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Summary
Aim: To assess whether exposure to house dust mite (HDM) allergens hampers a
tapering off of inhaled corticosteroid (ICS) dosage in HDM-sensitive asthma patients.
Methods: Asthma patients sensitised to HDM allergens and using ICS were selected
from general practices for this observational study. Dust samples from bed
mattresses were taken to assess exposure (‘no’, ‘low’, ‘intermediate’ or ‘high’)
to HDM allergens with a semi-quantitative test (Acarex®). Patients were trained to
use a self management plan to adjust the dose of ICS according to symptoms and
peak flow. The observation period was three months.
Results: Outcomes from 123 patients were analysed. Within the ‘no’ and ‘low’ HDM
exposure groups the proportion of patients who increased the dosage of their ICS
medication was significantly lower than the proportion who tapered off or remained
on the same dose of ICS. The group with high exposure to HDM allergens had the
highest proportion of patients who increased their dose of ICS (p = 0.055).
Conclusions: High exposure to HDM allergens seems to coincide with the use of higher
dose ICS treatment in asthma patients sensitised to HDM allergens.
© 2006 General Practice Airways Group. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Inflammation of the airways is a major underlying
pathophysiological mechanism of asthma [1]. This
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inflammation leads to bronchoconstriction, which
causes symptoms. Since inhaled corticosteroids
(ICS) treat the inflammation of the airways, they
can improve the long-term course of asthma
[2—5]. For this reason ICS are the keystone in
the pharmacological treatment of asthma. It is
recommended that patients use the lowest possible
dose of ICS that provides adequate control of the
disease since harmful effects from long-term use
of high dose ICS have been shown — for example,
an increased risk of cataract [6] and effects on
bone mineral density [7]. This emphasizes the
importance of keeping the ICS dose at an optimally
low level.

Self management programs or written action
plans have been shown to lead to improved health
outcomes [8]. In a self management program it
is important that adequate behaviour is positively
reinforced. If reinforcement occurs early in the
learning process, the adequate behaviour is more
easily maintained as subjects feel more self-
efficacious. Self management programs can lead to
a reduction of the amount of ICS dosage needed [9].
By adjusting the dose of ICS to their self-assessed
degree of asthma, patients can use the lowest
possible dose of ICS to gain adequate control. Some
patients are not able to taper off their medication,
possibly due to exposure to irritants. Exposure to
relevant irritants such as allergens or non-specific
irritants can cause inflammation and consequently
bronchoconstriction [10,11]. Exposure to such
triggers may be a reason for needing higher
medication or for difficulties encountered in
trying to taper off medication. House dust mite
(HDM) allergens have appeared to be one of the
most important triggers in asthmatic patients.
Therefore, high exposure to HDM allergens might
be a reason why sensitised patients cannot
taper off their dose of ICS adequately and why
they experience problems with carrying out self
management programs adequately.

In this study we wanted to investigate whether
there is a relation between exposure to HDM
allergens and the dosage of ICS needed in the
context of a self management program in asthmatic
patients sensitised to HDM allergens.

Methods

Subjects

Asthma patients in the south-eastern part of the
Netherlands were enrolled from the registration
networks of general practitioners (GPs) and
by means of an open recruitment through

advertisements in the local press. Recruitment took
place all year round. Patients who were willing to
participate were screened as regards inclusion and
exclusion criteria.

Inclusion criteria were: age between 16 and 60
years; a GP-based diagnosis of asthma; sensitisation
to HDM allergens; and requirement of ICS. The
latter was defined according to the asthma
treatment guidelines of the Dutch College of
General Practitioners [12] which are comparable to
the international GINA guidelines [13]. Sensitisation
was determined with a Phadiatop® test (specific
Immunoglobulin E (IgE) to a group of common
aeroallergens). If positive, radio-allergo-sorbent
tests (RASTs) were carried out for specific IgE for
grasses, pollen, house dust mite, cat and dog. IgE
levels below 0.35 kilo-units per litre (class 0) were
considered to be negative.

Exclusion criteria were: serious diseases other
than asthma with a low survival rate; other diseases
which influence bronchial symptoms and/or lung
function; an asthma exacerbation in the one month
period preceding the start of the study; the use of
oral steroids or inhaled cromoglycates; using HDM-
impermeable covers for mattresses, pillows and
bedding; and allergy to domestic pets while keeping
these pets.

A questionnaire was used to identify educational
and employment level, smoking habits and
perceived airway hyper-responsiveness.

The local Medical Ethical Committee approved
the study. All patients agreed by written informed
consent to participate in the study.

Exposure to house dust mite allergens

During a home visit a dust sample was taken
from the patients’ mattresses in a standardized
way. Dust samples were taken from the mattresses
with a vacuum cleaner (Bosch, 1300 watt) equipped
with a nozzle containing a collector with a filter
paper. Mattresses were totally vacuumed in a
standardized way for a duration of 2 minutes per m2

of the mattress [14]. Both the upper surface of the
patient’s bare mattress and the upper surface of the
partner’s bare mattress (if a partner was present)
were sampled.

A semi-quantitative test (Acarex®) was carried
out with the dust sample to assess the guanine
dosage. Guanine is an excretion product of mites.
The Acarex® test gives reliable information about
the presence of HDM allergens, including Der p1,
one of the most common HDM allergens.

Exposure to HDM allergens was divided into the
following categories; ‘none’, ‘low’, ‘intermediate’
and ‘high’. These categories correspond roughly
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with the following concentrations of Der p1 per
gram dust: ‘none’ ≤0.33 �g/g; ‘low’ 0.33—2 �g/g;
‘intermediate’ 2—8.33 �g/g; and ‘high’ ≥8.33 �g/g
[15—17].

Medication use

ICS usage at the start of the trial was categorised
as: ‘none’ (0 �g/day); ‘low dosage’ (<400 �g/day);
‘intermediate dosage’ (from 400 to 800 �g/day);
and ‘high dosage’ (≥800 �g/day). The total amount
of ICS used daily was calculated as the amount of
ICS per dose (in �g) times the total number of puffs
used per day. Dose equivalents for different types
of ICS (drug molecules) and delivery devices were
calculated. The dosage of metered dose inhalers
was doubled in order to obtain equipotent dosages
with dry powder inhalers [18]. The initial ICS dosage
at the start of the trial was subtracted from the ICS
dose after three months and the result was divided
into the categories: ‘tapered off’; ‘equal dose’; or
‘increased’.

Forced expiratory volume in one second (FEV1)
was measured at inclusion by means of a
portable spirometer (Microloop II) at a lung
function laboratory, and the FEV1 % predicted was
calculated.

Patients were trained to use a self management
plan to adjust the dose of ICS to symptoms and
peak expiratory flow (PEF) value. GPs and trained
research nurses gave instructions according to
a standardized method. PEF was measured by
means of a portable peak flow meter (Asmaplan+;
Vitalograph®, Buckingham, UK). Most participants
used budesonide 200 �g via Turbuhaler®. Details of
this plan are described by Thoonen et al. [9]. In
Box 1 a summary of the self management plan is
shown.

Information on symptoms, PEF, and medication
use (ICS, bronchodilators and other medication)
were recorded in diaries on a weekly basis.

The observation period was three months.

Statistical analysis

Baseline characteristics were tested with a
Student’s t-test, Chi-square, ANOVA or Kruskal-
Wallis test, to find significant differences in
baseline characteristics between different HDM
exposure groups and between the groups instructed
by particular GPs or research nurses.

The proportion of patients who were able to
taper off their ICS dose, who remained on the
same dose, and who had to increase their ICS
dose, were calculated for each HDM exposure
group. Differences within each exposure group

Box 1: Summary of the self management
plan

Step-up instructions

• Peak flow deteriorates <80% PEFR ≥60% of
Personal Best Value (PBV) for 2 out of 3
consecutive days:

Double budesonide dosage
In case of insufficient response within
three weeks: again double budesonide
dosage

• Peak flow deteriorates <60% PEFR ≥40% of
PBV for 2 out of 3 consecutive days:

Increase budesonide dosage to 800
micrograms b.i.d.
In case of insufficient response within two
days: contact your GP

• Peak flow deteriorates <40% of PBV:
Immediately contact your GP to start a
course of oral prednisolone

Step-down instructions

• Peak flow improves to ≥40% PEFR <60% of
PBV:

Continue the current budesonide dosage
until your PEFR is >80% of PBV

• Peak flow improves to ≥60% PEFR <80% PBV:
Continue the current budesonide dosage
until your PEFR is >80% of PBV

• Peak flow improves to ≥80% of PBV:
Halve budesonide dosage when PEFR ≥80%
for a period of six weeks

were compared with a chi-square test. Differences
between the exposure groups for the number of
patients who tapered off, remained on the same
dose, and increased their ICS dose were compared
with a test for linear trend.

Statistical significance was defined as p-value
<0.05.

Statistical analyses were performed with SPSS
for Windows, Version 11.0.

Results

One hundred and twenty-three patients were
included.

Table 1 shows the baseline patient
characteristics.

GPs instructed 31 participants, and two research
nurses instructed the other 92 subjects. The
instruction was standardised and the same for
both groups. Patient characteristics did not
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Table 1 Baseline characteristics. Exposure to HDM allergens; number (%)

N = 123 None Low Intermediate High p-value

Number of patients (%) 36 (29.3%) 38 (30.9%) 31 (25.2%) 18 (14.6%)

Gender (male) (%) 19 (52.8%) 21 (55.3%) 16 (51.6%) 10 (55.6%) 0.88

Mean age (yrs) 41.4 45.9 41.4 41.5 0.50

Dose ICS at start (�g/day) 0.33
Categories: (%)

0 �g 3 (8.3) 1 (2.6) 3 (9.7) 0 (0.0)
low (<400 �g) 7 (19.4) 6 (15.8) 1 (3.2) 1 (5.6)
intermediate (400—800 �g) 14 (38.9) 8 (21.1) 11 (35.5) 9 (50.0)
high (≥800 �g) 12 (33.3) 23 (60.5) 16 (51.6) 8 (44.4)

Long acting bronchodilators 9 (25.0%) 10 (26.3%) 7 (22.6%) 5 (27.8%) 0.78

FEV1 % predicted 90.5 88.6 90.4 92.0 0.64

Smoking (%) 0.16
Never 25 (69.4%) 20 (52.6%) 21 (67.7%) 9 (50.0%)
Ex 9 (25.0%) 17 (44.7%) 9 (29.0%) 5 (27.8%)
Current 1 (2.8%) 3 (7.9%) 1 (3.2%) 4 (22.2%)

Other sensitisations (mean number) 2.3 1.8 1.7 1.3 0.11

HDM: house dust mite; ICS: inhaled corticosteroids; FEV1: forced expiratory volume in one second.

differ significantly between these two groups
(0.10 < p < 0.59).

Dust samples from the mattresses showed that
29.3% contained no HDM allergens, 30.9% contained
a low level of HDM allergens, 25.2% contained an
intermediate level of HDM allergens, and 14.6%
contained a high level of HDM allergens.

Gender, age, use of long acting bronchodilating
agents, FEV1 % predicted, smoking status and
the number of other sensitisations, did not differ
significantly between the exposure groups.

Forty-eight patients (39.0%) tapered off their
dose of ICS over the three months, 53 patients
(43.1%) remained on the same dose, and 22 patients
(17.9%) had to increase their ICS dosage. Figure 1
shows the percentage of patients who could taper
off the dose of ICS, who remained on an equal dose
of ICS, and who had to increase the ICS dose after
three months in different HDM allergen exposure
categories.

Within the ‘no’ and ‘low’ exposure group there
is a statistically significant difference between the
numbers of patients tapering off their ICS dose,
those remaining on the same dose and those who
increased their ICS dose.

There is a trend in that the higher the exposure
to HDM allergens, the higher the proportion
of patients who had to increase their dose of
ICS. When tested for linear trend, this trend
was not significant (p = 0.055). Trend analyses
showed no significance for tapering off and equal

Figure 1 Percentage of patients who could taper off ICS
dose, who remained on the same dose, or who had to
increase the dose of ICS, according to different categories
of HDM allergen exposure.

dose (p = 0.872 and p = 0.100, respectively). When
performing the analyses without smokers, the same
trend was noticed for a larger proportion of patients
who increased their ICS dosage when exposed to
higher amounts of HDM allergens.

Discussion

In this observational study we have found that
high exposure to HDM allergens can lead to
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use of a higher ICS dosage when HDM-sensitive
asthma patients manage their disease according
to a self management plan. Because of the
relatively high number of current smokers in the
high exposure group and the possible negative
interaction between smoking and the effect of
allergen exposure on the use of ICS, we also
performed analyses without the smokers. These
data showed the same trend (p = 0.091).

No difference was found in the proportion of
patients who could taper off ICS dosage according
to different HDM allergen exposure levels. We
did not expect this finding. The goal of self
management programs is to achieve an optimal
level of ICS treatment with the lowest possible dose
that gives optimal control. We were expecting an
overall reduction in the amount of ICS medication
required, instead of an increase in the amount
of medication used in a substantial part of the
study population. This finding raises the question
as to whether or not there was under-treatment
in the period before starting the self management
program. All patients received usual care before
the start of the study. The relatively high numbers
of patients using intermediate or high dosages
of ICS at the start of the observation period do
not seem to indicate under-treatment. If exposure
to high concentrations of allergens leads to the
need for higher doses of ICS, avoidance measures
regarding these particular allergens could be useful
in reducing the need for ICS.

The small number of patients is a limitation of
this study. In particular, the number of patients in
the high exposure group was very low (n = 18). This
number of patients may have been inadequate to
detect a significant difference in ICS use between
the exposure groups. As this study was a pilot study,
no power calculations were made beforehand.

The observation period of the present study
was three months, which is probably not long
enough to examine the possibility of tapering off ICS
dosages between different HDM allergen exposure
groups. It might take a longer period for patients
to achieve a steady state of medication use when
they are exposed to a specific level of allergens.
However, we were especially interested in the first
period of self management to see if exposure to a
high concentration of HDM allergen might prevent
patients from performing the self management plan
well because of lack of positive reinforcement.
Recruitment took place all year round and patients
recruited in different seasons were equally divided
over the different exposure groups.

A study using the same self management plan as
in the present study showed a saving of more than
200 puffs of ICS per patient over a period of two

years in favour of the self management compared
to the ‘usual care’ group [9]. A significantly higher
proportion of subjects from the self management
group took domestic HDM avoidance measures. This
may have contributed to the beneficial effects of
the self management program.

We could not correct for exposure to other
possible triggers, which might have hampered
tapering off of the ICS dose. However, we did
exclude patients with a positive RAST for cats or
dogs who were keeping these pets.

In the present study the Acarex test was used
to determine exposure to HDM allergens. This test
is semi-quantitative and it does not distinguish
between different mite species. However it has
been proven to give reliable information about
the presence of HDM allergens in settled dust
[16,17]. Der p1 is one of the most common HDM
allergens. The different exposure groups in this
study corresponded more or less with the following
concentrations of Der p1 per gram dust: ‘none’
≤0.33 �g/g; ‘low’ 0.33—2 �g/g; ‘intermediate’
2—8.33 �g/g; and ‘high’ ≥8.33 �g/g. Exposure to
a concentration higher than 2 �g/g Der p1 is a risk
factor for sensitisation to HDM allergen, whereas
exposure to a concentration higher than 10 �g/g is
a major risk factor for the development of acute
asthma in mite-allergic patients [19]. This might
explain why relatively many patients in the low
exposure group managed to taper off their dose of
ICS. They are sensitised to HDM allergens, but are
exposed to a lower concentration of HDM allergens
than the threshold level which is expected to cause
symptoms. Patients in the intermediate and high
exposure groups were exposed to a concentration
of HDM allergen which might induce asthmatic
symptoms. This might be the reason why in this
group relatively many patients had to increase their
dose of ICS. Reducing the exposure to allergens by
using allergen avoidance measures (e.g. encasing
mattresses and bedding) could prevent the need
for increasing the ICS dosage in subjects with a
previously high exposure to HDM allergens.

GPs and trained research nurses gave
instructions about the self management plan to
the patients. The instructions were standardised. A
study using the same self management plan showed
that there was no influence of the different GPs
on the outcome of the intervention as there
was a very low intra-cluster correlation [20].
Therefore, we did not expect any difference
between the GP-instructed group and the research
nurse-instructed group on the outcome of the
self management plan. Moreover, the patients of
the different instruction groups were comparably
divided over the HDM allergen exposure categories
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and the patient characteristics did not differ
significantly.

We conclude that in the present observational
study, exposure to HDM allergens seems to be
associated with the dose of inhaled corticosteroids
needed. In particular, this study seems to indicate
that exposure to high levels of HDM allergens leads
to the need for more ICS when following a self
management plan.

This study is, to our knowledge, the first
to investigate the relationship between natural
exposure to allergens and the need for ICS
in asthmatic patients. Although many factors
influence the need of ICS, the group of asthma
patients exposed to high levels of one important
allergen — HDM — showed a higher use of
ICS, although this finding was not statistically
significant. More research in this area, with
information on additional factors influencing
medication use, a longer observation period,
and a larger study population could lead to
better understanding of the relationship between
exposure to allergens and medication use.
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