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ABSTRACT: Recent experimental and epidemiological studies have suggested that
outcomes of asthma are significantly influenced by treatment patterns.  This study
was conducted in order to investigate the links between treatment patterns in asth-
matics and occurrence of disease exacerbations.

We performed a nested case-control study in a cohort of 680 asthmatics identi-
fied between 1986 and 1991 in a drug dispensing database.  After validation in a
pilot study, the intermittent use of oral corticosteroids was used as a proxy for asth-
ma exacerbations.  Cases with an exacerbation (n=133) were pair-wise matched with
controls.  The type of medications used for the usual treatment of asthma were
examined in relation to the risk of asthma exacerbation.

The use of oral xanthines and inhaled fenoterol but not of inhaled salbutamol,
corticosteroids, cromoglycate and ipratropium bromide was associated with an
increased probability of asthma exacerbation.  Within the cohort, the proportion of
subjects dispensed inhaled corticosteroids rose from 12 to 27% between 1986 and
1991.  The proportion of subjects using inhaled bronchodilators without inhaled
corticosteroids also decreased over this period of time.

The identification of markers of asthma exacerbations made it possible to link
the probability of adverse outcome risk for such exacerbations with treatment pat-
terns.  This method could be useful in further development of asthma surveillance
using drug dispensing databases.
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The prevalence of asthma, estimated to be 3–5% in West-
ern populations, is rising in several countries, with signifi-
cant temporal and regional fluctuations in morbidity and
mortality [1].  Reasons for the changes are not fully under-
stood but environmental factors may play a critical role
[2].  This rise has also been related to the pattern of use
of asthma medications [3, 4].  Inhaled corticosteroid prepa-
rations are very effective when used regularly and at ade-
quate dosage [5].  On the other hand, the optimal use of
spasmolytics remains somewhat controversial. Case-con-
trol studies performed in New Zealand have suggested that
fenoterol might have been implicated in the local rise of
asthma mortality [6–8]. The Saskatchewan study on the
risk of beta-agonists added important data for a proper
interpretation of the dose-time dynamics of the use of beta-
agonists as a class in relation to mortality risk [9, 10].  

In the same context, recent randomized controlled
trials have suggested that regular intake of beta-agonists
is associated with a poor control of asthma, leading to
deterioration of lung function over time [11–13].  Reg-
ular use of these compounds also induces tolerance to

their protective effects against nonspecific bronchocon-
striction [14, 15] and appears to increase the bronchocon-
strictive response to allergen [16].  These data suggest
that the optimal use of asthma medications must be care-
fully tailored to patients needs.  Furthermore, the introduc-
tion of new long-acting inhaled bronchodilators reinforces
the need for appropriate surveillance and evaluation of
the benefits and risks of asthma treatment [14].  The phar-
macoepidemiological studies conducted so far, have pri-
marily examined the associations of treatment with fatal
or near fatal outcomes [6–9].

In this study, we focus on the probability of nonfa-
tal adverse outcome (risk of disease exacerbation).  Whilst
there is only limited evidence so far that such exacer-
bations lead to increased risk for fatal or nearfatal asth-
ma [17], they have a significant impact on the quality of
life of asthmatics and the cost of care, and, therefore,
research is needed to identify the determinants of these
events [18].  This study was conducted in order to inves-
tigate the links between treatment patterns in asthmatics
and occurrence of disease exacerbations.
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Materials and methods

Data sources

Dutch community pharmacy records (>95% of Dutch
community pharmacies are computerized) are unique in
that patients are usually assigned to a single pharmacy
for reimbursement of their prescription drugs.  This fea-
ture enables individual prescription drug use to be tracked.
In an open population of 60,000 people, all individual
users of asthma medications were identified and their
dispensing history was retrieved (identification number
of the patient, nature and dosage of the medications dis-
pensed).

Subjects

The subjects studied were defined as chronic users of
asthma treatment, having been dispensed at least six sep-
arate prescriptions for one or more asthma medications
over the 6 year period; January 1986–December 1991.
Subjects using oral corticosteroids on a continuous basis
were excluded.  The subjects studied were included in
the base cohort on the latest of the following dates: date
of the sixth asthma prescription; January 1st of the year
where the subjects reached their 5th birthday; January
1st, 1986; or the date at which 180 days of complete
drug dispensing history became available.  Subjects left
the base cohort on the earliest of the following dates:
January 1st of the year of the subject's 50th birthday;
the date of cessation of drug dispensing history; the date
of the first occurrence of an outcome; or December 31st,
1991.

Study design

A nested case-control study was performed in a base
cohort of chronic users of asthma drugs identified in a
drug dispensing database.  The outcome was defined as
the new dispensing of oral corticosteroids, not used in
the previous 3 months, and was called a "Marker of
Asthma Exacerbation" (MAE).  Patients belonging to the
base cohort and presenting the outcome during follow-
up were selected as cases, and the date of occurrence of
a MAE was the index date.  The receipt of oral corti-
costeroids as the outcome was validated in a pilot study
investigating the relationship between this marker and
the dispensing of oral antibiotics (considered as markers
for respiratory tract infections), since the temporal rela-
tionship between respiratory tract infections and asthma
exacerbations is well-established [19].

Matched controls were selected randomly among the
base cohort patients who did not use either oral corti-
costeroids (new dispensing, according to the definition
of MAE) or a new treatment with at least three differ-
ent asthma drugs.  New treatments are those including
at least two asthma drugs not used in the previous 3
months.  Matching was performed for the following vari-
ables: gender; age at index date (±5 yrs); date of entry
prior to the index date within 3 months of the case.

Drug exposure

Dispensing of asthma medications by the pharmacists
were compared in both cases and controls for the 6 months
preceding the index date, for the following medications:
inhaled salbutamol, inhaled fenoterol, inhaled ipratro-
pium bromide and oral xanthines as bronchodilators,
inhaled cromoglycate, and inhaled corticosteroids.  Expo-
sure to each of these was considered as present or absent
without regard to dose or detailed formulation.

For the cohort as a whole, for each of the following
classes of medication: inhaled beta-agonists, inhaled cor-
ticosteroids, inhaled ipratropium bromide, inhaled cro-
moglycate and oral xanthines, proportions of users were
determined for each calendar year from 1986 to 1991,
arbitrarily assuming that the population studied was con-
stant.  Concomitant use of bronchodilators and inhaled
corticosteroids was assessed by determining the medi-
cations dispensed during the month of September of each
year, and assuming their use was simultaneous if dis-
pensed within the same month.

Data analysis

Odds ratios (OR) were computed for the risk of dis-
ease exacerbation following different asthma drug expo-
sure applying conditional logistic regression.  Adjusted
OR were computed, accounting for the simultaneous use
of several asthma medications and, in a secondary analy-
sis, for the total number of separate (asthma drugs) pre-
scriptions in the six months before the index date (≥3
prescriptions; and <3 prescriptions).  This information
was considered as a marker for severity to allow adjust-
ment for possible differences in severity between cases
and controls.

Results

A total of 6,987 patients (12% of the population) who
received at least one asthma medication between January
1985 and December 1991 were identified.  After appli-
cation of the eligibility criteria for chronic use (six or
more separate prescriptions), 680 patients remained in
the base cohort (1.1% of the population).  A total of 133
patients with an asthma exacerbation were matched with
controls, making up 133 case-control pairs (table 1).
Comparative data on the 133 case-control pairs demon-
strated the efficacy of the matching, with similar mean
age (31 yrs for the cases versus 32 yrs for the controls).
There were 65 male and 68 female pairs.  Follow-up
time was also comparable in the two groups.
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Table 1.  –  Description of cases and controls (133 matched
pairs)

Variable Cases Controls

Age  yrs* 32 (6–49) 32 (6–50)
Gender  F/M 68/65 68/65
Days of follow-up* 1,420 (118–1,998) 1,291 (68–2,003)

*: values are presented as mean, and range in parenthesis.
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Fig. 1.  –  Use of asthma medications among Dutch asthma patients
between 1986 and 1991 (n=680).     ◆ : inhaled beta-agonists;

■    : inhaled corticosteroids;   ▲ : ipratropium bromide;
× : sodium cromoglycate;    ❍ : oral xanthines.

In the pilot phase investigating the relationship between
the use of oral antibiotics and the proxy outcome, a crude
OR of 13.5 (95% confidence interval (95% CI) 3.2 and
56.7) was obtained.  There was, thus, a significant rela-
tionship between the use of oral antibiotics and the sub-
sequent dispensing of oral corticosteroids.

When crude ORs were computed for the risk linked
with the use of asthma medications, two bronchodilating
agents were associated with a large increase in risk:
inhaled fenoterol and oral xanthines (table 2).  The crude
risk was also increased with ipratropium bromide (OR=2.6;
95% CI 1.2–5.5) and inhaled corticosteroids (OR=2.2;
95% 1.3–3.9).  After adjustment, taking into account the
other treatments used by the patients and the number of
separate prescriptions dispensed before index date, only
fenoterol and oral xanthines remained significantly asso-
ciated with an increased risk for exacerbations.

Among all patients from the base cohort during the
years 1986–1991, there was an increase in the use of
inhaled beta-agonists and of inhaled corticosteroids, but
no change in the use of cromoglycate and ipratropium
bromide, and a tendency to decreased use of oral xan-
thines (fig. 1).  For patients using inhaled beta-agonists,
the proportion also using inhaled corticosteroids rose
from 18 to 35% between 1986 and 1991; for patients
using oral xanthines, that proportion rose from 30 to
42%, whilst for patients using ipratropium bromide, it
rose from 25 to 47% (fig. 2).

Discussion

Starting from a population of 60,000 inhabitants, a
base cohort of 680 asthmatic patients requiring regular
therapy could be identified, i.e. a prevalence of 1.1%.
This is compatible with surveys on the prevalence of
asthma in Western countries, taking into account the
inclusion in the present study only of subjects aged 5–50
yrs and requiring medication at least intermittently.  In
this population, we found a 10 fold increased probabi-
lity of adverse outcome in patients on fenoterol, and a
threefold rise of this probability in patients using oral
xanthines.  Other exposures to asthma drugs were not
associated with our measure of asthma exacerbation.

The interpretation of our results depends upon the
validity of the proxy measurement of disease exacerba-
tion.  We think the choice of oral corticosteroids to be
appropriate since it is a fairly specific marker of exac-
erbations among asthmatics not taking these regularly,
and the other indications for intermittent use of oral cor-
ticosteroids are unusual in this age and disease group.
Oral corticosteroids are also a rather sensitive indicator
for exacerbations, since many prescribers tend to use them
as a first-line treatment for these conditions.   Finally, since
they are prescribed in an acute situation, oral corticoste-
roids may be assumed to be used shortly after dispens-
ing, making the accurate identification of the index date
possible.
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Table 2.  –  Risk of disease exacerbation in different exposure groups

Exposure Cases Controls Crude OR Adjusted OR
% % (95% CI) (95% CI)

Inhaled corticosteroids 46 23 2.2 (1.3–3.9) 2.1 (1.0–4.3)
Inhaled fenoterol 15 3 5.0 (1.7–14.6) 10.0 (2.6–38.2)
Inhaled salbutamol 53 50 1.2 (0.7–2.0) 1.1 (0.6–2.2)
Ipratropium bromide 18 8 2.6 (1.2–5.5) 1.8 (0.7–4.7)
Cromoglycate 19 18 1.1 (0.6–2.0) 0.9 (0.4–1.9)
Oral xanthines 36 10 4.9 (2.4–10.0) 2.9 (1.2–6.9)

*: adjusted for other exposures with conditional logistic regression.  OR: odds ratios; 95% CI: 95% confidence
interval.
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Fig. 2.  –  Intake of inhaled corticosteroids (ICS) among bronchodilator
users.     : inhaled beta-agonists +ICS;     : oral xanthines + ICS ;    :
ipratropium bromide + ICS.
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The exclusion of chronic users of oral corticosteroids
in our study would not induce a bias.  Such patients have
the most severe forms of disease, and including them
would enhance the probability or the size of any indi-
cation bias for exposure to defined asthma medications.
Chronic use of oral corticosteroids is also more common
among chronic obstructive pulmonary disease (COPD)
patients, and exclusion of this pattern of exposure should
result in an increased proportion of asthmatics in the
cohort and an increased specificity of the marker for asth-
ma exacerbations.

Patients using at least two new asthma medications
were also not allowed as controls.  Besides the pre-
scription of oral corticosteroids, asthma treatment exten-
sions - addition of one or more new medications to the
usual treatment - also suggests an exacerbation [17].
The validity of MAE was evaluated in a pilot phase of
the study, investigating the relationship between this
use and the occurrence of a respiratory tract infection
(RTI), as identified by the dispensing of oral antibiotics.
RTIs are, indeed, frequently treated with oral antibiotics
and are frequent precursors of an asthma exacerbation.
The choice of oral antibiotics as indicators of RTIs was
made despite the fact that this is not the most appro-
priate therapy, since many RTIs are of viral origin [19,
20].

The results from this nested case-control study should
be interpreted in the light of the dynamics of, and the
variability in, drug exposure [21].  The main results are
in good agreement with the data from other studies inves-
tigating the effect of medications on the control of asth-
ma or their link with severe outcomes [12].  Several
investigators have found an excess probability of adverse
outcome for fenoterol as compared to salbutamol, even
when the comparison was carried out on a weight equiv-
alent basis [9].  Such a difference between two very simi-
lar compounds could result if fenoterol was preferentially
prescribed to more severe asthmatics.  The occurrence
of a susceptibility bias may never be totally excluded; it
may occur when the most severe patients are prescribed
the most potent medications [10].

In this study, the number of separate asthma pre-
scriptions in the 6 months before the index date has been
used as a proxy for severity.  The rationale for this choice
is that intensity of use of medications, apart from their
nature or the identity of prescribers, can be considered
as a signal of concern from the patient experiencing insuf-
ficient control of the disease.  When ORs are adjusted
with this marker for severity, inhaled fenoterol and oral
xanthines are still linked to more frequent occurrence of
the outcome.  In our view, this tends to demonstrate the
limits of observational designs, where bias by indication
can never be excluded as an explanation for the results
[22].  An alternative explanation is that the regular use
of fenoterol gives rise to worsening asthma, thus lead-
ing to an increase in hospitalization.  While the study by
SEARS et al. [11] has suggested this possibility, this has
not been confirmed by others [23], and is unlikely to be
limited to fenoterol.  The prescription of fenoterol to more
severe asthmatics is a more likely explanation, in view
of the fact that channelling, i.e. preferential prescription

of fenoterol to more severe asthmatics, has been described
in the Dutch asthmatic population [24].

Among anti-inflammatory drugs, the use of inhaled
corticosteroids during the 6 months preceding the index
date was associated with a slightly increased OR; this
probability losing significance when the adjusted OR was
computed.  This finding could suggest that inhaled cor-
ticosteroids would not protect patients against the occur-
rence of exacerbations, a result which is in contrast to
previous outcomes demonstrating the efficacy of these
medications in controlling asthma and in reducing the
incidence of exacerbations [25, 26].  A possible expla-
nation might be the definition of exposure in the present
study: any dispensing in the 6 months preceding the index
date.  Indeed, in contrast to inhaled beta-agonists, that
are used shortly after purchase, inhaled corticosteroids
tend to be kept longer by the patients, except when reg-
ular use - the rational use - is recommended by the pre-
scriber.  The time-dosing patterns of inhaled medications
were not reliably recorded in the database, and a dis-
tinction was, thus, not possible between regular and irregu-
lar use.  The study of subgroups of regular recipients of
different dosages would usefully complement the present
data [27].  Other explanations for the lack of protective
effects of inhaled corticosteroids include the presence of
another channelling phenomenon, or an excessive con-
fidence in the effects of the medication, with insufficient
care to avoid risk factors, such as exposure to aeroal-
lergens.

Finally, the presence of a sample distortion bias should
be considered.  The most severe cases of exacerbation
have a higher chance of becoming hospitalized, thus
escaping from the database, which did not contain infor-
mation on the treatment used during the hospitalization.
Nevertheless, such a bias tends to decrease the computed
probability of adverse outcome and would not modify
the present conclusions.  Information or misclassifica-
tion bias was not a risk in this study, since the infor-
mation regarding exposure originated from highly reliable
computerized dispensing data.  In The Netherlands, most
patients are registered in one pharmacy.  There is also a
low probability that drugs dispensed were not used, since
the indications are quite specific and precautions were
taken to include only patients with regular use.  The pos-
sibility remains that the patients used the medications at
a distant time interval from the dispensing date, but such
a risk was partly addressed by the choice of a long period
of exposure - 6 months - to assess the use, and by the
categorical classification of exposure.

This study also allowed us to look at the use of asth-
ma medications in a sample of the Dutch population
between 1986 and 1991.  There was a tendency to increased
use of inhaled beta-agonists and inhaled corticosteroids,
in contrast to decreased use of oral xanthines and little
or no change for ipratropium bromide and cromoglycate.
It is interesting to note that similar changes have been
found in a study performed in Canada during the years
1985–1990 [28].  Study of the concomitant use confirmed
previous findings, with a tendency to increased co-use
of inhaled corticosteroids and all classes of bronchodila-
tors.
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In summary, the identification of markers of asthma
exacerbations made it possible to link the probability of
this adverse outcome with treatment patterns and to iden-
tify co-factors.  Among bronchodilating agents, only in-
haled fenoterol and oral xanthines were associated with
an increased risk of exacerbations.  Anti-inflammatory
agents studied - inhaled corticosteroids and cromogly-
cate - were not linked with that outcome.  The study also
confirmed that significant changes occurred in The
Netherlands regarding the patterns of asthma treatments
between 1986 and 1991, with a marked increase in the
use of inhaled corticosteroids.  The method applied in
this study could be useful in further development of
pharmacoepidemiologic research of asthma.  Forthcom-
ing studies will be performed in larger populations to
identify patients at risk for other outcomes (e.g. hospi-
tal admission), to make comparisons between therapeu-
tic regimens, and to assess cost-effectiveness of treatments.
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