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Quantitative and qualitative evaluation of spirometry for COPD screening in general practice

Introduction

Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease that develops in a subset of subjects exposed to noxious particles or gases [START_REF] Vogelmeier | Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease 2017 Report: GOLD Executive Summary[END_REF][START_REF] Guillien | Prevalence and risk factors for COPD in farmers: a cross-sectional controlled study[END_REF]. COPD is one of the leading causes of morbidity and mortality worldwide and results in an increasing economic and social burden [START_REF] Lopez | Chronic obstructive pulmonary disease: current burden and future projections[END_REF]. If the disease is appropriately diagnosed, action can be taken on exposure to risk factors and treatment started for patients who have the disease, while unnecessary costs and potential side effects of treatment can be avoided in those who do not [START_REF] Gershon | Health Services Burden of Undiagnosed and Overdiagnosed COPD[END_REF][START_REF] Martinez | Screening, Case-Finding, and Outcomes for Adults With Unrecognized COPD[END_REF]. Nevertheless, diagnosis of COPD remains challenging and as few as 20-30% of those who have COPD are in fact identified, whereas more than half of patients who receive a positive diagnosis do not actually have the disease [START_REF] Soriano | Screening for and early detection of chronic obstructive pulmonary disease[END_REF][START_REF] Lamprecht | Determinants of underdiagnosis of COPD in national and international surveys[END_REF][START_REF] Diab | Underdiagnosis and Overdiagnosis of Chronic Obstructive Pulmonary Disease[END_REF].

Spirometry is the cornerstone of COPD diagnosis, and appropriate testing may reduce the number of undetected cases as well as diagnostic misclassification [START_REF] Guillien | Case-Finding for Persistent Airway Obstruction in Farmers: A Questionnaire With Optimal Diagnosis Criteria[END_REF]. However, even in countries with developed health services, it is not feasible to refer all at-risk subjects to a respiratory specialist for high-quality spirometry [START_REF] White | Primary care spirometry: test quality and the feasibility and usefulness of specialist reporting[END_REF]. Other options need to be considered, such as performing spirometry testing in primary care, either by general practitioners (GPs) or by trained technicians or nurses. In all cases, the reliability of spirometry tests is a prerequisite for their use as a diagnostic instrument, from the patient's perspective as well as for epidemiological purposes. Some concerns have been raised regarding their reliability.

Schermer et al. have reported a small but statistically significant difference in lung function

values between spirometry performed in general practice and in a pulmonary function laboratory [START_REF] Schermer | Validity of spirometric testing in a general practice population of patients with chronic obstructive pulmonary disease (COPD)[END_REF]. Lusuardi et al. have shown that as many as one-third of patients diagnosed with COPD with office-based spirometry in primary care had normal spirometry results when tested in a pulmonary function laboratory [START_REF] Lusuardi | A randomized controlled trial on office spirometry in asthma and COPD in standard general practice: data from spirometry in Asthma and COPD: a comparative evaluation Italian study[END_REF].

From September 2011 to December 2014, we carried out a large COPD screening programme among subjects exposed either to tobacco smoking and/or to organic dusts (BalistiC study; ClinicalTrials.gov Identifier: NCT02540408) [START_REF] Degano | COPD in dairy farmers: screening, characterization and constitution of a cohort. The BALISTIC study[END_REF]. Screening spirometry testing was performed either by trained technicians or nurses or by trained GPs, and a subset of subjects who underwent screening had repeat testing in a pulmonary function laboratory (confirmatory spirometry). The main objective of the current study was to assess the extent to which the results of screening spirometry testing agreed with the results of the same tests performed in a pulmonary function laboratory. We also aimed to compare the reproducibility of spirometry performed by technicians or nurses with that performed by GPs. Lastly, we compared the accuracy of airflow limitation diagnosis between screening and confirmatory spirometry testing.

Methods

Study population

Data for this study were collected as part of the BalistiC project [START_REF] Degano | COPD in dairy farmers: screening, characterization and constitution of a cohort. The BALISTIC study[END_REF] which was conducted at the University Hospital of Besançon in collaboration with the French national social security system for all agricultural workers (Mutualité Sociale Agricole, MSA) and with the care homes federation of the Franche-Comté region (Fédération des Maisons de Santé Comtoises, FéMaSaC). The study was set up primarily to obtain data on the prevalence of COPD and on characteristics of the disease occurring in dairy farmers (COPD secondary to organic dust exposure) by comparison with COPD patients who were not exposed to organic dusts.

Every five years, all persons affiliated to the MSA social security organism are invited to attend a free health check-up, and around 20% of those invited attend [START_REF] Pelc | Les invités aux instants sante en 2011: profil de consommation de soins des participants et des non participants 2013[END_REF]. Participation in the screening phase of the BalistiC study was offered to all persons aged 40-74 years who attended the health check-up and who were exposed either to organic dusts (dairy farmers) and/or to tobacco smoking. Exclusion criteria were an established diagnosis of asthma, bronchiectasis, hypersensitivity pneumonitis and/or COPD, and having/having had a history of occupational exposure other than dairy farming. For these persons affiliated to the MSA, spirometry was performed by a trained nurse or by a trained technician.

In parallel, GPs working with the FéMaSaC proposed participation in the screening phase of the BalistiC study to their patients fulfilling the above inclusion and exclusion criteria. These patients were invited to attend free screening sessions during which spirometry was performed by their GPs.

Confirmatory spirometry performed by trained nurses at the pulmonary function laboratory of the University Hospital of Besançon was offered to all subjects with persistent airflow limitation according to the GOLD criterion (post-bronchodilator FEV1/FVC <0.70) detected during the screening phase of the BalistiC study. Confirmatory spirometry was also offered to a subset of subjects without persistent airflow limitation and with predicted FEV1 >80%. These subjects were matched to subjects with persistent airflow limitation according to occupational exposure, gender, age and smoking status.

Approval was received from the local ethics committee (CPP Est; P-2011-119), and written consent was obtained from all subjects. Screening and confirmatory spirometry tests were performed using the same type of pneumotachograph (MedGraphics; MSE Medical, Strasbourg, France). All spirometers were calibrated at least once daily using a 3-L syringe. At the time of screening, a bronchodilator test was proposed only to subjects with a baseline airflow limitation defined by a FEV1/FVC ratio <0.70. During the screening procedures, bronchodilation was performed by administering 400 μg of the short-acting β2-agonist salbutamol (Ventoline, GlaxoSmithKline, Marly-le-Roi, France) and spirometry was repeated after a 10-to 15-min interval, as recommended [START_REF] Miller | Standardisation of spirometry[END_REF]. For confirmation, bronchodilation was obtained with nebulisation of terbutaline (5 mg/2 mL) and ipratropium bromide (0.5 mg/2 mL) for 15 min, and spirometry was repeated after a 15-to 20-min interval. All subjects who attended the confirmatory sessions (i.e., those with and those without airflow limitation) had a bronchodilator test.

Spirometry

Technicians, nurses, GPs and pulmonary function specialists were asked to perform at least 3 reproducible forced manoeuvres, that is, reproducibility of <5% and <200 ml between the two highest FEV1 values [START_REF] Miller | Standardisation of spirometry[END_REF]. The ATS/ERS were used for start-of-test criteria [START_REF] Miller | Standardisation of spirometry[END_REF]. In particular, tests with an extrapolated volume of more than 150 mL and/or more than 5% of FVC were discarded. Tests with cough in the first second were also systematically discarded. However, tests with cough occurring after the first second of forced exhalation were kept unless cough was considered to interfere with the measurements. For end-of-test criteria, no change in volume (plateau ≤25 mL) for at least 1 second was required, but the duration of exhalation was left to the discretion of the technician. The validity of the spirometry tests according to these criteria was reviewed within the following days on the actual graphs by a pulmonologist (PR, TS or BD) and nurses, technicians and/or physicians who performed the spirometries were immediately contacted in case of problems in tests performance.

Only subjects with valid spirometry at screening were further included in the BalistiC study and so had confirmatory spirometry.

Statistical analysis

Data are presented as size group (percent) and mean ± standard deviation for qualitative and quantitative variables, respectively.

For the chosen spirometric parameters (FEV1, FVC, FEV1/FVC ratio, peak expiratory flow

[PEF] and mean forced expiratory flow between 25% and 75% of FVC [FEF25-75]) measured pre-bronchodilator, agreement between screening and confirmatory spirometry was assessed using Bland-Altman plots and Lin's concordance coefficient (rc). In addition, paired t-tests were performed to analyse within-subject differences for each parameter between the two measurements (screening vs. confirmation). Finally, Pearson correlation coefficients were calculated to assess the association between the time interval between the two measurements on the one hand and the discrepancy between the two measurements on the other.

For the diagnosis of airflow limitation, the two measurements (screening vs. confirmation) were compared using the Chi-squared test. Diagnosis of airflow limitation made at confirmation was taken as reference, and positive predictive value and specificity of screening for the diagnosis of airflow limitation were calculated. Agreement between diagnosis of airflow limitation at screening and at confirmation was analysed using Cohen's kappa (k).

A p-value less than 0.05 was considered statistically significant. All data were analysed using SAS software (version 9.3, SAS Institute, Inc., Cary, NC, USA).

Results

Subject enrolment

The flowchart of the participating population is displayed in Figure 1. Of the 4610 subjects who underwent COPD screening, 4447 (96.5%) had a spirometry test of acceptable quality.

Of these 4447 subjects, 392 (8.8% of those who had a valid spirometry test) were invited to undergo confirmatory spirometry, including 197 with pre-bronchodilator FEV1/FVC <0.70 and 195 frequency-matched controls without pre-bronchodilator airflow limitation at screening.

Population characteristics

The main characteristics of the 392 participants are shown in Table 1. Compared with subjects who entered the study via the MSA, women and current smokers were more frequent among subjects who entered the study via the FéMaSaC.

Among subjects with pre-bronchodilator FEV1/FVC <0.70 at screening, those who entered the study via the MSA had higher FEV1 predicted (80 ± 15% vs. 70 ± 14%, respectively, p<0.001) and more often had FEV1 >80% predicted (61% vs. 30%, respectively, p<0.001) than those who entered the study via the FéMaSaC. However, the frequency-matched control subjects without airflow limitation at screening who entered the study via the MSA had similar FEV1 as those who entered the study via the FéMaSaC (104 ± 11% predicted vs.104 ± 13% predicted, respectively, p = 0.96).

Comparison of spirometry performed at screening versus confirmation

The mean time interval between spirometries performed at screening and at confirmation was 2.1±1.7 months. Comparisons of spirometric values measured pre-bronchodilator at screening and at confirmation are shown in Table 2. Peak expiratory flow (PEF) and FVC were similar at screening and at confirmation, while FEV1 was higher at screening than at confirmation, resulting in a mean FEV1/FVC ratio that was lower by as much as 3.3% at confirmation compared with screening. These differences between screening and confirmation were similar in subjects recruited via the FéMaSaC and via the MSA.

Agreements between the two measurements for all spirometric values are shown in Figure 2.

Lin's concordance coefficient showed almost perfect agreement (rc = 0.83).

Differences between screening and confirmatory spirometry were not significantly correlated with the time interval between the two measurements (r = -0.13, -0.11, 0.03, 0.01 and -0.18 for pre-bronchodilator ΔFVC, ΔFEV1, ΔFEV1/FVC, ΔPEF and ΔFEF25-75, respectively).

As shown in Table 3, differences between screening and confirmation were similar for subjects recruited via the MSA (whose screening spirometry tests were performed by nurses or by technicians) and for subjects recruited via the FéMaSaC (whose screening spirometry tests were performed by GPs). However, there was a trend towards an overestimation of the FEV1/FVC ratio when spirometries were made by GPs (Table 3).

Agreement for diagnosis of airflow limitation

Among the 392 participants, 197 had pre-bronchodilator airflow limitation at screening and 209 had pre-bronchodilator airflow limitation at confirmatory spirometry. With confirmatory spirometry taken as reference, 86% of subjects received an appropriate diagnosis of prebronchodilator airflow limitation at screening, with a positive predictive value of 91% and a specificity of 91%. Agreement for the diagnosis of pre-bronchodilator airflow limitation was substantial (k = 0.77).

According to the study design, only subjects with a pre-bronchodilator airflow limitation defined by a FEV1/FVC ratio <0.70 had a bronchodilation test performed at the time of screening. Unfortunately, due to a technical problem (temporary unavailability of salbutamol for the study), 31 subjects who had pre-bronchodilator airflow limitation did not have postbronchodilator spirometry performed during the screening sessions. Of the 361 remaining subjects, 158 had post-bronchodilator (i.e., persistent) airflow limitation at confirmatory spirometry and 203 did not. With confirmatory spirometry taken as reference, the positive predictive value of screening spirometry for the diagnosis of persistent airflow limitation was 93% and a specificity of 95%. Agreement for the diagnosis of persistent airflow limitation was substantial (k = 0.80).

Discussion

The results of the current study indicate that values measured by spirometry performed for COPD screening in primary care were satisfactory when compared with spirometry performed in a reference pulmonary function laboratory. Our results also indicate that measurements made for screening purposes by nurses or technicians on the one hand, and by GPs on the other (all having followed the same spirometry training programme) were equivalent. Finally, when a bronchodilator test was performed at screening only in subjects with prebronchodilator airflow limitation, there was a good agreement for the diagnosis of persistent airflow limitation between screening and confirmation.

Diagnosis of COPD remains challenging. A minority of patients who have COPD are actually identified and a vast proportion of subjects who receive a diagnosis of COPD are misdiagnosed [START_REF] Soriano | Screening for and early detection of chronic obstructive pulmonary disease[END_REF][START_REF] Lamprecht | Determinants of underdiagnosis of COPD in national and international surveys[END_REF]. Appropriate identification of persistent airflow limitation is essential for making a diagnosis of COPD [START_REF] Hangaard | Causes of misdiagnosis of chronic obstructive pulmonary disease: A systematic scoping review[END_REF]. An important factor contributing to misdiagnosis (that is, either under-diagnosis or over-diagnosis) is the under-utilisation of spirometry, particularly in the primary care setting [START_REF] Lamprecht | Determinants of underdiagnosis of COPD in national and international surveys[END_REF][START_REF] Hangaard | Causes of misdiagnosis of chronic obstructive pulmonary disease: A systematic scoping review[END_REF]. In addition, lack of expertise in performing and interpreting spirometry tests limits both their use and their usefulness in primary care [START_REF] Hangaard | Causes of misdiagnosis of chronic obstructive pulmonary disease: A systematic scoping review[END_REF]. Nevertheless, given the burden of COPD, most diagnoses are likely to be made in the primary care setting, and this strengthens the need for appropriate evaluation of spirometry tests performed outside of a pulmonary function laboratory.

A prerequisite for interpretation of spirometry is evaluation of test quality. Some studies conducted over the last decade found that the quality of spirometry in primary care was low, with up to one-third of tests of unacceptable quality [START_REF] White | Primary care spirometry: test quality and the feasibility and usefulness of specialist reporting[END_REF][START_REF] Bolton | Attaining a correct diagnosis of COPD in general practice[END_REF]. By contrast, in a study recently conducted in the UK, the quality of spirometry undertaken in primary care was high, with more than 96% of tests of acceptable quality [START_REF] Rothnie | Validity and interpretation of spirometric recordings to diagnose COPD in UK primary care[END_REF]. Here, we also found that a vast majority (96.5%) of the screening spirometry tests (performed by non-specialists) were of acceptable quality.

We acknowledge that our criterion for acceptable quality did not meet ATS/ERS 2005 goals for quality, which require FEV1 and FVC repeatability within 150 mL [START_REF] Miller | Standardisation of spirometry[END_REF]. Nevertheless, it is accepted that two manoeuvres with FEV1 and FVC values matching between 151 and 200 ml are also usable [START_REF] Culver | Recommendations for a Standardized Pulmonary Function Report. An Official American Thoracic Society Technical Statement[END_REF].

There are no legal restrictions on who can perform spirometry [START_REF] Coates | Spirometry in primary care[END_REF]. At least in France, the labour cost (for training and for testing) is lower when spirometry is performed by nurses or technicians rather than by physicians. With the aim of reducing the cost of spirometry testing, we investigated whether or not nurses or technicians on the one hand, and GPs on the other hand, who had all received the same training, would perform spirometry of the same technical quality. We report here for the first time that it was obviously the case.

The specific components and timing of a training program that are most effective are not clear [START_REF] Redlich | American Thoracic Society Committee on Spirometry in the Occupational S. Official American Thoracic Society technical standards: spirometry in the occupational setting[END_REF]. Courses of 2-to-3 days that include didactic training in the fundamentals of spirometry and hands-on training are nevertheless often recommended together with (i) refresher courses in order to maintain skills and (ii) on-going feedback about the quality of tests in order to correct eventual problems in test performance [START_REF] Redlich | American Thoracic Society Committee on Spirometry in the Occupational S. Official American Thoracic Society technical standards: spirometry in the occupational setting[END_REF]. We acknowledge that the 6-hours training is short, especially compared with previous published studies such as CanCOLD [START_REF] Tan | Quality assurance of spirometry in a population-based study -predictors of good outcome in spirometry testing[END_REF]. We also acknowledge that nurses/technicians/physicians who performed spirometries in our program did not have a "refresher course". Nevertheless, the validity of all spirometry tests was reviewed by a pulmonologist, and nurses, technicians and/or physicians who performed the spirometries were immediately contacted in case of problems in tests performance. This may have contributed to the good quality observed in our study.

Differences between spirometry tests performed in two different settings in a single subject may be due to the use of different types of spirometers [START_REF] Schneider | Diagnostic accuracy of spirometry in primary care[END_REF]. As we wished to minimise any potential bias in the comparison between screening and confirmatory tests, we equipped screening sites and laboratories with the same type of spirometer. These spirometers were pneumotachographs. Although pneumotachographs have to be calibrated at least once daily (which could be considered a drawback), they give highly reproducible measurements, unlike turbine spirometers that may produce spirometric values that differ from those produced by the advanced equipment used in pulmonary function laboratories [START_REF] Rebuck | The accuracy of a handheld portable spirometer[END_REF]. Nevertheless, values measured by screening spirometry (in primary care) were not interchangeable with values measured by confirmatory spirometry, as FEV1, FEV1/FVC and FEF25-75 were all significantly lower (by 3-5%) at confirmation than at screening. This resulted in the identification of persistent airflow limitation at confirmatory spirometry in subjects primarily considered to have normal spirometry. In contrast, higher values of both FEV1 and FVC have previously been reported for measurements made in general practice compared with pulmonary function laboratory measurements. This had been interpreted as an inaccuracy of pulmonary function laboratories [START_REF] Dowson | A re-audit of pulmonary function laboratories in the West Midlands[END_REF]. In our study, as volumes (especially FVC) were similar at both measurements (screening and confirmation), spirometer calibration was very unlikely to account for the differences found in flows. One possible explanation may relate to more forcible expiratory manoeuvres during spirometry tests performed in pulmonary function laboratories than during those performed by nurses or technicians, this more forcible manoeuvre being considered more appropriate and not inaccurate. Of note, in our study, differences between screening and confirmation results were similar for screening spirometry performed by nurses or technicians and by GPs.

Whether a bronchodilator test should be performed for every subject at screening spirometry is questionable. Keeping in mind that only the results of post-bronchodilator spirometry tests are appropriate for the diagnosis of COPD, this question is an important one. We have shown elsewhere that among non-selected subjects who underwent systematic spirometry for COPD screening, ≈ 8% had pre-bronchodilator airflow limitation with the GOLD criterion (fixed cutoff of 0.70 for the FEV1/FVC ratio) and only ≈ 4% had persistent airflow limitation [START_REF] Guillien | Prevalence and risk factors for COPD in farmers: a cross-sectional controlled study[END_REF]. Our strategy that consisted in performing a bronchodilator test only in subjects with prebronchodilator airflow limitation resulted in a specificity of 95%. It avoided at least 90% of bronchodilator tests that would have been inappropriate.

We acknowledge that the nebulization of 2 drugs (terbutaline [5 mg/2mL] and ipratropium bromide [0.5 mg/2mL]) performed for bronchodilation test at confirmation spirometry does not fit the GOLD recommendation for bronchodilation test. In addition, it has been shown that the combination of an anticholinergic and a β-agonist for bronchodilator reversibility testing (as made at confirmation) is superior to the individual agents (as made at screening) [START_REF] Dorinsky | The combination of ipratropium and albuterol optimizes pulmonary function reversibility testing in patients with COPD[END_REF].

Reversibility may thus be different between screening and confirmation in mild cases with borderline FEV1/FVC.

Limitations of the study

We acknowledge that our study has some limitations. First, randomisation of the order in which screening and laboratory tests took place would have been the preferred methodological approach. However, because the current analysis is ancillary to the BalistiC study, the order of the tests was dictated by the study protocol which was designed to identify subjects with persistent airflow limitation in a setting close to their home. We cannot therefore rule out the possibility of a systematic bias due to natural variability in lung function. In addition, short term intra-individual variability such as airway reactivity and diurnal variation in lung function may also have influenced our findings. Second, subjects who had confirmatory spirometry were not randomly selected: confirmatory spirometry was performed in the subset of subjects with post-bronchodilator FEV1/FVC<0.70 at screening who agreed to attend our pulmonary function laboratory and in a selected subset of matched subjects without persistent airflow limitation (matched to subjects with persistent airflow limitation according to occupational exposure, gender, age and smoking status). Matched subjects were also selected on the basis of "normal" FEV1 (i.e., >80% predicted). Therefore, we cannot rule out poor reproducibility of spirometry in subjects with a restrictive pattern (i.e., FEV1/FVC>0.70 together with FEV1 <80% predicted). In addition, it did not allow us to estimate sensitivity or negative predictive value for the diagnosis of airflow limitation. Third, although Bland and Altman graphs showed a good agreement limit for FEV1 and FVC that was similar with previous studies [START_REF] Schermer | Validity of spirometric testing in a general practice population of patients with chronic obstructive pulmonary disease (COPD)[END_REF], agreement limit was quite large for the FEV1/FVC ratio. This is the reason for the relatively high rate (14%) of pre-bronchodilator false negatives for airflow limitation in screening sessions. Fourth, the BalistiC study was designed in 2011, before the publication of the reference equations of the Global Lung function Initiative (GLI) [START_REF] Quanjer | Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations[END_REF]. Although these equations and the related age-dependent lower limit of normal are much more appropriate especially for the identification of airflow limitation, we decided to perform the current analyses with the equations of the European Community for Steel and Coal [START_REF] Quanjer | Lung volumes and forced ventilatory flows. Report Working Party Standardization of Lung Function Tests, European Community for Steel and Coal. Official Statement of the European Respiratory Society[END_REF] and with the fixed cut-off of 0.70 for the definition of airflow limitation.

Conclusion

Our analysis shows that spirometry performed in primary care (by nurses, technicians or GPs) effectively identifies persistent airflow limitation. In addition, we report for the first time that nurses, technicians and GPs, who had all followed the same two 3-hour training sessions, performed spirometry of similar good quality. As misdiagnosis of COPD is a frequent and harmful problem that is mainly due to underuse and misuse of spirometry, the current results may encourage pulmonologists to collaborate with primary care providers with the aim of improving diagnosis of the disease. 

  Nurses, technicians and GPs who performed the screening spirometry tests all received the same training, consisting of two 3-hour sessions that took place in the pulmonary function laboratory of the University Hospital of Besançon. Training included a theoretical session (validity and reproducibility criteria of flow-volume loops according to the ATS recommendations, identification of non-interpretable loops, analysis and interpretation of spirometric data, and use of the MedGraphics software) and a practical session (use of the software, calibration of the equipment, performance of adequate flow-volume loops, appropriate selection of the loops, interpretation of the results).
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 1 Figure 1. Flow chart of participants included in the study.

Figure 2 .

 2 Figure 2. Bland-Altman plots of pre-bronchodilator spirometry at screening and at

Table 1 .

 1 Main characteristics of the study population.

	Total	MSA	FéMaSaC
	(n = 392)	(n = 271)	(n = 121)

Table 2 .

 2 Comparison of screening and confirmatory pre-bronchodilator spirometry in the 392 subjects studied.

		Screening	Confirmation	Delta	p
	FEV1 (L)	3.06 ± 0.84	2.93 ± 0.80	-0.12 ± 0.27	< 0.001
	FVC (L)	4.29 ± 1.03	4.32 ± 1.00	0.03 ± 0.35	0.06
	FEV1/FVC (%)	71.1 ± 9.4	67.8 ± 10.0	-3.3 ± 4.9	< 0.001
	PEF (L.s -1 )	7.80 ± 2.27	7.71 ± 2.14	-0.09 ± 1.19	0.12
	FEF25-75 (L.s -1 )	2.35 ± 1.21	1.98 ± 1.01	-0.37 ± 0.55	< 0.001
	Data are expressed as mean ± SD.			

Abbreviations: FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; PEF, peak expiratory flow; FEF25-75, forced expiratory flow at 25-75% of FVC. Delta = confirmatory value -screening value

Table 3 .

 3 Comparison of differences between screening and confirmatory pre-bronchodilator values between the MSA group (spirometry performed by technicians or nurses) and the

	FéMaSaC group (spirometry performed by general practitioners)	
		MSA	FéMaSaC	
				p
		(n = 271)	(n = 121)	
	ΔFEV1 (L)	-0.11 ± 0.24	-0.15 ± 0.32	0.21
	ΔFVC (L)	0.04 ± 0.34	0.03 ± 0.39	0.81
	ΔFEV1/FVC (%)	-2.97 ± 4.61	-4.03 ± 5.37	0.06
	ΔPEF (L.s -1 )	-0.17 ± 1.17	0.07 ± 1.21	0.07
	ΔFEF25-75 (L.s -1 )	-0.36 ± 0.53	-0.41 ± 0.57	0.45

Data are expressed as mean ± SD.

Abbreviations: FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; PEF, peak expiratory flow; FEF25-75, forced expiratory flow at 25-75% of FVC.

Δ = confirmatory value -screening value
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