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ABSTRACT: Isocapnic hyperventilation with cold air (IHCA) is a reliable tech-
nique for assessing indirect bronchial hyperresponsiveness in patients with asthma.
Impedance measurement of the respiratory system by the forced pseudorandom
noise oscillation technique is a sensitive technique to assess changes in bronchial
tone after IHCA. The aim of this study was to evaluate the effect of 6 weeks of
treatment with beclomethasone dipropionate, 1,000 µg·day-1, on IHCA in asth-
matic patients, measured with both forced oscillation technique and flow-volume
recordings.

Forty patients with mild asthma were included in this double-blind, placebo-
controlled parallel-group study. Stratification on the basis of sex was performed
to overcome differences in airway diameter. At entry and every 2 weeks during
the treatment period, IHCA was performed and patient diaries were evaluated.

Characteristic changes in forced oscillation parameters after IHCA were observed
in all patients. After 6 weeks of treatment, BDP-treated patients showed statisti-
cally significant differences in impedance measurements after IHCA, manifested
by significant attenuation of resistance at 8 Hz (p<0.01), slope of the frequency-
resistance curve (p<0.01), reactance at 8 Hz (p=0.01), and resonant frequency (f0)
(p<0.02). Flow-volume recordings showed only a statistically significant change in
the decrease of inspiratory vital capacity (IVC) (p=0.01). Furthermore, a signifi-
cant correlation was observed between serum immunoglobulin E (IgE) levels and
the effect of BDP on IHCA, measured with forced oscillation technique.

In this study, beclomethasone dipropionate, 1,000 µg·day-1 for 6 weeks, decreased
indirect bronchial hyperresponsiveness as assessed by cold air bronchoprovoca-
tion in asthmatic patients. The forced oscillation technique proved a more sensi-
tive method of detecting changes in bronchial tone than flow-volume recordings.
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Asthma is characterized by an increased responsive-
ness of the tracheobronchial tree to a variety of specific
and nonspecific stimuli. The degree of bronchial hyper-
responsiveness (BHR), as assessed by methacholine and
histamine challenge, is closely related to the severity of
asthma [1]. BHR is considered to occur as a result of
inflammation in the asthmatic airways [2]. Even in very
mild asthmatic patients an inflammatory process is pre-
sent in the airways [3, 4]. Inhaled corticosteroids improve
asthma symptoms, decrease airway inflammation [5], and
reduce the level of BHR [6–9]. However, despite dis-
tinct improvement of asthma symptoms by inhaled cor-
ticosteroids, only moderate changes in BHR, as assessed
by histamine and methacholine challenge, are observed.
Moreover, histamine thresholds in patients with asthma
show considerable overlap with the general population
[10]. Therefore, besides direct bronchial challenge tests,
techniques have been developed which influence bronchial
smooth muscle indirectly in order to better represent na-
tural circumstances.

Isocapnic hyperventilation with cold air (IHCA) is
a reliable and well-standardized method for evaluat-
ing indirect bronchial hyperresponsiveness [11–13]. In
comparison to pharmacological stimuli, bronchoprovo-
cation with IHCA is better able to distinguish asthmat-
ic patients from the general population [11], and from
patients with COPD [14, 15]. Most bronchoprovocation
tests evaluate the response in bronchial tone by measu-
ring the forced expiratory volume in one second (FEV1).
However, the inspiratory manoeuvre which precedes the
measurement of FEV1 may change bronchial tone and,
therefore, influences the result of bronchoprovocation
testing, both in normal and asthmatic subjects [7, 16].
Impedance measurement of the respiratory system by
forced oscillation is a technique which enables evalua-
tion of bronchial hyperresponsiveness both with direct
[17–19] and indirect stimuli [20–22]. The technique
requires little co-operation from the patient and allows
evaluation of the bronchial response during quiet brea-
thing.



The aim of this study was to evaluate the effect of in-
haled beclomethasone dipropionate on bronchial provo-
cation with IHCA in stable asthmatic patients. In addition
to flow-volume recordings, impedance measurement by
forced oscillation technique (FOT) was used to evaluate
bronchial response.

Material and methods

Subjects

Forty patients, equally distributed over both sexes, were
included in the study. Patient characteristics are presen-
ted in table 1. The following inclusion criteria were met
by all patients: a clinical diagnosis of asthma, defined
as recurrent attacks of dyspnoea with perceptible whee-
zing, normal baseline impedance measurements as de-
fined by a resonant frequency (f0) lower than 16 Hz;
and the absence of frequency dependence (defined as
a negative value for (resistance at 28 Hz (R28) - resis-
tance at 8 Hz (R8)/20) (table 2). Patients entering the
study all had evidence of bronchial hyperresponsive-
ness, as defined by a provocative dose of histamine cau-
sing a 20% fall in FEV1 (PD20) ≤8 µmol. All patients
had positive skin tests for at least one aeroallergen (num-
ber of positive tests (mean±SD) 4.4±2.4). Patients were
in a clinically stable condition and showed no evidence
of a recent respiratory tract infection. None of the pati-
ents had been treated with inhaled or oral corticoste-
roids within 3 months prior to entry into the study. Only
β2-sympathomimetic drugs were allowed for control of
asthma. Patients were asked to refrain from using β2-

sympathomimetic drugs at least 8 h before broncho-
provocation testing. The protocol was approved by the
Ethics Committee of the University Hospital Maastricht,
and written informed consent was obtained from all pa-
tients.

Study design

The study was a double-blind, placebo-controlled, par-
allel-group study, in which subjects were randomly al-
located to receive either beclomethasone dipropionate
(BDP), 250 µg·puff-1, 2 puffs b.i.d. by metered-dose in-
haler or placebo for 6 weeks. In order to avoid possible
sex-related differences in airway diameter, additional
stratification was performed according to gender. The
time schedule consisted of a run-in period of 1 week,
followed by a treatment period of 6 weeks, with follow-
up visits scheduled every 2 weeks. At every visit, diary
information and peak flow registrations were assessed
and cold air bronchoprovocation was performed.

Asthma assessment

During the study period, assessment of asthma sever-
ity was made in three ways: 1) all patients were given
a diary, in which they recorded asthma symptom scores
(0=no complaints to 5=major interference with daily ac-
tivities, inability to work); 2) the use of β2-sympatho-
mimetic drugs was recorded (patients were instructed to
use these only if needed); and 3) patients recorded peak
expiratory flow rates (three successive measurements)
in the morning and evening using a mini-Wright peak-
flow meter (Airmed, Clement Clarke International Ltd,
London, UK).

Cold air challenge

Cold air challenges (IHCA) were performed using a
heat-exchange system (Jaeger GmbH, Würzburg, FRG),
as described previously [21, 22]. The patients inhaled
dry air delivered from a cylinder. The temperature of
the air leaving the cooling system was -20°C. The flow
of air could be adjusted by a needle valve and was mea-
sured by a rotameter. Patients were instructed to breathe
at a predetermined ventilation rate of 60% of the pre-
dicted indirect maximal breathing capacity (defined as
35×FEV1) by maintaining the size of a guide balloon.
To avoid hypocapnia, CO2 was added to the system at a
rate of 5% of the predetermined minute ventilation [12].
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Table 1.  –  Subject characteristics, anthropometric and
spirometric data

BDP Placebo
group group

Sex  M/F 10/10 10/10
Age  yrs 29±7 28±6
Height  cm 172±7 172±12
Weight  kg 75±12 74±14
FEV1 % pred 101±12+ 92±12
IVC  % pred 107±13 103±11
PD20 µmol 1.3±1.3 1.1±1.9

Values are presented as mean±SD. BDP: beclomethasone dipro-
pionate; M: male; F: female; FEV1: forced expiratory volume
in one second; IVC: inspiratory vital capacity; PD20: provoca-
tive dose of histamine producing a 20% fall in FEV1. +: p=0.02,
compared to placebo group.

Table 2.  –  Forced oscillation parameters before and after cold air bronchoprovocation at entry

BDP Placebo
Before IHCA After IHCA Before IHCA After IHCA

R8 kPa·s·L-1 0.314±0.082 0.650±0.200** 0.363±0.074 0.679±0.201**
R28 kPa·s·L-1 0.352±0.085 0.418±0.070** 0.377±0.081 0.430±0.102**
FD  kPa·s·L-1 0.002±0.002 -0.012±0.008** 0.001±0.003 -0.012±0.007**
X8 kPa·s·L-1 -0.012±0.024 -0.274±0.248** -0.014±0.038 -0.273±0.241**
f 0 Hz 9.1±1.7 28.6±10.1** 10.3±3.4 29.3±7.9**

Values are presented as mean±SD. BDP: beclomethasone dipropionate; R8: resistance at 8 Hz; R28: resistance at 28 Hz; FD: fre-
quency dependence of resistance ((R28-R8)/20); X8: reactance at 8 Hz; f 0: resonant frequency. **: p<0.01, within group compa-
rison before and after IHCA. At entry, no statistically significant differences were observed between groups.



Hyperventilation was sustained for 3 min, after quiet brea-
thing into the system for 1 min. Prior to cold air bron-
choprovocation, three successive measurements of the
respiratory impedance by forced oscillations were per-
formed, followed by flow-volume measurements using
a pneumotachograph (Masterlab; Jaeger GmbH, Würz-
burg, FRG). Three minutes after cold air bronchopro-
vocation, measurements were repeated in the same order.

Forced oscillation technique

The technique used in this study is similar to the
method developed by LANDSÉR et al. [23], and has been
published previously [18, 21, 22]. In short, a complex
pseudorandom noise oscillation signal, containing var-
ious harmonics in steps of 4 Hz ranging 4–52 Hz, was
applied at the mouth during spontaneous quiet breath-
ing. Cheeks and mouth floor were supported by the
hands of the patient. Mouth pressure and flow rate were
recorded by transducers (MP45®; Validyne, Northridge,
CA, USA), and the recorded signals were fed directly
into a Fourier analysing system, calculating impedance
values for each frequency applied. The impedance value
can be divided into a resistance (R) and a reactance (X).
The total resistance of the respiratory system (Rrs) is
the sum of resistance of central airways, peripheral air-
ways, lung parenchyma and chest wall. In normal indi-
viduals, the resistance increases with increasing frequency
of the signal applied [18, 20]. The slope of the curve is
defined by (R28 - R8)/20 and is called the frequency de-
pendence of resistance (FD) [18, 21, 22].

The reactance value depends on the elastic and the
inertial properties of the system. The frequency at which
the sum of elastic and inertial properties equals zero is
called the resonant frequency (f0) For this study, resis-
tance was measured at 8 Hz (R8), at 28 Hz (R28), and
frequency dependence of resistance (FD). The reactance
of the impedance was characterized by reactance at 8
Hz (X8) and the resonant frequency (f0). Only imped-
ance values with a coherence function (comparable with
a signal-to-noise-ratio) equal to or greater than 0.95 were
used for analysis.

Data analysis

All data described are mean±SD, unless otherwise spec-
ified. Differences between groups were compared using
Mann-Whitney U-test. In order to evaluate differences
between the two treatment regimens, repeated measures
analysis of variance (ANOVA) (BMDP Statistical Soft-
ware Inc., Los Angeles, CA, USA) was performed; this
statistical method allows comparison of individual res-
ponses and compensates for baseline response differen-
ces. The model used in this study assumes a fixed effect
of treatment in time. Differences were considered signi-
ficant at a p-value less than 0.05 (two-sided).

Results

Thirty five of the 40 patients completed the study. In
the placebo group, three patients withdrew, one patient
at 2 weeks, and two patients at 4 weeks, because of

lack of co-operation. In the beclomethasone dipropio-
nate group, two patients were excluded from the study
at 6 weeks of treatment; one patient due to inability to
attend the follow-up visit in time. The other patient had
to be treated with oral corticosteroids for generalized
eczema, which she had also experienced before the study.
All data up to withdrawal have been included in the
analysis.

Patient characteristics of both groups are presented in
table 1. At entry, the BDP-treated group showed a hig-
her baseline FEV1 than the placebo group (101 versus
92% pred; p<0.02). Baseline values for forced oscilla-
tion parameters (table 2) were not statistically different
between groups, although a slightly lower value for R8
was observed in the BDP group than in the placebo
group (0.314 versus 0.363 kPa·s·L-1; NS). IHCA result-
ed in similar changes in both groups. FEV1 decreased
(mean±SD) 18±15% pred from baseline in the BDP group
and 19±14% in the placebo group. Impedance measure-
ments after cold air bronchoprovocation yielded a simi-
lar change in forced oscillation pattern in both groups:
a large increase in R8, a small increase in R28, the occu-
rrence of a negative slope of the resistance-frequency
curve, a more negative value of X8 and an increase in
f0 (table 2). At entry, no statistically significant differ-
ences in flow-volume and forced oscillation changes
were observed between groups after IHCA.

Baseline impedance and flow-volume measurements
did not change significantly in either treatment group
during 6 weeks of treatment. After 6 weeks of beclome-
thasone dipropionate treatment, statistically significant
changes were observed in forced oscillation response
to IHCA (fig. 1a–d). Treatment with beclomethasone
dipropionate resulted in: a diminished increase of R8 af-
ter IHCA (at entry (mean±SD) 0.336±0.174 kPa·s·L-1;
after 6 weeks 0.250±0.160 kPa·s·L-1 (p=0.006; -26%
baseline)); a decrease in steepness of the slope (FD) of
the resistance-curve after IHCA (at entry -0.013±0.009
kPa·s·L-1; at 6 weeks -0.009±0.006 (p=0.001; -31% base-
line)); a decrease in X8 changes after IHCA (at entry
-0.263±0.246 kPa·s·L-1; after 6 weeks -0.155±0.105 (p=
0.012; -41% baseline)); and a decrease in change of f0
after IHCA (at entry 19.5±10.1 Hz; after 6 weeks 13.3±9
Hz (p=0.015; -32% baseline)).

In contrast, flow-volume measurements only yielded
a statistically significant change in inspiratory vital capa-
city (IVC) after IHCA (at entry -6.1±8.0% pred; after
6 weeks -3.1±3.4% pred (p=0.01)). No significant changes
were observed in other parameters (fig. 2).

Levels of total serum immunoglobulin E (IgE) were
found to be significantly correlated with the level of
response to BDP as measured by FOT (Spearman rank
correlation for changes in R8 after 6 weeks BDP in com-
parison to entry (r=-0.80; p<0.001); for changes in freq-
uency dependence (r=0.81; p<0.001); for changes in X8
(r=-0.68; p<0.01) and for changes in f0 (r=-0.88; p<0.001)
(fig. 3). No significant correlations were found for total
numbers of eosinophils and histamine PD20 levels and
response to inhaled steroids in this patient group.

No clinically significant differences were observed in
asthma symptom score, peak flow registration and peak
flow variability between groups both at entry and after
6 weeks. Adverse effects were reported by six patients
in the BDP-treated group: complaints of a sore throat
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Fig. 1.  –  Changes in: a) resistance at 8 Hz (∆R8); b) frequency dependence of resistance ((R28–R8)/20) (∆FD); c) reactance at 8 Hz (∆X8); and
d) resonant frequency (∆f0) after isocapnic hyperventilation with cold air (IHCA) for individual patients, both at entry and after 6 weeks follow-
up. Treatment with beclomethasone dipropionate (BDP) during 6 weeks resulted in statistically significant changes for all parameters shown.
Horizontal bars represent the mean value.
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Fig. 2.  –  Changes in: a) forced expiratory volume in one second (∆FEV1); and b) inspiratory vital capacity (∆IVC) after isocapnic hyperven-
tilation with cold air (IHCA) for individual patients. Figures show data obtained at entry and after 6 weeks follow-up. Treatment with beclometha-
sone dipropionate (BDP) resulted in a small change in the fall of IVC after IHCA. No statistically significant effect was observed for FEV1. NS:
nonsignificant. Horizontal bars represent the mean value.



(2 patients); hoarseness (2); and dry cough (1); and one
patient was suspected of oral candidiasis. However, no
smear was made to evaluate the presence of oral can-
didiasis. In the placebo group, a dry irritant cough was
reported by one patient, and two patients complained of
a sore throat.

Discussion

In this study, inhaled beclomethasone dipropionate
(BDP) reduced bronchial hyperresponsiveness in stable
mild asthmatic patients, as assessed by IHCA. The FOT
was more sensitive in detecting BDP-induced changes
in bronchial tone after IHCA in comparison to conven-
tional flow-volume recording. Furthermore, a high cor-
relation was observed between serum IgE levels and the
effect of BDP on IHCA, as measured by forced oscil-
lation technique.

At the present time, inhaled corticosteroids play an
important role in the treatment of asthma. Inhaled cor-
ticosteroids reduce BHR to pharmacological stimuli in
a dose- and time dependent way [7–9, 24]. This report
is the first to discuss the influence of inhaled BDP on
the bronchial challenge with IHCA in asthmatic patients
assessed both with FOT and conventional pulmonary
function testing. Impedance measurement of the respi-
ratory system was chosen to overcome modulation in
bronchial tone, which may result from a preceding deep
inspiratory manoeuvre [7, 16]. In the present study, a
characteristic pattern of changes after IHCA was ob-
served in forced oscillation parameters; an increase of
resistance at lower frequencies, the development of a
negative slope of resistance, and an increase in resonant
frequency. This pattern of changes is characteristic for
asthmatic patients, and these results concur with previ-
ous studies [20–22].

The present study showed that BDP, 1,000 µg·day-1 for
6 weeks, significantly attenuated the response to IHCA
assessed with the FOT, whereas only small changes in
FEV1 response to IHCA were observed. From the lite-
rature, one would expect an effect of BDP on change
in FEV1 after IHCA, but considering the large vari-
ability in FEV1 changes after IHCA detected in this
patient population, it is likely that the number of patients
in the study was not high enough to detect differences
in FEV1. No changes were detected in asthma symp-
tom scores or PEF scores in the BDP-treated group, but
this is not surprising considering the fact that all of the
patients had mild asthma. Furthermore, it appeared that
the patients treated with BDP were the patients with the
better values of FEV1.

So far, no other studies have been published using FOT
in response measurements of corticosteroids in IHCA.
Several reports have been published regarding the influ-
ence of long-term treatment with inhaled corticosteroids
on exercise-induced asthma [25–27], and on eucapnic
hyperventilation with room air [28, 29]. Only one study
has evaluated the effect of an inhaled corticosteroid on
IHCA [30]. In this study, budesonide, 800 µg·day-1 for
4 weeks, induced a small but significant change in FEV1
(-8.5%) after IHCA in asthmatic patients. Other studies
[27, 29] have observed larger effects of inhaled cortico-
steroids in exercise-induced asthma; however, in these
studies baseline FEV1 was clearly lower and BHR more
severe than in the present patient group. Apart from the
fact that the response to exercise in asthmatics is cor-
related with the severity of BHR as assessed by metha-
choline or histamine [31], the effect of pharmacological
intervention also depends upon the basic level of bronchial
reactivity.

In the present study, the FOT detected changes in air-
way bronchial tone that were not detected by conven-
tional flow-volume recordings. The superiority of FOT
in detecting differences in bronchial tone in comparison
to conventional flow-volume recordings was noted pre-
viously. WESSELING and WOUTERS [21] noted differences
in forced oscillation recordings in IHCA at 40% maxi-
mum breathing capacity, whereas no difference was
observed in FEV1. VAN NOORD et al. [19] described the
reciprocal value of the resistance at 6 Hz as a more sen-
sitive parameter for detection of histamine-induced bron-
choconstriction in asthmatics than FEV1 measurement
in response evaluation. Only measurement of specific air-
ways conductance (sGaw) proved more sensitive in pati-
ents with more or less normal lung function.

Furthermore, the present study also observed that the
effect of BDP on IHCA, as assessed by FOT, was sig-
nificantly correlated with total serum IgE. Patients with
high levels of IgE showed a greater response to treat-
ment with BDP than patients with lower levels. These
findings concur with a previous study, wherein response
to inhaled corticosteroids in asthmatic patients, measu-
red by changes in histamine PC20, was also correlated
with total serum IgE levels [32].

Up till now, several mechanisms have been proposed
to explain airway obstruction induced by exercise, i.e.
hyperventilation with cold air [33]. Inhaled corticoster-
oids could influence response to cold air challenge by re-
ducing plasma exudation in asthmatic airways [34] or by
modulating secondary mediator release by inflammatory
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Fig. 3.  –  A significant correlation was observed for immunoglobu-
lin E (IgE) levels at entry and changes in forced oscillation parame-
ters following isocapnic hyperventilation with cold air (IHCA) after
6 weeks treatment with beclomethasone dipropionate (BDP). The
Y-axis indicates the IHCA-induced ∆f 0 after 6 weeks treatment with
BDP in comparison to baseline response. The figure shows a signi-
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∆f 0 (r=-0.88; p<0.001, Spearman rank correlation). Note that IgE le-
vels are shown on a logarithmic scale.



cells. Bronchial biopsy studies have shown that even in
mild asthmatic patients inflammatory cells are present
in the airways [5]. BDP was shown to reduce the num-
ber of eosinophils and mast cells in the bronchial mucosa
of asthmatic patients after 6 weeks of treatment [35]. In
the present study, however, no bronchial biopsies were
performed and, therefore, no answer can be provided
regarding the mechanism by which BDP influences BHR
in this study.

In conclusion, this study has demonstrated that treat-
ment with beclomethasone dipropionate, 1,000 µg·day-1

for 6 weeks, modulated bronchial response to isocapnic
hyperventilation with cold air in patients with mild sta-
ble asthma We have also shown that the technique of
forced oscillation was more sensitive to change in bron-
chial tone than conventional flow-volume recordings,
and represents a sensitive technique to assess pharma-
cological modulation of indirect bronchial hyperrespon-
siveness.
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