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ABSTRACT  Uncontrolled wheezing disorder is common in preschoolers and disease control assessment
is challenging as parents frequently overestimate the extent to which their child’s disease is controlled. This
is the first study of forced expiratory volume in ts (FEV¢)/forced vital capacity (FVC) ratio measurements
(i.e. FEV1/FVC, FEV0.75/FVC and FEV0.5/FVC) in wheezy preschoolers in relation to disease control.
Our objective was to evaluate whether FEV#/FVC ratios less than the lower limit of normal (LLN; z-score
<—1.64) were associated with uncontrolled wheezing disorder in preschoolers.

Valid FVC, FEV1, FEVo.75 and FEVo.s5 values were obtained in 92 healthy and 125 wheezy (62%
uncontrolled) children (3-5 years). Associations between spirometry value <LLN, disease classification
(healthy/wheezy) and disease control classifications (controlled/uncontrolled disease) were estimated using
logistic regression.

FEV0.75/FVC or FEV0.5/FVC ratios <LLN were associated with wheezing disorder (OR 9.78, 95% CI
3.70-25.88 and OR 6.64, 95% CI 2.24-19.66; all p<0.001). Only an FEVo0.75/FVC ratio <LLN was
associated with uncontrolled wheezing disorder (OR 2.53, 95% CI 1.12-5.68; p=0.025).

FEV0.75/FVC ratio is a useful surrogate outcome index to evaluate the control of the wheezing disease of
preschoolers.
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Introduction

The assessment of asthma should include assessment of asthma control (both symptom control and future
risk of adverse outcomes) [1] and treatment decisions should be based on achieving and maintaining
asthma control to obtain significant reductions in the rate of severe exacerbations and improvements in
quality of life [2].

In schoolchildren and adults, forced expiratory volume in 1s (FEV1) is an important part of the
assessment of future risk and serves as an outcome measure for clinical trials. For schoolchildren, the
FEV1/forced vital capacity (FVC) ratio appears to be a more sensitive measure of control than FEV1 [3]
and the FEV1/FVC ratio was added to the National Heart, Lung, and Blood Institute guidelines as a
measure of asthma control [3].

Assessing asthma symptom control in preschool children is important as uncontrolled asthma is common
in this group [4]. Healthcare providers are dependent on the report of the child’s family members, who
might be unaware of the presence of asthma symptoms or the fact that they represent uncontrolled asthma
[1]: a recent international survey showed that parents frequently overestimate their child’s asthma control
[4]. FEV1 may not be an accurate index of bronchial obstruction in preschoolers (as preschoolers often do
not exhale for >1s), and FEV in 0.75 s or in 0.5s (FEVo0.75 or FEV0.5) may be more useful outcome
measures in this age group [5-7]. Until now, no study has focused on measurements of FEV1/FVC,
FEV0.75/FVC and FEV0.5/FVC ratios in preschoolers with wheezing disorders in relation to disease control.

Indices that should always be recorded and reported from spirometry in preschool children are FVC,
FEV1, FEVo.75 and FEVo.5 [8]. Reference values for FVC, FEV1 and FEVo.75, but not for FEVo.s for
preschool children have been provided by the Global Lung Function Initiative (GLI) [9]. It seemed
important to obtain reference values for all four indices and references for all three ratios (FEV1/FVC,
FEV0.75/FVC and FEV0.5/FVC).

Therefore, the aim of the study was to determine, in a preschool population, the most sensitive marker of
obstructive lung disease among these three ratios: the first step to reach this objective was to determine
reference values for the FEV1/FVC, FEV0.75/FVC and FEV0.5/FVC ratios in healthy preschool children and
the second step was to compare these ratios between (uncontrolled/controlled) wheezy and healthy
preschool children.

Patients and methods

Study population

Healthy subjects

Data from 132 healthy Caucasian children, aged 3-5.9 years [10, 11] were collected. The study was
designed in accordance with ethical standards of the Helsinki Declaration of 2008 and received approval
from the institutional ethics committee (reference 98/23).

Children with wheezing disorders

Data from 171 children aged 3-5.9 years with recurrent wheezing and asthma diagnosed by a pneumo-
paediatrician sent to our pulmonary function test laboratory for evaluation were collected [6, 11].
Retrospective review of clinical records provided by the pneumo-paediatrician highlighted the following
[12]: wheezing disorder began before the age of 3 years in 68% of children and persisted after the age of
6 years in 54%; the presence of atopy was noted in 78% of children (atopic dermatitis in 35%, food allergy
in 19% and/or allergic rhinitis in 11%); sensitisation to aeroallergens (assessed by immediate
hypersensitivity skin testing or an in vitro method that detects antigen-specific IgE antibody) was noted in
58% of children; asthma was partly controlled/uncontrolled in 62% of children (assessment according to
Global Initiative for Asthma (GINA) guidelines [13]). Maintenance treatment administered to the child at
the time of the pulmonary function tests included inhaled corticosteroids with a spacer in 92% of children
(>400 pg daily beclometasone equivalent in 85% of children). Inhaled corticosteroids were associated with
inhaled short-acting B,-agonists or ipratropium in 6% of children and inhaled long-acting B,-agonists in
21% of children and/or antihistamine medication in 41% of children. Inhaled B,-agonists and muscarinic
antagonists were withheld for >12 h before testing.

Recording of flow-volume curves

Spirometry was performed using a Masterscreen with Jaeger incentive programmes (Erich Jaeger,
Wurzburg, Germany) [6]. Thus, up to 15 manoeuvres could be requested from each child with up to 10
manoeuvres per session being selected by the nurses and recorded. All curves were then visually reviewed
for technical acceptability [8] by study staff (V. Neve) blinded to their clinical status. Salbutamol was only
administered to wheezy children. Bronchodilator reversibility was assessed 20 min after administration of
inhaled salbutamol (200 pg) via a spacer device.
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Acceptability and repeatability

Acceptability and repeatability criteria were applied as previously described [6] and followed the American
Thoracic Society/European Respiratory Society recommendations (2007) [8]. The start-of-test criteria (the
back extrapolated volume and the extrapolated volume/forced vital capacity (FVC) ratio [14]) were not
used as exclusion criteria per se [8]. If cessation of flows occurred at >10% of peak expiratory flow then
this manoeuvre was classified as showing premature termination and timed expiratory volumes (FEV in fs
(FEV?), such as FEV1, FEVo.75 and FEVo.5) from such manoeuvres were reported, while unacceptable FVC
was not [8]. Repeatability was assessed by calculating absolute and percentage differences (A) between the
two best FVC, FEV1 FEVo0.75 and FEVo.5. The largest FVC, the largest FEV1, the largest FEVo0.75 and the
largest FEV0.5 from any of the technically acceptable manoeuvres were reported [8].

Data were available on 132 healthy and 171 wheezy preschool children (fig. 1). Those with an acceptable
FVC (105 healthy and 151 wheezy children) were included in this study. The number of acceptable FEV1
data was smaller than that of FEV0.75, therefore analyses were performed on children with acceptable FVC,
FEV1, FEVo0.75 and FEVo0.5 (92 healthy and 125 wheezy children).

Data analysis

Reference values were determined as described by Nive et al. [10] and in the online supplementary
material. Briefly, data were obtained from 446 Caucasian children (aged 2.5-15years) [10]. The
lambda-mu-sigma method was applied. Data were analysed using the GAMLSS (generalised additive
model for location scale and shape) package 4.1-1 in the statistical programme R (R Software 2.14.1; R
Development Core Team, 2008, www.r-project.org). Reference equations for FEV/FVC ratios are provided
in online supplementary table E1 (reference equations for FEV1 and FVC are provided in [10]) and the
coefficient of variation for FEV¢/FVC in online supplementary figure E1.

Spirometric data obtained in healthy or wheezy children were expressed as z-scores from reference values
obtained in our healthy children. Z-score values <—1.64 were considered to be below the lower limit of
normal (LLN) [15]. All spirometric indices were converted to categorical variables indicating values <LLN
(z-score <—1.64 into “1”) or value >LLN (z-score >—1.64 into “0”).

Data were expressed as a percentage for qualitative variables and as mean+sp for continuous variables.
Differences in proportions and means were analysed using the Pearson Chi-squared test or Fisher exact test
and ANOVA. The association between values of spirometry indices <LLN and disease classifications
(healthy/wheezy) or disease control classifications (controlled/ uncontrolled disease) was estimated as OR
(95% CI) using logistic regression analyses. For FEV0.75/FVC ratio, we also calculated OR (95% CI) using
resampling bootstrapping, based on 1000 iterations [16]. Logistic regressions and the bootstrap analyses
were performed using SAS (version 9.4; SAS Institute, Cary, NC, USA). Repeated-measure ANOVA was
used to assess the effect of salbutamol on FEV1 and FEV0.75 measurements.

Data of 171 children
Data of 132 with wheezing
healthy children disorders
were collected were collected
Valid FVC (i.e. without
premature termination
and with cessation of
flow occuring at A \ 4
<10% of PEF) was 105 healthy 151 children with
obtained in: children wheezing disorders
Valid FVC and
reportable FEVo0.75 A
and reportable FEV1 92 healthy 125 children with
were obtained in: children wheezing disorders

FIGURE 1 Flow chart diagram of recruited and analysed children. FVC: forced vital capacity; PEF: peak
expiratory flow; FEV1 and FEVo.75: forced expiratory volume in 1 s and 0.75 s, respectively.
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Results

Healthy children

Among the 132 children aged 3-5years (fig. 1), at least two acceptable curves [8], where the second
highest FVC and FEV+ were within 0.1 L and 10% of the highest value, were obtained in 95%, 92%, 94%
and 98% for FVC, FEV1, FEVo.75 and FEVos5 respectively, and in 105 children, acceptable FVC was
obtained (fig. 1) with reportable FEV1 and FEVo.75 in 92 and 102 children, respectively.

In 92 children acceptable FVC and reportable FEV1, FEVo.75 and FEVo.5 were obtained (fig. 1). Their
baseline spirometric measurements, as z-scores from Lille reference equations are shown in table 1.
Compared to those of the 13 children without acceptable FVC, these children had comparable
anthropometric data (online supplementary table E2).

Among healthy children, 3.3%, 7.6%, 1.1%, 6.5% and 0% had spirometric z-score values <—1.64 from GLI
2012 reference equations [9] for FVC, FEV1, FEVo.75, FEV1/FVC and FEV0.75/EVC, respectively.

Children with wheezing disorders

Among the 171 wheezy children aged 3-5 years (fig. 1), at least two acceptable curves [8], where the second
highest FVC and FEV were within 0.1 L and 10% of the highest value, were obtained in 86.3%, 88.9%, 95.3%
and 91.5% for FVC, FEV1, FEVo0.75 and FEV0.5, respectively and, in 151 children, acceptable FVC was obtained
(fig. 1) with reportable FEV1 and FEV0.75 in 129 and 143 of them, respectively.

In 125 children with wheezing disorders, acceptable FVC and reportable FEV1, FEVo0.75 and FEVo.5 were
obtained (fig. 1). Their mean age was comparable to that of healthy children (table 1), but their
height-for-age was lower and they were more likely to be male. Compared to the 26 children without
acceptable FVC these children were older but their height-for-age was comparable (online supplementary
table E2).

Wheezy children had lower FEVo0.75, FEVo0.5, FEV0.75/FVC ratio and FEV0.5/FVC ratio values expressed as
z-scores (table 1) than healthy children, but FEV1 and the FEV1/FVC ratios were not significantly different
between the groups. The same results were obtained on a larger population with different sample sizes
(that of fig. 1, second line) for every index (sensitivity analysis in online supplementary table E3).

Percentages of children with spirometric data values <LLN are shown in table 2.

Compared to healthy children, a larger proportion of wheezy children showed FVC z-scores, FEV0.75
z-scores, FEVo0.5 z-scores, FEV0.75/FVC ratio z-scores or FEV0.5/FVC ratio z-scores <LLN (table 2), but
proportions of wheezy and healthy children with FEV1 z-scores or FEV1/FVC ratio z-scores <LLN did not
differ. The same results were observed for FEV1/FVC and FEV0.75/FVC when data were standardised to
the GLI reference equations (data not shown).

Figure 2 shows that wheezing disease was associated with higher odds of values <LLN for FVC, FEVo.75,
FEVo.5, FEV0.75/FVC or FEVo0.5/FVC ratios, but not for FEV1 and FEV1/FVC ratio.

TABLE 1 Spirometric indices of healthy children and children with wheezing disorder
calculated from Lille reference equations

Healthy Wheezy ANOVA
p-value
Subjects n 92# 1251
Males 43 (46.7) 84 (67.2) 0.003
Age years 4.53+0.75 4.58+0.88 0.629
Height-for-age z-score [17] 0.52+0.93 0.18+1.10 0.013
FVC z-score 0.03+0.97 —0.10+£1.32 0.442
FEV1 z-score 0.04+0.96 —0.04+1.09 0.620
FEVo.75 z-score 0.01+0.97 —0.79+1.20 <107
FEVo.5 z-score —0.02+1.00 —0.52+1.20 0.002
FEV1/FVC z-score 0.09+0.97 0.04+1.25 0.719
FEV0.75/FVC z-score 0.08+1.00 —1.33x1.71 <107
FEV0.5/FVC z-score —0.04+0.94 —0.74+1.40 <107

Data are presented as n (%) or mean#sp, unless otherwise stated. FVC: forced vital capacity; FEV:: forced
expiratory volume in t s. #: n=30 3-year-old children, n=31 4-year-old children and n=31 5-year-old children;
7. =38 3-year-old children, n=38 4-year-old children and n=49 5-year-old children.
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TABLE 2 Percentages of healthy and wheezy children with spirometric data below the lower
limit of normal [i.e. with z-score values according to Lille reference equations <—1.64)

Healthy Wheezy Chi-squared
p-value
Subjects n 92# 1251
FVC 4 (4.3) 16 (12.8) 0.033
FEV1 3(3.3) 10 (8.0) 0.146
FEVo.75 5 (5.4) 29 (23.2) <0.001
FEVo.s 5 (5.4) 24.(19.2) 0.003
FEWV1/FVC 4 (4.6) 14 (11.2) 0.071
FEVo.75/FVC 5 (5.4) 45 (36.0) <107
FEVo.5/FVC 4 (4.3) 29 (23.2) 1074

Data are presented as n (%), unless otherwise stated. FVC: forced vital capacity; FEV:: forced expiratory
volume in ts. #: n=30 3-year-old children, n=31 4-year-old children and n=31 5-year-old children; T: n=38
3-year-old children, n=38 4-year-old children and n=49 5-year-old children.

Spirometry indices recorded after administration of inhaled salbutamol were obtained in 76 wheezy children
for FEV1 and 81 wheezy children for FEV0.75. Mean+sp FEV1 increased from 1.016+0.214 L to 1.115+0.242 L
(p<0.0001) and mean+sp FEV0.75 increased from 0.883+0.187 L to 0.988+0.212 L (p<0.001).

Uncontrolled versus controlled wheezing disorder
Baseline spirometric measurements, expressed as z-scores, of the 78 children with uncontrolled disease and
the 47 with controlled wheezing disorders were not statistically different (online supplementary table E4).

A larger proportion of wheezy children with uncontrolled disease (43.6%) than children with controlled
disease (23.4%, p=0.002) showed FEV0.75/FVC ratio z-scores below the expected “normal range”, but
proportions of children with uncontrolled and controlled disease with FEV1/FVC ratio z-scores <LLN
(10.3% versus 12.8%, p=0.666) or FEV0.5/FVC ratio z-scores <LLN (28.2% versus 14.9%, p=0.087) did not
differ. Figure 3 shows that uncontrolled wheezing disease was associated with higher odds of values <LLN
for FEV0.75/FVC (OR 2.46, 95% CI 1.12-5.42), but not for FVC, FEV1, FEVo.75. FEVo.5, FEV1/FVC ratios
or FEV0.5/FVC ratios. The bootstrap method confirmed that uncontrolled wheezing disease was associated
with higher odds of values <LLN for FEV0.75/FVC (OR 2.62, 95% CI 1.14-6.32).

Discussion

Our study analysed the FEV1/FVC, FEV0.75/FVC and FEV0.5/FVC ratios of wheezy preschool children in
order to investigate whether these ratios were associated with uncontrolled wheezing disease. We had first
determined reference values for these ratios and the LLN by using z-scores from data obtained in healthy
children. Our results suggest that the FEV0.75/FVC ratio is significantly associated with the control of
wheezing disease in preschool children, where the FEV0.5/FVC and FEV1/FVC ratios are not.

FVC— f——————
FEV1 S
FEV0.75+ —e—
FEVo.5 b—e—
FEV1/FVC— B
FEV0.75/FVC— ——e—
FEVo.5/FVC— f——e—
0.1 1 1|0 1[;0
OR

FIGURE 2 Logistic regression analyses for the association with the wheezing condition compared with the
healthy condition. It shows that wheezing disease was associated with higher odds of values less than the
lower limit of normal (LLN] for forced vital capacity (FVC), forced expiratory volume in 0.75 s (FEV0.75) or 0.5 s
(FEVo.5), FEV0.75/FVC or FEV0.5/FVC ratio, but not for FEV in 1 s (FEV1) or for FEV1/FVC ratio.
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FIGURE 3 Odds ratios for forced vital capacity (FVC), forced expiratory volume in ts (FEV:) and FEVi/FVC ratios
in uncontrolled versus controlled wheezy children. Uncontrolled wheezing disease was associated with higher
odds of values less than the lower limit of normal for FEV0.75/FVC (OR 2.46, 95% Cl 1.12-5.42), but not for
FVC, FEV1, FEVo.75, FEVo.5, FEV1/FVC ratio or FEV0.5/FVC ratio.

FEVo.75/FVC and FEVo.5/FVC

This is the first study on FEV{/FVC ratio measurement in wheezy preschoolers in relation to disease
control. It is the first to demonstrate that the FEV0.75/FVC ratio is significantly associated with the control
of the wheezing disease in preschool children, but that the FEV0.5/FVC ratio is not. Moreover, our results
from groups including healthy and wheezy preschool children show that FEV0.75/FVC and FEV0.5/FVC
ratio z-score values <LLN are associated with an increased likelihood of having wheeze disorder. Our
results confirm that an assessment of FEVo.75 or FEVo.5 is more clinically relevant than FEV1 in the
preschool age group. Indeed, in healthy and wheezy preschool children FEVo0.75 and FEVo0.5 z-score values
<LLN were associated with an increased likelihood of having wheeze disorder. Vitozni et al. [7] showed
that FEVo.5 was sensitive in detecting moderate and severe symptoms (in contrast to FEV1, which was
sensitive only to severe symptoms). Diagnosing asthma is challenging in preschool children; FEVo.75,
FEVo.5, FEV0.75/FVC ratio and FEV0.5/FVC ratio appear to be useful outcome surrogate indices that are
more clinically relevant than FEV1 or FEV1/FVC ratio for diagnosing wheeze disorder or uncontrolled
disease in this age group.

Complete asthma control is uncommon in children [4]: a large international asthma survey conducted
with parents of 4-15-year-old asthmatic children showed that 85% of children had incompletely controlled
asthma as defined by GINA guidelines, and that parents overestimated their child’s asthma control. As
FEV0.75/FVC ratio was the only index associated with uncontrolled disease in our study, it could be a
useful surrogate outcome index to provide an assessment of symptom control based on GINA guidelines.
The qualitative analysis based on the percentage of children having an FEV0.75/FVC ratio <—1.64 z-score
seems particularly interesting in this regard, as it showed a higher prevalence of FEV0.75/FVC ratio <LLN
in children with uncontrolled than in controlled wheezing disorders.

FEVi/FVC

Our results show that the FEV1/FVC ratio is not significantly associated with the control of wheezing
disease in preschool children and that it fails to confirm the diagnosis of wheeze disorder in populations
of healthy and wheezy preschool children. In preschool children with wheeze disorder, studies of the
utility of the FEV1/FVC ratio are scarce and none have specifically evaluated the association of the FEV1/
FVC ratio with uncontrolled disease. GAFrIN et al. [18] also observed in a population of preschool children
that included children with wheeze disorder that this index was close to 100% predicted and that as few as
14% of FEV1/FVC ratios were <85% pred. In addition, while in schoolchildren the FEV1/FVC ratio
measurement decreased with increasing asthma severity, on the basis of symptom frequency [19, 20], in
wheezy preschool children, the FEV1/FVC ratio was shown to be insensitive to disease severity (as
evaluated according to GINA guidelines) [7] and mean FEV1/FVC ratio remained in the normal range
while disease severity increased. The FEV1/FVC ratio may be less relevant in this age group because most
preschool children can barely achieve forced expiration lasting 1s and the FEV1/FVC ratio for most
children may be close to 1.00. Finally, the decrease in FEV1/FVC ratio with age that was demonstrated in
the preschool- and school-aged children [9, 21] must be taken into account. Our results have accounted
for the age change in predicted value and the age change in intersubject variability.

Our results show that FEV1 z-score <LLN fails to detect either the uncontrolled wheezing disease or
wheeze disorder in a preschool population. These results are in agreement with cross-sectional studies that
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found normal FEV1 values in a majority of the school-aged [19, 20, 22] and preschool [18] children with
asthma. In the latter study, few children with wheeze disorder had an FEV1 <80% pred. ViLozni et al. [7]
added that the FEV1 was sensitive in detecting only severe symptoms. As healthy children have higher
elastic recoil than healthy adults, with faster emptying of the lung, the FEV1 may be relatively insensitive
as an indication of early-stage lung disease [10, 23].

Physiological reasons that could explain why FEV0.75 is more sensitive than FEV1 in this age group
In older children and adults, the physiological and clinical utility of FEV1 is due to its location on the
effort-independent (flow-limited) part of the maximum expiratory flow-volume loop, which descends to
lung volumes as low as 85-90% of exhaled vital capacity and reflects the intrinsic mechanical properties of
the respiratory system. The ability to maintain flow limitation at low lung volumes depends largely on the
strength of the chest wall muscles to maintain sufficient driving pressure. It is unlikely that children in the
preschool age group possess sufficient expiratory muscle strength to maintain flow limitation to lung
volumes as low as 90% of exhaled vital capacity [24]. The final effort-dependent portion of the FEV1,
unlike FEVo0.75 and FEVo.5, can obscure flow limitation by adding “noise” to the signal.

Strengths and weaknesses of this study

Strengths of our study include that spirometry was performed by the same skilled nurses and with the
same device for healthy and wheezy children, limiting technical sources of variability, and that reference
values were derived from data obtained from children of the same ethnicity and living in the same region
of northern France. We acknowledge that our sample size in the 3-5-year age range was limited and the
95% confidence intervals of the odds ratios are rather large but, but our findings were confirmed in a
sensitivity analysis carried out in a larger population of healthy/wheezy children. In addition, to confirm
the results obtained by logistic regression, a robustness analysis using resampling bootstrap was performed:
the bootstrap was suitable because it was based on very limited assumptions about the probability
distribution that gave rise to the data [16]. The bootstrapping confirmed that uncontroled wheezing
diseases was associated with higher odds of values <LLN for the FEV0.75/FVC ratio.

In conclusion, the FEV0.75/FVC ratio appears to be a useful surrogate outcome parameter index to
evaluate the control of the wheezing disease of preschool children, while FEV0.5/FVC and FEV1/FVC
ratios are not associated with disease control. Early intervention is crucial in treating asthma because it can
improve symptom control, reduce frequent exacerbations and retard the progression of airway remodelling.
When wheeze disorder develops before the third birthday, significant lung damage can occur by the age of
6 years [25]. FEVo0.75 and FEV0.75/FVC ratio appear to be particularly suited to the evaluation of airway
function in preschoolers with wheezing disorders.
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