [START_REF] Quanjer | Muti-ethnic reference values for spirometry for thee 3-95 years age range: the global lung function 2012 equations[END_REF].

Pollution and neighbourhood data

The pollution assessment and neighbourhood data have been described previously (( 16), see the Supplementary Materials). Briefly, the annual mean concentrations of NO2, PM10 (in Lille an Dunkirk) and SO2 (in Dunkirk only) were estimated between 2010 and 2013 (in Lille) and between 2012 and 2013 (in Dunkirk) by the ATMO-Nord Pas de Calais air monitoring organization, using an atmospheric dispersion modelling system. PM2.5 were had not been estimated by ATMO-Nor Pas de Calais at the time for the study period. Each participant's place of residence was located on a grid with a cell size of 25 m. We assessed the annual exposure levels at the place of residence as the mean value of the four closest points in the grid, weighted by the inverse square distance to each point [START_REF] Babak | Statistical approach to inverse distance interpolation[END_REF]. The overall pollution exposure for each participant was then calculated as the average level of pollution over the year of their inclusion and the year before.

Statistical analyses

The pollutant levels and the correlations between pollutant levels were described for each of the two urban areas. The coefficients of linear regression models were expressed as z-scores [95% CI] for an increment of 5 μg/m3 in NO2 and 2 µg/m3 in PM10 and SO2. We also expressed the coefficients in mL or mL/s for FEF25-75 and FEF75, as a percentage change or percentage for FEV1/FVC, and as a percentage of the value predicted by the 2012 Global Lung Initiative equations (Supplementary Tables 1 to 3). Estimates were adjusted for age (continuous variable), sex (binary variable), height (continuous variable), inclusion year (continuous variable), urban area (Lille or Dunkirk), investigator (class variable with 12 modalities for the 12 investigators), smoking status (former smoker, never smoker, current smoker), body mass index (continuous variable), educational level (Primary education only, Secondary education only, 2 to 4 years of higher education, 5 or more years of higher education), and occupational exposure to fumes and dust (continuous variable). A jobexposure matrix was used to yield an index for cumulative exposure to fumes and dust. This cumulative exposure index was calculated for a subject's entire career by adding the exposure indices obtained for each job [START_REF] Ringeval | Rôle de l'exposition professionnelle dans la prévalence des troubles ventilatoires obstructifs dans une population générale du nord de la France (étude ELISABET[END_REF].

We tested the interactions between outdoor air pollution on one hand and age, sex, smoking status, educational level, urban area, asthma status, and time resident at current address on the other. In sensitivity analyses, we further adjusted for asthma status and covariates linked to the neighbourhood (income, population density, and the European deprivation index (EDI)).

To enable comparisons of effect sizes, the coefficients of the linear regression models developed in previous studies were standardized for the same increment in pollutant levels (Supplementary Tables 4 to 6). We estimated the PM10 level by applying a 1/0.7 conversion factor to the level of particulate matter with an aerodynamic diameter <2.5 µm (PM2.5) measured in a previous study in which PM10 data were not available [START_REF] Medina | APHEIS Health Impact Assessment of Air Pollution and Communication Strategy[END_REF][START_REF] Rice | Long-Term Exposure to Traf fi c Emissions and Fine Particulate Matter and Lung Function Decline in the Framingham Heart Study[END_REF]. Statistical analyses were performed using R software (version 3.2.3, R Core Team, R Foundation for Statistical Computing, Vienna, Austria, 2015, http://www.R-project.org). The threshold for statistical significance was set to p<0.05.

Results

The analyses included 2995 adults with data on air pollution, FEV1 and FVC (Figure 1). Data on FEF25-75 and FEF75 were available for 2968 individuals. Participants lacking data on smoking status, height, and occupational exposure to fumes and dust were not included.

Likewise, participants with a height below 140 cm, with unacceptable spirometry data or having lived for less than one year at their current residential address (n=282, Figure 1) were not included.

The characteristics of the participants included in the final analysis are summarized in Table 1. Among the 2995 adults, 1543 lived in Lille and 1452 in Dunkirk, the mean age was 53 years, 47.1% of the participants were men, 50.2% had never smoked, 23.5% were obese (BMI ≥30 kg/m²), and 10.1% had not attended high school. In comparison with participants in Lille, participants in Dunkirk had a higher BMI (P<0.0001), a lower education level (P<0.0001) and a higher FEV1/FVC (P=0.003), and had lived longer at their current residential address (P<0.0001).

Air pollution levels were below the limit value set by the European Union (Figure 2). The NO2 and PM10 levels were higher in Lille than in Dunkirk (P<0.0001, Figure 2). As evidenced by the interquartile ranges, the variability of air pollution levels assigned to the participants' residential addresses was relatively small but was greater in Lille than in Dunkirk. Levels of NO2 and PM10 were positively correlated in both Lille and Dunkirk (r=0.84 and r=0.85, respectively, P<0.0001 for both). In Dunkirk, NO2 and SO2 levels were positively correlated (r=0.81, P<0.0001), as were PM10 and SO2 levels (r=0.74, P<0.0001).

Association between outdoor air pollution and lung function

The lung function results are summarized in Table 2. NO2 was associated with lower FEV1 (- 

Sensitivity analysis

After further adjustment for asthma status, the effect size of the associations tended to decrease; the overall conclusions were the same, however (Supplementary Table 7). The results of further adjustments for covariates linked to the neighbourhood are summarized in Supplementary Tables 8 to 10. After adjustment for the neighbourhood median income, NO2 remained significantly associated with all the outcomes. PM10 remained significantly associated with all the outcomes other than FVC. SO2 was not significantly associated with a decrease in lung function. After adjustment for the neighbourhood population density, NO2, PM10 and SO2 remained significantly associated with all the outcomes other than FVC. After adjustment for the neighbourhood EDI, NO2 remained significantly associated with all the outcomes other than FVC. PM10 remained significantly associated with lower FEF25-75 and FEF75 values. SO2 remained significantly associated with lower FEV1, FEF25-75 and FEF75 values.

Interaction analysis

Asthma status significantly modified the association between SO2 exposure and FVC (Supplementary Table 11); SO2 was associated with a lower FVC in participants with asthma and in those without; although the association's effect size was stronger and significant among participants with asthma only. Smoking status significantly modified the association between NO2, PM10 and SO2 exposure and FEF75 (Supplementary Tables 12 to 14), between PM10 and SO2 exposure and FEF25-75, and between SO2 exposure and FEV1/FVC. All these associations were negative, and were generally weaker in never-smokers. With regard to smoking status, the associations were generally stronger in current-smokers than in former smokers. The urban area (Lille or Dunkirk) did not significantly modify the effect of outdoor air pollution on lung function (data not shown). All the other interactions tested did not achieve statistical significance.

Discussion

Key findings

We investigated the effect of residential exposure to traffic-related and industrial pollutants on lung function including FEF25-75 and FEF75 that may be more specific of small airway obstruction. Even though the spatial variations in pollutant levels were low, we found that both NO2 and PM10 were associated with significantly lower FEV1, FVC, FEV1/FVC, FEF25-75 and FEF75 values, and SO2 was associated with significantly lower FEV1, FEV1/FVC, FEF25-75 and FEF75 values.

Comparison with previous studies

FVC

The effect sizes observed in the present study are compared with those reported in the literature in Supplementary Tables 4 to 6. The effect sizes for the associations between NO2 and FVC and between PM10 and FVC were quite similar to the literature values [START_REF] Ackermann-Liebrich | Lung Fundion and Long Term Exposure to Air Pollutants in Switzerland[END_REF][START_REF] Schikowski | Long-term air pollution exposure and living close to busy roads are associated with COPD in women[END_REF][START_REF] Rice | Long-Term Exposure to Traf fi c Emissions and Fine Particulate Matter and Lung Function Decline in the Framingham Heart Study[END_REF], despite inter-study differences in populations, pollutant measurement methods, and exposure ranges. Hence, these associations appear to be highly consistent. In a study performed in Tasmania, the negative association between NO2 and FVC was not significant; however, the effect size and the confidence intervals were in line with our results [START_REF] Bowatte | Traffic-related air pollution exposure is associated with allergic sensitization, asthma, and poor lung function in middle age[END_REF]. In contrast, the ESCAPE study performed in eight European countries evidenced significant negative associations for NO2 and PM10, although the size of the effect on FVC was much lower (2).

FEV1 and FEV1/FVC

Although associations between outdoor air pollution and FEV1 or FEV1/FVC have previously been reported, the effect sizes varied markedly, and the associations were always weaker than in the present study. The above-cited studies found negative associations between NO2 and FEV1, between PM10 and FEV1 [START_REF] Adam | Adult lung function and long-term air pollution exposure. ESCAPE: a multicentre cohort study and meta-analysis[END_REF][START_REF] Ackermann-Liebrich | Lung Fundion and Long Term Exposure to Air Pollutants in Switzerland[END_REF][START_REF] Schikowski | Long-term air pollution exposure and living close to busy roads are associated with COPD in women[END_REF][START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF] and between SO2 (one of the main markers of industrial pollution) and FEV1 [START_REF] Ackermann-Liebrich | Lung Fundion and Long Term Exposure to Air Pollutants in Switzerland[END_REF][START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF]. Negative associations between NO2 and FEV1/FVC [START_REF] Schikowski | Long-term air pollution exposure and living close to busy roads are associated with COPD in women[END_REF][START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF], and between PM10 and FEV1/FVC (5) have also been described. Conversely, other studies did not find an association between PM10 or PM2.5 and FEV1/FVC [START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF][START_REF] Rice | Long-Term Exposure to Traf fi c Emissions and Fine Particulate Matter and Lung Function Decline in the Framingham Heart Study[END_REF]. In the Tasmanian study cited above, NO2 was associated (but not significantly) with lower FEV1 and FEV1/FVC values, although the confidence intervals were quite consistent with our results [START_REF] Bowatte | Traffic-related air pollution exposure is associated with allergic sensitization, asthma, and poor lung function in middle age[END_REF].

FEF 25-75 and FEF 75

In a prospective study of 4742 adults in Switzerland, a 10 µg/m 3 decline in PM10 levels over an 11-year period was associated with a slowing in the annual rate of decline in FEV1 and FEF25-75 values [START_REF] Downs | Reduced Exposure to PM 10 and Attenuated Age-Related Decline in Lung Function[END_REF]. The Tasmanian study also observed a negative (but non-significant) association between NO2 exposure and FEF25-75, i.e. similar to that observed in the present study [START_REF] Bowatte | Traffic-related air pollution exposure is associated with allergic sensitization, asthma, and poor lung function in middle age[END_REF]. To the best of our knowledge, the link between air pollutants and FEF75 has not previously been investigated. Most epidemiological studies do not use FEF25-75 or FEF75 as indices of peripheral airway obstruction because these measurement display significant interand intra-individual variability. In the ELISABET project, we used recent equipment and the latest reference equations to analyze these two markers in a modern population; this approach probably reduced the inter-individual variability in these flow measurements. Furthermore, the forced exhalation manoeuvres were standardized, and the acceptability of forced exhalation data was rigorously examined. All the flow-volume curves were recorded by a small number of nurses. A single expert (blinded to the subject's identity and other data) visualized all the flow-volume curves, and scrupulously applied the ATS/ERS guidelines on curve acceptability. These precautions made it possible to (i) significantly reduce the variability of these distal flows and (ii) optimally evaluate distal obstruction and the severity of the small airway disorders.

Possible explanations of inconsistent result for obstructive syndrome

Overall, the effect size for the relationship between air pollution and obstructive syndrome seems inconsistent. The methods and device used for spirometry vary from one study to another. For example, some studies used a sealed bell device (2, 5) that might measure flow less accurately and might thus induce a non-differential measurement bias and weaker associations. Another possible explanation relates to differences in the methods used to model air pollution levels such as atmospheric dispersion modelling system, satellite-based land-use regression (LUR) models, LUR models or spatial proximity models can influence the associations between pollution and lung function. Likewise, geocoding methods used to assign pollution estimates at the individual level can also influence the associations between pollution and lung function [START_REF] Jacquemin | Impact of Geocoding Methods on Associations between Long-term Exposure to Urban Air Pollution and Lung Function[END_REF]. Nevertheless, variability in exposure measurements should also influence associations with FVC.

Subgroups analyses

Asthma

Variations over time in expiratory lung function are greater extent in people with asthma than in healthy people [START_REF]Global Strategy for Asthma Management and Prevention[END_REF]. Interestingly, we found that asthma status modified the association between SO2 and FVC. SO2 was associated with a lower FVC in participants with asthma and in those without, and the associations were stronger and statistically significant in participants with asthma only. Although a previous study did not find a significant interaction with asthma status, the researchers reported negative, non-significant associations between NO2 and PM10 with FVC in participants with ever-asthma and in participants without asthma; the associations were stronger in the ever-asthma group [START_REF] Adam | Adult lung function and long-term air pollution exposure. ESCAPE: a multicentre cohort study and meta-analysis[END_REF].

Smoking status

Smoking is linked to a decrease in lung function in adults [START_REF] Dockery | Cumulative and reversible effects of lifetime smoking on simple tests of lung function in adults[END_REF], and smoking cessation prevents an excessive decline in lung function [START_REF] Willemse | The impact of smoking cessation on respiratory symptoms, lung function, airway hyperresponsiveness and inflammation[END_REF]. We therefore looked at whether smoking status influenced our findings. Indeed, smoking status significantly modified the association between outdoor air pollution on some (but not all) lung function parameters. The negative associations were generally weaker in never-smokers than in smokers, and weaker in former smokers than current-smokers. Our results might explained by a greater vulnerability to the effects of pollution in current smokers, given that smoking and pollution exposure drive major inflammatory responses in the lung and thus in favour a decline in lung function [START_REF] Guarnieri | Outdoor air pollution and asthma[END_REF][START_REF] Willemse | The impact of smoking cessation on respiratory symptoms, lung function, airway hyperresponsiveness and inflammation[END_REF]. However, our results were not consistent with a previous study in which the associations between PM10, NO2 and SO2 with FEV1 were (i) greater in former smokers and (ii) smaller and similar in current and never-smokers [START_REF] Forbes | Chronic exposure to outdoor air pollution and lung function in adults[END_REF]. A study by Rice et al. reported a borderline-significant relationship between PM2.5 exposure and a lower FEV1 in former smokers, relative to neversmokers; no association was found in current smokers [START_REF] Rice | Long-Term Exposure to Traf fi c Emissions and Fine Particulate Matter and Lung Function Decline in the Framingham Heart Study[END_REF]. Rice et al. hypothesized that "the current-smokers may be less susceptible because the daily injury by active smoking may overwhelm any incremental damage by long-term pollution exposure" [START_REF] Rice | Long-Term Exposure to Traf fi c Emissions and Fine Particulate Matter and Lung Function Decline in the Framingham Heart Study[END_REF]. Hence, reports on the interaction between smoking and lung function are not consistent, and further studies are needed to better evaluate the conjoint effects of smoking and outdoor air pollution exposure on lung function.

Sensitivity analyses

Neighbourhood characteristic such as socioeconomic factor or population density may be confounder in the association between air pollution and health. Socioeconomic status is often a cause of residual confusion because it is associated with various health outcomes [START_REF] Hajat | Air Pollution and Individual and Neighborhood Socioeconomic Status : Evidence from the Multi-Ethnic Study of Atherosclerosis (MESA)[END_REF] and with air pollution exposure [START_REF] Temam | Socioeconomic position and outdoor nitrogen dioxide (NO2) exposure in Western Europe: A multi-city analysis[END_REF]. In a sensitivity analysis adjusted for the neighbourhood's median income and median EDI index and density, most of the associations between outdoor air pollution and lung function remained statistically significant strengthening our results. Nevertheless, the neighbourhood population density might be strongly correlated with many sources of air pollution, and so adjusting for this factor is questionable.

Mechanisms

A decrease in lung function is also associated with biological factors, such as a high level of oxidant stress [START_REF] Ciencewicki | Oxidants and the pathogenesis of lung diseases[END_REF], and a growing body of evidence suggests that outdoor air pollution increases oxidative stress [START_REF] Guarnieri | Outdoor air pollution and asthma[END_REF]. Furthermore, it would be interesting to consider the impact of genetic factors on associations between outdoor air pollution and lung function (i.e. geneenvironment interactions) because the genetic background can partly explain inter-individual differences in lung function [START_REF] Quanjer | Lung function, genetics and socioeconomic conditions[END_REF]. Investigating these biological and genetic factors might provide a better understanding of the effect of air pollution on lung function.

Strengths and limitations

Most previous studies examined the association between PM10 and lung function, rather than PM2.5. However, fine particles and ultrafine particles might be more toxic due variously to deeper penetration into the bronchi, a larger contact area, and their chemical composition [START_REF] Kelly | Size, source and chemical composition as determinants of toxicity attributable to ambient particulate matter[END_REF].

To complete our present work, data on both ultrafine particles and PM2.5 would be needed.

Furthermore, the identification of a causal relationship between air pollutant and lung function is a major challenge because of the complex interactions between outdoor air pollutants. Indeed, PM10 and NO2 are highly correlated in the ELISABET study the Pearson correlation were 0.87 in Lille and 0.83 in Dunkirk. [START_REF] Riant | Associations between long-term exposure to air pollution , glycosylated hemoglobin , fasting blood glucose and diabetes mellitus in northern France[END_REF] One strength of the present study was our use of a dispersion model based on up-to-date scientific data (such as land use) to estimate air pollution levels at each participant's residential address. However, a non-differential misclassification bias might have been present because data on time-activity patterns were not available in our study. Furthermore, our study did not take account of indoor air pollution. Given that this measurement error applies to all study participants, it would only attenuate the observed effects. To compare our association between PM10 and lung function with a previous study [START_REF] Rice | Long-Term Exposure to Traf fi c Emissions and Fine Particulate Matter and Lung Function Decline in the Framingham Heart Study[END_REF], a conversion factor to estimate the PM10 level from the data on PM2.5 was used and so this comparison should be interpreted with caution This study has other limitation. The cross-sectional design means that exposure did not necessarily precede decline of lung function, and so causation cannot be inferred. Finally, on the grounds of the correlation of lung function parameters and not dependant statistical tests, we cannot take into account multiple test in our analysis.

Conclusion

The results of the present study suggest that residential exposure to relatively low levels of air pollution (i.e. in two urban areas where pollution levels are below the limits set by the European Union) has an effect on lung function -emphasizing the need to reduce air pollution levels further. Second, our study provided new evidence that residential exposure to outdoor air pollution can be associated with an impairment in small airway function in adults. The linear regression models' regression coefficients were expressed as z-scores. The models were adjusted for age, sex, height, BMI, year of inclusion, investigator, urban area (Lille or Dunkirk). smoking status, educational level, and occupational exposure to fumes and dust. SO2 analysis were available only in Dunkirk. *** p < 0.001; ** p < 0.01; * p < 0.05; † 0.05 ≤ p < 0.1; + p≥ 0.1 

  0.10 [-0.15;-0.05]), FVC (-0.06 [-0.11;-0.02]), FEV1/FVC (-0.07 [-0.11;-0.03]), FEF25-75 (-0.09 [-0.14;-0.05]) and FEF75 (-0.08 [-0.12;-0.04]) values. PM10 was associated lower FEV1 (-0.10 [-0.15;-0.04]), FVC (-0.06 [-0.11;-0.01]), FEV1/FVC (-0.06 [-0.11;-0.01]), FEF25-75 (-0.08 [-0.13;-0.03]) and FEF75 (-0.08 [-0.12;-0.04]) values. SO2 was associated with lower values for FEV1 (-0.09 [-0.16;-0.02]), FEV1/FVC (-0.07 [-0.13;-0.01]), FEF25-75 (-0.09 [-0.15;-0.02]) and FEF75 (-0.08 [-0.14;-0.03]) but not for FVC (-0.05 [-0.11;0.009]).

  , SD: standard deviation, IQR: interquartile range, BMI: body mass index, FEV1: forced expiratory volume in one second, FVC: forced vital capacity, FEF25-75: forced expiratory flow between 25% and 75% of FVC, FEF75: forced expiratory flow at 75% of FVC, IRIS: regrouped statistical information block, EDI: European Deprivation Index. β Participants reporting ever-asthma diagnosed by a physician.

Table 2 .

 2 Associations between outdoor air pollution and lung function, expressed as z-scores. 100 (-0.149, -0.051)*** N=2995 -0.095 (-0.149, -0.040)*** N=1452 -0.092 (-0.160, -0.024)* FVC N=2995 -0.061 (-0.105, -0.017)** N=2995 -0.060 (-0.109, -0.011)* N=1452 -0.050 (-0.114, 0.009) 081 (-0.136, -0.027)** FEV1: force expiratory volume in 1 second, FVC: force vital capacity, FEF25-75: forced expiratory flow between 25% and 75% of FVC, FEF75: forced expiratory flow at 75% of FVC.

Figure 1 .

 1 Figure 1. Study flow chart.

Figure 2 .

 2 Figure 2. Description of NO2 and PM10 levels by urban area.

Table 1 .

 1 Personal and neighbourhood-related characteristics of study population, overall and by urban area.

		All participants (n=2995)	Lille (n=1543)	Dunkirk (n=1452)	P
	Age (years), mean ± SD	53.2 ± 7.22	53.0 ± 7.20	53.3 ± 7.25	0.30
	Sex, men, n (%)	1412 (47.1)	717 (49.3)	695 (47.9)	0.44
	Smoking status, n (%)				
	Never-smokers Former smokers Current smokers	1505 (50.2) 931 (31.1) 559 (18.7)	760 (49.2) 493 (32.0)) 290 (18.8)	745 (51.3) 269 (18.5) 438 (30.2)	0.50
	BMI (kg/m²), n (%)				
	<25 [25-30[ ≥30	1142 (38.1) 1150 (38.4) 703 (23.5)	650 (42.1) 575 (37.3) 318 (20.6)	492 (33.9) 385 (26.5) 575 (39.6)	<0.0001 ¶
	Educational level, n (%)				
	Primary education only Secondary education only 5 or more years of higher education 2 to 4 years of higher education	564 (18.8) 559 (18.7) 302 (10.1) 1570 (52.4)	347 (22.5) 369 (23.9) 125 (8.1) 702 (45.5)	190 (13.1) 217 (14.9) 177 (12.2) 868 (59.8)	<0.0001 ¶
	Time at current place of residence (years), mean ± SD	17.8 ± 10.6	17.0 ± 10.4	18.7 ± 10.7	<0.0001 ¶
	Ever-asthma β , n (%)	(n=2950) 290 (9.83)	(n=1527) 157 (10.3)	(n=1423) 133 (9.35)	0.39
	IRIS median income (×1000 euros), median (IQR)	18.7 (16.2; 21.2)	20.7 (16.9; 22.0)	17.0 (16.0; 19.8)	<0.0001 ¶
	IRIS density (1000 inhabitants/km 2 ), median (IQR)	(n=2994) 3.81 (1.40; 6.94)	4.10 (1.82; 7.69)	(n=1451) 3.48 (0.99; 6.43)	<0.0001 ¶
	IRIS EDI, median (IQR)	(n=2994) 0.54 (0.51; 0.69)	0.51 (0.40; 0.72)	(n=1541) 0.56 (0.46; 0.66)	0.02 ¶
	Outdoor air pollution (µg/m 3 ),				
	median (IQR)				
	NO2	21.9 (19.4; 26.2)	26.0 (22.6; 28.8)	20.3 (18.2; 21.4)	<0.0001 ¶
	PM10	26.7 (25.8; 27.6)	27.0 (25.7; 28.3)	26.5 (25.8; 27.2)	<0.0001 ¶
		(n=1452)			
	SO2	3.07 (2.14; 3.89)	/	3.07 (2.14; 3.89)	
	Lung function, median (IQR)				
	FEV1 (L)	3.01 (2.51; 3.59)	3.01 (2.50; 3.59)	3.03 (2.52; 3.59)	0.55
	FVC (L)	3.96 (3.34; 4.76)	3.96 (3.35; 4.79)	3.95 (3.32; 4.74)	0.64
	FEV1/FVC (%)	76.8 (72.2; 80.5)	76.5 (71.9; 80.3)	77.1 (72.5; 80.7)	0.003 ¶
		(n=2968)	(n=1528)	(n=1440)	
	FEF25-75 (L/s)	2.92 (2.24; 3.70)	2.89 (2.22; 3.66)	2.95 (2.26; 3.74)	
		(n=2968)	(n=1528)	(n=1440)	
	FEF75 (L/s)	1.12 (0.79; 1.51)	1.10 (0.79; 1.47)	1.14 (0.80; 1.55)	
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