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Many markers of asthma morbidity have shown substantial
increases over the past two decades, including family phy-
sician visits, use of anti-asthma medications, emergency
room visits and hospital admissions. The reported preva-
lence of diagnosed asthma and of wheezing has increased,
especially in children, with accompanying evidence of in-
creased atopy and increased airway responsiveness. Aller-
gen exposure and parental smoking are significant risk
factors for childhood wheezing, whereas the influence of
outdoor air pollution is uncertain. Increasing use of beta-
agonist treatment, which appears to increase the severity of
asthma by increasing early and late responses to allergen,
may contribute to increased morbidity and mortality, espe-
cially if potent beta-agonists are used. Risk factors for
asthma mortality include age, smoking, allergy and airway
lability, as well as over-reliance on beta-agonists and poor
compliance with other aspects of treatment. Following
withdrawal of the potent beta-agonist fenoterol in New
Zealand, both hospital admissions and mortality from
asthma fell abruptly. Continued patient and physician edu-
cation, with emphasis on avoidance of risk factors and use
of appropriate treatment, should reduce morbidity and mor-
tality from asthma in Canada.
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Tendances épidémiologiques dans I’asthme

RESUME : De nombreux marqueurs de la morbidité liée a I’as-
thme ont démontré des augmentations substantielles au cours des
vingt dernieres années, y compris les visites chez le médecin de
famille, I’utilisation des anti-asthmatiques, les visites a I’urgence
et les hospitalisations. L’incidence rapportée de 1’asthme diag-
nostiqué et des sibilances a augmenté, surtout chez les enfants et
s’accompagne de signes d’atopie et d hyperréactivité bronchique.
Les expositions aux allergenes et le tabagisme parental sont des
facteurs de risque significatifs pour le développement de sibi-
lances chez ’enfant, tandis que 1’influence de la pollution de 1I’air
extérieur n’est pas certaine. L utilisation accrue de béta-agonistes
pour le traitement de 1’asthme, qui semble accroitre la sévérité de
I’asthme en augmentant les réponses précoces et tardives aux
allergenes, pourrait contribuer a faire augmenter la morbidité et la
mortalité, surtout si des béta-agonistes puissants sont utilisés. Les
facteurs de risque pour la mortalité due a I’asthme comprennent
I’age, le tabagisme, 1’allergie et la labilité bronchique, ainsi qu’une
trop grande confiance envers les béta-agonistes, et une observance
médiocre des autres aspects du traitement. En Nouvelle-Z¢lande,
apres le retrait du fénotérol, un puissant béta-agoniste, les hospi-
talisations ainsi que la mortalit€¢ dues a I’asthme ont chuté
soudainement. Une éducation continue des patients et des
médecins qui met I’accent sur 1’éviction des facteurs de risque et
sur I'utilisation d’un traitement approprié devrait réduire la mor-
bidité et la mortalité dues a I’asthme au Canada.

TRENDS IN ASTHMA MORBIDITY
Precise measurement of the prevalence of asthma is diffi-
cult, but a number of markers have been used to determine
the burden of illness and to follow trends in morbidity. A
1988 report from the United Kingdom noted that the number
of patients consulting their general practitioner had increased

by over 80% between 1970 and 1982, prescriptions for anti-
asthma drugs increased by 70% between 1977 and 1986, and
hospital discharges increased by 100% between 1979 and
1984 (1). These trends suggested a substantial increase in
morbidity from asthma in the United Kingdom during the
1970s and 1980s.
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Figure 1) The ratio of attendances for asthma to all emergency
room attendances () compared with the ratio of attendances for
nonasthma respiratory conditions to all attendances (1) in an
Australian children’s hospital (reprinted from reference 3: Kun HY,
Oats RK, Mellis CM. Hospital admissions and attendances for
asthma — a true increase? Med J Aust 1993;159:312-3. ©Copyright
1993 The Medical Journal of Australia. Reproduced with permis-
sion)

Emergency room visits for asthma are more easily ascer-
tained than general practice visits. In Oregon, asthma epi-
sodes among children from birth to 14 years of age were
estimated from emergency room attendances of health plan
members (2). It was estimated that the number of emergency
room visits by these individuals rose fourfold in 20 years,
from 200/100,000 person-years in 1967-69 to over
800/100,000 person-years in 1985-87. The increase was
more substantial in boys and less evident in girls. In an
Australian children’s hospital, the ratio of emergency room
attendances for asthma to the total number of attendances
was compared with the ratio of attendances for nonasthmatic
respiratory conditions to total attendances during the period
1979 to 1989 (3). The proportion of asthma attendances
increased threefold, while nonasthma respiratory attendances
at emergency rooms were stable (Figure 1).

Hospital admissions represent asthmatics of an even
greater severity. In the same Australian children’s hospital,
the ratio of admissions for asthma to total admissions ap-
proximately doubled from 1979 to 1989, while the ratio of
nonasthma respiratory admissions to total admissions re-
mained stable (3). The increase in hospital admissions of
children with asthma, which has been seen in many countries,
appears to be more marked among the young, particularly
from birth to four years of age, and is less marked among
children five to 17 years of age, as reported from the United
States National Center for Health Statistics (4). The increase
in admissions in the United States is much more striking in
urban African-American children than in urban Caucasian
children or rural children (5). In the United Kingdom, admis-
sions for childhood asthma were again more clearly increas-
ing among children from birth to four years of age, followed
by children five to 14 years of age, with only slight increases
in older populations (6).
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Figure 2) Sales of anti-asthmatic drugs in five Nordic countries.
DDD Defined daily dose (reprinted with permission of the publisher
from reference 8: Klaukka T, Peura S, Martikainen J. Why has the
utilization of antiasthmatics increased in Finland? J Clin Epidemiol
1991;44:859-63. Copyright 1991 by Elsevier Science Inc)

Drug sales are a less direct marker of morbidity, because
anti-asthmatic drugs may also be used for nonasthmatic air-
flow obstruction such as bronchitis and emphysema. How-
ever, a New Zealand study found that 80% of sales of
salbutamol were for asthma (7). In five Nordic countries
(Sweden, Denmark, Norway, Finland and Iceland) studied
from 1980 to 1989, there was a significant upward trend in
drug sales approximating a twofold increase in each country
(8) (Figure 2). More important, the number of drugs pre-
scribed per patient increased significantly. In 1976, 35% of
asthmatic patients in Finland received no medication. A fur-
ther 35% received only one drug, 21% two drugs and 9%
three or more drugs. By 1987, only 17% received no medica-
tion, 26% received one drug, 28% two drugs and 29% three
or more drugs. Hence, not only is there more asthma, but
more drug therapy is being used for individual asthmatics to
control asthma (8). This may represent better care, but could
also reflect more severe disease.

Serial measurements of community prevalence of disease
pose several difficulties because of changing populations,
changing methodology, and an increased awareness of
asthma and readiness to use the label ‘asthma’ for wheezing
disorders. Reported prevalence of diagnosed ‘asthma’ in pri-
mary school children in Australia increased from less than
5% in 1967 to over 15% by 1990 (9). However, a substantial
proportion of this increase may be due to diagnostic classifi-
cation, resulting from greater recognition of wheezing as
asthma (10). A similar review of the prevalence of recent
‘wheezing’ (occurring within the previous 12 months) in
primary school children in Australia shows that prevalence
has increased from 10% to 15% in the early 1980s to 20% to
25% in the early 1990s (9). Prevalence studies in other
countries have similarly shown increases when either wheez-
ing or asthma has been the subject of study, but increases in

Can Respir J Vol 3 No 4 July/August 1996



‘asthma’ prevalence are generally greater than increases in
wheezing, suggesting a diagnostic trend towards a label of
asthma (11).

A number of investigators have administered identical or
near-identical questionnaires in the same region to the same
age group at intervals of years or decades. One of the most
well-known was undertaken in Aberdeen, Scotland in 1964
and repeated in 1989 (12). In that study, the prevalence of
wheezing increased from 10% in 1964 to 20% in 1989,
shortness of breath from 6% to 10%, and asthma from 4% to
10%. The prevalence of other atopic diseases also increased,
eczema rising from 6% to 12%, and hay fever from 3% to
12%. The recognition of wheezing as being due to asthma
also changed between the 1964 and 1989 survey. In 1964, of
all those with wheezing, only 27% had a label of asthma,
whereas by 1989 this had increased to 50%. Those with one
to three episodes of shortness of breath per year were labelled
as asthmatic in only 25% of cases in 1964, whereas by 1989,
this label was given to 70%. Those with more than five
episodes per year were recognized as having asthma in only
60% of cases in 1964, but in almost 90% in 1989 (Figure 3).
Hence, the increasing prevalence of reported ‘asthma’ can be
substantially explained by an increasing recognition that
wheeze, particularly more frequent wheeze, is due to asthma.

In a further study of eight- to 13-year-olds in Aberdeen in
1994, the prevalence of wheeze in the previous three years
had increased from 19.8% (95% CI 18.8 to 21.2) to 25.3%
(24.0 t0 26.7) between 1989 and 1994, and diagnosed asthma
had increased from 10.2% (8.9 to 11.0) to 19.5% (18.3 to
20.7). The proportion of wheezing diagnosed as asthma had
increased from 49% to 64% (13).

Objective markers of asthma, or airway responsiveness,
may be more reliable indicators of changes in prevalence than
symptoms or diagnosis alone. Burr et al (14) performed
exercise tests on 12-year-old children in South Wales in 1973
(n=818) and 1988 (n=960). The prevalence of wheeze had
increased from 6% to 12%, while a history of hay fever
increased from 9% to 15% and of eczema from 5% to 16%.
There was objective evidence of more exercise-induced fall
in peak flow in 1988 than in 1973, in that 4.1% had greater
than 25% fall in peak expiratory flow rate following stand-
ardized exercise in 1988, compared with 2.0% in 1973.

RISK FACTORS FOR ASTHMA

A number of factors may play some role in the increased
prevalence of asthma. Those that have been most clearly
defined in children are increasing atopy, environmental to-
bacco smoke exposure and early childhood infection. The
role of air pollution is uncertain but probably is not of major
importance as an initiating factor in asthma. In most coun-
tries, air pollution has decreased, yet asthma has increased.
Air pollution may have an influence on manifestations of
atopy, as may smoking (15). Occupational exposures are
significant risk factors for adult-onset asthma, although the
increasing prevalence is in part due to increased recognition
of this condition and acceptance of a wider range of sensitiz-
ing or irritant substances as being causally related.
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Figure 3) Prevalence of wheeze, diagnosed asthma, hay fever and
eczema in Aberdeen, Scotland children studied in 1964 and 1989
(adapted with permission from reference 12: Ninan TK, Russell G.
Respiratory symptoms and atopy in Aberdeen schoolchildren: evi-
dence from two surveys 25 years apart. BMJ 1992;304:873-5)

Evidence of increasing atopy comes from a number of
studies. Taylor et al (16) reviewed the prevalence of eczema
in early childhood in three studies. Six-year-olds born in 1946
had a prevalence of eczema of 5%, whereas seven-year-olds
born in 1958 had a prevalence of 7.5%, and five-year-olds
born in 1970 had a prevalence of 12%. Although the ages and
the questions were slightly different, this finding strongly
suggested an increasing prevalence of atopic dermatitis.
Nakagomi et al (17) reported on levels of specific immuno-
globulin (Ig) E in 13- to 14-year-old school girls in Japan,
who had specific IgE to one or more of 16 allergens tests. The
prevalence of specific IgE was 21.4% in 1978 and increased
t0 25.0%, 35.5% and 39.4%, respectively, in 1981, 1985 and
1991. Evidence of an increasing trend to atopic disease is
seen in many countries, but the reasons for this are not
defined. The effect of dietary changes over the years is one
hypothesis, but data are not yet convincing.

The effect of maternal smoking in early childhood has
been identified in several studies as a risk factor for develop-
ment of wheezing symptoms and of airway hyperresponsive-
ness (AHR) in young children. Frisher et al (18) showed that
among 1812 first-grade children who participated in an exer-
cise test of airway responsiveness, exposure to maternal
smoking during the first year of life increased the odds ratio
for exercise airway responsiveness to 2.82 (95% CL 1.25,
6.34). This and other studies (19,20) have shown that mater-
nal smoking is a more potent provocation to development of
wheezing than is paternal smoking. Intrauterine exposure and
exposure during the first few months of life appear to be
critical in increasing the risk of wheezing in the young child
(21,22).

Data from a longitudinal study of New Zealand children
demonstrate that those who have histories of childhood
wheezing and who are exposed to parental smoking have
progressively impaired lung function over late childhood and
early adolescence, whereas wheezing children not exposed to
parental smoking show improvements in lung function with
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return to normal or near normal by age 15 (23). Hence,
passive smoking may be associated not only with the devel-
opment of early childhood asthma, but also with its persist-
ence and worsening over time.

The impact of outdoor air pollution on development of
asthma, and on increasing morbidity from asthma, remains
uncertain (24). While episodes of markedly increased air
pollution are associated with increased hospital admissions
for asthma (indicating an exacerbating effect on preexisting
asthma) (25), prevalence rates for asthma are lower in areas
of high pollution (eg, the former East Germany) than in less
polluted areas (the former West Germany), suggesting that
development of asthma is not directly influenced by outdoor
air pollution (26). In a four-centre comparison in Canada,
respiratory symptoms were higher in Hamilton, a more in-
dustrial city, than in Vancouver, but this may reflect more
than simply ‘asthma’ (27).

Indoor air pollution, particularly exposure to house dust
mite allergen and to animal dander, especially cats, is a major
risk factor for development of asthma in many countries (28).
Peat and colleagues (29) in Australia showed in a population
sample of 1339 children aged eight to 11 years that the odds
ratio for developing asthma was markedly elevated at 7.0 if
the subject was house dust mite-sensitive. The development
of symptoms of both asthma and of AHR related strongly to
the degree of house dust mite sensitivity. In these children in
Sydney, the mean level of house dust mite allergen Der p Iin
the home was 22.5 pg/g of dust, a very high level of exposure
and typical of many areas in Australia and New Zealand.

The relative contribution of many factors in infancy and
early childhood to the development of childhood asthma has
been studied in a cohort of New Zealand children followed
from birth to age 18 years (30). Male sex was a significant
independent predictor for atopy, AHR, hay fever and asthma
developing by age nine. A positive family history, especially
maternal, of asthma strongly predicted childhood atopy,
AHR, asthma and hay fever. Maternal smoking in the last
trimester of pregnancy was related to the onset of asthma by
age one (P=0.049). The number of siblings, position in the
family, socioeconomic status and birth-weight were not con-
sistently predictive of any characteristic of asthma in that
study, although others have reported small effects related to
each of these factors (31-36).

INCREASING SEVERITY OF ASTHMA

There is considerable evidence to suggest increasing se-
verity of asthma, including increased hospital admissions for
asthma (which have exceeded any increase in prevalence),
which is not explained by admission of patients with less
severe asthma. On the contrary, the severity of asthma in
those now admitted to hospital is at least equal to that of one
or two decades ago, and is probably greater (37). Despite
increasing sale of anti-asthma drugs, which are used primar-
ily for asthma, many prevalence studies report apparent un-
dertreatment of asthma. These features are consistent with
the impression that not only has there been a gradual increase
in prevalence of asthma, but there has also been a substantial
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(and more striking) increase in severity of asthma, which
accounts for many of these trends.

Among factors that may have contributed to an increase in
severity of asthma are increased exposure to allergen, per-
haps related to changes in housing with greater insulation,
warmth and humidity favouring house dust mite survival and
proliferation (38), and the ubiquitous nature of cat allergen,
which is widespread throughout the community even where
no cat is present (39).

A major cause of controversy is the suggestion that certain
treatments of asthma may increase morbidity and severity.
Particular emphasis has been placed on the role of short
acting inhaled beta-agonists which, when used frequently,
particularly in high dosage, may increase severity of asthma
by increasing airway responsiveness (40). Adverse effects
were most clearly documented in a randomized, placebo
controlled, crossover study in New Zealand, in which 64
patients were randomized to receive either fenoterol dry
powder 400 ng qid or matching placebo for 24 weeks and
then crossed over to the alternate regimen (41,42). In this
study, there was clear evidence of deterioration in asthma
control during regular inhaled beta-agonist treatment, with
lower forced expiratory volume in 1 s (FEV1), lower vital
capacity, increased airway responsiveness, lower morning
peak flow rates, increased diurnal variation in peak flow,
earlier occurrence of exacerbations and slightly greater
number of exacerbations during regular treatment. Overall,
70% of subjects showed worse control during regular treat-
ment (P=0.003). This deleterious effect of large doses of
beta-agonist may be a substantial factor accounting for the
increased severity of asthma, which affects trends in morbid-
ity, including emergency room and hospital visits, anti-
asthma drug sales and perhaps mortality.

Confirmation that regular use of beta-agonist can increase
the severity of asthma has come from carefully controlled
studies in Saskatoon and Hamilton. Regularly inhaled salbu-
tamol, two puffs qid for one or two weeks, increased the
severity of the early response (43) and the late response (44)
to allergen challenge. By using induced sputum to study
airway inflammation, it has been shown that the regular use
of inhaled salbutamol increases the number of blood eosino-
phils and neutrophils, and the influx of metachromatic cells
24 h after allergen (45). Regular inhalation of salbutamol has
also been shown to increase exercise-induced bronchocon-
striction (46).

While a few studies have not found any deleterious effect
of regular salbutamol on control of asthma, (47,48), several
preliminary studies report benefit from reduction of beta-
agonist use in reducing morbidity and mortality (49-51).

TRENDS IN ASTHMA MORTALITY
Two epidemics of asthma mortality have been docu-
mented. The first occurred in Australia, New Zealand and the
United Kingdom between 1964 and 1968, associated in time
with the marketing in these countries of high dose iso-
prenaline (52). Appropriate studies to determine the cause of
the epidemic were not undertaken, but the rise in deaths

Can Respir J Vol 3 No 4 July/August 1996



Epidemiological trends in asthma

3

2.0
Rate
per 1.5
100,000. @ Total population
population O 5-34yearolds

1.0

0.5 M

0 T T T T T 1
1965 1970 1975 1980 1985 1990 1995

year

Relative
risk

<39 4069 >70 never <20 >20 <045 >045 >70 40-69 <40 15-24 2549 >50

Age Smoking Eosingphils FEV, Reversibility
(years) (pack-years) (x10°n) (% predicted) (%)

Figure 4) Asthma mortality rates in Canada 1970 to 1993, for total
population, and for five- to 34-year-olds. Data from Health and
Welfare Canada

concomitant with marketing of this high dose inhaler and the
subsequent fall in deaths when warnings were issued about
the possible link with this preparation suggested that there
may have been an association. This was debated for two
decades without resolution, but recent studies have shed
further light on this issue.

The second epidemic of asthma mortality occurred only in
New Zealand, where in 1977 there was an abrupt increase in
mortality among young people five to 34 years of age, from
rates of 1.5/100,000, up to and exceeding 4.0/100,000 (53).
This trend persisted over several years, leading to a number
of investigations. At the same time, a more gradual upward
trend in asthma mortality was observed in many other coun-
tries, including the United States, where deaths in young
people from birth to 34 years of age increased from a nadir of
220 deaths in 1977 to over 500 deaths in 1987 (54). In the
United Kingdom, mortality from asthma in all age groups
increased significantly in both males and females from a
nadir in 1976 of 1.6 (males) and 2.1 (females) to levels
around 3.0 /100,000 for both sexes in 1991 (55). In Canada,
mortality in young people aged five to 34 years more than
doubled between 1970 (0.21/100,000) and 1986
(0.51/100,000), but since 1987 has been gradually decreasing
towards the level of the 1970s (Figure 4).

RISK FACTORS FOR ASTHMA MORTALITY

Cohort studies have been undertaken examining the cir-
cumstances surrounding deaths of asthmatics in New Zea-
land (56-58), the United Kingdom (59,60) and the United
States (61,62). These studies have consistently revealed that
asthma mortality is associated with poor patient compliance,
discontinuity of medical care, a history of previous life-
threatening attacks, underassessment of severity, overreli-
ance on bronchodilators, underuse of corticosteroids, both
long term and during the acute attack, and delays in seeking
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Figure 5) Relative risks for mortality in a prospective Netherlands
cohort of asthmatics. FEV| Forced expiratory volume in 1 s
(adapted with permission from reference 64: Ulrik CS, Frederiksen
J. Mortality and markers of risk of asthma death among 1,075
outpatients with asthma. Chest 1995;108:10-5)

help during the acute attack. Most deaths from asthma are
associated with a gradual deterioration over hours, days or
weeks, in which many factors play a part including psycho-
logical features of the patient and family, with compounding
social, cultural and economic factors, which often lead to
acceptance of disability and disregard of asthma symptoms.
These may in turn lead to late presentations for acute care of
severe episodes and poor use of corticosteroids. These cir-
cumstances result in death that should have been preventable.
A small group of patients have acute severe episodes with
sudden onset of severe airway closure leading to death within
minutes or 1 to 2 h at most. These acute episodes may be
associated with severe allergen exposure and anaphylactic-
type reactions, but mechanisms have not been fully eluci-
dated (63).

Although many studies have examined circumstances un-
der which patients with severe asthma die, and blame has
been attributed to noncompliant patients, impaired access to
care, medical mismanagement and many other factors, a
fundamental question cannot be answered by cohort and case
control studies. Why did the patient have asthma of such
severity as to be at risk of a fatal attack? Several charac-
teristics of asthma can be used to predict risks of death, as
shown in a longitudinal follow-up study by Ulrik and
Frederiksen (64), who reviewed a cohort of asthmatics in the
Netherlands followed over many years. Relative risk of death
increased with increasing age, particularly over 70 (relative
risk 8.5 compared with age under 40) and with smoking over
20 pack-years (relative risk 5.9 compared with never-smok-
ers) (Figure 5). Blood eosinophilia greater than 0.45x10°/L
gave a relative risk of 7.4 compared with eosinophilia below
that level. Risks associated with impaired lung function were
interesting, and somewhat different from what might have
been expected. Compared with those with FEV greater than
70% predicted as the reference group, those with FEV | 40%
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Figure 6) Relationship between sales of beta-agonists (O) in the United Kingdom and trends in asthma mortality (@), 1980 to 1990. A and
B show the same data plotted using different Y-axes (reprinted with permission from reference 69: Taylor DR, Sears MR. Regular
beta-adrenergic agonists. Evidence, not reassurance, is what is needed. Chest 1994;106:552-9)

to 69% predicted had the highest relative risk of 4.9, while
those with FEV| less than 40% predicted had a lesser in-
creased risk of 3.3, indicating that those with more severe
airflow obstruction are at lower risk than those with moderate
airflow obstruction. This is perhaps further explained by their
findings regarding reversibility. Compared with those with
15% to 24% reversibility, taken as the reference group, those
with 25% to 49% reversibility had a relative risk of 2.7 and
those with greater than 50% reversibility had a much higher
relative risk of 7.0. Hence, those with more reversible
asthma, whose lung function may not be as severely ob-
structed, and those with marked increase in eosinophilia are
at particular risk of death from asthma. One might infer that
these patients are more susceptible to sudden acute episodes
of asthma when exposed to allergen.

The impact of drug treatment on asthma mortality has
been debated widely over recent years. The most well-known
study was conducted in Saskatchewan, where a dose-re-
sponse relationship between the number of inhalers of betaz-
agonist used per year and the risk of death was found (65).
The relative risks were higher for those using fenoterol,
which was marketed at 200 ug per puff, compared with
salbutamol, marketed at 100 ug per puff, but when the drugs
were adjusted for dose equivalence, remarkably similar rela-
tive risks were associated with increasing use of inhalers.
Nevertheless, the highest risks still pertained to use of more
than 13 fenoterol inhalers per year. This study can be inter-
preted as showing that increased use of beta-agonist inhalers
is a marker of severity of asthma, indicating an increased risk
of mortality, or alternatively that increased use of inhalers
may be causally associated with increased mortality. This
question cannot be fully answered by this or any other case
control epidemiological studies, although the risks associated
with beta-agonist use were not substantially altered by ad-
justing for confounding factors (66). A trend to increasing
inhaler use is a major predictor of an unfavourable outcome.
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An increase in use of one inhaler per month is a serious
warning of an impending life-threatening attack of asthma
(67). The findings from the randomized controlled trial of
regular fenoterol versus as-needed beta-agonist would lend
support to the hypothesis that increasing use of beta-agonist
may per se increase severity of asthma and therefore increase
the risk of fatal asthma (40-42).

In response to concerns about the safety of beta-agonist
treatment, various advisory groups and administrations have
looked at the available data. The Committee on Safety of
Medicines in the United Kingdom plotted the threefold in-
crease in prescriptions of beta-agonists between 1980 and
1990, from less than four million to approximately 11 million
during this time, against mortality from asthma in all age
groups and in the under 65-year-olds, showing an apparent
disassociation with mortality being virtually stable while
prescriptions increased threefold (68). However, the graph is
falsely reassuring, because mortality rates were plotted on a
very wide scale, making the upward trend appear almost flat.
Replotting these data on a more appropriate scale suggests
that there could be a relationship between increasing sales
and increasing mortality (69). Neither plot proves or dis-
proves the association, but the initial presentation may be
falsely reassuring (Figure 6).

Some have expressed doubts about the hypothesis that
frequent use of beta-agonists may increase severity of asthma
leading to increased morbidity and mortality (70-72). This is
understandable given that most asthmatics have mild asthma,
and a small shift in severity within the mild asthmatic group
would not be appreciated because of the variable nature of
asthma, unless specific studies are undertaken. However,
given that a few subjects may move from having mild asthma
to moderate asthma, at which time they are likely to be given
more beta-agonist and more potent beta-agonists when these
are marketed (eg, high dose isoprenaline and fenoterol), it is
likely that some individuals developed even more severe
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asthma and this accounted for increasing morbidity as meas-
ured by general practitioner visits, hospital admissions, emer-
gency room visits, etc. With increased severity, these patients
were given high doses of beta-agonists along with other
treatments including corticosteroids, but several studies have
now clearly shown that even high dose inhaled cortico-
steroids do not protect against the deleterious effect of regular
beta-agonist use. This hypothesis explains the increased
number of people at risk of death from asthma, because of the
increased pool of severe asthmatics. Within that group at
higher risk, adverse circumstances, including social, ethnic
and medical management and access issues, may all conspire
to provide the scenario during which a severe attack of
asthma may be fatal (40,65).

Recent trends in morbidity and mortality in New Zealand,
following the withdrawal of fenoterol in 1990, are strongly
supportive of this hypothesis. Not only has mortality fallen
abruptly, to rates below those pertaining before the epidemic
began in the mid-1970s, but morbidity has also fallen abruptly
as measured by hospital admissions and emergency room
visits (73) (Figure 7). The severity of disease in subjects who
have been weaned off high dose fenoterol or frequent use of
salbutamol has generally decreased. A decrease in morbidity
and severity of asthma clearly cannot be related to any car-
diac effects of beta-agonist. Hence it is also most unlikely
that the increase then decrease in mortality is related to
cardiac toxicity, but rather relates to changes in asthma sever-
ity.

Several allergen-related factors may increase the severity of
asthma, to which attention can also be directed to reduce severity
and improve morbidity and mortality. These factors include
the degree of allergen exposure, the potential for masking of
ongoing inflammation by reliance on symptomatic treatment,
as well as the direct deleterious effects of frequent use of a
beta-agonist, at least in part due to their documented ability
to increase both the early asthmatic reaction and the late
asthmatic reaction to allergen inhalation (43,44).
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