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ABSTRACT: The objective of this study was to describe risks of death and asthma outcomes with

prescription of long-acting b2-agonists (LABA), short-acting b2-agonists (SABA) or inhaled

corticosteroids (ICS) in general practice.

The study population included b2-agonist users aged o18 yrs, who were in the UK General

Practice Research Database (GPRD), which is linked to the national registry of hospitalisations.

The study included 507,966 patients with 5.5 million SABA, 4.0 million ICS and 1.3 million LABA

prescriptions. Rates of asthma outcome increased with more severe treatment steps. The

mortality rate was increased with least and most severe treatment steps. Higher relative rates

(RR) of outcomes were found in recent starters and heavy long-term users with LABA, SABA and

ICS. The RRs in heavy long-term users were 1.9 for all-cause mortality and 3.0 for asthma death

with SABA, 1.4 and 1.6, respectively, with LABA and 1.7 and 2.2, respectively, with ICS. The RR of

death was statistically similar over time between LABA and ICS despite changes in exposure.

Risks for death and asthma outcomes varied substantially with exposure characteristics. The

statistical power for detecting increases in asthma death was low. The results of this study did not

indicate that LABA exposure was associated with an increased risk for all-cause mortality.
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B
eta2-agonists are frequently used drugs in
the treatment of asthma. A recent meta-
analysis of randomised clinical trials

found that long-acting b2-agonists (LABA)
increased life-threatening asthma exacerbations,
as well as asthma deaths [1]. However, the study
did not address the safety of LABA when used in
conjunction with inhaled corticosteroids (ICS) [2].
The results of the meta-analysis also differed
from those of two Cochrane reviews, which
examined the risk of severe asthma exacerbations
requiring hospital admission in patients receiving
LABA with ICS [3, 4]. A recent Cochrane review
concluded that LABA are effective in the control
of chronic asthma but found that there are
potential safety issues which call into question
the safety of LABA, particularly in those asth-
matics who are not taking ICS [5].

An observational study in actual clinical practice
could compare asthma outcomes in patients
using b2-agonists and ICS. However, one of the
main challenges in observational research is
confounding by indication. The typical approach
in observational research is to use regression
analyses to deal with this confounding. This is

often challenging as information on risk factors
may be incomplete. Asthma deaths are highly
related to health behaviour and psychosocial
factors [6], and reduced use of primary care
services [7]. A number of studies have shown that
asthma patients are still widely undertreated [8, 9],
and that poor adherence is associated with poor
outcomes [10] and with socioeconomic factors
[11]. It is unlikely that sufficient information will
be available in epidemiological datasets to deal
completely with these biases. But confounding is
even more difficult in asthma, since drug exposure
is defined by asthma severity, making it very
difficult to separate the effect of disease severity
from treatment. As an example, treatment guide-
lines recommend LABA use (together with ICS) in
the more severe treatment steps [12], where
increased rates of disease-related outcomes are
expected.

In this study, a novel approach was developed to
describe the patterns of the hazard rates (i.e.
absolute risks) of asthma outcomes with changes
in exposures. This pattern analysis focuses on
convergence or divergence of hazard rates rather
than on estimating relative rates (RRs). If two
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hazard rates are substantially different but remain parallel
with changes in exposure, this pattern analysis would sug-
gest a lack of differential effects. The first objective of this
study was to describe the patterns of risks of death and
asthma outcomes with exposure to different asthma medica-
tions in general practice. The second objective of this study
was to statistically compare the patterns of risks of death and
asthma outcomes between LABA, inhaled short-acting b2-
agonists (SABA) and ICS. It was tested whether the patterns
of risk of death and asthma outcomes over time were
statistically similar between the various asthma drugs (i.e.
whether the RRs were modified with changes in exposure). In
addition, it was tested whether the RRs of death and asthma
outcomes during current exposure varied between the
different asthma medications in patients with similar expo-
sure characteristics.

METHODS

Data source
The General Practice Research Database (GPRD) was used for
this study. GPRD comprises the anonymised computerised
medical records of general practitioners (GPs). GPs play a
key role in the UK healthcare system, as they are responsible
for primary healthcare and specialist referrals. Patients are
affiliated to a practice, which centralises the medical informa-
tion from the GPs, specialist referrals and hospitalisations. The
data recorded in the GPRD include demographic information,
prescription details, clinical events, preventive care provided,
specialist referrals, hospital admissions and their major
outcomes [13]. GPRD currently includes data on .10 million
patients. GPRD patients in English practices can now be
linked individually and anonymously to the national registry
of hospital admission (hospital episode statistics, HES). Each
hospital records the dates, the admission and the discharge
diagnoses of all hospitalisations. HES data were available
from 2001 to 2007 for 200 practices. The data from HES and
GPRD were recorded and collected independently from
each other.

Study population
The study population consisted of permanently registered
patients aged o18 yrs who received a prescription for inhaled
SABA or LABA after January 1, 1993 (asthma guidelines were
introduced in this year [14]). The date of the first SABA or LABA
prescription after January 1, 1993 was defined as the index date.
Patients with codes for chronic obstructive pulmonary disease
(COPD) were excluded from the study population (as recorded
by the GP in the medical records). A recent validation study in
GPRD obtained a 70.3% sensitivity and 87.7% specificity for
COPD versus asthma diagnosis. The present authors considered
this reasonable, given the difficult differential diagnosis of both
conditions [15]. In the UK, formoterol and salmeterol are the
LABA types used in clinical practice.

Study outcomes
The period of follow-up was from the index date up to latest
GPRD data collection, the patient’s transfer out of the practice, or
the patient’s death, whichever date came first. All prescriptions

for different classes of asthma medication following the
index date were identified (i.e. inhaled SABAs, oral SABAs,
LABAs, xanthines, cromoglycates, leukotriene receptor an-
tagonists, anti-muscarinic bronchdilators, inhaled and oral
corticosteroids). The outcomes (after the index date) of interest
included death, asthma death and hospitalisation for status
asthmaticus (ICD-10 codes J46) as obtained from HES. The
cause of death was evaluated using a review of anonymised
free text entries at the date of death, as well as a review of the
clinical records for appropriate medical codes f21 days
(before and after) of the date of death. This method of
classifying cause of death has been used previously in GPRD
studies and the distribution of cause of death as classified by
this method has been found to be comparable with that of the
UK death registry data [16].

Exposure characteristics
Patients were classified at each prescription for asthma
medication according to the following asthma treatment steps
(using the management steps of chronic asthma in the British
National Formulary which is based on the 2005 guidelines of
the British Thoracic Society (BTS) [12]).

1. Inhaled SABA only (no prescription of other asthma
medication and at most one oral corticosteroid prescrip-
tion in the 3 months before).

2. Inhaled SABA and prescribing of either xanthine
derivatives, leukotriene receptor antagonists, cromogly-
cates or standard-dose ICS (no prescription of oral
SABA, LABA, or antimuscarinic bronchodilators and at
most one oral corticosteroid prescription in the 3 months
before). Standard-dose ICS was defined as beclometha-
sone dipropionate or budesonide f800 mg daily or
fluticasone propionate f400 mg daily, ciclesonide
f160 mg daily, or mometasone furoate f400 mg daily,
administered by metered-dose inhaler or powder inha-
lation device.

3. Standard-dose ICS plus LABA plus inhaled SABA (at
most one oral corticosteroid prescription in the 3 months
before). The patients could be coprescribed leukotriene
receptor antagonists, oral SABA, antimuscarinic bronch-
odilators and xanthine derivatives.

4. Standard-dose ICS plus other asthma medication and no
LABA (at most one oral corticosteroid prescription in the
3 months before).

5. LABA and no ICS.
6. High-dose ICS plus LABA (more than one oral corticos-

teroid prescription in the 3 months before).
7. High-dose ICS plus other asthma medication and no

inhaled SABA or LABA (at most one oral corticosteroid
prescription in the 3 months before).

8. High-dose ICS plus SABA, no LABA
9. Regular use of oral corticosteroids (more than one oral

corticosteroid prescription in the 3 months before).

For patients who could not be classified into any of the above
treatment steps, their characteristics were reviewed and three
additional treatment steps were identified, as follows.

3.

3b.

4.

4b.

4c.
5.

3c.
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1. Standard-dose ICS only (no prescribing of other asthma
medication and at most one oral corticosteroid prescription
in the 3 months before).

2. Standard-dose ICS plus LABA and no SABA.
3. High-dose ICS only (no prescribing of other asthma

medication and at most one oral corticosteroid prescription
in the 3 months before).

As treatment steps may vary over time, patients were classified
in a time-dependent manner with patients moving between
steps (up and down) over time. The study population was also
classified according to duration of use. First-time users were
defined as patients who received the first ever prescription for
b2-agonists o12 months after start of GPRD data collection.

Patient characteristics
The age of each patient at the date of the prescription was
calculated. In addition, lung function measurements (peak
flow rate), where available, were assessed (at the date of the
prescription or, if not available, the most recent measurement
in the 3 months before).

Pattern of risk over time following a prescription
We estimated the hazard rates (i.e. absolute risk) over time
following prescription. The follow-up period was from the
prescription date until the date of the next prescription or the
date of censoring, whichever date came first. We evaluated
changes in hazard rates over time, i.e. we tested whether rates
remained parallel over time or diverged or converged using
the test for proportionality in Cox proportional regression (i.e.
the interaction between the RR and follow-up time; if this test
is not statistically significant, the RR is parallel over time and
does not vary with changes in exposure). Proportionality
evaluations were used in dose assessments [17] and this
approach has been applied previously in a study of the risk of
myocardial infarction (MI) in LABA users [18]. In order to
estimate the statistical power of the test for proportionality, a
series of simulations were conducted using the incidence rates
during past exposure and varying the RR during current
exposure. This was followed by bootstrapping to identify the
lowest RR that could be detected with a statistical power b of
0.80 and a of 0.05.

Pattern of risk with different exposure characteristics
The rate of outcomes (i.e. number of cases per 100 person-yrs)
was estimated during current exposure (i.e. the time within
3 months of a prescription for the asthma medication). These
analyses were stratified by exposure characteristics (time since
the first prescription and number of prescriptions in the year
before) and done separately for inhaled SABA, LABA and ICS.
Poisson regression models compared the RRs with different
exposure characteristics. Potential confounders in the models
included age, sex, calendar yr and comedication. Comedication
of each of the subchapters of the British National Formulary
was based on prescription in the 6 months before. The
regression analyses included those with a prevalence of
o5%. None of the analyses were adjusted for any other risk
factors or for disease severity. Prior to the start of the study, it
was considered likely that the information on risk factors was
insufficient to deal with confounding. In all statistical

comparisons, patients could move between groups over time
(as exposure could change) but were only included in one
group at each point in time.

RESULTS
The study population included 507,966 patients who were
followed for an average of 5.0 yrs (median follow-up of
4.2 yrs). The mean age of the study population was 42.7 yrs
and 58.7% were female. The population received a total of
5.5 million inhaled SABA, 4.0 million ICS, 1.3 million LABA,
425,000 antimuscarinic bronchodilators, 298,000 oral corticos-
teroids, 260,000 xanthines, 123,000 leukotriene receptor antago-
nists, 77,000 oral SABA, and 48,000 cromoglycate prescriptions.
ICS was prescribed at the same date or in the 3 months before
in 60.1% of the SABA prescriptions and 90.2% of the LABA
prescriptions. LABA was prescribed in 5.7% of the prescrip-
tions without any ICS prescription in the year before.

Table 1 describes the distribution of treatment steps in the study
population and the patient characteristics with each treatment
step. Almost half of the prescriptions were provided according
to treatment steps 1 or 2. There were ,900,000 recordings of
peak flow in the study population. The lowest peak flow
measurements (in the 3 months prior) were recorded in patients
in step 5 (55.6% of that of step 1) and in step 3b (65.3%). Patients
in step 1 were least likely to receive any asthma medication in
the 6 months after the prescription (73.5%) and patients in step 5
were more likely to do so (96.3%).

Table 2 gives the incidence rates of death, asthma death,
hospitalisation for status asthmaticus, and GP visits for asthma
exacerbation during current exposure to asthma medication.
The rates of the asthma outcomes increased with more severe
treatment steps. The mortality rate was associated with
treatment steps in a U-shaped manner, with higher risks with
treatment steps 1 and 5. Only 1.9% of the patients in step 1 had
been prescribed an oral corticosteroid in the 3 months before.
The rate of death did not change substantially when excluding
these patients (rate of 1.9 per 100 person-yrs).

Table 3 shows the incidence rates of death and asthma
outcomes during current exposure stratified by exposure
characteristics. U-shaped associations were generally found
for all-cause death, asthma-related death and hospitalisation
for status asthmaticus, with highest risks for patients who
started treatment or who were long-term users with very
frequent prescribing in the 1 yr before. These U-shaped
associations were found during current exposure for LABA,
ICS and inhaled SABA but were most pronounced with
inhaled SABA. The frequencies of GP visits for asthma
exacerbation were generally largest on long-term users and
lowest in recent starters of asthma medications.

As shown in table 4, the risks of most outcomes were
statistically comparable during current exposure between
LABA with and without concomitant prescribing of ICS or
SABA (in patients with similar exposure characteristics). U-
shaped associations for the risk of death with level of exposure
were also found for different combinations of SABA, LABA
and ICS. There were no statistically significant increases in the
risk of death with LABA compared to SABA only, SABA with
other asthma medications (without ICS and LABA), SABA
with ICS, and ICS (without SABA and LABA). There was a
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considerable overlap in use of different asthma medications in
heavy long-term users. Almost half of the heavy long-term
SABA users (47.4%) had received at least seven ICS prescrip-
tions in the year before; for heavy long-term ICS users, 76.3%
had received at least seven inhaled SABA prescriptions in the
year before. Only 48.2% of the patients who recently started
SABA treatment received a prescription for any other asthma
medication in the 6 months after (for ICS, this was 70.1% and
for LABA, 88.4%). In patients with a long history of use
(o5 yrs), the percentages with repeat prescribing were 89.1,
91.1 and 94.3%, respectively.

As shown in table 5, the changes over time in the risk of death
were statistically comparable between LABA and ICS without
LABA (test for proportionality of RR over time p.0.05). In
other words, the RRs between LABA and ICS without LABA
were similar during current and past exposure. In contrast,

SABA users without LABA had larger hazard rates during
current exposure for death and hospitalisation for status
asthmaticus, compared to LABA, with rates converging during
past exposure (i.e. the differences between the two groups in
the RRs became smaller over time). In this proportionality
analysis, the smallest RRs to be detected with a power of 0.80
comparing LABA to SABA without LABA was 1.2 for death,
2.2 for asthma death, 1.2 for GP visits and .3.0 for
hospitalisations for status asthmaticus. The smallest RRs to be
detected with a power of 0.80 comparing LABA to ICS without
LABA were 1.2, .3.0, 1.2 and .3.0, respectively.

DISCUSSION
This study found that exposure characteristics such as
treatment step and duration and extent of exposure were
strongly related to the risk of death and asthma outcomes in

TABLE 3 Relative rates of death, asthma death and hospitalisation for status asthmaticus during current exposure to short-acting
b2-agonists (SABA), long-acting b2-agonists (LABA) or inhaled corticosteroids (ICS), stratified by exposure
characteristics

Duration since first Rx and number of prior

Rx in year before#

SABA LABA ICS

Death

,3 months 3.5 (3.3–3.7) 2.1 (1.7–2.5) 2.6 (2.4–2.8)

3–12 months 2.1 (2.0–2.3) 1.4 (1.2–1.7) 1.7 (1.6–1.9)

o1 yr

,3 Rx Reference Reference Reference

3–6 Rx 1.0 (0.9–1.1) 0.9 (0.8–1.1) 1.0 (0.9–1.1)

7–12 Rx 1.3 (1.2–1.4) 1.0 (0.9–1.2) 1.3 (1.2–1.4)

o13 Rx 1.9 (1.8–2.0) 1.4 (1.2–1.8) 1.7 (1.5–1.9)

Asthma death

,3 months 1.6 (1.1–2.3) 1.8 (0.8–4.0) 2.1 (1.4–3.3)

3–12 months 1.4 (0.9–2.2) 1.5 (0.7–3.3) 0.9 (0.6–1.6)

o1 yr

,3 Rx Reference Reference Reference

3–6 Rx 0.9 (0.7–1.3) 1.1 (0.5–2.3) 0.8 (0.6–1.2)

7–12 Rx 1.6 (1.2–2.1) 1.2 (0.6–2.6) 1.4 (1.0–2.0)

o13 Rx 3.0 (2.2–4.2) 1.6 (0.6–4.2) 2.2 (1.4–3.4)

Hospitalisation (HES)

,3 months 1.7 (0.8–3.3) 0.7 (0.4–1.4) 1.2 (0.5–2.7)

3–12 months 1.7 (0.8–3.8) 0.8 (0.4–1.4) 1.4 (0.6–3.1)

o1 yr

,3 Rx Reference Reference Reference

3–6 Rx 1.8 (1.2–2.9) 0.5 (0.3–0.9) 1.6 (1.0–2.5)

7–12 Rx 3.0 (1.9–4.6) 0.6 (0.3–1.0) 1.8 (1.1–3.0)

o13 Rx 6.0 (3.8–9.6) 0.7 (0.3–1.8) 2.0 (0.9–4.6)

GP visit for exacerbation

,3 months 0.6 (0.6–0.7) 0.8 (0.8–0.9) 0.7 (0.7–0.8)

3–12 months 1.1 (1.0–1.1) 0.9 (0.9–1.0) 1.0 (0.9–1.0)

o1 yr

,3 Rx Reference Reference Reference

3–6 Rx 1.3 (1.3–1.4) 1.0 (0.9–1.0) 1.2 (1.2–1.2)

7–12 Rx 1.7 (1.7–1.7) 1.1 (1.0–1.2) 1.5 (1.5–1.5)

o13 Rx 2.5 (2.4–2.5) 1.4 (1.3–1.5) 1.8 (1.8–1.9)

Data are presented as RR (95% CI), adjusted for age, sex, calendar yr and comedication; no RRs could be estimated with small number of cases. Rx: prescription;

HES: hospital episode statistics; GP: general practitioner. #: The classification of exposure characteristics was based on the main drug of interest in each column.
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patients using asthma medication. In patients with similar
exposure characteristics, there were no major statistically
significant increases in the risks of death and asthma outcomes
with LABA compared to other asthma drugs. Furthermore, the
RRs of these outcomes did not vary statistically with changes
in exposure between LABA and ICS.

There are various limitations to this study. The approach in
this study was to describe the patterns of hazard rates. Rather
than testing a specific hypothesis, this study described and
explored the outcomes in multiple subgroups of patients using
SABA, LABA or ICS in relation to exposure characteristics.
These subgroup analyses allowed for unusual results in some
of the subgroups due to random variation. However, this
study may have lacked statistical power for the analysis of the
rare outcomes (such as asthma death) in some of the
subgroups.

Another limitation was that information on confounders was
limited to age, sex and calendar yr and this was decided prior
to conducting the study given the limited ability to correct for
confounding. A randomised trial could of course prevent this
confounding. However, randomised trials typically require
that the exposure to asthma medication is well controlled and
more homogenous between patients, while drug exposure in
actual clinical practice often varies greatly, with different drug
combinations and patients switching between drugs. Our
study utilised this heterogeneity in drug exposures, evaluating
the pattern of risks with changes in exposure. A limitation of
this approach is that the analysis of patterns is unable to detect
any effects which consistently occur with all asthma treat-
ments. Also, drug effects which persist for a long period of
time after drug discontinuation would not be detected with an
evaluation of patterns of risk with changes in drug exposure.
Another limitation was that the exposure information was
based on prescription information rather than on actual use by
patients. Patients in different treatment steps may have had
varying levels of compliance due to different psychosocial
characteristics. Lack of information on prescribing from
hospital clinics in which more severe patients may be treated
is another limitation. The treatment step of ICS and LABA but
no SABA may have included patients who used LABA as the
reliever medication, and the treatment step with ICS only may
have included patients who were not using SABA because

their asthma was well controlled. We could not measure these
using the GPRD. This study (and other published studies) may
have a further limitation in its statistical power to detect small
but clinically meaningful increases in risk due to the low
frequency of asthma-related deaths. A meta-analysis of ,50,000
formoterol-treated subjects only recorded eight asthma-related
deaths [19]. Increases in risks that are restricted to particular
subgroups of patients (such as heavy long-term use) may also be
difficult to detect statistically due to the lower frequency.

An observational study in actual clinical practice could
compare asthma outcomes in patients using b2-agonists and
ICS. However, one of the main challenges in observational
research is confounding by indication. The typical approach in
the observational research is to use regression analyses in order
to deal with this confounding. This is often challenging as
information on risk factors may be incomplete. But confound-
ing is even more difficult in asthma, since drug exposure is
defined by asthma severity, making it very difficult to separate
the effect of disease severity from treatment. As an example,
treatment guidelines recommend LABA use in treatment steps
3–5, where increased rates of disease-related outcomes are
expected [12]. In our pattern analysis, systematic differences
between two groups due to confounding are not a concern, as
the analysis focuses on convergence or divergence of hazard
rates rather than on estimating RRs. In the case of two rates that
are substantially different but that remain parallel, the pattern
analysis would find a lack of effect, while the standard
epidemiological analysis would find a RR different from unity.
In this study, time-dependent changes in RRs over time were
assessed using the standard test for proportionality in Cox
regression. However, an important limitation of this pattern
analysis, also present in standard epidemiological analyses, is
bias by time-dependent confounding (i.e. differential changes
over time in risk factors or asthma severity).

A recent meta-analysis concluded that LABA increased the risk
of severe and life-threatening asthma exacerbations and
asthma deaths [1]. In most of the studies that were used by
ERNST et al [2], patients were not required to take ICS. The very
large Salmeterol Multicentre Asthma Research Trial found an
increased risk of asthma deaths in patients taking the LABA
salmeterol compared to placebo. About half of the study
patients did not use ICS at baseline [20]. However, ICS use was

TABLE 5 Proportionality# of hazard rates over time and the subgroup with the higher relative rates (RR) during current exposure
and lower RR during past exposure comparing different combinations of asthma medications

LABA versus SABA

without LABA"

LABA versus ICS

without LABA"

LABA without ICS versus

LABA with ICS"

ICS with LABA versus

ICS without LABA

Death SABA without LABA 5 5 5

Asthma death 5 5 5 5

Hospitalisation (HES) SABA without LABA 5 5 5

GP visit for asthma exacerbation SABA without LABA 5 5 5

LABA: long-acting b2-agonist. SABA: short-acting b2-agonist. ICS: inhaled corticosteroid; HES: hospital episode statistics. #: adjusted for age, sex, calendar year and

comedication and stratified by exposure characteristics. ": ‘‘with’’ indicates concomitant prescribing; ‘‘without’’ indicates no concomitant prescribing (i.e. no prescribing

of the other medication at the same date or in the three months before). 5: RR of hazard rates were statistically proportional (p.0.05) and RR did not change despite

changes in exposure; if there was an interaction between the RR and time (p,0.05), the table lists the subgroup with an increased hazard rate during current exposure.
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not recorded during the study period. A recent Cochrane
review concluded that there was no evidence that underlying
control of asthma deteriorates with regular LABA use with
concomitant ICS use [5]. A meta-analysis of 20,000 patients
randomised to ICS plus salmeterol or ICS only found no
difference in the rate of asthma-related hospitalisations [21].
An analysis of the safety data collected in clinical trials of
formoterol found no increase with formoterol in serious
asthma-related adverse events (mostly hospitalisations) [19].
In the present study, there were no major statistically
significant increases in the risks of outcomes with LABA
compared to other asthma drugs in patients with similar
exposure characteristics. We also found that the RRs were
statistically proportional between LABA and ICS over time,
despite changes in exposure. With any differential effects
between these drugs, it would be expected that the risks would
diverge with changes in exposure.

Several studies have evaluated asthma death in patients using
asthma medication [22–36]. In the present study, a U-shaped
association was found between the risk of asthma death and
the time since the first prescription and number of prescrip-
tions in the year before, with higher risks in recent starters and
heavy long-term users. This U-shaped association occurred
with all the asthma outcomes measured in this study (asthma
death, GP visits for asthma exacerbations and hospitalisations
for status asthmaticus). This U-shaped association was also
present in inhaled SABA users, and in ICS and LABA users.
Heavy use of inhaled SABA has been associated in other
studies with an increased risk of asthma death [29, 34]. In
contrast, two Canadian case–control studies reported that
regular ICS users had a reduced risk of asthma death
compared to non-users [27, 32]. But these case–control studies
lacked statistical power to detect any increase in the risk of
asthma death in heavy long-term ICS users and no information
on the risks in heavy long-term ICS users was reported. For
LABA, a UK case–control study did not find evidence of
adverse effects on asthma mortality, although no estimates
were provided for heavy long-term users separately [35].
Another study found that LABA was not associated with a
significantly increased risk of near-fatal asthma attacks [36].
Heavy long-term users of asthma medication had higher rates
of oral corticosteroid prescribing in the year before with any
type of asthma drug, suggesting the presence of severe unstable
asthma, requiring very frequent and unusual levels of prescrib-
ing. In addition to this major confounding, the considerable
overlap in use of different asthma medications in heavy long-
term users further complicates the disentanglement of the
individual effects of the various classes of asthma drugs.

The risks of death were found to be U-shaped, with highest
risks in patients with the least and most severe treatment steps
(steps 1 and 5). The increased risks in step 5 are expected,
given the more severe underlying disease. Peak flow measure-
ments were on average lowest in step 5. But this does not
explain the higher risks in step 1, as peak flow was highest in
this group of patients. Some patient characteristics were
different in step 1, such as smoking history. A substantive
proportion of patients in step 1 also did not receive any further
asthma medication. Interestingly, a recent study in the same
population also found a U-shaped distribution of cardiovas-
cular risks, with higher risks in step 1 [18]. A possible

explanation for the higher risks in step 1 is that asthma
medication was prescribed for nonasthmatic dyspnoea (such
as heart failure). Alternatively, inhaled SABA may have been
prescribed to some patients in order to investigate a
differential diagnosis, with asthma as the diagnosis if the
patient responded. This further complicates the causal inter-
pretation of these findings.

In conclusion, there was a considerable heterogeneity in how
patients were exposed to asthma medication. Risks for all-
cause and asthma death varied substantially with these
exposure characteristics. The statistical power for detecting
increases in asthma death was low in this study.

The results of this study of adult patients with asthma in GPRD
did not indicate that LABA exposure was associated with an
increased risk for all-cause mortality.
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