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Elodie : Oui je te mets dans les internes, parce que tu resteras pour toujours ma co interne de galère des débuts, ma confidente de pneumo A et B. A tous nos fous rires et nos pleurs ! Agathe et Tiana : Mes co internes depuis toujours ! On a fait un sacré bout de chemin toutes ensemble. Cela a toujours été avec plaisir ! Engi : À ma co interne de mes 6 derniers mois mais aussi à notre maman à tous, merci pour toutes ses années où tu nous as guidé et aidé à grandir ! Evangéline : Petite par la taille, mais grande par la présence ! A ma petite soeur de l'allergologie, avec qui on a passé un superbe semestre.
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Mais aussi :

À tous mes petits externes (enfin, presque tous), qui ont dû faire semblant pendant tout leur stage de comprendre ce que je leur expliquais. 

INTRODUCTION

Asthma is a chronic inflammatory disorder of the bronchi, associated to airflow hyper-reactivity, and possibly leading to acute symptoms, that are reversible either spontaneously or after appropriate bronchodilator treatment [START_REF] Caimmi | Nose and lungs: one way, one disease[END_REF][START_REF] Pedersen | Global Initiative for Asthma. Global strategy for the diagnosis and management of asthma in children 5 years and younger[END_REF] . With both prevalence and incidence increasing over the last decades, asthma is a major public health problem [3][4][START_REF]Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma[END_REF] . Almost 300 million people in the world suffer from this disease, and such an evaluation may underestimate the actual prevalence, given the fact that asthma is often underdiagnosed 4 . Many studies have tried to explain the recent increase in prevalence for both asthma and atopic diseases 1 , and possible causes may include the « hygiene hypothesis », the use of endocrine disruptor and chemical treatments in agriculture or industry, and the increased pollution of air and waters. Recent studies consider that the strongest risk for developing asthma include an association of both genetic factors and environmental exposures (such as indoor and outdoor allergens, tobacco smoke, air pollution, chemical irritants…) 3 . The actual consensus consists of a mix of all listed risk factors, making of asthma a multi-factorial disease [START_REF] Marks | Prevention of asthma during the first 5 years of life: a randomized controlled trial[END_REF] .

Asthma is a very heterogeneous disorder with multiple clinical phenotypes 3 . Considering the pediatric population, asthma is the most frequent chronic non-communicable disease, and the leading cause of childhood morbidity, mainly caused by acute exacerbations characterized by breathlessness, wheezing, chest tightness, and/or cough [START_REF] Martinez | Asthma and wheezing in the first six years of life. The Group Health Medical Associates[END_REF] . It is also associated to a high rate of ER visits, hospitalizations, absenteism from school and presenteism, and still contributes to many deaths amongst young people even in developed countries [START_REF] Pedersen | Global Initiative for Asthma. Global strategy for the diagnosis and management of asthma in children 5 years and younger[END_REF][START_REF] Kuehni | Wheeze and asthma prevalence and related health-service use in white and south Asian pre-schoolchildren in the United Kingdom[END_REF] . This condition often begins in early childhood, with an earlier onset in males, and initially with intermittent symptoms, especially occurring during viral respiratory tract infections. Other possible triggers include allergies, physical exercise, cold air, extreme emotional arousal, and even some drugs (aspirin, non-steroid anti-inflammatory drugs, or beta-blockers) 3,[START_REF] Chen | Socioeconomic status and health in adolescents: the role of stress interpretations[END_REF][START_REF] Sedaghat | Mouse Sensitivity is an Independent Risk Factor for Rhinitis in Children with Asthma[END_REF] . In pediatrics, known predisposition factors include a family history of asthma, atopy, allergic rhinitis, low birth weight or a history of multiple wheezing episodes during the first two years of life [START_REF] Sly | Early identification of atopy in the prediction of persistent asthma in children[END_REF][START_REF] Pedersen | Preschool asthma--not so easy to diagnose[END_REF][START_REF] Woodcock | Early life environmental control: effect on symptoms, sensitization, and lung function at age 3 years[END_REF][START_REF] Bufford | Early exposure to pets: good or bad?[END_REF][START_REF] Ownby | Exposure to dogs and cats in the first year of life and risk of allergic sensitization at 6 to 7 years of age[END_REF] . In children, the disease may express itself through different pathways: while some patients will have lifelong asthma with active symptoms and progressive lung function loss over time, other children will undergo asthma remission during adolescence [START_REF] Hallas | Airway obstruction and bronchial reactivity from age 1 month until 13 years in children with asthma: A prospective birth cohort study[END_REF][START_REF] Morgan | Outcome of asthma and wheezing in the first 6 years of life: follow-up through adolescence[END_REF][START_REF] Grol | Risk factors for growth and decline of lung function in asthmatic individuals up to age 42 years. A 30year follow-up study[END_REF] . In this latter group, symptoms may remain quiescent or may relapse in mid-adult life leading clinicians to speculate that the absence of symptoms does not correlate with a full recovery from the disease.

In general, asthma is known to be a chronic disease, tending to present as a life-time condition [START_REF] Sears | A longitudinal, population-based, cohort study of childhood asthma followed to adulthood[END_REF][START_REF] Grol | Risk factors from childhood to adulthood for bronchial responsiveness at age 32-42 yr[END_REF] .

For such reason, an appropriate management with a correct and prompt diagnosis is crucial to control symptoms and therefore reduce asthma burden and increase patients' quality of life. GINA international guidelines advise to perform pulmonary function tests (PFTs) to diagnose asthma, both in children and adults. Diagnostic criteria in children require a FEV1/FVC ratio lower than 90% and an increase of 12% of their FEV1 after bronchodilation test, based on what was observed in adults 4,21- 23 . Nevertheless, the bronchodilation test following GINA recommendations, cannot be performed in children younger than 5 years, due to age-related difficulties in achieving test-satisfying controlled expirations 4,[START_REF] Pedersen | Preschool asthma--not so easy to diagnose[END_REF][START_REF] Jat | Spirometry in children[END_REF][START_REF] Crenesse | Spirometry in children aged 3 to 5 years: reliability of forced expiratory maneuvers[END_REF] . The increase of the FEF25-75 after bronchodilation has also been proposed in children to corroborate the diagnosis, but studies seem not to be conclusive [START_REF] Kanchongkittiphon | The Association of FEF25-75 and Bronchodilator reversibility with Asthma Control and Asthma Morbidity in Inner City Children with Asthma[END_REF][START_REF] Rao | The utility of forced expiratory flow between 25% and 75% of vital capacity in predicting childhood asthma morbidity and severity[END_REF] . Also, the accuracy of these criteria is debated in children and other possible diagnostic methods have been investigated [START_REF]Asthma: diagnosis, monitoring and chronic asthma management[END_REF][START_REF] Hopp | A literature review of the evidence that a 12% improvement in FEV1 is an appropriate cut-off for children[END_REF] . Indeed, in clinical practice, clinical signs and response to inhaled therapy are currently considered by pediatricians as the most useful tools to suspect and then diagnose asthma in children [START_REF] Bacharier | Classifying asthma severity in children: mismatch between symptoms, medication use, and lung function[END_REF][START_REF] Sharma | Childhood Asthma Management Program Research Group. Clinical Predictors and Outcomes of Consistent Bronchodilator Response in the Childhood Asthma Management Program[END_REF] .

The aim of the present study was to verify the sensitivity of the reversibility criterion proposed by GINA recommendations (the increase of 12% of the FEV1), and to look for other variables possibly able to show a satisfying sensitivity for a diagnosis of asthma in children.

by the physician during a follow-up consultation). Presence of atopic comorbidities was evaluated as well, including atopy, defined as sensitization to at least one common respiratory allergen (including Dermatophagoides pteronissinus, Dermatophagoides farinae, grass, cypress, birch, cat, dog, Alternaria alternata); allergic rhinitis, defined as the presence of typical disease symptoms due to exposure to an airborne allergen to which the patients are sensitized; food allergy, defined as the appearance of hypersensitivity symptoms related to consumption of a food allergen to which the patients are sensitized, or a positive food challenge to the culprit food; atopic dermatitis.

C. Outcomes of the study

The primary outcome of this study was to assess the reversibility criterion proposed by GINA guidelines of an increase of 12% of FEV1 after bronchodilation test.

The secondary end points were: (i) to verify if the definition of obstructive syndrome in children, as proposed by GINA guidelines (FEV1/FVC < 90%) could be applied in clinical settings; (ii) to evaluate if the reversibility of small airways (FEF25-75) defined as an increase greater than 30% after bronchodilation test from basal values, is sensible in discriminating asthmatic children; (iii) to assess which spirometric and clinical variables could correlate to the best sensitivity for the diagnosis of asthma; and (iv) to evaluate, in a subgroups analysis, possible correlations between asthma severity and comorbidities.

D. Statistical analysis

Continuous variables were summarized with descriptive statistics (number, mean, SD), while frequency counts and percentages were provided for categorical data. Statistics were computed for patients with available (i.e. non-missing) data. Comparison of patient characteristics was assessed after grouping patients as for asthma severity (persistent severe, persistent moderate, persistent mild, and intermittent asthma). We used the Student's t-test for data in case of continuous variables and the chi-square test for categorical variables. Differences between groups were considered statistically significant if p-values were <0.05.

All analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC, USA).

considering children with a FEV1/FVC < 90%, the reversibility criterion showed a 23.5% sensitivity, being recorded in 205 children only.

Considering this outcome, there was no significant difference between the two centers (31.0% and 30.1% sensitivity in the French and Italian population, respectively). Moreover, the mean change in FEV1 after bronchodilation was similar in the two centers as well (8.1% with 13.1% of SD, and 8.3% with 8.8% of SD, respectively; p-value: 0.7876).

C. Obstruction criterion and small airways criterion

The obstruction criterion proposed by GINA guidelines for children (FEV1/FVC < 90%) was valid for 595 children at diagnosis, with a sensitivity of 67.5% overall (Table 2). The mean value of the FEV1/FVC ratio in the entire cohort was 85% (SD 10%).

The increase of more than 30% in FEF25-75 after bronchodilation test was only found in 198 children in our cohort (Se 21.9%), with a mean value of 22.1% (SD 30.0%) (Table 2). Furthermore, older children (>11 years group) were also less likely to achieve this reversibility criterion, compared with patients with less than 7 years of age, or between 7 and 11 years (15.1%, 24.9%, and 23.8%, respectively).

D. Best criteria to predict asthma diagnosis

To assess the variables providing the best sensitivity to predict asthma diagnosis, we included in the analysis both the spirometric criteria (FEV1/FVC < 90%, change in FEV1 > 12%, change in FEF25-75 > 30%), and the clinical ones (dry cough, tight chest, wheezing, pre-school wheezing, exerciseinduced dyspnea, atopy, presence of allergic comorbidities). The best single criterion was the presence of "dry cough" (Se 90.9%). Sensitivity of each criterion is shown in Table 3.

The best two combined criteria were "dry cough and atopy" (Se 98.5%), followed by both "dry cough and wheezing" or "dry cough and allergic comorbidities" (Se of 97.7%). Furthermore, the best three criteria to predict asthma were "dry cough, wheezing and atopy", and "dry cough, wheezing and exercise-induced dyspnea", with both a sensitivity of 99.5%. The combination of the previously mentioned four criteria (dry cough, wheezing, atopy and exerciseinduced dyspnea) was associated to a sensitivity of 100% (Figure 3). In no case, adding spirometric parameters improved the cumulative sensitivity for the diagnosis of asthma. Moreover, when comparing the sensitivity of the different clinical parameters between the subgroup of 383 children with FEV1/FVC < 90%, but without FEV1 reversibility and the 205 patients with reversibility criteria, we found no significant difference neither between the groups, nor between each group and the whole cohort of patients (Table 3).

If we consider the follow-up of patients with a diagnosis of asthma, and include the response to the prescribed treatment after the first visit, such criterion was verified in 819 children, and showed therefore the best sensitivity (Se 94.0%), but it cannot be used when first assessing a patient.

E. Subgroup analysis based on asthma severity

The number of included patients significantly differed in each asthma severity subgroup (respectively for severe, moderate, mild persistent and intermittent asthma: 55, 581, 203, 32; all p-values <0,005) (Table 4). The small number of patients included in the « intermittent » group could mainly be explained by the fact they are not representative of the average patient consulting at a tertiary University Hospital, and are therefore under-represented, if compared with the general population.

Sex and BMI were not statistically different between those four groups (p-values <0,05).

The mean improvement in FEV1 after bronchodilation was higher when the severity was greater: the severe asthma group showed a significantly higher increase in FEV1 than the moderate asthma group (13.2% (SD 18.2) and 8.9% (SD 10.7), respectively; p-value: 0.0084) and the mild group (5.0% (SD 6.9), p-value < 0.0001). The same significant difference was also highlighted between the moderate and the mild group as well (p-value < 0.0001). There was no significant difference when we compared the intermittent group with any other severity group. When we assessed patients presenting an increase of at least 12% in their FEV1, there was a significant difference (p-value <0.05) in sensitivity between patients suffering from mild persistent asthma (16.3% of increase in FEV1, in 33 children) and both moderate persistent asthma (34.3%, n=199, p-value < 0.0001) and severe persistent asthma (41.8%, n=23, p-value < 0.0001), meaning that, as persistent asthma becomes more severe, the increase in FEV1 criterion showed a higher sensitivity.

When considering the mean basal obstruction criterion, we found lower values as asthma was more severe. The mean basal FEV1/FVC was 79.5% (SD 10.5%) in the severe asthma group, 84.1% (SD 9.7%) in the moderate group (p-value: 0,0009), and 87.7% (SD 8.5%) in the mild one (p-value < 0.0001). When we assessed the FEV1/FVC < 90% criterion per asthma severity, there was a significant difference (p-value <0.005) between each subgroup, showing that when asthma is more severe, patients present increasing obstructive spirometric values (87.5%, 72.1%, 53.2%, in the mild, moderate, and severe persistent asthma subgroups, respectively).

On the other hand, the mean change in FEF25-75, was not statistically different between the four severity groups.

Atopy had a significant impact on asthma severity: we found more atopic patients in the severe group (51 patients, 92.7%), compared with the moderate and mild groups (78.3% (p-value: 0.0113) and 73.4% (p-value: 0.0023), respectively). Considering specific respiratory allergens and food allergy, there was no significant difference between the groups.

When analyzing the French vs. the Italian cohort separately, we did not find any difference regarding our outcome results (data not shown). nevertheless, they also admitted that the diagnosis should also be based on clinical symptoms and personal history, to be more reliable [START_REF] Jat | Spirometry in children[END_REF] .

As for the obstruction threshold FEV1/CVF of 90%, proposed by several authors, including Quanjer et al., such value should not be used in children to assess airways obstruction, considering the unsatisfying sensitivity of this criterion in our study [START_REF] Quanjer | the ERS Global Lung function Initiative. Multi-ethnic reference values for spirometry for the 3-95 year age range: the global lung function 2012 equations[END_REF] . On the other hand, we showed that, as asthma severity increases, patients tend to present lower FEV1/FVC ratio, therefore more important bronchial obstruction, and greater increases in FEV1 after bronchodilation test.

Several authors proposed to evaluate the change in FEF25-75 after bronchodilation test to diagnose asthma in children, assuming that FEV1 may be a poor criterion in this age group [START_REF] Kanchongkittiphon | The Association of FEF25-75 and Bronchodilator reversibility with Asthma Control and Asthma Morbidity in Inner City Children with Asthma[END_REF][START_REF] Rao | The utility of forced expiratory flow between 25% and 75% of vital capacity in predicting childhood asthma morbidity and severity[END_REF][START_REF] Simon | Childhood Asthma Research and Education Network of the National Heart, Lung, and Blood Institute. Forced expiratory flow between 25% and 75% of vital capacity and FEV1/forced vital capacity ratio in relation to clinical and physiological parameters in asthmatic children with normal FEV1 values[END_REF][START_REF] Ciprandi | Forced expiratory flow between 25% and 75% of vital capacity may be a marker of bronchial impairment in allergic rhinitis[END_REF] . These authors claim that FEF25-75 could be considered as a more sensitive measure of the small airways obstruction, but, in our study, such criterion showed an even lower sensitivity than FEV1, to reach a diagnosis.

In a study by Dufetelle et al., the authors proposed two thresholds suggestive of bronchodilator response in asthmatic children [START_REF] Dufetelle | Should reversibility be assessed in all asthmatic children with normal spirometry?[END_REF] . Based on spirometry z-scores, their preliminary results showed that a 0.42 z-score for FEV1 and a -0.16 z-score for FEV1/FVC could indicate bronchoreversibility even in children with normal baseline spirometry. In our cohort, when considering patients presenting with these z-score values (n=279), we found a sensitivity of 32.0% (data not shown). Therefore, these thresholds might be useful to suggest a bronchodilator response in asthmatic children, but their usefulness in diagnosing pediatric asthma seems limited.

As for patients presenting with intermittent asthma, our data showed that this group of patients reported results which were not consistent with those from the other groups. These patients are not representative of the typical patient referring to a tertiary University Hospital. Indeed, they are most likely to be seen outside the hospital, by a general practitioner or a pediatrician, since they do not require a specialized expertise. Further studies in this severity group might be of interest.

A quite surprising observation from our study was that the proportion of patients treated with AIT was not significantly different between severity groups (Table 4), while we were expecting the more severe group to be the one with patients treated the most with AIT, also considering that children with severe asthma were more atopic. Such aspect could be explained by the fact that AIT is usually prescribed in children not only as a treatment for allergies, but also to prevent the development of further allergen sensitizations and to reduce the burden and the possible aggravation of allergic respiratory diseases (allergic rhinitis, allergic rhino-conjunctivitis, and asthma).

In our study, the best criteria for asthma diagnosis was the response to the prescribed treatment (Se 94.0%): therefore, even in those patients for whom the diagnosis is not sure at the first visit, the follow-up allows to strengthen the doctor's hypothesis. Nevertheless, when focusing on the possibility of diagnosing asthma when evaluating a patient for the first time, the best single clinical predicting criterion was dry cough. When adding three clinical criteria together, such as dry cough, wheezing and atopy or dry cough, wheezing and exercise-induced dyspnea, we reached a very satisfying sensitivity (> 99%), while PFTs values were not providing sufficient support to increase the diagnostic sensitivity. These simple clinical features could therefore be easily and practically used in everyday clinical practice to diagnose asthma in children. These findings are strongly supported by other studies that affirm that a combination of different symptoms seems to be more discriminative than just one or two separate symptoms to reach a diagnosis of pediatric asthma [START_REF] Pedersen | Preschool asthma--not so easy to diagnose[END_REF][START_REF] Kang | A clinical study to determine the threshold of bronchodilator response for diagnosing asthma in Chinese children[END_REF][START_REF] Murray | Diagnosis of asthma in symptomatic children based on measures of lung function: an analysis of data from a population-based birth cohort study[END_REF] . These criteria are simple to assess during a medical consultation and require no specific tool. Therefore, this attitude could simplify the diagnostic process, while showing at the same time a better sensitivity.

The primary strength of this study was the great number of included patients: we present the largest pediatric cohort focusing on this subject, and including both spirometric and clinical parameters. 871 children were indeed included in our analysis, which also enabled us to perform subgroup analysis, based on asthma severity, with satisfying group sizes. Also, our multi-centric approach, including patients from two centers from different countries, France and Italy, allowed us to gather a cohort with data coming from physicians with different backgrounds, and could bring us to speculate that our results could also be extended and applied to other countries and/or settings.

Our study presents some limitations as well. We present a retrospective cohort study, based on information found in patients' files: for such reason, we had a few missing data for 17 patients, which nevertheless represented less than 2% of our entire cohort. Also, we included asthmatic children only, and a prospective study including any patients consulting for possible asthma could help strengthen our results and provide further insights. Finally, we did not have data assessing FENO in our population. However, in a study by Murray et al., the authors showed that FENO is the most sensitive objective test to diagnose asthma in children, with a low 44% sensitivity [START_REF] Murray | Diagnosis of asthma in symptomatic children based on measures of lung function: an analysis of data from a population-based birth cohort study[END_REF] . Nevertheless, we should consider two different aspects: firstly, our data come from real-life settings, and FENO measurements are not routinely evaluated by pediatricians, and therefore such data are not systematically included in patients' chart; secondly, this parameter still shows a lower sensitivity if compared with those found by our study.

We believe that our results bring an important contribution to current knowledge on asthma diagnosis in children. The results strongly suggest that spirometric reversibility values, along with other data such as obstruction criterion, even though essentials for the follow-up of pediatric asthmatic patients, have a very unsatisfying sensitivity for the diagnosis of asthma in children.

CONCLUSION

Our data strongly affirm that PFTs, even though essentials for the follow-up of pediatric asthmatic patients, have a low sensitivity for the diagnosis of asthma. Clinical symptoms, on the other hand, show a very high sensitivity. For such reason, any physicians could diagnose asthma in children, without needing to perform PFTs to confirm their diagnosis. Therefore, we would like to stress that general practitioners and pediatricians could diagnose asthma in children, through carefully evaluating the clinical history and the symptoms presented by patients, while asthmatic patients presenting with severe forms or needing a follow-up require a more complete assessment in specialized centers. We found a significant difference between the whole cohort and the subgroup of patients with normal FEV1/FVC for the tight chest (p-value 0.0198) and atopy (p-value 0.0264) criteria. 

  : Au plaisir de retravailler avec vous prochainement ! Marion : Ma co interne qui a rejoint le coté obscur de l'allergologie ! Hâte de retravailler avec toi ! Flora et Quentin L. : On a pas souvent travaillé ensemble au final, mais c'était toujours avec grand plaisir ! Zak et Laure : Le binôme de choc, merci pour la cohésion et la bonne humeur que vous avez apporté dans l'équipe ! Zélie : Merci pour ton calme et ta gentillesse ! C'était très agréable de travailler avec toi.
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Table 3 -

 3 Sensitivity of the different clinical criteria in the whole cohort of 871 children, in the subgroup of patients in which normal FEV1/FVC, in those with FEV1/FVC < 90% and an increase in FEV1 < 12% after bronchodilation, and in those presenting with reversibility criteria.

						Patients with FEV1/FVC <	Patients with FEV1/FVC <
		In the whole cohort (N = 871)	Patients with FEV1/FVC ≥ 90% (N = 283)	90% and increase in FEV1 < 12% after bronchodilation	90% and increase in FEV1 ≥ 12% after bronchodilation
						(N = 383)	(N = 205)
		Number of	Sensitivity	Number of	Sensitivity	Number of	Sensitivity	Number of	Sensitivity
		patients (n)	(%)	patients (n)	(%)	patients (n)	(%)	patients (n)	(%)
	Clinical criteria								
	Dry cough	792	90.9%	250	88.3%	350	91.4%	192	93.7%
	Wheezing	553	63.5%	162	57.2%	251	65.5%	140	68.3%
	Exercise-induced dyspnea	410	47.1%	122	43.1%	187	48.8%	102	49.8%
	Tight chest	149	17.1%	32	11.3%	73	19.1%	44	21.5%
	Pre-school wheezing	315	36.2%	108	38.2%	134	35.0%	73	35.6%
	Atopy	678	77.8%	202	71.4%	306	79.9%	170	82.9%
	Allergic comorbidities	713	81.9%	219	77.4%	320	83.6%	174	84.9%

Table 4 -

 4 Characteristics of the population, per asthma severity. Mean Change in FEF25-75 after bronchodilation, % (SD) 23.9 (23.8) 23.1 (32.5) 19.6 (24.5) 16.2 (21.1) BMI: Body Mass Index; SD: Standard Deviation; FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capacity; FEF25-75: mean Forced Expiratory Flow between the 25% and 75% of the FVC; N/A: not applicable; AIT: Allergen Immunotherapy

	Statistical difference between groups, p-value

Legend:

B. Population and collected data

We included all consecutive children, followed by each center, with a diagnosis of asthma, made by a specialist of pediatric asthma, and who performed a PFT at the time of the diagnosis. Diagnosis of asthma had to be reached between their 5 th and their 18 th anniversary.

Patients with any documented diagnosis of other obstructive disease (such as cystic fibrosis, or ciliary dyskinesia), cancer, and bronchopulmonary dysplasia were excluded from the study. All those children with a diagnosis of asthma, but who did not perform, for any reason, a PFT at the time of the diagnosis were excluded as well.

In each patient, we collected demographic information (height, weight, age at diagnosis, sex), country of provenance (either France or Italy), PFT results at the time of the diagnosis, asthma severity (based on prescribed treatment and GINA guidelines), clinical information (presented symptoms, treatment efficacy after the first consultation, personal history of bronchiolitis/recurrent wheezing during the first two years of life, qualitative improvement -yes or no -of symptoms due to treatment, judged

RESULTS

A. Included population

We included a total of 888 children with a diagnosis of asthma reached between January 2008 and January 2019. 17 of them were excluded from the analysis because of missing data (Figure 1). 342 patients were included from the Montpellier University Hospital: 219 of them (64.0%) were males; their mean age at diagnosis was 9.2 years (SD 3.4). 529 patients were included from the Pavia University Hospital: 329 of them (62.2%) were males; their mean age at diagnosis was 9.3 years (SD 3.2). The two populations were not statistically different, when considering their sex and their age (pvalue: 0.5825 and 0.6605, respectively). Moreover, basal FEV1 values did not differ between the French and Italian population (1800 mL and 1900 mL, respectively; p-value: 0.0728). For all the above reasons, statistical analysis was performed considering the two groups as a single cohort.

An interesting difference between the two populations concerned the prescription of anti-IgE therapy and of Allergen Immunotherapy (AIT): patients were significantly more treated with the monoclonal antibody in the Italian group (5.3% vs. 3.2%; p-value < 0.0001), and more AIT treatments were prescribed in the French population (17.0% vs. 8.1%; p-value < 0.0001). Another difference concerned sensitization to cypress and birch pollen: in fact, cypress pollen allergy is very common in the Montpellier area, but not in the Pavia area. The opposite consideration is true for birch pollen allergy. We considered these differences very unlikely to influence our objectives.

Characteristics of the children included in the study are shown in Table 1.

B. Primary outcome

The reversibility criterion of an increase of at least 12% of the FEV1 after bronchodilation test was confirmed in only 266 out of 871 children (Figure 2), with a sensitivity (Se) of 30.4% (Table 2). When

DISCUSSION

Asthma is a common disease in children and it is probably underdiagnosed. International GINA criteria propose that, in pediatric patients with obstructive signs at PFTs, an increase in FEV1 of 12% after bronchodilation test is suggestive of a proper diagnosis 4,[START_REF]Asthma: diagnosis, monitoring and chronic asthma management[END_REF] . Through the present multicenter study, we wanted to assess the applicability of this criterion and its sensitivity in a real-life setting.

No study strongly affirms that the 12% threshold is an adequate cut-off value to diagnose asthma in children. Even in the GINA guidelines, this threshold is not justified by clinical trials, but only based on a specialists' agreement. In our study, this reversibility criterion showed a very low sensitivity (30.4%), as a diagnostic tool for asthma in pediatrics. Thus, such a criterion does not seem to be applicable to children, if compared to adults, as previously highlighted in other studies [START_REF] Vilozni | Assessment of Airway Bronchodilation by Spirometry Compared to Airway Obstruction in Young Children with Asthma[END_REF] .

In 2016, Hopp et al. proposed a literature review to search for the evidence that the 12% threshold was appropriate to diagnose asthma in children [START_REF] Hopp | A literature review of the evidence that a 12% improvement in FEV1 is an appropriate cut-off for children[END_REF] . The authors found that most studies reported that a smaller improvement in FEV1 should be applicable in children, and then suggested an alternative interpretative strategy, which our results support. Several authors indeed searched for a different cutoff to assess reversibility response in pediatrics. Martinez et al. proposed a 9% threshold in children aged 7-14 years as the best option to define the bronchodilation test as positive [START_REF] Martínez | Cut-off point for a positive bronchodilation test[END_REF] . Using such a threshold (data not shown), in our population including 571 children belonging to this age group, we would find a sensitivity of 41.7% (with 238 children with a reversibility of at least 9%). Kang et al. found that an increase of at least 7.5% in FEV1 was a better option to diagnose asthma in a cohort of Chinese children (Se 50.7%), while the increase of 12% correlated to a 28.7% sensitivity [START_REF] Kang | A clinical study to determine the threshold of bronchodilator response for diagnosing asthma in Chinese children[END_REF] , which is even lower than the value found in our study. On the other hand, the cut-off of an increase in FEV1 of 7.5% proposed by the Authors still shows a low sensitivity, and does not seem appropriate to diagnose asthma in children. Jat