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Abstract
A previous New Zealand case-control
study of asthma deaths in the 5-45 year

age group during 1981-3 found that pres-

cription of fenoterol (by metered dose
inhaler) was associated with an increased
risk of death in patients with severe
asthma. One major criticism ofthis study
was that drug data for the cases and
controls came from different sources. A
new case-control design has been used to
evaluate the same hypothesis, with a dif-
ferent set of asthma deaths, the same

source for drug information being used
for both cases and controls. This depen-
ded on identifying deaths from asthma
during 1977-81 from national mortality
records, and ascertaining which patients
from thosewho died had been admitted to
a major hospital for asthma during the 12
months before death. The study was con-
fined to this subgroup, which accounted
for about 20% of all asthma deaths in the
areas served by a major hospital. For each
of the eligible patients who died four age
matched controls were selected from
patients admitted to hospital for asthma
during the year that the death occurred
who had also had an admission for
asthma in the previous 12 months. For the
58 cases and 227 control subjects informa-
tion on prescribed drugs was collected
from the hospital records relating to the
previous admission. The odds ratio of
asthma death in patients prescribed
inhaled fenoterol was 1-99 (95% con-

fidence interval 112-3-55, p = 0 02). As in
the previous study, subgroups defined by
markers of chronic asthma severity were
also considered. The inhaled fenoterol
odds ratio was 2-98 (95% CI 1-15-7 70, p =

0 02) in patients prescribed three or more
categories of asthma drugs, 3-91 (95% CI
179-8 54, p < 0-01) in patients with a

previous admission for asthma in the past
12 months, and 5 83 (95% CI 1-62-21-0, p =

0-01) in patients prescribed oral cortico-

steroids at the time of admission. In
patients with the most severe asthma
(defined by a previous admission for
asthma during the past 12 months and
prescribed oral corticosteroids at time of
admission) the inhaled fenoterol odds
ratio was 9-82 (95% CI 2-23-43 4, p < 0 01).
These findings add further support to the
hypothesis that inhaled fenoterol in-
creases the risk of death in patients with
severe asthma.

A recent New Zealand case-control study,'
conducted by our group, tested the hypothesis
that the unsupervised self administration of
fenoterol by inhalation increases the risk of
death from asthma. This hypothesis arose

primarily from epidemiological evidence link-
ing the sale of fenoterol to the epidemic of
deaths from asthma that New Zealand has
experienced since the late 1970s,' 2 and
experimental evidence that fenoterol is a less
selective beta2 agonist than salbutamol, the
most commonly used beta agonist.3 The possi-
ble mechanisms of action remain to be clarified,
but several potential mechanisms are apparent;

these depend on whether the association is with
long term use of fenoterol or use in the acute
attack. Long term use may be associated with
tachyphylaxis, as was suggested with isopren-
aline,4 or with increases in airway hyperrespon-
siveness following beta agonist treatment,5
which may lead to more severe asthma.
Repeated self administration of high doses of a

longer acting and less selective beta2 agonist
during an acute attack could result in delay in
seeking medical advice,6 hypokalaemia,7 and
adverse cardiac effects,3 particularly when
hypoxaemia is present.8 Hypoxaemia may be
made worse because beta agonists may disturb
ventilation-perfusion relationships.9
The previous study related to the period

August 1981-July 1983, and compared the
prescribed drug treatment of patients who died
of asthma with that of patients with severe

asthma who did not die. The findings were

consistent with the hypothesis that inhaled
fenoterol increases the risk of death in patients
with severe asthma. We could not, however,
exclude all possible sources of bias, particularly
as information on prescribed asthma drugs was
obtained from different sources for the cases
and controls. We have now examined the
hypothesis further in a study of deaths from
asthma in New Zealanders aged 5-45 years
during 1977-81. Information on drugs pres-
cribed for asthma has been obtained from the
same sources for both cases and controls, the
major potential source of bias in the previous
study thus being avoided.

Methods
SELECTION OF SUBJECTS
Cases The potential cases comprised all
patients aged 5-45 years who died from asthma
in New Zealand during the period January
1977-July 1981, and who had been admitted
for asthma to a major hospital during the 12
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months before death. The study was confined
to those aged 5-45 years as before,' as death
from asthma is a reasonably clearcut diagnosis
in this age range.'0 Asthma deaths (ICD code
493) were identified from registrations at the
National Health Statistics Centre. For each
death the records of hospitals to which the
patient was likely to have been admitted in an
acute attack were then searched to identify any
admission for asthma in the previous 12
months. If such an admission was identified the
death was included in the study, and the
admission closest to the date of death was used.
The- study was based on the same major hos-
pitals that we used in the previous study, with
the exception of Dunedin Public Hospital, for
which ethical approval to examine the records
was not obtained. As before, admissions to
smaller hospitals were not considered.
Controls For each case potential controls,
matched for age within five years, were selected
at random from patients discharged from the
same hospital with the diagnosis of asthma in
the year in which the death occurred. The
admission records for each potential control
were then examined to determine whether the
patient had had a previous hospital admission
for asthma during the 12 months before the
admission under consideration. If such an
admission was found the patient was included
as a control. For each case the first four controls
meeting this criterion were selected. If suf-
ficient controls could not be obtained the
acceptable age range was widened to 10 years.
For seven cases with an admission to hospitals
in Auckland, Christchurch, or Hamilton insuf-
ficient controls were available and 22 of their
controls were selected from another hospital in
the same area. For all cases and controls the
admission was considered to have been
primarily for asthma, as indicated by the dis-
charge coding.

INFORMATION ON PRESCRIBED DRUGS
For both cases and controls information on
prescribed drugs for self administration was
extracted from records relating to the previous
adtiission-that is, the admission within the 12
months before death for the cases and the
corresponding prior admission for the control
subjects. The number of hospital admissions
for asthma during the 12 months prior to the
admission under consideration (a marker of
chronic asthma severity) was also ascertained
from hospital notes.
We noted the prescribed asthma drugs at the

time of admission as recorded in the admission
notes and accident and emergency department
notes and in the general practitioner's letter.
Prescribed medication at the time of discharge
was recorded from the admitting officer's dis-
charge notes, the discharge letter, and the
discharge prescription. We could not obtain
the data "blind," but the research workers were
instructed to record all drug information from
these sources. When more than one record was
available from a particular source (for example,
in the admission notes) the record with the
most complete drug information was used.
The data forms were copied and all informa-

tion that identified cases and controls was
deleted. Two members of the study team (CB
and JC) then made a blind assessment of the
drugs at admission and discharge. In one case
and six controls no information was available
on the drugs at discharge, and they were
assumed to be the same as the drugs at admis-
sion. Information from subsequent chest clinic
and outpatient visits was available for some
cases and controls, but this was relatively
incomplete. Thus, unless otherwise specified,
all findings refer to -drugs prescribed at dis-
charge.
As in the previous study, the possibility of

confounding or effect modification by severity
was assessed by considering various subgroups
defined by markers of chronic severity: (1)
prescription of three of more categories of
asthma drugs (oral or aerosolised beta agonists,
nebulised beta agonists, theophyllines, sodium
cromoglycate or inhaled corticosteroids, oral
corticosteroids); (2) a hospital admission for
asthma during the previous 12 months (that is,
in the 12 months before the admission when the
prescribed medication was recorded); (3) pre-
scription of oral corticosteroids. When dis-
charged most patients were taking several
drugs, including oral corticosteroids. Thus we
considered it most appropriate to define
chronic severity in terms of the drugs being
prescribed at the time of admission. As before,
the main drug treatment of interest (fenoterol
and other asthma drugs) related to the drugs
prescribed at discharge.

DATA ANALYSIS
The Mantel-Haenszel procedure" was used to
calculate odds ratios and test based confidence
intervals (CI),'2 and Rothman's adaptation of
this procedure'3 was used to perform a matched
analysis. Logistic regression'4 was also used to
calculate odds ratios adjusted for age, gender,
ethnicity, and other potential confounders.

Results
Death registrations were identified from
National Health Statistics Centre records for
366 New Zealand residents with a recorded
address and aged 5-45 years who died from
asthma (ICD code 493) during January 1977-
July 1981 (four deaths of individuals not
resident in New Zealand and eight deaths in
patients with no recorded address were not
considered). Of these, 73 (20%) were in the
Dunedin area or areas served by smaller hos-
pitals (fig). On the basis of previous work,' we
expected that about a quarter of the remaining
293 deaths would have occurred in people
without any previous hospital admission. Thus
we expected to find hospital records relating to
about 220 deaths. The search of hospital
records actually identified records for 214
patients who had died. Of these, 30 had died
more than one hour after arrival at a hospital.
As in the previous study, these were excluded
because the focus of the study was on self
administered asthma drugs (two patients who
died within an hour of arrival were not ex-
cluded). A further 117 patients had not had an
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Reasonsfor exclusion and numbers of deaths excluded.

admission for asthma in the 12 months before
death. Of the remaining 67 eligible cases, the
relevant notes were found for 58 (87%z). For
each case four matched controls were selected,
with the exception of three cases for which
sufficient controls could not be obtained. The
study thus concerned a total of 58 cases and 227
matched controls.

The case group was 45% male and 62%
European, and had a mean age of 23-9 years.

The control group was 36%/ male, and 68%
European, and had a mean age of 23-2 years.

The mean time between the previous admis-
sion and the next event (either death or the next
admission) was 0 34 year for cases and 0 23 year

for controls. When a matched analysis was

performed, the fenoterol odds ratio estimates
were very similar to the crude estimates.
Similarly, when the fenoterol odds ratio
estimates were adjusted for age, gender, ethnic
group, date of event (death or admission), and
date of previous admission the results were

virtually identical to the crude estimates. The
crude estimates are therefore presented.
Table 1 shows the odds ratios of asthma

death associated with drugs prescribed at dis-
charge. With the exception of oral cortico-
steroids, there was little evidence of differences
between cases and controls for any asthma
medications other than inhaled fenoterol. In
many instances it was difficult to determine
from the hospital records whether oral corti-
costeroids had been prescribed as a continuous
or a short course. The data for oral cortico-
steroids thus refer to any prescribed oral corti-
costeroids (continuous, short course, or un-

known regimen).
The odds ratio of asthma death was 1 93 in

patients prescribed fenoterol by metered dose
inhaled and 1-97 in patients prescribed fen-
oterol by nebuliser. In the previous study there
were concerns about the completeness of the
nebuliser data, since the drug information was

from different sources for cases and controls.
This concern did not apply in the current
study, and so we considered it appropriate to
pool the metered dose inhaler and nebuliser
data in further analyses. The overall odds ratio
for inhaled fenoterol was 1 99.

In contrast to the previous study, there were
some differences in the inhaled fenoterol odds
ratios between males (26 cases, 82 controls:
odds ratio 2-77, 95% CI 1-13-6-79) and females
(32 cases, 145 controls: odds ratio 1-53,95% CI
0-71-3 31), and between Europeans (36 cases,

Table I Prescribed drug treatment at discharge, markers of chronic severity, and the relative risk of asthma death
950~~~~~~~~~~~~~~~~~~~~Cases Controls 95%O

Odds confidence p
Exposure Yes No Yes No ratio interval value

Prescribed drug therapy at discharge:
Oral beta agonists 24 34 85 142 1-18 0-66-2-12 0-58

Salbutamol 20 38 77 150 1-03 0-561-88 0 94
Beta agonists by metered dose

inhaler 50 8 189 38 1-26 0 552-86 0-59
Fenoterol 30 28 81 146 1-93 1-08-344 0-03
Salbutamol 22 36 105 122 0-71 0-391-28 0-26

Beta agonists by nebuliser 2 56 11 216 0 70 0-15-324 0-65
Fenoterol 1 57 2 225 1-97 018-213 0-58
Salbutamol 1 57 9 218 0-43 0-06-3-24 0-41

All inhaled beta agonists 52 6 197 30 1-32 0 52-334 0-56
Fenoterol 31 27 83 144 1-99 1-12-3-55 0-02
Salbutamol 23 35 113 114 0-66 0-37-1 19 0-17

Oral theophyllines 37 21 140 87 1-10 060-1-99 0-77
Sodium cromoglycate 15 43 59 168 0-99 0-51-1-92 0-98
Inhaled corticosteroids 26 32 124 103 0-68 0-38-1-20 0-18
Oral corticosteroids 43 15 126 101 2 30 1-224-33 0-01
Three or more categories of

asthma drugs 41 17 154 73 1-14 0-61-2-15 0-68

Markers of chronic asthma severity:
Three or more categories of

asthma drugs at admission 22 36 110 117 0-65 0-36-1-17 0-15
Admission in previous 12 months 33 25 130 97 0-99 0-55-1-77 0-96
Oral corticosteroids at admission 15 43 59 168 0-99 0-51-1-92 0-98
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Table 2 Prescribed inhaledfenoterol at discharge and the relative risk of asthma death:findings in subgroups defined
by markers of chronic severity

Prescribed inhaledfenoterol

Cases Controls 95%
Odds confidence p

Subgroup Yes No Yes No ratio interval value

Three or more categories of asthma drugs at admission:
Yes 15 7 46 64 298 115- 770 0-02
No 16 20 37 80 1 73 0-81- 3 71 0-16

Admission in previous 12 months:
Yes 22 11 44 86 3 91 1-79- 8 54 <0-01
No 9 16 39 58 0-84 034- 2-09 0 70

Oral corticosteroids at admission:
Yes 12 3 24 35 5 83 1-62-21 0 0 01
No 19 24 59 109 1-46 0-74- 2-89 0 27

Three or more
Admission in categories of
previous 12 asthma drugs
months at admission
Yes Yes 13 5 28 49 455 1-55-134 0-01
No Yes 2 2 18 15 083 010- 6-83 0-87
Yes No 9 6 16 37 3-47 1 09-11 1 0 04
No No 7 14 21 43 102 036- 2-93 0 97

Admission in Oral cortico-
previous 12 steroids at
months admission
Yes Yes 11 2 14 25 9-82 2 23-43 4 <0-01
No Yes 1 1 10 10 1 00 006-18 3 1 00
Yes No 11 9 30 61 249 094- 655 007
No No 8 15 29 48 0-88 033- 2-35 080

155 controls: odds ratio 1 20, 95°h CI 0 58-
2 50) and non-Europeans (22 cases, 72 con-
trols: odds ratio 5 20, 950% CI 1-94-14-0).
More consistent with the previous study were

the substantial differences in the inhaled fen-
oterol odds ratios between subjects aged less
than 20 years (22 cases, 87 controls: odds ratio
4 02, 95°, CI 1-57-10-3) and those aged 20
years or more (36 cases, 140 controls: odds ratio
1 33, 950°O CI 0 64-278).
Cases and controls were similar with respect

to markers of chronic asthma severity (table 1),
with odds ratios of asthma death of 0-65 for
three or more categories of asthma drugs at
admission, 0 99 for an admission in the
previous 12 months, and 0 99 for prescribed
oral corticosteroids at admission. These mark-
ers were used to assess the potential for con-

founding or effect modification by chronic
severity (table 2). The inhaled fenoterol odds
ratio was 2-98 in patients prescribed three or
more categories of asthma drugs, 3 91 in
patients with a previous admission for asthma
during the past 12 months, and 5-83 in patients
prescribed oral corticosteroids at the time of
admission. In patients who had both been
admitted to hospital with asthma in the past 12
months (before the admission under considera-
tion) and been prescribed oral corticosteroids
at the time of admission the inhaled fenoterol
odds ratio was 9-82.
As a check for possible bias we performed an

analysis using only the drugs prescribed at
admission, with no consideration of drugs at
discharge. The inhaled fenoterol odds ratio was
1-72 overall, and 3 57, 3-10, 16-59, and 14-00

Table 3 Prescribed drug treatment at discharge and the relative risk of asthma death:findings in subgroups defined by
markers of chronic severity

Odds ratios (and 95°% confidence intervals) in subgroups defined by markers of chronic severity

Admission in
Three or more previous year and

Prescribed drugs categories of drugs Admission in Oral corticosteroids oral corticosteroids
at discharge at admission previous year at admission at admission

Oral beta agonists 1 40 1 04 0 50 0-64
056- 3-54 047- 232 014- 1-72 0-17- 2-46

Salbutamol 1 31 0-88 0-57 0 71
051- 335 038- 202 016- 2-00 018- 2-75

Inhaled beta agonists 1 87 417 1 30 1 77
0-23-15-2 0 62-28-3 0 14-12-1 0 19-16-6

Fenoterol 2 98 3 91 5-83 9-82
1 15- 770 1-79- 854 162-21-0 223-434

Salbutamol 0-38 0 35 0-18 0 09
014- 101 016- 078 004- 079 0-01- 055

Oral theophyllines 1 19 1-06 5-21 4-14
037- 387 047- 238 075-36-1 0-53-32-1

Sodium cromoglycate 0-86 1 06 1 09 1 16
029- 256 045- 251 026- 4-58 0-25- 532

Inhaled corticosteroids 0-49 0 54 0-66 0 35
019- 1 27 0-25- 1-17 0-20- 2-13 010- 1-29

Oral corticosteroids 8-24 1 90 1-59 3-42
1-42-478 0 82- 4-37 018-14-2 0-17-679
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respectively in the four subgroups of chronic
severity defined in table 3.

In general, other antiasthma drugs did not
seem to increase the risk of death dispropor-
tionately in patients with severe asthma (table
3). In contrast to the previous study, however,
increased odds ratios were observed for oral
corticosteroids and for oral theophyllines in
some subgroups. When subjects prescribed
inhaled fenoterol were deleted from the
analysis (to remove the interaction betwe-en the
effects of fenoterol and oral corticosteroids),
the odds ratios for oral corticosteroids at dis-
charge were: 1-84 overall, and 2-93, 091, 0-26,
and 0-78 in the four chronic severity subgroups
defined in table 3. When the analysis was
adjusted (by the Mantel-Haenszel method")
for oral corticosteroids at discharge the inh'aled
fenoterol odds ratios were 1 85 overall, and
2 61, 3 76, 5 89, and 9 31 in the four chronic
severity subgroups.

Discussion
There are now three New Zealand case-control
studies, each using different sources of data,
indicating that inhaled fenoterol- increases the
risk of death in patients with severe- asthma.
The fenoterol odds ratio estimate of 1 99 in the
current study for patients with a hospital
admission for asthma during the previous 12
months is consistent with the estimates of 2 16
in our previous national case-control study'
and 3 00 in the small Auckland case-control
study.' '5 The patterns of findings in the
patients with the most severe asthma are also
similar in the three studies.
The larger inhaled fenoterol odds ratios in

males and in non-Europeans in the current
study are inconsistent with the results of our
previous study. Further investigation would be
warranted, particularly as the epidemic appears
to have been more severe in non-Europeans.'6
A more consistent finding is that the increased
risk of death associated with fenoterol was
particularly strong in those aged less than 20
years. The reason for this remains to be
clarified, though it could be due to either a
greater tendency to overuse (or use inappro-
priately) inhaled beta agonists in young people
or a reduced response to cardiac beta, stimula-
tion with increasing age.'7
The study design used here has some impor-

tant differences from that of our previous case-
control study.' The current study was restric-
ted to cases and controls with a previous
hospital admission for asthma during the 12
months before death (for the cases) 'or the
admission matched to the death (for the con-
trols). Thus the study is restricted to about
200% ofthe asthma deaths in the areas served by
a major hospital during 1977-81. This restric-
tion was applied in part because hospital ad-
mission and discharge records were the only
readily available data source. A more important
reason, however, was that in the previous case-
control study the increased risk of death as-
sociated with fenoterol was virtually confined
to patients with severe asthma, as identified by

a hospital admission for asthma during the
previous 12 months.
The most important feature of the current

study is that the information on prescribed
drugs was obtained from hospital records in an
identical manner for cases and controls, and
was assessed blind. The initial recording of
prescribed medication from hospital records
could not be performed blind, but the record-
ing process was very comprehensive and all
relevant information was extracted from the
case notes.
We must emphasise that this study examined

prescribed medication at the time of a hospital
admission on average three to four months
before death or the admission of interest, and
that no information on actual drug use was
available. Ifour hypothesis concerns a mechan-
ism depending on long term use, then the
regular prescribed medication is the factor of
interest. For other possible mechanisms the
self administered medication actually used in
the final attack would be relevant. Given that
this is not available, the regular prescribed
medication is an acceptable surrogate, as asth-
matic patients are very likely to use their
prescribed medication in an acute attack. There
is no reason to believe that the small proportion
of patients who failed to take medication in an
acute attack would differ substantially accord-
ing to the beta agonist that was prescribed.
Thus the major concern is that the use of this
surrogate measure could produce a bias to-
wards 1 0 in the observed odds ratio.'8 Despite
this concern the regular prescribed medication
may be the most valid available measure,
because changes in drug treatment at the time
of the final attack could lead to bias. These
issues are readily understood in the context of a
clinical trial in which data are analysed accord-
ing to the "intention to treat" principle.
As in our previous case-control study, an

important methodological issue is the potential
for confounding by severity. A previous New
Zealand study'5 has showed many similarities
between patients admitted to hospital with
asthma and patients who die of asthma. Major
differences in average severity between the case
and control groups in this study thus appear
unlikely, particularly as both groups had a
hospital admission for asthma followed by
another attack (resulting in hospital admission
or death) during the subsequent 12 months. In
addition, cases and controls were very similar
with regard to various markers of chronic
asthma severity. Despite the problems of ob-
taining a "definitive" marker of chronic
severity, these markers do have the merit that
they are based on information that would have
been available to the physician at the time the
beta agonist was prescribed. Information not
available to the physician at that time is not
relevant to the issue of confounding by
severity. If the overall increased fenoterol odds
ratio had been due to confounding by chronic
severity, this would be expected to decrease as
the analysis was increasingly restricted to
subjects with more severe chronic asthma.
Instead, the inhaled fenoterol odds ratio
increased substantially. This indicates that our
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findings are not due to confounding by chronic
asthma severity.

In contrast to the previous study, increased
odds ratios were observed for oral cortico-
steroids and for oral theophyllines in some
subgroups. Both of these categories of drugs
were prescribed on discharge to most patients
with severe asthma, and the confidence limits
for the odds ratios are accordingly very wide.
The overall odds ratio for oral theophyllines,
however, was only 1I 0, and the increased odds
ratios in the most severe subgroups could have
been due to chance.
The findings for oral corticosteroids on dis-

charge are puzzling, and are inconsistent with
those in our previous study.' They were not of
strong a priori interest, in contrast with the
fenoterol findings. They do, however, raise the
possibility of differences inl acute severity (but
not chronic severity) betvseen cases and con-
trols, a hypothesis that is consistent with the
tendency for the differences to diminish in the
most severe subgroups (table 3). But there was
little evidence of differences in oral cortico-
steroid treatment at discharge between cases
and controls when the fenoterol effect was
removed, and adjustment for oral corticos-
teroids at discharge resulted in only minor
changes to the estimates for the fenoterol effect.
Furthermore, there was little evidence of dif-
ferences for other markers of acute severity or
for markers of chronic severity (including oral
corticosteroids on admission), which is of
greater relevance.'9 Thus the findings regard-
ing inhaled fenoterol seem unlikely to be due to
confounding by severity. Instead, the data
indicate that inhaled fenoterol increases the
risk of death in patients with severe asthma.
Our previots case-control study has been

criticised for using markers of chronic asthma
severity rather than markers of the severity of
the final attack.202' As noted above, however,
both studies have examined prescribed medica-
tion. When we are considering confounding
therefore attention should be focused on risk
factors that may be associated with prescription
of fenoterol.'9 The severity of the final attack is
irrelevant in this context, as this usually
occurred several months after prescribing
occurred. In fact, for all of the hypothesised
mechanisms the severity or the life threatening
nature of the final attack could be a result of
using fenoterol. Thus controlling for the
severity of the final attack is at best irrelevant,
and may lead to serious bias. Once again, these
issues are most readily understood in the con-

text of a clinical trial analysed according to the
"intention to treat" principle.

In summary, the findings of the current
study are consistent with the hypothesis that
inhaled fenoterol increases the risk of death in
patients with severe asthma. Our previous
study produced similar findings, but the pos-
sibility of information bias could not be
excluded owing to the collection of drug infor-
mation from different sources for cases and
controls. This potential bias is avoided by the
study design used here. No single case-control

study may be regarded as conclusive, because
not all sources of bias can be definitely
excluded. The findings presented here, how-
ever, add support to the hypothesis that the
unsupervised self administration of fenoterol
by inhalation in patients with severe asthma
increases the risk of death.
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