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ABSTRACT  The prolonged period required for maturation of the respiratory system makes it vulnerable
to environmental exposure. This study aimed to investigate the association between early-life factors and
lung function in preschool children.

Children aged 4 years, who were included in a prospective birth cohort, underwent lung function testing
at baseline (n=535) and after bronchodilation (n=498) by forced oscillations. Information on symptoms
and exposures was collected through half-yearly questionnaires. Allergen-specific serum IgE was quantified
at 1 and 4 years.

Multiple linear regression analysis showed that the baseline respiratory resistance and reactance area were
larger in the children with previous wheeze, those with early-onset sensitisation to inhalant allergens and
those who were smaller. Furthermore, children with previous lower respiratory tract infections exhibited
higher baseline resistance values. The baseline resistance was the only independent determinant of the
bronchodilator-induced change in resistance, whereas current height and baseline reactance area were
independently associated with the change in reactance area.

In conclusion, previous lower respiratory tract infections, the timing of previous wheeze, inhalant
sensitisation and current height independently influence the baseline lung function of 4-year-old children,
whereas baseline lung function is the principal determinant of the bronchodilator response.
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Introduction

Lung function techniques are important tools for the diagnosis and prognosis of asthma, a complex disease
wherein the normal development of the respiratory and immune system is compromised by genetic and
environmental factors. Several studies have shown that a reduced lung function at young age is associated
with both poorer lung function and a worse asthma outcome later in life [1-3].

There is strong evidence that the majority of asthma originates very early in life [4]. Furthermore, during
the first few years of life, the respiratory system undergoes considerable growth and development.
Evaluation of lung function in the preschool period is therefore important. Unfortunately, in early
childhood, reliable measurements of the lung function can rarely be obtained by standard lung function
techniques such as forced expiration. However, a number of techniques for lung function assessment at a
preschool age have recently been standardised [5]. The use of these techniques will lead to a better
understanding of the development and growth of the human respiratory system, and may provide
additional information on the pathophysiological mechanisms involved in asthma.

Various early-life factors have been associated with asthma and lung function in children, including birth
and pregnancy characteristics [6, 7], the parental atopic status [6, 8], and exposure to tobacco smoke [9],
allergens [6, 10] and infections [6, 11]. So far, however, few studies have been made of early-life
determinants of the baseline lung function and bronchodilator response in preschool children, other than
merely anthropometric factors [12—14].

The present study was designed to investigate which early-life factors are associated with baseline lung
function and bronchodilator response in a large population of 4-year-old children included in a
birth cohort.

Methods

Study design and population

This study comprised part of the investigations of the PIPO (Prospective Cohort on the Influence of
Perinatal Factors on the Occurrence of Asthma and Allergies), a prospective birth cohort in Antwerp,
Belgium. Between June 1997 and December 2001, pregnant females were invited to participate by
completing a screening questionnaire. Data on demography, health status and the environmental exposure
of the children were collected through two home visits (at 5 months of pregnancy and 3 months after birth)
and 6-month questionnaires (modified from the questionnaires of the ISAAC (International Study on
Asthma and Allergies in Childhood) [15]) from 1 year of age. At 1 and 4 years of age, the children were
invited to visit the Antwerp University Hospital for a medical examination and blood sampling.
Additionally, at the age of 4 years, the baseline lung function and the bronchodilator response were assessed
through use of the forced oscillation technique (FOT). The children who regularly used bronchodilators
were asked to abstain from their use on the examination day, whereas the use of inhaled corticosteroids was
not interrupted. In the event of illness, the date of the visit was altered. All parts of the project were
approved by the Medical Ethics Committee of the University of Antwerp and written informed consent was
obtained from the children’s parents before each assessment.

Lung function measurements

The respiratory impedance (Zrs) was measured in the frequency range 4-32 Hz by using a custom-made
setup that met the American Thoracic Society/European Respiratory Society requirements [5, 16].
Measurements were performed in accordance with recent international guidelines [5]. Recordings lasted for
16 s and at least three to five acceptable Zrs data sets were obtained, which were used to calculate the mean
values for the respiratory resistance (Rrs) and reactance (Xrs). After the baseline Zrs measurement, 200 pg
salbutamol was administered through a spacer (OptiChamber; Respironics New Jersey Inc., Parsipanny, NJ,
USA) and the Zrs measurement was repeated 15 min thereafter. A more detailed description of the lung
function measurements and the data analysis has been published previously [17]. To characterise the
baseline lung function and the bronchodilator response, the respiratory resistance at 6 Hz (Rrs,) was
analysed and the area under the reactance curve (AX), i.e. the integrated area of all Xrs data points below
zero from 4 Hz up to the resonant frequency, was determined. The changes in Rrs, and AX after
bronchodilation (ARrs, and AAX, respectively) were expressed relative to the corresponding baseline value
(A=(post-pre)/pre). ARrs, was also expressed as z-score change (ARrsq(z-score)) using a previously
published prediction equation incorporating a coefficient for height and weight [18]. The analysis of
baseline Rrs at 4 Hz and 8 Hz, and the respiratory admittance at 6 Hz can be found in the online
supplementary material.
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Potential determinants of lung function

Potential determinants of the lung function and bronchodilator response were selected from the literature
[6-14, 19, 20]. The following potential determinants were considered: gestational age; the child’s birth
weight and sex; prenatal exposure to cats or dogs; maternal smoking during pregnancy; parental doctor-
diagnosed asthma; eczema or hay fever in the parents; contact with cats or dogs; environmental tobacco
smoke (ETS); and lower respiratory tract infections (LRTIs), defined as a serious lung or airway infection.
LRTIs, and exposure to cats, dogs or ETS were divided into three categories according to the timing of the
first occurrence: 1) never; 2) for the first time in the first year of life; and 3) after the first year of life. The
history of wheeze was categorised into the following phenotypes: never, early/transient, late-onset and
persistent wheeze [17, 21]. Furthermore, the number of LRTIs and wheeze episodes were divided into three
categories: 1) none; 2) one; and 3) more than one.

Assessment of sensitisation

At 1 and 4 years of age, a blood sample was taken to quantify allergen-specific IgE (details have been
published previously [17]). Inhalant sensitisation (against Dermatophagoides pteronyssimus, cat dander, dog
dander, birch pollen (Betula verrucosa) and/or timothy grass pollen (Phleum pratense) and food
sensitisation (against hen’s egg and/or cow’s milk) were both divided into three categories: never sensitised,
sensitised for the first time at the age of 1 year (i.e. early sensitisation) and sensitised for the first time at the
age of 4 years (i.e. late sensitisation). The number of allergens to which the child was sensitised was also
divided into three categories: 1) no sensitisation, 2) sensitisation to one allergen and 3) sensitisation to more
than one allergen.

Statistical analyses

After the testing for normality with the Kolmogorov-Smirnov test, Rrss, AX, ARrss(z-score) and AAX were
transformed (log;oRrse, log;0AX, log;o(-ARrse(z-score)+2) and J(AAX+100), respectively) to allow for the
normal distribution assumption. The bronchodilator response of Rrs, expressed relative to the baseline value
did not need transformation. Crude associations between the independent variables and the outcome
variables were tested by the independent-sample t-test, one-way ANOVA with the least-significant
difference post hoc test or simple linear regression analyses. A p-value <0.10 was used as the criterion for
selecting the variables for multiple linear regression analysis. Model reduction on the initial multiple linear
regression model was performed by stepwise backward elimination based on the criterion p<<0.05. Plots of
the residuals were inspected visually to verify model assumptions. All statistical analyses were performed
with SPSS for Windows, version 18 (SPSS Inc., Chicago, IL, USA).

Results

Population characteristics

Of the 1128 children included in the cohort at birth, 577 (51.1%) attended the 4-year follow-up. For 567 of
these children, permission was given for lung function testing. In 543 (95.8%) of these 567 children, FOT
was successfully performed. Eight children were excluded from the study because of the use of medication
(n=2) or unreliable data (n=6). Baseline Zrs data on 535 children and post-bronchodilator Zrs data on 498
children were available for the present study. The characteristics of the study population are presented in
table 1 (see the online supplement for a more detailed description).

Determinants of the baseline lung function

Table 2 relates to the crude associations between the potential determinants and the baseline Rrs, and AX
data. The univariate analyses revealed that current height, current weight and birth weight were significantly
negatively associated with the baseline values of Rrs, and AX. Furthermore, a lower gestational age at
delivery was significantly associated with larger baseline values of AX. The occurrence of LRTIs, wheeze and
the sensitisation to inhalant allergens were all significantly associated with the baseline lung function, both
when expressed in terms of timing of the event in early life as well as the frequency of the event. None of the
prenatal exposures was associated with the baseline values of Rrs, and AX.

Figure 1 presents the back-transformed baseline values of Rrs; and AX in the subgroups of children
according to the timing of LTRIs. Only the difference between the baseline lung function values of the
children without LRTIs and those with a LRTI after the first year of life was statistically significant. The
back-transformed baseline values of Rrs, and AX in the subgroups of children according to the timing of
wheeze is presented in figure 2. Baseline lung function was poorer in children with early/transient, late-
onset and persistent wheeze compared with those who never wheezed. Furthermore, the children with late-
onset or persistent wheeze had larger values of Rrs; than those with early/transient wheeze. Figure 3
demonstrates that the back-transformed baseline values of Rrs, and AX measured for the group of children
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TABLE 1 Characteristics of the group of children (n=535) studied at 4 years of age

Anthropometrics
Males
Age years
Current height cm
Current weight kg
Current BMI kg-m2
Lung function parameters
Rrsg
Baseline hPa-s-L™
Absolute change hPa-s-L™
Relative change % baseline
AX
Baseline hPa-L™
Absolute change hPa-L™
Relative change % baseline
Birth characteristics
Gestational age weeks
Birth weight kg
Family history
Parental atopy
No
Only mother
Only father
Both parents
Parental allergies
No
Only mother
Only father
Both parents
Parental asthma
No
Mother
Father
Both parents

50.5
4.3+0.2
106.2+4.2
17.6+2.2
15.6+1.3

10.3+2.5
-2.5+1.8
-22.6+13.0

23.9+19.7
-13.9+16.5
-48.5+25.8

39.2+1.6
3.4+05

31.6
21.5
27.9
18.9

42.5
29.9
19.0
8.6

86.8
7.5
5.4
0.4

Prenatal exposures
Prenatal exposure to cat or dog
Maternal smoking

Postnatal exposures
Postnatal cat or dog

Never

First in first year

First after first year
Postnatal ETS

Never

First in first year

First after first year
LRTI

Never

First in first year

First after first year
Number of LRTIs

0

1

>1

Wheeze

Timing of wheeze
Never
Early/transient
Late onset
Persistent
Number of wheeze episodes
0
1
>1
Atopic sensitisation
Inhalant atopy
Never
First at 1 year
First at 4 years
Food atopy
Never
First at 1 year
First at 4 years
Number of inhalant allergens
0
1
>1
Number of food allergens
0
1
>1

38.7
8.6

30.5
50.8
18.8

81.0
10.8
8.2

47.0
3.6
49.4

55.2
23.8
21.0

43.4
38.3
2.1
16.3

45.7
18.1
36.2

79.2
5.2
15.6

80.0
14.0
6.0

79.4
12.3
8.3

79.8
14.4
5.7

Data are presented as % or mean+sp. n=535. BMI: body mass index; Rrs,: respiratory resistance at 6 Hz; AX: area under the reactance curve;
ETS: environmental tobacco smoke; LRTI: lower respiratory tract infection.

already sensitised to inhalant allergens at 1 year of age were larger than those for the groups of children who
were not sensitised to inhalant allergens, or those sensitised between 1 and 4 years of age. The differences in
AX between the separate groups of the timing of LRTIs, wheeze and sensitisation to inhalant allergens were

considerably larger than the differences in Rus,.

The results of the multiple linear regression models with log;Rrs, and log;oAX as outcome variables are
presented in table 3. The final models showed that height, LRTIs after the first year of life, the timing of
wheeze and early-onset sensitisation against inhalant allergens were independently associated with both
baseline Rrs, and baseline AX. These models explained 16.7% and 14.6% of the variation in the baseline

values of Rrs, and AX, respectively.
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TABLE 2 Crude associations between potential determinants and the baseline lung function

lOg1gRr55 lOg1gAX

Continuous variables B SE p-value B SE p-value
Current height cm -0.005 0.001 <0.001 -0.013 0.003 <0.001
Current weight kg -0.004 0.002 0.037 -0.014 0.006 0.017
Gestational age weeks -0.004 0.003 0.119 -0.016 0.008 0.049
Birth weight kg -0.024 0.009 0.007 -0.064 0.026 0.012
Categorical variables Mean SE p-value® Mean SE p-value®
Parental asthma

No 0.997 0.005 Ref. 1.259 0.014 Ref.

Mother 1.025 0.020 0.100 1.356 0.055 0.054

Father 1.003 0.017 0.773 1.247 0.049 0.833

Both parents 1.108 0.016 0.127 1.455 0.050 0.357
Postnatal ETS

Never 1.005 0.005 Ref. 1.268 0.016 Ref.

First in first year 1.018 0.018 0.403 1.341 0.048 0.113

First after first year 0.970 0.014 0.055 1.236 0.040 0.541
LRTI

Never 0.984 0.008 Ref. 1.223 0.023 Ref.

First in first year 1.002 0.028 0.585 1.365 0.073 0.122

First after first year 1.019 0.009 0.003 1.319 0.025 0.005
Number of LRTIs

0 0.984 0.008 Ref. 1.223 0.023 Ref.

1 1.021 0.013 0.016 1.308 0.039 0.051

>1 1.024 0.015 0.013 1.345 0.041 0.008
Timing of wheeze

Never 0.982 0.008 Ref. 1.211 0.023 Ref.

Early/transient 1.011 0.009 0.022 1.324 0.027 0.002

Late onset 1.116 0.057 0.001 1.484 0.154 0.020

Persistent 1.048 0.014 <0.001 1.399 0.045 <0.001
Number of wheeze episodes

0 0.982 0.008 Ref. 1.211 0.023 Ref.

1 1.005 0.016 0.155 1.300 0.040 0.067

>1 1.045 0.010 <0.001 1.407 0.031 <0.001
Inhalant atopy

Never 1.004 0.005 Ref. 1.276 0.016 Ref.

First at 1 year 1.068 0.022 0.004 1.520 0.057 <0.001

First at 4 years 0.989 0.012 0.239 1.233 0.032 0.272
Number of inhalant allergens

0 1.004 0.005 Ref. 1.276 0.016 Ref.

1 0.987 0.014 0.244 1.251 0.038 0.564

>1 1.040 0.017 0.043 1.386 0.051 0.035

Numbers in bold indicate p<<0.05. Rrs,: respiratory resistance at 6 Hz; AX: area under the reactance curve; B: unstandardised regression
coefficient; ETS: environmental tobacco smoke; LRTI: lower respiratory tract infection. *: least-significant difference post hoc test.

DOI: 10.1183/09031936.00100813

Determinants of the bronchodilator response

Univariate analysis revealed that the children with a lower gestational age at birth and those with a lower
birth weight exhibited a larger ARrs, and ARrse(z-score) (table 4). The children who were taller and who
weighed more exhibited larger relative changes in AAX values. Furthermore, the univariate analysis
indicated that the bronchodilator response was larger in the children who suffered LRTTs after the first year
of life, in those who wheezed and in those with early-onset sensitisation to inhalant allergens. In addition,
the number of LRTIs, the number of wheeze episodes and the number of food allergens to which the child
was sensitised were positively associated with a larger bronchodilator response.

The results of the multiple linear regression models of ARrs, and AAX are presented in table 5. Baseline Rrs,
and Rrse(z-score) were the only significant independent determinants of ARrs, and ARrse(z-score),
respectively. Both current height and baseline AX were independently positively associated with AAX. The
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FIGURE 1 Baseline a) respiratory resistance at 6 Hz (Rrs;) and b) area under the reactance curve (AX) in separate groups
of 4-year-old children, based on the occurrence and timing of lower respiratory tract infections (LRTIs). Data are
presented as back-transformed geometric means with 95% confidence intervals (error bars). The numbers of children in
the separate groups are indicated.

models in which only the baseline lung function values were used as predictors explained 20.8%, 45.3% and
27.4% of the variation in ARrss, ARrse(z-score) and AAX, respectively.

Discussion

To the best of our knowledge, this is the first report concerning the influence of multiple early-life factors on
baseline lung function and bronchodilator responsiveness in a large population of 4-year-old children
included in a birth cohort. Current height, previous LRTIs, the timing of wheeze and early-onset
sensitisation to inhalant allergens were found to be independent determinants of the baseline values of Rrs,
and AX in these 4-year-old children. Baseline Rrs, was the only independent determinant of bronchodilator-
induced ARrse, whereas baseline AX and current height were independently associated with AAX. None of
the prenatal exposures considered was associated with baseline lung function or bronchodilator-induced
change in lung function. It is important to realise that although our analyses revealed significant
associations between some early-life factors and lung function in preschool children, it is impossible to
determine whether these relationships are causal.

The present study has several methodological strengths. Firstly, the data were collected prospectively at 6-
month intervals, which minimised recall bias. Secondly, as the mothers were invited to participate in the
study during their pregnancy, the prenatal environment of the child could also be taken into account.
However, there was a considerable drop-out rate in the study: only 577 of the initial 1128 children entered
the examination at 4 years of age. We believe that this drop-out did not greatly influence the studied
associations as it was not selective for the outcome. Children with allergic parents are overrepresented in
our study compared with the general Belgian population (58% of the children had one or more allergic
parent (table 1), whereas a recently conducted national survey reported a prevalence of 13% of allergic
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transient onset transient onset
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FIGURE 2 Baseline a) respiratory resistance at 6 Hz (Rrss) and b) area under the reactance curve (AX) in separate groups
of 4-year-old children, based on the timing of the occurrence of wheeze. Data are presented as back-transformed
geometric means with 95% confidence intervals (error bars). b) The error bar for late-onset wheeze is truncated. The
numbers of children in the separate groups are indicated.
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FIGURE 3 Baseline a) respiratory resistance at 6 Hz (Rrs,) and b) area under the reactance curve (AX) in separate groups
of 4-year-old children, based on the timing of the sensitisation to inhalant allergens. Data are presented as back-
transformed geometric means with 95% confidence intervals (error bars). The numbers of children in the separate groups
are indicated.

diseases in Belgian adults). This selective participation favoured a more balanced distribution of the
children in this study population in terms of environmental exposure and allergic sensitisation.

We have presented Rrss data but similar results were obtained when Rrs at 4 or 8 Hz, or the admittance at
6 Hz was analysed (online supplementary material). AX was chosen as the second outcome because a
previous study had revealed that AX is more sensitive than individual values of Xrs at low frequency for
discriminating between different wheezing phenotypes in 4-year-old children [17]. Another benefit of AX
relative to individual Xrs data is that AX is less influenced by measurement noise [22]. In the current study,
the bronchodilator response was expressed as the relative change compared with the baseline value, as
suggested by THAMRIN et al. [14]. Expression of the response as the absolute change or as the change in
terms of the z-score, as recently suggested by CALOGERO et al. [12], yielded similar results.

Several previous studies using the FOT in preschool children have demonstrated that current standing
height is the main anthropometric determinant of the baseline lung function [12-14, 23]. These previous
studies were all cross-sectional studies of healthy children with a broader age and thus height range than
those of the children participating in our study. Despite the narrow range in height in our population of 4-
year-old children, we still observed that current height is an independent determinant of the baseline values
of Rrs6 and AX.

TABLE 3 Multiple linear regression models for the determinants of the baseline lung function

Determinants logoRrse” logq0AX"
B SE p-value B SE p-value

Current height cm -0.004 0.002 0.002 -0.012 0.004 0.004
LRTI

Never Ref.

First in first year -0.016 0.035 0.645

First after first year 0.030 0.014 0.037
Wheeze

Never Ref. Ref.

Early/transient 0.041 0.015 0.007 0.137 0.038 <0.001

Late onset 0.090 0.052 0.084 0.232 0.134 0.085

Persistent 0.055 0.020 0.007 0.190 0.051 <0.001
Inhalant sensitisation

Never Ref. Ref.

First at 1 year 0.074 0.031 0.018 0.243 0.083 0.004

First at 4 years -0.026 0.020 0.179 -0.042 0.050 0.406
Constant 1.394 0.163 2.614 0.451

Numbers in bold indicate p<<0.05. Rrs,: respiratory resistance at 6 Hz; AX: area under the reactance curve; B: unstandardised regression
coefficient; LRTI: lower respiratory tract infection. #. final model (R?=0.167); ': final model (R?=0.146).
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TABLE 4 Crude associations between potential determinants and the bronchodilator-induced change in lung function

ARrs; % baseline logqol-ARrss(z-score)+2) J[AAX+100) % baseline

Continuous variables B SE p-value B SE p-value B SE p-value
Current height cm 0.014 0.137 0.920 -0.002 0.001 0.240 -0.043 0.018 0.018
Current weight kg -0.155 0.260 0.552 0.001 0.002 0.872 -0.093 0.034 0.007
Gestational age weeks 0.793 0.364 0.030 -0.008 0.003 0.024 0.084 0.048 0.083
Birth weight kg 2.853 1.134 0.012 -0.028 0.011 0.008 0.225 0.151 0.137
Categorical variables Mean SE p-value® Mean SE p-value® Mean SE p-value®
Postnatal ETS

Never -22.3 0.7 Ref. 0.505 0.007 Ref. 6.94 0.09 Ref.

First in first year -26.4 2.4 0.056 0.544 0.023 0.054 6.61 0.33 0.240

First after first year -23.6 2.2 0.596 0.500 0.020 0.825 6.74 0.25 0.514
LRTI

Never -20.8 1.1 Ref. 0.487 0.095 Ref. 7.26 0.14 Ref.

First in first year -21.8 3.5 0.814 0.494 0.031 0.863 6.61 0.38 0.201

First after first year -24.2 1.1 0.025 0.525 0.010 0.008 6.69 0.13 0.003
Number of LRTIs

0 -20.8 1.1 Ref. 0.478 0.095 Ref. 7.26 0.14 Ref.

1 -24.1 1.7 0.101 0.521 0.016 0.074 6.47 0.20 0.002

>1 -24.9 1.8 0.047 0.535 0.019 0.014 6.73 0.23 0.045
Timing of wheeze

Never -20.9 1.1 Ref. 0.487 0.097 Ref. 7.22 0.14 Ref.

Early/transient -23.0 1.2 0.207 0.512 0.011 0.113 6.79 0.15 0.047

Late onset -26.6 6.1 0.267 0.589 0.0.73 0.034 5.74 0.63 0.027

Persistent -25.4 2.0 0.038 0.543 0.0.20 0.006 6.49 0.27 0.009
Number of wheeze episodes

0 -20.9 1.1 Ref. 0.487 0.097 Ref. 7.22 0.14 Ref.

1 -23.0 1.7 0.335 0.512 0.017 0.218 6.92 0.22 0.279

>1 -25.1 1.3 0.015 0.539 0.013 0.001 6.45 0.18 0.001
Inhalant atopy

Never -21.9 0.7 Ref. 0.502 0.007 Ref. 7.00 0.10 Ref.

First at 1 year -30.1 3.4 0.005 0.593 0.032 0.001 5.82 0.50 0.003

First at 4 years -23.4 1.2 0.373 0.506 0.012 0.776 7.02 0.19 0.925
Number of inhalant allergens

0 -21.9 0.7 Ref. 0.502 0.007 Ref. 7.00 0.10 Ref.

1 -25.3 1.2 0.075 0.523 0.012 0.233 6.85 0.21 0.564

>1 -24.4 2.7 0.268 0.532 0.025 0.168 6.57 0.37 0.175
Food atopy

Never -21.9 0.7 Ref. 0.501 0.006 Ref. 6.99 0.09 Ref.

First at 1 year -24.2 1.8 0.203 0.521 0.018 0.245 7.05 0.27 0.799

First at 4 years -26.0 2.8 0.117 0.542 0.027 0.097 6.53 0.38 0.214
Number of food allergens

0 -21.9 0.7 Ref. 0.501 0.006 Ref. 6.99 0.09 Ref.

1 -22.3 1.8 0.825 0.502 0.016 0.926 6.95 0.20 0.891

>1 -30.3 2.4 0.002 0.571 0.022 0.005 6.84 0.55 0.686

Numbers in bold indicate p<<0.05. A: change (expressed as relative change compared to baseline and as z-scorel; Rrs.: respiratory resistance at
6 Hz; AX: area under the reactance curve; B: unstandardised regression coefficient; ETS: environmental tobacco smoke; LRTI: lower respiratory
tract infection. *: least-significant difference post hoc test.

In the previous studies that investigated potential determinants of the lung function in preschool children as
assessed with the FOT, only height proved to be a significant predictor of the lung function and, after height
was taken into account, neither the presence of atopy in the first-degree relatives or in the child nor ETS
significantly affected the baseline lung function [11-13, 24]. In contrast, our results indicate that besides
current height, LRTIs after the first year of life, the timing of wheeze and early sensitisation to inhalant
allergens were independent determinants of baseline Rrs, and AX in these 4-year-old children. A possible
reason why these associations were not found in previous FOT studies is that most of these aimed to obtain
normal values of Zrs in smaller populations of healthy children, whereas we enrolled a relatively large sample
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TABLE 5 Multiple linear regression models for the determinants of the bronchodilator-induced change in lung function

Determinants ARrs, % baseline® log1ol-ARrs¢(z-score)+2)" JIAAX+100) % baseline*

B SE p-value B SE p-value B SE p-value
Height cm -0.069 0.016 <0.001
Rrs, hPa's-L™" -2.340 0.205 <0.001
Rrs,(z-score) 0.062 0.003 <0.001
AX hPa-L™" -0.045 0.003 <0.001
Constant 1.502 2.173 0.474 0.004 15.384 1.670

Numbers in bold indicate p<0.05. A: change (expressed as relative change compared to baseline and as z-score); Rrs,: respiratory resistance at
6 Hz; AX: area under the reactance curve; B: unstandardised regression coefficient. #. final model (R?=0.208); ": final model (R?=0.453); *: final

model (R?=0.274).

DOI: 10.1183/09031936.00100813

of the general population. Furthermore, our data were collected as part of a longitudinal birth cohort study,
whereas the normative studies were based on cross-sectional data.

Whereas both the timing and the amount of LRTIs and wheeze, and the timing of the sensitisation and
number of inhalant allergens were significantly associated with baseline lung function in our univariate
analysis (table 2), only the timing of the exposures/sensitisation was retained in the final model (table 3).
Early-onset sensitisation to inhalant allergens (i.e. in the first year of life), an LRTT for the first time after the
first year of life and the timing of wheeze (children with late-onset and persistent wheeze having the poorest
lung function) significantly worsened the baseline lung function of the 4-year-old children. Although the
baseline lung functions of the children who had suffered from an LRTI in the first year of life were also
worse than those in the nonexposed children (fig. 1), these differences did not reach statistical significance,
most probably due to the low prevalence of LRTIs in the first year of life (n=12 children).

To the best of our knowledge, there has been only one previous large prospective birth cohort study (the
NAC Manchester Asthma and Allergy Study) that has reported on early-life determinants of the baseline
specific airway resistance (sRaw) in preschool children. On behalf of the study group, LowE et al. [8]
reported that symptom-free 3-year-old children with atopic parents and those with a personal history of
atopy exhibited an impaired lung function. In another study, the same research group found that parental
asthma was an independent predictor of the baseline sRaw of 3-year-old children, as was a combination of
sensitisation and exposure to a sensitising allergen, which resulted in a significant deficit in the lung
function of the children. However, they did not find an independent effect of atopic sensitisation or
exposure to a sensitising allergen alone [10].

Other birth cohort studies have demonstrated that early sensitisation to aeroallergens (at <3 years of age) is
associated with a loss of lung function at school age, whereas late sensitisation has a less pronounced effect
[24]. Our study confirms these observations, and adds that this effect of early sensitisation takes place at
<1 year of age and that the lung function loss is already present at the preschool age. Additionally, previous
studies have reported that allergic sensitisation in the first years of life predisposes young children to
viral wheezing illnesses [25], which in turn predict a diminished lung function at school age [26].
Other investigators have suggested a possible synergistic effect of allergen-induced and virus-induced
inflammation of the airways during infancy that contributes to the pathogenesis of paediatric asthma [27,
28]. Suffering from multiple episodes of LRTIs at early age has been associated with the subsequent
development of wheezing [29] and a loss of lung function at the school age [30]. Finally, the question in all
these birth cohort studies, including ours, is whether paediatric lung function is already reduced prior to the
infantile atopic sensitisation and respiratory symptoms [11]. Evidence that premorbid, diminished lung
function is associated with subsequent development of LRTI and wheeze in young children was
demonstrated in the hallmark Tucson cohort study [21].

The magnitude of the relative change in Rrs, after bronchodilation in preschool children as measured in this
study (-23% for Rrs,) compares well with the data obtained in other studies [13, 14]. Several potential
determinants were found to be associated with the bronchodilator response in the univariate analysis, but,
in accordance with previous studies [12—14, 31], only the baseline value of Rrs, was significantly associated
with ARrse (either expressed relative to the baseline value or as z-score change). This finding that narrower
airways at baseline demonstrate the largest bronchodilator response points to bronchomotor tone
variability as an important source of the variability in airway resistance in young children. Furthermore,
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baseline AX and current height were independently associated with AAX, whereas the contribution of the
height to the regression model was almost negligible when compared with that of the baseline value of AX.

In conclusion, the results of this study demonstrated that the current height, LRTIs after the first year of life,
the timing of wheeze and early-onset sensitisation to inhalant allergens were independent determinants of
the baseline lung function in 4-year-old children. Furthermore, the baseline lung function was found to be
the main determinant of the bronchodilator-induced change in lung function. Preschool children with
higher Rrs and AX values at baseline appear to have a larger bronchodilator response.
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