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Abstract
Objective To investigate the association between
bronchodilator treatment and death from asthma.
Design Case-control study.
Setting 33 health authorities or health boards in Great Britain.
Participants 532 patients under age 65 who died from asthma
and 532 controls with a hospital admission for asthma matched
for period, age, and area.
Main outcome measures Odds ratios for deaths from asthma
associated with prescription of bronchodilators and other
treatment, with sensitivity analyses adjusting for age at onset,
previous hospital admissions, associated chronic obstructive
lung disease, and number of other drug categories.
Results After full adjustment, there were no significant
associations with drugs prescribed in the 4-12 months before
the index date. For prescriptions in the 1-5 years before,
mortality was positively associated with inhaled short acting �2

agonists (odds ratio 2.05, 95% confidence interval 1.26 to 3.33)
and inversely associated with antibiotics (0.59, 0.39 to 0.89). The
former association seemed to be confined to those aged 45-64,
and the association with antibiotics was more pronounced in
those under 45. Significant age interactions across all periods
suggested inverse associations with oral steroids confined to the
under 45 age group. An inverse association with long acting �2

agonists and a positive association with methylxanthines in the
1-5 year period were non-significant.
Conclusion There was no evidence of adverse effects on
mortality with medium to long term use of inhaled long acting
�2 agonist drugs. The association with short acting �2 agonists
has several explanations, only one of which may be a direct
adverse effect.

Introduction
The possibility that drugs for asthma might have adverse effects
became an important issue in the mid-1960s, when several
countries, including the United Kingdom, experienced a rise and
fall in deaths from asthma that corresponded to the introduction
and subsequent withdrawal of a non-selective � agonist drug
(isoprenaline) in a high concentration formulation.1 2 In New
Zealand in the 1970s an increase in deaths from asthma
corresponded with an increase in prescriptions of the �2 agonist
fenoterol, and several case-control studies3 and one cohort study4

found that fenoterol was associated with an increased risk of
death from asthma. Other factors, however, such as changing
patterns in the use of steroids, may have played a part.

Concern remains about the possible adverse effects of drug
therapy. Short acting �2 agonists have been associated with
rebound hyperresponsiveness,5 worsening of severity,6 7 and
increased risk of death.4 8 A randomised controlled trial of short
acting �2 agonists, however, did not show a clinically adverse
effect.9 Adverse associations have also been reported for ipratro-
prium10 and theophylline.11 Available evidence suggests that the
more recently introduced long acting �2 agonists do not increase
the risk of death,12 while the use of inhaled steroids is associated
with a reduction in mortality.8 13 We investigated the role of long
to medium term drug treatment for asthma in causing or
preventing death from asthma in a large population based case-
control study.

Methods
Details of the methods have been published elsewhere.[14] The
study areas covered 33 health authorities or health boards in
Great Britain (27% of the population). For the years 1994 to
1998, we obtained from the relevant registries listings of all
deaths in which asthma (code 493, international classification of
diseases, ninth revision) was mentioned in part I of the death
certificate. To be included in this study patients had to be aged
under 65 at the time of death, part I of the death certificate had
to mention asthma, and there had to be no more credible
non-respiratory underlying cause of death, such as cancer. We
obtained primary care records from the relevant health author-
ity. To select controls, we identified the hospital in which each
death occurred or, if the patient died in the community, the hos-
pital to which he or she would probably have been admitted. We
obtained from each hospital a list of patients with a discharge
diagnosis of asthma (code 493) and selected one control per
case, matched firstly for admission date and then for age.

We used removable opaque tape to anonymise the primary
care records. We then photocopied the entire record for the five
years before the index date, together with computerised records,
hospital discharge letters, and hospital outpatient letters. Extrac-
tion of drug data was carried out in the academic department by
researchers blind to the status of the subject. Data were collected
for the periods 0-3 months, 4-12 months, and 1-5 years before
the index date. Information on dose was not extracted. We sup-
plemented some data, including age at onset of asthma and
presence of chronic obstructive pulmonary disease, with
information extracted non-blind from practice records for the
period earlier than 5 years before the index date. The details of
previous hospital admissions were validated against hospital
records, which could not be done totally blind.
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After our analysis we discovered that a proportion of controls
had accidentally been coded for recorded drugs that related to
the index admission or beyond. Because this might be a cause of
bias, but also because treatment in the weeks before the index
date may be a short term response to the deteriorating state of
the patient, the results for the 0-3 months period, while
presented, are not emphasised in the interpretation of the
results.

We used conditional logistic modelling to investigate statisti-
cal interactions and independent effects, with significance tests
based on differences in log likelihood. Where there was a signifi-
cant association in the all ages analysis, we tested for age interac-
tions ( < 45 v 45-64 age group). In controlling for severity we
used age at onset of asthma, presence of chronic obstructive pul-
monary disease (mention of chronic bronchitis, emphysema, or
chronic obstructive airways/pulmonary disease), previous hospi-
tal admissions for asthma, and the number of other categories of
drug prescribed. Following a study design used by others which
further stratifies by severity,[15] we also analysed a subgroup of
122 deaths in patients admitted in the year before the index date,
matched with controls who had also had an admission in the
previous year.

Results
We identified 681 deaths from asthma that met our criteria, of
which 149 (22%) were excluded from the final analysis for
reasons that are detailed elsewhere15 but mostly because of
incomplete or missing records (82) or miscoded diagnosis (33).
Of the 532 deaths included in the final sample, 236 (44%)
occurred in hospital. Table 1 shows the clinical characteristics of
cases and controls. Those who died from asthma (cases) were
more likely to have an earlier age at onset, evidence of associated
chronic obstructive disease, and mention of obesity.

Table 2 describes the associations between mortality and pre-
scribed asthma drugs, adjusted for sex only. Table 3 compares

these results with those from models controlling additionally for
chronic obstructive pulmonary disease, previous hospital admis-
sions, number of other drug categories recorded, and all of these
together. The prescription of short acting �2 agonist drugs in the
1-5 years before the index date was associated with an increased
risk of asthma death. The odds ratio was 1.54 (95% confidence
interval 1.06 to 2.24) rising to 2.05 (1.26 to 3.33) in the fully
adjusted model. For the 1-5 year period, there was a significant
age interaction with an odds ratio of 2.09 (1.31 to 3.36) in the
45-64 age group, compared with 0.80 (0.41 to 1.57) in the
younger age group (table 4). There was no evidence of an asso-
ciation in the year before the index date (table 3). Fenoterol was
infrequently prescribed and not significantly associated with risk
of death (table 2).

Long acting �2 agonist drugs (mostly salmeterol) were
commonly prescribed (38% of controls in the 1-5 year period).
There was no evidence of any positive association with death in
any period, and the upper 95% confidence intervals exclude the
possibility of any important adverse effect. In the full model
adjusted for severity, the odds ratio for prescription in the 1-5
years before the index date fell from 0.90 (0.70 to 1.16) to 0.74
(0.55 to 1.01, P = 0.06), suggesting, if anything, an inverse
association with mortality (table 3).

Antimuscarinic drugs were prescribed alone or with a short
acting �2 agonist (usually fenoterol) in about 40% of controls in
the 1-5 year period. The associations of all prescriptions (alone
or combined) with death varied according to the prior period
concerned. The only significant associations were in the 0-3
month period after adjustment for the number of other drug
categories (1.45, 1.06 to 1.98) and in the 4-12 month period in
the base model (1.29, 1.01 to 1.65).

There was no convincing evidence that inhaled corticoster-
oids were associated with mortality. Oral steroids showed a
significant age interaction across all periods, suggesting an
inverse association with death from asthma confined to those
aged under 45. The odds ratios for methylxanthines were not

Table 1 Clinical features of people who died from asthma (cases) and matched controls†

Total Age 0-44 years Age 45-64 years

Cases (n=532) Controls (n=532) Cases (n=165) Controls (n=167) Cases (n=367) Controls (n=365)

No (%) by age (years):

0-14 20 (4) 21 (4) 20 (12) 21 (13) — —

15-24 33 (6) 31 (6) 33 (20) 31 (19) — —

25-34 40 (8) 44 (8) 40 (24) 44 (26) — —

35-44 72 (14) 71 (13) 72 (44) 71 (43) — —

45-54 128 (24) 131 (25) — — 128 (35) 131 (36)

55-64 239 (45) 234 (44) — — 239 (65) 234 (64)

Median (IQR) age (years) 53 (40-59) 53 (40-59) — — — —

Males (%) 39.8 36.5 44.8 34.7 37.6 37.3

Median (IQR) age at onset (years) 30 (10-47)* 33 (13-49) 10 (4-22) 13 (5-27) 42 (24-51) 44 (30-52)

COPD (%) 42.3** 34.6 7.3 10.8 58.0** 45.5

Episodic asthma in past year (%) 81.7* 86.9 77.3 85.7 83.6 87.5

Recorded atopic disease (%) 39.5 41.4 55.8 56.9 32.2 34.2

Family history of asthma (%) 25.2 24.2 33.9 35.3 21.3 19.2

Obesity (%) 30.6* 25.0 20.0 15.6 35.4 29.3

Mean No of GP contacts in past
year

9.8 (8.8)** 11.1 (8.6) 7.9 (7.8)** 10.9 (8.9) 10.7 (9.2) 11.3 (8.6)

Outpatient appointments for
respiratory illness in past year
(%)

35.3 38.0 29.7 30.5 37.9 41.4

Admission for asthma in past year
(%)

35.2 35.0 29.7 34.1 37.6 35.3

Admission for asthma in past 1-5
years (%)

41.2 43.0 40.0 43.7 41.7 42.7

IQR=interquartile range; COPD=chronic obstructive pulmonary disease.
†Denominators for age at onset, episodic asthma in past year and mean number of GP contacts vary due to missing data.
*P<0.05, **P<0.01.
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significantly greater than 1.0. Further, the overall odds ratio
decreased in size after additional adjustment for coronary
obstructive pulmonary disease. We found an inverse association
with antibiotics that was significant for the 0-3 month and 1-5
year periods. This seemed to be more pronounced in those aged
under 45. There was no evidence of a difference between
macrolides and other types of antibiotics (not shown). We found
no evidence for an association with the number of different
drugs prescribed. For cases and controls respectively, the median
(interquartile range) was 3 (1-4.5) and 3 (1-4) for the 0-3 month
period, 3 (2-5) and 3 (1-5) for the 4-12 months period, and 5
(3-7) and 5 (3-7) for the 1-5 year period. Table 5 shows the asso-
ciation with combinations of drugs. Excluding the 0-3 month
period, we found a negative association with no prescriptions of
asthma drugs and an increased risk associated with prescription
of �2 agonists only.

When we compared the subgroup of 122 cases and 122
matched controls with an admission in the past year, we found
no significant associations in the fully adjusted model (table 6).

Discussion
Main findings
In this large case-control study we found no evidence associating
long acting �2 agonists with an increased risk of death in people
with asthma. We did, however, find evidence of a positive associa-
tion between death and the use of short acting �2 agonists. The
main strengths of our study were that it included all certified
deaths from asthma in people aged under 65 in defined popula-
tions, comprehensively recorded primary care and hospital out-
patient prescriptions in an unbiased manner, and had sufficient
power to exclude a doubling in the risk of death from asthma
associated with commonly prescribed drugs.

Comment on methods and study design
The case-control approach enabled us to study a large number
of deaths from asthma. A cohort approach using the UK general
practice research database would have been limited in power and
less able to reliably identify controls with life threatening
asthma.8 12 An important but insoluble limitation of using hospi-
tal controls is that their asthma is unlikely to be as severe as in
those who die. We made every effort to tighten control for sever-
ity by including chronic obstructive lung disease, age at onset,
and previous hospital admissions in the model and by analysing
a subgroup of deaths and controls with an admission in the past
year. Nearly half of those who died had not been admitted for
asthma in the previous five years, and 56% were not in hospital
when they died. Deaths in the community probably differ in vari-
ous ways from those in hospital, but to have restricted the study
to those who died in hospital would have diminished the gener-
alisability of the findings.

Misdiagnosis of asthma as a cause of death is common and
increases with the age at death.[16] [17] We did not set out to
establish systematically the immediate cause of death because
records relating to the final event are usually absent or
incomplete. In all of our cases, however, asthma was mentioned
in part I of the death certificate (in 94% as the underlying cause)
and there was evidence in the primary care record that was con-
sistent with asthma in life (diagnosis or asthma treatment).

Though we could comprehensively ascertain which drugs
were prescribed, limitations included a lack of information on
dose, difficulty in distinguishing clearly between the prescription
of oral steroids for a short course as opposed to long term use,
and an inability to distinguish whether short acting bronchodila-
tors were being used on a regular basis or as required.

Table 2 Odds ratios (95% confidence intervals) for death associated with prescriptions of drugs† in 3 months, 4-12 months, and 1-5 years before index date
(n=532 matched pairs)

Drug

Past 3 months Past 4-12 months Past 1-5 years

Control (%)‡ OR§ (95% CI)
Control

(%)‡ OR§ (95% CI)
Control

(%)‡ OR§ (95% CI)

� adrenoceptor:

Inhaled: 69.0 0.97 (0.75 to 1.25) 74.4 1.12 (0.85 to 1.48) 86.1 1.52* (1.04 to 2.22)

Short acting 66.5 1.03 (0.80 to 1.32) 72.6 1.12 (0.85 to 1.47) 85.7 1.54* (1.06 to 2.24)

(Fenoterol) 0.2 2.00 (0.18 to 22.1) 0.4 1.00 (0.14 to 7.10) 0.8 1.23 (0.33 to 4.59)

Long acting 21.8 0.94 (0.70 to 1.27) 29.9 1.01 (0.77 to 1.32) 38.3 0.90 (0.70 to 1.16)

(Salmeterol) 21.2 0.95 (0.70 to 1.29) 29.9 0.99 (0.76 to 1.30) 38.3 0.90 (0.70 to 1.16)

Oral 5.3 0.88 (0.51 to 1.53) 5.5 0.79 (0.45 to 1.37) 13.7 0.96 (0.66 to 1.38)

All routes¶ 69.7 0.96 (0.74 to 1.24) 74.6 1.13 (0.85 to 1.49) 86.5 1.53* (1.05 to 2.23)

Antimuscarinic 24.4 1.23 (0.93 to 1.62) 31.0 1.23 (0.95 to 1.58) 41.2 1.03 (0.81 to 1.33)

� adrenoceptor and
antimuscarinic

5.6 1.16 (0.70 to 1.90) 6.2 1.28 (0.79 to 2.06) 7.1 0.87 (0.54 to 1.42)

All fenoterol 2.8 1.05 (0.52 to 2.13) 2.8 1.17 (0.59 to 2.33) 4.9 1.10 (0.65 to 1.87)

All antimuscarinic 27.6 1.27 (0.97 to 1.67) 32.7 1.29* (1.01 to 1.65) 43.2 1.06 (0.83 to 1.36)

Corticosteroids:

Inhaled 59.6 0.85 (0.66 to 1.08) 67.9 1.08 (0.83 to 1.40) 83.1 1.04 (0.76 to 1.44)

Oral 58.5 0.75* (0.59 to 0.96) 59.2 1.00 (0.78 to 1.28) 72.0 1.02 (0.78 to 1.32)

Injected 3.0 0.41 (0.16 to 1.06) 3.0 0.88 (0.43 to 1.81) 8.1 0.92 (0.57 to 1.47)

All routes 75.8 0.72* (0.55 to 0.95) 75.6 1.20 (0.90 to 1.59) 86.5 1.09 (0.76 to 1.54)

Cromoglycates 2.3 0.75 (0.30 to 1.86) 4.1 0.73 (0.38 to 1.39) 10.5 0.93 (0.60 to 1.42)

Methylxanthines 22.2 1.24 (0.92 to 1.67) 26.1 1.15 (0.86 to 1.54) 42.1 1.28 (0.99 to 1.65)

All antibiotics 53.9 0.75* (0.58 to 0.96) 69.9 0.85 (0.65 to 1.11) 90.4 0.67* (0.46 to 0.97)

† As recorded in GP notes, computer printouts, and hospital discharge and outpatient letters.
‡ Proportion of those in control group exposed to each group.
§Adjusted for sex.
¶Oral and inhaled (not injected).
*P<0.05.
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Interpretation of results
In a case-control study like this, an increased risk of death associ-
ated with drug therapy may have various

explanations6[18][19][20]—for example, more severe disease or
an increasing severity of the disease before death (confounding
or effect modification by severity), or both; treatment for associ-

Table 3 Odds ratios (95% confidence intervals) for death associated with prescription of drugs in 3 months, 4-12 months, and 1-5 years before index date.
Sensitivity to control for chronic obstructive pulmonary disease (COPD), hospital admissions, and number of other drug categories prescribed (n=532
matched pairs)

Drug type Unadjusted† Adjusted (COPD)‡
Adjusted (hospital

admisssions)§
Adjusted (other drug

categories)¶ Adjusted (all)

Past 3 months

� adrenoceptor:

Inhaled short acting 1.03 (0.80 to 1.32) 1.04 (0.80 to 1.34) 1.03 (0.79 to 1.33) 1.12 (0.82 to 1.54) 1.21 (0.88 to 1.67)

Inhaled long acting 0.94 (0.70 to 1.27) 0.93 (0.69 to 1.27) 0.92 (0.67 to 1.25) 0.95 (0.68 to 1.32) 0.97 (0.70 to 1.36)

Antimuscarinic 1.23 (0.93 to 1.62) 1.12 (0.84 to 1.51) 1.19 (0.87 to 1.61) 1.40* (1.01 to 1.93) 1.25 (0.88 to 1.76)

All antimuscarinic 1.27 (0.97 to 1.67) 1.15 (0.86 to 1.52) 1.22 (0.91 to 1.64) 1.45* (1.06 to 1.98) 1.29 (0.92 to 1.79)

Corticosteroids:

Inhaled 0.85 (0.66 to 1.08) 0.82 (0.64 to 1.05) 0.84 (0.66 to 1.07) 0.78 (0.58 to 1.05) 0.80 (0.59 to 1.09)

Oral 0.75* (0.59 to 0.96) 0.67** (0.52 to 0.87) 0.69** (0.53 to 0.90) 0.63** (0.47 to 0.85) 0.58*** (0.43 to 0.78)

Methylxanthine (oral) 1.24 (0.92 to 1.67) 1.16 (0.85 to 1.58) 1.21 (0.89 to 1.66) 1.38 (1.00 to 1.93) 1.26 (0.90 to 1.77)

All antibiotics 0.75* (0.58 to 0.96) 0.67** (0.51 to 0.87) 0.71** (0.55 to 0.91) 0.70* (0.53 to 0.92) 0.65** (0.49 to 0.87)

Past 4-12 months

� adrenoceptor:

Inhaled short acting 1.12 (0.85 to 1.47) 1.13 (0.84 to 1.51) 1.14 (0.85 to 1.54) 1.10 (0.78 to 1.55) 1.14 (0.80 to 1.61)

Inhaled long acting 1.01 (0.77 to 1.32) 0.99 (0.75 to 1.30) 0.99 (0.75 to 1.31) 0.93 (0.68 to 1.25) 0.94 (0.69 to 1.27)

Antimuscarinic 1.23 (0.95 to 1.58) 1.09 (0.83 to 1.44) 1.19 (0.89 to 1.59) 1.24 (0.91 to 1.67) 1.07 (0.77 to 1.50)

All antimuscarinic 1.29* (1.01 to 1.65) 1.16 (0.88 to 1.52) 1.27 (0.96 to 1.68) 1.31 (0.99 to 1.75) 1.16 (0.85 to 1.60)

Corticosteroids:

Inhaled 1.08 (0.83 to 1.40) 1.07 (0.81 to 1.41) 1.08 (0.81 to 1.43) 1.01 (0.73 to 1.41) 1.04 (0.74 to 1.45)

Oral 1.00 (0.78 to 1.28) 0.93 (0.71 to 1.21) 0.95 (0.72 to 1.25) 0.85 (0.62 to 1.16) 0.82 (0.59 to 1.13)

Methylxanthine (oral) 1.15 (0.86 to 1.54) 1.09 (0.81 to 1.47) 1.12 (0.82 to 1.52) 1.10 (0.80 to 1.53) 1.06 (0.76 to 1.48)

All antibiotics 0.85 (0.65 to 1.11) 0.79 (0.60 to 1.05) 0.83 (0.63 to 1.10) 0.77 (0.57 to 1.04) 0.75 (0.55 to 1.01)

Past 1-5 years

� adrenoceptor:

Inhaled short acting 1.54* (1.06 to 2.24) 1.66* (1.08 to 2.55) 1.75** (1.14 to 2.69) 1.97** (1.22 to 3.18) 2.05** (1.26 to 3.33)

Inhaled long acting 0.90 (0.70 to 1.16) 0.82 (0.63 to 1.08) 0.83 (0.63 to 1.10) 0.77 (0.57 to 1.03) 0.74 (0.55 to 1.01)

Antimuscarinic 1.03 (0.81 to 1.33) 0.90 (0.68 to 1.19) 0.97 (0.72 to 1.29) 0.96 (0.71 to 1.29) 0.83 (0.60 to 1.15)

All antimuscarinic 1.06 (0.83 to 1.36) 0.92 (0.70 to 1.21) 0.99 (0.75 to 1.32) 0.98 (0.73 to 1.32) 0.87 (0.63 to 1.19)

Corticosteroids:

Inhaled 1.04 (0.76 to 1.44) 0.92 (0.63 to 1.34) 0.98 (0.67 to 1.43) 0.90 (0.57 to 1.41) 0.86 (0.55 to 1.36)

Oral 1.02 (0.78 to 1.32) 0.93 (0.69 to 1.25) 0.97 (0.72 to 1.31) 0.89 (0.63 to 1.27) 0.89 (0.63 to 1.26)

Methylxanthine (oral) 1.28 (0.99 to 1.65) 1.20 (0.91 to 1.57) 1.26 (0.95 to 1.66) 1.33 (0.98 to 1.81) 1.28 (0.94 to 1.75)

All antibiotics 0.67* (0.46 to 0.97) 0.63* (0.43 to 0.92) 0.65* (0.44 to 0.95) 0.59* (0.39 to 0.89) 0.59* (0.39 to 0.89)

†Adjusted for sex.
‡Adjusted for sex, age at asthma onset, and COPD (defined as mention of COPD, COAD, chronic bronchitis, or emphysema).
§Adjusted for sex, age at asthma onset, and hospital admission for asthma as two continuous variables, in past year and past 1-5 years.
¶Adjusted for sex, age at asthma onset, and other drug categories (No of other tabulated drug categories (excluding antibiotics) prescribed in relevant time period).
*P<0.05, **P<0.01, ***P<0.001.

Table 4 Age interactions (odds ratios* (95% confidence intervals)) for the risk of death associated with prescriptions of drugs in 3 months, 4-12 months,
and 1-5 years before index date (n=532 matched pairs)

Age (years)

Past 3 months Past 4-12 months Past 1-5 years

Control
(%)† OR (95% CI) P value‡

Control
(%)† OR (95% CI) P value‡

Control
(%)† OR (95% CI) P value‡

Inhaled short acting �2 agonists

<45 72 0.66 (0.42 to 1.04) 0.02 72 0.96 (0.58 to 1.58) 0.48 89 0.80 (0.41 to 1.57) 0.02

45-64 64 1.27 (0.93 to 1.74) 73 1.19 (0.86 to 1.66) 84 2.09 (1.31 to 3.36)

Inhaled corticosteroids

<45 62 0.61 (0.40 to 0.94) 0.06 62 1.25 (0.80 to 1.96) 0.42 85 0.69 (0.39 to 1.23) 0.08

45-64 58 0.99 (0.74 to 1.34) 71 1.00 (0.72 to 1.38) 82 1.28 (0.86 to 1.91)

Oral corticosteroids

<45 59 0.30 (0.18 to 0.50) <0.001 57 0.61 (0.37 to 1.01) 0.03 72 0.60 (0.37 to 0.98) 0.009

45-64 58 1.04 (0.78 to 1.38) 60 1.19 (0.89 to 1.59) 72 1.29 (0.93 to 1.78)

Antibiotics

<45 54 0.44 (0.27 to 0.71) 0.007 71 0.43 (0.26 to 0.72) 0.001 93 0.39 (0.19 to 0.82) 0.09

45-64 54 0.94 (0.70 to 1.26) 69 1.16 (0.84 to 1.61) 89 0.82 (0.53 to 1.28)

*Adjusted for sex.
†Proportion of those in control group exposed to each group.
‡For interaction.
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ated chronic obstructive lung disease (confounding by
indication); a tendency for patients whose disease is not
responding to receive a wider range of treatments; lack of more
appropriate asthma care; and an adverse effect of the drug itself.
A reduced risk of death may have the opposite connotations. As
our main hypothesis related to the toxic effects of asthma drugs
in the medium to long term, we attempted to reduce the
likelihood of other explanations by choosing controls with
severe asthma, using additional adjustments for severity and
associated disease and for the number of other drug categories
used.

�2 agonists
There was no evidence to associate long acting bronchodilators
(such as salmeterol) with an increased risk of death and this is in
line with studies of mortality12 and of near death.[21] If anything,
there was some indication that this category of drug was associ-
ated with a reduced risk of death.

There was, however, a modestly (odds ratio 1.5 to 2.0)
increased risk associated with short acting �2 agonists (mainly
salbutamol) but mainly in the previous 1-5 years. This is consist-
ent with the results of two cohort studies,4 8 including one of 43
deaths based on the UK general practice research database.8 As
in that database study we also observed a tendency for more
deaths in those prescribed � agonists alone and fewer deaths in
those taking � agonists with inhaled corticosteroids (table 5).
Considering the modest increase in risk, and the potential for
other explanations, we conclude that the evidence for a direct
adverse effect of short acting �2 agonists is inconclusive but
remains a matter of concern. Our study had insufficient power to
come to any conclusion about the effects of fenoterol, which was
rarely prescribed alone. On the basis of the upper 95%
confidence intervals, however, we can probably exclude the pos-
sibility of a 2.3-fold increase in the risk of death (table 2).

Other drugs
The risk of death associated with antimuscarinic preparations
(mainly ipratropium bromide) was increased but not significant
in the full confounder model. Our estimate was considerably
lower than that reported by Guite and colleagues, who followed

a cohort of patients who had been admitted to hospital.10 Meth-
ylxanthines have been implicated in deaths from asthma,11 but
we observed only a small and non-significant increase in risk.

The inverse association between asthma death and oral ster-
oids was confined to those aged under 45. Oral steroids are an
effective treatment in severe asthma, and our finding supports
the theory that insufficient treatment with oral steroids increases
the risk of death. In the Saskatchewan cohort, regular use of
inhaled steroids was associated with reductions in mortality and
hospital admissions,[13] [22] but we found little evidence of an
association. One possible explanation is the higher overall level
of prescribing of inhaled corticosteroids, together with an
absence of data on dose.

The inverse association between death and prescription for
antibiotics, which seemed to be confined in the main to the
under 45 age group, has not to our knowledge been reported
before. The evidence from two randomised controlled trials was
inconclusive about the value of antibiotics in acute asthma.[23]
Apart from a protective effect, other explanations include a
lower use of primary care services or greater adherence to UK
guidelines which caution against the use of antibiotics.
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Table 5 Odds ratios (95% confidence intervals) for death associated with different combinations of four main drug categories in 3 months, 4-12 months,
and 1-5 years before index date (n=532 matched pairs). Adjusted for sex, COPD, age at onset, and hospital admissions in past year and in 4 years prior to
that

Past 3 months Past 4-12 months Past 1-5 years

Control (%) OR (95% CI) Control (%) OR (95% CI) Control (%) OR (95% CI)

No asthma drugs 17.7 1.42* (1.04 to 1.93) 18.6 0.76 (0.53 to 1.08) 9.6 0.54* (0.32 to 0.91)

One category:

� agonists† only 4.9 1.70* (1.00 to 2.90) 4.5 1.04 (0.55 to 1.94) 3.2 2.52** (1.28 to 4.98)

Steroids‡ only 9.6 0.57* (0.36 to 0.92) 4.3 1.07 (0.59 to 1.94) 2.4 0.72 (0.30 to 1.77)

Two categories:

� agonists and steroids only 30.6 0.70* (0.53 to 0.94) 31.8 0.98 (0.75 to 1.28) 28.9 0.97 (0.71 to 1.33)

Three categories:

� agonists, steroids, and
antimuscarinics only

13.7 0.98 (0.68 to 1.40) 13.3 1.16 (0.82 to 1.65) 12.8 0.85 (0.58 to 1.24)

� agonists, steroids, and
methylxanthines§ only

7.3 1.16 (0.74 to 1.83) 7.0 1.09 (0.67 to 1.78) 12.0 1.26 (0.88 to 1.82)

Four categories:

� agonists, steroids,
antimuscarinics, and
methylxanthines only

12.0 1.26 (0.85 to 1.87) 17.7 0.98 (0.68 to 1.41) 29.3 0.98 (0.71 to 1.36)

Other combinations of asthma
drugs

4.1 0.72 (0.37 to 1.40) 2.8 1.45 (0.71 to 2.96) 1.7 1.40 (0.58 to 3.34)

†Oral and/or inhaled.
‡Oral and/or inhaled and/or injected.
§Oral only.
*P<0.05, **P<0.01.
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Table 6 Odds ratios (95% confidence intervals) for death associated with prescriptions of drugs in 3 months, 4-12 months, and 1-5 years before index date.
Sensitivity to control for chronic obstructive pulmonary disease (COPD), hospital admissions, and number of other drug categories prescribed (n=122
matched pairs). Analysis restricted to cases and controls with admission for asthma in previous year

Drug type Unadjusted† Adjusted (COPD)‡
Adjusted (hospital

admisssions)§
Adjusted (other drug

categories)¶ Adjusted (all)

Past 3 months

� adrenoceptor:

Inhaled short acting 1.86* (1.00 to 3.46) 1.75 (0.91 to 3.37) 1.93* (1.02 to 3.67) 1.51 (0.66 to 3.45) 1.84 (0.77 to 4.39)

Inhaled long acting 1.01 (0.58 to 1.77) 0.93 (0.51 to 1.67) 0.98 (0.55 to 1.73) 0.67 (0.35 to 1.28) 0.70 (0.35 to 1.39)

Antimuscarinic 1.59 (0.93 to 2.73) 1.22 (0.68 to 2.19) 1.63 (0.92 to 2.89) 1.29 (0.68 to 2.44) 1.01 (0.49 to 2.05)

All antimuscarinic 1.56 (0.93 to 2.62) 1.19 (0.68 to 2.09) 1.58 (0.92 to 2.74) 1.24 (0.66 to 2.34) 0.96 (0.48 to 1.93)

Corticosteroids:

Inhaled 1.46 (0.84 to 2.52) 1.36 (0.76 to 2.44) 1.50 (0.85 to 2.63) 1.06 (0.53 to 2.11) 1.16 (0.56 to 2.39)

Oral 1.35 (0.75 to 2.43) 1.16 (0.62 to 2.17) 1.38 (0.75 to 2.51) 0.92 (0.45 to 1.89) 0.87 (0.40 to 1.87)

Methylxanthine (oral) 2.02* (1.16 to 3.53) 1.63 (0.90 to 2.93) 2.10* (1.17 to 3.78) 1.88* (1.03 to 3.42) 1.62 (0.85 to 3.07)

All antibiotics 0.90 (0.50 to 1.60) 0.82 (0.45 to 1.52) 0.86 (0.48 to 1.55) 0.71 (0.38 to 1.33) 0.66 (0.34 to 1.30)

Past 4-12 months

� adrenoceptor:

Inhaled short acting 1.28 (0.56 to 2.95) 1.36 (0.51 to 3.57) 1.27 (0.51 to 3.15) 0.98 (0.36 to 2.65) 1.06 (0.36 to 3.11)

Inhaled long acting 0.98 (0.56 to 1.69) 1.01 (0.56 to 1.81) 0.93 (0.53 to 1.63) 0.72 (0.39 to 1.35) 0.79 (0.41 to 1.53)

Antimuscarinic 1.60 (0.91 to 2.79) 1.39 (0.76 to 2.54) 1.56 (0.87 to 2.79) 1.53 (0.82 to 2.86) 1.32 (0.67 to 2.62)

All antimuscarinic 1.99* (1.12 to 3.53) 1.69 (0.92 to 3.12) 1.95* (1.08 to 3.52) 1.98* (1.05 to 3.74) 1.66 (0.84 to 3.29)

Corticosteroids:

Inhaled 1.16 (0.58 to 2.32) 1.01 (0.47 to 2.18) 1.15 (0.55 to 2.39) 0.88 (0.39 to 1.99) 0.71 (0.29 to 1.71)

Oral 1.81 (0.86 to 3.80) 1.89 (0.85 to 4.19) 1.72 (0.78 to 3.79) 1.50 (0.60 to 3.76) 1.94 (0.73 to 5.15)

Methylxanthine (oral) 1.23 (0.74 to 2.04) 1.25 (0.72 to 2.15) 1.19 (0.71 to 2.01) 1.09 (0.63 to 1.89) 1.13 (0.63 to 2.04)

All antibiotics 1.44 (0.70 to 2.93) 1.30 (0.61 to 2.78) 1.46 (0.71 to 3.03) 1.40 (0.67 to 2.92) 1.23 (0.57 to 2.68)

Past 1-5 years

� adrenoceptor:

Inhaled short acting 1.97 (0.67 to 5.82) 1.79 (0.50 to 6.44) 1.99 (0.57 to 6.92) 2.22 (0.54 to 9.06) 2.53 (0.58 to 11.05)

Inhaled long acting 1.14 (0.67 to 1.97) 1.04 (0.59 to 1.85) 1.06 (0.60 to 1.87) 1.04 (0.56 to 1.93) 1.05 (0.55 to 2.01)

Antimuscarinic 1.11 (0.65 to 1.92) 0.92 (0.50 to 1.68) 1.01 (0.55 to 1.87) 1.03 (0.55 to 1.92) 0.84 (0.42 to 1.69)

All antimuscarinic 1.12 (0.65 to 1.93) 0.91 (0.49 to 1.66) 1.03 (0.56 to 1.90) 1.05 (0.56 to 1.94) 0.83 (0.41 to 1.65)

Corticosteroids:

Inhaled 1.06 (0.39 to 2.85) 0.64 (0.20 to 1.99) 0.89 (0.30 to 2.65) 0.74 (0.21 to 2.64) 0.50 (0.13 to 1.97)

Oral 1.20 (0.56 to 2.54) 0.94 (0.42 to 2.11) 1.09 (0.48 to 2.45) 1.08 (0.46 to 2.52) 0.87 (0.35 to 2.14)

Methylxanthine (oral) 1.06 (0.60 to 1.85) 1.04 (0.58 to 1.89) 1.00 (0.56 to 1.81) 0.98 (0.53 to 1.83) 1.05 (0.55 to 2.02)

All antibiotics 0.79 (0.29 to 2.11) 0.75 (0.27 to 2.09) 0.77 (0.28 to 2.09) 0.70 (0.24 to 2.01) 0.74 (0.25 to 2.19)

†Adjusted for sex.
†Adjusted for sex, age at asthma onset, and COPD (defined as mention of COPD, COAD, chronic bronchitis, or emphysema).
§Adjusted for sex, age at asthma onset, and hospital admission for asthma as two continuous variables, in past year and past 1-5 years.
¶Adjusted for sex, age at asthma onset, and other drug categories (No of other tabulated drug categories (excluding antibiotics) prescribed in relevant time period).
*P<0.05.

What is already known on this topic

Various bronchodilator therapies have been reported to
increase the risk of death in people with asthma

The number of studies is small and the interpretation of
associations is often limited by low statistical power and the
possibility of uncontrolled confounding

What this study adds

In a large population based study, there was no evidence
that long acting �2 agonists increase the risk of death

Short acting �2 agonists, however, were associated with
increased mortality

Oral corticosteroids and antibiotics were associated with
reduced mortality
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