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Chapter 1
General Introduction

Background
Asthma is a chronic disease of the airways, characterised by episodes of airflow obstruction due to
airway inflammation Periods of symptoms of airflow obstruction (shortness of breath, wheeze,
cough, phlegm production) are interchanged with symptom-free periods Although it is possible to
support patients to obtain objective information about airflow obstruction, reporting of symptoms is
the key to diagnosis and treatment Perception of symptoms therefore determines whether patients
are able to report their illness There are clear indications that perception of symptoms is a problem
for many patients, and this is the more important given the special character of asthma important not
only for initial diagnosis, but also for each subsequent episode There are important differences
between asthmatic subjects in the way they perceive their asthma symptoms ' 4 Some asthmatic
subjects have a poor perception of respiratory sensation and may be at risk for developing severe
asthma without subjective warning ' 4 These patients may not receive optimal therapy because of
underdiagnosis due to underpresentation of their respiratory symptoms 5 Patients with a poor
perception of their symptoms of asthma even seem to have an increased risk of a near fatal asthma
attack 4 It is of clinical importance to identify patients who are likely to have a poor perception of
their symptoms To prevent patients from fatal or near fatal asthma, it is important to detect the
factors that influence poor perception of asthma symptoms
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Perception of asthma symptoms
Symptoms are subjective events and obviously only apparent to the affected person. Its presence can
only be recorded through verbal or non-verbal reporting by the individual.6 In contrast, a sign is an
objective symptom of a disease, independently detectable by another person. Breathlessness is a
symptom; wheeze and bronchoconstriction are signs. In this thesis we mean by the perception of
asthma symptoms, the perception of objective indicators of asthma like bronchoconstriction and
effect of irritants on the airway mucosa. Breathlessness, shortness of breath, and dyspnea are
expressions used to describe the experienced discomfort with breathing.7 This can be experienced
under physiological conditions - by healthy subjects - or as the consequence of disease. Asthma is
one of the diseases that manifest itself with 'shortness of breath'. These respiratory symptoms are
sensory experiences. The mechanisms underlying the respiratory sensation remain a matter of
intensive scientific research and debate.7,8 The concept of'perception of respiratory sensation' in this
thesis involves the relationship between the perceived respiratory sensation, and the signs of the
pathophysiological mechanism underlying asthma. In this thesis the perception of asthma symptoms
is defined as the subjective quantification of the stimulus intensity (the experienced respiratory
sensation) in relation to the physiologic change.

Factors related with poor perception
Since the early classic study of Rubinfeld and Pain', an increasing interest can be observed in the
problem concerning poor perception of the severity of asthma. This study showed that a considerable
proportion of patients with asthma were unable to sense the presence of serious airway obstruction.
These poor perceivers could not be characterised on basis of their age, sex, and duration of history of
asthma ' Since then, research has been carried out to study the influence of biomedical and
psychological factors on the perception of asthma symptoms.
Investigators have attempted to determine the factors that influence the perception of asthma
symptoms from biomedical and psychological factors. Psychology orientated researchers focus on
explaining over-perception (experience of respiratory sensation without objective
bronchoconstriction), whereas biomedically orientated researchers concentrate on blunted perception
(patients who experience no symptoms of asthma during serious bronchoconstriction).9 Although,
psychological studies can also investigate the influence of psychological factors on blunted
perception and otherwise, biomedical studies can focus on over-perception, these studies are in
general less common Both biomedical and psychological factors that influence the perception of
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asthma symptoms have to be integrated to have a full understanding of the way patients perceive the
severity of their illness
As described before the early classic study of Rubinfeld and Pain found no relationship between
age and sex with blunted perception ' Afterwards, many investigators have studied the influence of
age and sex on the perception of asthma symptoms However, there are conflicting findings of the
influence of age on perception, with studies reporting no age or sex relation10 ", and others reporting
the younger1215 and female12 perceiving better The cause for the difference is not clear It is likely
that the population studied and study design might affect the results Furthermore, there are also
conflicting results of the influence of the seventy of asthma on the perception of symptoms Several
studies found that high bronchial hyperresponsiveness has a negative influences on the perception of
asthma symptoms'216, while other studies failed to show any influence of the seventy of airway
responsiveness on the perception of airway obstruction ' 7 " For daily practice, it is especially
important to identify whether seventy of asthma is related to patients' perception, since detenoration
in patients with severe asthma warrants rapid intervention These patients are at nsk since poor
perceivers do not present their corresponding detenorating symptoms, will not avoid stimuli, will not
take adequate medication, and will not seek medical help
Furthermore, the influence of asthma medication on perception of bronchoconstnction is also of
interest for daily practice, since patients evaluate their medication treatment mainly on the degree of
asthma symptoms and might be modulated by the ability to perceive asthma symptoms However,
the influence of asthma medication on the ability to perceive symptoms is still to be documented
The few studies by others who investigated the effect of bronchodilators and of inhaled
corticosteroids on the perception of airway obstruction showed no effect of bronchodilators and a
positive effect of inhaled corticosteroids on the perception of airway obstmction2021 Bronchial
hyperresponsiveness has been suggested to form an important link in the hypothesized mechanisms
of asthma medication influencing the perception of asthma symptoms 21 This hypothesis is descnbed
below

Hypothesis
In figure 1 1 we present the possible underlying mechanisms in the relationship between the use of
asthma medication and the perception of asthma symptoms Bronchial hyperresponsiveness has been
found to be a negative factor in influencing the perception of asthma symptoms l6 2122 Two different
mechanisms of the relationship between bronchial hyperresponsiveness and perception of asthma
symptoms have been proposed Firstly, Burdon et al 16 suggested that those subjects who frequently
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develop acute airflow obstruction acquire a degree of tolerance that reduces the sensory intensity of
the experience compared with that in less reactive subjects. This mechanism is called temporal
adaptation (dotted arrows in figure 1.1). Secondly, it has been suggested that afferent nerves that
Figure 1.1

Schematic presentation of the possible influence of chonic bronchodilator use and use of
inhaled corticosteroids on the perception of asthma symptoms

frequent bronchoconstriction

\
use of inhaled
corticosteroids

bronchial hyperresponsiveness

chronic use of
ß2-agonist

perception of symptoms

"T"
I
health care behaviour.
- treatment compliance
- allergen exposure

Temporal adaptation due to frequently developed airflow obstruction

=•

Impaired perception as a consequence of impaired sensory receptors
due to inflammation in the airways
Effect of ß2-agonists on perception and the consequence on
bronchial responsiveness due to inadequate health care behaviour
Effect of inhaled corticosteroids and ß2-agomsts
on the bronchial responsiveness and bronchoconstriction
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participate in the perception of bradykinin-mduced bronchoconstnction may be impaired by
neurotoxins released by activated eosinophils in bronchial hyperresponsive patients (double arrow in
figure 1 I ) 2 1
Both the use of inhaled corticosteroids and the chronic use of ß2-agonists have been shown to
have a possible effect on the degree of bronchial hyperresponsiveness

23 26

Several studies showed

that the chronic use of ß2-agonists has detrimental effects, resulting in increased bronchial
hypperresponsiveness It has been suggested that chronic use of short-acting ß2-agonists led to
tolerance to its protective effects against bronchoconstnctor stimuli, whereas its bronchodilator
properties remained unchanged 25"27 So, the increased bronchial hyperresponsiveness after chronic
use of ß2-agonists might be a result of a reduced protective effect against bronchoconstnctor stimuli
Furthermore, several studies showed that regular, prolonged use of inhaled steroids can produce
marked improvements in airway hyperresponsiveness

28 30

The chronic use of ß2-agonists might also influence the perception of symptoms in a direct way,
because patients will have no warning against a possible deterioration of their disease This reduced
perception might have an effect on their health care behaviour (for instance non-compliance with
medication treatment or no incentive to stay away from allergens, as there is no warning against
repeated exposure), so that the protection might be reduced against progressive airway inflammation
with increasing bronchial hyperresponsiveness (stnped arrows in figure 1 1 ) Chronic bronchodilator
use also counteracts the bronchoconstnction which might reduce the negative influence of the
adaptation mechanism, but the possible negative consequence of chronic use of these drugs on the
bronchial responsiveness may eventually have negative consequence for the degree of
bronchoconstnction in the long-term

31

These theories have resulted in the following hypothesis that

is proposed in chapter 6 and 7 of this thesis ( 1 ) increased bronchial hyperresponsiveness, due to the
chronic use of ß2-agomsts, leads to a decrease m the perception of airway obstruction and (2) the
use of inhaled corticosteroids

will improve the bronchial hyperresponsiveness

consequently a positive effect on the perception of

and have

bronchoconstnction

The second part of this thesis focuses on biomedical factors and their influence on blunted
perception The study looks in particular on the influence of asthma medication (bronchodilators and
inhaled corticosteroids) on the perception of asthma symptoms Chapter 6 and 7 describe the study
that investigated the perception of bronchoconstnction during chronic use of short-acting and longacting ß2-agonists, with and without the additional use of inhaled corticosteroids The influence of
the seventy of asthma, age and sex on the perception of asthma symptoms was studied and descnbed
in chapter 5
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Methodological issues
One of the problems in this research area has been the difficulty of measuring perception of asthma
symptoms and finding a perception index that is both a valid and practical parameter of the
'perceptiveness' of a subject In symptom perception research an operationalisation has to be made of
the subjective quantification of the stimulus intensity in relation to the physiologic change
Measuring the perception of respiratory stimuli can be divided in two fundamental different
research methods measuring the perception of stimuli with a direct and with an indirect method 3 2 33
The indirect method investigates the ability of a person to detect changes in stimulus intensity
Research with indirect measurements involves for instance questions how well a person can
discriminate one stimulus from another The direct measurement of the perception of a stimulus
investigates a person's subjective quantification of an absolute stimulus intensity With direct
measuring, the perceiver tries to quantifies the magnitude of the stimulus intensity In this study the
perception of respiratory sensation is measured by the direct scaling method We were interested in
two aspects of a person's perception of respiratory sensation Namely, whether a person is sensitive
for changes in stimulus intensity, and the absolute perceptual magnitude of a defined stimulus
intensity
Stevens has shown sensation magnitudes can be described by a power function of stimulus
intensity in the function Ψ=1<Φη, where Ψ is the subjective qualification of the stimulus, k is a
scaling constant, Φ is the physical change that produces the stimulus, and η is the relative
sensitivity 3 3 This function describes the relationship between stimulus and sensation over a wide
range of stimuli The power function of Stevens has been used to explore many sensations including
4

36

breathlessness during added loading tests' ^ , but has not been tested to our knowledge during a
histamine or methacholine challenge test Several perception studies, making use of an induced
bronchoconstriction as a stimulus, used the linear regression analysis to describe the relationship
between changes in stimulus and the corresponding sensation, in which the slope of the regression
line (a) is used as the parameter to quantify the 'perceptiveness' of the patient ' 2 ' 6 2 ' 3 7 The higher a,
the more sensitive a person is to symptoms such as breathlessness Although the exponent (n) in
Stevens' power function as expression for the 'perceptiveness' of a subject is probably the most valid
one, it is a less practical parameter to use and interpret during a routine bronchial challenge test than
a linear regression coefficient (slope) Therefore, one of the questions in this thesis was whether the
linear regression coefficient (slope) is appropriate to describe the relationship between the stimulus
intensity and the associated sensation in stead of the exponent (n) in Stevens' power function in the
situation of a bronchial challenge test
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The slope or the exponent as index of the perceptual 'sensitivity' for differences in stimulus gives
no indication of the absolute perceptual magnitude of a patient An intercept is needed to express the
perceptual magnitude So, there are two aspects in the perception of asthma symptoms that can be
identified 1 ) the perceptual sensitivity (describing the relation between the change in perceptual
magnitude and the change in stimulus) and 2) the absolute perceptual magnitude (a representation of
the personally assessed inconvenience at a defined stimulus intensity, e g AFEVi=-20%) Both
indices give additional information about the symptom perception of a patient There may be patients
with a low sensitivity and a high absolute perceptual magnitude These patients estimate their
respiratory distress as very inconvenient but can hardly differentiate between different degrees of
respiratory distress Both, the perceptual 'sensitivity' and 'absolute perceptual magnitude' have been
used in symptom perception research that investigated the influence of biomedical factors on the
perception of asthma symptoms
From the results of these studies it can be deduced that
the above described perception indices (perceptive 'sensitivity' for changes in stimulus intensity and
the absolute perceptual magnitude) are not necessarily related to the same clinical characteristics For
instance, it has been shown that the seventy of bronchial responsiveness is associated with a reduced
perception of airway obstruction, using the 'sensitivity' index (slope) '
However, Turcotte et al
found no relationship between bronchial responsiveness to histamine and the perception of
bronchoconstnction using the perception score at 20% reduction in FEVj as index for the perception
of bronchoconstnction '8 This discrepancy in results makes it interesting to investigate clinical
patient characteristics that may be related with the described aspects of the perception ('sensitivity'
and 'absolute perceptual magnitude') and is the second research question in this thesis
The assessment of the relationship between the subjective quantification of the stimulus intensity
and the objective physiologic change, during an induced brochoconstnction test, has several
methodological problems First there is the standardisation of the bronchial challenge test The
experimental circumstances are different between individuals, because the number of inhaled
concentrations and the experimental time are dependent of the bronchial hyperresponsiveness of a
patient In very hyperresponsive patients only three or less concentration steps can be administered
Also the stimulus range is limited to (ethical) boundaries One cannot impose very severe
bronchoconstnction in patients There is always a fixed sequence of stimuli in the bronchial
hyperresponsiveness-testing the patient knows that the next stimulus will be stonger than the
previous one These circumstances might introduce a problem for the assessment of the perception
by the slope between respiratory sensation and the physical change, as the determination requires an
adequate number of observations over a wide range of stimulus intensityA An alternative method for
studying perception of symptoms is the estimation of externally applied resistive or elastic loads on
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breathing, e g when subjects breathe through a threshold loading device This method has
methodological and practical advantages The procedure can be conducted in an extensive range of
stimulus during various added loads at random sequence, making it difficult for patients to give
socially desirable answers, which are handicaps of the regular provocation test The third aim of this
thesis was to develop a method for measuring the perception of respiratory sensation during
breathing through a threshold loading device in which the mentioned drawbacks of the bronchial
provocation test are absent Both tests will be interchangeable when the assessment of the perception
of respiratory sensation diagnosed by a threshold loading test give comparable results as caused by a
histamine bronchial provocation test
Part one of this thesis describes the studies of three of the above mentioned methodological
questions In chapter 2 the investigation is described whether the slope in the linear regression model
between stimulus and sensation during histamine challenge is an appropriate index for the
'perceptiveness' for bronchoconstnction by comparing it with the classical Stevens' law In chapter 3
the study is described of the clinical characteristics that are related with the two different aspects of
the perception of bronchoconstnction ('sensitivity' and 'absolute perceptual magnitude') In chapter 4
we describe the assessment of the perception of respiratory sensation by a threshold loading test
(inspiratory and expiratory) identifies the same subjects as poor perceivers when compared with the
assessment by a histamine bronchial provocation test

Patients selection and study design
From 1993 to 1997 a study was performed to investigate the influence of the chronic use of shortacting and long-acting ß2-agonists, with and without the additional use of inhaled corticosteroids on
patient's lung function, bronchial hyperresponsiveness and the perception of asthma symptoms 4'
General practitioners were asked to select patients, out of a group of 3343 house dust mite allergic
subjects (selected from registers of the departments of allergy of 9 hospitals in the eastern part of The
Netherlands), with the following conditions age 16-60 years, bronchial symptoms or a clinical
diagnosis of asthma 868 persons were not invited because the GP did not want to co-operate or
because the patient could not be traced, 934 persons did not meet the above mentioned criteria
Eventually, 1541 patients were invited for the study by their GP's 406 persons did not respond to the
invitation, 594 refused to participate and in 85 cases the pulmonary physician advised negatively
about participating Subsequently, 456 patients then visited the lung function laboratory for an
inclusion assessment The inclusion assessment consisted of the following criteria house dust mite
allergic patients (positive intracutaneous allergen test histamine equivalent weal size >0 7 on
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10.000BU); FEVi > 50% of predicted value; PC20 on histamine < 8 mg/ml and/or reversibility of
obstruction at least 15% compared to baseline FEVi after inhalation of 800 μg salbutamol; lower
airway complaints; no dependency on oral or inhaled corticosteroids. Eventually, 258 patients met
these criteria, of whom 204 agreed to start with the study.
This group was studied in a randomised controlled trial during two periods of 12 weeks of chronic
use of a short-acting (salbutamol (mdi), 2* 100μg qid), or a long-acting (formoterol (mdi), 1 * 12μg
bid) p2-agonists, with and without combination of inhaled corticosteroids (beclamethasone
diproprionate (mdi), 4* 200 μg bid). Before each period an 8-week washout period for all pulmonary
medication was started, the subjects only used rescue medication on demand (Berodual® (dpi),
ipratropium bromide 40μg and fenoterol hydrobromide 100μg). This study-design is presented in
figure 1.2. Every four weeks patients' lung function and bronchial hyperresponsiveness were tested,
during the 12-week period with medication treatment.
Figure 1.2

Study design

WeekO

12
I
I
I
I

J Short acting ß2-agonist (+ IC)
Inclusion
Long acting ß2-agonist (+ IC)

Placebo (+ IC)

]
8 wks
Wash-out

12 wks
Study medication
Year 1 : only ß2-agonist
Year 2: ß2-agonist + additional inhaled corticisteroids (IC)
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Aims of the study
The studies described in this thesis were performed in order lo answer the following questions:
1 Is the slope in the linear regression model between stimulus and sensation during histamine
challenge an appropriate index for the 'perceptiveness' for bronchoconstriction? (chapter 2)
2 Which clinical characteristics are related with the two different aspects of the perception of
bronchoconstriction ('sensitivity' and 'absolute perceptual magnitude') in asthmatic patients?
(chapter 3)
3 Can the assessment of the perception of respiratory sensation by a threshold loading test
(inspiratory and expiratory) identify the same poor perceivers, as compared with the assessment
by a histamine bronchial provocation test? (chapter 4)
4 Is there an influence of

bronchial obstruction, hyperresponsiveness, sex and age on the

perception of bronchoconstriction by asthmatic patients? (chapter 5)
5 Is there an influence of the chronic use of short-acting and long-acting ß2-agonists, with and
without the additional use of inhaled corticosteroids on the perception of histamine induced
bronchoconstriction? (chapter 6 and 7)
6 Is there an influence of inhalation device (Autohaler versus MDI) and of patient's subjective
opinion towards the different devices on medication compliance? (chapter 8)
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Abstract
Background One of the problems in research on symptom perception during histamine challenge has
been the difficulty in finding both a valid and practical parameter of the 'perceptiveness' for
bronchoconstriction in a subject The purpose of this study was to validate whether the slope in the
linear regression model between stimulus and sensation during histamine challenge is an appropriate
index for the 'perceptiveness' for bronchoconstriction by comparing it with the classical Stevens' law
Methods One hundred and thirty-four asthmatic patients were included and underwent a bronchial
challenge with histamine The relationship between the change in visual analogue scale (VAS)
values and the change in forced expiratory volume in one second (FEV]) as percentage of baseline
value was analysed by determining both the exponent η in AVAS=k*(%AFEV|)n and the slope am
AVAS=k+a(%AFEVi) The best-fitting line of both the exponential and the linear regression model
were determined by the least-squares method in which the percentage explained variation (R2) was
compared
Results The median value of R2 of the exponential regression line and the linear regression line was
0 76 and 0 83, respectively, and significant different The Spearman rank correlation coefficient
between exponent η in the exponential model AVAS=k*(%AFEV|)n

and the slope a in the linear

regression model AVAS=k+a (%AFEV|) was 0 87 (95% confidence interval 0 83 - 0 91)
Conclusion On the basis of the results, it was concluded that the linear regression coefficient can be
used as a valid expression to describe the 'perceptiveness' of an asthmatic subject instead of Stevens'
power-function during histamine challenge

Introduction
Poor perception of bronchoconstriction may be a major underlying cause of fatal or near-fatal asthma
2

attacks ' It is important to identify patients with a poor perception of bronchoconstriction

In this

study, the perception of bronchoconstriction is defined as the subjective quantification of stimulus
intensity in relation to the physiological change One of the problems has been the difficulty of
measuring the perception of bronchoconstriction and finding an index that is both a valid and
practical parameter of the 'perceptiveness' of a subject It is in the interest of daily diagnostic
healthcare to use an index that both corresponds with the actual 'perceptiveness' of the patient and
can also serve for practical use and interpretation by the practitioner
Stevens5 showed that sensation magnitude is a power function of stimulus intensity in the function
Τ=ΛΦη, where Ψ is the subjective qualification of the stimulus, k is a scaling constant, Φ is the
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physical change that produce the stimulus, and η is the relative sensitivity. This function describes
the relationship between stimulus and sensation over a wide range of stimuli. The power function of
Stevens has been used to explore several sensations including breathlessness during added loading
tests6"9, but to the authors' knowledge has not been tested during a histamine or methacholine
challenge test. The bronchial challenge test with histamine or methacholine is the most common
diagnostic lung function test to measure the bronchial responsiveness of a patient. In addition to the
assessment of bronchial responsiveness, the provocation test has been used to induce airway
obstruction as a stimulus to measure a subject's perceptiveness of the associated sensation.10"18 Some
of these studies have used linear regression analysis to describe the relationship between change in
forced expiratory volume in one second (FEVi) and visual analogue scale (VAS) values, in which
the slope of the regression line (a) is used as the parameter to quantify the 'perceptiveness' of the
patient.10"'3 The steeper the α the more sensitive a person is to signals of breathlessness. Other
studies used the amount of breathlessness score at a 10 or 20% fall in FEV ι as indicator of the
subject's perception.1415 This latter measurement is an index that indicates the absolute perceptual
magnitude, while the α is used as the parameter that indicate the patient's 'sensitivity' towards
changes in stimulus. In the present study, FEV ι was used as an index for airway obstruction and the
subjective quantification of breathlessness was measured on a VAS. According to Stevens' law, the
relationship between the reduction in FEV ι and VAS value can be described in the power function
AVAS=£*(%AFEVi)n, where η is the relative sensitivity to changes in FEVi When n=\, changes in
FEV; correspond linearly to changes in VAS; when «>!, small ranges of FF.V| correspond with a
wider (exponential) range of VAS; and when n<\, wide ranges of FEV ι correspond with a smaller
(exponential) change in VAS. Although the exponent («) as an expression for the 'perceptiveness' of
a subject is probably the most valid one available, it is a less practical parameter to use and interpret
during a routine histamine challenge test than a linear regression coefficient (slope) Therefore, the
'perceptiveness' for bronchoconstriction during a histamine challenge test was studied in asthmatic
patients using the linear regression coefficient (slope) between the stimulus and sensation, and this
was compared with Stevens' law. The appropriateness of describing the relationship between two
variables by a regression analysis (exponential or linear) was analysed by determining the best fit of
the particular model. A congruence between the best fit of the linear regression model and the best fit
of the exponential model would indicate that the linear regression model can be used to describe the
relationship between the stimulus and sensation. This would imply that the identification of poor
perceivers can be carried out in a standerdized procedure during a routine diagnostic test, by
determining the linear regression coefficient.
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Methods
Patient selection
Patients were recruited from a research project on symptom perception in house dust mite allergic
asthmatic patients aged 16-60 yrs, during bronchodilator treatment.19 Inclusion criteria for this
research project were: FEV ι > 50% of predicted value; provocative concentration causing a 20% fall
in FEVi (PC20) on histamine <8 mgAmL"1 and/or reversibility of obstruction >15% after inhalation
of 800 μg salbutamol (compared to baseline FEVi) and patients had to have lower airway symptoms.
The present study was performed at the first assessment of lung function parameters after inclusion
in the larger trial19. Only patients with asthma, with a baseline FEV| > 50% of predicted value who
qualified for a histamine challenge test, were recruited for the present study. Patients had to have a
bronchial provocation test with a minimum reduction in FEV| > 20% of baseline value with at least
two doubling doses of histamine, to determine a patient's 'perceptiveness' during this test. Informed
consent was obtained from each patient.
Bronchial provocation test
Each patient underwent a histamine inhalation test according to European Respiratory Society
standards.20 Prior to testing, no short-acting bronchodilators were used for at least 8 h and no longacting bronchodilators for at least 12 h. Doubling concentrations of histamine from 0.03 to 16
mgAmL"1 were administered until PC20 was achieved. The bronchial response to each dose of
histamine was expressed as the reduction in FEVi as percentage of baseline value.
Assessment of breathlessness
Breathlessness was measured before each measurement of FEVi with a VAS. The subjects rated the
magnitude of their respiratory sensation on a 100-mm horizontal VAS with the words 'minimum' and
'maximum' on the left and right side, respectively. The subjects were instructed that the word
minimum refers to 'no complaints of respiratory sensation such as shortness of breath, breathlessness
or chest tightness' and maximum stands for 'the worst respiratory complaints imaginable'. The
subjects were instructed to place a vertical mark on the line, such that its position, relative to the two
extremes, indicated the magnitude of respiratory sensation at the moment of the measurement. Every
subject was told that the purpose was to measure the magnitude of their breathlessness during the
test, and also that the magnitude of'no breathlessness at all' was possible. Previous VAS values were
not shown to the patients. VAS values at any dose of histamine were expressed as the difference
(mm) compared to baseline.21
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Expressions for the perception of bronchoconstriction
The relationship between the changes in VAS values and the changes in FEV ι as percentage of
baseline value was analysed in two ways. The first index («) is the exponent in the power function
Ψ=£Φ" , where Ψ is the change in VAS value, Φ is the change in FEV) as percentage of baseline
value, and k is a constant. The slope of the best-fit line between changes in VAS value and changes
in FEV, as percentage of baseline value as a function of logvF=logÂ:+n*logO, was taken as the
measured exponent («) in the power function Ψ=Ι(Φ". To perform the log-transformation, a constant
value was added to each value of Τ (changes in VAS) and Φ (changes in FEV)). This standard
summation was carried out to avoid negative or zero values which have been lost in the analysis. The
second index (a) is the slope of the linear regression analysis between changes in VAS values and
change in FEV ι as percentage of baseline value. A minimum of three points on the dose response
curve (in addition to the baseline value) were required in order to perform both regression analyses
(exponential and linear).

Analysis
Comparison of both models The best-fit lines of both the exponential and the linear regression
model were determined by the least-squares method and compared by the percentage explained
variation (r 2 ). Wilcoxon signed rank test were performed to compare the best fit of both models.
Comparison of the sensitivity indices exponent versus slope. The median value and 25 - 75th
percentile range of the perceptiveness score by means of the exponent η and the linear regression
slope α are presented. A Spearman rank correlation coefficient was calculated between values of
slope α and exponent η in order to investigate whether the most 'sensitive' perceivers of
bronchoconstriction who, according to Stevens' power function, are also the most 'sensitive' subjects
as indicated in the linear function. Calculations of mathematical expressions of the exponent η and
the linear regression slope a, are obviously more accurate when there are certain mathematical test
conditions present. These mathematical conditions and the results, taking into account these test
criteria, are described in the Appendix.
Index of the absolute perceptual magnitude The median value of the perception score at a 20% fall
in FEV ι was taken as the index of absolute perceptual magnitude. The perception score at a 20% fall
in FEV ι with regard to baseline (PS20) was obtained from the VAS response curve by linear
interpolation. The relationship between the 'sensitivity' index (slope a) with the 'absolute magnitude'
index (PS20) was observed by a scatter plot of slope α versus PS20·
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Results
Patients
One hundred and thirty-four out of a potential 162 asthmatic patients were included Clinical
characteristics of the 134 asthmatic patients who could be analysed are presented in table 2 1 Of the
162 subjects in the original trial, five patients had a baseline FEVi < 50% pred, one subject did not
speak Dutch, no data of respiratory sensation were recorded for four patients, nine patients had a
provocation test which consisted of only one doubling dose of histamine, and nine patients had a
bronchial provocation test with a reduction in FEVi < 20% of baseline value
Table 2 1

Clinical characteristics of the study population
Subjects (N= 134)

Age* yrs
SexF/M
PC2o# mgAmL '
FEV,* ml
FEV,* % pred
Medication used 4 weeks prior to testing
Beta2-agonist (<once a day)
Combination of ß2-agonist and anticholinergics (Berodual?)
<once a day
regular (Sonce a day)
Regular antihistamines (once a day)
Beclometason nose spray
<once a day
regular

34(11)
61/73
1 18(0 06- 16 00)
3229 (724)
86(15)
5
76
15
7
1
1

Data are presented as * mean (SD), # geometric mean (range), F female, M male, FEV, forced expiratory
volume in one second, PC20 provocative concentration causing a 20% fall in FEV,
Perception of respiratory sensation
There was considerable variability between subjects in the subjective quantification of the stimulus
at any level of FEV 1 reduction as a percentage of baseline value (figure 2 1) The median value of the
VAS value at the beginning of the histamine challenge test was 8 mm (25-75th percentile, 2-18 mm)
The median change in VAS value was 27 mm (25-75th percentile, 16-39 mm) and the median value
of the reduction in FEV, as percentage of baseline value was 26% (25-75th percentile, 23-31%) The
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median maximum VAS value was 41 mm (25-75th percentile, 26-58 mm).
Comparison of the two regression models
The median value of the r 2 of the exponential lines was 0.76 (25-75th percentile, 0.58-0.88), and the
median value of the r 2 of the linear regression lines was 0.83 (25-75th percentile, 0.67-0.91). A
Wilcoxon sign rank test between the r2 of both models showed a difference in the r 2 values, in which
the r2 of the linear model was greater than the r2 of the exponential model in 106 cases. In only 27
cases, the r 2 of the linear model was less than r 2 of the exponential model (p=0.0001). In one case,
the r 2 of both models were equal. Excluding patients who did not comply with extra statistical
conditions did not lead to important different results in the comparison of the two regression models
(see Appendix).
Figure 2.1

Scatter plot of the changes in visual analogue scale (VAS) value and the changes in forced
expiratory volume in one second (FEV,) as percentage of baseline value of 10 randomly selected
subjects.

changes in F E V I % baseline
'Sensitivity' indices of the perception of changes: slope and exponent
A histogram of the values of the exponent (n) in the power function Η^ΑΦ" is shown in figure 2.2.
The median value for exponent (n) was 0.85 (25-75th percentile, 0.51-1.27). In 77 (58%) patients the
η was <1. These patients scored small changes on the VAS compared with relatively large changes in
reduction in FEV, as percentage of baseline value. The other 57 (42%) patients had η > 1 and scored
relatively large changes on the VAS in spite of small changes in reduction in FEV) as percentage of
baseline value. Two examples of exponential lines are displayed in figure 2.3. Subject no. 34 was a
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patient with a relatively high perception of the reduction in FEVi and subject no. 13 was a patient
who was less sensitive to the reduction in FEVi. A histogram of the values of the slopes in the linear
regression analysis of the changes in FEVi as percentage of baseline value and changes in VAS value
is presented in figure 2.4. The median slope was 0.91 (25-75th percentile, 0.48-1.45).
Figure 2.2

Histogram of the values of exponents η as index of the perception of bronchoconstriction during
the histamine challenge test. The exponents are assessed in the power function Ψ =1<Φη, where Ψ
is the change in visual analogue scale (VAS) value and Φ is the change in forced expiratory
volume in one second (FEVi) as percentage of baseline value (η=Ι34). Median exponent (2575th percentile) = 0.85 (0.51 -1.27).
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Figure 2.3

Two examples from sensations during a histamine provocation test in two different subjects. The
exponents η as index of the perception of bronchoconstriction during the histamine challenge test
are assessed in the power function Ψ=Ι^Φη , where Ψ is the change in visual analogue scale
(VAS) value and Φ is the change in forced expiratory volume in one second (FEV|) as
percentage of baseline value. • : subject 34 (n=\ .62); • : subject 13 (n=0.59).
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Figure 2.4

Histogram of the values of linear regression slopes as index of the perception of
bronchoconstriction during the histamine challenge test. The slopes are assessed in the linear
regression analysis between the change in visual analogue scale (VAS) value and the change in
forced expiratory volume in one second (FEVi) as percentage of baseline value (n=l 34). Median
slope (25-75th percentile) = 0.91 (0.48-1.45).
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Figure 2.5

Scatter plot of the relationship between the 'sensitivity' index (slope in the linear regression
model AVAS=k+(%AFEV|) with the 'absolute perceptual magnitude' index (perception (VAS)
score at a 20% fall in FEV,, PS20). VAS: visual analogue scale: FEV,: forced expiratory volume
in one second.

E
E
ο w

•

•

Φ-

Ι

2

3

slope in the linear regression model

32

CHAPTER 2

The Spearman rank correlation coefficient between exponent η in the exponential model
AVAS=)fc*(%AFEV1)" and the slope a in the linear regression model AVAS=A:+a(%AFEV|) was
0.87 (95% CI 0.83-0.91). The most 'sensitive' perceivers of bronchoconstriction according to
Stevens' power function are also the most 'sensitive' subjects according to the linear function.
Index of the absolute perceptual magnitude
The median value of PS20, as the index of the absolute perceptual magnitude, was 35 mm (25-75th
percentile, 21-52 mm). The relationship between the 'sensitivity' index (slope a) with the PS20 is
presented in figure 2.5.

Discussion
This study was performed to investigate the validity of the linear regression slope (a) in describing
the relationship between the stimulus and the subjective quantification of the associated sensation
during a histamine challenge test by comparing it with the relationship expressed by the classical
power function of Stevens which is theoretically the most appropriate description. The best fit of
both the exponential line and the linear regression line were compared by determining the percentage
explained variation in the response variable of each model. The median values of r2 of the
exponential regression line and the linear regression line were 0.76 and 0.83, respectively, and
differed significantly. This result indicates that the linear regression line described more variation in
the subjective quantification of the sensation than the exponential function of Stevens. Although the
exponent in Stevens' power function is assumed to describe the relationship between stimulus and
sensation in the most appropriate way, the linear regression coefficient (slope) appears to be a better
alternative in the specific situation of a bronchial challenge test in this group of asthmatic patients. A
possible cause of this difference in the percentage explained variation might be the small stimulus
range of a bronchial challenge test in which the Stevens' power function approach was applied. The
application of the Stevens' power function requires the entire stimulus range. The bronchial challenge
test in clinical practice is only applied in thefirstpart of the stimulus range (histamine administration
was stopped after the FEVj had fallen >20%). The high percentage explained variation in the
response variable by the linear regression model when compared with the exponential model is
apparently caused by the fact that the first part of the total response curve to the stimulus can be
described by a linear relationship. The linear regression coefficient may be a less accurate indicator
of the perceptiveness for bronchoconstriction when the reduction in FEV; is > 20%. Thus, it appears
that during the histamine challenge test, the linear regression coefficient provides both a practical
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and valid index to describe the relationship between stimulus and sensation. The regression
coefficient can easily be translated for a clinician into a practical interpretation of this
'perceptiveness' index.
The study of Boulet el a/.14 used the PS20 as a calculated measurement of the perception of
bronchial challenge. This measurement indicates a patient's absolute perceptual magnitude and does
not included the 'sensitivity' towards changes in stimulus. On the other hand, the slope as a
sensitivity index gives no indication of absolute perceptual magnitude. There may be patients with a
high sensitivity in combination with a low absolute perceptual magnitude. These patients perceive
the changes in stimulus but estimate the respiratory distress as being less of an inconvenience than
patients with a high absolute perceptual magnitude. It is also possible that there are patients with a
low sensitivity and a high absolute perceptual magnitude. These patients estimate their respiratory
distress as very inconvenient but can poorly differentiate between different degrees of respiratory
distress. Therefore, both indices give additional information about the symptom perception of a
patient.
The determination of the perceptiveness for bronchoconstriction during a histamine challenge test
can only be performed in asthmatic patients with a FEV] >50% pred and with a positive histamine
challenge test with at least two doubling doses of histamine. Consequently, there will still be a group
of subject in which the perceptiveness for bronchocontriction cannot be determined during the
histamine challenge test with a regression model In patients with a baseline FEV) <50% pred and
very hyperresponsive patients who need only one or two doses of inhaled histamine to induce a large
reduction in FEV: (and the opposite, in subject who do not respond to histamine), the perceptiveness
for bronchoconstriction cannot be determined from a histamine challenge test. This is a clear
limitation of this method of using the challenge test as patients with a more severe degree of asthma
are especially of interest in determining their perception of symptoms because they are the group
most at risk
Roisman et al. ' ' observed that corticosteroid treatment was associated with improved perception
of bronchoconstriction. However, none of the subjects in the present study used inhaled
corticosteroids. Therefore, the present results about the perception of bronchoconstriction might be
differentfrom the perception of a population of asthmatic subjects using corticosteroids.
Breathlessness is not only a result of the FEV| as a derivative of airway resistance but is also
influenced by many other factors such as lung volume, respiratory muscle strength and respiratory
muscle effort. Moreover, histamine (which was used as a stimulus to induce bronchoconstriction
and generate respiratory sensation) also stimulates various other receptors. Furthermore, a person's
perceptiveness also reflects their attitudes, expectations, and tolerance.23
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The present results show that, although the exponent η in Stevens' power function ΐ'=ΛΦ" is the
classical description of the relationship between stimulus and sensation, the linear regression
coefficient (slope a) provides daily diagnostic healthcare with a simple alternative index for the
perception of bronchoconstriction during a histamine challenge test. The relatively high percentage
of explained variation in the subjective sensation quantification by the linear model compared with
that in the exponential model advocates the use of the slope (a) instead of the exponent («). It
provides the clinician with a practical index for interpreting a patient's 'perceptiveness' for
bronchoconstriction during a routine histamine challenge test.

Appendix
Calculations of mathematical expressions of the exponent η and the linear regression slope α are
more accurate when more observations are available and when the correlation coefficient between
the values of VAS and FEVi is >0.71. The latter criterion corresponds to a situation in which >50%
of the total variation in changes in VAS value are explained by the changes in FEV|." Excluding
data which do not meet these criteria might introduce a recruitment bias. Patients with a correlation
coefficient <0.71 between the values of VAS and FEVi might be the poor perceivers, and those with
a provocation test with few doubling doses of histamine are the most hyperresponsive. In order to
assess the external validity of the results, the analysis was performed with and without data which
did not comply with one or two of the following conditions: 1) a correlation coefficient of >0.71
between the changes in VAS values and the changes in FEVi as percentage of baseline value; and 2)
a bronchial provocation test with at least three doubling dose of histamine. The findings of this
analysis were compared with the results of the total study population.
In six patients, the bronchial provocation test consisted of only two doubling doses of histamine
In 27 patients, the correlation coefficient of the linear regression between the log values of changes
in VAS values and the log values of changes in FEVi as percentage of baseline value was <0.71. In
16 patients, the correlation coefficient of the linear regression between the change in VAS values and
the reduction in FEVi as percentage of baseline value was <0.71. The analysis with the exponent η
was finally carried out in both 134 and 101 patients and with the linear regression slope α in 134 and
112 patients. The latter groups of 101 and 112 patients complied with the extra statistical conditions
for calculating, respectively, the exponent η and the linear regression slope a.
The reduction of the size of the study population by excluding patients who did not comply with
these extra statistical conditions did not lead to important different results in the comparison of the
two regression models. The median value of r2 of the exponential lines was 0.81 (25-75th percentile.
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0.70-0.89), and the median value of the r of the linear regression lines was 0.84 (25-75th percentile,
2

0.73-0.91 ). A Wilcoxon sign rank test between the r values of both models showed a difference in r
2

2

2

values, in which the r of the linear model was greater than r of the exponential model in 79 cases.
2

2

In only 20 cases was the r of the linear model less than the r of the exponential model (p=0.0001).
The median value for exponent η in the power function AVAS=£* ("/oAFEVi)" was 0.94 (25-75th
percentile, 0.66-1.29) in the group of 101 patients who complied with the extra statistical conditions
for calculating the exponent. The median value was 0.85 (25-75th percentile, 0.25-1.27) for the total
study population. The median value for slope α in the linear regression function AVAS=A:+a
(%AFEV|) was 1.05 (25-75th percentile, 0.59-1.49) in the group of 112 patients which complied
with the extra statistical conditions for calculating the slope. The median value was 0.91 (range:
0.48-1.45) for the total study population. The Spearman rank correlation coefficient between
exponent η in the exponential model and the slope α in the linear regression model remains 0.87
(95% CI 0.81-0.91), the same as for the total study population.
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Abstract
Background: We investigated two aspects of the perception of bronchoconstriction ('sensitivity' and
'absolute perceptual magnitude') in asthmatic patients and identified which clinical characteristics are
related with these two aspects of perception of bronchoconstriction.
Method The perception of histamine induced bronchoconstriction was measured in 128 asthmatic
patients. Subjects quantified their breathlessness on a Visual Analogue Scale (VAS) before the FEV ι
was measured after each inhalation of histamine. The perceptive 'sensitivity' for changes in FEV ι
was analysed by the 'VAS/% fall in FEV|' slope. The 'absolute perceptual magnitude' was determined
by the VAS value at the 20% fall in FEVi. Spearman correlations were analysed between the two
aspects of perception and asthma symptoms, peakflow variability, bronchial responsiveness and
FEV, %pred.
Results Patients with a low 'sensitivity' for changes in FEV ι were more likely to show a frequent
peakflow variability (Rs=-0.21 ; p<0.05), a high bronchial responsiveness (Rs=0.37; pO.001) and a
low baseline FEVi %pred (Rs=0.22; p<0.05). Patient's 'absolute perceptual magnitude' correlated
significantly positively with symptoms during daily life (significant correlations varies from 0.21 to
0.32) but not with the lung function parameters.
Conclusions: The severity of asthma reflected by a low lung function and a high bronchial
responsiveness are associated with a low 'sensitivity' for changes in FEV|. Patient's 'absolute
perceptual magnitude' is positively related with asthma symptoms during daily life.

Introduction
Asthma patients with a poor perception of asthma symptoms seem to have an increased risk of an
1

asthma attack. "'' This increased risk could be caused by means of a deficient perception of physical
signals which influences their health care decisions and may result in delay or even failure of
therapy.5 Good perception of symptoms is also of importance in patients with mild stable asthma.
Mild asthma might deteriorate while poor perceivers do not present their corresponding deteriorating
symptoms. Information about the ability of perceiving bronchoconstriction might be helpful in
protecting 'poor perceivers' from a severe asthmatic attack. The treatment plan of such a poor
perceiving patient may consist of training peakflow automonitoring and intenser supervision ofthc
physician.6
It has been suggested that the assessment of perception of symptoms associated with
bronchoconstriction is an useful additional parameter to obtain during provocation tests.7 With this
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method the patient's perception of bronchoconstriction can be measured, during a routine diagnostic
test of bronchial responsiveness, and poor perceivers may be identified. Several indices are used to
describe the perception of bronchoconstriction during bronchial provocation in literature3,7'14,
indicating different aspects of perception. Some studies have used the linear regression analysis to
describe the relationship between change in stimulus (bronchoconstriction) and the corresponding
sensation (breathlessness), in which the slope of the regression line is used as the parameter to
quantify the 'sensitivity' of patients towards changes in lung function.3'"'3"16 The steeper the slope
the more sensitive a person is to signals of breathlessness. Another index of the perception that has
been used is the intensity of breathlessness at the 20% reduction in lung function of the baseline
value, and indicates the patient's absolute perceptual magnitude.7'8'10'12'14
It is of interest to detect factors that are related with the different aspects of perception as these
factors might be possible determinants of a poor perception. Previously, it has been shown that the
severity of bronchial responsiveness is associated with a reduced perception of airway obstruction,
using the 'sensitivity' index (slope).3'9'"16 However, Turcotte et al found no relationship between
bronchial responsiveness to histamine and the perception of bronchoconstriction using the
breathlessness score at the 20% reduction in lung function as index for the perception of
bronchoconstriction.10 It seems that different aspects of perception (sensitivity towards changes in
lung function and the absolute perceptual magnitude) are not necessarely related to the same clinical
characterictics.
Therefore, the aim of this study was to analyse two different aspects of the perception of
bronchoconstriction ('sensitivity' and 'absolute perceptual magnitude') in a population with mild
stable asthma and to identify which clinical characteristics are related with these two aspects of
perception of bronchoconstriction.

Methods
Patient selection
The perception of bronchoconstriction was measured in 128 stable asthmatic patients during an
induced histamine challenge test. Patients were recruited from a research project on symptom
perception in allergic asthmatic patients aged 16-60 years.17 Inclusion criteria for this research
project were symptoms of lower respiratory tract (wheeze; cough; phlegm production; shortness of
breath), FEV, > 50% of predicted value, PC20 histamine < 8 mg/ml and/or reversibility in FEVi of at
least 15% after inhalation of 800 mg salbutamol (compared with baseline FEV|), no use of oral or
inhaled corticosteroids The present study was performed at the first assessment of lung function
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parameters after inclusion. Only asthma patients with a baseline FEVi > 50% of the predicted value
qualified for a histamine challenge test and were recruited for the present study. Patients had to have
a bronchial provocation test with a minimum reduction in FEVi of 20% or more of baseline value
with at least two doubling dose of histamine to determine patient's 'percepii veness' during this test.
The study protocol was approved by the Medical Ethical Committee of the Medical Centre
Dekkerswald, University of Nijmegen. Informed consent was obtained from each patient.
Histamine challenge
Each patient underwent a histamine challenge test according to ERS-standards (tidal breathing
method).18 Prior to testing, no short acting bronchodilalors were used for at least eight hours and no
long acting bronchodilalors for at least 12 h. Doubling concentrations of histamine starting with 0.03
mg/ml up to 16 mg/ml were administered until FEVi had fallen by at least 20% compared with the
baseline value or until a maximum of 16 mg/ml histamine was given. The bronchial response to each
dose of histamine was expressed as the reduction in FEV ι as percentage of the baseline value. The
dose of inhaled histamine, causing a 20% fall in FEVi compared with the baseline value (PC20
hisiamine) was obtained from the log-dose response curve by linear interpolation.
Assessment of breathlessness
Breathlessness was measured before each measurement of FEVi using a Visual Analogue Scale
(VAS). The subjects rated their breathlessness on a 100mm horizontal VAS with the words
'minimum' and 'maximum' on the left and right ends. Subjects were instructed that the word
minimum meant 'no complaints of respiratory sensation such as shortness of breath, breathlessness or
chest tightness' (all usually used indicators of respiratory sensation in the Dutch language) and
maximum stood for 'the worst respiratory complaints imaginable'. The subjects were instructed to
place a vertical mark on the line, such that its position relative to the two extremes indicated the
magnitude of respiratory sensation at the moment of the measurement. VAS values with the baseline
value.19
8-week period of recorded peakflow and symptoms during daily life
The assessment of peakflow and sympoms in daily life was performed over 8 weeks prior to the
histamine challenge test. Subjects were instructed and trained to record their degree of symptoms
experienced in daily life each evening in a diary. The subjects were asked to score their symptoms
(breathlessness, cough, wheeze, phlegm production, disturbed sleep because of these symptoms)
experienced over the last 24 h. This assessment of symptoms was made with a modified Borg score.
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All symptoms and the total amount of symptoms were expressed as the mean Borg score for the total
number of days. Each morning and each evening patients performed three measurements of their
PEF with a Pocket peak flow meter (Micro Medical, Rochester, Kent, UK). Three PEF values were
recorded and the highest value was retained. Variations in peakflow were determined by the
following two parameters: mean peakflow variability (highest-lowest PEF value/ mean PEF) and
number of days (as percentage of total number of days) with a peakflow variability more than 15%.
Analysis
The perception of bronchoconstriction during the histamine challenge test was analysed by
calculating the linear regression coefficient (slope a) between the changes in VAS values and the
reduction in FEVi

as percentage of the baseline value." 1 3 1 5 Furthermore, VAS values

corresponding to a reduction in FEV ι of 20% were determined by interpolation (PS20)· The
relationship between the perception of bronchoconstriction, measured by the two indices (slope α
and PS20), with asthma symptoms, peakflow parameters, PC20, FEVi as percentage of predicted, age
and sex were analysed by the Spearman correlation coefficient. Data are expressed as median (2575% percentile).
Results
Patients
The clinical characteristics of the 128 asthmatic patients analysed are presented in table 3.1. Of the
162 subjects in the original project, five had a baseline FEVi < 50% of the predicted value at the test
day, one did not speak Dutch, in four patients no data of respiratory sensation were recorded, nine
had a provocation test which consisted of only one doubling dose of histamine, nine subjects had a
bronchial provocation test with a reduction in FEVi of less than 20% of baseline value and in six
patients no data of peakflow and symptoms were recorded during the eight weeks period prior to the
histamine challenge test.
Perception of bronchoconstriction
The median value of the breathlessness score at the start of the histamine challenge test was 8mm
VAS (25 - 75 percentile: 2 - 18mm). The median value of the reduction in FEVi as percentage of
baseline value was 26% (25-75 percentile: 23-31%) and the median value of the maximum change in
VAS value during bronchial provocation was 28mm (25 - 75 percentile: 17 - 40mm). The index for
the sensitivity towards changes in lung function, quantified by the linear regression coefficient of
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'AVASMFEVi' (slope α) was 0 91 (25 - 75 percentile 0 48 - 1 45) (figure 3 1) Examples of four
different perceivers based on the slope a are presented in figure 3 2 One subject did not experience
breathlessness at all during the bronchial challenge (slope = 0) In two subjects the breathlessness
decreased while their FEV| had been reduced (slope < 0) The median value of the VAS value at a
20% fall in FEV| (PS20), as index of the absolute perceptual magnitude, was 35mm (25 - 75
percentile 19-51 mm) (figure 3 3 ) The Spearman rank correlation between slope a and PS20, was
0 60 (p-value=0 001) (figure 3 4)
Table3 1

Clinical characteristics of the study population
subjects N= 128
mean (SD)

Age (years)
Sex (F/M)
PC20 (mg/ml) geometric mean (95%CI)
FEV, (ml)
FEV, (% of predicted)
PEFR morning value (l\sec)
PEFR evening value (l\sec)
PEFR variability (htghest-lowest\mean) *
PEFR variability > 15% (% days of total) *
Total symptom score *
Smoking history
Current smokers (%)
Ex smokers (%)
Never smokers (%)

34(11)
60/68
1 14(0 90-1 45)
3192(716)
85(15)
530(128)
544(125)
6 0 (3 6-8 6)
4 5(0 0-13 0)
0 7(0 2-1 6)
24(19)
26(20)
78(61)

* data are expressed as median (25 - 75 percentile)
Effect ofpeakflow
Table 3 2 shows

symptoms airway responsiveness and airway calibre
that there were

significant

relationships between the perception of

bronchoconstnction (slope a) and evening peakflow (Rs=0 18, p<0 05), with the percentage of days
with a peakflow variability more than 15% (R s =-0 21, p<0 05) as well as with bronchial
responsiveness (R s =0 37, p<0 001) and FEVi as percentage of predicted (R s =0 22, p<0 05) but not
with symptoms during daily life On the other hand, patient's 'absolute perceptual magnitude' index
(PS20) did correlate significantly with symptoms during daily life (significant correlations varies from
0 21 to 0 32, all p<0 05) but not with the lung function parameters (table 3 2) PS20 showed a slight
but significant correlation with bronchial responsiveness (R s =0 19, p<0 05)
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Figure 3.1

Histogram of the values of linear regression slopes α as index of the patient's ' sensitivity'
towards changes in FEV] during the histamine challenge test
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Figure 3.2

Perception of bronchoconstriction (slope a) during histamine challenge by four different
perceivers. The slope α represents the relationship between the changes in VAS value and the
reduction in FEV ι as percentage of baseline value
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Figure 3.3

Histogram of the values of PS20 as index of the patient's 'absolute perceptual magnitude' of the
intensity of breathlessness at 20% reduction in FEVi
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Figure 3.4

Scatterplot of the relationship between the 'sensitivity' index (slope α in the linear regression
model AVAS=k+a(A%FEVi) with the 'absolute perceptual magnitude' index (perception
score at 20% reduction in FEY,; PS20) Rs=0.60; p-value=0.001
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Table 3.2

Relationship between the indices of perception of bronchoconstriction ('sensitivity' index
slope α and 'absolute perceptual magnitude' index PS20) and clinical characteristics
perception index:

slope α
Rspeam,™

p-Value

PS20
Rspe.raian

p-ValUC

Age
Sex (male=0; female=l)

0.06
-0.12

0.482
0.170

-0.12
-0.09

0.193
0.337

PEF variability (highest-lowest\mean)
PEF variability > 15% (% days of total)
PEF morning value (l\sec)
PEF evening value (l\sec)
FEV, (% of predicted)

-0.16
-0.21
0.17
0.18
0.37
0.22

0.071
0.018
0.051
0.047
0.000
0.014

0.04
0.01
0.04
0.05
0.19
-0.04

0.625
0.950
0.644
0.568
0.036
0.344

symptoms
breathlessness
wheeze
cough
phegm production
disturbed sleep because of preceding symptoms
total symptom score

0.00
-0.04
0.00
0.05
0.11
0.00

0.970
0.618
0.996
0.589
0.208
0.990

0.32
0.21
0.26
0.31
0.27
0.31

0.000
0.020
0.004
0.000
0.002
0.000

PC 20 (mg/ml)

Discussion
We have found that the severity of asthma reflected by a low lung function and a high bronchial
responsiveness are associated with a low 'sensitivity' towards changes in lung function. This result
agrees with the study of Burdon et al", a pioneer study in which an inverse relationship between the
severity of asthma and perception of bronchoconstriction was demonstrated in 45 subjects. However,
the key issue in this relationship is the question what is the cause and what is the consequence? It is
possible that subjects with a poor perception did not seek sufficient treatment in the past, which
might have resulted in a more severe degree of asthma. Alternatively, it might also indicate that
subjects with a more severe chronic asthma have become adapted to changes in lung function which
might have resulted in a reduced awareness for changes in bronchoconstriction. Such an adaptive
mechanism has been suggested by Burki et al.20 There was no relationship between lung function and
the perceptual magnitude at a 20% reduction in FEV|.

On the other hand, patients with more

46

CHAP FER 3

symptoms had a higher breathlessness score at a 20% fall in FEVi, while there was no relationship
between symptoms during daily life and the 'sensitivity' towards changes in lung function. The
relationship between symptoms during daily life and the perceptual magnitude at a 20% reduction in
FEV| is not unexpectedly: patients with a higher absolute degree of perceived breathlessness during
histamine challenge will probably assess other asthma symptoms during daily life (such as wheeze,
cough, plegm production) with relatively the same perceptual magnitude.
Poor perceivers without presentation of symptoms during daily life in combination with a
relatively more severe degree of asthma may be most at risk because they likely fail to seek sufficient
treatment when their asthma deteriorates. When we select 25% of the subjects with the most poor
perception (based on the 'sensitivity' towards changes in lung function), over one third of these
subjects had very little symptoms in combination with a more severe degree of asthma. These
patients should receive intenser supervision of the physician and their treatment plan may consist of
training peakflow automonitoring.6 The use of a peakflowmeter might influences the subjective
assessment of asthma and may improve the perception of bronchoconstriction. The self assessment
of asthma has shown to be influenced by the knowledge of recent PEF measurements. ' In the
present study there were subjects in which the breathlessness unexpectedly decreased while their
FEVi had been reduced and one who did not experience breathlessness at all during the reduction in
FEV|. These subjects are also patients who need special attention when their asthma deteriorates.
In the present study both aspects of the perception of bronchoconstriction, the 'sensitivity' index
and the 'absolute degree of perceived bronchoconstriction' were correlated with each other. This
relationship can be explained to a certain extent by the fact that the linear regression coefficient
(slope a) always depends on the intercept and endpoint of the regression line.22 The VAS score at
20% reduction in FEVi corresponds with the endpoint of the regression line. This means that a
patient with a low perception score at 20% reduction in FEV ι can never show a high 'sensitivity'
towards changes in FEV|. However, a patient that has a high absolute degree of perceived
bronchoconstriction at the 20% fall in FEV ι can both have a high or a low 'sensitivity' towards
changes in lung function. Despite this collinarity between the two indices, both indices show
relationships with different clinical characteristics. These separate associations confirm the concept
that the PS20 as index for the 'absolute degree of perceived bronchoconstriction' is reflecting patient's
subjective jugdement about the magnitude of the intensity of a sensation, while the slope a more
represents the ability of the patient to perceive the changes in lung function.M Although both indices
for the 'perceptiveness' of patients are correlated, they obviously measure different aspects of
perception and give additional information about the perception of bronchoconstriction of a patient.
The 'sensitivity' index describes the relation (i.e. the slope) between the change in perceptual

MEASURING PERCEPTION OF ASTHMA SYMPTOMS

47

magnitude and the change in stimulus However, this index requires a pivot point to express the
magnitude On the other hand, the 'absolute perceptual magnitude' does not include the 'sensitivity'
towards changes in stimuli There may be patients with a low absolute perceptual magmtude and still
have a sensitivity for the changes in lung function These patients perceive the changes in stimulus
but estimate the respiratory distress as less inconvenient than patients with a high absolute perceptual
magnitude One could conceive that irritant receptors, which are rapidly adapting to stimuli, may
play a dominant role in the respiratory perceptions of these patients Otherwise, it is possible that
there are patients with a low sensitivity and a high absolute perceptual magnitude These patients
estimate their respiratory distress as very inconvenient but can hardly differentiate between different
degrees of respiratory distress This would be compatible with slowly adapting receptor properties
To our knowledge, there is no experimental evidence in this field Therefore, both indices give
additional information and need to be measured both to give a complete description of the symptom
perception of a patient On the basis of the present results one could speculate that the 'absolute
perceptual magnitude' index might be a representation of the personally assessed inconvenience of
asthma symptoms in general as well as the asthma symptoms in daily life Mahler described this in
terms of Basal Dyspnea Index 23 While the 'sensitivity' index reflects the ability to perceive changes
in dyspnea which might be more affected by the condition of the changes in lung function and less by
the individual personality In Mahler's qualifications, this is expressed in the Transitional Dyspnea
Index 23 This would indicate that in case of clinical studies in which the influence of changes in lung
function on the perception of bronchoconstnction is to be evaluated the 'sensitivity' index would be a
more adequate parameter when compared with the absolute perceptual parameter In terms of clinical
management of asthma, a high sensitivity index might allow the patient to make early detections of
deteriorations of lung function, and to seek medical help at this early stage The estimate value of a
person's 'sensitivity' towards changes in lung function would, however, give no information about the
personally perceived inconvenience of asthma symptoms in daily life When this is the primary aim
of a clinical study the absolute perceptual magnitude should be assessed
In general, the observed relationship between perception and clinical characteristics were weak
This means that, although the lung function and airway responsiveness seem to be predictors of the
'sensitivity' index, they cannot explain the variation in the perception of bronchoconstnction
completely The same can be concluded for the symptoms during daily life Although these
symptoms seem to be a determinant of the absolute breathlessness score during histamine challenge,
they do not fully explain the 'absolute perceptual magnitude' of a patient
Based on the peakflow variability the degree of asthma of the patients in this study was mild It
could be possible that the relationship between PEF vanability and perception of bronchoconstnction
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would be stronger in more severe asthma patients Furthermore, only a limited period (eight-weeks
period) of peakflow and asthma symptoms have been recorded in daily life, which might have
influenced also the correlations between perception and clinical characteristics
We determined the perception of bronchoconstriction during a histamine challenge test This test
has its limitations as it does not reflect the real life situation of episodes of spontaneous
bronchoconstriction Patients will probably be more focussed on their respiratory sensation during a
provocation test in a laboratory setting than in daily life Furthermore, the safe surrounding of a
laboratory setting might affect the patient's perception of symptoms Finally, the relatively rapid
airway narrowing during induced bronchoconstriction probably makes it more easy to assess a degree
of bronchoconstriction24
The FEV ι as marker of the airway resistance may underestimate the degree of bronchoconstriction
as the FEV ι is influenced by changes in large airways collapsibihty and for example a deep
inhalation (required for a good measurement of the FEVi) is sufficient

to reduce

bronchoconstriction Noseda and coworkers have suggested that inspiratory indices, as they are free
from any collapse artefact, may better reflect brochoconstriction25 They found a strong relationship
between the sensation of dyspnoea and the change in specific inspiratory resistance (sRin) in
asthmatic patients 2 5 However, they also have found a clear significant relationship between the
sensation of dyspnoea and the FEV ι 2 5 The same results were found in a study of Lougheed26, in
which breathlessness during induced bronchoconstriction was more strongly related with inspiratory
capacity than with FEVi Because in both studies there also was a positive correlation between
breathlessness and FEV ι we assumed that the FEVi might serve to a certain extent as indicator of the
degree of airway obstruction appropriate in measuring the relationship between changes in
respiratory sensation and the corresponding changes in airway obstruction
The similarity of respiratory sensation induced by histamine challenge and spontaneous sensations
of asthma is not established yet 2 7 2 8 Peiffer et al27 showed that the perception of spontaneous airway
obstruction seems to be unrelated with the severity or duration of asthma Boudreau et al 28 found no
relationship between the ability to sense breathlessness during induced and spontaneous
bronchoconstriction However, the present population were mild asthmatics and experienced less
variability in airway obstruction in daily life and therefore we were not able to measure the
perception of sponteneous bronchoconstriction
In conclusion, patients with a more severe degree of asthma in terms of lung function, peakflow
variability, and bronchial responsiveness were likely to have a low 'sensitivity' for changes in
bronchoconstriction Patient's 'absolute perceptual magnitude' corresponded with asthma symptoms
during daily life As a considerable portion of poor perceivers had a low lung function in
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combination with very little symptoms, it is advisable to identify these poor perceivers by means of a
histamine challenge test
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Abstract
Background: Some asthmatic patients perceive the severity of their disease rather poorly. These
patients may not receive optimal therapy because of under presentation of their respiratory
symptoms. Identification of these patients is of importance in clinical practice In the present study a
new threshold loading device for measuring the perception of respiratory sensation was evaluated
This method might be an alternative test for measuring perception of respiratory sensation instead of
using the bronchial provocation test for the assessment of the perception. The aim of the present
study was to investigate whether the assessment of the perception of respiratory sensation by a
threshold loading test (inspiratory and expiratory) indentifies the same subjects as poor perceivers
when compared with the assessment by a histamine bronchial provocation test
Method The perception of respiratory sensation during breathing through a threshold loading device,
was compared to the sensations during histamine provocation test in 36 subjects. The magnitude of
the respiratory sensation during each test was performed with scoring on a Visual Analogue Scale
(VAS). The magnitude of the stimulus intensity was indicated by the percentage decrease in FEV]
during histamine challenge test and by the percentage of subject's maximum mouth pressure
(%P[max and %Pbmax) during threshold loading test. The relationship between VAS values and the
stimulus intensity was analysed by determining the linear regression coefficient between both
parameters.
Results. There was no relationship between the perception of the sensation induced by the histamine
challenge and those occured by breathing through a threshold loading device, for both inspiration
(Rs=0.15; p=0.40) and expiration (Rs=0 13; p=0.47) There was a significant relation between the
perception of respiratory sensation during the inspiratory and expiratory threshold loading test
(Rs=0.67; p=0.0001). We defined a subgroup of patients of special interest: low symptoms of
breathlessness and high bronchial responsiveness. There were more patients indentified as poorest
perceivers in the group of patients of special interest by the assessment with the histamine challenge
test compared with the inspiratory and expiratory threshold loading test.
Conclusion The measurement of perception by means of a threshold loading device and a histamine
provocation test did not identify the same subjects as poor perceivers, probably because we
determine patients' 'perceptiveness' for different stimuli. In the population with relatively more
severe asthma and very low symptoms of breathlessness, the histamine induced bronchoconstriction
test identified more patients as poorest perceivers compared with the threshold loading test.
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Introduction
There are important differences between asthmatic subjects in the way they perceive their airway
obstruction M Some asthmatic subjects have a poor perception of respiratory sensation and may be at
risk for developing severe asthma without subjective waming

M

Identification of patients who

perceive physical signs poorly is of importance, especially in those patients who present no
symptoms at a more severe degree of asthma To investigate the ability of patients to perceive
respiratory sensation the bronchial provocation test has been used to induce airway obstruction as a
stimulus 5 ' 0 This test can be performed by administered increasing concentrations of inhaled stimuli
(such as histamine or methacholine) or cold air, distilled water or mannitol to induce
bronchoconstnction as a stimulus However, there are some disadvantages to perform this test Often
only three or less concentration steps can be administered in fixed sequences in hyperresponsive
patients and the stimulus range must be performed in ethical boundaries, whereas assessment on the
relation between respiratory sensation and the physical change requires an adequate number of
observations over a wide range of stimulus intensity " This problems are absent when subjects
breathe through a threshold loading device in which an extensive range in stimulus can be generated
during vanous added loads Furthermore, the histamine provocation test takes approximately 30-45
minutes, while the threshold loading test can be performed in less than 15 minutes
The aim of this study was to develop a method for measuring the perception of respiratory
sensation during breathing through a threshold loading device in which the mentioned drawbacks of
the provovation test are absent We investigated whether the assessment of the perception of
respiratory sensation diagnosed by a threshold loading test give comparable results as caused by a
histamine bronchial provocation lest Furthermore, we assessed the number of poorest perceivers
according to each perception measurement in the group of patients of special interest, namely
patients who show no presentation of symptoms in combination with a more severe degree of
asthma

Methods
Patients
Patients were recruited from a research project on symptom perception by asthmatic patients aged
2

16-60 years ' Inclusion criteria for this research project were FEV ι > 50% of predicted value, PC20
histamine equal to or less than 8mg/ml and/or reversibility of obstruction > 15% after inhalation of
800μg salbutamol (compared with baseline FCV1 ), lower airway complaints Thirty six subjects were
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invited for the present study The study protocol was approved by the Medical Ethical Committee of
the Department of pulmonology Dekkerswald, University of Nijmegen, and informed consent was
obtained from each patient
Histamine provocation test
Each patient underwent a histamine challenge test according to ERS-standards (tidal breathing
method)

Prior to testing, no short-acting bronchodilators were used for at least 8 h and no long-

acting bronchodilators and no corticosteroids for at least 12 h Doubling concentrations of histamine
starting with 0 03 up to 16 mg/ml were administered until FEV ι had dropped by at least 20%
compared to baseline value, or a maximum of 16 mg/ml histamine was given The bronchial
response to each dose of histamine was expressed as the reduction in FEV| as percentage of baseline
value The dose of inhaled histamine causing a 20% fall in FEVi with regard to baseline (PC20) was
obtained from the log-dose response curve by linear interpolation
Threshold loading test
The breathing circuit consisted of a three way valve in which both inspiratory and expiratory valves
could be loaded by metal disks of different weight (25 to 1200 gram)(figure 4 1) H The weight on
each valve determined the threshold pressure needed for breathing Two threshold loading tests were
performed with inspiratory and expiratory loading separately and in random order Each test
consisted of seven added loads, of various weight and in random order With each added load
subjects had to take six to eight breaths through the breathing circuit A breathing frequency of
10/min was imposed by a metronome Mouth pressure was recorded using a pressure transducer
Mouth pressure at each added load was expressed as the percentage of subjects' maximum mouth
pressure (%P[max and %PEmax)

15

Assessment of respiratory sensation
The magnitude estimation of respiratory sensation was measured with a Visual Analogue Scale
(VAS) for the three different tests The VAS has been shown to represent a sensitive tool in the
assessment of breathlessness in subjects with asthma ' 6 The subjects rated their breathlessness on a
VAS with the words 'minimum' and 'maximum' on the left and right ends of a 100 millimeters
horizontal line, respectively Subjects were instructed that the word minimum means 'no complaints
of respiratory sensation such as shortness of breath, chest tightness and breathlessness' and maximum
stands for the 'the worst complaints of respiratory sensation imaginable' The subjects were instructed
to place a vertical mark on the line, such that its position, relative to the two extremes, indicated the
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magnitude of respiratory sensation at the moment of measurement. VAS values were expressed as
the amount of millimeters from the left side of the VAS line.
Figure 4.1 Schematic representation of the threshold loading circuit
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valve
Chart recorder
Inspiration
valve
Weighted
plunger

_
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_
Pressure transducer

Analysis
Patient's perception of the respiratory sensation during bronchial provocation was determined by the
relationship between the VAS values and the reduction in FEV ι as percentage of baseline value. This
relationship was analysed by means of the regression coefficient (slope a) in the linear regression
analysis of V A.S=y+a%àVE\ \ in each patient.6910 Patients perception of the respiratory sensation
during breathing through a threshold loading device was analysed by calculating the linear regression
slope for both threshold loading tests, external loading of inspiration and expiration separately,
between VAS values and percentage mouth pressure from patients' maximum (slope b in
,
VAS=y+è%P|max' and slope c in 'VAS^cyoPtmax').
Comparison was made between the assessment of perception of respiratory sensation during
bronchial provocation and during breathing through a threshold loading device by calculation of
correlation coefficients between the different slopes. Furthermore, the number of poorest perceivers
according to each perception measurement were assessed in the group of patients of special interest
(patients with very low symptoms of breathlessness at the start of the test-day (less than 5mm VAS)
in combination with a more severe degree of asthma (PC2o^2mg/mI and FEV; < 80% predicted)). A
distinction between the poorest and better perceivers has been made by determining the patients with
the lowest value of the perception score (the lowest quartile) as poor perceivers.
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Results
Patients
Clinical characteristics of the study population are presented in table 4.1. The mean age of the 36
subjects was 36 yrs (5-95th percentile: 18-54) and 50% were males. The FEVi expressed as
percentage of the predicted value at the start of the histamine challenge was 81 % (5-95th percentile:
64-107%). The airway responsiveness varies between a PC20 of 0.05 and 6.96 mg\ml.
Table 4.1

Clinical characteristics of the study population
Subjects N=36
Mean (5-95th percentile)

Age (years)
Sex (F/M)
PC20(mg/ml)*
FEV, (ml)
FEV, (% of predicted)
Current smokers or former with > 20 pack-years $
Use of chronic anti-inflammatory medication $
Histamine challenge test
Decrease in FEVi as percentage of baseline #
Maximum change in VAS value (mm)
Threshold loading test
Mean maximum % ?[„,„
Mean maximum VAS during inspiratory threshold loading (mm)
Mean maximum % ΡΕ™»
Mean maximum VAS during expiratory threshold loading (mm)

36(18-54)
18/18
0.77(0 50- 1.18)
3011(2166-3892)
81 (64-107)
9(25)
28 (78)

24 (20 - 45)
38 (5 - 89)
48(18-87)
64(17-100)
43(17-73)
63(8- 100)

* data are expressed as geometric mean (95%CI); # data are expressed as median (5-95 percentile);
$ number of subjects (%)
Perception of respiratory sensation during bronchial provocation
The mean VAS value at the beginning of the histamine challenge test was 11 mm (5-95th percentile:
0-35mm). The median value of the reduction in FEV| as percentage of baseline value was 24% (595th percentile: 20-45%) and the mean maximum change in VAS value was 38mm (5-95th
percentile: 5-89mm). The index for the perception of bronchoconstriction during bronchial
provocation, quantified by the linear regression (slopes a) of the relationship between the reduction
in FEV| as percentage of baseline value and changes in VAS value was made in 36 subjects and
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presented in figure 4.2 as dark bars. The median value of the slope a was 0.8 mmVAS\% fall in
FEV, (5-95lh percentile: 4-85)(table 4.2).
Figure 4.2

Histogram of the values of linear regression coefficient as index of patient's perception of
respiratory sensation during bronchial provocation (slope a), inspiratory threshold loading (slope
b), and expiratory threshold loading (slope c)

• slope a (VAS\% reduction m KLVI)

Dslope b (VAS\%Plmax)

aslope c (VASW.PEmax)

Perception of respiratory sensation during a threshold loading test
The mean maximum VAS value during inspiratory and expiratory threshold loading was 64mm (595th percentile: 17-100mm) and 63mm (5-95th percentile: 8-100mm) respectively. The perception of
respiratory sensation during breathing through a threshold loading device, quantified by the linear
regression coefficient describing the relationship between VAS values and the percentage mouth
pressure compared to maximum during inspiration (slope b) and expiration (slope c) are also
presented in figure 4.2 as light and dark grey bars, respectively. The median value of the slope {b and
c) for respiratory sensation during breathing through a threshold loading device were for inspiration
and expiration

respectively

1.1 mmVAS\%Pimax

(5-95th percentile: 0.0-3.9) and 0.9

mmVAS\%P F max (5-95th percentile: -0.4-3.8) (table 4.2).
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Values of the perception indices assessed by 1) histamine challenge test
(VAS=y+a*%reduction in FEVi) 2) inspiratory threshold loading test
(VAS=y+b*%Pimax) and 3) expiratory threshold loading test (VAS=y+c*%Pemax).
Spearman rank correlation coefficient between the y-intercepts and the slopes.
intercept y

Histamine challenge:
VAS =y + a*(% reduction in FEV, )#
Inspiratory threshold loading:
VAS=.y + ò*(%PImax)#
Expiratory threshold loading:
VAS=.y + c*(%PEmax)#

histamine challenge vs inspiratory
threshold loading test
histamine challenge vs expiratory threshold
loading test
inspiratory vs expiratory threshold loading
test

Slope a,b or c

9.9 (-2 6 - 42.1)

0.8(0.0-2.3)

9.5 (-23.2 - 47.5)

1.1(0.0-3.9)

6.7 (-9.9 - 54.6)

0.9 (-0.4 - 3.8)

rs of ^-intercepts

rs of a,b or c slopes

0 34 (p=0.04)

0 15 (p=0.40)

0.41 (p=0.01)

0.13 (p=0.47)

0.54 (p=0.001)

0.76 (p=0.0001 )

# data are expressed as median (5-95th percentile)
Relationship between perception of respiratory sensation during bronchial provocation test and
threshold loading test
There was no relationship between the perception of the sensation associated with the histamine
induced bronchoconstriction and the perception of the sensation caused by breathing through a the
threshold loading device for both the inspiratory (rs=0.15; p=0.40 (figure 4.3)) and the expiratory
(r s =0.13; p=0.47 (figure 4.4)) test (table 4.2). There was a high significant correlation between the
perception of respiratory sensation during the inspiratory and the expiratory threshold loading tests
(rs=0.76; p=0.0001)(table 4.2). Between the ^-intercepts of all regression models exists a strong
significant relationship (table 4.2).
In table 3, a distinction has been made for the patients with very low symptoms of breathlessness at
the start of the test-day (less than 5 mm VAS) in combination with a more severe degree of asthma
(PC2oS2mg/ml and FEVi < 80% predicted) with the rest of the subjects Six out of nine subjects with
a poorest perception, assessed with the histamine challenge test, had very little symptoms of
breathlessness in combination with a more severe degree of asthma. Only one patient presented no
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Figure 4 3 Scatterplot of the perception during the inspiratory threshold loading test (slope b) versus the
perception during histamine induced bronchoconstriction (slope a)
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Figure 4.4

Scatterplot of the perception during the expiratory threshold loading test (slope c) versus the
perception during histamine induced bronchoconstriction (slope a)
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symptoms in combination with a relatively more severe degree of asthma in the group with the
poorest perception, assessed by the expiratory threshold loading tests In the group with poorest
perceivers assessed by the inspiratory threshold loading test none of the subjects meet these
conditions
Table 4 3

Number of subjects of special interest (PC2o^2mg/ml and FtV|<80% predicted in combination
with very low symptoms of breathlessness at the start of the test (less than 5mm VAS)) for each
group of subjects with the poorest and better perception, assessed by the histamine challenge test
and the inspiratory and expiratory threshold loading tests

histamine challenge
poorest perceivers
better perceivers
inspiratory threshold loading
poorest perceivers
better perceivers
expiratory threshold loading
poorest perceivers
better perceivers

patients at risk (n=9)

Remaining patients (n=27)

6(67%)
3(11%)

3(33%)
24(89%)

0(0%)
9(33%)

9(100%)
18(67%)

1(11%)
8 (30%)

8(89%)
19(70%)

Discussion
We performed this study to investigate whether the assessment of the 'perceptiveness' of a patient
towards respiratory sensations induced by a histamine challenge can be replaced by an inspiratory or
an expiratory threshold loading test, as the latter test takes less time, and an extensive change in
stimulus can be generated during various added loads and loads can be give in random order
However, it appeared from this study that the most sensitive subject towards respiratiry sensations
according to the histamine challenge test is not necessamly the same subject with the highest
'perceptiveness' towards respiratory sensations induced by breathing through an inspiratory or
expiratory threshlod loading device Therefore, the measurement of perception by means of a
threshold loading device and a histamine provocation test are not interchangeable
The origin of the respiratory sensations of the three tests may be the underlying cause for this
finding The histamine challenges strongly stimulate airway irritant receptors The threshold loading
test stimulates mechanoceptors in respiratory muscles ' 7 Both tests generate respiratory sensations
via different pathways and cause different degrees of sensations It could be that a different kind of
perception was identified during the threshold loading test and the bronchial challenge test The key
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issue of this study remains which measurement identified the 'perceptiveness' of a patient for
symptoms of asthma in daily life
The slope is a continuous scale, the steeper the slope, the more sensitive a person is to signals
There is no clear distinction which divides subjects in 'poor' and 'good' perceivers However, the
observations of the present study showed that 25% of the patients with the poorest perception value
(assessed by bronchial provocation) had a slope of < 0 4 This does not mean that patient with a
slope of < 0 4 are actually absolute poor perceivers, only that they have the lowest perception value
compared to the rest of the study population
The applied stimulus range during the threshold loading tests (60%P[max and 60%PEmax) was
greater compared with the stimulus range during the bronchial challenge test (25% reduction in
FEVi) Difference in stimulus range might influence the slopes To check whether this have
influenced the results we analysed all the data with the use of an absolute perception term
(perception values at 20% reduction in FEVi and also at 20% of Pimax and PEmax) However, there
was no difference in the results when we used the slopes or the absolute terms in the analyses
Another important point is that the contrast in stimulus was also different between both test The
bronchial challenge test increases gradually with the increasing dose of inhaled histamine, while the
threshold loading test is discrete and contrast with the unloaded breath This difference in test
condition might be of influence in the measurement of the slopes
Poor perceivers without presentation of symptoms in combination with a relatively more severe
degree of asthma might be most at risk because they are likely to fail to seek sufficient treatment
when their asthma deteriorates The present study shows that the histamine challenge test indentified
more patients as poorest perceivers in combination with these conditions (very little symptoms of
breathlessness and a low lung function and a high bronchial responsiveness), compared with the
threshold loading tests Therefore, because a considerable portion of patients with very little
symptoms in combination with a more severe degree of asthma could be identified by means of a
histamine challenge test we recommend to use the bronchial challenge test for measuring the
perception of respiratory sensations in asthma patients, despite of her methodological problems
The ^-intercept in all three regression models indicates the perception of respiratory sensations
when there is no load or stimuli induced ' 0 All ^-intercepts were strongly related together These
relationships between the ^-intercepts is not unexpectedly most of the patients will probably
perceive respiratory sensations with a consitent absolute degree during both the start of the histamine
challenge test when no induction of bronchoconstnction was present and at the time when no load
was applied during the threshold loading tests
The majority of the population used anti-inflammatory medication Although patients withhold
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this medication prior for testing for at least 12 h, this is not long enough to return their bronchial
responsiveness to their pre-treatment levels. However, because all patients in the present study had a
PC20 ^ 8 mg\ml at the test-day, the provocation test induced an appropriate level of
bronchoconstriction for the assessment of the perception of respiratory sensation.
Assessment of the perception of respiratory sensation during laboratory tests may help to identify
poor perceivers. However, the similarity of respiratory sensation induced by histamine challenge and
5

spontaneous sensation of asthma has not been established. Boudreau et al found no relationship
between the ability to sense breathlessness during induced and spontaneous bronchoconstriction.
In summary, the measurement of perception by means of the threshold loading device and the
histamine provocation test did not identify the same subjects as poor perceivers. The histamine
challenge test identified in the group of patients of special interest (namely patients who show no
presentation of symptoms in combination with a more severe degree of asthma) more patients as
poorest perceiver compared with the threshold loading tests.
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Abstract
Background Patients with a poor perception of their symptoms of asthma seem to have an increased
risk of an asthma attack

The influence of factors such as airway calibre, bronchial

hyperresponsiveness, age and sex on the 'perceptiveness' of a patient are poorly understood It is of
clinical importance to identify patients who are likely to have a poor perception of their symptoms
We have studied the perception of bronchoconstriction by asthmatic patients during a histamine
provocation test and analysed the influence of bronchial obstruction, hyperresponsiveness, sex and
age We were particularly interested to establish whether there was any difference in perception
between subjects with a greater or lesser severity of asthma (expressed as bronchial obstruction,
hyperresponsiveness)
Methods One hundred and thirty four patients with allergic asthma underwent a histamine
provocation test The FEV ι was measured after each inhalation of histamine Subjects were asked to
rate subjective quantification of the sensation of breathlessness on a visual analogue scale (VAS)
The relationship between changes m VAS values and the reduction in FEVi as a percentage of the
baseline value was analysed by determining the linear regression slope (a) between the two
parameters and indicates the perception of airway obstruction Multiple regression analysis was
performed to investigate the effect of baseline FEVi, bronchial hyperresponsiveness, sex and age on
the 'perceptiveness' for bronchoconstriction
Results The median value of the slope α (indicating the perception of airway obstruction) was 0 91
(25 -75th percentile 0 4 8 - 1 45) Age and sex had no influence on the perception of
bronchoconstriction Both initial bronchial tone (baseline FEV)) and bronchial hyperresponsiveness
(PC20) showed a significant correlation with the perception of bronchoconstriction The regression
coefficients for FEV| and 21og PC20 in the multiple regression model were 0 20 and 0 10 Patients
who had a low baseline FEV| and/or a high bronchial responsiveness to histamine were more likely
to show a low perceptiveness for bronchoconstriction during the challenge test
Conclusions Low baseline FEV ] and high bronchial responsiveness are associated with a low degree
of'perceptiveness' for bronchoconstriction This suggests that patients with a more severe degree of
asthma either show adaptation of'perceptiveness' for airway obstruction or that low perceptiveness
leads to more severe asthma

Introduction
Some asthmatic patients perceive their symptoms of bronchial obstruction rather poorly Patients
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with a poor perception might have an increased risk of a severe or even fatal asthmatic attack '

3

Detection of the determinants of the ability of perceiving bronchial obstruction might be helpful
therefore in protecting 'poor perceivers' from a severe asthmatic attack 2 In this study we define
perception of breathlessness as the subjective quantification of the respiratory stimulus intensity in
relation to the bronchoconstructive stimulus
The bronchial challenge test with histamine was used to induce airway obstruction as a stimulus
to measure the perceptiveness for the associated sensation The reduction in forced expiratory
volume in one second (FEVi) as a percentage of the baseline value was used as an index for airway
obstruction and the subjective quantification of the change in sensation of breathlessness was
measured on a visual analog scale (VAS) In line with other studies, the slope of the linear regression
line (a) between these two parameters was used as an index of the 'perceptiveness' of the patient4 ,
the steeper the slope, the more sensitive a person is to signals of bronchoconstnction
Subjects vary greatly in the subjective quantification of the stimulus at any level of the reduction
in FEVi The factors underlying this observed variability are still unknown Some studies have
shown an impaired perception by elderly patients7 ' 0 but others have not "

l2

Brand et al7 showed

that women are more likely to perceive airway obstruction during a histamine challenge test than
men Furthermore, bronchial hyperresponsiveness has been found to be a possible factor in
influencing the perception of asthma symptoms6 7 Burdon et al6 suggested that those subjects who
frequently develop acute airflow obstruction acquire a degree of tolerance that reduces the sensory
intensity of the experience compared with that in less reactive subjects Other studies have failed to
show any influence of the severity of airway responsiveness on the perception of

airway

obstruction ' 3 M In daily practice it is especially important to identify non-perceptive subjects with a
more or less severe degree of asthma (expressed as the baseline FEV ι and concentration provoking a
fall in FEV, of 20% or more (PC20))
On the other hand, with reference to the FEV,, assuming a laminar flow in the airways, the
driving pressure is proportional to the flow multiplied by the airway resistance This means that flow
(FEV|) has a hyperbolic relationship with airway resistance Consequently, a similar change in FEVi,
from a high or a low baseline value, represents a relatively small or large change in airway resistance,
respectively Assuming that airway resistance is the adequate stimulus perceived by the patient, it
would be reasonable to expect that subjects with a low baseline FEV| might perceive the same
decrease in FEV| considerably better than subjects with a high baseline value of FEV 1
We have studied the perception of airway obstruction during a histamine challenge test on
asthmatic patients to assess the influence of baseline FEVi, bronchial hyperresponsiveness, age, and
sex Specifically, we tested the hypothesis that subjects with a low baseline FEVi are more likely to

70

CHAPTER 5

have a good perception of airway obstruction, because a similar change in FEV ι in these patients
represents a relatively greater change in airway resistance than in subjects with a high baseline FEV ι.
Methods
Patient selection
Patients were recruited from a research project on symptom perception by asthmatic patients aged
15

16-60 years who were allergic to house dust mite. Inclusion criteria for this research project were
FEV ι > 50% of predicted value, PC20 histamine equal to or less than 8 mg/ml and/or reversibility of
obstruction at least 15% after inhalation of 800 μg salbutamol (compared with baseline FEV 1), lower
airway complaints, no use of oral steroids, and no dependency on inhaled corticosteroids. The
present study was performed at thefirstassessment of lung function parameters after inclusion of the
larger trial. Only patients with asthma with a baseline FEV| > 50% of the predicted value qualified
for a histamine challenge test and were recruited for the present study. Patients had to have a
bronchial provocation test with a minimum reduction in FEV) of 20% or more of baseline value with
at least two doubling doses of histamine to determine a patient's 'perceptiveness' during this test.
Informed consent was obtained from each patient.
Bronchial provocation
Each patient underwent a histamine challenge test according to ERS-standards.16 Prior to testing, no
short acting bronchodilators were used for at least eight hours and no long acting bronchodilators for
at least 12 hours. Doubling concentrations of histamine starting with 0.03 mg/ml up to 16 mg/ml
were administered until FEVi had fallen by at least 20% compared with the baseline value or a
maximum of 16 mg/ml histamine was given. The bronchial response to each dose of histamine was
expressed as the reduction in FEV, as a percentage of the baseline value according to ERSstandards.16 The dose of inhaled histamine causing a 20% fall in FEV| compared with the baseline
value (PC20 histamine) was obtained from the log-dose response curve by linear interpolation.
Assessment ofbreathlessness
Breathlessness was measured before each measurement of FEV| using a visual analogue scale
(VAS). The subjects rated their breathlessness on a 100mm horizontal VAS with the words
'minimum' and 'maximum' on the left and right ends. Subjects were instructed that the word
'minimum' meant 'no complaints of respiratory sensation such as shortness of breath, chest tightness
and breathlessness' and that 'maximum' stood for 'the worst complaints of respiratory sensation
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imaginable' The three different descriptions of symptoms (shortness of breath, chest tightness and
breathlessness) were all used as indicators of respiratory sensations Subjects were asked to score the
overall magnitude of all three symptoms together in one assessment Other histamine related
symptoms such as pharyngitis or conjunctivitis, headaches, or cough were not scored The subjects
were instructed to place a vertical mark on the line, such that its position relative to the two extremes
indicated the magnitude of respiratory sensation at the moment of measurement VAS values at any
dose of histamine were expressed as absolute differences (in mm) compared with the baseline
value

l7

Analysis
A patient's perception of bronchoconstnction was determined by the relationship between the
absolute changes in VAS values in millimetres and the reduction in FEVi as a percentage of the
baseline value in each patient This relationship was analysed by means of a linear regression
coefficient (slope a) between these two parameters m which the change in FEVi was the
independent variable and was placed on the χ axis The change in VAS value, being the dependent
variable, was put on the y axis Each (AVAS/AFEV|) slope indicates the perception of airway
obstruction of that patient, the steeper the slope the more sensitive is the subject to signals of
bronchoconstnction Values are expressed as medians with 25 -75th percentile ranges PC20 values,
which were positively skewed, were 21og transformed before this parameter was entered in the
analysis Multiple regression analysis was performed, with the perception of bronchoconstnction
(slope a) as the dependent variable and the baseline FEVi, 21og PC20, sex, age, and baseline VAS
value as predictor variables Predictor variables were entered in the multivariate model using a
backwards procedure A p-value of <0 05 was regarded as statistically significant
Results
Patients
The clinical characteristics of the 134 asthmatic patients who could be analysed are presented in
table 5 1 Of the 162 subjects in the original trial,fivehad a baseline FEVi of < 50% of the predicted
value, one did not speak Dutch, in four patients no data on respiratory sensation were recorded, nine
had a provocation test which consisted of only one doubling dose of histamine, and nine had a
bronchial provocation test with a reduction in FEV) of less than 20% of the baseline value The total
number of patients left for analysis was therefore 134
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Clinical characteristics of the study population.
Subjects (N= 134)

Age* (years)
Sex (F/M)
PC2o# (mg/ml)
FEV,* (ml)
FEV,* (% predicted)
Smoking history.
Current smokers (packyears5)
Ex-smokers (packyears*)
Never smokers
Medication used during 4 weeks prior for testing:
Beta2-agonist (less than once a day)
Combination of beta2-agomst and anticholinergica (Berodual®)
Less than once a day
Regular (once a day or more)
Regular anti-histaminica (once a day)
<
Beclometason nose spray
Less than once a day
Regular

34(11)
61/73
1 18 (0 93 - 1 49)
3229(724)
86(15)
25(10)
30(13)
79
5
76
15
7
1
1

Data are presented as: *: mean (SD), # geometric mean ((% CI), $: 1 packyear = 365 (days) χ 20
(sigarettes) ever smoked
Perception of bronchoconstriction
The subjects varied considerably in the subjective quantification of the stimulus at any level of the
reduction in FEVi as a percentage of the baseline value. The median value of the VAS value at the
beginning of the histamine challenge test was 8mm (25-75th percentile 2-18mm). The median
change in the VAS value was 27mm (25-75th percentile 19-39mm) and the median reduction in
FEV| as a percentage of the baseline value was 26% (25-75th percentile 23-31%). The median
maximum VAS value was 41mm (25-75th percentile 26-58mm).
Effect of age, sex, PC20 and baseline FEV)
The index for the perceptiveness of bronchoconstriction quantified by the linear regression slopes (a)
of the relationship between the reduction in FEVi as a percentage of the baseline value and changes
in VAS was made for 134 subjects (figure 5.1). The median slope was 0.91 (25-75lh percentile 0.481.45). In figure 5.1a distinction has been made between patients with more severe degree of asthma
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(PC20 ^ 2mg/ml in combination with FEV, <80% predicted) compared with the rest (PC20 > 2mg/ml
and/or FEVi > 80% predicted). The patients with more severe asthma differ from those with a milder
degree of asthma (p = 0.005), with a median slope (AVAS/AFEVO of 0.69 (25-75th percentile 0.341.11) and 1.08 (25-75th percentile 0.59-1.52), respectively.
Figure 5.1. Histogram of the values of linear regression slopes (a) as index of the perception of
bronchoconstriction. The slopes are assessed in the linear regression analysis as the change in
VAS value according to the reduction in FEVi as a percentage of the baseline value (N=134).
Solid bars represent patients with more severe asthma (PC20 S 2mg/ml in combination with FEVi
< 80% predicted); striped bars represent patients with milder asthma (PC20 > 2mg/ml in
combination with FEVi >80% predicted).

slope (mm change in VAS/% reduction in FEVI)

The result of the multiple regression analysis of the perceptiveness for

bronchoconstriction

according to baseline FEV|, PC20, baseline VAS, age, and sex are shown in table 5.2. Both initial
bronchial tone (baseline FEV|) and the bronchial hyperresponsiveness (21og PC20) were positively
correlated with the perception of bronchoconstriction. The regression coefficients for FEVi and 21og
PC20 in the multiple regression model were 0.20 and 0.10 with ρ values of 0.018 and 0.002,
respectively. This result indicates that patients with more severe airway responsiveness and/or low
baseline FEV| were more likely to show a lower perceptiveness for a decrease in FEVi during a
histamine challenge test than the more healthy subjects. The baseline VAS, age, and sex had no
significant effect on the perception of bronchoconstriction.
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Table 5 2

Multiple regression analysis of perception of bronchoconstnction (indicated by the slope in the
linear regression analysis between the change m VAS value and the reduction in FEV ι as
percentage of baseline value) according to baseline FEV,, hyperresponsiveness (21og PCjo),
baseline VAS, age and sex

Intercept
Baseline FEV, (1)
Hyperresponsiveness (2log PC20)
Baseline VAS value (mm)
Age (years)
Male (0) female (1)

Regression
coefficient

Individual R2

p-value

0 37
0 20
0 10
0 04
0 03
-0 01

0 07
010
0 00
0 00
0 01

0 179
0018
0 002
0 652
0 777
0 870

R2 of the total model = 0 14
Regression model perception of bronchoconstnction = 0 37 + 0 10 * 2log PC20 + 0 20 * FEV, (I)

Discussion
The results of the present study show that a low sensitivity to detect a decrease in FEV 1 during a
histamine challenge test was more likely to occur in patients with a relatively small initial airway
calibre (lower baseline FEVi) This result is in contrast with the expectation that subjects with a low
baseline FEVi would perceive the same decrease in FEVi better than subjects with a high initial
FEV ι, because a similar change in FEVi in the latter group represents a relatively smaller change in
airway resistance than in subjects with an initial low FEV; Possible explanations might be that these
subjects with a low initial airway calibre are chronically adapted to their increased airway resistance
Such an adaptative mechanism has been suggested by Burki et al and Turcotte etal1819

Burki et al

found that asthmatic patients appear to detect an inspiratory resistance less well than non-asthmatic
subjects " Furthermore, Turcotte et al reported a poorly perceived late asthmatic response due to the
mechanism of temperai adaptation during slow and progressive bronchoconstnction '

9

An alternative explanation put forward by Roisman et af is that increased inflammation, which is
a possible cause of a low airway calibre, influences the perception of induced bronchoconstnction
We were not able to measure the degree of airway inflammation to check this theory Indeed, a
positive association was found between the perception of airway obstruction and bronchial
hyperresponsiveness This result indicates that patients with more severe airway responsiveness
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(more inflammation) are more likely to show a low perceptiveness to a decrease in FEVi than more
healthy subjects Although it is well known that bronchial obstruction and bronchial
hyperresponsiveness are very much related, this can only partly explain the observations as the
relationship between baseline obstruction and the perception of airway obstruction was corrected for
hyperresponsiveness and vice versa This finding might mean that patients with a high bronchial
hyperresponsiveness expenence airway constriction due to increased inflammation relatively more
often and therefore may be more used to the sensation of breathlessness and more inclined to
disregard the seventy of the airway obstruction These results show that patients with a more severe
degree of asthma (low FEV, and/or PC20) will perceive a further bronchoconstnction less than
patients with a better baseline lung function However, the opposite conclusion should also be
considered - namely, that subjects with a poor perception did not demand sufficient treatment in the
past which might have resulted in a more severe degree of asthma
Regardless of the explanation, the percentage of explained variation of the total model was low
(R = 0 14) This means that, although the seventy of asthma seems to be a predictor, it may not be a
major determinant of the perception of bronchoconstnction Undoubtedly, there are many unknown
factors that influence the perception of bronchocontnction which still have to be determined
2

We did not find that the 'perceptiveness' of a patient was influenced by age This is in agreement
with the results of a large study performed in six countnes in which age and sex had no significant
effect on the symptoms and the impact of asthma on daily living ' ' Also, 15% of subjects in the study
of Rubinfeld12 who were unable to perceive airway obstruction did not show any age or sex
preference However, these results and the result of the present study is in contrast with some other
studies, where younger patients were more likely to perceive their dyspnoea during a histamine
challenge test and dunng elastic loads 710 Connolly et al found that elderly subjects had an impaired
perception and that the perception did not correlate with the degree of hyperresponsiveness A
possible reason for the different results is the chosen age distribution in the studies concerned We
studied subjects aged 16-60 years whereas the elderly patients in the study by Connolly were 60
years of age or older An alternative explanation might be that the theory of 'temporal adaptation'
may only be relevant in the age range 16-60 years and the impaired perception in older patients may
be caused by many other things Several studies have reported impaired perception of
bronchoconstnction by elderly subjects although the reason for this is by no means clear ' l0
Furthermore, a few studies have shown that women report more dyspnoea than men7 20 but others
have not " 12 The present study did not confirm any effect of sex
The age range of our patients was 16-60 years We excluded older patients in order to study
asthmatic patients only and to exclude patients with COPD as far as possible However, the
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exclusion of older patients could have effected the relationship between age and perception of
bronchoconstriction.
Lougheed and coworkers found a strong relationship between inspiratory muscle work and the
21

perception of asthma symptoms in patients with mild asthma. However, we studied asthma patients
during a mean reduction in FEV ι of 27% of the baseline value in which no intensive muscle work
can be expected. The perception of bronchoconstriction was therefore determined by the relationship
between the changes in VAS values and the reduction in FEVi as a percentage of the baseline value
instead of the relationship between the symptom score and inspiratory capacity.
In conclusion, the perception of breathlessness during bronchoconstriction substantially varies
between subjects and is weakly and positively correlated with FEV| and PC20 but not with age or
sex.
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Abstract
Background Patients evaluate their medication treatment mainly on the degree of asthma symptoms,
which might be modulated by the ability to perceive asthma symptoms Therefore, the influence of
asthma medication on the perception of asthma symptoms is of interest for daily practice This study
investigated the perception of histamine induced bronchoconstnction during chronic use of ß2agonists, both for short-acting and long-acting ß2-agonists We hypothesize that chronic use of ß2agonists reduce the perception of symptoms in asthmatic patients
Methods Asthmatic patients (68 male and 60 female, mean age 35 ± 11 years, FEVi 86 ± 15% of the
reference value, PC20 geometric mean 0 97mg/ml (95% CI 0 73-1 30)) were selected and randomly
allocated to the use of either a short-acting ß2-agonist (salbutamol, N=41) or a long-acting ß2agonist (formoterol, N=46) or placebo (N=41), which were used for 12 weeks Perception of
histamine induced bronchoconstnction was measured at the start and every 4 weeks thereafter
Subjects quantified their sensation of breathlessness during the challenge tests on a modified Borgscale The 'sensitivity' towards changes in FEVi was analysed by the linear regression slope (α) 'Borg
versus % fall in FEV|' The 'absolute perceptual magnitude' was determined by the perception score
at the 20% fall in FEVi (PS20)
Results Repeated measurements analysis showed no difference in the course of time of slope α and
PS20 between the three medication groups
Conclusion This study showed that chronic use of ß2-agonists did not significantly change
perception of histamine induced bronchoconstnction compared with placebo, neither for short-acting
nor for long-acting ß2-agonists during a period of 12 weeks of daily use
Introduction
Perception of asthma symptoms might be influenced by chronic bronchodilator use for treating
asthma, and the relationship might also be conversely This complexity of the relationship between
chronic bronchodilator use and perception of asthma symptoms is schematically presented in figure
61
Firstly, chronic use of bronchodilators leads to a decrease in bronchoconstnction and this might
influence the perception of the severity of the disease The reduced perception of asthma symptoms
might influence patient's health care behaviour For instance patients might be more exposed to
allergens because the patient will have no urge to stay away from allergens, as there is no warning
against repeated exposure Patients also might become non-compliant with medication treatment
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Figure 6 1 Schematic presentation of the possible influence of chronic bronchodilator use on the perception
of asthma symptoms

frequent bronchoconstnction

\
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,-•
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I
I _

Ï
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Impaired perception as a consequence of impaired
sensory receptos due to inflammation in the airways

•

Effect of B2-agomsts on perception and the consequence on
bronchial responsiveness due to inadequate health care behaviour

•

Effect of chronic use of B2-agonists on the
bronchial responsiveness and bronchoconstnction

In the mean time these patients might develop a progressive inflammatory airway disease with
increasing bronchial hyperresponsiveness (striped lines in figure 6 1) Secondly, several studies
observed that chronic use of ß2-agonists has possible detrimental effects, resulting in increased
bronchial hyperresponsiveness ' 4 Chronic use of short-acting ß2-agonist led to tolerance to its
protective effects against bronchoconstrictor stimuli, whereas its bronchodilator properties remained
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unchanged 3 5 6 Furthermore, bronchial hyperresponsiveness has been found to be a possible negative
factor in influencing the perception of asthma symptoms 7 8 Previously, it has been shown by
Roisman et al that both the degree of eosinophilic inflammation presented in the airways and the
degree of epithelial damage are negatively related with the ability of patients to perceive bradykimn
induced bronchoconstriction It was suggested that afferent nerves that participate in the perception
of bradykinm-induced bronchoconstriction may be impaired by neurotoxins released by activated
eosinophils (double line in figure 6 1 ) Besides, patients with an increased bronchial responsiveness
might be chronically adapted to their increased bronchoconstriction as a result of their bronchial
responsiveness (dotted line in figure 6 1) Such an adaptive mechanism has been suggested by
Burdon et al 7 Although, chronic bronchodilator use also counteracts the bronchoconstriction, we
assume that the negative consequence of chronic use of these drugs on the bronchial responsiveness
may eventually have negative consequence for the perception of asthma symptoms in the long-term
In the present study we hypothesize that an increased bronchial hyperresponsiveness after chronic
use of p2-agonists leads to a decrease in the perception of airway obstruction as a resultfromboth an
increase in eosimphilic inflammation and epithelial damage in the airways as well as an temporal
adaptation
In patients with a high initial bronchial hyperresponsiveness the influence of chronic use of ß2agonists on perception can hardly be evaluated, because no further room for deterioration in
hyperresponsiveness can be expected Therefore for the present study, a distinction has been made
between patient with an initial high and an initial low bronchial responsiveness
The perception of histamine induced bronchoconstriction has been assessed by two indices
representing different aspect of the perception the 'sensitivity' index and the 'absolute perceptual
magnitude'812 The index for the 'absolute degree of perceived bronchoconstriction' is reflecting
patient's subjective judgement about the magnitude of the intensity of a sensation, while the
'sensitivity' index represents the ability of the patient to perceive the changes in lung function
We have studied the perception of bronchoconstriction during chronic use of ß2-agonists, both for
short-acting and long-acting ß2-agonists We analysed the influence of chronic use of ß2-agonists on
two different aspects of the perception of bronchoconstriction (sensitivity towards changes in lung
function and the absolute perceptual magnitude) in a population with mild stable asthma These
observation were conducted during a recent study to determine the clinical effects of chronic ß2agonists use '2 '3
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Methods
Patient selection
The selection of the patients followed a three step procedure Firstly, patients (aged 16-60 years)
were instally selected by their General Practitioner (GP) for having bronchial symptoms or a clinical
diagnosis of asthma 13 Secondly, eligible patients (N=456) then visited the lung function laboratory
for an inclusion assessment allergic asthmatic patients, FEVi > 50% of predicted value, PC20 on
histamine < 8 mg/ml and/or reversibility of obstruction at least 15% compared to baseline FEV| after
inhalation of 800 μ§ salbutamol, lower airway complaints, no dependency on oral or inhaled
corticosteroids Eventually, 258 patients met these criteria, of whom 204 agreed to start with the
study
In order to determine the patients' 'perceptiveness' during the study, patients had to have a baseline
FEV] > 50% of predicted value to start the bronchial provocation test, and during this test the PC20
value had to be established with at least two doubling doses of histamine In the third step, 128
patients were included in the analysis as they completed the study with a minimum condition of two
measurements (baseline plus one follow-up measurement) Informed consent was obtainedfromeach
patient
Study design
The assessment of the perception of induced bronchoconstnction took place during the scheduled
measurements of a double-blind, placebo-controlled clinical trial After an 8-week washout period,
each subject randomly received either a short-acting (salbutamol (mdi), 2* 100μg qid), or a longacting (formoterol (mdi), 1 * 12μg bid) ß2-agonist, or a placebo during 12 weeks (figure 6 2) At the
start of the washout period patients ceased all their pulmonary medication if used (inhaled
corticosteroids, cromoglycates, bronchodolators) and were instructed to use only the rescue
medication on demand (Berodual® (dpi), ipratropium bromide 40μg and fenoterol hydrobromide
100μg) This washout period was to familiarise patients to the cessation of their asthma medication
Patients came to the laboratory at the start of the treatment period and every 4 weeks thereafter
Patients received the study medication on the entry day and were carefully instructed how to use the
medication (inhaler technique and time schedule) This use was checked during every visit at the
laboratory used canisters were collected and were weighed before and after use in order to check
compliance
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Bronchial provocation
During each visit to the laboratory patients underwent a histamine challenge test according to ERSstandards (tidal breathing method). 4 Prior to testing, no study medication was used for at least 12 h.
Doubling concentrations of histamine starting with 0.03 up to 16 mg/ml were administered until
FEV ι had dropped by at least 20% compared to baseline value, or a maximum of 16 mg/ml
histamine was given. The bronchial response to each dose of histamine was expressed as the
reduction in FEV; as percentage of baseline value, according to ERS-standards. 14 The dose of
inhaled histamine, causing a 20% fall in FEV, with regard to baseline (PC20 insununc) was obtained
from the log-dose response curve by linear interpolation.
Assessment

ofbreathlessness

Breathlessness was measured during the histamine challenge, before each measurement of FEV 1
with a Modified Borg-scale. 15 The Borg scale is a 12-point ordinal scale ranging from 0 (no
respiratory complaints at all) and 0.5 (very, very slight respiratory complaints) to 10 (maximal
respiratory complaints). Subjects were instructed that the description of respiratory complaints meant
'complaints of respiratory sensation such as shortness of breath, chest tightness and breathlessness'.
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Subjects were asked to score the overall magnitude of all three symptoms together in one assessment
Other histamine-related symptoms such as pharyngitis or conjunctivitis, headaches or cough were not
scored
Analysis
The perception of bronchoconstnction during the histamine challenge test was analysed by
calculating the 1 inear regression coefficient (slope a) between Borg scores and the reduction in FEV ;
as percentage of the baseline value in the linear regression analysis of Borg=>H-a%AFEV ι indicating
patient's 'sensitivity' towards changes in FEVi 7 9 " l 2 Furthermore, Borg scores corresponding to a
reduction in FEVi of 20% were determined by interpolation (PS20), reflecting the 'absolute
perceptual magnitude' 810 12 ' 6 Effect on the bronchial hyperresposiveness of chronic bronchodilator
use was determined with a paired t-lest between baseline and the last follow-up measurement of the
PC2Ü
Repeated measurement analyses have been used to compare the three treatments (short-acting and
long-acting ß2-agonist and placebo) with regard to the perception of histamine induced
bronchoconstnction, for both the sensitivity index (slope a) and the perception score at 20% redution
in FEV 1 (PS20) All repeated measurements analyses were corrected for baseline perception score,
baseline bronchial responsiveness (PC20) and baseline FEV| as percentage of predicted value All
analyses were done for the group of patients with either an initial high and an initial low bronchial
responsiveness (PC20 < 2mg/ml versus PC20 ^ 2 mg/ml), in order to investigate whether there was
any difference between both groups of patients Finally, the perceptual sensitivity (slope a) and the
absolute perceptual magnitude (PS20) between patients with either an initial high and an initial low
bronchial responsiveness were compared by a t-test at This was done at baseline and every four
weeks thereafter (four measurements)

Results
Patientï
Of the 204 patients who started the washout period, 42 subjects dropped out before the medication
treatment period started During this medication period, five subjects dropped-out because they
needed inhaled corticosteroids treatment, another five subjects refused after all to take the study
medication, and six patients stopped due to motivational factors In 18 subject no baseline perception
measurement and/or none of the follow-up perception measurements could be assessed, because one
or more of the predefined test conditions was not present at the moment of the assessment The total
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number of patients left for analysis was therefore 128. The clinical characteristics of these 128
asthmatic patients are presented in table 6.1. The 76 drop out subjects were not different from the
remaining 128 patients, so there was no recruitment bias.
Table 6.1

Baseline characteristics of the study population.

Age (years)
Sex (F/M)
PC2o (mg/ml) *
FEV, (ml)
FEV, (% of predicted)
Perception indices:
Slope
'Borg\% reduction in FEV,'

short-acting
N=41
mean (SD)

long-acting
N=46
mean (SD)

placebo
N=41
mean (SD)

p-value

34.8(10.6)
17/24
1.03(0.60-1.78)
3362(719)
88(13)

33.7(11.5)
23/23
0.89(0.54-1.47)
3195(611)
86(14)

35.8(12.3)
20/21
1.00(0.64-1.58)
3056(787)
83(17)

0.687
0.697
0.911
0.150
0.315

0.12 (0.06)

0.11 (0.08)

0.11 (0.06)

0.834

4.4(2.9)

3.6(1.8)

4.2(2.0)

0.222

PS20

'Borg at 20% reduction in FEV,'
• geometric mean (95%CI)
Bronchial

hyperresponsiveness

The course of bronchial hyperresponsiveness during 12 weeks of chronic bronchodilator use in the
group with an initial high and low bronchial hyperresponsiveness (PC20 < 2mg/ml versus PC20 ^ 2
mg/ml) is shown in figure 6.3. The PC20 decreased significantly in the group with an initial low
bronchial responsiveness using chronic short-acting ß2-agonist from 5.26 mg/ml (95% CI: 3.717.45) to 1.94 mg/ml (95% CI: 0.84-4.48) (p-value = 0.013).
Histamine challenge test
The mean value of the FEVi as percentage of the predicted value was 85% (SD 15%) at the
beginning of the histamine challenge test. The median value of the maximum change in FEVi was
25% of the baseline value (25-75th percentile: 22%-30%). The median value of the Borg-score at
baseline and at the end of the histamine challenge test was 1 (25-75th percentile: 0-2) and 4 (25-75th
percentile: 3-5) respectively.
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Figure 6.3

Effects of 12 weeks of chronic ß2-agonists use on the PC20 in patients with an initial high
and initial low bronchial hyperresponsiveness (PCjo^mg/ml versus PC2o^2mg/ml).
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Perceptive sensitivity for changes in FEV ι
There were no significant differences in the perceptive sensitivity for changes in FEVi (slope a )
between the three medication groups at the start of the study (table 6.1). Repeated measurements
analysis showed no difference in the course of time of slope α between the three medication
groups for both the total group as well as the group split up in patients with either an initial high
and an initial low bronchial responsiveness (p=0.9810 and p=0.4235 respectively, figure 6.4).
There was a significant difference in the perceptive sensitivity for changes in FEVi (slope a )
between the group with an initial high and an initial low bronchial responsiveness at baseline and
every four weeks thereafter (p-values < 0.05).
Absolute perceptual magnitude
There were no significant differences in the perception score at 20% reduction in FEVi (PS20)
between the three medication groups at the start of the study (table 6.1). Repeated measurements
analysis showed also no difference in the course of time of PS20 between the three medication groups
for both the total group as well as the group split up in patients with either an initial high and an
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initial low bronchial responsiveness (p=0.7215 and p=0.1822 respectively, figure 6 5). There was no
significant difference in the absolute perceptual magnitude (PS20) between the group with an initial
high and an initial low bronchial responsiveness at baseline and every four weeks thereafter.
Figure 6.4

Perceptual sensitivity of histamine induced bronchoconstriction (slope a) during chronic use
of ß2-agonists in subjects with an initial high and low bronchial responsiveness.
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Figure 6.5

Absolute perceptual magnitude of histamine induced bronchoconstriction (PS20) during
chronic use of ß2-agonists in subjects with an initial high and low bronchial responsiveness.
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Discussion
This study shows that chronic use of ß2-agonists did not significantly change perception of histamine
induced bronchoconstriction compared with placebo, neither for short-acting nor for long-acting ß2agonists during a period of 12 weeks of daily use.
Among the different factors that may influence perception of bronchoconstriction, airway
inflammation has been proposed. Roisman et al9 suggested that the asthmatic inflammatory process,
with its eosinophilic airway inflammation and epithelial damage, could reduce perception of
bronchoconstriction, possibly due to sensory receptors in the airways. As a consequence, we
hypothesized that chronic use of ß2-agonists might increase the bronchial hyperresponsiveness
resulting in more airway inflammation and eventually leading to a reduction of the perception of
bronchoconstriction. We have reported earlier that chronic use of ß2-agonists resulted in subgroups
of patients in an increased bronchial hypperresponsiveness and an increased decline in lung
function.17 The course of bronchial hyperresponsiveness in this study increased indeed in the group
with an initial low bronchial responsiveness using chronic short-acting ß2-agonists. However, the
results of the present study shows that the increase in bronchial responsiveness did not lead to a
decrease in the perception of bronchoconstriction. So our hypothesis cannot be confirmed namely,
that the increased bronchial hyperresponsiveness after chronic use of ß2-agonists do lead to a
decrease in the perception of airway obstruction as a result from an increase in eosiniphilic
inflammation and epithelial damage in the airways in the course of 12 weeks.
To our knowledge, only one previous study looked at the perception of induced
bronchoconstriction in asthmatic patients and the effect of long-acting ß2-agonist (salmeterol 1 *
50μg bid during 4 weeks).10 This study, using the perception score at 20% reduction in FEV;
compared to baseline, confirms that long-acting ß2-agonist does not impair the perception of
bronchospasm.
In the group with a high bronchial hyperresponsiveness the perception did not decrease in one of
the study medication groups. One might consider that the degree of chronic airway inflammation in
these subjects was a priori on such relatively high level that epithelial damage in the airways due to
eosiniphilic inflammation was already present. Consequently, the impaired afferent nerves that
participate in the perception of histamine-induced bronchoconstriction may have diminished the
perception of bronchoconstriction before the start of the trial and no additionally deterioration of the
perception of airway obstruction can be expected during a further increase of bronchial
responsiveness.
There was a difference in the perceptual sensitivity for bronchoconstriction between the groups
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with an initial high and initial low bronchial responsiveness, during every visit at the laboratory
throughout the entirerly course of the study. These results indicate that there is a relationship
between hyperresponsiveness and perception of bronchoconstriction. These observations contradicts
with the result in the group with an initial low bronchial responsiveness using short-acting ß2agonists in which the bronchial hyperresponsiveness increased during the 12 weeks of the study
period, and no influence was observed on the perception of bronchoconstriction. Therefore, one
could speculate that the study period might be to short to demonstrate the influence of an increased
hyperresponsiveness on the perception of bronchoconstriction. It is possible that only after a
prolonged reduction in bronchial hyperresponsiveness the perception of bronchoconstrction might be
influenced.
The results of the present study indicate that chronic use of ß2-agonists does not influence the
ability of the asthma patient to perceive bronchoconstriction. Nonetheless, we do not advocate to
prescribe the chronic use of ß2-agonist as single-treatment in asthma patients as chronic use of
bronchodilators might lead to an increase in bronchial responsiveness, and could still result in a
reduced perception after a longer detoriation of the bronchial responsiveness than in this study has
been observed.
In this study we were not able to measure the degree of eosinophilic airway inflammation and
epithelial damage, therefore we cannot tell wether the increased bronchial responsiveness indeed led
to an increased inflammation in the airways of the asthmatic subjects. However, we determined the
degree of bronchial responsiveness as an indication of airway inflammation.
The magnitude of breathlessness was measurend by the modified Borg-scale. Measurements of
breathlessness made with the Borg scale appeared to have greater stability than Visual Analogue
Scale measurements. '
Factors such as airway calibre, bronchial hyperresponsiveness, age and sex has been reported to
have an influence on the degree of perception of asthma symptoms. In the present study, however, no
significant differences in these determinants have been found between the three medication groups at
the start of the trial.
In summary, this study shows that chronic use of ß2-agonists did not significantly change
perception of histamine induced bronchoconstriction compared with placebo, either for short-acting
or for long-acting ß2-agonists after a period of 12 weeks of daily use.
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CHAPTER 7

Abstract
Background The relationship between asthma medication and the perception of asthma symptoms is
of interest for daily practice Poor perception of asthma symptoms might influence patients' health
care behaviour and subsequently might lead to undertreatment and deterioration of their disease This
study investigated the influence of the chronic use of short-acting and long-acting ß2-agonists,
compared with the additional use of inhaled corticosteroids on the perception of histamine induced
bronchoconstnction
Methods Asthmatic patients (33 male and 31 female, mean age 35 ± 11 years, FEV: 87 ± 14% of the
reference value, PC20 geometric mean 1 08mg/ml (95% CI 0 76-1 52) were selected and randomly
allocated to the use of either a short-acting ß2-agonists (salbutamol, N=22) or a long-acting ß2agonists (formoterol, N=22) or placebo (N=20), which has been used for 12 weeks This medication
treatment was repeated exactly one year later in which patients received the same medication plus
additionally an inhaled corticosteroid Perception of histamine induced bronchoconstnction was
measured at the start of each treatment period and every 4 weeks thereafter Subjects quantified their
sensation of breathlessness during the challenge tests on a modified Borg-scale The perceptive
'sensitivity' for changes in FEV| was analyzed by the linear regression slope (α) 'Borg versus % fall
in FEVi' The 'absolute perceptual magnitude' was determined by the perception score at the 20% fall
inFEV,(PS2o)
Results The additional use of inhaled corticosteroids during the second year, resulted in an improved
perception of histamine induced bronchoconstnction (slope a) compared with thefirstyear for only
the long-acting ß2-agomsts group (p-value 0 036) This improvement was not observed for the
'absolute perceptual magnitude' (PS20)
Conclusion The additional use of inhaled corticosteroids during chronic use of long-acting ß2agonists improves the perceptive 'sensitivity' for changes in FEVi during histamine induced
bronchoconstnction, which was not observed for short-acting bronchodilators This result might
implicate that the positive effects on perception of airway obstruction might be another reason
(besides the beneficial effects on the clinical condition) for prescribing a combination of long-acting
ß2-agonists and inhaled steroids

Introduction
Poor perception of asthma symptoms may be a major underlying cause of fatal or near fatal asthma
attacks ' 2 Those patients who perceive asthma symptoms poorly, are at risk of underestimation and
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undertreatment of their disease. It is important to identify the determinants of the ability of
perceiving asthma symptoms.3'4 Especially, the influence of asthma medication on the perception of
asthma symptoms is of interest for daily practice. In the present study the effects of bronchodilators
and inhaled corticosteroids on the perception of asthma symptoms are investigated. In figure 7.1 we
present the possible mechanisms underlying the relationship between the use of asthma medication
and the perception of asthma symptoms.
Figure 7.1 Schematic presentation of the possible influence of chonic bronchodilator use and use of
inhaled corticosteroids on the perception of asthma symptoms.
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Bronchial hyperresponsiveness has been suggested to be a negative factor in influencing the
perception of asthma symptoms 5"7 Two different mechanisms of the relationship between bronchial
hyperresponsiveness and perception of asthma symptoms has been proposed firstly, Burdon et al5
suggested that those subjects who frequently develop acute airflow obstruction acquire a degree of
tolerance that reduces the sensory intensity of the experience compared with that in less reactive
subjects This mechanism is called temporal adaptation (dotted arrows in figure 7 1) Secondly, it has
been suggested that afferent nerves that participate in the perception of bradykinin-mduced
bronchoconstriction may be impaired by neurotoxins released by activated eosinophils in bronchial
hyperresponsive patients (double arrow in figure 7 1 ) 7 This is in agreement with in 't Veen8, who
showed that the degree of sputum eosinophiha is related with blunted perception in patients with
severe asthma
Both the use of inhaled corticosteroids and the chronic use of ß2-agonists have been shown to
have an (possible) effect on the degree of bronchial hyperresponsiveness9 '2 Some studies showed
that the chronic use of ß2-agonists has detrimental effects, resulting in increased bronchial
hypperresponsiveness It has been suggested that chronic use of short-acting ß2-agonists leads to
tolerance to its protective effects against bronchoconstnctor stimuli, whereas its bronchodilator
properties remained unchanged ' ' '2 So, the increased bronchial hyperresponsiveness after chronic
use of ß2-agonists might be a result of a reduced protective effect against bronchoconstnctor stimuli
Furthermore, several studies showed that regular, prolonged use of inhaled steroids can produce
marked improvements in airway hyperresponsiveness ' ''
The chronic use of ß2-agonists might also influence the perception of symptoms in a direct way,
because patients will have no warning against a possible deterioration of their disease This reduced
perception might have an effect on their health care behaviour (for instance non-compliance with
inhaled steroids), so that the protection against a potential progressive inflammatory airway disease
with increasing bronchial hyperresponsiveness might be reduced (striped arrows in figure 7 1)
Chronic use of bronchodilators also counteracts the bronchoconstriction but the negative
consequence of chronic use of these drugs on the bronchial responsiveness might eventually increase
the airway inflammation and might have negative consequences for the degree of
bronchoconstriction in the long-term '6
We hypothesize that the chronic use of ß2-agonisls, leads to a decrease in the perception of
airway obstruction, whereas the additional use of inhaled corticosteroids will have a positive effect
on the perception of bronchoconstriction Therefore, we have studied the perception of
bronchoconstriction during chronic use of short-acting and long-acting ß2-agonists in comparison
with the additional use of inhaled corticosteroids
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Methods
Patient selection
Patients, aged 16-60 yrs, were selected for this study by their General Practitioner (GP) for having
bronchial symptoms or diagnosed asthma Asthmatic patients were selected (FEV| > 50% of
predicted value, PC20 on histamine < 8 mg/ml and/or reversibility of obstruction at least 15%
compared to baseline FEVi after inhalation of 800 μg salbutamol, lower respiratory tract symptoms)
and they used no inhaled corticosteroids (IC) or were able to cease this medication, in order to study
the isolated effects of chronic bronchodilator use in thefirstyear and the additional effects of inhaled
corticosteroids in the second year This selection procedure has been extensively described
elsewhere ' 7
Each histamine challenge test had to meet the following conditions to determine patient's
'perceptiveness' during the study baseline FEVi > 50% of predicted value before the start of the
bronchial provocation test, and during this test the PC20 value had to be established with at least two
doubling doses of histamine Patients were included in the analysis as they completed the study with
at least four measurements (two baseline measurements and two follow-up measurement) Informed
consent was obtained from each patient
Study design
The study started with an 8-week washout period, in which patients ceased all their pulmonary
medication if used (inhaled corticosteroids, cromoglycates, bronchodilators) and were instructed to
use only rescue medication on demand (Berodual® (dpi), ipratropium bromide 40μg and fenoterol
hydrobromide 100μg) Selected patients were randomly allocated to three groups receiving either a
short-acting (salbutamol (mdi), 2* 100μg qid), or a long-acting (formoterol (mdi), 1 * 12μg bid) ß2agonists, or a placebo during 12 weeks (double blind, double dummy) This study-scheme is
presented in figure 7 2 The study-scheme was repeated exactly one year later in which patients
received the same blinded study medication plus additional an inhaled corticosteroid
(beclomethasone dipropnonate (mdi), 2* 200 μg bid) Patients came to the laboratory at the start of
each treatment period (at the beginning of the first and second year) and received the study
medication Patients were carefully instructed how to use the study medication (inhaler technique
and time schedule) and this use was checked every 4 weeks thereafter In case of an exacerbation
patients received a standardized treatment from their GP of an oral prednisone course (with
antibiotics if necessary) The medication compliance was checked during every visit at the
laboratory used canisters were collected and were weighed before and after
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Figure 7 2

Study design
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Year 1 only B2-agonist
Year 2 ß2-agonist + additional inhaled corticisteroids (IC)

Methods
Histamine challenges were performed according to ERS-standards (tidal breathing method) ' Prior
to testing, no study medication were used for at least 12 h Doubling concentrations of histamine
from 0 03 to 16 mg/ml were administered until PC20 was reached The bronchial response to each
dose of histamine was expressed as the reduction in FEV| as percentage of baseline value '
The degree of breathlessness was evaluated during the histamine challenge test, before each
measurement of FEVi Subjects rated their degree of respiratory sensation on a modified Borg scale
from 0 to 10 " Subjects were instructed that the description of respiratory sensations meant
'symptoms of respiratory sensation such as shortness of breath, chest tightness and breathlessness'
(all commonly used indicators of respiratory sensation in the Dutch language) Other histarmnerelated symptoms such as pharyngitis or conjunctivitis, headache or cough were not scored The
perception of bronchoconstriction during the histamine challenge test was analysed by calculating
the linear regression coefficient (slope a) between Borg scores and the reduction in FEV| as
percentage of the baseline value in the linear regression analysis of Borg=y+o!%AFFV| indicating
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patient's perceptive 'sensitivity' for changes in FEV ι
Furthermore, Borg score corresponding to a
reduction in FEV ι of 20% were determined by interpolation (PS20), reflecting the 'absolute
perceptual magnitude' 6 2 1 n
Analysis
In order to assess the influence on the perception of bronchoconstnction of the chronic use of shortacting and long-acting ß2-agonists compared with the additional use of inhaled corticosteroids, the
effects during the first year (chronic use of ß2-agonists alone) were compared with the effects during
the second year (chronic use of ß2-agonists plus inhaled corticosteroids) A regression coefficient
was calculated on the data in the first year and the second year, both for the 'sensitivity' index (slope
a) and the 'absolute perceptual magnitude' index (PS20) This was done for each medication group
independently Regression coefficients of the first year were compared with the regression
coefficients of the second year with a paired t-test Finally, to compare the change in effect (between
the first and the second year) between active medication and placebo an unpaired t-test was used All
analyses were corrected for baseline perception score and baseline bronchial responsiveness (PC20)
All data are presented as mean (+SEM)

Results
Patients
During the first year, 128 patients participated in the study Between the first and the second study
year 64 subjects dropped out, mainly because of lack of motivation The baseline characteristics of
the 64 patients included in the analysis are presented in table 7 1 The drop out between thefirstand
second year was not selective, so there was no recruitment bias
Histamine challenge test
The mean value of the FEV| as percentage of the predicted value was 86% (SD 14%) at the
beginning of the histamine challenge test The median value of the maximum fall in FEV| was 25%
of the baseline value (25-75th percentile 22%-29%) The mean value of the Borg-score at baseline
and at the end of the histamine challenge test was 1 3 (SD 1 3) and 4 5 (SD 2 1) respectively
Baseline perception scores
Baseline perceptive sensitivity for changes in FEV, (slope a) were not significantly different
between the three medication groups at the start of both medication treatment periods (table 7 1)
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Baseline perception values at 20% reduction in FEV, (PS20) were not significantly

different

between the three medication groups at the start of both medication treatment periods (table 7 1)
Table 7 1

Baseline characteristics of the study population

Baseline characteristics (year one)
Age (years)
Sex (F/M)
PC2o(mg/ml)*
FEV, (ml)
FEV, (% of predicted)
Perception indices
Slope
'Borg\% reduction in FEV ι
PS2o
'Borg at 20% reduction in FEV,'

Baseline characteristics I(year two)
Age (years)
PC2o (mg/ml)*
FEV, (ml)
FEV, (% of predicted)
Perception indices
Slope
'Borg\% reduction in FEV 1
PS2o
'Borg at 20% reduction in FEV,'

short-acting
N=22
mean (SD)

long-acting
N=22
mean (SD)

placebo
N=20
mean (SD)

Pvalue

347(104)
10/12
0 60(0 33-1 08)
3290 (694)
88(11)

33 3(11 7)
12/10
1 43 (0 79-2 60)
3208(595)
88(14)

366(11 7)
9/11
1 52(0 91-2 53)
3161(706)
85(16)

0 635
0 778
0 042
0814
0 650

0 10(0 06)

0 13(0 08)

0 12(0 05)

0 302

3 4 (2 0)

3 8(1 9)

4 5 (2 0)

0 686

357(104)
058(031-1 06)
3095 (646)
84(13)

34 3(11 7)
087(051-1 49)
3152(577)
86(15)

377(11 6)
1 09(0 69-1 72)
3017(721)
81 (16)

0619
0 207
0 796
0 526

0 12(0 06)

0 09 (0 04)

0 10(0 04)

0 102

4 3(1 6)

3 1(19)

4 0(1 7)

0 149

* geometric mean (95%CI)
Bronchial

hyperresponsiveness

There was a significant difference in baseline bronchial responsiveness between the three medication
groups, which disappeared largely at the start of the second year (table 7 1 ) The course of bronchial
hyperresponsiveness dunng the 12 weeks of the first and second medication treatment penod
(chronic bronchodilator use with and without inhaled corticosteroids) are both shown in figure 7 3
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There were no significant differences in the degree of bronchial hyperresponsiveness between
baseline and after 12 weeks of medication treatment in all three medication groups. The
bronchial hyperresponsiveness during the second treatment period (chronic bronchodilator use
with additionally inhaled corticosteroids) increased significantly in the group using chronic longacting ß2-agonists with additional use of inhaled corticosteroids from 0.87 mg/ml (95% CI: 0.511.49) to 1.60 mg/ml (95% CI: 0.90-2.86) (p-value = 0.001). Also, the PC20 in the group using
placebo with inhaled corticosteroids increased significantly from 1.09 mg/ml (95% CI: 0.691.72) to 1.79 mg/ml (95% CI: 1.14-2.81) (p-value = 0.025).
Figure 7.3

Effects of 12 weeks of chronic short-acting and long-acting p2-agonists use with and without
inhaled corticosteroids on the bronchial hyperresponsiveness.
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Perceptive sensitivity for changes in FEVj
Only the regression coefficients for the perceptual sensitivity (slope a) in the long-acting ß2-agonists
group was significantly different between the first and second year (p=0.036). The regression
coefficient in the first year was -0.0074(±0.0045) 'Borg\%fall in FEV|'/4wks and 0.0065(±0.0036)
'Borg\%fall in FEV^Alwks in the second year (figure 7.4). This result indicates that the perceptual
sensitivity improves in the long-acting ß2-agonists group when additional inhaled corticosteroids
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Perceptual sensitivity of histamine induced bronchoconstriction (slope a) during chronic use of
ß2-agonists alone (year one) and in combination with inhaled corticosteroids (year two).
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Figure 7.5

Absolute perceptual magnitude of histamine induced bronchoconstriction (PS20) during chronic
use of ß2-agonists alone (year one) and in combination with inhaled corticosteroids (year two).
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was used The change in course of the perceptual sensitivity between thefirstand the second year for
the long-acting ß2-agonists group was not different from the change in course in the placebo group
(p=0 424) The regression coefficients between the first and the second year were not significantly
different in the short-acting ß2-agonists and the placebo group So, the additional use of inhaled
corticosteroids did not improve the perceptual sensitivity in the short-acting ß2-agonists or placebo
group
Absolute perceptual magnitude
There were no significant differences between the regression coefficient for the PS20 in thefirstyear
and the second year for all the three medication groups (figure 7 5) The additional use of inhaled
corticosteroids did not change the absolute perceptual magnitude in any of the three medication
groups

Discussion
We hypothesised earlier that chronic use of ß2-agonists might increase the bronchial
hyperresponsiveness23, resulting in more airway inflammation We assume that increased bronchial
responsiveness might lead eventually to a reduction of the perception of bronchoconstnction We
also suggested that the additional use of inhaled corticosteroids would reduce the possible
detrimental effect of chronic use of bronchodilators on bronchial hyperresponsiveness, possibly
resulting in an improvement of the perception of bronchoconstnction These hypotheses can only
partially be confirmed with the results of the present study The present study showed that additional
use of inhaled corticosteroids caused a decrease in bronchial hyperresponsiveness in the group using
long-acting ß2-agonists and placebo This improvement in bronchial hyperresonsiveness was not
present in combination with a short-acting ß2-agonists The additional use of inhaled corticosteroids
resulted only in an improvement of the perceptual sensitivity when long-acting ß2-agonists were
used and not during the use of inhaled steroids alone However, the change in course of the
perceptual sensitivity between thefirstand the second year for the long-acting ß2-agonists group was
not different from the change in course in the placebo group These findings might be explained by
the relatively low reduction in perceptual sensitivity in the first year in the placebo group compared
with the relatively high decline in perception in the long-acting ß2-agonists group, while the
improvement m perceptual sensitivity is almost the same for both groups in the second year when
additional steroids were used (figure 7 4)
The positive effect of inhaled steroids on the bronchial hyperresponsiveness has been observed by
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Two other studies that investigated the effect of bronchodilators and

inhaled corticosteroids on the perception of airway obstruction showed no effect of bronchodilators
and a positive effect of inhaled corticosteroids on the perception of induced airway obstruction 7

n

Roisman et al7, showed that corticosteroid treatment is associated with improved perception of
bronchoconstnction induced by bradykmin Boulet et al22, also found that patients using inhaled
corticosteroids showed a greater perception of methachohne induced bronchoconstnction This latter
study demonstrated also that short- and long-term use of salmeterol did not significantly change the
perception of bronchoconstnction In contrast Higgs et al26, showed that beclomethasone reduced
perception m most patients This result might be as a consequence that the study was done in the first
week after treatment, before there was much improvement in lung function
We did not investigate

the suggested mechanisms of the influence of bronchial

hyperresponsiveness on the perception of bronchoconstnction as presented infigure7 1 Roisman el
al7 suggested that activated eosinophils in inflammatory airways may impair afferent nerves that
participate in the perception of induced bronchoconstnction In 't Veen8, showed that the degree of
sputum eosinophilia is indeed related with blunted perception in patients with severe asthma Burdon
et al5 suggested that subjects who frequently develop acute airflow obstruction due to the
inflammation in the airways, acquire a degree of tolerance This tolerance reduces the sensory
intensity Both statements are in agreement with the results of this study
The perception of airway obstruction was measured during the histamine challenge test in the
laboratory Assessment of the perception of respiratory sensation during laboratory tests may help to
identify poor perceivers However, the similarity of respiratory sensation induced by histamine
challenge and by a spontaneous asthmatic attack has not been established Boudreau et al27 found no
relationship between the ability to sense breathlessness during induced and 'spontaneous'
bronchoconstnction So, the results of the present study cannot automatically be extrapolated to the
effect of asthma medication on the perception of asthma symptoms in daily life
This study implicates that the combined use of long-acting ß2-agonists and inhaled corticosteroids
has a positive effect on the perceptual sensitivity for bronchoconstnction compared with long-acting
ß2-agonists alone, while the additional use of inhaled steroids combined with short-acting ß2agomsts had no positive effect on the perception This might implicate that if a combination of ß2agonists and inhaled steroids is needed, the use of long-acting ß2-agomsts is to be preferred Apart
from the positive effect that long-acting ß2-agonists in combination with inhaled corticosteroids
have on the clinical condition of asthma patients the positive effects on perception of airway
obstruction might be another argument to use this combination of these drugs Especially, because
non-perceivers seem to have an increased risk of an asthma attack
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Abstract
Background The breath actuated inhaler (Autohaler) is a device that is triggered by the inspiratory
airflow produced by the patient It is easier to use than the metered dose inhaler (MDI) because
patients are not dependent on a hand-lung coordination It was our hypothesis that compliance of
medication treatment is positively influenced by the Autohaler when compared with the MDI We
studied the influence of inhalation device (Autohaler versus MDI)) and patients' subjective opinion
towards the different devices on medication compliance Other treatment factor that are known to
influence compliance (daily frequency and duration of treatment) was taken into account
Methods In 34 subjects the used medication as a percentage of the prescribed medication was
assessed Each subject used two Autohalers and one MDI daily, during twelve weeks One Autohaler
had to be used twice daily and the other one four times daily The MDI had to be used twice daily
Patients were unaware that medication was weighed before and after the study Effects of inhalation
device (Autohaler versus MDI), patients' subjective opinion towards the different devices, daily
frequency, and duration of treatment on compliance were studied
Results The median compliance quotient of the three devices used was 87 1% (25-75th percentile
61 8%-94 6%) There was no influence of devices or patients' subjective opinion about the different
devices on medication compliance The median values of the compliance rate of the Autohaler with
twice and four times daily frequency were 90 8% (25-75th percentile 61 6%-98 0%) and 78 5% (2575th percentile 49 0%-91 2%) respectively and significantly different (p<0 001) The duration of the
treatment had only a negative influence on compliance when four times daily dosages frequency was
prescribed
Conclusion Patients prefered the Autohaler when compared with the MDI However, the devices
(Autohaler or MDI) and the patients' opinion about the devices did not significantly contribute to the
compliance rates Compliance towards the medication treatment was clearly influenced by the daily
frequency

Introduction
The problem of non-compliance with medical regimen has been recognized and is extensively
described in medical literature ' 3 Non-compliance occurs particularly in patients with chronic illness
and with variable symptoms over time, as in asthma A wide range of non-compliance in asthma
patients has been reported4 6, depending upon the population studied, the medical regimen and the
measuring method Non-compliance in asthma might contribute to its morbidity In order to prevent
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poor compliance and prescribe effectively, physicians should take into account treatment factors that
contribute to poor compliance
Inhaled therapy is considered to be the most effective route of administration as a substantial
amount of the drug is delivered directly into the airways Unfortunately, many patients are not using
the available devices effectively because they have a poor hand-lung coordination or they do not
know how to use the device in a correct way8 ' 0 The breath actuated inhaler (Autohaler) is a device
that is triggered by the inspiratory airflow produced by the patient It is easier to use than the metered
dose inhaler (MDI) because patients are not dependent on a hand-lung coordination So, it is possible
that the patient's subjective opinion towards the Autohaler is more positive when compared with the
MDI Therefore, we studied the effect of the inhalation device (Autohaler and MDI) on medication
compliance in asthmatic patients and determined the difference and influence of patients' subjective
opinion about both devices on compliance
Patients with chronic airflow obstruction often use different drugs in combination with regimen
requiring multiple daily dosage It is known that a prescibed frequent daily use results in a poor
compliance ' ' ' 4 Therefore, we also wanted to investigate the compliance rates with different daily
frequency by means of an Autohaler which we expected to show a more positive effect on
compliance compared with the MDI
The duration of treatment might also influence the level of compliance The relationship between
length of treatment and compliance becomes especially important in the treatment of chronic illness
We also investigated the effect of treatment period of totally twelve weeks on the degree of
compliance
Usual methods for assessing compliance are self-report and canister weighing Both methods are
considered to overestimate compliance to the prescribed regimen as some patients discharge their
device prior to a visit apparently to give the appearance of good compliance '5 '8 In order to assess
objectively the compliance rates in both devices we investigated compliance by weighing the
medication after an unexpected collection of the devices during a regular visit at the patients' home 8
The present study was designed to determine the influence of inhalation device (Autohaler and
MDI) and the patients' subjective opinion towards the different devices on compliance in asthmatic
patients taking into account prescibed daily frequency, and duration of treatment

Method
Patients
Asthmatic patients were recruited from a research project that investigated the effect of
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bronchodilator treatment on airflow sensitivity in a placebo controlled design ' 9 Asthmatic patients
were included with the following inclusion criteria: FEVi > 50% of predicted value, PC20 histamine
< 8 mg/ml and/or reversibility of obstruction at least 15% after inhalation of 800 μg salbutamol
(compared with baseline FEV 1 ), lower airway complaints, no use of oral steroids, and no dependency
on inhaled corticisteroids. Part of the recruted patients in the study of bronchodilator treatment used
placebo only. The present study assessed compliance to inhaler device in the placebo-only group to
exclude medication effect on compliance. Patients used three inhalers daily, two Autohalers and one
MDI, during twelve weeks. One Autohaler had to be used twice daily and the other Aulohaler four
times daily. The MDI had to be used twice daily. Patients were instructed to use only rescue
medication on demand (Berodual®, Boehringer Ingelheim, drypowder inhaler) containing 40μg
anticholinergic bronchodilator and 100μg fenoterol hydrobromide. Extensive instruction in how to
use the different devices was given by a lung function technician before the start of the trial. The trial
was approved by the Ethics Committee of the University of Nijmegen and informed consent was
obtaited from each patient.
Assessment of medication compliance
Medication was weighed before and after medication use in order to assess the amount of medication
used. Devices were collected without prior announcement and new ones delivered six weeks after the
start of the trial during a regular visit to the patients' home. Furthermore, medication had been
collected at an informed moment during a patients visited to the laboratory at the end of the study
period. Medication compliance rates were expressed as the used medication as a percetage of the
prescribed medication.
Patients' opinion towards the inhalation device
After six weeks, patients' subjective opinion about the different devices was asked by the following
question 'What do you think about the use of the device?' This question was asked for each different
type of device. Patients had to answer on a five-point scale from very inconvenient to very
convenient Patients' subjective opinion were divided in three groups: inconvenient, neutral and
convenient. The number of patient in each opinion group (inconvenient, neutral and convenient)
were assessed.
Analysis
To determine the effect of device on medication compliance we compared the compliance rates of
the MDI (twice daily frequency) and the Aulohaler (twice dailly frequency). Furthermore, we
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compared the difference in compliance rates in both devices after the expected and the unexpected
collection in order to assess whether patients have discharged their MDI (which is almost impossible
to do with the Autohaler) prior to their visit to the laboratory The compliance rates of both
Autohalers, which had to be used twice and four times daily, were compared to assess the effect of
daily frequency on medication compliance The influence of duration of treatment (first 6 weeks
versus second 6 weeks) on medication compliance was analysed by comparing the compliance rates
of both periods for the MDI (twice daily), the Autohaler (twice daily) and the Autohaler (four times
daily) separatly The difference in compliance rates were compared between patients which
considered the inhalation device as inconvenient and convenient for both devices (MDI and
Autohaler twice daily) separatly Differences were analysed by Wilxocon test if the compliance rates
were not normaly distributed Values are expressed as medians with 25-75th percentile ranges

Results
Palients
Of the 53 subjects in the original trial, six dropped out (three patients because of steroid dependency
and three patients for personal reasons), in nine patients the medication was not unexpectedly
collected and of two patients data of subjective opinion were missing The total number of patients
left for analysis was therefore 34 Their clinical characteristics are presented in table 8 1
TableS 1

Clinical characteristics of the study population

Patients (N=34)

Age (years) mean (SD)
Sex (F/M)
PC20 (mg/ml) geometric mean (95% CI)

FEV, (I) mean (SD)
FEV, of predicted (%) mean (SD)
Rescue medication used (Berodual®)
not used

less than two times a week
two to elven times a week
regular (two times a day or more)

37(13)
19/15
0 92 (0 48 - 1 75)
2 82 (0 68)
80(18)
9
13
10
?
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Medication compliance
The median value of the compliance rate of the totally used medication expressed as a
percentage of the prescribed medication was 87.1% (25-75th percentile 61.8%-94.6%). In 65%
of the patients, compliance rates were between 80-120% and determined as a good medication
compliance. Underuse (less than 80% of the prescribed dose) was far more common than
overuse (above 120% of the prescribed dose), in 34% and 1.0% of the patients respectively.
Figure 8.1

Medication compliance (% of prescribed) for the MDI (twice daily), Autohaler (twice daily)
and Autohaler (four times daily) and for each treatment period separately (N=34). The box
plots show the interquartile ranges (IQR) divided by the median value. Points more than 1.5
times the IQR from the ends of the box are labeled as outliers (o).

1601

ö

1
o

140"

MDI (2*daily)
Autohaler (4*daily)
Autohaler (2*daily)

Effect of device, daily frequency, and treatment period
Figure 8.1 represents the median values and the interquartile ranges of the compliance rates of the
three inhalation devices and for each treatment period separatly. There was no effect of device on
medication compliance (p=0.317). The median values of the compliance rate of the MDI and the
Autohaler with twice daily frequency were 95.7% (25-75th percentile 83.9%-99.9%) and 90.8% (2575th percentile 61.6%%-98.0%) respectively. Difference in compliance rates after an expected and
unexpected collection of the study medication were comparable for both the MDI and the Autohaler
(p=0.544). The median difference in compliance rates were for the MDI and the Autohaler 1.5% (2575th percentile -6.4%-7.8%) and 4.1% (25-75th percentile -3.4%-12.4%) respectively. The median
values of the compliance rate of the Autohaler with twice and four times daily frequency were 90.8%
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(25-75th percentile 61.6%-98.0%) and 78.5% (25-75th percentile 49.0%-91.2%) respectively and
significantly different (p=0.001 ). There was no significant effect of the duration of the treatment on
medication compliance in both the MDI and the Autohaler with twice daily frequency. However,
there was a significant effect of treatment period on medication compliance in the Autohaler that had
to be used four times daily (p=0.05). The median compliance percentage of the Autohaler (four times
daily) was 75.6% (25-75th percentile 54.8%-90.8%) in the first 6 weeks of the trial and 79.6% (2575th percentile 48.4%-90.7%) in the second half of the study period (figure 8.1).
Patients' opinion towards the MDI and the autohaler
The number of patients that valued their device inconvenient, neutral and convenient are presented in
figure 8.2. The number of patients with a negative opinion (inconvenient) towards the MDI was 13
(38%) against 4 ( 12%) with a negative opnion towards the Autohaler (with a twice daily frequency).
The number of patients with a positive opinion (convenient) for both devices was approximately the
same 5 (15%) and 4 (12%)) for the MDI and Autohaler respectively.

The mean compliance

percentage in patients with a negative opinion towards the MDI and the Autohaler was 83%
(SD=30%) and 61%) (SD=39%), respectively. In patients with a positive opinion towards the MDI
and the Autohaler compliance rates were 11% (SD=38%) and 74% (SD=35%), respectively.
Figure 8.2

Patients' subjective opinion towards the inhalation devices (N=34).
30

25 !

20

10

• inconvenient
Π neutral
^ convenient
MDI

Autohaler
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Discussion
The results of the present study show that there was no difference in compliance between the two
different inhalation devices (MDI and Autohaler) This result contrasts with our expectation that
patients would be more compliant with using the Autohaler than using the MDI A possible
explanation could be that the Autohaler is for some patients a relatively new device in comparison
with the MDI and these patients might be relatively unfamiliar with the Autohaler The reply on the
question 'What do you think about the use of the device9' showed that there were more patients who
disliked the MDI compared with the number of patients who found the Autohaler inconvenient
Patients with a convenient or unconcenient opinion towards the different devices seem not to have a
higher or a lower medication compliance, although the number of patients was very small The
majority of the population shows a neutral opinion towards the MDI and the Autohaler Both the
device itself and the opinion about the device do not seem to have an effect on medication
compliance A corresponding conclusion has been found by Arshad et al', who reported that no
significant difference was identified between the Autohaler and the MDI in respect to bronchodilator
usage
In this study we observed that the most important negative factor was the relatively high
prescribed frequency of four times daily Thisfindingis in parallel to those of other studies in which
also a reduction in compliance has been found when daily dosage was doubled '2 ' 320 Therefore,
when the impact of compliance is included into the determination for a medication treatment, a low
daily frequency is obviously preferable to a high daily frequency However, some medication for
chronic airflow obstruction (short-acting bronchodilators) need to be prescribed in a high daily
frequency It was interesting to observe that only when medication was prescribed four times daily,
the compliance decreased to some extent when time progressed Although this decrease in
medication compliance in the second part of the study period was quite small, the observations
seems to point to the fact that patients find it hard to comply with the four times daily regimen, as
compared with the twice daily regimen, and that such a difficult regimen is more sensitive for an
diminishing compliance when time progressed than regimen that are relatively more easy to comply
to Therefore, we would put great emphasis on medication regimen with only a once or twice daily
frequency (i e long-acting ß2-agonist and anticholmergica) because of the positive influence on
medication compliance and as a consequence on treatment outcomes
A limitation of this study could be the small sample size of 34 subjects However, a clinically
relevant difference of 12 4% in medication compliance can be detected based with an α of 0 05 and a
β of 0 20, a standard deviation of 25% and with a sample size of 34 subjects We assume that a
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difference of less than 12 4% is of minor clinical importance
In this study, devices were collected without informing the patient during a regular visit to the
patient's home and collected at an expected moment during the patients visited to the laboratory at
the end of the study period One could expect that the difference in compliance rates between an
uninformed and informed collection would be greater in the MDI compared with the Autohaler, as
patients could waste their medication out of the MDI before returning the device, which is almost
impossible to do with the Autohaler However, compliance rates were comparable between both
devices Furthermore, excluding data of compliance rates of devices that were collected at an
expected moment did not lead to different results in the effect of inhalation device on medication
compliance These results support the notion that study encounters were not preceded by multiple
activations of the inhalers in order to fake a good compliance Still, medication weighing provide
only a global indication of overall averaged inhaler use and fail to take into account inappropriate
overuse or underuse of the inhaler at each of the specified times of the day that the inhaler is
prescribed

14

This may indicate that the compliance rates would have been lower when compliance

was expressed as the good actual used inhalations (at the right time and in the right way) as
percentage of the prescribed medication Besides, the relatively high compliance rates in this study
may also be caused by the supervision during the trial and the research setting Medication
compliance rates in daily practice, without the supervision, will most probably be much lower than in
this research setting
In conclusion, there were more patients that had a negative subjective opinion towards the MDI
than towards the Autohaler However, the devices itself (MDI and Autohaler) and the patients'
opinion about the devices did not significantly contribute to the compliance rates Compliance
towards the medication treatment is negatively influenced by a high daily frequency
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Chapter 9
General Discussion

Introduction
The purpose of this study was to investigate symptom perception and the influence of asthma
medication on the patient's perception of asthma symptoms The demonstrated harmful clinical
effects of monotherapy with bronchodilators has been a major issue in the discussion on the asthma
deaths However, the influence of asthma medication on the ability to perceive symptoms is still to
be documented The influence of asthma medication on the perception of bronchoconstnction is of
interest for daily practice, since those patients who perceive asthma symptoms poorly are at risk for
underestimation of the severity of their disease ''4 This study aimed at patient's perception, in
particular on how to measure it and the effect of medication on it
One of the problems in research on symptom perception has been the difficulty of measuring
patient's perception for asthma symptoms The best way would be measuring the perception of
asthma symptoms during episodes of airflow obstruction due to airway inflammation m real life
However, practical and methodological problems make that research on symptom perception is
mostly done under laboratory conditions
The objective in the first part of this thesis was the appropriateness of several indices of
perception to describe the perception of respiratory stimuli Whether the linear regression slope
'breathlessness\changes in airway obstruction' dunng histamine bronchial challenge can be used as an

118

CHAPTER 9

alternative index for the 'perceptiveness' for bronchoconstnction instead of the exponential model of
the classical Stevens' law is described in chapter 2 Furthermore the two different indices describing
the 'perceptual sensitivity' and the 'absolute perceptual magnitude' are investigated (chapter 3) The
last chapter of part one of this thesis described the new threshold loading device for measunng the
perception of respiratory sensation (chapter 4)
The objective in the second part of this thesis was the influence of asthma medication (shortacting and long-acting ß2-agonists, with and without the additional use of inhaled corticosteroids) on
the perception of asthma symptoms (chapter 6 and 7) The effect of the factors age, sex and seventy
of asthma is described in chapter 5
The first section in this chapter discusses the influence of the observed determinants on the
perception of asthma symptoms In the second part methodological issues of measunng perception of
asthma symptoms are discussed Recommendations for clinical practice and future research will be
discussed in the last section of this chapter

Determinants of the perception of asthma symptoms
Seventy of asthma and perception of symptoms
In chapter 3 we show that the severity of asthma was associated with a low perception of
bronchoconstnction The perceptual sensitivity index (slope of Abreathlessness\AFEV|), indicating
patient's sensitivity towards changes in lung function correlated significantly with a frequent
peakflow variability, bronchial responsiveness and with FEV, as percentage of predicted Both low
baseline FEV ι and high bronchial responsiveness explained in this study each separately a part of the
variation in the perception of bronchoconstnction (chapter 5) Furthermore, there was a difference in
the perception of bronchoconstnction during histamine provocation testing between the groups with
an initial high and initial low bronchial responsiveness, dunng the entire course of the study (chapter
6) These results indicate that there was a relationship between pulmonary flinction and perception of
bronchoconstnction They demonstrate that patients with a more severe degree of asthma (low
baseline FEV ι and/or high bronchial hyperresponsiveness) will perceive bronchoconstnction less
than patients with a less severe degree of asthma and are m accordance with other studies
Adaptation to a persistent state of bronchoconstnction and increased airway resistance might be the
case for these patients Such an adaptative mechanism has been suggested by Burki et al and
Turcotte et al
However, the opposite conclusion might also be considered that subjects with a
poor perception did not demand sufficient treatment in the past, which consequently might have
resulted in a more severe degree of asthma Irrespective of the interpretation, the important
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conclusion is that poor perception is a frequent phenomenon in a severe degree of asthma. These
patients may be most at risk because they likely fail to seek sufficient treatment when their asthma
deteriorates. So, patients with the combination of poor perception of symptoms and severe degree of
asthma should receive intensive supervision of the physician and their treatment plan may consist of
training peakflow automonitoring.11 The use of a peakflowmeter might support the subjective
assessment of asthma and may improve the perception of bronchoconstriction. The self assessment
of asthma has shown to be influenced by the knowledge of recent PEF measurements. ' In order to
supervise this group of patients it is advised to determine patient's perception of bronchoconstriction
in asthmatics.
In general, the observed influences of clinical characteristics on the perception of
bronchoconstriction were of limited importance. The 'perceptual sensitivity' described in chapter 3
did only show a weak correlation with the pulmonary function. This means that, although the lung
function and airway responsiveness seem to be predictors of the perceptual sensitivity in groups of
patients, they can explain the variation in the perception of bronchoconstriction only to some extent.
Furthermore, the percentage explained variation in the perception of bronchoconstriction in the
multiple regression model was low (14%) (chapter 5). This result indicates that although the
bronchial responsiveness and the lung function seem to be predictors, it is not a major determinant of
the perception of bronchoconstriction. It must be concluded that other factors -yet unknowninfluence the perception of bronchoconstriction. It also demonstrates again that dyspnea is
multifactorial phenomenon, that cannot be explained by one or two mechanisms.
Asthma medication and perception of asthma symptoms
Patients evaluate the severity of their asthma and need for medical treatment mainly on the intensity
of their respiratory symptoms. The ability of a patient to perceive asthma symptoms (and changes in
asthma symptoms) is of importance in the evaluation of these symptoms. Therefore, the influence of
asthma medication on the ability to perceive symptoms is of interest in daily practice. We observed
that chronic use of ß2-agonists did not significantly change the perception of histamine induced
bronchoconstriction compared with placebo, neither for short-acting nor for long-acting p2-agonists
during a period of 12 weeks of daily use (chapter 6). In combination with the additional use of
inhaled corticosteroids, an improvement of the perception of bronchoconstriction was shown in the
group using long-acting ß2-agonists and not in the group using short-acting ß2-agonists (chapter 7).
A few earlier studies evaluated the influence of the use of inhaled corticosteroids on the perception
of induced bronchoconstriction.7'3 Both found a positive effect of the use of inhaled corticosteroids
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on the perception of bronchoconstriction. Boulet et al13 investigated also the influence of salmeterol
(long-acting ß2-agonists) on the perception of bronchoconstriction and did not observe any effect.
So, it seems that the chronic use of ß2-agonists does not decrease the perception of
bronchoconstriction. From the results of our study it could be possible however, that the influence of
short-acting ß2-agonists might eventually influence the perception of bronchoconstriction when
evaluated over a longer study period, as an increased bronchial hyperresponsiveness has been shown
in the group with an initial low bronchial responsiveness using chronic short-acting ß2-agonists
during the 12 weeks (chapter 6). One might consider that the change in bronchial
hyperresponsiveness in this group using short-acting ß2-agonists was too short to develop a degree
of tolerance that reduces the sensory intensity (adaptation) or too short to impair afferent nerves that
participate in the perception of induced bronchoconstriction. The relatively short study period might
be the cause that the perception of bronchoconstriction was still not reduced during chronic use of
short-acting ß2-agonists during 12 weeks
Influence of inhaled corticosteroids on perception of symptoms
Among the different factors that may influence perception of bronchoconstriction, airway
inflammation has been proposed. Roisman et al7suggested that the asthmatic inflammatory process,
with its eosinophilic airway inflammation and epithelial damage, could reduce perception of
bronchoconstriction, possibly due to impairment of the sensory receptors in the airways. This bring
about the main hypotheses of chapter 7 of this thesis. We hypothesize that the additional use of
inhaled corticosteroids would reduce the possible detrimental effect of chronic use of
bronchodilators on bronchial hyperresponsiveness, resulting in an improvement of the perception of
bronchoconstriction. These hypotheses can only partially be confirmed with the results of the present
study. The additional use of inhaled corticosteroids leads to an improvement in bronchial
hyperresponsiveness in the group using placebo or long-acting ß2-agonists. However, the additional
use of inhaled corticosteroids resulted only in an improvement of the perception of
bronchoconstriction when long-acting ß2-agonists were used (chapter 7). However, the change in
course of the perceptual sensitivity between the first and the second year for the long-acting ß2agonists group was not different from the change in course in the placebo group. These findings
might be explained by the relatively low reduction in perceptual sensitivity in the first year in the
placebo group compared with the relatively high decline in perception in the long-acting ß2-agonists
group, while the improvement in perceptual sensitivity is almost the same for both groups in the
second year when additional steroids were used. So, we do not want to suggest that the prescription
of long-acting ß2-agonists in combination with inhaled corticosteroids is more justified than the
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prescription of the inhaled corticosteroids alone If a combination of ß2-agonists and inhaled steroids
is needed, the use of long-acting ß2-agonists is to be preferred Considering the results of two other
studies, that showed a positive effect of inhaled corticosteroids on the perception of induced airway
obstruction

and the results of the present study, one might argue this positive effect of steroids on

the perception of bronchoconstnction forms another argument for the treatment of asthma with
inhaled corticosteroids beside the protective effect on bronchial hyperresponsiveness

Methodological issues
Stevens' law and the linear regression slope
The relationship between stimulus and sensation is classically described by the exponential curve of
Stevens ' 4 ' 5 Although the exponent in the Stevens' law is assumed to describe the relationship
between stimulus and sensation in the most appropriate way, the linear regression coefficient (slope)
appears lo be a better and simpler alternative in the specific situation of a bronchial challenge test
The percentage explained variation in the linear regression line was significantly higher than the
percentage explained variation in the exponential line (chapter 2) A possible cause of this difference
in the percentage explained variation is probably the small stimulus range in which we performed the
bronchial challenge test (histamine administering was stopped after the FEV ι had dropped at least
20%) It might be possible that thefirstpart of the total response curve of the bronchial challenge can
be described more accurate by a linear relationship compared with the exponential model This
would probably change when the stimulus was applied in a much wider range So, we conclude that
in the situation of a histamine bronchial challenge test (maximum drop in FEVi of 20%) the linear
regression coefficient can be used as a valid expression to describe the 'perceptiveness' of an
asthmatic subject instead of Stevens' power function
Perceptual sensitivity versus absolute perceptual magnitude
The slope as sensitivity index gives no indication of the absolute perceptual magnitude The results
described in chapter 3 showed that the two aspects of perception 'perceptual sensitivity' and the
'absolute perceptual magnitude' are related to different clinical characteristics The seventy of asthma
reflected by a low lung function and a high bronchial responsiveness are associated with a low
'sensitivity' towards changes in lung function Patient's 'absolute perceptual magnitude' is positively
related with asthma symptoms during daily life This implies that the 'absolute perceptual magnitude'
index represents the personally assessed inconvenience of asthma symptoms in general as well as the
asthma symptoms in daily life Mahler described this in terms of Basal Dyspnea Index l 6 On the
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other hand, the 'sensitivity' index reflects the ability to perceive changes in dyspnea, which might be
more affected by the changes in lung function and less by the individual assessed inconvenience In
Mahler's qualifications, this is expressed in the Transitional Dyspnea Index l6 Therefore, both indices
give additional information and both should be measured to give a complete description of the
symptom percepii veness of a patient
Induced bronchial challenge versus external threshold loading
Research of respiratory perceptions during a histamine induced bronchoconstnction is hampered by
methodological difficulties Often only three or less concentration steps can be administered in
hyperresponsive patients and the stimulus range must be performed within (ethical) boundaries,
whereas assessment of the relation between respiratory sensation and the physical change requires an
adequate number of observations over a wide range of stimulus intensity An alternative method of
studying perception of respiratory sensations is therefore a test with resistive breathing through a
threshold device in which an extensive range in stimulus can be generated during various added
loads, and loads can be give in random order We observed that the measurement of the perception of
respiratory sensation induced by threshold loading and histamine induced bronchoconstnction
mdentified different persons as poor perceivers (chapter 4) The origin of the respiratory sensations
of the three tests may be the underlying cause for this finding The histamine challenges strongly
stimulate airway irritant receptors The threshold loading test stimulates mechanoreceptors in
respiratory muscles ' 7 It could be that different kinds of perception were involved during threshold
loading and bronchial challenge In addition, the histamine challenge test, in comparison with the
threshold loading test, mdentified more patients as poor perceivers among those with few little
symptoms of breathlessness combined with severe asthma (low lung function and a high bronchial
responsiveness) This group of patients might be most at risk because they are likely to fail to seek
sufficient treatment when their asthma deteriorates For that reason we recommend to use the
bronchial challenge test for measuring the perception of respiratory sensations in asthma patients,
despite of the methodological disadvantages mentioned
Histamine induced bronchial challenge versus spontaneous bronchoconstnction
The assessment of the perception of respiratory sensation during laboratory tests may help to identify
poor perceivers However, the similarity of respiratory sensation induced by histamine challenge and
spontaneous sensation of asthma has not been established ' 819 Patients will probably be more
focussed on their respiratory sensation during a provocation lest in a laboratory setting than in ddil>
life Furthermore, Ihe safe surrounding of a laboratory setting might influence the patients' perception
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of symptoms. The different circumstances between the induced bronchoconstriction in the laboratory
and the spontaneous bronchoconstriction in daily life might cause a discrepancy between the
perception of bronchoconstriction in both situation. Consequently, it is essential to establish the
comparability of the perceived bronchoconstriction during the 'natural' course of asthma and the
laboratory setting. In this study, with a large number of patients with mild asthma and few episodes
of airflow obstruction, this was not possible. Nevertheless, it remains of importance to indentify the
poor perceivers in a population with mild asthma, as their asthma might deteriorate while they do not
present their corresponding deteriorating symptoms. The treatment plan for these patients may
consist of training peakflow automonitoring and intense supervision of the physician."

Recommendations
There are a number clinical and research recommendations to make from the observations described
in this thesis.
For research of the perception of induced bronchoconstriction it should be stressed that it is
necessary to choose a perception index that is appropriate for the aim of the study. When the
influence of changes in lung function on the perception of bronchoconstriction is to be evaluated, the
'sensitivity' index would be a recommanded parameter. If one is interested in the personally
perceived inconvenience of asthma symptoms in daily life, the absolute perceptual magnitude should
be assessed.
Assessment of the ability to perceive changes in airflow obstruction in patients with asthma is of
importance in clinical practice, as impaired perception in asthmatics may lead to underestimation of
the severity of the disease. These patients may not receive optimal therapy because of under
presentation of their respiratory symptoms. Because the present results showed that patients with
more severe degree of asthma were also more likely to show a poor perception of airflow
obstruction, we recommend special attention to the ability of perception of asthma symptoms in this
group of patients. Furthermore, we recommend objective measurements of the disease in any patient
known to be a poor perceiver, and additional peakflow automonitonng with intensive supervision of
the physician.
The causal relationship between the severity of asthma and the perception of bronchoconstriction
is still unclear. For future research we recommand longitudinal research of the development of poor
perception of asthma symptoms in patients who demonstrate to have a sensibility to develop asthma.
It would be of interest to investigate whether poor perception of symptoms influence the severity of
asthma or the opposite; that the severity of asthma reduces the ability to perceive changes in the
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seventy of the disease Also, the effects of intensive supervision with automonitonng peakflow on
the perception of asthma symptoms would be of interest
'We already mentioned that the duration of the study might be too short to investigate the influence
of chronic use of short-acting and long-acting ß2-aginists on the perception of bronchoconstriction in
the long term This might be a topic for future research
This study was focussed on biomedical factors that might be influence the perception of
bronchoconstriction These factors did only explain a small part of the variation in the perception of
bronchoconstriction However, factors that influence perception of asthma symptoms are also of a
psychological character These factors have to be integrated to enable a full understanding of the way
patients perceive the severity of their illness
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Summary

Some asthmatic patients perceive their symptoms of bronchial obstruction rather poorly. These
patients may not receive optimal therapy because of underpresentation of their respiratory symptoms.
Identification of these patients is of importance in clinical practice. The influence of factors such as
asthma medication, airway calibre, bronchial hyperresponsiveness, age and sex on the
'perceptiveness' of a patient are poorly understood. The objectives of the study described in the
second part of this thesis was to investigate the influence of these factors on the perception of
histamine induced bronchoconstriction. In the first part of this thesis the investigation of
methodological issues of the assessment of the perception of respiratory sensation are described.
One of the problems in research on symptom perception during histamine challenge has been the
difficulty to find both a valid and practical parameter of the 'perceptiveness' for bronchoconstriction
of a subject. In this thesis, we define perception of respiratory sensations as the subjective
quantification of the respiratory stimulus intensity in relation to the bronchoconstructive stimulus. To
investigate the validity of the linear regression slope (a) to describe this relationship between the
stimulus and sensation during a histamine challenge test a comparison was made with the expression
of the classical power function of Stevens which is in theory the most appropriate description. In 134
asthmatic patients a bronchial challenge with histamine was applied. The relationship between the
change in Visual Analoge Scale (VAS) values and the change in FEV| as percentage of baseline
value was analysed by determining both the exponent η in AVAS=k*(%AFEV|)n and the slope α in
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AVAS=k+a(%AFEV|) We compared the best fit of both the exponential line and the linear
regression line by determining the percentage explained variation in the response variable of each
model The results described in chapter 2 showed that the linear regression line could explain more
variation in the subjective quantification of the sensation than the exponential function of Stevens
The percentage explained variation of the exponential regression line and the linear regression line
was 76% and 83% respectively and significant different Although the exponent in the classic
Stevens' law is assumed to describe the relationship between stimulus and sensation in the most
appropriate way, the linear regression coefficient (slope) appears to be a better alternative in the
specific situation of the histamine provocation test This might be explained by the relatively small
stimulus range of a bronchial challenge test in which the application of both models is used and by
the fact that the first part of the total response curve to the stimulus can be described by a linear
relationship
Several indices are used to describe the perception of bronchoconstnction during bronchial
provocation in literature, indicating different aspects of perception The already mentioned slope
which is used as the parameter to quantify the 'sensitivity' of patients towards changes in lung
function as sensitivity index However, this perception index gives no indication of the absolute
perceptual magnitude A pivot point is needed to express the magnitude Another index of the
perception that has been used is the intensity of breathlessness at the 20% reduction in lung function
of the baseline value (PS20), and indicates the patients' absolute perceptual magnitude This
perception index can be used as a pivot point In chapter 3 the relationship of these two different
aspects of the perception of bronchoconstnction ('sensitivity' and 'absolute perceptual magnitude')
with clinical characteristics is described The perception of bronchoconstnction induced by the
histamine challenge test was measured in 128 stable asthmatic patients Patients' 'sensitivity' towards
changes in lung function (slope) correlated significantly with the percentage of days with a peak flow
variability of more than 15% (Rs=-0 21, p<0 05), bronchial responsiveness (Rs=0 37, p<0 001 ) and
with FEV| as percentage of predicted (R^O 22, p<0 05) but not with symptoms during daily life In
contrast, patients' 'absolute perceptual magnitude' (PS20) correlated significantly positively with
symptoms during daily life (significant correlations vanes from 0 21 to 0 32) but not with the lung
fiinction parameters These results showed that the seventy of asthma (reflected by a low lung
function and a high bronchial responsiveness) is associated with a low 'sensitivity' towards changes
in lung function and that the patients' 'absolute perceptual magnitude' is positively related with
asthma symptoms during daily life Thesefindingssuggest that the 'absolute perceptual magnitude'
index might be a representation of the individually assessed inconvenience of asthma symptoms in
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general, while the 'sensitivity' index reflects the ability to perceive changes in dyspnea which might
be more affected by the condition of the changes in lung function and less by individual
characteristics
The use of a histamine challenge test as stimulus to assess the perception of bronchoconstnction
includes several methodological disadvantages Therefore, a threshold loading device for measuring
the perception of loaded respiratory sensation was evaluated This method might be an alternative
test for measuring perception of respiratory sensation instead of using the bronchial provocation test
for the assessment of the perception The threshold loading test takes less time, and an extensive
change in stimulus can be generated during various added loads and loads can be give in random
order, which in not possible during the bronchial provocation test The perception of respiratory
sensation during breathing through a threshold loading device, was compared to the sensations
during the histamine provocation test in 36 subjects There was no relationship between the
perception of the sensation induced by the histamine challenge and those occurred by breathing
through a threshold loading device, for both inspiration (Rs=0 15, p=0 40) and expiration (Rs=0 13,
p=0 47) So, the measurement of perception by means of the threshold loading device and the
histamine provocation test did not identify the same subjects as poor perceivers The origin of the
respiratory sensations of the different tests may be the underlying cause for this finding Both tests
might generate respiratory sensations via different pathways and cause different degrees of
sensations The histamine challenges strongly stimulate airway irritant receptors The threshold
loading test stimulates mechanoreceptors in respiratory muscles
Furthermore, a subgroup of patients of special interest was defined low symptoms of
breathlessness and high bronchial responsiveness There were more subjects indentified in this
specific group of patients by the assessment with the histamine challenge test (6 out of 9 subjects)
compared with the inspiratory (none of the 9 subjects) and expiratory threshold loading test (one of
the 9 subjects) Because a considerable portion of patients with very little symptoms in combination
with a more severe degree of asthma could be identified by means of a histamine challenge test we
recommend to use the bronchial challenge test for measuring the perception of respiratory sensations
in asthma patients, despite of the methodological problems
Patients with a poor perception of their symptoms of asthma seem to have an increased risk of an
asthma attack It is of clinical importance to identify patients who are likely to have a poor perception
of their symptoms In chapter 5 the results are descnbed of the study to assess the relationship of
baseline FEV|, bronchial hyperresponsiveness, age and sex with the perception of airway obstruction
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during a histamine challenge test on 134 asthmatic patients The slope 'changes in VAS\ % reduction
in FEVi' was used as index for patient's perceptual sensitivity Multiple regression analysis was
performed to investigate the effect of baseline FEV ι, bronchial hyperresponsiveness, sex and age on
the 'percepiiveness' for bronchoconstnction Both initial bronchial tone (baseline FEV,) and
bronchial hyperresponsiveness (PC20) showed a significant correlation with the perception of
bronchoconstnction The regression coefficients for FEV| and 21og PC20 in the multiple regression
model were 0 20 and 0 10 with p-values of 0 018 and 0 002 respectively Patients who had a low
baseline FEV| and/or a high bronchial responsiveness to histamine were more likely to show a low
percepii veness for bronchoconstnction during the challenge test than the more healthy subjects Age
and sex had no influence on the perception of bronchoconstnction This suggests that patients with a
more severe degree of asthma either show adaptation of'percepii veness' for airway obstruction, or
that poor perception of symptoms causes more severe asthma due to patients' health care behavior
The influence of asthma medication on perception of bronchoconstnction is of interest for daily
practice, since patients evaluate their medication treatment mainly on the degree of asthma
symptoms, which might be modulated by the ability to perceive asthma symptoms However, the
influence of asthma medication on the ability to perceive symptoms is still to be investigated The
study described in this thesis investigated the influence of chronic use of short-acting and long-acting
P2-agonists, with and without the additional use of inhaled corticosteroids on the perception of
histamine induced bronchoconstnction

We hypothesized that an increase in bronchial

hyperresponsiveness, due to the chronic use of ß2-agonists, leads to a decrease in the perception of
airway obstruction Furthermore, we hypothesize that the use of inhaled corticosteroids improve the
bronchial hyperresponsiveness and have consequently a positive effect on the perception of
bronchoconstnction To answer these hypotheses a double blind clinical trial was performed in
asthmatic patients These patients were randomly allocated to the use of either a short-acting ß2agomsts (salbutamol) or a long-acting ß2-agonists (formoterol) or placebo, which were used for 12
weeks This medication treatment was repeated exactly one year later in which patients received the
same study medication plus additional an inhaled corticosteroid Perception of histamine induced
bronchoconstnction was measured at the start of each treatment period and every 4 weeks thereafter
Subjects quantified their sensation of breathlessness during a histamine challenge tests on a modified
Borg-scale The slope 'Borg versus % reduction in FEVi' was used as index for patient's perceptual
sensitivity and the perception score at the 20% fall in FEV| (PS20) was used as the 'absolute
perceptual magnitude'
In chapter 6 the results are shown of the first year The effect of chronic use of short-acting and
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long-acting ß2-agonists alone on the perception of bronchoconstriction was determined by a repeated
measurement analysis. Analyses were done for the group of patients with either an initial high and an
initial low bronchial responsiveness (PC20 < 2mg/ml versus PC20 ^ 2 mg/ml). It was observed that
chronic use of p2-agonists showed no difference in the course of time of the perceptual sensitivity
for changes in bronchoconstriction between the three medication groups, for both groups of patients
with either an initial high and an initial low bronchial responsiveness (p=0.9810 and p=0.4235
respectively). There was also no difference in the course of time in the absolute perceptual
magnitude (PS20) between the three medication groups, for both the patients with an initial high and
an initial low bronchial responsiveness (p=0.7215 and p=0.1822 respectively). Also, in the group
with an initial low bronchial responsiveness (PC20 ^ 2mg/ml) using chronic short-acting ß2-agonists
during the 12 weeks of the study period no influence was observed on the perception of
bronchoconstriction, in which the bronchial responsiveness increased significantly (PC20 decreased
from 5.26 mg/ml (95% CI: 3.71-7.45) to 1.94 mg/ml (95% CI: 0.84-4.48) (p-value = 0.013).
However, one could speculate that the study period might be to short to demonstrate the influence of
an increased hyperresponsiveness on the perception of bronchoconstriction. It is possible that only
after a prolonged reduction in bronchial hyperresponsiveness the perception of bronchoconstriction
might be influenced. Therefore, we expect that the influence of short-acting ß2-agonists might
eventually influence the perception of bronchoconstriction when a longer study period is applied.
In chapter 7 the results are presented of the effects during thefirstyear (chronic use of ß2-agonists
alone) compared with the effects during the second year (chronic use of ß2-agonists plus inhaled
corticosteroids) on the perception of bronchoconstriction. The bronchial hyperresponsiveness
decreased significantly with additional use of inhaled corticosteroids in the group using chronic longacting ß2-agonists (from 0.87 mg/ml (95% CI: 0.51-1.49) to 1.60 mg/ml (95% CI: 0.90-2.86);
p=0.001) and in the group using placebo (from 1.09 mg/ml (95% CI: 0.69-1.72) to 1.79 mg/ml (95%
CI: 1.14-2.81); p=0.025). However, only in the group using long-acting ß2-agonists the perceptual
sensitivity was improved during the second year (with additional use of inhaled corticosteroids)
compared with the first year using long-acting ß2-agonists alone. So, the additional use of inhaled
corticosteroids during chronic use of long-acting ß2-agonists, could improve the perceptive
'sensitivity' for changes in FEV| during histamine induced bronchoconstriction. The chronic use of
ß2-agonists, with and without additional use of inhaled corticosteroids, had no influence on the
absolute perceptual magnitude of the patients. These results are in accordance with other studies that
investigated the effect of asthma medication on the perception of airway obstruction who showed
also no effect of bronchodilators and a positive effect of inhaled corticosteroids (with or without the
use of bronchodilators) on the perception of airway obstruction.
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During the study described in this thesis patients used both the breath actuated inhaler (Autohaler)
and the Metered Dose Inhaler (MDI) The Autohaler is a device that is triggered by the inspiratory
airflow produced by the patient It is easier to use than the MDI because patients are not dependent
on a hand-lung coordination So, it is possible that the patient's subjective opinion towards the
Autohaler is more positive when compared with the MDI Chapter 8 of this thesis described the
influence of inhalation device (Autohaler versus MDI) and patient's subjective opinion towards the
different devices on medication compliance In 34 subjects the used medication as a percentage of
the prescribed medication was assessed Each subject used two Autohalers and one MDI daily,
during twelve weeks One Autohaler had to be used twice daily and the other one four times daily
The MDI had to be used twice daily Patients were unaware that medication was weighed before and
after the study There was no effect of device on medication compliance Patients preferred the
Autohaler when compared with the MDI The number of patients with a negative opinion
(inconvenient) towards the MDI was 13 (38%) against 4 (12%) with a negative opinion towards the
Autohaler However, the devices (Autohaler or MDI) and the patients' opinion about the devices did
not significantly contribute to the compliance rates In this study we observed that the most important
(negative) determinant was the relatively high prescribed frequency of four times daily The median
values of the compliance rate of the Autohaler with twice and four times daily frequency were 90 8%
(25-75th percentile 61 6%-98 0%) and 78 5% (25-75th percentile 49 0%-91 2%) respectively and
significantly different (p<0 001 ) Therefore, we can conclude that the daily frequency has much more
influence on the compliance than the inhalation device (Autohaler or MDI)
The present study in this thesis was focussed on biomedical factors (the seventy of asthma, age, sex
and asthma medication) that might influence the perception of bronchoconstnction The main
conclusion that can be drawn from the results in this thesis is that patient with a more severe degree
of asthma (expressed by a low lung function and a high bronchial hyperresponsiveness) are most at
risk to show a poor perception of bronchoconstnction in comparison with the more healthy subjects
We recommend that especially these subjects should receive intensive supervision of the physician as
well as additional peakflow automonitoring The causal relationship between the severity of asthma
and the perception of bronchoconstnction is still unclear For future research we recommend
longitudinal research of the development of poor perception of asthma symptoms in patients who
demonstrate to develop asthma It would be of interest to investigate whether poor perception ol
symptoms influence the severity of asthma or the opposite direction, namely that the severity ol
asthma reduces the ability to perceive changes in the severity of the disease

Samenvatting

Sommige patiënten nemen de symptomen van hun astma niet of nauwelijks waar. Deze patiënten
ontvangen mogelijk geen optimale behandeling als gevolg van het niet gebruiken van adequate
medicatie of het zoeken van hulp van de behandelend arts. Het opsporen van deze patiënten en het
identificeren van mogelijke oorzaken is belangrijk voor de behandeling van astma in de dagelijkse
praktijk. De invloed van astmamedicatie, longfunctie, bronchiale hyperreactiviteit, leeftijd en
geslacht op het kunnen waarnemen (percipiëren) van astma symptomen is nog onduidelijk. Het
onderzoek naar de invloed van deze factoren op de perceptie van ademhaling sensaties, gemeten
tijdens een histamine geïnduceerde luchtweg vernauwing, vormde het doel van deze studie en wordt
beschreven in het tweede deel van dit proefschrift. In het eerste deel worden de studies over een
aantal methodologische problemen bij het meten en kwantificeren van perceptie van astma
symptomen beschreven.
Het vinden van zowel een valide als praktische parameter voor het meten van de perceptie van
histamine geïnduceerde luchtweg vernauwing vormt een belangrijk methodologisch probleem bij dit
onderzoek In dit proefschrift, definiëren we de perceptie van ademhaling sensaties als de relatie
tussen de subjectieve beoordeling van de intensiteit van de bemoeilijkte ademhaling en de objectieve
luchtweg vernauwing. De meest correcte beschrijving van de relatie tussen subjectieve sensaties en
bijbehorende objectieve stimulus is middels de exponentiële functie van Stevens. Echter, de
beschrijving van de relatie tussen stimulus en sensatie tijdens een histamine geïnduceerde luchtweg
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vernauwing middels een lineaire regressie coefficient biedt een meer praktische parameter voor de
dagelijkse praktijk Om de validiteit van deze parameter te onderzoeken vergeleken we in hoofdstuk
twee het percentage verklaarde vanantie van beide beschrijvingen in 134 astma patiënten Bij elke
patient werd een histamine provocatie test uitgevoerd waarbij de subjectieve beoordeling van de
benauwdheid werd gemeten met een Visual Analoge Scale (VAS) en de mate van luchtweg
vernauwing werd bepaald met een FEVi (Forced Expiratory Volume in one second) meting De
relatie tussen de verandering in VAS en het percentage daling in FEV ι ten opzichte van de
uitgangswaarde werd geanalyseerd door de bepaling van zowel de exponent η in
AVAS=k*(%AFEV,)n als de richting coefficient (α) in AVAS=k+a(%AFEV|) Het best passende
model is bepaald door het percentage verklaarde vanantie van beide modellen te berekenen Zoals in
hoofdstuk 2 is beschreven blijkt dat het lineair regressie model in deze experimenten een hoger
percentage verklaarde vanantie vertoonde dan het exponentiele model van Stevens, respectievelijk
83% en 76% Dit betekent dat het lineair regressie model een beter passend model lijkt te zijn voor
de beschnjving van de relatie tussen stimulus en sensatie tijdens de specifieke situatie van een
beperkte histamine geïnduceerde luchtweg vernauwing dan het in het algemeen gebruikte model van
Stevens Dit kan mogelijk verklaard worden door het nauwe bereik van opgelegde stimulus tijdens
een histamine provocatie test In deze studie is men gestopt met het versterken van de stimulus
wanneer er een luchtweg vernauwing werd vastgesteld die de grens van 20% daling in FEV ι ten
opzichte van de uitgangswaarde overschreed Dit betekent dat er een minder groot bereik in stimulus
is opgelegd dan bij de toepassing van het Stevens model wenselijk is en dit deel van de totale
respons curve waarschijnlijk goed kan worden beschreven met een lineair regressie model
In de literatuur worden er verschillende parameters gebruikt die de perceptie van luchtweg
vernauwing weergeven De al eerder genoemde regressie coefficient (Asensatie/Astimulus) is een
maat voor de 'sensitiviteit' van een patient voor veranderingen in de mate van luchtweg vernauwing
Deze maat geeft echter geen indicatie van de absolute grootte van de gepercipieerde stimulus de
absolute perceptie grootte Een ijkpunt is nodig om iets te weten over de absolute waarde van de
subjectieve beoordeling van de intensiteit van de stimulus Een ander maat die gebruikt wordt als
parameter voor de perceptie van luchtweg vernauwing is de mate van ervaren benauwdheid op het
moment dat de FEV ι met 20% is gereduceerd ten opzichte van de uitgangswaarde Deze maat is een
mogelijke weergave van de absolute perceptie niveau van de luchtweg vernauwing en kan als een
ijkpunt fungeren In hoofdstuk 3 van dit proefschrift wordt de relatie van deze twee aspecten van de
perceptie ('sensitiviteit' en de 'absolute perceptie grootte') van luchtweg vernauwing met klinische
karakteristieken beschreven De perceptie van geïnduceerde luchtweg vernauwing werd gemeten in
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128 astma patiënten. De 'sensitiviteit' van een patiënt voor de verandering in luchtweg vernauwing
correleerde significant met het percentage dagen met een peakflow variabiliteit van meer dan 15%
(Rs=-0.21; p<0.05), met de bronchiale hyperreactiviteit (Rs=0.37; p<0.001) en met het de FEV,
uitgedrukt in percentage van de voorspelde waarde (Rs=0.22; p<0.05), maar niet met symptomen in
het dagelijks leven. De 'absolute perceptie grootte' van een patiënt correleerde significant met de
symptomen in het dagelijks leven (correlaties varieerden van 0.21 tot 0.32). Deze resultaten tonen
dat de ernst van het astma (blijkend uit een verminderde longfunctie en een sterke bronchiale
hyperreactiviteit) een relatie vertoont met een slechte 'sensitiviteit' voor de verandering in luchtweg
vernauwing, en dat de mate van de 'absolute perceptie grootte' positiefis gerelateerd met de mate van
symptomen gedurende het dagelijks leven. Deze bevinden suggereren dat de 'absolute perceptie
grootte' een maat is die de individuele beoordeling van de intensiteit van respiratoire symptomen in
het algemeen typeren en dat de 'sensitiviteit' van de patiënt voor veranderingen in luchtweg
vernauwing meer beïnvloed wordt door de conditie in longfunctie en minder door individuele
karakteristieken.
Het gebruik van de histamine provocatie test als stimulus om de perceptie van luchtweg vernauwing
te meten is arbeidsintensief, tijdrovend, en moet altijd in een vaste volgorde worden uitgevoerd.
Daarom is er een andere test voor het meten van de perceptie van ademhaling sensaties geëvalueerd
die mogelijk als een alternatief gebruikt kan worden voor het meten van de perceptie van de patiënt
in plaats van de histamine provocatie test. Bij deze andere test is gebruik gemaakt van een
weerstandsbelasting apparaat. Dit apparaat bestaat uit een drie-weg-buis waarbij zowel de inademing
als de uitademing middels metalen gewichten op een klep belast kan worden. De voordelen van deze
weerstandsbelasting test zijn dat het een relatief eenvoudige snelle test methode is, de belastingen in
random volgorde kunnen worden gegeven waarbij het verschil in belasting (de stimulus) over een
groot gebied in intensiteit gevarieerd kan worden, wat niet mogelijk is bij een bronchiale provocatie
test. In hoofdstuk 4 wordt de perceptie van de benauwdheid gedurende de ademhaling door een
weerstandbelasting apparaat vergeleken met de perceptie van de histamine geïnduceerde luchtweg
vernauwing in 36 patiënten. Er is geen relatie gevonden tussen de perceptie van de sensatie
geïnduceerd door de histamine test en de sensatie tijdens de ademhaling door het
weerstandsbelasting apparaat, zowel met de belasting van de inademing (Rs=0.15; p=0.40) als met de
belasting van de uitademing (Rs=0.13; p=0.47). Dit betekent dat de meting van de perceptie met
behulp van een weerstandsbelasting test en de meting middels de histamine provocatie test niet
dezelfde personen als 'slechte' perceivers aanmerken. De verschillende herkomst van de stimuli die
aanleiding geven tot de ademhaling sensatie in beide testen zou mogelijk de onderliggende oorzaak
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voor deze bevinding kunnen zijn Beide testen genereren de respiratoire sensaties op verschillende
manieren en zouden daarmee verschillende intensiteiten van sensaties kunnen veroorzaken De
histamine provocatie test stimuleert vooral de luchtweg receptoren De weerstandsbelasting test
stimuleert met name de mechanoreceptoren in de ademhaling spieren Daarnaast werden met behulp
van de histamine provocatie test meer patiënten als slechte perceivers geïdentificeerd in de groep met
een lage symptoom score in combinatie met ernstiger astma (6 uit 9 patiënten) in vergelijking met de
weerstandsbelasting test voor inademing (geen van de 9 patiënten) en voor de uitademing (een van
de 9 patiënten) Deze groep patiënten, met een lage symptoom score in combinatie met ernstiger
astma, lopen het meest gevaar wanneer hun astma verslechtert omdat zij vanwege hun slechte
perceptie waarschijnlijk niet adequaat genoeg op de toenemende verslechtering reageren Vanwege
deze bevinding raden wij dan ook aan om de bronchiale provocatie test te gebruiken in het geval dat
men de perceptie van ademhaling sensaties wil bepalen in een groep met astma patiënten, ondanks
de methodologische nadelen van deze test
Patienten met een slechte perceptie van hun astma symptomen lopen een verhoogd risico op een
ernstige exacerbatie van hun astma Het is van klinisch belang te bepalen welke patiënten meer kans
hebben op een slechte perceptie In hoofstuk 5 zijn de resultaten beschreven over het onderzoek naar
de invloed van bronchiale hyperreactiviteit, longfunctie, leeftijd en geslacht op de perceptie van
luchtweg vernauwing gedurende een histamine provocatie test in 134 astma patiënten De regressie
coefficient 'verandering in VAS \ % daling in FEV|' is gebruikt als index voor de 'sensitiviteit' voor
veranderingen in longfunctie van de patient Een multipele regressie analyse is uitgevoerd om het
effect van uitgangswaarde FEV|, bronchiale hyperreactiviteit, geslacht en leeftijd op de perceptie van
luchtweg vernauwing te onderzoeken Zowel de uitgangswaarde van de FEVi als de bronchiale
hyperreactiviteit vertoonde een significante relatie met de perceptie van luchtweg vernauwing De
regressie coëfficiënten voor de FEV ι en de 21og PC20 in het multiple regressie model waren
respectievelijk 0 20 en 0 10 met p-waarden van 0 018 en 0 002 Patienten met een lage FEV]
uitgangswaarde en \of een sterke hyperreactiviteit vertoonden vaker een slechte perceptie tijdens de
histamine provocatie test in vergelijking met de meer gezonde personen Dit kan betekenen dat
patiënten met een ernstiger astma een adaptatie vertonen aan vernauwing of prikkeling van
luchtwegen, ofwel dat een slechte perceptie van astma symptomen een verslechtering van de ziekte
kan veroorzaken omdat deze patiënten mogelijk met adequaat reageren op hun astma symptomen
Alleen longitudinaal onderzoek kan de oorzaak en gevolg relatie ontrafelen
Het is voor de dagelijkse praktijk goed om te weten wat de invloed is van astma medicatie op de
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perceptie van luchtweg vernauwing, omdat patiënten hun behandeling met medicatie vooral
evalueren aan de hand van de mate van hun astma symptomen Deze beoordeling wordt
waarschijnlijk weer beïnvloed door het vermogen van de patient om deze symptomen te kunnen
percipieren In dit proefschrift wordt de studie beschreven naar de invloed van continu gebruik van
kortwerkende en lang-werkende ß2-agonisten, met en zonder gebruik van inhalatie corticosteroiden,
op de perceptie van histamine geïnduceerde luchtweg vernauwing Onze hypothese was dat een
toename in bronchiale hyperreactiviteit, vanwege het continu gebruik van ß2-agonisten, zou leiden
tot een verslechtering in de perceptie van luchtweg vernauwing Tevens, verwachtten we dat het
gebruik van inhalatiecorticosteroiden een positief effect zou hebben op de perceptie van luchtweg
vernauwing doordat deze de bronchiale hyperreactiviteit zou verminderen Om deze hypothesen te
testen is er een gerandomiseerd dubbelblind onderzoek uitgevoerd met astma patiënten Deze
patiënten werden gerandomiseerd over drie groepen ( 1 ) kort-werkende ß2-agonisten (salbutamol),
(2) lang-werkende ß2-agonisten (formoterol) of (3) placebo Deze onderzoeksmedicatie werd 12
weken lang continu gebruikt Deze behandeling werd precies een jaar later herhaald waarbij elke
patient dezelfde medicatie ontving als een jaar daarvoor, maar nu in combinatie met
inhalatiecorticosteroiden (beclomethason dipropionate) Aan de start van de studie en elke vier
weken later is de perceptie van histamine geïnduceerde luchtweg vernauwing gemeten De patiënten
gaven hun subjectieve beoordeling van de benauwdheid gedurende de provocatie test aan middels de
gemodificeerde Borg-schaal De regressie coefficient 'Borg \ % daling in FEVj' is gebruikt als
parameter voor de 'sensitiviteit' van de patient ten aanzien van de verandering in longfunctie De
perceptie score behorende bij 20% daling in FEV ι (PS20) is gebruikt als maat voor de 'absolute
perceptie grootte'
In hoofdstuk 6 zijn de effecten van monotherapie met bronchusverwijders beschreven Het effect
van het continu gebruik van kort-werkende en lang-werkende ß2-agonisten afzonderlijk op de
perceptie van luchtweg vernauwing is berekend met behulp van een repeated measurement analyse
De analyses zijn gedaan voor twee groepen apart met een initieel lage en een initieel hoge
bronchiale hyperreactiviteit (PC20 < 2mg/ml versus PC20 ^ 2 mg/ml) Uit de resultaten blijkt dat het
continu gebruik van zowel de kort-werkende als de lang-werkende ß2-agonisten geen verschil
veroorzaakt in de sensitiviteit van de patient ten aanzien van verandering in bronchocontructie in de
loop van studie voor zowel de groep met een initieel hoge als de groep met een initieel lage
bronchiale hyperreactiviteit (p=0 9810 and p=0 4235 respectievelijk) Verder blijkt dat ook de
'absolute perceptie grootte' niet verandert gedurende de 12 weken van continu gebruik van beide ß2agomsten voor zowel de groep met een initieel hoge als de groep met een initieel lage bronchiale
hyperreactiviteit (p=0 7215 and p=0 1822 respectievelijk) De bronchiale hyperreactiviteit nam wel
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toe in de groep met een lage beginwaarde van de hyperreactiviteit in de groep die continu korlwerkende ß2-agonisten gebruikte (PC20 reduceerde van 5.26 mg/ml (95% BI: 3.71-7.45) naar 1.94
mg/ml (95% BI: 0.84-4.48); p=0.013). Het is mogelijk dat alleen na een aanhoudende toename in
bronchiale hyperreactiviteit, de perceptie van luchtweg vernauwing beïnvloed wordt. Dit zou
betekenen dat het effect van het continu gebruik van kort-werkende ß2-agonisten op de perceptie van
luchtweg vernauwing alleen merkbaar wordt bij een langere studie duur.
In hoofdstuk 7 zijn de resultaten gepresenteerd van de effecten van 12 weken continu gebruik van
ß2-agonisten alleen, vergeleken met de effecten van 12 weken continu gebruik van ß2-agonisten in
combinatie met inhalatiecorticosteroïden. De bronchiale hyperreactiviteit nam significant afin het
tweedejaar wanneer additioneel inhalatiecorticosteroïden werden gebruikt in combinatie met langwerkende ß2-agonisten (PC20 nam toe van 0.87 mg/ml (95% BI: 0.51 -1.49) naar 1.60 mg/ml (95%
BI: 0.90-2.86); p=0.001) en met het gebruik van inhalatiecorticosteroïden alleen (PC20 nam toe van
1.09 mg/ml (95% BI: 0.69-1.72) naar 1.79 mg/ml (95% BI: 1.14-2.81 )(p=0.025). Echter, alleen in de
groep die lang-werkende ß2-agonisten gebruikte verbeterde de sensitiviteit van de patiënten voor
verandering in luchtweg vernauwing in het tweedejaar wanneer additioneel inhalatiecorticosteroïden
werden gebruikt. Het continu gebruik van ß2-agonisten in combinatie met het gebruik van
inhalatiecorticosteroïden gaf geen verbetering in de 'absolute perceptie grootte' in vergelijk met het
gebruik van ß2-agonisten alleen. Deze bevinding is in overeen stemming met andere studies die het
effect van astma medicatie op de perceptie van luchtweg vernauwing hebben onderzocht. Zij vonden
ook geen effect van bronchusverwijders en een positief effect van inhalatie corticosteroïden op de
perceptie van luchtweg vernauwing.
Gedurende de studie gebruikten de patiënten twee verschillende inhalatie systemen: een door de
ademhaling geactiveerde Inhalator (Autohaler) en een afgemeten (metered) dosis Inhalator (MDI).
De Autohaler is een systeem dat wordt getriggerd door de inademing van de patiënt. De Autohaler is
gemakkelijker te gebruiken dan de MDI omdat patiënten niet afhankelijk zijn van een goede handlong coördinatie. Daarom zou de subjectieve mening van de patiënten ten aanzien de Autohaler
mogelijk positiever zijn, vergeleken met de MDI. In hoofdstuk 8 van dit proefschrift wordt het
onderzoek naar de invloed van het inhalatie systeem (Autohaler versus MDI) en de mening van de
patiënt over de twee verschillende apparaten op de compliance ten aanzien van de medicatie
beschreven. De gebruikte onderzoeksmedicatie van 34 personen werd vastgesteld en uitgedrukt in
het percentage van voorgeschreven hoeveelheid. Elke patiënt gebruikte gedurende twaalf weken twee
Autohalers en één MDl. Eén Autohaler moest twee keer per dag gebruikt worden en de andere vier
keer per dag. De MDI moest twee keer per dag gebruikt worden. De patiënten werden vooraf niet op
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de hoogte gebracht van het feit dat de medicatie voor en na de onderzoeksperiode gewogen zou
worden. Patiënten hadden een afkeur voor de MDI ten opzichtte van de Autohaler; 13 (38%)
personen vonden het gebruik van de MDI onprettig tegen 4 (12%) personen met een negatieve
mening over de Autohaler. Echter, zowel het inhalatie systeem als de mening over het apparaat
hadden geen effect op de compliance ten aanzien van het medicatie gebruik. De belangrijkste
determinant van een slechtere compliance ten aanzien van de medicatie, was de relatieve hoge
doseringsfrequentie van viermaal per dag. De mediaan waarden van de compliance percentages van
de Autohalers die twee en viermaal per dag gebruikt diende te worden waren respectievelijk 90.8%
(25-75 percentiel 61.6%-98.0%) en 78.5% (25-75 percentiel 49.0%-91.2%) en significant
verschillend (pO.001). Daarom kunnen we concluderen dat de doseringsfrequentie veel meer
invloed heeft op de compliance dan het inhalatie systeem (Autohaler of MDI).
De studie beschreven in dit proefschrift concentreerde zich op de mogelijk invloed van biomedische
factoren (de ernst van astma, leeftijd, geslacht en astma medicatie) op de perceptie van luchtweg
vernauwing. De belangrijkste conclusie die kan worden getrokken uit de resultaten van dit
proefschrift is dat patiënten met ernstiger astma (blijkend uit een verminderde longfunctie en een
sterke bronchiale hyperreactiviteit) een slechtere perceptie van de luchtweg vernauwing hebben in
vergelijking met de meer milde astma patiënten. We willen dan ook adviseren dat speciaal bij deze
groep extra aandacht wordt besteed aan het percipiërend vermogen van de patiënt en dat ter
ondersteuning hiervan peakflow automonitoring wordt geadviseerd naast de behandeling. Het
causale verband tussen ernstig astma en een slechte perceptie van luchtweg vernauwing blijft nog
steeds onduidelijk. In dit verband raden we aan een langdurige longitudinale studie op te zetten bij
patiënten met een zich ontwikkelend astma, zodat het ontstaan van een slechte perceptie van astma
symptomen onderzocht zou kunnen worden. Het zou interessant zijn om te onderzoeken of een
slechte perceptie van astma symptomen een negatieve invloed heeft op de ernst van de astma, of dat
wellicht een slechte perceptie van astma symptomen een gevolg is van de ernst van de ziekte.
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Stellingen
behorend bij het proefschrift
'Perception of asthma symptoms, the influence of medication'

1

Het lineair regressiemodel geeft een goede beschrijving van de relatie tussen stimulus
en sensatie tijdens de specifieke situatie van een beperkte histamine geïnduceerde
luchtweg vernauwing (dit proefschrift)

2

De 'sensitiviteit' voor de verandering in luchtweg vernauwing tijdens een histamine
provocatie test (uitgedrukt in de regressiecoefficient 'Asensatie/Astimulus') en de
'absolute perceptie grootte' (uitgedrukt in ervaren benauwdheid op het moment dat de
FFV| met 20% is gereduceerd ten opzichte van de uitgangswaarde) zijn twee
perceptie maten die ieder met verschillende patient karakteristieken samenhangen

1

fr bestaat geen verband tussen de perceptie van respiratoire sensaties geïnduceerd
door een histamine provocatie test en de perceptie van respiratoire sensaties
veroorzaakt door een weerstandsbelasting test (dit proefschrift)

4

De emst van het astma (blijkend uit een verminderde longfunctie en een sterke
bronchiale hyperreacliviteit) is omgekeerd evenredig gerelateerd met de 'sensitiviteit'
voor de verandering in luchtweg vernauwing (dit proefschrift)

5

Continu gebruik van ß2-agonisten gedurende twaalf weken veroorzaakt geen afname
\an de 'sensitiviteit' ten aanzien van verandering in luchtweg vernauwing (dit
pi oefschrift)

6

Huisstofmijt (met m dit proefschrift)

7

De astma patient lijdt meer van een auto die drieëneenhalf jaar tussen Gouda en
Nijmegen heen en weer rijdt, dan van het gemis van vier publicaties in
wetenschappelijke tijdschriften

8

Het is verwonderlijk dat er voor de digitale snelweg nog geen filemeldingen
beschikbaar zijn (P D A L Schoenmaekers)

9

De kunst om blij te zijn met wat je hebt (lees ook kunt en ontvangt) wordt vreemd
genoeg niet automatisch makkelijker naarmate je meer bezit

10 Het onmogelijke duurt ruim zes jaar, het wonder maar negen maanden

