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ABSTRACT: The aim of this study was to determine whether impedance values
in children with various chronic respiratory complaints differed from those observed
in symptom-free children.

Respiratory impedance was measured using the forced oscillation technique in
1,776 Dutch children aged 6–12 yrs. In addition to the commonly used parame-
ters of resistance and reactance, further impedance parameters were obtained by
using linear and quadratic regression to describe individual resistance and reac-
tance curves as a function of frequency. Furthermore, the diagnostic value of the
individual impedance parameters was evaluated by means of receiver operator
characteristic (ROC) curves.

Statistically significant differences in impedance values were found in girls with
symptoms suggesting asthma compared to symptom-free girls, but not in boys. In
children with chronic cough, impedance was not significantly different from the
values of symptom-free children. The results obtained by the additional impe-
dance parameters were comparable to those of the commonly used measures.

We conclude that the diagnostic value of the impedance parameters appeared
to be low, as no cut-off points were found to discriminate clearly between symp-
tomatic and symptom-free children. These findings may reflect absence of func-
tional abnormalities in symptomatic children at this age.
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Using the technique of forced oscillations (FOT), the
mechanical properties and the frequency-dependent be-
haviour of the respiratory system can be determined.
The FOT yields values for the total resistance (Rrs) and
reactance (Xrs) of the respiratory system. The measure-
ments are noninvasive, independent of effort, and require
little or no co-operation from the subject. Therefore, they
can be performed easily, especially in young children.
Respiratory impedance has been studied in adults [1–4],
as well as in children [5–13], in various clinical and
epidemiological settings. Recent reports have sugges-
ted that the technique may be a suitable tool for epi-
demiological studies [14, 15].

Recently, we have reported resistance and reactance
values at 8 and 28 Hz, in 371 normal children aged
6–12 yrs [16]. All impedance parameters were signifi-
cantly related to height and varied between sexes. Nega-
tive frequency dependence of resistance between 8–28
Hz was a common finding, most pronounced in (young)
boys. Furthermore, we have reported differences in im-
pedance values between children with (n=110) and with-
out (n=360) asthma-like symptoms [17]. The analysis of
these was restricted to mean values at single frequen-
cies in the frequency range 8–28 Hz. At present, more
information on the impedance versus frequency curves
(4–48 Hz) can be obtained, due to further computeri-
zation of the impedance data.

The aims of the present study were to analyse the
relationship between various respiratory symptoms, such
as chronic cough or asthma, and the frequency depen-
dence of the respiratory impedance compared with those
of symptom-free children in a large cohort of children.
Using linear and quadratic regressions, individual resis-
tance and reactance curves were described as a function
of frequency (f ), and the diagnostic value of the dif-
ferent impedance measures was evaluated by means of
receiver operator characteristic (ROC) curves. The analy-
ses were performed for boys and girls separately.

Methods

We conducted a survey on respiratory health in 1,968
primary school children in two different regions of the
Netherlands. The prevalence of respiratory symptoms
was evaluated using a written questionnaire, completed
by the parents of the children. Respiratory impedance
measurements were performed using a FOT [18]. Data
collection was carried out by trained technicians, at the
same time (between March and May 1993) in both re-
gions, with similar methods and according to a standard
protocol.
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Subjects

In co-operation with two local health services, 1,968
children were approached, from 19 primary schools: 1,281
children living in the south of the Netherlands (Lim-
burg) and 687 children living in the north of the Netherlands
(Groningen).

Informed consent to examine the children was obtain-
ed from the parents of 1,226 (96%) children in Limburg
and from the parents of 658 (96%) children in Gronin-
gen, resulting in a total response of 1,884 (96%) chil-
dren.

The questionnaire

The prevalence of respiratory symptoms was evalu-
ated by means of a written questionnaire, completed by
the parents of the children. The questionnaire is a Dutch
version of the children's questionnaire of the World Health
Organisation (WHO) published by FLOREY and LEEDER

[19], (see Appendix). The reproducibility of the answers
of the Dutch questionnaire has been found to range from
good to very good for almost all questions, especially
for the questions on wheeze, and shortness of breath
with wheeze, with Cohen's kappa values ranging 0.60–
0.96. The reproducibility of (chronic) cough was less
(kappa = 0.28) [20]. The questionnaires were distrib-
uted in the participating schools 2 weeks before the
team who performed the lung function measurements
visited the school. At the time of the lung function mea-
surements the questionnaires were collected.

The forced oscillation technique

The mechanical characteristics of the respiratory sys-
tem were measured using the technique of forced oscil-
lations, according to the method described by LÀNDSÉR

et al. [21]. The technique has been described in detail
previously [22]. The protocol was similar to that used
in earlier studies [16, 17]. Briefly, a pseudorandom noise
signal, consisting of sinusoidal pressure oscillations,
containing all harmonics of 2 Hz up to 48 Hz, was
applied at the mouth of the seated child. During the
measurements the child breathed quietly and wore a nose-
clip. To eliminate the effect of the upper airway arti-
fact [23], the cheeks and the floor of the mouth were
firmly supported with the hands of the investigator or
by the child. Mouth pressure and mouth flow were mea-
sured with identical differential pressure transducers
(Validyne MP45®), and fed into a Fourier analyser,
dividing pressure by flow. The system calculates an im-
pedance value for each of the frequencies investigated.
The impedance is partitioned into a real part, Rrs, and
an imaginary part or reactance, Xrs. Rrs, is the equi-
valent of the total resistance in a resistance-inductance-
capacitance (R-L-C) circuit. Xrs depends on the elastic
and inertial properties of the respiratory system. The
frequency at which Xrs equals zero is called the reso-
nant frequency (f0). To evaluate the reliability of the
measurement, a coherence function is estimated at each
frequency. This indicates the amount of noise genera-
ted by the child's spontaneous breathing, present in the
signals measured [24].

Each child performed at least five valid impedance
measurements, according to the recommendations which
have recently been set up by an international working
group on standardization of impedance measurements
in children [18].

Analyses

Based on the information obtained by the question-
naires, four groups of children were distinguished: 1)
children who were free from past and present (chronic)
respiratory symptoms ("symptom free"); 2) children
who reported chronic cough (cough for at least 3 months
a year) but no other (chronic) respiratory symptoms
("chronic cough"); 3) children who reported at least
two of the four asthma-like symptoms (chronic cough,
shortness of breath during exercise, wheeze, and attacks
of shortness of breath with wheeze) in the previous year,
to include wheeze or attacks of shortness of breath with
wheeze ("asthma-like symptoms"); and 4) children with
one or more past or present respiratory symptoms, but
who did not meet the inclusion criteria of Group 2 or
3 ("rest group" or Group 4) (see Appendix).

The following parameters were chosen to characte-
rize the curves: βl, αl, γq, βq and αq, both for resistance
(Rrs) and reactance curves (Xrs). For each child, linear
regression (l) curves (Y = βlf + αl) over the frequency
ranges 4–48 Hz, 4–12 Hz and 8–28 Hz, and quadratic
regressions (q) (Y = γq,f2 + βq,f + αq) over the frequency
range 4–48 Hz were fitted to describe respiratory resis-
tance and reactance as a function of frequency.

The curves were characterized by the following para-
meters: βl,R, αl,R, γq,R, βq,R, αq,R, βl,X, αl,X, γq,X, βq,X
and αq,X.  Differences in these curve characteristics and
in the "on-line" impedance parameters (Rrs8, Xrs8, f0 and
frequency dependence of resistance (FD), defined as Rrs28
minus Rrs28 divided by 20), between symptom-free chil-
dren and children from the different symptom-groups
were tested using unpaired t-tests (crude data) and mul-
tiple linear regression analyses. In the latter,  differences
in impedance values between the groups were adjusted
for age, height, weight and gender.

The relationship between the sensitivity and speci-
ficity for possible cut-off points to discriminate between
the various symptom groups was investigated with the
help of receiver operator characteristic (ROC) curves.
In a ROC curve the sensitivity of an index is plotted by
the complement of the specificity [25]. ROC curves
were constructed for all impedance parameters investiga-
ted. Each symptom subgroup (chronic cough, asthma-
like symptoms, and rest group) was compared separately
to the symptom-free group. For all children, curve para-
meters of the linear- and quadratic-regressions over the
frequency range 4–48 Hz were investigated, and those
of the linear curves for the ranges 8–28 Hz, and 4–12
Hz. Finally, the children were divided by gender (boys,
girls) and height (four categories: <120, 120–139, 140–
159, and ≥160 cm), and ROC curves were constructed
again.

The analyses were performed using Statistical Pack-
age for the Social Sciences (SPSS)-X statistical [26].
A p-value of less than 0.05 was considered signifi-
cant.



Results

Response

Completed questionnaires were returned by 1,885
(99%) parents. Valid impedance measurements of 1,792
(91%) children were obtained. The combination of a
fully completed questionnaire and valid impedance mea-
surements was available for 1,776 (90%) children. In
table 1, the numbers of children distributed over the four
symptom groups are presented. The distribution was
almost similar for boys and for girls. Nine hundred and
nineteen children were free of any past or present res-
piratory symptoms and were, thus, considered healthy.
Symptoms of asthma were found in 198 (11%) children,
somewhat more in boys (12%) than in girls (10%).

Impedance values

The impedance values in the children with no chronic
respiratory symptoms showed negative frequency depen-
dence of resistance, i.e. a decrease in resistance with
increasing frequency, negative reactance values at lower
frequencies, and resonant frequencies ranging from
13.2±6.1 Hz in smaller boys and from 13.4±5.5 Hz in
smaller girls to 9.3±4.7 Hz and 9.5±3.2 Hz, respec-
tively, in boys and girls over 150 cm (data not shown).

In table 2, the differences in impedance values be-
tween children without respiratory symptoms and chil-
dren with symptoms of asthma are summarized. For
girls with asthma-like symptoms, compared to symp-
tom-free girls, statistically significant differences were
observed for almost all impedance parameters investi-
gated (table 2). The results from the t-tests (crude data)
and the regression analysis (adjusted data), in which
impedance values between the different symptom-groups
and the symptom-free children were compared, showed
good agreement and the results for the parameters of
the linear and quadratic curves were quite comparable,
and of a similar magnitude and direction to those ob-
tained by the more commonly used "on-line" parameters
(Rrs8, Xrs8, FD and f0). The linear curve characteristics of
the subsections 4–12 Hz and 8–28 Hz were also com-
parable to those over the total frequency range (4–48 Hz),
only the difference in βl,R for both frequency ranges
was no longer significant. In contrast, small differences
(t-tests) between boys with and without asthma-like symp-
toms were observed for αl,R,4–48 and αl,R,4–12, only
(p≤0.10). After adjusting the data by regression analy-
sis, these differences disappeared. Although the differ-

ences between boys with asthma-like symptoms and symp-
tom-free boys were smaller and not significant, in gen-
eral the direction of the difference was comparable to
that observed in girls (table 2).

To investigate whether differences between "asthmatic"
and symptom-free children differ between boys and girls,
interaction-terms (I) were entered into the regression
analysis. For almost all impedance parameters investiga-
ted statistically significant interaction terms were found
between symptom status and gender.

For the children with chronic cough and the children
with "rest" symptoms small and mainly nonsignificant
differences were observed when the impedance values
were compared with those of the symptom-free children
(data not shown).

Diagnostic value of the FOT

Figure 1 presents one of the ROC curves: βl,R over
the whole frequency range (4–48 Hz) for the total group
of children investigated. This example was arbitrarily
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Table 1.  –  Numbers of children in the different symptom groups: symptom-free, chronic cough,
asthma-like symptoms and rest

Symptom-             Chronic           Asthma-like        Rest group              Total
Gender             free                  cough             symptoms

Male  472  (52) 41  (5) 110  (12) 283  (31) 906  (100)
Female 447  (52)  37  (4)  88  (10) 298  (34)  870  (100)

Total 919  (52)  78  (4)  198  (11)  581  (33)  1776  (100)

Absolute values are presented, with percentages in parenthesis.

Table 2.  –    Difference in impedance parameters be-
tween "asthmatic" and symptom-free children, boys and
girls separately

Parameters    Gender             ∆crude           ∆adjusted

β1,R M -0.006 -0.004
F -0.025*** -0.024***

α1,R M 0.378+ 0.242
F 1.146*** 1.078***

β1,X M 0.000 -0.001
F -0.001 -0.001

α1,X M -0.093 0.007
F -0.440* -0.384*

Rrs8 M 0.222 0.042
F 0.723*** 0.622***

Xrs8 M -0.055 0.034
F -0.473** -0.428***

FD M 0.002 0.006
F -0.023*** -0.020**

f0 M 0.821 0.318
F 1.920* 1.642**

βq,R M -0.002 2.50E-04
F -0.16*** -0.015***

αq,R M 0.160 0.059
F 0.310* 0.261*

αq,X F -0.396*** -0.354***

M: male; F: female; l: linear regression; q: quadratic;  α: inter-
cept; β: coefficient first order term; R: resistance; X: reac-
tance; rs: respiratory system; FD: frequency dependence of
resistance; f0: resonant frequency. *: p<0.05; **: p<0.01; ***:
p<0.001).
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chosen. Ideally, the ROC curve should approach the up-
per left hand corner (sensitivity (Se) = specificity (Sp)
= 100%). The curve is around the diagonal, which means
that for this parameter no cut-off point can be found
which discriminates between symptom-free children and
children with (chronic) respiratory symptoms. This can
also be demonstrated by the frequency distribution pre-
sented in figure 2, which shows large overlap for the
different groups of children. Again the example is arbi-
trarily chosen, since all parameters from the linear regres-
sions, in all three frequency ranges,   and the quadratic
regressions as well as for Rrs8, Xrs8, FD and f0 showed
similar results. When the total group was stratified for
gender and height (four categories), again no cut-off
points with clear diagnostic value for any of the dif-
ferent symptom groups were found (data not shown).

Discussion

In the present study, respiratory impedance was stu-
died in 1,776 Dutch children, aged 6–12 yrs. Of these
children, 919 (52%) were free from any past or present
respiratory symptoms, 78 (4%) were reported to suffer
from chronic cough, 198 (11%) were found to have symp-
toms suggesting asthma, and 581 (33%) had one or
more past or present respiratory symptoms, excluding
chronic cough and asthma. Impedance values found in
the symptom-free children were similar to those repor-
ted previously [8–10, 16], and were considered normal.
In girls with symptoms of asthma but not in boys, sta-
tistically significant differences in almost all imped-
ance parameters investigated were found compared with
symptom-free children. Impedance values in the other
symptom groups were not different from those of the
symptom-free children. This suggests that only asthma-
like symptoms related to changes in the mechanical
characteristics of the respiratory system. In absolute
terms, the observed effects were small, but they had a
plausible direction and were comparable to our previ-
ous findings [17]. The differences in boys were com-
parable to those found in girls, but smaller and not
statistically significant. A gender difference in respira-
tory impedance outcomes has been reported previously
[5, 7, 16]. No clear differences were observed between
symptom-free girls and symptom-free boys.

In the impedance analyses, the curve characteristics
(γ, β and α) were studied in addition to the commonly
used "on-line" parameters Rrs8, Xrs8, f0 and FD. The
results of all parameters investigated were quite com-
parable and had a plausible direction. In particular, the
magnitude and direction of the differences for β and α
of the linear Rrs curve (4–48 Hz) compared well with
our previous findings. No additional information was
obtained by the linear curves considering the subsec-
tions 4–12 Hz and 8–28 Hz. Using quadratic regres-
sions to describe resistance and reactance curves as a
function of frequency was of no additional value when
compared to the linear curves.

The diagnostic value of the impedance parameters
analysed with ROC curves was found to be low. No
clear cut-off points to discriminate between sympto-
matic and symptom-free children were observed. Strati-
fication for height and gender did not fundamentally
change the results. Even though statistically significant,
albeit small, differences in impedance values were found,
no cut-off point was identified for any of the imped-
ance parameters with acceptable values of sensitivity
and specificity, which would discriminate between sym-
ptom-free children and children with chronic cough,
asthma-like symptoms, or the rest-group. These results
did not change when the analyses were stratified for
height (four categories) and gender.

A possible explanation for these results is that in cross-
sectional measurements the FOT is not sensitive enough
to identify children with self-reported respiratory symp-
toms. To define the symptom groups in this study, we
used reported symptoms in the previous year (12 month
prevalence) and compared them with an impedance mea-
surement at a single moment, when the children were
at school. This may have resulted in a certain bias, since
the children with the most severe abnormalities at the time
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Fig. 1.  –  Received operator characteristic (ROC) curve for βl,R over
the whole frequency range (4–48 Hz) for children with chronic cough
(       ), asthma-like symptoms (       ) or "rest" symptoms (       )
(Group IV) were compared separately to the symptom-free children.
l: linear regression; R: resistance; β: coefficient first order term.
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Fig. 2.  –  Frequency distribution of βl,R (4–48 Hz), for symptom-
free children (     ), children with chronic cough (     ), asthma-like
symptoms (      ) or "rest" symptoms (      ) (Group IV). β: coeffi-
cient first order term; l: linear regression; R: resistance.
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of the impedances measurements may have been kept
away from school, thus diminishing the differences bet-
ween the groups. Furthermore, no information was avai-
lable on the severity of the symptoms or on possible
use of antiasthma medication. 

In an earlier study [17], we showed that in children
diagnosed as having asthma by a doctor and using anti-
asthma medication lung function abnormalities were
less pronounced than in those children with symptoms
suggesting asthma but not on antiasthma medication.
This implies that the use of medication may have obscur-
ed differences in the present study. Also, one should
bear in mind that the reproducibility of the answers to
the questions regarding chronic cough in the question-
naire is known to be poor [20]. Alternatively, as sugges-
ted by previous studies [27–29], if the forced oscillation
technique has the diagnostic sensitivity to detect airway
abnormalities, the absence of differences in impedance
between children with and children without respiratory
complaints may indeed reflect absence of functional ab-
normalities.

In conclusion, we found the diagnostic value of the
impedance parameters to be low. The use of linear and
quadratic regressions, to describe individual resistance
and reactance curves as a function of frequency, did not
give additional information on the discriminative abil-
ities of the forced oscillation technique as compared to
simpler measures at single frequencies. However, lack
of measurable functional differences between sympto-
matic and symptom-free children at this age may ex-
plain the observations.

Appendix

The Dutch version of the children's version of the WHO
questionnaire [19]:
4. Did your child cough, usually in the morning, dur-

ing the autumn and winter season?
5. Did your child cough, usually during daytime or 

at night, during the autumn and winter season?
6. Did your child cough on most days, for at least 3 

months a year?
7. Has your child ever been troubled by shortness of 

breath when playing outside or climbing the stairs?
8. Has your child been troubled by shortness of 

breath when playing outside or climbing the stairs, 
in the previous year?

9. Has your child's chest ever sounded wheezy?
10. Has your child's chest sounded wheezy, in the pre-

vious year?
11. Has your child ever had attacks of shortness of 

breath with wheeze?
12. Has your child had attacks of shortness of breath 

with wheeze, in the previous year?

Symptom free: children who are free from all above
described past or present chronic res-
piratory symptoms.

Chronic cough: children who report chronic cough (6), 
but none of the other chronic respi-
ratory symptoms.

Asthma: children who report at least two of 
the four asthma-like symptoms (6, 8, 
10 and 12) in the previous year, to 
include 10 or 12.

Rest group: children who report one or more past 
or present respiratory symptoms (4–12) 
but who do not meet the inclusion 
criteria for chronic cough or asthma 
(Group 4).
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