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ABSTRACT Forced expiratory flow (FEF) at low lung volumes are supposed to be better at detecting
lung-function impairment in asthmatic children than a forced volume. The aim of this study was to
examine whether FEF results could modify the interpretation of baseline and post-bronchodilator
spirometry in asthmatic schoolchildren in whom forced expiratory volumes are within the normal range.

Spirometry, with post-bronchodilator vital capacity within 10% of that of baseline in healthy and
asthmatic children, was recorded prospectively. We defined abnormal baseline values expressed as z-scores
<-1.645, forced expiratory volume in 1 s (FEV1) reversibility as a baseline increase >12%, FEF reversibility
as an increase larger than the 2.5th percentile of post-bronchodilator changes in healthy children.

Among 66 healthy and 50 asthmatic schoolchildren, only two (1.7%) children with normal vital capacity
and no airways obstruction had abnormal baseline forced expiratory flow at 25–75% of forced vital
capacity (FEF25–75%). After bronchodilation, among the 45 asthmatic children without FEV1 reversibility, 5
(11.1%) had an FEF25–75% increase that exceeded the reference interval.

Isolated abnormal baseline values or significant post-bronchodilator changes in FEF are rare situations
in asthmatic schoolchildren with good spirometry quality.
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Introduction
It is recommended, in asthmatic subjects, to assess lung function impairment and lung function risk that
should be minimised by the achievement of asthma control [1, 2]. In asthmatic children, spirometry is
routinely performed at baseline and after bronchodilator inhalation, in order to detect bronchial
obstruction and significant bronchodilator response (i.e. reversibility). The post-bronchodilator (BD)
increases in forced expiratory volume in 1 s (FEV1) and of its ratio to forced vital capacity (FVC) (i.e.
FEV1/FVC) reflect airways bronchodilation, whereas the post-BD increase in FVC is mostly due to a
decrease in air trapping, which is rarely present in children [3, 4] as opposed to adults with a severe
asthma phenotype [5]. Post-BD changes in instantaneous flows at low lung volumes, i.e. forced expiratory
flow at 50%, 75% or 25–75% of FVC (FEF50%, FEF75%, FEF25–75%, respectively) cannot be used to state
reversibility because 1) these measures have a large biological variability, 2) they can be influenced by the
deep inspiration manoeuvre, and 3) they depend on the magnitude of the FVC itself [6]. However, the
clinical relevance of FEF measurements could be more than anecdotal since early measures of maximal
flow at functional residual capacity (V′max,FRC at 2 months of age) better correlate to later FEV1/FVC and
FEF25–75% than to FVC or FEV1 measured in early adulthood [7]. Moreover, clinical implications for FEF
have been claimed, such as optimising the diagnosis of bronchial hyperreactivity when used as a
co-criterion to FEV1 decrease [8], or predicting significant bronchodilation [9]. Consequently, and despite
recent considerations on the lack of clinical utility of baseline FEF to detect bronchial obstruction [10],
physicians who routinely take care of asthmatic children are prone to scrutinise FEF, looking for baseline
small-airways obstruction [11], or for significant FEF improvement (without FEV1 improvement) after
asthma-controller treatment [12] or acute bronchodilation [13]. However, the relevant threshold to assess
FEF reversibility has not been validated. The determination of this threshold must factor in the technical
and biological variability of FEF as well as the baseline bronchial tone in healthy children [14].

In previous studies it was assumed that asthma mainly affected peripheral airways, which would be more
readily reflected in an abnormal FEF than in FEV1 [12, 15–17]. However, the FEV1 varies with lung size
and is, therefore, not a good index of airways obstruction, unlike the FEV1/FVC ratio. Using this latter
index, a significantly impaired lung function was demonstrated in children with mild-to-moderate asthma
as young as children aged 5 years [18].

We hypothesised that baseline spirometry and bronchodilator response (BDR) interpretation should not be
substantially modified by FEF results in young asthmatic children with FEV1/FVC within the normal
range and no FEV1 reversibility. Therefore, we recorded prospectively baseline spirometry and BDR in
healthy and asthmatic children aged between 7 and 9 years and determined: 1) the number of children
with baseline FEF outside the normal range despite normal FEV1/FVC and FVC; 2) the mean and the
reference interval (95% of healthy population) of spirometry indices changes after bronchodilation in
healthy children; and 3) the proportion of asthmatic children with post-BD increase in FEF exceeding the
reference interval while FEV1 was not reversible. Furthermore, we took advantage of the determination of
BDR in healthy and asthmatic children to study different ways of assessing FEV1 reversibility (percentage
of baseline, of predicted, limit of reference interval).

Subjects and methods
Children were recruited for this study from a general population-based cohort of healthy full-term
newborns (Paris cohort, control group) [19] or were visiting for routine follow-up of asthma disease
diagnosed according to international recommendations [2]. Children enrolled in the Paris cohort
underwent lung function testing and blood sampling as part of the visit at 7 years of age, and we excluded
children who had respiratory symptoms compatible with asthma [2] by using a standardised questionnaire
and clinical examination. Family history and other personal medical condition and environmental
exposures were recorded. The children’s medical record was checked to report no asthma or wheezing after
3 years of age, and no more than two wheezing episodes without hospitalisation before 3 years of age.
Asthmatic children aged between 7 and 9 years were included if born full-term and with no other diagnosis
of chronic disease than asthma. Allergic status (skin-prick test and/or specific IgE), asthma control within
the previous month [2] and current treatment were recorded. Short- and long-acting bronchodilators were
withheld for at least 8 h and 12 h, respectively, before the test. Children from both groups had to be free of
acute respiratory infection for a minimum of 2 weeks. As multi-ethnic spirometry reference values were not
available at the time of the study, only Caucasian children were included in both populations.

Technicians instructed the children to perform spirometry as recommended [20] in a seated position,
nose-clip on, breathing through a mouthpiece and bacterial filter in a spirometer that was calibrated daily
(BodyBox, Medisoft, Sorinnes, Belgium). At least three attempts were required and all tests were recorded to
be reviewed and selected by two investigators according to recommendations [20]. After the baseline
measurement, 200 μg of salbutamol were delivered using a metered dose inhaler and a valve holding
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chamber (Vortex; Pari, Starnberg, Germany) and spirometry was performed 15 min later. The test was
excluded from analysis if: 1) no acceptable flow–volume curve was available at baseline, or 2) post-BD (FVC)
differed by >10% from baseline. In the control group, exhaled nitric oxide (eNO) was measured according to
recommendations using an electrochemical device (NIOX MINO; Aerocrine, Solna, Sweden) [21].

The birth cohort study was approved by the national ethics committee and parents gave their written
informed consent. Our Institutional Review Board approved the project in asthmatic children who,
together with their parents, gave informed consent for the study.

Statistical analysis
Spirometry indices were expressed as z-scores (number of standard deviations by which the measurement
differs from the mean predicted value) using the prediction equations from the Global Lung Function
Initiative (GLI-2012) for Caucasians [22].

We defined abnormal baseline values, expressed as z-scores, as smaller than -1.645, FEV1 reversibility as an
increase larger than 12% of the baseline value [6] (without the use of the 200 mL change criterion since, in
these young children, forced volumes are nearly half those of adults), FEF reversibility baseline percentage as
a post-BD change above the 2.5th percentile observed in healthy children. We also assessed FEV1

reversibility in percentage of predicted value. Intra-measure coefficient of variations (CV) is the median of
all individual intra-measure CVs, and inter-subject CV is the standard deviation/mean of raw values.

Quantitative variables are reported as median and interquartile range (IQR) or as mean ± SD, and
qualitative variables as number (per cent). Between-group comparisons were performed using the
Chi-squared test for qualitative variables, and Wilcoxon or Student tests for not normally or normally
distributed quantitative variables, respectively.

The relationships between baseline spirometry indices (z-scores) or BDR (percentage of baseline) and
population characteristics were studied using a linear regression model. Correlations between quantitative
variables were performed using Spearman’s correlation test.

Receiver-operating characteristic (ROC) curves were generated, and compared as necessary, to assess
diagnostic performance of FEF and FEV1 post-BD changes to distinguish between healthy and asthmatic
children.

All tests were two-tailed. Statistical analyses were performed using SAS 9.3 software (SAS Inc, Cary,
NC, USA).

Results
Between January 2011 and January 2012, 121 consecutive children from the Paris cohort study were
included and used as the control (healthy) group in the study. 37 of which were excluded because of a
previous diagnosis or a history highly suggestive of asthma, a further 16 did not achieve reliable baseline
spirometry results, and another two children had an increase >10% for FVC after bronchodilator
administration. This left a total of 66 subjects in the control group. Between September 2011 and October
2012, 57 asthmatic children, aged between 7 and 9 years, were recruited into the study. Seven of which
were excluded because of poor spirometry technique with unreliable results, this left a total of 50 children
in the asthmatic group. The characteristics of the 66 healthy children and 50 asthmatic children are given
in table 1. Asthmatic children were slightly older than the healthy children (p<0.0001), but comparisons of
spirometry indices were performed using z-scores and, therefore, took age into account. Allergic rhinitis
and food allergy were more frequent in the asthmatic children, but eczema was equally present in both
groups. Proven respiratory allergy was present in 68% of the asthmatic children, and an eNO >25 ppb was
detected in 3.3% of the healthy children.

In healthy children there was no influence on baseline spirometry measurements of sex, family history of
allergy or eczema, paternal asthma, current tobacco smoke exposure, eNO values, personal history of
eczema, wheezing before the age of 3 years, or blood eosinophilia count. However, maternal asthma was
related to lower FEV1/FVC (p=0.01) and lower FEF25–75% (p=0.004). The above factors did not influence
the BDR in healthy children, except sex, as FEF50%increased more in young females than in young males
(p=0.02). 33 (66%) out of 50 asthmatic children used an asthma controller with a mean ± SD for
beclomethasone-equivalent daily dose of 244 ± 226 μg. During the previous month, asthma was controlled
in 26 (52%) children, partially controlled in 19 (38%) children and not controlled in 5 (10%) children in
the asthma group.

Baseline spirometry intra-measure coefficients of variation were lower than the inter-subject coefficients of
variation (table 2). Baseline FEV1, FEV1/FVC and FEF25–75% z-scores were significantly lower in asthmatic
children compared to healthy children (p<0.01), and were abnormal in only 6 (5.2%), 6 (5.2%) and 7 (6%)
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asthmatic children, respectively. Consistency between baseline impairments of FEV1 or FEV1/FVC and
that of FEF25–75% in all of the study children was as follows: three children (2.6%) had abnormal FEF25–75%
with normal FEV1, and three children (of whom one belonged to the previous group and one had an
abnormal FVC) had abnormal FEF25–75% with a normal FEV1/FVC (fig. 1). Therefore, only two (1.7%)
children had an abnormal baseline FEF25–75% with normal FEV1/FVC and FVC.

Post-BD changes in spirometry indices were not significantly different between healthy and asthmatic
children (table 3). Five asthmatic (10%) and two healthy (3%) children had FEV1 reversibility (>12%
baseline). The reference interval of spirometry changes in healthy children displayed an upper limit (2.5th
percentile) of 11.2%, 41.3%, 50.5% and 59.9% for FEV1, FEF25–75%, FEF50% and FEF75%, respectively
(table 3). In seven children out of 104 without FEV1 reversibility, FEF changes exceeded this upper limit
(FEF25–75% n=7, FEF50% n=5, and FEF75% n=5). Among the 45 asthmatic children without FEV1 reversibility,
the number of children with FEF changes exceeding the 2.5th percentile was 5 (11.1%) for FEF25-75% (fig. 2),
2 (4.4%) for FEF50% and 3 (6.7%) for FEF75%. There was no significant relationship between FEF25-75%
reversibility alone and health status (two out of 59 for healthy children and five out of 45 for asthmatic
children, p=0.24). Using an 11.2% baseline increase as the criterion for FEV1 reversibility (2.5th percentile in
healthy children), 11 children had FEV1 reversibility (n=7 asthmatic children and n=4 healthy children), and
only three (6.7%) asthmatic children had FEF25-75% reversibility without FEV1 reversibility.

The median (IQR) post-BD change in FEV1 was 4.8 (2.6–6.3) % of predicted with a 2.5th percentile of 11.5%.
The post-BD changes in FEV1 expressed as percentage of baseline or of predicted were both correlated to
baseline FEV1 % predicted (rho=0.33, p<0.001 versus rho=0.23, p=0.01, respectively), whereas post-BD FEV1

change expressed as percentage of baseline, but not as percentage of predicted, was correlated to the mean pre
post-FEV1 % predicted (rho=0.19, p=0.04 versus rho=0.10, p=0.33, respectively).

ROC analysis showed the inability of post-BD percentage of baseline changes in FEF25–75%, FEF50% and
FEF75% to distinguish asthmatic from healthy children (area under the curve (AUC) was 0.46, 0.53 and
0.49, respectively) in the study population. However, post-BD FEV1 change percentage of predicted had a
higher AUC value than FEV1 change percentage of baseline (0.58 versus 0.44, p=0.09).

Discussion
We conducted a study in healthy and asthmatic schoolchildren to determine whether FEF interpretation
could provide additional information to the lung function evaluation. We found that only 2 (1.7%) of the

TABLE 1 Characteristics of healthy and asthmatic study children

Healthy Asthmatic p-value

Children n 66 50
Age years 7.8 (7.7–7.9) 8.4 (7.8–9.4) <0.0001
Sex female/male n 26/40 17/33 0.55
Birth weight g 3310 (3060–3560) 3300 (2970–3550) 0.54
Birth weight z-score −0.07 (−0.50–0.43) −0.19 (−0.81–0.50) 0.58
Maternal tobacco smoke during pregnancy 9# (15) 9 (18) 0.64
Current body mass index z-score 0.02 (−0.41–0.70) 0.26 (−0.36–1.39) 0.14
Current caretakers tobacco smoke 17¶ (27) 22+ (45) 0.06
Caretaker until 2 years of age <0.0001
Family 13 30
Nanny 21 9
Nursery 27 8

Wheezing before 3 years of age 25 (38) 35 (70) 0.001
Family history
Eczema and/or allergic rhinitis 39 (59) NA
Asthma 23 (35) NA

Personal history
Eczema 18 (27) 18§ (38) 0.25
Allergic rhinitis 2 (3) 18 (36) <0.0001
Food allergy 2 (3) 12ƒ (26) 0.0003
Respiratory allergy NA 32/47## (68)

Current exhaled nitric oxide ppb 11 (8.5–14.8) NA

Data are presented as median (interquartile range) or n (%) of the total population (N), unless otherwise
stated. NA: not available. #: N=61; ¶: N=62; +: N=49; §: N=48; ƒ: N=46; ##: N=47.
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TABLE 3 Bronchodilator response in healthy and asthmatic children

Post-bronchodilator healthy children# Post-bronchodilator asthmatics¶

Absolute values z-scores % change mean ± SD

(2.5th–97.5th percentiles)
Absolute values z-scores

% change mean ± SD

FVC L 1.86 (1.69–2.01) 0.46 (0.02–0.77) 0.3±3.3 1.90 (1.65–2.15) −0.01 (−0.42–0.66) −0.1±2.7
FEV1 L 1.71 (1.55–1.87) 0.76 (0,31–1.43) 4.5±3.4 (−2.2–11.2) 1.68 (1.47–1.85) 0.25 (−0.31–0.69) 4.5±5.3
FEV1/FVC 0.92 (0.89–0.95) 0.52 (−0.06–1.01) 4.2±3.2 (−1.9–10.4) 0.90 (0.84–0.92) 0.06 (−0.73–0.63) 4.7±5.0
PEF L·s−1 3.85 (3.60–4.22) NA 5.4±8.1 (−10.6–21.3) 3.84 (3.28–4.46) NA 5.5±10.7
FEF25%–75% L·s−1 2.37 (2.23–2.92) 1.03 (0.63–1.77) 19.0±11.4 (−3.4–41.3) 2.17 (1.83–2.57) 0.34 (−0.27–1.07) 19.7±19.8
FEF50% L·s−1 2.79 (2.42–3.13) NA 18.7±16.2 (−13.1–50.5) 2.46 (2.00–2.87) NA 22.8±20.4
FEF75% L·s−1 1.25 (1.10–1.68) NA 26.5±17.1 (−7–59.9) 1.15 (0.87–1.41) NA 27.7±26.9

Results shown are median (interquartile range), unless otherwise specified. FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; PEF: peak expiratory flow; FEF: forced
expiratory flow at % of FVC; NA: not available. #: n=61; ¶: n=50

TABLE 2 Baseline spirometry readings in the healthy and asthmatic children

Healthy children# Asthmatic children¶

Absolute values z-scores Intra-measure CV % Inter-subject CV % Absolute value z-scores Intra-measure CV %

FVC L 1.84 (1.69–2.04) 0.37 (−0.04–0.82) 2.4 (1.5–3.6) 13 1.92 (1.65–2.15) 0.08 (−0.37–0.76) 2.0 (1.3–2.7)
FEV1 L 1.62 (1.49–1.77) 0.36 (−0.08–0.96) 1.9 (1.4–3.2) 11.8 1.57 (1.43–1.80) −0.09 (−1.01–0.66)*** 2.1 (1.4–2.9)
FEV1/FVC 0.88 (0.85–0.91) −0.09 (−0.56–0.39) 0.85 (0.79–0.90) −0.68 (−1.27–0.24)**
PEF L·s−1 3.69 (3.32–3.95) NA 4.2 (2.8–6.3) 12.7 3.70 (3.14–4.26) NA 4.0 (2.6–5.2)
FEF25–75% L·s−1 2.08 (1.87–2.37) 0.33 (−0.06–0.80) 4.1 (2.8–6.7) 18.9 1.83 (1.51–2.28) −0.21 (−1.04–0.65)*** 4.3 (2.7–7.3)
FEF50% L·s−1 2.28 (2.04–2.64) NA 3.8 (2.6–6.6) 21 1.97 (1.69–2.50) NA 4.7 (2.7–7.8)
FEF75% L·s−1 1.08 (0.92–1.24) NA 6.2 (3.9–10.4) 22.4 0.97 (0.70–1.17) NA 8.5 (4.7–11.5)

Data are presented as median (interquartile range), unless otherwise stated. FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; PEF: peak expiratory flow; FEF: forced
expiratory flow at % of FVC; CV: coefficient of variation (i.e. standard deviation/mean); NA: not available. #: n=66; ¶: n=50. Asthmatic children at baseline were significantly different from
healthy children. **: p=0.01; ***: p=0.001.
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study children exhibited abnormal baseline FEF25–75% despite having normal FEV1/FVC and FVC. We
determined the reference interval of post-BD spirometry changes in healthy children, and found that
among the 45 asthmatic children with no FEV1 reversibility, five (11.1%) had a significant increase in
FEF25–75%; this prevalence rate was not significantly different from that in healthy children. ROC analysis
showed that post-BD changes in FEF were of no help in distinguishing asthmatic from healthy children in
the study population. In addition, our result suggested that, in schoolchildren, expressing the
bronchodilator response in FEV1 as a percentage of predicted may be a better index than expressing it as a
percentage of baseline.

The healthy children we studied were taking part in a birth-cohort survey aimed at describing early
respiratory and allergic symptoms and their relationship to environmental exposure [19]. Thanks to the
close follow-up of the children we are confident that we did not include asthmatic children in the control
group, however we did not exclude children with environmental tobacco exposure, nor did we exclude
children with one or two moderate wheezing episodes before three years of age. However, current
environmental tobacco exposure and history of wheezing episodes before 3 years of age were less frequent
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in the control group than in the asthmatic group, and were found to have no effect on baseline spirometry
and on BDR.

We included children in a narrow age range because the inter-subject variability of FEF was found to vary
highly with age [22]. In our single-centre study, conducted with experienced technicians working only
with children, the intra-measure coefficients of variation of all the spirometry indices were very low
(table 2) reflecting the good technical quality of the measurements. The FEF inter-subject coefficients of
variation were higher than the intra-measure coefficients of variation, but remained within previously
published values [22], in favour of true biological inter-subject variability. As to the potential effect of age
on the BDR itself, in a study including two groups of children with significantly different ages (mean±SD)
7.9±0.8 versus 11.7±0.5 years), the magnitude of FEV1 post-BD changes was similar (mean±SD) 2.5±8.9
versus 3.4±5.9% baseline) [23]. We feel that the small age difference between healthy and asthmatic subjects
in this study is unlikely to have biased the BDR results.

As previously shown, the baseline lung function of the majority of asthmatic children was within the
normal range [17]. Despite nearly half of the asthmatic children not having a controlled disease, only six
(12%) children had an abnormal baseline FEV1. Asthma control assessment includes an FEV1

measurement [2], which is unable to distinguish between groups of asthmatic children classified by
symptom frequency and medication use [24]. However, there was the same proportion of children with an
abnormal baseline FEV1/FVC (n=6 (12%)) or an abnormal baseline FEF25–75% (n=7 (14%)). This shows
that FEF25–75% was not impaired more frequently than FEV1/FVC ratio in asthmatic children tested for
routine follow-up. Moreover, the higher number of children with abnormal baseline FEF25–75% than with
abnormal baseline FEF50% or FEF75% is against the concept that instantaneous FEF at low volumes would
better reflect a peripheral component of asthma than FEV1, because when FEV1/FVC is within the normal
range (from 0.79 to 0.91), the FEV1 encompasses instantaneous FEF. The same result was found in 120
adults suspected of respiratory disease, in which FEF25–75% was never found outside the limits of reference
values when FEV1/FVC >0.75 [25]. A recent large study confirmed this finding in children and in adults,
with only 2.75% of subjects having an abnormal FEF25–75% with FEV1/FVC and FVC within the normal
range [10], which is close to 1.7% of the study children.

We found in the study that 3% of healthy and 10% of asthmatic children had FEV1 reversibility. The
percentage of healthy children with FEV1 reversibility is in line with the expected proportion of normal
subjects having a FEV1 increase >2.5th percentile (i.e. 2.5%). The frequency of reversibility in asthmatic
children is not a constant finding and it has been shown that only 5% of children with mild or moderate
asthma consistently exhibit a FEV1 increase >12% after bronchodilator administration [26]. In our
cross-sectional study, two thirds of the asthmatic children used regular inhaled corticosteroids, which may
have increased the number of non-responders [26]. However, among the five asthmatic children with
isolated FEF reversibility, four were using inhaled corticosteroids. Finally, since our aim was to sort out
whether FEF post-BD changes were more sensitive than FEV1 to detect reversibility, it was more relevant
to evaluate children with predominantly no FEV1 reversibility.

We defined the reversibility as a post-BD change of more than mean + 1.96SD measured in healthy
children. Using this definition, FEV1 reversibility (11.2% baseline increase after 200 μg of salbutamol)
(table 3) fitted perfectly with the current recommendation in adults (12% baseline increase after 400 μg of
salbutamol) [6]. As there is no evidence that in young, healthy children a plateau in bronchodilator
response has not been reached with 200 μg salbutamol or equivalent drug [27], the 12% threshold seems
to be acceptable in children. DUNDAS et al. [28] challenged the magnitude of this threshold in children
aged from 5 to 10 years. The authors calculated a better sensitivity for a 9% over a 12% FEV1 increase
threshold (50% (95% CI 38–62%) versus 35% (95% CI 24–47%), respectively), while specificity decreased
but remained good (86% (95% 78–92%) versus 98% (95% CI 92–99%), respectively). In our study, the use
of a 9% threshold would have increased the number of responders and have decreased the number of
children with only FEF reversibility, as would the use of an 11.2% threshold.

Expressing the bronchodilator response in FEV1 relative to the baseline value leads to the tendency of the
most obstructed patients to spuriously display the largest bronchodilator response [29, 30]. Yet it is the
current recommendation [6], the bias being partially overcome by requiring a minimal change of 200 mL;
the latter cannot be extended to children, in whom the change in FEV1 is age and height dependent [30].
Expressing bronchodilator responsiveness as percentage of predicted has been shown to be independent of
baseline FEV1 in asthmatic and non-asthmatic adults with airways obstruction [29, 31], or less correlated
to baseline FEV1 than percentage of baseline change in children [30]. On the other hand the lower the
FEV1, the larger the influence of regression to the mean when expressing the BDR as a percentage of the
initial value. Therefore, WAALKENS et al. [30] studied the mean pre post-FEV1 and found, as we did, no
significant correlation with BDR percentage of predicted. One drawback of BDR percentage of predicted
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was that it relied on the chosen reference dataset, which is no longer an issue thanks to the multi-ethnic,
all-ages reference values equations [22]. In our study, percentage of predicted increases the ability of FEV1

to distinguish between healthy and asthmatic children, but more data in asthmatic children with different
levels of airways obstruction and FEV1 reversibility are warranted to further evaluate and validate the use
of percentage of predicted.

We checked for a stable FVC after bronchodilator administration, and the vast majority of children
(96.4%) achieved a <6% baseline change in FVC, allowing for reliable comparisons between pre- and
post-BD FEF values [32]. We found that the limits of significance for post-BD FEF changes were great
(table 3). In a large study conducted in 492 healthy subjects aged 6–20 years, the reference intervals for
FEF reversibility were narrower than ours (upper limit for FEF25–75% 27.3%, FEF50% 27.4%, and FEF75%
42.8%), and FEV1 reversibility threshold (2.5th percentile of healthy children) was also slightly lower (9.9%
increase) [14]. Our study included younger children and no data are available on the possible change in
FEF reversibility with age in healthy children. In healthy preschool aged children the mean+1.96SD BDR
change in FEF25–75% was 47.8%, very close to our findings in healthy, young school children [13].

In our study, the use of a reasonable threshold to interpret FEF changes led to the detection of very few
children with FEF reversibility alone, without any influence of health status. In a large population of
asthmatic children aged 10–18 years, the authors used a 30% baseline increase (corresponding to one
standard deviation from the mean without controlling for FVC changes) to define a meaningful post-BD
increase in FEF25–75%, which increased by 53% the frequency of spirometry reversibility compared to the
reversibility based on FEV1 changes [33]. However, the use of such a threshold in our healthy population
would have led to diagnosing FEF reversibility in nine children (14.7%, of whom only two had FEV1

reversibility), a higher prevalence than that of asthma in French schoolchildren [34].

Our study has some limitations. We did not administer placebo in order to assess the short-term
biological and instrumental variability. In a study conducted in preschool aged children [13], healthy
children had narrower limits of agreement in post-placebo changes than in post-BD changes (i.e. upper
limits of FEV1 +14% versus +18%, and of FEF25-75% +33% versus +47.8%, respectively). This result is in
favour of spirometry changes due to bronchomotor tone exceeding that of mere biological and
instrumental variability. The bronchomotor tone is nearly always present in healthy children [35],
therefore in our study having only assessed BDR in healthy children, we have measured the maximal
changes that could occur even though we are not able to separate the different components of this change.

Finally, we were not able to study the between-occasion reproducibility of the measurements in healthy
children who came only once for a scheduled visit as part of a cohort survey. However, the low values of
intra-measure coefficients of variation reflected the good technical skills of the participating healthy
children who performed spirometry for the first time. We also paid attention to the absence of any recent
acute respiratory tract infection that could have affected lung function on the day of the test.

In conclusion, we found that despite good intra-measure reproducibility, FEF have a larger inter-subject
variability and post-BD variation than forced volumes. FEF rarely indicate baseline respiratory impairment
that goes undetected with conventional spirometric indices, and are not superior to FEV1 in
demonstrating a significant bronchodilator effect in schoolchildren. Finally, in the study population,
post-BD FEF changes failed to distinguish healthy from asthmatic children. Therefore FEV1, FVC and
FEV1/FVC remain the measurements of choice for asthma assessment and monitoring [1].

Repeated measures in different age groups of healthy children and inclusion of asthmatic children with
different levels of bronchoreactivity are warranted to help solving the issue of the best way to express
FEV1reversibility in school children.
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