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Major reduction in asthma morbidity and
continued reduction in asthma mortality in
New Zealand: what lessons have been learned?

Jeff Garrett, John Kolbe, Glenn Richards, Toby Whitlock, Harold Rea

The initial retrospective surveys performed in
New Zealand" in the early 1980s to examine
the possible causes of the epidemic of asthma
deaths which began to occur in the late 1970s
proved useful in generating a number of hy-
potheses. These included: (1) an increase in
the prevalence of asthma,56 (2) an increase in
the severity of asthma,7 (3) changes in the
provision of, and access to, primary health
care,"'0 (4) direct drug toxicity, due either to
individual drugs or a combination of drugs,"1
(5) management error by patient, relative or

doctor during the fatal attack,32 and (6) other
deficiencies in medical management.3 1213
The more recent literature relating to the

New Zealand epidemic has included case con-
trol studies,'14-8 retrospective dynamic cohort
studies,'920 and randomised clinical trials2' and
has refocused interest back on inhaled agon-
ists as the potential cause of the epidemic.
However, a closer scrutiny ofthe trends in both
asthma mortality and morbidity from the late
1970s through to the early 1990s suggests that
there were likely to have been other factors
which not only contributed to the epidemic,
but also to the subsequent decline in asthma
mortality and morbidity. These factors will be
reviewed in this paper.
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Epidemiology in relation to the asthma
epidemic in New Zealand
AN INCREASE IN PREVALENCE
Whilst there is some evidence that the pre-
valence of asthma increased at the time of the
mortality epidemic,6 it would not have been
sufficient to have accounted for the threefold
increase in deaths from asthma. Since diag-
nostic criteria for asthma had not been stand-
ardised or validated at the time, any subsequent
changes in prevalence could have been due to
a change in recognition or labelling by either
doctor or patient as a result of the publicity
surrounding asthma in New Zealand. Cer-
tainly, international studies using the same

methods of defining asthma have found no

difference in the prevalence of asthma in chil-
dren between New Zealand, Australia, and
Canada22-24 in spite of the fact that there were
2-3 fold differences in both hospital admission
and mortality rates from asthma between these

countries. Furthermore, Pattemore et al25
could not find important ethnic differences in
the prevalence of either asthma symptoms or
levels of airway hyperresponsiveness in New
Zealand to account for the 3-4 fold difference
in admission rates and mortality rates between
Europeans and Polynesians. Although airway
hyperresponsiveness has been accepted as part
of the criteria for a diagnosis of asthma in
prevalence studies and is related to clinical
asthma, it is not identical to it (8-15% of
children who have never wheezed will show
airway hyperresponsiveness and as many as
30% with typical asthma will fail to show it
on several occasions26) and therefore cannot
reliably or precisely separate asthmatic from
non-asthmatic subjects. In addition, airway
hyperresponsiveness is more usually measured
at one point in time in prevalence studies whilst
questionnaires extract information on symp-
toms experienced over the preceding year or
years. Even detailed history taking (on which
the clinical diagnosis of asthma largely de-
pends) lacks objectivity. There has been a tend-
ency recently to accept the prescription of
asthma medication as fulfilling a diagnosis of
asthma.2728 However, asthma medications are
often prescribed for an acute bronchitis which
may also cause symptoms which are difficult to
distinguish from those of asthma in a ques-
tionnaire survey. Until a clear internationally
accepted definition for asthma was developed
by Toelle et al29 the wide variety of study meth-
ods made it difficult to be certain about the
true prevalence ofasthma and whether reported
increases were real or apparent, both in New
Zealand6 and elsewhere.'03' The recent finding
by Peat et al'2 of a significant increase in airway
hyperresponsiveness in two 8-10 year old pop-
ulations during two different time periods
(1982 and 1992) therefore remains the strong-
est argument for an increase in prevalence,
although these results need to be reproduced
in other studies, in other countries (and in
older patients), and preferably in populations
followed longitudinally.

AN INCREASE IN SEVERITY
Changes in mortality and morbidity rates may
result from a change in either baseline asthma
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Figure 1 Unemployment (-U) and invalid benefits (-S) in New Zealand
1964-85. Adaptedfim ref 35.

severity or frequency of acute severe attacks.
However, many of the measures of morbidity
may be influenced by confounding factors in-
cluding diagnostic transfer, an increased tend-
ency for individuals or families to seek
consultation (particularly from hospital based
medical care) when confronted with worsening
asthma, a change in the emphasis from com-
munity to hospital based management of acute
asthma, and changes in admission criteria."
Although there were 2-3-fold differences in
asthma mortality between New Zealand, Aus-
tralia and Canada, cross-sectional studies in
children using the same definitions of asthma
severity and measurements of airway hyper-
responsiveness have shown no differences be-
tween these countries.22 Since a small increase
in asthma severity may contribute to a modest
increase in the absolute number of patients
with severe asthma who would be at greater
risk of hospital admission or mortality,7 34
the possibility of a small increase in severity
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Figure 2 Asthma mortality rates (per 100 000) by neighbourhood in New Zealand in
patients aged under 60 years, 1976-85. Low (A-A) = 12 5% of areas ofgreatest need;
middle (a-_) = 75% of areas of average need; high ( 0) = 12S5% of areas of
least need.'7 Reprinted with permission from NZ Med J.

during the 1970s cannot be completely dis-
counted.

CHANGES IN PROVISION OF AND ACCESS TO
HEALTH CARE
In 1941 New Zealand adopted a fully socialised
form of health care in which medical treatment
was made free to all. During the past 25 years,
however, there have been substantial changes
in the provision of, and access to, primary
health care in New Zealand. A steady decline
in the economy has led to an increase in the
direct cost of primary health care to the in-
dividual. Further, there was a dramatic increase
in unemployment in 1977" (fig 1) which was
temporally associated with a sudden increase
in asthma admission and mortality rates. As
Rea et at'4 have shown, psychosocial problems
(of which recent unemployment was a com-
ponent), when measured retrospectively from
hospital records or relatives, were in-
dependently associated with an increased risk
of death from asthma, RR= 3-5 (95% CI 1 04
to 13-7) when patients dying of asthma were
compared with hospital controls (and would
have been expected to have been of greater
significance if the control group had been made
up from asthmatics in the community since
psychosocial problems are likely to be as-
sociated with asthma morbidity36 as well as
mortality). Therefore, although psychological
and social factors are likely to be important,
there have been few systematic data collected
in New Zealand or internationally to evaluate
the interrelationship between psychosocial and
other risk factors for death.
At the beginning of the epidemic mortality

rates were already twice as high in dis-
advantaged neighbourhoods as in middle class
or advantaged areas in New Zealand.371-ow-
ever, the subsequent increase in deaths oc-
curred mainly in the middle and lower
socioeconomic areas (fig 2), the increase in
mortality rate in lower socioeconomic class
areas being 2-3 times that of higher socio-
economic areas. A lack of accessibility to
primary health care for financial, social, and
cultural reasons, in association with poor or-
ganisation of after hours care, might explain
why over 50% ofpatients who died from asthma
had not sought medical help during their final
attack, why there was an increased frequency
of deaths and intensive care unit admissions
on Sunday,"8 and why discontinuity of medical
care - an independent risk factor for death'4 -
was twice as common in Polynesians as in
Europeans. Such factors might also explain
why Maoris and Pacific Islanders were three
or four times more likely to die from asthma
than Europeans,2 particularly when attempts
to control the socioeconomic class may have
underestimated the social disadvantage of
Maoris and Pacific Islanders.'9
We cannot determine whether the epidemic

was as a direct result of increasing financial
barriers to health care or whether patients living
in middle class and disadvantaged areas were
at increased risk of death as a result of, say, an
increase in asthma severity or an increase in
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Figure 3 Asthma mortality (per 100 000) in non-Maoris aged 5-34 years in New
Zealand, 1908-86. 40 Reprinted with permission from Aust NZ Med J.

psychosocial problems. However, it could be
argued that social and economic changes and
increasing barriers to primary health care would
not have had such an immediate impact as

to have caused the steep increase in asthma
morbidity and mortality in 1976. Nevertheless,
such factors would have created an environ-
ment in which the release of new powerful
bronchodilators may have contributed to a fur-
ther delay in seeking appropriate medical care

when patients were developing attacks of
asthma. Further, although the focus of at-
tention has been on the "1976 epidemic", it is
worth noting that asthma mortality rates have
been increasing throughout the century, cer-

tainly since the 1950s40 (fig 3), and may reflect
changes in illness behaviour and a tendency
towards increasing psychosocial problems over
time. Whilst no research has been performed
prospectively to gauge the effect of social and
economic factors in relation to other risk factors
for asthma death or near death, their potential
importance nevertheless needs to be ac-
knowledged.

DRUG TOXICITY
Early ecological association studies showed an
increase in all asthma medicines, but par-

ticularly in sales of agonists and oral theo-
phylline," in association with increasing asthma
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Figure 4 New Zealand asthma admission (EW) and mortality (X) rates (5-34 year
olds), and asthma drug sales (inhaled ,B agonists (-0*), inhaled steroids
(*---*), oral theophyllines (E---E), 1976-81.
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mortality and morbidity during the late 1970s
(fig 4).4142 Concern was expressed at the time
as to why the increase in mortality had occurred
in New Zealand despite this large increase in
drug sales.4' The possibility of direct toxicity
of asthma drugs, singly or in combination, was
suggested, and since the rise in mortality and
admission rates preceded the rise in drug sales,
it was considered that the increase in sales of
asthma drugs had occurred in response to a
perceived increase in asthma morbidity, though
acknowledging that the temporal sequence was
examined nationally rather than on an in-
dividual basis.43 The rate of increase in sales of
asthma medicines occurred at a rate which
was 2-3 times that of Australia and the UK,4'
though this may have resulted from lack of
financial disincentive to their acquisition in
New Zealand in the 1970s and early 1980s
compared with prescription charges en-
countered by asthmatic subjects in Australia or
the UK.
Fragmented primary health care combined

with the use of powerful new bronchodilators
may have been a particularly hazardous com-
bination. In a recent study by Rea et a144 the
number of visits to general practitioners in a
cross-sectional survey of 381 asthmatic school
children was positively associated with good
self management skills. Patients living in dis-
advantaged areas in New Zealand are known
to use multiple primary health care facilities
(possibly to escape payment), leading to poor
quality and fragmented medical care. Clinical
assessment would have been limited by a lack of
knowledge of the individual patient's condition
and follow up would have been adversely affec-
ted by the same increasing financial barriers.
This is further illustrated in a study of asthma
undertaken in South Auckland, an area re-
cognised as having high medical and social
needs.'0 Patients received good quality care for
their acute attack in the hospital emergency
department with a relapse rate of only 5 3% at
one week'" (better than that described in most
other published studies of emergency de-
partment care45), but the relapse rate at one
month was 21i7% and was thought to reflect
a low rate of prescription of inhaled cortico-
steroids subsequent to the asthma attack
and a lack of ongoing medical care within the
community.
The working party established by the Com-

mittee on Safety of Medicines in the UK46
reviewed the three New Zealand case-control
studies published since 1989 which had shown
that patients who died from asthma were more
likely to have been prescribed inhaled fen-
oterol. '5'7 It concluded that "...the potential
for confounding by disease severity precluded
confirmation of a causal association between
fenoterol and asthma deaths". Whilst the initial
analysis of a study performed in Saskatchewan
to evaluate the association between the use of
3 agonists and death and near death found that
the effect estimate increased for fenoterol after
adjustment for asthma severity,47 when a more
appropriate statistical model was used this
finding was corrected.48
The inability of Spitzer et al47 to "adequately
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correct for asthma severity" prevented the
Committee on Safety of Medicines from con-
firming the hypothesis that increasing use of
inhaled 13 agonists was causally associated with
asthma mortality.46 Appropriately, however,
Spitzer et al pointed out that regardless of
whether 1 agonists are directly responsible for
adverse effects or are simply a marker of more
severe disease, heavy use ofthese agents should
alert clinicians to the need to re-evaluate a
patient's condition. In the New Zealand con-
text, increasing financial barriers to primary
health care may have contributed to patients
not seeking appropriate advice when their
asthma was becoming more troublesome and
their ,B agonist use excessive. In a recent pro-
spective study by Kolbe et al (unpublished
data) to investigate risk factors for severe life
threatening attacks of asthma, 62% of patients
admitted to hospital had had symptoms of
worsening asthma for more than 24 hours (only
7% had attacks of less than six hours) and 40%
stated they had used more than 20 puffs of
inhaled 13 agonist in the 24 hours before pre-
sentation. Windom et al49 have also described
a similar pattern of use: of 101 adult asthmatic
patients admitted consecutively to a large urban
hospital in New Zealand 40% stated they had
used more than 30 doses of inhaled 13 agonist
(and 76% of the 17 patients owning nebulisers
had used their nebulisers more than five times)
in the 24 hours preceding admission. This
practice is in contrast with internationally re-
commended usage ofno more than a maximum
of 15 doses of inhaled 13 agonist per day.505'

DEFICIENCIES IN MEDICAL MANAGEMENT
Comparative studies using hospital case notes
and information from general practitioners
showed that the duration of illness before ad-
mission was greater in Auckland than in the
South-West Thames health region in the UK.52
Furthermore, the proportion of asthmatic
patients who had had symptoms of de-
teriorating asthma for more than 24 hours
before attendance at the emergency department
may be higher in New Zealand (48%)7 than
appears to be the case in Australia (25%) (A
Bauman, personal communication). In another
comparative study of use of emergency de-
partments asthmatic subjects in Auckland45
were found to use the emergency department
in greater numbers and to present later in an
acute attack than their counterparts in Toronto
(Canada). Although international studies com-
paring health care practices are fraught with
methodological problems, a persistent finding
is that late presentation during acute attacks
appears to be more prevalent in New Zealand,
whilst the quality ofcare available for managing
acute asthma is generally better in Auckland
than in the South-West Thames health region52
or Toronto,45 and better in Christchurch (New
Zealand)53 than in Southampton54 or Leices-
ter.55
Although the proportion of asthma deaths

considered preventable was no higher than in
the UK,56 delays in seeking medical care were
found more consistently in New Zealand where

50% had not called for medical help until
they were in extremis. The consistent theme
throughout all of these studies was the under-
utilisation of primary health care, particu-
larly after hours where organisation barriers
to community care existed along with financial
barriers, presumably as a result of an increase
in cost against a background of social and
economic decline in the 1970s.

Implementation of changes to asthma
management in New Zealand
Despite the problem of increasing financial
barriers to primary health care and the sub-
sequent introduction of part charges on pre-
scriptions, a number of initiatives were
introduced during the 1980s to help to reduce
mortality from asthma:
(1) Development of an asthma task force. In

response to the "epidemic" of asthma
deaths the New Zealand Medical Re-
search Council set up an asthma task
force. Although studies performed did not
identify a single cause for the epidemic,
asthma management policies were im-
plemented to help to correct the multiple
deficiences identified.

(2) National education campaigns. These were
directed separately at the lay public,
patients, and medical community. As a
result the community's awareness of
asthma was heightened, specifically its
potential severity and life threatening
nature.

(3) Educational material. A variety of edu-
cation materials including a series of
pamphlets and a video illustrating various
asthma scenarios were produced by the
Asthma Foundation ofNew Zealand and
distributed nationally through asthma so-
cieties, hospitals, outpatient clinics, and
general practitioners.

(4) A multidisciplinary approach to long term
care was developed harnessing the skills
and expertise of doctors, nurses, physio-
therapists, clinical psychologists, social
workers, community health workers, and
those working in asthma societies.

(5) Specialist asthma "nurse" educators. A pro-
gramme was developed for the training,
certification, and ongoing education of
asthma educators who work in clinics as
well as in the community and interact
with a variety of agencies and other health
care workers. The national education pro-
gramme was coordinated through Green
Lane Hospital in Auckland and the
Asthma Foundation of New Zealand.

(6) Action plans. These individualised written
instructions have become an integral part
of asthma self management in New Zea-
land and contain information on how to
detect the early stages ofan asthma attack
and what actions need to be taken in
response. Although initially developed by
individual physicians or groups, the action
plan has recently been standardised using
a colour coded system produced by the
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Figure 5 First admissions (UF-) and readmissions (a---O) per calendar year for
asthma in 5-54 year old New Zealanders (1980-92).

Asthma Foundation ofNew Zealand57 for
both adults and children.

(7) Peak flow meters. These have been avail-
able free to general practitioners on
wholesale prescription order since 1986
and are now distributed through the
Asthma Foundation in association with
other educational material. Cross sec-
tional studies of asthmatics show that
40-60% now own a peak flow meter.5758
In the past three years sufficient meters
have been distributed to supply one to
each of the estimated 200 000 asthmatic
patients in New Zealand.59

(8) Promotion directed at the public of the
need for earlier access to acute medical
services for the treatment ofacute asthma.
A cross sectional study comparing the
severity of asthma in patients attending
an emergency department in 1979 with
that in 1985 showed that mean peak
flow measurements on presentation were
significantly higher in 1985,10 suggesting
that patients were beginning to attend
the emergency department earlier in an
attack.

(9) Better organisation of after hours care,
including an improved ambulance service
responding to calls for acute asthma in a
similar fashion to those for suspected
acute myocardial infarction. Ambulance
officers were trained to administer nebu-
lised salbutamol and adrenaline sub-

140 -

In

C:

0

Figure 6 New Zealand inhaled steroid sales by dose 1981-91.

cutaneously (or intravenously if the
patient was not responding to other meas-
urements). In 1990 there were 4359 call
outs nationally (incidence 1 25 per 1000)
for assistance with management of acute
asthma. The average response time from
call out to arrival was only nine minutes
and 78% were transferred to hospital
(personal communication). The earlier
and more appropriate treatment of acute
attacks in the community is likely to have
contributed to a reduction in mortality
and, initially, to an increase in hospital
admissions including those to intensive

38
care units.

(10) The development of free hospital-based
specialist asthma clinics which targeted
patients considered to be at greatest risk
of mortality or further hospital admission.
Although such clinics have not been eval-
uated in a randomised prospective trial,
two separate studies have shown reduced
asthma admissions606' and mortality60 in
the year subsequent to referral for those
who attended when compared with those
who did not attend. Readmissions for
asthma began to fall in 1986 (fig 5) 3-4
years before a fall in first admissions,
suggesting that the strategy of targeting
"at risk" patients by referring them to
hospital based asthma clinics was having
the desired effect. Such "high risk"
patients would also have been channelled
"higher dose" inhaled steroids which
became available for "specialist only" use
in 1985.

(11) Increased use of regular inhaled corti-
costeroids and of oral corticosteroids to
treat acute exacerbations. The substantial
increase in the use of medium and high
dose inhaled steroids nationally (fig 6) and
or oral corticosteroids in treating acute
attacks of asthma in the emergency de-
partment'0 between 1979 and 1985 sug-
gest that these management strategies
have been effective.

Downward trends in asthma mortality
and morbidity
In New Zealand a progressive reduction in
mortality from 4-1 per 100 000 to 1 9 per
100 000 in 5-34 year olds between 1981 and
1989 occurred. However, hospital admission
rates, which had begun to increase at the same
time as mortality rates, remained elevated
throughout the 1980s (fig 7). Furthermore, the
marked increase in intensive care unit (ICU)
admissions in Auckland (without a change in
admission criteria for the ICU38), and the con-
tinuing increase in first admissions nationally
(fig 5), suggested that the number of severe
attacks occurring in the community was rising
at the time when mortality was declining.
We believe that the reduction in mortality

during the 1980s is best explained by earlier
intervention in the management of severe at-
tacks with an increase in the appropriate util-
isation of hospital based care. This was not
unexpected as the initiatives introduced at the

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Year

in. . -l*u-
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Figure 7 Asthma mortality rates (per 100 000) (0-CD) and admission rates (j
1000) (U- - -) in 5-54 year olds in New Zealand 1981-92.

beginning of the 1980s were mainly aii
reducing the delays in treating acute a
Improvements in long term care woul
been expected to have taken longer
plement than improved treatment of ac
tacks, and therefore indices or morbidit
as hospital admissions, emergency depa
use, and use of ambulance services woul
taken longer to decline.

In relation to hospital admissions tl
a complex relation between disease se
illness behaviour, and utilisation of heal
services which would be difficult to e
even with a prospective study. A recent
by Strachan et al62 concluded that in the I
rise in hospital admission rates for chil
asthma was more likely to reflect tre.
provision and utilisation ofhealth service
ticularly after hours,63 than major chan
morbidity, and we have made simil;
servations in New Zealand.919 It woul
been expected that this trend would hav
more striking in New Zealand where the
no charge for hospital based care, as o0
to primary health care, and at a time wi
were promoting more frequent and earl
of hospital based services for the manag
of asthma. Indeed, most adult hospii
missions for asthma follow self referral.
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Figure 8 Age standardised asthma admission rates and emergency department "4
hours" attendance rates for sickness in New Zealand's four main centres in 1981.

- 3.0 higher emergency department use and ad-
mission rate for asthma by Maoris and Pacific

o Islanders was more likely to be due to differ-
o ences in availability of community based med-

- 2.5 : ical care, a lack of self management skills and
Q preventive medications, and socioeconomic

, factors than to differences in baseline severity.9
c For the major hospitals serving New Zealand's

-2.0 °- four main centres there was a correlation be-
tween the attendance at emergency depart-

v ments after hours for any sickness (age stand-
< ardised) and hospital admissions with asthma

1.5 (age standardised) (R=0-96, p=OO01) (fig
8). The sociodemographic characteristics of
patients attending the emergency department
with sickness are identical to those of asthmatic
patients.864 Differences in admission rates be-

)er tween hospitals in New Zealand are therefore
likely to reflect the sociodemographic char-
acteristics of the surrounding community and
the organisation of after hours medical care. If

med at such characteristics can explain twofold differ-
ttacks. ences in admission rates within New Zealand,
d have then the same reasoning may explain the two-
to im- fold differences between admission rates in
ute at- New Zealand and other western countries65
ty such without the need to evoke differences in either
rtment prevalence or severity of asthma.
Id have More recently the situation has changed fur-

ther. Since 1990 there has been a dramatic fall
here is in all measures of asthma morbidity: a 70%
everity, reduction in ICU admissions in Auckland
th care (New Zealand's largest city), a 34% reduction
valuate in hospital admissions and use of acute am-
t study bulance services nationally, and a 25% re-
JK the duction in emergency department use in
Idhood Auckland. The asthma mortality rate, which
nds in had continued to fall gradually through the
!s, par- 1980s, has taken a further steep reduction in
iges in 1990. These recent changes suggest that there
ar ob- has now been a reduction in the baseline se-
d have verity of asthma or in the frequency of severe
re been attacks. Recent publications have suggested
-re was that this recent reduction in mortality is due to
pposed the withdrawal of inhaled fenoterol.4066 Inhaled
hen we fenoterol was effectively withdrawn from the
[ier use market in late 1989 as a result of the case-
rement control studies'5-17 which had shown an as-
tal ad- sociation between prescribed inhaled fenoterol
.10 The and mortality. Subsequent studies performed

by ourselves'920 and others48 suggest that the
association was due to confounding by severity

]ton) rather than a causal one, and that inhaled
fenoterol was channelled for use by patients
with more severe asthma.6768
The question still remains, however, whether

inhaled 3 agonists as a class are capable of
increasing asthma severity. Several studies have
provided evidence that regular administration
of 3 agonists might be associated with some
deterioration of asthma,2'6970 but the results
have been conflicting.71-73 Sears et al2' found
that asthma control was better with "on de-
mand" rather than "regular" inhaled fenoterol

520 though the differences were very small. Van
Schayck et al69 have reported a deterioration in

rs'/10 pulmonary function and an increase in airway
hyperresponsiveness with regular inhaled ,B

after agonist use, though the changes were not as-
sociated with worsening asthma symptoms. If

0
0
0
0
0
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0)(0)

0

200 280 360 440
Emergency department attendance rates sickness 'after hour
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the conclusions of these studies are correct,
then regular and high dose use of inhaled 13
agonists including fenoterol may have led to a
worsening of chronic severity of asthma and
thereby have increased the risk not only of
death, but also hospital admission. If this were
the case then indices of chronic severity would
be intermediate in the causal pathway. Al-
though indices of chronic severity employed in
the Wellington group's case-control studies'5-17
did not consistently reduce the relative risk for
mortality in patients prescribed inhaled fen-
oterol, as should have occurred if such a mech-
anism existed, this may have been due to
control selection bias74 in the first two
studies'516 and to the inadequate measures of
severity which were available to the researchers.
Even if fenoterol was accepted as a risk factor

for asthma death (and also hospital admission),
it is clearly not the only reason for the New
Zealand epidemic. Using calculations derived
from the Wellington research group study'7
and those supplied by IMS (NZ) Limited, a
maximum of 45% of asthma deaths and 25%
of asthma admissions could have been at-
tributed to inhaled fenoterol.75 Since the re-
striction of inhaled fenoterol there has been a
greater (59%) reduction in mortality than
would have been predicted (38%) if the epi-
demic was solely attributable to inhaled fen-
oterol.75 Asthma mortality was already
declining in New Zealand before 1989, and
mortality rates in 1989 and 1990 fell within
the 95% confidence intervals predicted by this
trend.76 Furthermore, the steep rise in asthma
mortality after the introduction of inhaled fen-
oterol in 1976 would not have been predicted
by applying the crude relative risk of 2-0 for
fenoterol during 1977-81.77 Using this analysis
the rate of asthma deaths before 1976 would
have increased from 1 5/1i05 to around 2-0/10',
not 4 1/105 as was observed in 1979.77 In our
studies'920 we used a methodology which was
better able to deal with confounding (retro-
spective dynamic cohort) than the Wellington
studies'5-18 and were able to define better qual-
ity indices of severity. Once we were able to
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Figure 9 Drug sales in New Zealand 1981-91: inhaled ,B agonists (U), oral ,B agonists
(A), oral theophyllines (A), inhaled cromoglycate (0), and inhaled steroids (0).

control for severity the crude rate ratio of 2-0
associated with risk of death or near death in
patients taking fenoterol, when compared with
salbutamol as used in the previous studies,'5-18
reduced to 1 1 (95% CI 0 57 to 2 22).'9

Little has been made of the fact that oral
theophylline was associated with an increased
risk of mortality in both the Saskatchewan,47
RR=3-3 (95% CI 1.3 to 8 8) and the most
recent of the Wellington group's studies,'7
RR=1-85 (95% CI 1-09 to 3-15), as well as
an increased risk of near fatal asthma,'8 RR=
2-02 (95% CI 1.36 to 3-01). In these studies
the increase in relative risk for theophylline is
somewhat surprising in view of the choice of
control population (patients with a hospital
admission), since this population has a pre-
valence of theophylline usage of about 80% (in
New Zealand) compared with 10-15% of the
asthmatic population. As such, hospital ad-
missions may represent an inappropriate con-
trol group to use when investigating potential
drug related adverse events from the use of
theophylline in pharmacoepidemiology stud-
ies78 - that is, oral theophylline may increase
the severity or the frequency of severe attacks
so that patients with a hospital admission (con-
trols) would be intermediate in the causal path-
way. Whilst the explanation that theophylline
was prescribed to patients with more severe
asthma is more likely, nevertheless we raise the
issue since drugs other than inhaled P agonists
have been disregarded in the recent quest to
find a pharmacological reason for the increase
in asthma mortality rates.

Sales of inhaled steroids, particularly higher
dose inhaled steroids, have increased several
fold over the last decade (fig 9) and are a
further possible explanation for the reduction in
asthma mortality and admission rates. Higher
dose inhaled steroids were registered in New
Zealand for use by "specialist physicians" only
in 1985. This would have meant that patients
who were at greatest risk of further morbidity
or of mortality would have been channelled
into using the high dose inhaled steroids soon
after their release from hospital. Perhaps as a
reflection of this, readmissions for asthma be-
gan to fall substantially in 1986 (fig 5), three
years before the fenoterol studies were first
published. High dose inhaled steroids were
made available to general practitioners sub-
sequently in 1987 and first admissions with
asthma began to fall two years later. The pre-
scription of these drugs indicates an increasing
use of "disease modifying" drugs and may also
reflect heightened awareness of, and general
improvements in, asthma management - that
is, they may be a marker of good general care
as is suggested in our study of peak flow meter
usage.59 Despite the fact that inhaled steroids
would have been channelled for use in the most
severe subgroups ofasthmatic patients and that
there was relatively little use of high dose in-
haled steroids at the time the Wellington re-
search group's studies were undertaken,'5"'7
none of the studies showed a positive as-
sociation between inhaled steroids and mor-
tality. The Saskatchewan study79 actually
suggests that higher dose inhaled steroids are
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protective of mortality or severe life threatening
attacks. Clinical experience in New Zealand
suggests that it has been the increased use
of appropriate doses of inhaled steroid80 and
associated strategies which have had the great-
est impact on morbidity. Although there is a
paucity of dose-response data in the literature,
it is acknowledged that escalating doses of in-
haled steroids lead to an improvement in
asthma control and allow reduction or with-
drawal of systemic steroid therapy.8'-83 In-
creasing use of higher doses of inhaled steroids
represents the biggest change in asthma drug
management over the latter part of the 1980s
(figs 6 and 9), and its potential impact would
be difficult to ignore. Furthermore, other coun-
tries where inhaled fenoterol was either not
registered or where it has not been restricted are
beginning to experience reductions in asthma
mortality and admission rates as higher doses of
inhaled steroids are increasingly prescribed.8485

Summary
Increasing financial barriers to primary health
care against a background of social and eco-
nomic decline are likely to have contributed
to asthma morbidity and mortality in New
Zealand. Although there would not have been
a sufficient increase in asthma prevalence to
have accounted for the threefold increase in
mortality rates, whether or not there was an
increase in asthma severity in the late 1970s
remains open to debate. Misuse or poor use
of newly available and potent bronchodilator
medications by those with the most severe
asthma may simply have contributed to further
delays in obtaining appropriate care and there-
fore to an increase in frequency ofsevere attacks
in the community. Despite substantial increases
in the use of bronchodilator therapy in New
Zealand, there was no immediate improvement
in indices of either asthma morbidity or mor-
tality. The initial reduction in mortality rates
in the 1980s happened at a time when first
admissions for asthma were still increasing and
seems to be best explained by an improvement
in utilisation of hospital services (which were
free until 1992) rather than a reduction in
asthma severity. However, the recent re-
ductions in all measures of asthma morbidity
and the further reduction in asthma mortality
since 1989 does now suggest a reduction in
asthma severity and would be best explained
by the substantial increase in medium and high
dose inhaled corticosteroid use, and to the
endorsement of the current management strat-
egies for asthma which are being promoted
internationally8687 and which were given con-
siderable publicity in New Zealand in 1989
and 1990. Whilst sales of inhaled ,B agonists
were higher in 1991 than 1989, this may not
reflect their pattern ofuse by individual patients
since the need for an increase in inhaled P
agonist treatment has been accepted as in-
dicating a lack of control and the need for
either starting or increasing the dose of inhaled
steroid treatment.
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