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Introduction

About 15% of adult asthma cases are attributable to occupational exposures and 20% of workers with pre-existing asthma have their symptoms worsened at work. 1,[START_REF] Henneberger | An Official American Thoracic Society Statement: Work-Exacerbated Asthma[END_REF] Reducing workplace exposures contributing to new-onset or uncontrolled asthma may have a beneficial impact on respiratory health. 3 At present, more than 500 occupational agents have been recognized as asthmagens. [START_REF] Tarlo | Occupational Asthma[END_REF] Depending on the type of causative exposure, occupational asthma is divided into two categories: sensitizer-induced asthma and irritant-induced asthma. [START_REF] Tarlo | Occupational Asthma[END_REF] The first involves sensitization (immunological mechanisms) and appears after a latency period. It has been described to represent up to 85% of recognized occupational asthma cases. [START_REF] Maestrelli | Causes and Phenotypes of Work-Related Asthma[END_REF] The second (nonimmunological mechanisms) appears after a single acute exposure (reactive airway dysfunction syndrome (RADS)) or following persistent low to moderate level exposures to irritant agents, and is estimated to account for 5 to 20% of occupational asthma cases. [START_REF] Vandenplas | EAACI position paper: irritant-induced asthma[END_REF] Until now, while sensitizers-induced asthma is well known, [START_REF] Vandenplas | Are high-and low-molecular-weight sensitizing agents associated with different clinical phenotypes of occupational asthma?[END_REF] irritant-induced asthma has been less fully documented and its prevalence is probably underestimated, especially regarding the role of repeated low-level exposures. [START_REF] Bernstein | Irritant-Induced Asthma and Reactive Airways Dysfunction Syndrome[END_REF][START_REF] Lantto | Clinical Characteristics of Irritant-Induced Occupational Asthma[END_REF] A recent study found that only 48% of occupational asthma cases (excluding RADS) were due to recognized sensitizers, [START_REF] Reilly | The Burden of Work-related Asthma in Michigan, 1988-2018[END_REF] suggesting that chronic low-level exposures to irritants would be involved in a substantial number of occupational asthma cases.

The number of epidemiological studies suggesting the role of low and chronic exposure to irritants in asthma are limited. [START_REF] Vandenplas | EAACI position paper: irritant-induced asthma[END_REF] or mainly focused on cleaning agents. [START_REF] Archangelidi | Cleaning products and respiratory health outcomes in occupational cleaners: a systematic review and metaanalysis[END_REF] Results from previous epidemiological studies are heterogeneous: using an asthma-specific job-exposure matrix, [START_REF] Kennedy | Development of an asthma specific job exposure matrix and its application in the epidemiological study of genetics and environment in asthma (EGEA)[END_REF] no associations were observed between occupational exposures to low/moderate levels of irritants and asthma outcomes in three studies [START_REF] Zock | Evaluation of specific occupational asthma risks in a community-based study with special reference to single and multiple exposures[END_REF][START_REF] Moual | Asthma Severity and Exposure to Occupational Asthmogens[END_REF][START_REF] Hoy | Occupational Exposures and the Development of New-onset Asthma: A Population-based Cohort Study From the Ages of 13 to 44 Years[END_REF] , whereas a significant association was observed in one study [START_REF] Dumas | Occupational irritants and asthma: an Estonian cross-sectional study of 34 000 adults[END_REF] . Using the new Occupational Asthma-specific Job Exposure Matrix (OAsJEM), a significant association was observed between exposure to irritants and a specific asthma endotype [START_REF] Andrianjafimasy | Association between occupational exposure to irritant agents and a distinct asthma endotype in adults[END_REF] . Further epidemiological studies are still needed to evaluate the role of chronic exposures to irritants in asthma.

Beyond preventing asthma development, asthma management aims at achieving and maintaining asthma control. [START_REF] Papaioannou | Control of asthma in real life: still a valuable goal?[END_REF] A review of the literature shows, from population-based epidemiological studies, that work-exacerbated asthma is common with a median prevalence estimated to 21.5%. [START_REF] Henneberger | An Official American Thoracic Society Statement: Work-Exacerbated Asthma[END_REF] Furthermore, in comparison with asthma unrelated to work, work exacerbated asthma is associated with a lower quality of life, more daily symptoms and consultations with physicians, suggesting a poor asthma control. [START_REF] Henneberger | An Official American Thoracic Society Statement: Work-Exacerbated Asthma[END_REF] 

Identification and reduction

Accepted manuscript / Final version of environmental exposures contributing to uncontrolled asthma are crucial. [START_REF] Papaioannou | Control of asthma in real life: still a valuable goal?[END_REF] However, epidemiological studies on the associations of chronic irritant exposures at work with asthma control are still scarce. [START_REF] Moual | Occupational exposures and uncontrolled adult-onset asthma in the European Community Respiratory Health Survey II[END_REF][START_REF] Dumas | Occupational exposure to disinfectants and asthma control in US nurses[END_REF][START_REF] Abrahamsen | Possible risk factors for poor asthma control assessed in a cross-sectional populationbased study from Telemark, Norway. Plavec D[END_REF][START_REF] Braido | Determinants and impact of suboptimal asthma control in Europe: The INTERNATIONAL CROSS-SECTIONAL AND LONGITUDINAL ASSESSMENT ON ASTHMA CONTROL (LIAISON) study[END_REF] The deleterious role in asthma of workplace exposures to Disinfectants and Cleaning Products (DCP), which contain both irritants (e.g., bleach) and sensitizers (e.g., glutaraldehyde, quaternary ammonium compounds), [START_REF] Walusiak-Skorupa | Cleaning agents[END_REF] is increasingly emphasized. [START_REF] Archangelidi | Cleaning products and respiratory health outcomes in occupational cleaners: a systematic review and metaanalysis[END_REF] In the past decade, several occupational epidemiological studies, both in population-based cohorts [START_REF] Abrahamsen | Association of respiratory symptoms and asthma with occupational exposures: findings from a population-based cross-sectional survey in Telemark, Norway[END_REF][START_REF] Lillienberg | Occupational Exposure and New-onset Asthma in a Population-based Study in Northern Europe (RHINE)[END_REF][START_REF] Kogevinas | Exposure to substances in the workplace and new-onset asthma: an international prospective population-based study (ECRHS-II)[END_REF] and in specific work environments such as nurses and cleaners, [START_REF] Dumas | Occupational use of high-level disinfectants and asthma incidence in early-to mid-career female nurses: a prospective cohort study[END_REF][START_REF] Caridi | Occupation and task as risk factors for asthma-related outcomes among healthcare workers in New York City[END_REF][START_REF] Folletti | Asthma and rhinitis in cleaning workers: a systematic review of epidemiological studies[END_REF] showed associations between DCP and asthma. Among irritants, solvents are also a common exposure. In France, about 15% of workers are exposed to solvents [START_REF] Pilorget | Évolution de l'exposition professionnelle aux solvants oxygénés, pétroliers et chlorés en France entre 1999 et 2013. Résultats du programme Matgéné[END_REF] but associations with asthma have been less explored. [START_REF] Torén | The risk of asthma in relation to occupational exposures: a case control study from a Swedish city[END_REF][START_REF] Levan | Vapor, Dust, and Smoke Exposure in Relation to Adult-Onset Asthma and Chronic Respiratory Symptoms -The Singapore Chinese Health Study[END_REF][START_REF] Sit | Occupational Exposures to Organic Solvents and Asthma Symptoms in the CONSTANCES Cohort[END_REF] For both DCP and solvents, epidemiological studies reported associations with asthma but very few focused on asthma control. [START_REF] Moual | Occupational exposures and uncontrolled adult-onset asthma in the European Community Respiratory Health Survey II[END_REF][START_REF] Dumas | Occupational exposure to disinfectants and asthma control in US nurses[END_REF] In this study, we aimed to investigate the associations of occupational exposure to irritants, including DCP and solvents, as well as exposures to well-known asthmagens such as high molecular weight (HMW) and low molecular weight (LMW) sensitizers, with current adult-onset asthma and uncontrolled asthma. For this purpose, we used the recently updated OAsJEM [START_REF] Moual | Update of an occupational asthma-specific job exposure matrix to assess exposure to 30 specific agents[END_REF] in a large population-based cohort, NutriNet-Santé.

Materials and methods

Study population

The NutriNet-Santé study is a French web-based cohort started in 2009. [START_REF] Hercberg | The Nutrinet-Santé Study: a web-based prospective study on the relationship between nutrition and health and determinants of dietary patterns and nutritional status[END_REF] Its aim is to evaluate the relationship between nutrition and chronic diseases. [START_REF] Hercberg | The Nutrinet-Santé Study: a web-based prospective study on the relationship between nutrition and health and determinants of dietary patterns and nutritional status[END_REF] More than 171,000 adults have been included so far. At baseline and regularly during follow-up, participants complete a set of questionnaires on anthropometry, lifestyle characteristics, health, occupation and diet.

The cohort was precisely described elsewhere. [START_REF] Hercberg | The Nutrinet-Santé Study: a web-based prospective study on the relationship between nutrition and health and determinants of dietary patterns and nutritional status[END_REF] 

Current asthma and asthma control
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We used definitions of asthma similar to those previously used in the European Community Respiratory Health Survey (ECRHS). [START_REF] Cazzoletti | Asthma control in Europe: A real-world evaluation based on an international population-based study[END_REF] Ever asthma was defined as a positive answer to the question "have you ever had asthma?" in 2016 or 2018. Current asthma in 2018 (at the same period of occupational exposure measure) was defined, among participants with ever asthma, by the report in the past 12 months of symptoms (wheezing or whistling in the chest, woken up with a feeling of tightness in the chest, an attack of shortness of breath that came on when being at rest, an attack of shortness of breath that came on following strenuous activity, woken by an attack of shortness of breath), use of an asthma treatment or asthma attacks. A more stringent definition of current asthma was also used based on the self-report of a diagnosis confirmation by a physician (participants with an asthma diagnosis not confirmed by a physician were excluded from the analyses). Adult-onset asthma and childhood-onset asthma were defined by asthma with reported age of a first asthma attack >16 years old and ≤16 years old, respectively.

Studying both adult and childhood-onset asthma was relevant as asthma could be induced or aggravated by workplace exposures. Asthma control was evaluated, among participants with current asthma in 2018, by the Asthma Control Test (ACT). [START_REF] Nathan | Development of the asthma control test: A survey for assessing asthma control[END_REF] The ACT score (range 5-25) relies on 5 standardized questions on frequency of symptoms (daily and nocturnal), use of the rescue inhaler or nebulizer medication and subjective perception of the effect of asthma on daily life, during the past 4 weeks.

Occupational exposures

In 2018, 30,610 participants completed a questionnaire about their work history. Among them, we assessed occupational exposures in a case-control sample (Figure E1). In brief, we selected 4101 "cases" (1393 participants with ever asthma and 2708 with symptoms 38 but no asthma) and 4101 "controls" (reference group) among participants with neither asthma nor symptoms, paired on age (±5 years) and sex. [START_REF] Lemire | Domestic exposure to irritant cleaning agents and asthma in women[END_REF] The complete job history of these 8202 participants was coded by an expert, according to the International Standard Classification of Occupation (ISCO)-88. For the present analyses, we excluded the 2708 participants with symptoms only because we could not estimate asthma control among them but we retained their paired "controls" to improve statistical power for analyses. Then, we used the new occupational asthma-specific job-exposure matrix OAsJEM, which has been described in detail elsewhere. [START_REF] Moual | Update of an occupational asthma-specific job exposure matrix to assess exposure to 30 specific agents[END_REF] Briefly, the OAsJEM estimates exposure to 30 occupational agents divided into 3 groups: HMW sensitizers, LMW sensitizers and irritants (Table E1). Each exposure is evaluated in 3

Accepted manuscript / Final version levels: high (high probability of exposure and moderate to high intensity), medium (low to moderate probability or low intensity of exposure), no (unlikely to be exposed; low probability and low intensity). We studied 5 groups of exposures: the 3 main groups of the JEM (HMW sensitizers, LMW sensitizers and irritants), and 2 subset groups of irritants (organic solvents and DCP, which include indoor cleaning products, bleach and high-level chemical disinfectants; see Table E1). We examined each exposure in 2 categories (exposed vs. nonexposed) and 3 categories (medium exposure, high exposure, or non-exposed). The OAsJEM was applied to complete job histories of the participants. Two main temporalities were considered: ever and current exposures, respectively corresponding to the maximum exposure level during the entire work history and during the past 2 years. We also defined exposure in the past 5 years by the maximum occupational exposure level in this period.

Statistical analyses

Associations between occupational exposures and current asthma according to age of onset (current childhood-onset asthma and current adult-onset asthma vs. reference group), and associations between occupational exposures and asthma control (controlled asthma [ACT score ≥ 20] and uncontrolled asthma [ACT score < 20] 21 vs. reference group (neither asthma nor symptoms)) were assessed by multinomial logistic regressions. Among participants with current asthma, we also examined asthma control comparing participants with uncontrolled asthma to those with controlled asthma (logistic regression). Analyses were adjusted for gender, age, smoking status (non-smoker, former or current smoker) and Body Mass Index (BMI) in 3 categories (<25, 25-29.9, ≥30 kg/m 2 ). In all analyses, the reference group for exposures was participants without any exposure. Sensitivity analyses included analyses restricted to women (75% of study population) and current workers, respectively, and were stratified by BMI (≤25, >25 kg/m 2 ) and smoking status. We also conducted two other sensitivity analyses using a more stringent asthma definition and with an irritant category variable excluding all agents which are also classified as potential LMW sensitizers. [START_REF] Moual | Update of an occupational asthma-specific job exposure matrix to assess exposure to 30 specific agents[END_REF] We used SAS 9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Results

Participants' characteristics

After excluding participants with symptoms but without asthma (n=2708), and those with no/incomplete job history, missing values for BMI or without current asthma (Figure E1), Accepted manuscript / Final version analyses were conducted in 4469 participants. Among them, 677 had current asthma, including 551 participants with controlled asthma and 126 with uncontrolled asthma (Table I, Figure E1). Participants were 54.0 years on average (standard deviation 12.6), 75.9% were women, and 68.9% were active workers. Among participants with current asthma, 52.8% had adultonset asthma and 83.2% an asthma diagnosis confirmed by a physician. Compared to participants from the reference group, current adult-onset asthmatics were more likely to be obese (≥30 kg/m 2 ; 21.5% vs. 8.7%, p<0.001) whereas there was no significant difference on education level and smoking status (Table I). Regarding occupational exposures, 37.5% of participants were ever exposed to irritants, 22.5% to DCP, 9.9% to organic solvents, 20.9% to HMW sensitizers and 21.9% to LMW sensitizers (Table I).

Associations between occupational exposures and current asthma

In our main analyses, we observed no associations between ever, past 5 years or current occupational exposures and childhood-onset asthma (Table II).

Conversely, positive and significant associations were observed between occupational exposures to HMW and LMW sensitizers, irritants and DCP, and adult-onset asthma, whether for ever, current or past 5 years exposures. When using the 3-category exposures variables, high exposure to HMW sensitizers and medium exposure to DCP were significantly associated with adult-onset asthma. Odds Ratios (ORs) were generally higher for the high exposure category (Table II). We observed a higher OR with current exposure than with ever exposure. No significant association was observed for exposures to organic solvents.

Results were very similar for analyses restricted respectively to women (data not shown) and current workers although slightly attenuated for the latter one (data not shown). When stratifying by BMI, significant associations with current adult-onset asthma were observed for HMW sensitizers, LMW sensitizers and DCP only in participants with BMI ≥25 kg/m 2 .

Differences with participants with BMI <25 kg/m 2 were not significant (all p-interaction>0.05, data not shown). No significant difference was observed between ever and never smokers (not shown, p interaction >0.05 for all exposures). Results were similar when using the more stringent asthma definition confirmed by a physician (Table E2).

Lastly, in analyses excluding asthmagens classified as LMW sensitizers from the irritant group, we also found significant associations between ever and current exposures and adultonset asthma (Table E3).

Associations between occupational exposures and asthma control

We found positive significant associations with ORs>2 between ever exposures to all agents except organic solvents and uncontrolled adult-onset asthma: 2.69 (95%CI 1.52-4.78) for HMW sensitizers, 2.27 (1.24-4.37) for LMW sensitizers, 2.32 (1.36-3.95) for irritants, and 2.59 (1.48-4.54) for DCP (Figure 1). When using 3-category exposures variables, associations were significant between both medium and high levels of ever exposures to irritants, DCP, and HMW and LMW sensitizers, and uncontrolled asthma (Table E4). Associations were also significant for current occupational exposures with higher ORs: 3.43 (1.26-9.34) for HMW sensitizers, 2.81 (0.99-8.00) for LMW sensitizers, 3.62 (1.55-8.45) for irritants, and 3.76 (1.54-9.18) for DCP. No associations were found between ever occupational exposures and controlled asthma whereas significant associations between current exposures to HMW and LMW sensitizers and controlled asthma were observed. Results were very similar when using the asthma definition based on a diagnosis confirmed by a physician (Table E5) and associations between current exposures to irritants and DCP and controlled asthma became significant.

When using participants with controlled asthma as reference, significant associations were observed between ever exposures to HMW sensitizers (OR 2.07, 95%CI 1.08-3.94), irritants (2.10, 1.14-3.84) and DCP (2.24, 1.18-4.26) and uncontrolled asthma (Table E6). No significant associations were observed for analyses on current exposures. Lastly, when excluding all LMW sensitizers exposures from our irritant exposure variable, we observed significant and similar associations to those observed in our main analyses (Table E7). Results were also similar to main analyses when restricted to women (not shown). When stratifying by BMI, we observed significant associations between all exposures studied, including organic solvents, and an increased risk of uncontrolled asthma only in participants with BMI<25 kg/m 2 (p interaction ranging from 0.05 to 0.10, Table E8). We observed similar associations in ever and never smokers (not shown, all p interaction > 0.05).

Discussion

In a large French population-based study, we observed significant associations between occupational exposure to irritants, disinfectant and cleaning products, HMW and LMW sensitizers and current adult-onset asthma. We also found significant associations between these exposures and uncontrolled adult-onset asthma, both when compared to the reference group and when compared to participants with controlled asthma.
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Regarding HMW and/or LMW sensitizers, our findings are consistent with previous epidemiological studies which found significant associations with new-onset asthma, [START_REF] Abrahamsen | Association of respiratory symptoms and asthma with occupational exposures: findings from a population-based cross-sectional survey in Telemark, Norway[END_REF][START_REF] Lillienberg | Occupational Exposure and New-onset Asthma in a Population-based Study in Northern Europe (RHINE)[END_REF] current asthma [START_REF] Dumas | Occupational irritants and asthma: an Estonian cross-sectional study of 34 000 adults[END_REF] or uncontrolled adult-onset asthma [START_REF] Moual | Occupational exposures and uncontrolled adult-onset asthma in the European Community Respiratory Health Survey II[END_REF] and further confirm these known associations. [START_REF] Tarlo | Occupational Asthma[END_REF] Our results bring new evidence for a positive association between chronic occupational exposures to irritants and asthma, which was inconsistent in epidemiological studies. A few studies found associations between exposure to low/moderate levels of irritants and asthma [START_REF] Dumas | Occupational irritants and asthma: an Estonian cross-sectional study of 34 000 adults[END_REF] or with a specific endotype of current asthma. [START_REF] Andrianjafimasy | Association between occupational exposure to irritant agents and a distinct asthma endotype in adults[END_REF] Others, all using the previous Asthma-specific JEM (AsJEM), [START_REF] Kennedy | Development of an asthma specific job exposure matrix and its application in the epidemiological study of genetics and environment in asthma (EGEA)[END_REF] did not detect associations between occupational exposures to low/moderate levels of irritants and asthma, [START_REF] Zock | Evaluation of specific occupational asthma risks in a community-based study with special reference to single and multiple exposures[END_REF] asthma severity [START_REF] Moual | Asthma Severity and Exposure to Occupational Asthmogens[END_REF] or its development. [START_REF] Hoy | Occupational Exposures and the Development of New-onset Asthma: A Population-based Cohort Study From the Ages of 13 to 44 Years[END_REF] Associations between chronic exposure to occupational irritants and asthma control are even less documented. Aside from studies about DCP, very few studies focused on irritants at large and their associations with uncontrolled asthma. In participants from two Danish cohort studies, Skaaby et al. did not found significant associations between occupational exposures to irritants and asthma exacerbations, which is a slightly different concept. [START_REF] Skaaby | Occupational exposures and exacerbations of asthma and COPD-A general population study[END_REF] In ECRHS, no association was observed between exposures to irritants and uncontrolled adult onset-asthma, [START_REF] Moual | Occupational exposures and uncontrolled adult-onset asthma in the European Community Respiratory Health Survey II[END_REF] using the AsJEM. [START_REF] Kennedy | Development of an asthma specific job exposure matrix and its application in the epidemiological study of genetics and environment in asthma (EGEA)[END_REF] In the past decade, evidence of a deleterious role of DCP in asthma increased. Our results are consistent with epidemiological studies which found associations between occupational exposures to DCP and asthma, in particular among healthcare workers and cleaners. [START_REF] Dumas | Occupational use of high-level disinfectants and asthma incidence in early-to mid-career female nurses: a prospective cohort study[END_REF][START_REF] Caridi | Occupation and task as risk factors for asthma-related outcomes among healthcare workers in New York City[END_REF][START_REF] Folletti | Asthma and rhinitis in cleaning workers: a systematic review of epidemiological studies[END_REF] Few epidemiological studies considered distinctively childhood-onset asthma from adult-onset asthma [START_REF] Moual | Asthma Severity and Exposure to Occupational Asthmogens[END_REF][START_REF] Moual | Occupational exposures and uncontrolled adult-onset asthma in the European Community Respiratory Health Survey II[END_REF][START_REF] Lillienberg | Occupational Exposure and New-onset Asthma in a Population-based Study in Northern Europe (RHINE)[END_REF] and our work adds evidence on the association of DCP specifically with adult-onset asthma. Associations between occupational use of DCP and uncontrolled asthma are also rarely documented. In a cohort of U.S. nurses, associations between occupational disinfectant exposures and uncontrolled asthma, were significant and similar for both childhood-onset and adult-onset asthma. [START_REF] Dumas | Occupational exposure to disinfectants and asthma control in US nurses[END_REF] An epidemiological study in the ECRHS described associations between occupational exposures to cleaning agents and uncontrolled adult-onset asthma for both past 12-month and past 10-year exposures. [START_REF] Moual | Occupational exposures and uncontrolled adult-onset asthma in the European Community Respiratory Health Survey II[END_REF] Our findings on DCP are in line with these previous investigations.

Our results differ from the rare studies on associations between solvents and asthma which showed modest but significant associations with asthma [START_REF] Torén | The risk of asthma in relation to occupational exposures: a case control study from a Swedish city[END_REF][START_REF] Levan | Vapor, Dust, and Smoke Exposure in Relation to Adult-Onset Asthma and Chronic Respiratory Symptoms -The Singapore Chinese Health Study[END_REF] and a higher asthma symptom score. [START_REF] Sit | Occupational Exposures to Organic Solvents and Asthma Symptoms in the CONSTANCES Cohort[END_REF] This discrepancy in results about solvents may be due to variations between Accepted manuscript / Final version study populations. The NutriNet-santé cohort has greater proportions of participants with a high education level and women than other population-based cohorts. As a consequence, specific exposures to solvents may differ between cohorts. To the best of our knowledge, no previous study has examined the relation between solvents and uncontrolled asthma.

Analyses on asthma control stratified by BMI showed significant associations only in participants with normal weight. No such difference was observed for current asthma. Although these findings are difficult to interpret, the strong association between high BMI and uncontrolled asthma may render an additional risk with occupational exposure more difficult to observe in obese and overweighed participants. In contrast, a higher effect of household cleaning sprays on current asthma has been previously suggested among overweight/obese women, although the difference was not significant. [START_REF] Bédard | Cleaning sprays, household help and asthma among elderly women[END_REF] Further investigations are needed especially as there is no other study on this particular issue for occupational exposures and asthma control.

In this work, we used standardized definition of asthma and studied childhood-onset and adult-onset asthma distinctively. We observed significant and robust associations only with adult-onset asthma strengthening the plausibility of the role of occupational exposures to irritants in asthma. In addition, we explored asthma control, a key concept in the management of asthma. Regarding of treatment decisions and modifications, it is now considered as more relevant and useful than asthma severity. [START_REF] Humbert | Asthma control or severity: that is the question[END_REF] We used a validated definition incorporating multiple aspects such as symptoms and daily life impact of the disease. [START_REF] Nathan | Development of the asthma control test: A survey for assessing asthma control[END_REF] Determinants of asthma control, especially in occupational environment, are less documented than determinants of asthma development but also asthma severity which was used in older studies. [START_REF] Moual | Asthma Severity and Exposure to Occupational Asthmogens[END_REF] Thus, our study provides additional data regarding the negative impact of irritants and DCP on asthma control. In spite of using standardized and validated asthma definitions, disease misclassification is still possible as irritant-induced asthma share common symptoms with other conditions such as vocal cord dysfunction. [START_REF] Bernstein | Irritant-Induced Asthma and Reactive Airways Dysfunction Syndrome[END_REF] However, our results remained similar when a more stringent definition for asthma was used, including self-report of confirmation of asthma diagnosis by a physician.

In our study, we used the new OAsJEM to evaluate occupational exposures. JEM are preferred to self-report in epidemiological studies on work related asthma, to reduce the risk of differential misclassification between asthmatics and non-asthmatics participants. [START_REF] Faruque | Airborne occupational exposures and inflammatory biomarkers in the Lifelines cohort study[END_REF] However, using a JEM induce non-differential misclassification, partly due to heterogeneity in tasks and Accepted manuscript / Final version work conditions between subjects in the same job, and could underestimate associations between exposures and outcomes. [START_REF] Faruque | Airborne occupational exposures and inflammatory biomarkers in the Lifelines cohort study[END_REF] Despite this potential underestimation, we observed statistically significant associations with high odds ratios (>2). The new OAsJEM 34 compared to the AsJEM, 12 also improves evaluation of associations with asthma outcomes. The OAsJEM, in comparison with the AsJEM, evaluates more occupational agents (30 vs. 22), especially chronic exposure to irritant agents, and classifies exposures in more precise semi-quantitative metrics (instead of in yes/no). Until now only few studies used it in regard to asthma-related outcomes among adults. [START_REF] Andrianjafimasy | Association between occupational exposure to irritant agents and a distinct asthma endotype in adults[END_REF][START_REF] Skaaby | Occupational exposures and exacerbations of asthma and COPD-A general population study[END_REF][START_REF] Faruque | Airborne occupational exposures and inflammatory biomarkers in the Lifelines cohort study[END_REF] To the best of our knowledge, this work is one of the only studies to use the OAsJEM in a large cohort and to investigate associations between occupational exposures to irritants, including DCP, and both adult-onset asthma and uncontrolled adult-onset asthma. Notable strengths of our study include the large size of the cohort, providing power to detect even modest associations. Our study is also one of the first from the general population (i.e., not restricted to specific workers). However, our study also has some weaknesses including its cross-sectional design. In addition, this cohort may not be adequate to study the role of solvents and asthma outcomes as exposure to solvents is rare in this population including mostly women with high educational level. Furthermore, our study population is not representative of the general French population because of overrepresentation of women and more educated participants.

To conclude, results from this large French population-based study, showed that occupational exposure to sensitizers, irritants and DCP is associated with current adult-onset asthma and may lead to poor asthma control. Since DCP and irritants are common exposures at work, their harmful effects on respiratory health, including asthma and poor asthma control may be consequential and costly. These exposures should be regarded carefully in workplaces to prevent asthma and improve life quality of workers. Occupational clinicians should consider such exposures and advise to reduce it in workers with asthma.
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 1 Figure 1: Associations between occupational exposures and asthma control in participants with current adult-onset asthma
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Table I : Description of the study population

 I 

				Current asthma	Asthma control test
		All	Reference	Childhood	Adult-	ACT ≥ 20 ACT < 20
			group*	-onset	onset		
		n=4469	n=3792	n=317	n=354	n=551	n=126
	Women	75.9	75.6	74.8	80.8	77.3	78.6
	Age, Mean, (sd)	54.0 (12.6) 54.3 (12.6) 48.9 (12.5) 56.1 (11.9) 52.4 (12.7) 54.1 (12.8)
	Asthma symptom score						
	0	87.6	0	15.8	20.9	21.8	3.2
	1	3.9	0	24.0	26.8	29.8	8.0
	≥2	8.5	0	60.2	52.3	48.4	88.8
	Mean ± Standard	0.3 (0.9)	0	2.1 (1.5)	1.8 (1.5)	1.7 (1.4)	3.1 (1.3)
	deviation						
	Asthma age onset after	52.8	0	0	100	51.7	54.8
	16 yo						
	Asthma with diagnosis	83.2	0	85.8	80.8	82.8	84.9
	confirmed by physician						
	Current respiratory	15.0	3.1	80.1	83.6	78.2	96.8
	medication						
	BMI						
	<25	64.1	65.8	56.5	53.4	56.4	46.8
	25-29.9	25.6	25.4	27.4	25.1	25.8	29.4
	≥30	10.3	8.8	16.1	21.5	17.8	23.8
	Education						
	< High school	14.0	14.6	7.6	12.8	8.0	20.8
	High school	10.9	11.1	8.6	11.3	10.2	9.6
	2-3 years post-	32.8	32.5	36.3	32.0	33.2	36.8
	secondary						
	4-5 years post-	41.5	41.0	46.5	43.1	47.8	31.2
	secondary						
	Other	0.8	0.8	1.0	0.8	0.8	1.6
	Smoking habits						
	Non smoker	47.4	47.4	50.8	43.8	48.5	41.3
	Former smoker	42.6	42.8	37.8	45.8	41.0	46.0
	Current smoker	10.0	9.8	11.4	10.4	10.5	12.7
	Currently working	68.9	68.5	80.8	62.4	73.0	61.9
	Occupational exposures						
	(ever)						
	HMW Sensitizers	20.9	20.4	19.2	28.0	22.3	30.2
	LMW Sensitizers	21.9	21.6	20.2	26.8	23.8	23.0
	Irritants	37.5	37.3	35.0	41.5	37.0	44.4
	DCP	22.5	22.1	21.5	28.8	23.4	32.5
	Organic solvents	9.9	10.0	10.1	8.5	9.1	9.5
	Data are presented as % unless otherwise stated; missing data for asthma age onset n=6	
	BMI = Body Mass Index; HMW = High Molecular Weight; LMW = Low Molecular Weight;	
	DCP = Disinfectants Cleaning Products				
	Current respiratory medication: use of treatment to improve respiratory health or an asthma treatment
	in the past 12 months						
	*By definition, only participants without asthma and without respiratory symptoms are included in the
	reference group.						

Table E1 : List of individual agents of OasJEM classified in 3 large groups in the new occupational asthma-specific JEM

 E1 

	Agents, n=30	HMW sensitizer	LMW Sensitizer	Irritant
	Animals	1		
	Fish/shellfish	1		
	Flour	1		
	Foods	1		
	Plant-related dusts	1		
	House dust mites	1		
	Storage mites	1		
	Plant mites	1		
	Enzymes	1		
	Latex	1		
	Textiles	1		
	Moulds			
	Endotoxin			
	Drugs	1	1	
	High-level chemical		1	
	disinfectants			
	Aliphatic amines		1	
	Isocyanates		1	
	Acrylates		1	
	Epoxy resins		1	
	Persulfates/henna		1	
	Wood		1	
	Metal		1	
	Metal working fluids		1	
	Herbicides			
	Insecticides			
	Fungicides			
	Indoor cleaning			
	Bleach			
	Organic solvents			
	Exhaust fumes			

Table E3 : Associations between occupational exposures and current asthma according to age of onset

 E3 Multinomial logistic regressions adjusted for age, sex, smoking habits and BMI High: high probability of exposure and moderate to high intensity Medium: low to moderate probability or low intensity of exposure; yo = years old *Irritant exposure excluding agents also classified as LMW sensitizers Accepted manuscript / Final version

	Current asthma		Ever exposure		Current exposure
			Childhood onset	Adult-onset		Childhood onset	Adult-onset
			asthma	asthma		asthma	asthma
		n	Odds ratio	Odds ratio	n	Odds ratio	Odds ratio
			(IC95%)	(IC95%)		(IC95%)	(IC95%)
	Irritants	3771			2101		
	without LMW sensitizers*						
	Ref.	2	1	1	1641	1	1
	Exposed	1465 0.91 [0.70-1.20] 1.34 [1.04-1.72] 460 0.79 [0.53-1.19] 1.85 [1.29-2.66]
	Medium	1124 1.00 [0.75-1.34] 1.32 [1.00-1.74] 389 0.81 [0.52-1.25] 1.82 [1.24-2.68]
	High	341 0.62 [0.36-1.07] 1.37 [0.92-2.04]	71	-	-

Table E4 : Associations between occupational exposures and asthma control in participants with current adult-onset asthma

 E4 

	Asthma Control Test		Ever exposure		Current exposure
			ACT≥20	ACT<20		ACT≥20	ACT<20
		n	Odds ratio (IC95%)	Odds ratio (IC95%)	n	Odds ratio (IC95%)	Odds ratio (IC95%)
	HMW Sensitizers	3007			1894		
	Ref.	2134	1	1	1497	1	1
	Exposed	873	1.32 [0.98-1.77]	2.69 [1.52-4.78]	397	1.61 [1.08-2.40]	3.43 [1.26-9.34]
	Medium	443	1.06 [0.70-1.59]	2.60 [1.28-5.30]	202	1.10 [0.60-2.01]	-
	High	430	1.59 [1.11-2.27]	2.80 [1.40-5.59]	195	2.15 [1.33-3.49]	5.67 [1.96-16.4]
	LMW Sensitizers	3049			1901		
	Ref.	2134	1	1	1497	1	1
	Exposed	915	1.27 [0.94-1.70]	2.27 [1.24-4.37]	404	1.57 [1.05-2.34]	2.81 [0.99-8.00]
	Medium	805	1.30 [0.96-1.78]	2.45 [1.39-4.63]	381	-	-
	High	110	0.98 [0.44-2.16]	-	23	-	-
	Irritants	3698			2062		
	Ref.	2134	1	1	1497	1	1
	Exposed	1564	1.12 [0.86-1.47]	2.32 [1.36-3.95]	565	1.37 [0.94-1.98]	3.62 [1.55-8.45]
	Medium	1211	1.11 [0.83-1.48]	2.34 [1.33-4.13]	496	1.28 [0.86-1.90]	4.10 [1.75-9.61]
	High	353	1.16 [0.75-1.80]	2.24 [1.01-4.92]	69	2.02 [0.93-4.42]	-
	DCP	3073			1937		
	Ref.	2134	1	1	1497	1	1
	Exposed	939	1.20 [0.90-1.61]	2.59 [1.48-4.54]	440	1.43 [0.96-2.12]	3

.76 [1.54-9.18]

  adjusted for age, sex, BMI and smoking habits Exposure were evaluated by the OAsJEM (http://oasjem.vjf.inserm.fr/ ) : High: high probability of exposure and moderate to high intensity; Medium: low to moderate probability or low intensity of exposure Accepted manuscript / Final version

	Medium	749	1.18 [0.86-1.63]	2.49 [1.36-4.57]	400	1.36 [0.90-2.06]	4.08 [1.67-9.95]
	High	190	1.27 [0.75-2.17]	2.92 [1.22-7.03]	40	-	-
	Organic solvents	2542			1595		
	Ref.	2134	1	1	1497	1	1
	Exposed	408	0.84 [0.52-1.33]	1.51 [0.63-3.63]	98	0.63 [0.23-1.83]	-
	Medium	362	0.95 [0.60-1.52]	1.74 [0.72-4.20]	94	-	-
	High	46	-	-	4	-	-
	Multinomial logistic regressions						
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Highlights box:

What is already known about this topic? The role of chronic occupational exposures to irritants in asthma remains not well-defined. Few studies have examined their associations with asthma and especially with its control.

What does this article add to our knowledge? Occupational exposure to irritants and particularly disinfectants/cleaning products is associated with current adult-onset asthma and uncontrolled asthma.

Table II: Associations between occupational exposures and current asthma according to age of onset

Multinomial logistic regressions adjusted for age, sex, smoking habits and BMI; -not enough participants for analyses High: high probability of exposure and moderate to high intensity; Medium: low to moderate probability or low intensity of exposure 
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Participants with respiratory health data in 2016 n=40179

Participants with data for all 3 questionnaires n=23153

Participants with respiratory health data in 2018 n=39026

Participants with occupational data n=30610

Non-asthmatic/not symptomatic n=12483

Ever asthma 2016-2018 n=1393

Symptomatics 2016-2018 n=2708

Control participants paired on age and gender n=4101

Not selected at random n=8382

Incomplete jobs n=305

Missing BMI n=4

Incomplete jobs n=6

Missing BMI n=1

Control participants with jobs coded n=3792

Ever asthma with jobs coded n=1386

Case -control analyses n=4469

Non-current asthma n=709

Current asthma n=677 ACT < 20 n=126 ACT ≥ 20 n=551

No jobs described n=6569

Asymptomatics and never asthma n=3792 
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