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CHAPTER 1
Epidemiology of Asthma Mortality

C. Richard W. Beasley, Neil E: Pearce and Julian Crane

Wellington Asthma Research Group, Department of Medicine, Wellington School of Medicine,
Wellington South, New Zealand
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1. Introduction

The epidemiology of asthma mortality has been controversial since Osler stat-
ed in the Principles and Practice of Medicine, published in 1901, that the “the
asthmatic pants into old age” [1]. Certainly asthma deaths were rare in the first
half of this century, although since this time, the patterns of asthma mortality
have become considerably more complex. There have been epidemics of asth-
ma deaths in six Western countries in the 1960s, and again in New Zealand in
the 1970s. Another feature observed in many countries has been a more grad-
ual increase in asthma mortality, which commenced in the 1940s and has been
particularly marked in the 1970s and 1980s. During the 1990s, mortality has
declined in some, but not in other countries. In this chapter, we commence by
briefly considering issues relevant to the interpretation of long-term time
trends in asthma mortality. We then discuss the international trends in asthma
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mortality throughout the 20th century, focusing primarily on the possible caus-
es for the mortality epidemics and the gradual rise in asthma mortality which
has occurred over recent decades. Finally, we review markers of an increased
risk of asthma mortality, the characteristics of patients experiencing a fatal or
near fatal attack of asthma, and factors that can provoke such episodes.

2. Long-Term Time Trends
2.1. Validity of Mortality Data

International time trends in asthma mortality are inherently difficult to inter-
pret due to the many different factors that may change in different countries
over this time. It is crucial that the mortality data is valid, and in this respect a
number of key issues need to be considered including the accuracy of death
certificates, changes in disease classification, and changes in diagnostic fash-
ion [2].

Almost all comparative studies of asthma mortality have been confined to
the 5 to 34 years age group, because the diagnosis of asthma mortality is more
firmly established in this group [3]. By eliminating younger children in whom
the diagnosis may be confused with other conditions such as bronchiolitis, and
older patients in whom it may not be possible to differentiate the diagnosis of
asthma from chronic bronchitis and emphysema, routine death certificates
have been shown to be reasonably accurate. For example, Sears et al. [4]
observed that in patients aged 5 to 34 years, the recorded information was con-
sidered accurate in 98% of all certified deaths, and in 100% of deaths coded as
asthma in national mortality data (Fig. 1). The accuracy declined with increas-
ing age and was less than 70% in those aged 65 years or more. Most studies of
this type have only examined the possibility of false positive reporting (i.e.
deaths from other causes being falsely attributed to asthma). However, in one
study in which false negative reporting was examined (i.e. asthma deaths being
falsely assigned to other categories), it appeared to be very rare [5].

Changes in disease classification are also of concern, as the International
Classification of Diseases has gone through several major changes in coding
practices for asthma deaths since the early 1900s [6]. These largely involved
changes in the coding of deaths due to “Asthma and bronchitis” which were
assigned to bronchitis during some periods and to asthma during others
(Tab. 1). However, these changes have primarily affected the data for the older
age-groups, and they appear to have had little effect on the key trends in the
5-34 age group [2]. For example, the most important revision occurred with
the change from ICD-4 to ICD-5, when the method of coding the underlying
cause of death was changed, but no major changes in mortality rates occurred
[2]. A further significant change occurred with the change from ICD-8 to
ICD-9; however, bridge coding exercises found that the maximum possible
increase that could be attributed to the change was approximately 5% [7, 8].
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Figure 1. Accuracy of certification of asthma deaths as judged by a review panel of physicians, of 492
cases with asthma in Part 1 of the death certificate or on the coroner’s report of cause of death.
(Source: adapted from ref. [4].)

Table 1. Changes to coding of asthma deaths during this century

Classification Years Comments

Bertillon 1908-1922 “Asthma and bronchitis” coded according to which was
judged to be underlying cause of death.

ICD 3 1923-1929 “Asthma and bronchitis” coded according to which was
judged to be underlying cause of death.

ICD 4 1930-1939 “Asthma and bronchitis” coded according to which was
judged to be underlying cause of death.

ICD 5 1940-1949 “Asthma and bronchitis” coded as bronchitis
“Asthmatic bronchitis” coded as asthma.

ICD 6 1950-1958 “Asthma and bronchitis” coded as asthma.

ICD7 1959--1967 “Asthma and bronchitis” coded as bronchitis, unless the
asthma was specified as allergic.

ICD 8 1968-1978 “Asthma and bronchitis” coded as bronchitis.

ICD 9 1979-1988 “Asthma due to bronchitis” coded as bronchitis.

“Bronchitis due to asthma” coded as asthma.

ICD 10 1989~ “Asthma due to bronchitis” coded as bronchitis.
“Bronchitis due to asthma” coded as asthma.
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The effects of changes in diagnostic fashion over time are more difficult to
assess, although several attempts have been made by simultaneously examin-
ing time trends in other respiratory diseases which could be confused with
asthma [2, 6]. In general; these exercises have found that changes in diagnos-
tic fashion could not account for the most striking time trends (such- as the
1960s mortality epidemics), but it is not possible to exclude changes in diag-
nostic fashion as a partial explanation for the more gradual changes in asthma
mortality.

It is with these considerations in mind that the different patterns of asthma
mortality that have been observed in different countries during this century are
discussed.

2.2. 1900 to 1960

Those western countries in which the relevant data has been published indicate
that asthma mortality was uniformly low and relatively stable between 1900
and 1940 (Fig. 2) [6, 9-11]. The death rate began to increase gradually in the
1940s in a number of countries including New Zealand and Australia, in which
a three-fold increase over a 15-year period was observed. Mortality declined
again in the late 1950s in New Zealand, England and Wales, but not in
Australia. In contrast, little change in asthma mortality rates was observed in
the USA during this period.

3 -
—®— New Zealand
—®— England and Wales
—&— Australia
5 —O— USA
14
0 T T T T T T T T T 1
1910 1920 1930 1940 1950 1960

Figure 2. Asthma mortality (per 100 000) in persons aged 5-34 years in New Zealand, Australia,
England and Wales; and the USA 1910-1960. (Source: adapted from refs. [6, 9-11])
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Although the interpretation of death rates over such an extended period is
difficult, the historical data is likely to be of acceptable accuracy in this age
group and the patterns observed did not appear to be due to changes in coding
or diagnostic fashion. Possible factors include an increase in asthma preva-
lence due to changes in environmental risk factors such as aeroallergens, diet,
smoking, occupational exposures, or the incidence of environmental protective
factors such as respiratory infections, as has been recently postulated [12].
Alternatively, the gradual changes in mortality could have been due to changes
in the management of asthma. In this respect, interest has focused primarily on
the introduction of isoprenaline as an atomiser spray during the 1940s when
mortality began to increase, and the introduction of corticosteroids in the
1950s when mortality declined. It is difficult to investigate these hypotheses,
because of the gradual nature of the changes and the lack of precise data on the
many different putative factors during this period.

2.3. 1960s Epidemics (Fig. 3)

In the mid 1960s, asthma mortality increased dramatically in at least six west-
ern countries; England and Wales, Scotland, Ireland, New Zealand, Australia
and Norway [13]. In these countries, the mortality rates increased two- to 10-
fold within a 2- to 5-year period (Tab. 2). Other countries such as the United

51

~— T v T v r— r . —r—r—r—r—
1960 1965 1970 1975 1980 1985 1990 1995
Figure 3. International patterns of asthma mortality in persons aged 5-34 years, 1960—1994, showing

the different trends. (l— M) New Zealand; (@—@®) England and Wales; (A—A) Australia; (A—A)
West Germany; (O—QO) Canada; (O—[J) United States. (Source: adapted from refs. [2, 29, 361)
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States, Denmark, Sweden, Canada, Germany and The Netherlands did not
experience epidemics, although in some countries such as Japan, significant
increases in asthma mortality were noted within more narrowly defined age
groups [14]. The initial detailed examination of mortality trends in England
and Wales concluded that the epidemic was real and was not due to changes in
death certification, disease classification or diagnostic practice [15]. The most
likely explanation was an increase in case fatality, possibly due to new meth-
ods of treatment. Interest focused initially on the possible role of pressurised
metered dose beta agonist aerosols which had been introduced in the early
1960s, however it was soon apparent that while this may explain the observed
trends in some countries such as England and Wales (Fig. 4) [16], it could not
explain the international patterns.

Subsequent examination of international time trend data suggested that the
epidemics were related to the use of a high-dose beta agonist acrosol isopre-
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Figure 4. Asthma mortality (per 100 000) in persons aged 5—34 years, compared with sales and pre-
scriptions of B-agonist preparations in England and Wales for 1959—-1968. (Reproduced with permis-
sion from ref. [16])



8 C.R.W. Beasley et al.

Table 3. Cross-classification of countries by presence or absence of an epidemic of asthma mortality
and presence or absence of sales of isoprenaline forte aerosols

Isoprenaline forte Aerosols

Epidemic of asthma

mortality in the 1960s Available Not available Total
Present 6 0

Absent 2 6 8
TOTAL 8 6 14

naline forte, which contained a concentration of isoprenaline two to eight
times greater than the standard isoprenaline MDI available in other countries
[13]. Epidemics occurred only in countries where the high-dose preparation of
isoprenaline was available, and in the two countries which marketed the high-
dose preparation and had no increase in mortality, it was introduced late into
their markets and per capita sales were low (Tab. 3). Countries such as the
United States, Denmark, Canada, Sweden and Germany that did not market
the high-dose preparation of isoprenaline did not experience an epidemic. In
countries experiencing epidemics, case series identified that many of the
patients who died from asthma had used excessive amounts of this drug in the
situation of severe asthma [17]. Unfortunately, formal analytical epidemiolog-
ical studies were not undertaken because the epidemic declined before there
was time to conduct them. Nevertheless the weight of evidence suggested that
the use of the isoprenaline forte inhaler was the major, although probably not
the only, cause of the epidemics of asthma mortality.

Although this isoprenaline forte hypothesis was subsequently disputed in
many texts and reviews, this reinterpretation was not based on any new sub-
stantial evidence, and in fact the further analyses that were undertaken
strengthened the original conclusions [18]. Alternative hypotheses concerning
under-treatment with oral or inhaled corticosteroids are implausible, since
such problems of under-treatment applied to most countries, irrespective of
whether they experienced epidemics, over a long period prior to, rather than
during the epidemics. The mortality rate declined following warnings from
regulatory bodies, a marked reduction in the sales of isoprenaline forte, and
other changes in medical practice.

2.4. The Second New Zealand Epidemic (Fig. 3)

A second asthma mortality epidemic began in New Zealand in the mid-1970s.
Jackson et al. [5] investigated the epidemic and concluded that it was real and
could not be explained by changes in the classification of asthma deaths, inac-
curacies in death certification or changes in diagnostic fashion, or changes in
the incidence or prevalence of asthma. The most likely explanation, as for the
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Table 4. Prescribed inhaled B-agonist and the relative risk of dying from asthma: results from pub-
lished epidemiological studies

Relative risk”

1st 2nd 3rd
Specific NZ NZ Nz Saskatchewan Saskatchewan Japanese
B-agonist Study Study Study Study (1) Study (2) Study®
Salbutamol 0.7 0.7 0.6 0.9 1.1 1.0
Fenoterol 1.6 2.0 2.1 5.3 11.8 5.0
Reference: [19] [20] [21] [24] [25] [28]

* Relative risk of death, unadjusted odds ratios
During the period of these studies salbutamol and fenoterol were available in preparations
dispensing 100 pg/puff and 200 pg/puff respectively
Saskatchewan Study: (1) case-control (2) cohort

#Based on market share; this study did not include a formal control group

1960s epidemics, appeared to be an increased case fatality rate related to
changes in the management of asthma in New Zealand.

These initial investigations led to the formal examination of prescribed drug
therapy and asthma mortality in New Zealand. In a series of three case-control
studies, which employed different methods and incorporated different data
sources, at different time periods throughout the epidemic, an increased risk of
asthma death was found in patients prescribed the beta agonist fenoterol but
not other asthma medications (Tab. 4) [19-21]. The association between
fenoterol and asthma deaths was particularly strong in subgroups with more
severe asthma, a pattern which essentially rules out the possibility that the
findings were due to confounding by severity [22], an interpretation that was
supported by more detailed analyses [23].

A subsequent case-control study from Saskatchewan, Canada also found
that the prescription of the high-dose preparation of fenoterol was associated
with an increased risk of death when compared with the more commonly pre-
scribed beta agonist, salbutamol (Tab. 4) [24, 25]. Although the authors raised
the possibility of a general beta agonist class effect, their subsequent analyses
indicated that these particular findings may largely be due to confounding by
severity [26].

Studies from two other countries have examined the issue of specific beta
agonist use and asthma mortality. A cohort study based in Germany found that
in older patients with chronic obstructive respiratory disease (CORD), the pre-
scription of fenoterol was associated with a 10-fold increased risk of mortali-
ty when compared with salbutamol [27]. More recently, an epidemiological
study in Japan has found a five-fold increased risk of mortality with fenoterol
in children [28].

By their nature, epidemiological studies such as those discussed are unable
to identify the underlying mechanisms by which the high-dose preparations of
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isoprenaline forte and fenoterol led to asthma mortality epidemics in the pop-
ulations in which they were widely used. There are two potential groups of
mechanisms that have been proposed [29-32]: those relating to the regular use
leading to worsening asthma control, and those relating to their over-use in the
situation of a life-threatening attack of asthma, in which the cardiac side-
effects are likely to be particularly harmful in the presence of severe hypoxia.
It is likely that both these groups of mechanisms are relevant to the increased
mortality associated with the use of fenoterol and isoprenaline, which are rel-
atively non-selective potent full beta agonists, and which have been shown to
have both greater adverse chronic and acute side-effects when compared with
other beta agonist drugs [29, 31, 33, 34].

Similar to the New Zealand experience with isoprenaline forte, the asthma
mortality rate fell dramatically with initial warnings and subsequent restriction
of fenoterol in New Zealand (Fig. 5). The time trend data were inconsistent
with other hypotheses that have been proposed including a class effect of beta
agonist drugs, under-prescribing of inhaled corticosteroids (during the epi-
demic New Zealand had the highest per capita use of inhaled corticosteroids),
or socio-economic factors [35]. Thus the epidemiological evidence suggests
that fenoterol was the major, although not the only, cause of the second New
Zealand asthma mortality epidemic, similar to the role of isoprenaline forte
during the first New Zealand asthma mortality epidemic.

n
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Figure 5. Asthma mortality (per 100 000) in persons aged 5-34 years (M), market share of fenoterol
() and overall B-agonist use by metered dose inhaler (O) in New Zealand. The data for 1989 are
divided into two periods due to the initial regulatory restrictions with fenoterol in mid-1989. (Source:
adapted from ref. [35].)
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2.5. Gradual Increase in Asthma Mortality

Although no other countries have apparently experienced epidemics, a more
gradual increase in asthma deaths has occurred in many countries during the
1970s and 1980s. This background increase has occurred not only in countries
which experienced the first epidemic of deaths in the 1960s, but also in other
countries unaffected by previous increases in mortality. It has been difficult to
determine the causes of this trend, as death from asthma is a complex phe-
nomenon and many factors relevant to the causation of asthma mortality have
changed to differing degrees in different countries during this period. Despite
this complexity, a number of observations can be made.

2.5.1. Magnitude: In a number of countries the magnitude of this “gradual”
increase has been substantial. For example, between the mid-1970s and mid-
1980s, the mortality rate increased by more than 40% in many countries
throughout the world (Tab. 5) [7, 29, 36]. In many of these countries, the
marked increases in mortality occurred after a period of previously stable asth-
ma mortality rates.

2.5.2. Variation: There is both a wide variation in the reported asthma mor-
tality rates in some countries with similar lifestyles and comparable approach-
es to the management of asthma (e.g. Australia, England and Canada), and
conversely, similar asthma mortality rates in other countries with different
lifestyles and approaches to the management of asthma (e.g. Japan, Sweden

Table 5. Asthma mortality (per 100 000) in persons aged 5—34 years in 15 countries between the mid-
1970s and mid-1980s

1975-1977 1985-1987 Percentage
Increase
Australia 0.86 1.42 65
Canada 0.33 0.47 42
Denmark 0.14 0.36 157
England & Wales 0.57 0.90 58
Finland 0.29 0.21 -28
France 0.24 0.51 113
Ttaly 0.05 0.17 240
Japan 0.44 0.59 34
Netherlands 0.20 0.22 10
Singapore 0.75 0.88 17
Sweden 0.37 0.54 46
Switzerland 0.31 0.45 45
USA 0.19 0.40 111

West Germany 0.59 0.78 32
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and the United States). There appears to be no unifying hypothesis that
explains this international variation.

2.5.3. Prevalence: The gradual increase in mortality rates has occurred during
the same period in which the prevalence of asthma has also increased. Asthma
prevalence studies which have been repeated during this period using stan-
dardised methods in the same population group, have observed a consistent
increase in the prevalence of asthma symptoms [37, 38]. This increase has
been observed in a wide range of countries with differing lifestyles and in
some countries has been of considerable magnitude.

In addition, available data suggest an increase in the prevalence of severe
asthma, as indicated by the international trends of increasing hospital admis-
sions for asthma in children. This increase, which began in the 1960s has been
most pronounced in the younger age groups (Fig. 6) [39]. Detailed studies of
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Figure 6. Admissions to hospital with asthma (per 100 000) in 0—14 year olds in a number of differ-
ent countries-since the 1950s. (Reproduced with permission from ref. [39]). ( ) Queensland,
Australia; (—-— ) Tasmania, Australia; () New Zealand; (- ) Canada; (----- ) England and
Wales; (——-) USA.
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the circumstances of the hospital admissions have established that these trends
cannot be completely explained by an increase in readmissions, diagnostic
transfer from related disease categories, or changes in medical practice such as
the threshold for admission, but are likely to reflect an increase in the preva-
lence of severe asthma [40]. Indeed, limited data suggest that the severity of
children hospitalised due to asthma may have actually increased during the
1980s [41, 42]. During the 1990s, the hospital admission rates have stabilised
or decreased in several countries including the United Kingdom [40] and New
Zealand [43].

2.5.4. Case Fatality Rates: It is evident from these considerations that when
making international comparisons of asthma mortality, it is necessary to also
consider the asthma prevalence rates in the countries being compared. This is
now possible with the standardised international asthma prevalence data pub-
lished from the European Community Respiratory Health Survey (ECHRS)
[43] and the International Study of Asthma and Allergies in Childhood
(ISAAC) [44]. These data have allowed an assessment of national case fatali-
ty rates which provides a different perspective of the international differences
in asthma mortality rates (Tab. 6). This specific analysis based on the ISAAC
data [45] indicates that amongst Western countries, a five-fold difference may
exist in the case fatality rates, defined by the ratio of the asthma mortality rates
to the prevalence rates of severe asthma within each country. This suggests that
while the prevalence of severe asthma is one determinant of asthma mortality
rates, other factors unrelated to the occurrence of severe disease may also play

Table 6. Comparison of asthma mortality rates with prevalence rates of severe asthma in 12 countries

Asthma Prevalence of

mortality rate severe asthma™ Ratio
Australia 0.86 8.3 0.10
Canada 0.25 8.0 0.03
England & Wales 0.52 8.7 0.06
Finland 0.21 3.1 0.07
France 0.40 2.8 0.14
Italy 0.23 2.0 0.12
Japan 0.73 2.1 0.35
New Zealand 0.50 8.0 0.06
Sweden 0.12 2.0 0.06
USA 0.47 10.0 0.05
West Germany 0.44 5.7 0.08

Asthma mortality rate (per 100 000) in persons aged 5-34 years in 1993

* Asthma prevalence rates defined as self-reported episodes of wheezing sufficient to limit speech in
previous 12 months, in 13-14 year old children, 1993-1995 (Source: adapted from ref. [45].)

NB: Mortality and prevalence data are not available in the same age group
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a major role. This approach also identifies countries such as Japan in which the
asthma mortality rates are disproportionately high in relation to the prevalence
of severe asthma. Investigations into the reasons for such variations have the
potential to identify the major risk factors for some of these international mor-
tality patterns.

2.5.5. Relationships Between Time Trends: When presented individually, the
trends in asthma prevalence, morbidity and mortality all suggest increases over
recent decades. When reviewed together, it is evident that there are differences
in these trends in terms of both the time-courses and the magnitude of the
changes [11]. This would suggest that a single explanation for the causes of
these trends is unlikely, and that there are significant differences in the relative
importance of the different risk factors contributing to such trends.

2.5.6. Population Groups: Analysis of trends in asthma mortality rates within
countries often reveals differences between specific population groups
[46—-49]. This is illustrated by studies from the USA, in which the asthma mor-
tality rates are greater in disadvantaged populations such as the Blacks and
Hispanics [46, 47], those who are poorly educated, live in large cities, or are
poor [11, 46, 47, 50]. It is likely that through the investigation of such high risk
populations, our understanding of the risk factors that contribute to asthma
mortality will be improved.

2.5.7. Environmental Exposures: One feature which is not evident from
national mortality data is the occurrence of epidemics in discrete locations,
associated with environmental exposures. Probably the best studied example is
that of the epidemics of life-threatening attacks of asthma (and fatal asthma)
in Barcelona in the 1980s, associated with environmental exposure to airborne
soybean dust [51, 52]. While the causative agent may be difficult to identify
with general environmental exposure, a wide range of sensitising agents have
been implicated in the occupational setting as causes of severe asthma [53].
These studies suggest that repeated environmental exposure to a single organ-
ic aeroallergen can lead to recurrent episodes of life-threatening attacks of
asthma in a community whenever exposure reaches a sufficient level.

2.5.8. Seasonal Trends: Seasonal trends in asthma mortality have been
observed in a number of countries including the United Kingdom (Fig. 7) [54],
France [55] and the USA [56]. In each of these countries, asthma mortality in
the 5 to 34 year age group is highest in the summer months, in contrast to the
older age groups, in which the peak occurs in the winter. It is likely that this
trend may relate to reduced access to or availability of medical care during the
summer holidays, in view of the associated reduction in hospital admissions
during this period [54, 56].
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401

Average percentage variation about the trend

Month

Figure 7. Average monthly variation in deaths from asthma in 5-34 year age group in England and
Wales 1960—82. (Reproduced with permission from ref. [54])

2.6. Most Recent Trends

There has been a gradual fall in asthma mortality since the late 1980s in some
but not all countries in which accurate mortality statistics are kept (Fig. 3).
Countries in which such reductions have been observed include Australia,
Canada, Denmark, West Germany, Sweden, England and Wales. It is possible
that this reduction may relate to changes in management, in particular the
greater use of inhaled corticosteroid therapy. In support of this view are the
studies which have shown improved clinical outcome with inhaled corticos-
teroid therapy [57], and their protective effects against mortality [58].
However, the time trend evidence is not conclusive in this regard, particularly
as some countries such as the United States and Japan have experienced
increases in mortality during this period, despite similar marked increases in
the use of inhaled corticosteroid therapy. It is likely that other (unknown) fac-
tors may well account for a significant component of the recent mortality
decline in those countries in which this trend has been observed.

3. Studies of Other Risk Factors for Asthma Mortality

Although most analytical epidemiological studies of asthma deaths have
focused on pharmacological risk factors, several case-control studies have
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examined other risk factors for asthma deaths. These risk factors can be cate-
gorised as involving characteristics of the disease (asthma severity) and char-
acteristics of the patient (such as psychosocial factors). These factors are rele-
vant both to clinicians who wish to identify patients who are at increased risk
of death and to epidemiologists who wish to control for asthma severity in
studies of asthma mortality.

3.1. Asthma Severity

A number of markers of asthma severity have been associated with an
increased risk of asthma death as listed in Table 7 [24, 59-61]. Amongst these
markers, a hospital admission for asthma in the previous 12 months, and the
occurrence of multiple hospital admissions for asthma in the previous 12
months are the most reliable and easily ascertained, and carry a greatly
increased risk of asthma death. However, they may be present in only about
one-half of cases dying from asthma, and so their absence does not necessari-
ly mean that a patient is not “at risk”. With respect to the use of “prescribed
oral corticosteroids” as a marker, the evidence is equivocal, probably because
this class of drugs may be beneficial in the severe group of patients to whom
it is prescribed; thus it may identify a high-risk group of patients, whose risk
is in turn lowered by use of oral corticosteroids.

Amongst patients with a recent hospital admission for asthma, the marker
associated with the highest risk of death is a previous intensive care unit
admission for asthma [60], and in particular the requirement for mechanical
ventilation, which has a 5-year mortality rate of about 20% [61]. The use of
other markers of acute asthma severity is difficult due to the poor quality and
paucity of available data. However, if available they contribute to the overall
assessment of risk, with a PaCO, of 45 mmHg or more being associated with
an up to four-fold risk of subsequent death, and a PEF of less than 100 l/min
being associated with an approximately two-fold risk of subsequent death [59,
61].

3.2. Characteristics of the Asthmatic

Several studies have examined characteristics of the asthmatic which may be
associated with an increased risk of death. In particular, it has been observed
that in addition to the underlying asthma severity, the risk of asthma death is
also associated with psychiatric disease, psychosocial problems, and other
psychological characteristics of the patient. These problems have been studied
in depth by Strunk et al. [63], who reported that children were at an increased
risk of asthma death if there were conflicts between the patient’s parents and
medical staff regarding management, depressive symptoms, or a disregard of
asthma symptoms. Other characteristics which have been identified in “at risk”
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patients include discontinuity of general practice care, poor compliance with
therapy, family dysfunction, poor social support, and risk-taking behaviour
[60, 64—-66].

One practical marker which can be used by clinicians or epidemiologists to
identify the existence of psychosocial problems is the prescription of psy-
chotropic drugs, such as antipsychotics and sedatives, the use of which are
associated with an increased risk of death [59, 61, 67]. The observation that the
past use of antipsychotics with recent discontinuation (as against continuous
use) is associated with a particularly high risk of death suggests that antipsy-
chotic use is a “marker” of a patient at high risk of mortality, rather than direct-
ly increasing the risk fatality through a pharmacological effect such as depres-
sion of the central nervous system or impaired respiratory drive [67].

3.3. Circumstances of Fatal Episode

Information concerning the circumstances associated with death from asthma
has been obtained from national or regional descriptive asthma mortality sur-
veys, in which close relatives or friends of the deceased, and general practi-
tioners have been interviewed and the medical records have been reviewed
when available. From such studies, undertaken in a number of Western coun-
tries over the last 30 years, similar management problems have been consis-
tently identified in association with the fatal outcome [17, 49, 68—75]. These
can be broadly grouped into those relating to the long-term care and those
relating to the treatment of the life-threatening attack (Tab. 8).

Problems associated with long-term management include lack of apprecia-
tion by both the patient and their doctor, of the patient’s chronic asthma sever-
ity and risk of serious morbidity or mortality. This was often compounded by
a discontinuity of general practice care and psychosocial problems. As a result,
there was commonly inadequate use of, and poor compliance with preventive
therapy and an over-reliance on bronchodilator drugs.

Table 8. Management problems associated with fatal outcome in asthma

Long term:

Lack of appreciation of chronic asthma severity and risk of death
Poor compliance with management

Discontinuity of medical care

Under-utilisation of inhaled corticosteroids

Fatal attack:

Delay in seeking medical help

Inability to recognise the severity of the attack
Opver-reliance on bronchodilator therapy
Insufficient systemic steroid use

Lack of written guidelines for management
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Similar problems have been identified with the treatment of the severe
attack that led to death. In particular, in the majority of cases, there was a lack
of recognition by the patient, family or doctor of the severity of the fatal attack,
in part due to the infrequent use of objective measures of asthma severity such
as lung function measurements. This results in delay in seeking emergency
medical services, despite the development of a life-threatening attack of asth-
ma. Linked with this delay is the excessive self-administration of bron-
chodilator and the lack of an agreed management plan detailing instructions on
when to seek medical care and what treatment to take in this situation.

3.4. Life-Threatening Attacks

Consideration of the circumstances relating to life-threatening attacks of asth-
ma is relevant to asthma mortality, on the assumption that the pathophysiolog-
ical mechanisms and precipitating factors involved in these clinical situations
are likely to be similar. While there are reasons to be cautious in the use of
information on near fatal attacks in this way, there are some practical advan-
tages, in particular that detailed information of the circumstances of the severe
attack can often be obtained, when such information is not usually available in
fatal asthma [76].

Case series of life-threatening attacks of asthma have revealed three main
patterns of presentation [77—79]. The first presentation is that of a sudden pre-
cipitate attack in which the asthmatic patient may develop a life-threatening
attack of asthma within minutes or hours of the onset of the first symptoms.
The second type of presentation is characterised by a gradual worsening,
evolving over several days to weeks, leading to progressively more severe
asthma and the gradual development of respiratory failure. A third pattern is
that of a severe attack which occurs quickly after a few days of unstable asth-
ma. Clinical features, including the time-course of the response to treatment,
suggest that bronchospasm may play the primary role in the pathogenesis of
precipitate asthma, whereas worsening airways inflammation would cause
mucous plugging which may be the predominant pathophysiological process
involved in the more gradual presentations.

Information concerning the different precipitating factors that have been
identified as the cause of life-threatening attacks of asthma are also relevant to
the causation of fatal asthma (Tab. 8). The most common cause of a severe
attack of asthma is a viral respiratory tract infection, accounting for up to 80%
of episodes in children, and up to 30% in adults [80, 81]. Although many dif-
ferent viruses may precipitate an attack of asthma, the most common are rhi-
noviruses and coronaviruses, which are responsible for the “common cold”
[80, 811, and Chlamydia pneumoniae infection which has recently been impli-
cated in the pathogenesis of recurrent severe attacks of asthma [32].

One of the common causes of a precipitate life-threatening attack is aller-
gen exposure in a sensitised individual [77, 78, 83]. The particular allergen
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Table 9. Precipitating factors contributing to a life-threatening attack

* Viral respiratory tract infections
¢ Allergen exposure

¢ Weather changes

¢ Drugs -NSAIDs

* Emotional stress

* Foods, including preservatives

¢ Air pollution.

responsible will often vary in different populations and individuals, however it
is not uncommon for outbreaks of severe asthma to occur in a community due
to one specific allergen, as occurred in the soybean-induced epidemics of
severe asthma in Barcelona, [51, 52] and in seasonal-related episodes of life-
threatening asthma relating to Alternaria-exposure in the United States [84]. A
further feature is that there may be a number of related factors which interact
in the development of life-threatening attacks. For example, thunderstorms
have been shown to cause the release of allergen containing starch' granules,
following the osmotic rupture of rye-grass pollen grains by rainwater, thereby
provoking attacks of severe asthma in sensitised individuals [85]. The impor-
tance of atopy in the underlying pathogenesis of life-threatening attacks of
asthma is also illustrated by the findings that severe “brittle” asthmatics with
frequent near fatal attacks of asthma are more atopic than asthmatics with less
severe forms of asthma [86].

Aspirin and other non-steroidal anti-inflammatory drugs taken as medica-
tions or naturally present in foodstuffs may also be a common provoking fac-
tor in near-fatal asthma. In one series of asthmatic patients requiring mechan-
ical ventilation, aspirin sensitivity was recognised in about 25% of the cases
[62]; in other series sensitivity to aspirin has been considered to be the cause
of the life-threatening attack in about 10% of patients [78, 86]. Allergic reac-
tions to foodstuffs such as nuts and peanuts may also precipitate fatal or near
fatal attacks of asthma, particularly if features of anaphylaxis are present [87,
88]. Patients with known anaphylactic food sensitivity appear to be at high risk
of death from severe asthma [88] and conversely both adults and children with
a pre-existing diagnosis of asthma are at increased risk of fatal or near fatal
anaphylaxis [89].

4. Summary

In considering the epidemiology of asthma mortality, it is important to distin-
guish between asthma mortality epidemics and asthma deaths during non-epi-
demic periods. There is convincing evidence that the major cause of the epi-
demics of asthma deaths was the use of the high-dose preparations of isopre-
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naline forte and fenoterol. In contrast, there are many different factors that may
have contributed to asthma deaths in individual patients during non-epidemic
periods. These include increases in asthma prevalence and severity, character-
istics of the disease and its management, characteristics of the patient, and
exposure to precipitating factors that can provoke life-threatening asthma
attacks. However, it is currently unclear to what extent these various factors
may explain international patterns of asthma mortality. Thus, there is a con-
tinuing need to monitor international patterns and time trends in asthma mor-
tality, and to conduct further studies into the causes of asthma deaths in both
populations and in individuals.
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1. Definitions
1.1. Definition of Asthma in Children

Over recent years, wheezing illness in children of the Western world has
become synonymous with asthma, but as in adults there remains no universal-
ly accepted epidemiological definition of the condition. Existing definitions of
asthma in adults are more descriptive than definitive, focussing on the clinical
characteristics of reversible airways obstruction, chronic airway inflammation,
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and increased bronchial responsiveness to a variety of stimuli. The definition
of asthma in children is even more difficult however, partly because of practi-
cal contraints on the objective measures of airflow in young children, and also
because of the particular susceptibility of. infants and younger children to
wheeze in response to viral respiratory tract infection. Although the term
wheezy bronchitis was used to describe this condition, the emergence of evi-
dence in the 1970s that children with either a diagnosis of bronchitis or of asth-
ma differed from healthy controls with respect to family and personal history
of allergic disease and personal atopy [1], that some children with the diagno-
sis of wheezy bronchitis responded positively to asthmatic therapy [2], and that
children were more likely to be treated appropriately if their condition acquired
the label asthma [3], lead to an increased tendency to diagnose asthma in these
children. The nature of the condition now labelled childhood asthma may
therefore be at least as diverse as diagnosed asthma in adults, and probably
reflects contributions from virtually any process resulting in the production of
the symptom of wheeze. It is therefore extremely difficult to identify and
define unique wheezing conditions in children, and the working definitions
adopted in practice inevitably reflect a substantial degree of compromise.

1.2. Working Epidemiological Definitions of Asthma in Children

Measurements of asthma prevalence in children have tended to rely on parental
reporting of asthma diagnoses and associated symptoms. Doctor-diagnosed
asthma is one of the more commonly used terms in epidemiological surveys to
identify asthma cases, yet there are considerable objections raised to it. In the
first 6 years of life, wheezing is itself a very common symptom and the pro-
portion of children with wheeze who acquire a doctor given diagnosis of asth-
ma is related to age, frequency of wheezing episodes and the association of
wheeze with shortness of breath [4], suggesting that a diagnosis of asthma is
heavily dependent on the duration and severity of symptoms, but not to any
specific definition. More importantly, in view of the variations in diagnostic
labelling of childhood wheezing which have taken place over recent years [5]
and between populations, doctor-diagnosed asthma is clearly an unreliable
measure with which to establish temporal or spatial differences in asthma
prevalence.

For epidemiological purposes, parentally-reported symptoms have served
as a widely used alternative. Symptom-based measurements have the advan-
tage of simplicity, relative independence from diagnostic trends, and the
capacity to detect intermittent disease. Parental responses to questions on cur-
rent wheeze have been shown to be highly repeatable at a 4—6 month interval
[6, 7] and in relation to a respiratory physician diagnosis of asthma as gold
standard, to have a high level of sensitivity [8]. However, wheeze is not a
symptom specific to diagnosed asthma, there is no agreed way of grading the
severity of wheezing symptoms and the word wheeze is not readily translat-
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able into some languages. Also, by comparison with general practice medical
records, parental recall of respiratory symptoms may be biased in relation to
the severity and persistence of symptoms [9].

General Practitioner (GP) medical records have provided a further source of
information on wheezing illness, but these too are potentially biassed by the
impact that symptom severity and general health awareness have on GP con-
sultation. Thus, parentally-completed symptom-based questionnaires have
become the main source of information on childhood asthma prevalence and,
for all its potential faults, parentally-reported wheeze in the past 12 months has
evolved as the most widely used measure of the prevalence of asthma in chil-
dren. Problems associated with comprehension and with poor response have
been reduced by using video presentations of clinical signs and symptoms and
interviews with appropriately trained interviewers rather than self-adminis-
tered questionnaires [10]. In the last few years the International Study of
Asthma and Allergies in Childhood (ISAAC) initiative has generated a stan-
dardised questionnaire with an'accompanying video and this has been used
across a number of international centres [11], to begin to provide comparable
estimates of childhood asthma prevalence using standardised methodologies.

2. Natural History of “Wheezing” in Children

Wheezing in early childhood is very common, and prevalence estimates for
wheeze during the first 5 years of life of up to 32% have been reported in UK
studies [6, 12, 13]. These observations are consistent with a finding based on
GP records that 25% of parents consulted as a result of their child’s wheezing
before the age of 5 years of whom approximately half did so in the first 12
months [9]. However, there is now increasing recognition that, in the first year
of life, wheezing illness is common but the vast majority is episodic and con-
fined to episodes of lower respiratory tract infection [14].

Many children who wheeze in the first few years of life experience a reso-
lution of their symptoms before school age. Martinez et al. and Brooke et al.
have followed children with pre-school wheezing to show that only about 40%
of these children were still wheezing in the early school years [15, 16], whilst
children who wheeze only in the first 12 months of life have been shown to
have no greater risk of subsequent asthma than children with no history of
wheezing [17].

After age 5, the incidence of wheezing for the remainder of childhood is rel-
atively low, estimated from the 1958 British birth cohort at 1% per year for
children aged 8—11 and 0.7% from age 12-16 [18]. However wheezing in this
age group may be associated with a poorer prognosis through childhood into
adulthood, particularly if ‘symptoms are more severe or persistent. Two
Australian cohort studies have provided valuable information on the natural
history of childhood wheezing, and from the first of these studies it has
emerged that, of children who wheezed at age 7, only 23% had no respiratory
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symptoms at age 14 [19]. The second cohort, which was enriched with chil-
dren with more severe asthma, tended to show a less favourable prognosis,
with 80% of children with persistent symptoms at age 7 continuing to wheeze
into adolescence, and over 90% of those with persistent wheezing at age 14
continuing to experience symptoms at age 21 [20].

The two distinct patterns of natural history thus described for childhood
wheezing have lead to the suggestion that there are two distinct subgroups of
wheezing in early childhood. According to this hypothesis, most childhood
wheezing occurs in the first years of life, is associated with viral infection, and
has a favourable prognosis, whilst in a minority, wheezing in infancy is an
early manifestation of wheezing which will persist through childhood into
adulthood. Wheezing that persists is probably more likely in children who are
atopic and have other allergic diseases [16, 21—-25]. In contrast, infants with a
family history of allergic disease or a personal history of allergic symptoms do
not show an increased predisposition to wheezing within the first year of life
[26-28]. Data from the Children’s Respiratory Study in Tuscon, Arizona,
which was the first prospective study initiated at birth and with measurements
of airway function, serum IgE levels,:allergic sensitisation, and wheezing ill-
ness collected through early childhood, confirmed this association in' that,
whilst children who wheezed in the first 3 years of life and persisted in:wheez-
ing to age 6 were more likely than never wheezers to have mothers with a his-
tory of asthma and to have elevated serum IgE levels at birth and age 6, chil-
dren with transient wheezing before age 3 only did not differ from never
wheezers in either of these respects [15]. However, children with transient
early wheezing also differed from persistent wheezers with respect to lung
function measured in the first months of life, confirming that wheezing lower
respiratory tract illness is associated with lower levels of airway function
[28-31]. Initially, it was not possible to ascertain whether this relationship was
the result of airway damage caused by the respiratory tract illness or if the
same factors determined the risk of respiratory tract illness and lung:function.
However, the Tucson study is now one of two studies demonstrating that
diminished airway function exists in children who wheeze in infancy:prior to
the onset of the first wheezing respiratory tract illness [31, 32], and suggesting
that pre-existing abnormalities in airway function predispose to wheezing in
response to viral infections in infancy.

It therefore appears that the two types of early wheezers, distinguished ini-
tially by the natural history of their illness, also differ with respect to the
pathology of the condition, such that early transient wheezing is attributable to
lower airway calibre and a consequent increased risk of wheezing in episodes
of viral infection whilst persistent wheezing is associated with an allergic pre-
disposition. Recent work on the 1970 British birth cohort has suggested that
the two types of wheezing also have distinct aetiologies [33].

Interestingly, longer term cohort data suggest that the favourable prognosis
which has been described for wheezing in association with viral infection in
infancy, may not be sustained throughout adult life. Baker and colleagues have
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demonstrated that respiratory tract infection in infancy may be associated with
reduced airway function and with an increased risk of COPD in later life [34,
35]. Early wheezing may therefore still represent a marker of susceptibility to
significant airflow obstruction in later life, but it would appear that this is an
effect distinct from what is perceived to be asthma.

3. Temporal Changes in the Prevalence of Childhood Asthma and
Allergic Disease

3.1. Temporal Changes in Hospital Asthma Admission Rates

Changes in hospital admission rates for asthma in children provided one of the
earliest indications that the prevalence or severity of the condition might be
increasing. In England and Wales, from 1958 to 1985, hospital admissions for
childhood asthma increased 14-fold in the 0—4 age group and seven-fold in the
5-14 age group [36]. It is likely that this was at least in part due to changes in
medical care and in particular to the introduction of nebuliser therapy [37]
which was initially a hospital-based treatment and may therefore have con-
tributed to increased parent expectations and preference for hospital care and
to an increase in self-referral to hospital casualty departments [36, 38, 39].
However, there does not seem to have been a corresponding change in the
severity. of hospital admissions [36], suggesting either that there was a real
increase in the prevalence of asthma over this time span or an increase in the
proportion -of asthmatic children having severe attacks, or that there was an
increase in presentation of previously untreated disease.

3.2. Temporal Changes in the Prevalence of Asthma and Wheezing in
Children

There is relatively little information other than that based on hospital admis-
sions with which to establish temporal changes in the prevalence of wheezing
in pre-school children. However, serial surveys from the UK [5, 40-42],
Australia [43, 44] and the USA [45], using several different methodologies,
from parental questionnaires and interviews through to GP records, have
shown an increase in the prevalence of diagnosed asthma in pre-adolescent
children over the past few decades. Asthma histories obtained from medical
records on army conscripts have provided inconsistent evidence of a larger
increase in the adolescent age group; a 600% increase was observed between
1966 and 1989 in Finland [46]. Several studies in pre-adolescence have also
shown a substantial increase in the labelling of current wheezing as asthma [5,
40, 41], suggesting that some of the increase in asthma prevalence which took
place over these years was due to an increased use of asthma as a diagnostic
label. Nevertheless, these studies were also consistent in finding evidence for
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a smaller, though significant increase in the reported occurrence of current
wheezing in these countries during the 1970s and 80s; wheezing in the past 12
months increased from 9.8% to 15.2% over 15 years in 12 year olds in Wales
[40], from 11.5% to 12.8% over 3 years in S—11 year olds in England [5], from
10.4% to 27.6% over 10 years in 8—10 year olds of Australia [44], and wheez-
ing in the past 3 years from 10.4% to 19.8% over 25 years in 8—13 year olds
in Scotland [41]. The Welsh and Australian studies alone had objective meas-
ures of wheezing illness, comprising bronchial responsiveness to exercise and
histamine respectively, and both demonstrated increases over the same time
scales in the prevalence of bronchial hyperresponsiveness. However, the
increase in exercise-induced bronchoconstriction observed in the Welsh study
was modest, at just 15%, in relation to the magnitude of the increase in preva-
lence of symptoms.

There is relatively little information on whether the severity of asthma in
affected children has changed, but most of the available studies indicate an
increase in morbidity in addition to an increase in prevalence. The Welsh study
cited above found a relatively greater increase in the prevalence of severe
grades of exercise-induced hyperreactivity than that of milder response to
exercise between the two studies [40]. Burney et al. showed a trend towards an
increased prevalence of wheeze on most days and nights and persistent wheeze
in successive annual British cohorts born between 1961 and 1973 [47].
Comparisons of the latest two British birth cohorts originating in 1958 and
1970 revealed a three-fold increase in the prevalence of more frequent attacks
of wheezing in 16 year olds [48]. These data contrast however with the find-
ings of a UK survey of 8-year-old children which encorporated mere detailed

Table 1. Prevalence studies of childhood wheezing in the UK since 1980

Year Ref Age of No. of Method Prevalence of wheeze
Subjects Subjects Ever Last 12 months

1984 [51] 5-13 5287 PQ 15%

1985 [9] 5 369 MR 25%

1985 [5] 5-11 3675 PQ 17.7% 11.5%

1986 [7] 7 1275 PQ 19.4% 12.0%

1986 [7] 11 1218 PQ 18.3% 12.3%

1988 [40] 12 965 PQ 22.3% 15.2%

1989 [5] 5-11 13 544 PQ 16.4% 12.8%

1989 [41] 8-13 3403 PQ 19.8 (last 3 years)

1991 [38] 7-8 3070 PQ 12.3%

1993 [6] 4=5 385 PQ 17%

Data collection methods:
PQ: Parental Questionnaire,
MR: Medical Records
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measures of the severity of wheezing and found little change in the prevalence
of frequent attacks of wheezing, speech limiting attacks or school absence due
to wheezing between 1978 and 1991 [49].

Nevertheless, the most recent prevalence surveys from Britain have shown
little evidence of a continuing increase in childhood wheezing illness. The
prevalence of wheezing in primary school age children has been estimated in
a number of separate surveys during the late 1980s and 1990s, and despite dif-
ferences in targeted age groups, geographical locations, size and type of sam-
ple and survey methodology, findings since 1980 have consistently provided
estimates of between 11.5 and 15.2% for the 12-month period prevalence of
wheezing in the 5—13 years age group (Tab. 1). Hospital admission rates for
asthma may also have stabilised in some areas [50].

3.3. Evidence for an Increase in Atopy and Atopic Disease

Since wheezing that is associated with atopy may represent part of the more
severe spectrum of wheezing in children [52], the limited evidence of an
increase in morbidity in asthmatic children suggests an increase in expression
of an allergic disease. A comparison of the prevalence of atopic dermatitis in
the three British national birth cohorts, originating in 1946, 1958 and 1970
provided some of the first evidence that the prevalence of allergic disease
might be increasing, for the proportion of children with a parentally-reported
history of eczema by age 5—7 increased from 5.1% in the earliest cohort, to
12.2% in the most recent cohort [53]. The Scottish and Welsh surveys of asth-
ma prevalence [40, 41] additionally asked parents about hayfever and eczema
in their children. These two studies were consistent in showing a doubling in
the parentally-reported prevalence of eczema since the 1970s, from 5.3% to
12% in Scotland and from 5% to 16% in Wales, and substantial increases in
the prevalence of hayfever, the magnitude of the increase being greater over
the 25 year time span of the Scottish study (from 3.2% to 11.9%) than over the
shorter period of the Welsh study (from 9% to 15%). These findings are con-
sistent with the increase in prevalence of hayfever and eczema at age 16 report-
ed between the 1958 and 1970 British birth cohorts [54], and with British gen-
eral practice morbidity statistics which show a doubling in the consultation
rates for both conditions between 1970 and 1980 [42]. The increase in the
prevalence of eczema and hayfever thus appears to have been at least as great
as the increase in self-reported childhood wheezing.

Temporal changes in the self-reported prevalence of hayfever and eczema
are subject to similar diagnostic and health care related trends as described for
asthma [55]. There have been relatively few comparable cross-sectional popu-
lation studies using objective measures of atopy. In a representative sample of
adults in South West London the proportion of subjects with at least one posi-
tive skin prick test reaction increased significantly from 23% in 1974 to 46%
in 1988, which supports a doubling in the prevalence of atopy over this time
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period [56]. A similar study in Tucson, USA, showed a slightly smaller
increase over 8 years from 39% to 50% [57], but the increase in sensitisation
to local aeroallergens between 1982 and 1992 in Australian children was small-
er and non-significant [44]. The limited number of available objective serial
measurements tend, therefore, to support an increase in the prevalence of atopy
during the 1970s which may not have continued into the late 1980s and 90s.

3.4. An Increase in Wheezing as an Expression of Atopy?

Since the increase in asthma prevalence seems to have occurred simultaneous-
ly with an increase in the prevalence of atopy and of other atopic disease in
developed societies, it is plausible that the increase in wheezing has occurred
as a result of a general rise in the underlying prevalence of allergic sensitisa-
tion. However, Peat et al. have described a doubling in the prevalence of asth-
ma in Australia between 1982 and 1992, which was concurrent with a much
smaller and non-significant increase in atopy but with evidence of an increase
in airway hyperreactivity in atopic children [44]. A similar pattern indicative
of an increased tendency to wheeze in those with other expressions of allergic
disease emerged from our own comparison of the 1958 and 1970 British birth
cohorts [48], so that, in some environments at least, wheezing may also have
become a more common expression of atopy.

4. Spatial Differences in the Prevalence of Wheeze and Atopy

Comparisons of wheeze and atopy prevalence between populations and coun-
tries can provide insight into the contribution of the environment in the devel-
opment of these conditions and into those environmental factors which are
likely to be the more important. However, differences in methodology, diag-
nostic criteria and age range between appropriate studies have limited the
extent to which this is possible. Table 2 shows the results of recent studies
focused to address this issue, and it is evident that, even allowing for differ-
ences in methodology and cultural differences in the interpretation of ques-
tions, there seems to be considerable international variation in the prevalence
of childhood wheezing illness. These data suggest that childhood asthma is
more common in Australasia, which is consistent with the geographical pattern
of asthma mortality, admissions, and therapeutic drug use [58—60]. These
studies also suggest that the prevalence of respiratory symptoms is two to three
times lower in the more recently developed or developing countries of China,
Malaysia and Hong Kong than in Western populations, and similarly very low
prevalence rates have been described in areas of Africa [61, 62]. Racial differ-
ences in genetic susceptibility could explain some of the geographical differ-
ences in prevalence of childhood wheezing illness, but that this does not fully
explain the observed spatial differences is confirmed by studies of children of
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Table 2. International comparisons of the prevalence of childhood wheezing

Ref. Year Country Method and criteria Age group Prevalence

[67] 1991 Australia Self-reported wheeze 12-15 29%/37%
(Adelaide) in the past year
Australia (ISAAC questionnaire/video) 30%/40%
(Sydney)
England 29%/130%
Germany 20%/27%
New Zealand 28%/136%

[68] 1994 Hong Kong Parentally-reported wheeze in the  11-20 4%
Malaysia past 12 months 5%
China 1%

[69] 1994 Hong Kong Parentally reported wheeze 12 5%
Melbourne in the past 12 months 22%
Switzerland 6%
Chile 21%
Fiji 21%

[70] 1994 New Zealand  Parentally-reported wheeze 12 18%
Wales in the past 12 months 15%
South Africa 18%
Sweden 9%

similar genetic origin living in different environments. The reunification of
East and West Germany has provided a unique opportunity to compare the
development of childhood respiratory and allergic conditions in ethnically
similar populations who have lived in different environments for a number of
years. Surveys using identical methods in the two areas have shown an
increased prevalence of cough and wheezing in East Germany, in particular
that labelled bronchitis and associated with a cold, in comparison with the
West, but reduced rates of asthma [63]. One interpretation of this study is that
asthma is more common in children exposed to a Western lifestyle and perhaps
the more convincing evidence for this supposition comes from comparisons of
rural and urban communities of less developed countries, the latter being rela-
tively recently exposed to Western influences. Van Niekerk et al. showed in
1979 that asthma was more prevalent in an urban than in a rural Xhosa com-
munity [61], Keeley et al. showed in 1991 that the prevalence of “reversible
airways obstruction” measured as exercise reactivity was greater in urban than
in rural Zimbabwe [64], and more recently, we have shown a higher prevalence
of wheeze and diagnosed asthma in urban relative to rural Ethiopia [62]. The
perception in these countries is that the increase in asthma prevalence is relat-
ed to the adoption of a more Western lifestyle.

International comparisons of positivity to skin prick tests reveal that there
are also wide variations in levels of atopy and specific IgE sensitivity (Tab. 3).
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Specific IgE levels are clearly associated with the level of exposure to specif-
ic allergens, such that sensitisation to the housedust mite seems to predominate
in the more humid countries, whilst sensitivity to pollens is more common in
drier climates. Nevertheless, it is also clear that the prevalence of atopy,
defined in terms of positivity by skin prick test to at least one local aeroaller-
gen, across Westernised countries is reasonably consistent at 30-40%,
Australia and New Zealand having the higher levels, comparatively low in
Poland and East Germany, and relatively uncommon in the developing socie-
ty of Jimma, Ethiopia [62]. The geographical pattern of the prevalence of atopy
and allergic disease is similar to the described pattern of asthma prevalence,
and our own findings that in urban Ethiopia as in the Western world, atopy was
by far the strongest risk factor for asthma [62], is consistent with the sugges-
tion that the spatial distribution of atopy largely explains that of allergic
wheezing illness.

5. Migrant Studies of Wheeze and Atopy

Perhaps the most persuasive evidence that the prevalence of asthma and of
atopy vary with the geographical environment rather than simply genetic back-
ground comes from studies of first generation migrants. Individuals who move
from areas of relatively low to relatively high asthma or atopy prevalence seem
to be more likely to develop these conditions than children remaining in the
country of origin. South African children living in urban Cape Town were
more likely to be asthmatic than their non-migrant counterparts living in the
rural Transkei area [61], and migrant Tokelauan children living in New
Zealand had a significantly increased risk of the development of asthma,
eczema or rhinitis defined by self-reported history and medical examination
than those remaining in Tokelau [65]. Interestingly the most marked increase
in the latter study occurred in the under 4 years age group who were more like-
ly to be born in, or to have lived in New Zealand early in life. That the devel-
opment of asthma, in particular, may be closely associated with the geograph-
ical environment of infancy is suggested by the studies of Smith et al., who
have shown a lower prevalence of asthma in migrant children to the UK born
in India or Pakistan than in children of similar origin born in the UK, and Reid
et al., who have shown that British migrants to the USA had a higher preva-
lence of respiratory illness than Norwegian migrants [66].
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6. Aectiology of Wheezing Illness in Children

6.1. Evidence for the Importance of the Environment in the Development of
Asthma and Atopy in Childhood

Although genetic factors are known to be important in the development of
atopy, and probably also in the expression of asthma, the data on the spatial
and secular distribution of asthma outlined above demonstrates that the devel-
opment and progression of atopic disease is largely explained by environmen-
tal factors. The spatial distribution of disease and relatively greater increase in
prevalence in developing societies suggest that factors relating to the
Westernisation of a society may be important, and may also help to explain the
increase in the Western world. The fact that atopic disease is usually first
expressed in the first few years of life, and that the origins of respiratory dis-
ease, even that occurring in later life {77], is related to the geographical region
of early childhood, suggest that environmental exposures occurring very early
in life may be of especial significance. To date, however, the exposures
involved have not been identified, and untangling the aetiology of asthma in
children is complicated by the fact that more than one aetiologically distinct
disease entity may. be involved. To date a wide range of environmental factors
have been linked with the development of asthma and wheezing illness in chil-
dren, including maternal smoking; low birth weight, pre-term birth, low birth
order, maternal age, breast feeding, month of birth, levels of housedust mite
exposure, keeping pets in the home, damp housing, indoor and outdoor pollu-
tion, diet, respiratory infections and exposure to other childhood illnesses
and/or vaccinations.

6.2. Maternal Smoking

There have been extensive investigations into the effects of parental smoking
upon children’s lung health, and the evidence is consistent that, after adjust-
ment for relevant social class factors, maternal smoking is associated with
about a 1.5 fold increase in the risk of wheezing and lower respiratory illness
in the first few years of life [78—83]. Where the smoking habits of both par-
ents have been considered, maternal smoking has been the more important in
almost all studies [79, 81], and whilst this could reflect the more prolonged
post-natal exposure to maternal smoking, there is also evidence that pre-natal
exposure is particularly important [80].

There is strong evidence from cross-sectional data that parental smoke
exposure is associated with diminished airway function in children [79,
84-86]. Whilst many of the early studies suggested that the respiratory illness
in early life to which the children of smoking mothers were disposed was the
antecedent cause of the lowered levels of function that were observed [8§7-91],
subsequent evidence has shown significantly reduced pulmonary function soon
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after birth in children of mothers who smoke in pregnancy [29, 92, 93], sug-
gesting that in utero exposure to cigarette smoke impairs airway development,
and support for this theory has been provided through animal models [94].

The relationship between pre- or post-natal parental smoking and respirato-
ry symptoms in children over the age of two is less clear. Some authors have
found no significant effect of maternal smoke exposure in school age children,
but interestingly most have found an odds ratio for this effect which is larger
than one [95-97]. Others have shown a significant increase in risk of respira-
tory symptoms in relation to parental smoking, though the size of the effect has
generally been smaller than that seen in relation to wheezing in infancy, with
estimates of 1.23 (95% CI 1.05-1.37) in relation to wheezing in the last year
in 6- to 9-year-old children [98], and 1.35 (1.01-1.81) in relation to current
wheezing in children from age 6 to 12 [99]. As in the case of early wheezing,
the larger effects have generally arisen in relation to maternal, rather than
paternal smoking [98], but again it has proved difficult to separate the effects
of current and in utero exposure to maternal cigarette smoke. In support of a
detrimental effect of postnatal as well as prenatal smoke exposure, however,
some authors have described a significant dose response relationship with the
number of smokers in the home [98, 100], and an increase in relation to pater-
nal smoking in homes where the mother did not smoke [101]. Moreover, cer-
tain children, and in particular those with diagnosed asthma, may be more sus-
ceptible to the effects of passive smoke exposure and may experience more
severe or frequent symptoms as a consequence [102—104].

Active smoking is associated with an increase in total serum immunoglob-
ulin E (IgE) [105-107], and possibly with an elevated risk of allergic sensiti-
sation to some occupational allergens [108], leading to speculation that passive
smoke exposure might increase the risk of allergic sensitisation in children.
However, the available evidence in relation to allergic symptoms and atopy
tends not to support this suggestion, and indeed three large studies have now
shown negative associations between parental smoke exposure and atopy
[109—-111]. It therefore seems unlikely that parental smoking, either before or
after birth increases the risk of allergic sensitisation in childhood.

6.3. Low Birth Weight and Prematurity

Low birth weight and prematurity have been associated with an increased risk
of respiratory symptoms in infancy [112-115], and also with an increased risk
of asthma in older children [116, 117]. Some authors have speculated that
mechanical ventilation used in the management of preterm children may itself
induce lung damage, but others have shown that the effects of low birth weight
or premature birth seem to be independent of neonatal respiratory illness or
mechanical ventilation after birth [118]. A further possibility is that maternal
asthma predisposes to premature labour [116], but children born prematurely
or of low birth weight do not appear to be at increased risk of the development
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of atopy. Premature and low birth weight children do however appear to have
a lower mean level of airway function measured soon after birth [119, 120],
and it seems more likely that persistent wheezing in such children is a condi-
tion attributable to poor airway calibre, rather than IgE mediated disease.
Barker et al. have shown an interesting link between birth weight and lung
function in adults [35], suggesting either that the effect of low birth weight on
pulmonary function is irrecoverable or that there is some programming effect
by which birth weight effects the subsequent growth of the lung.

Birth weight and gestation are clearly strongly correlated, yet they may be
differentially measures of fetal growth and fetal maturity [121, 122]. Only two
studies to date have attempted to separate the relative effects of each upon lung
function and respiratory symptoms. The results of the first were inconsistent in
demonstrating that lung function was independently related only to low birth-
weight, whilst respiratory symptoms were independently related only to pre-
maturity [112], and the more recent study of new born infants has demonstrat-
ed a reduced airway size in relation to small birthweight in premature babies,
but no reduction in pulmonary function in relation to prematurity per se [120].
The evidence so far therefore suggests that the effects of low birth weight and
prematurity are explained by some factor of the in utero environment which
leads to retardation in infant weight gain; fetal undernutrition is a possible
explanation.

Nevertheless, it is also recognised that exposure to maternal smoking in
utero is an important cause of low birth weight [123,124], and a probable
cause of pre-term birth [125, 126]. A study set in Shanghai, where smoking by
women in pregnancy is rare, suggested that in the absence of maternal and
other passive smoke exposure there may be no increased risk in relation to low
birth weight, but that the detrimental effect of passive smoke exposure might
be increased in children of low birth weight [115]. Thus the complex relation-
ship between the effects of in utero and passive smoking, birth weight and ges-
tation in relation to the risk of respiratory symptoms and the development of
asthma in children has yet to be fully elucidated.

6.4. Maternal Age

There is some consistency in the observation that wheezing illness in infancy
[114, 127] as well as in later childhood [33, 128] may be increased in relation
to young maternal age, yet the occurrence of hayfever seems to be more rather
than less likely with increasing maternal age [129, 130]. In some countries
smoking is now commonest in young women, and is therefore a potential con-
founder of this relationship, though the increase in risk of wheezing in the chil-
dren of young mothers is reported to be independent of the effect of smoking
[127]. The interpretation which has been put on this finding is that children of
young mothers experience adverse circumstances in utero or in childhood
leading to suboptimal respiratory growth or function, and one possibility is
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that in the teenage years, nutritional requirements for the mother’s own growth
may compete with the needs of the fetus [131].

0.5. Birth Order

Strachan et al. have shown in two British datasets that atopy and the occur-
rence of hayfever in adolescence are strongly inversely related to the number
of siblings [109, 129, 130, 132], and a similar association has now been shown
in children of East and West Germany [110]. Since the association in the
British data was stronger in relation to the number of older than to the number
of younger siblings, it has been speculated that earlier or increased exposure
to viral infections early in life may be involved in this association, as discussed
below.

6.6. Month of Birth

Bjorksten et al. have demonstrated an increased risk of pollen allergy in chil-
dren born in Finland in March and April, about 3 months before the period of
highest exposure to pollen [133], and also that children born between February
and April were at maximum risk of sensitisation to birch pollen, and those born
between April and May were at maximum risk of mugwort allergy [134]. The
maximum risk of sensitisation appeared to occur in those born 2—3 months
before the period of maximum environmental exposure. These data indicate
that there may be a relatively greater risk of sensitisation upon exposure to
allergens in early life. This suggestion has since been supported by studies
showing an increased risk of sensitisation to housedust mite and cat in those
born in the autumn [135], but also disputed on the basis of several studies
showing no such association [136] and the likely publication bias in reporting
of random associations with month of birth. Collectively, however, these find-
ings have led to the suggestion that there is a “window of opportunity” in very
early childhood during which time genetically predisposed children may be at
a relative greater risk of sensitisation to the allergens to which they are
exposed, and that allergen avoidance during this period might reduce the risk
of allergic disease. In conflict with this suggestion, studies which have looked
at the effect of month of birth on the prevalence of allergic symptoms have pro-
duced largely inconsistent results, and one possibility is that the month of birth
simply alters the allergen to which an individual becomes sensitised rather
than the risk of sensitisation per se. Evidence from intervention studies is lim-
ited. In one major study, Arshad et al. showed that avoidance of food allergen
and housedust mite in the first year produced a six fold reduction in the occur-
rence of atopic disease at 1 year in high-risk children [137]. In relation to aller-
gic sensitisation but not to asthma, the effect was sustained to age 4 [138], and
interestingly, lower rates of sensitisation were observed to a number of differ-
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ent aeroallergens, not simply housedust mite antigen. Nevertheless, evidence
on the development of sensitivity to occupational allergens, which has provid-
ed an analogous model within which to look at the relationship between tim-
ing of exposure and onset of symptoms, suggests that sensitisation can occur
in adults upon exposure to a new allergen [139]. A population based study in
Tuscon, Arizona, showing that within 6 years migrants into the area had an
increased level of sensitation to local aeroallergens to a similar level to that
seen in the native population, provided further support for this suggestion [57].
It therefore seems likely that avoidance of environmental allergens in early life
may simply postpone rather than prevent sensitisation to a specific allergen, or
result in sensitisation to an alternative allergen.

6.7. Housedust Mite Exposure

In the UK, the majority of children with asthma are sensitised to the housedust
mite; as many as 94% have skin sensitivity to this allergen in relation to 30%
in those without asthma [140]. As a result, much debate has centred around the
extent to which the increase in asthma prevalence can be attributed to an
increase in exposure and sensitisation to the housedust mite allergen, with
speculation that modern, centrally heated, well-insulated housing has caused
increases in housedust mite levels, and that earlier and increased exposure has
caused an increased likelihood of sensitisation and more frequent or severe
symptoms. Consistent with this hypothesis, there was a dramatic increase in
allergic disease following modernisation of housing design in Japan [141] and
there is evidence from some Western countries including Australia of increas-
es in the prevalence of housedust mite exposure [44]. Some studies have also
shown a relationship between the risk and degree of sensitisation and the level
of housedust mite exposure [140, 142], and some, but not all, have demon-
strated that current asthma symptoms, severity of symptoms, hospital admis-
sions in asthmatic children, and airway reactivity are associated with levels of
housedust mite exposure [143—145]. On the other side of this argument how-
ever the evidence from studies of lung function and symptoms in asthmatic
children after reduction in housedust mite levels in the home suggest that any
effect is modest [146], and the fact that asthma has increased in areas of the
world where the housedust mite does not flourish and in which sensitisation to
other allergens are more important risk factors for asthma also suggest that
increased exposure to the housedust mite is not the sole explanation for the
described rise in allergic disease.

6.8. Pets

Sixty-eight percent of asthmatic children are sensitised to cat allergen [147],
and some studies have suggested that keeping furry pets is a risk factor for cur-
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rent symptoms [148, 149], if only in children sensitised to the relevant aller-
gen [150]. Whilst some cross-sectional studies have not demonstrated an asso-
ciation between the presence of pets in the home or the levels of animal dan-
ders and increased respiratory symptoms [7, 151], Brunekreef et al., in show-
ing that the highest prevalence of pet allergy was in homes where pets were no
longer present but owned at some stage in the past, have suggested that these
negative findings are erroneous and caused by the selective removal of pets
from the homes of sensitised children [151]. Nevertheless, a lower risk of
atopy in children from homes with a pig living in the house in a recent study
in Guinea Bissau appears to be inconsistent with an important effect of animal
exposure [152].

6.9. Damp and Mould in the Home

Dampness and mould in the home has been associated with an increased
prevalence of respiratory symptoms in children [150, 153—156]. Howeyver,
many of the studies showing this association have relied on parental reporting
both of respiratory symptoms and of dampness and it is likely that a public per-
ception that damp housing must be detrimental to respiratory health may be
partly responsible for these findings [97, 157]. Alternatively, sensitivity to the
housedust mite, which thrive in damp homes, or to the airbourne spores of fun-
gal moulds, are possible mechanisms for a causal link between damp condi-
tions and asthma. One carefully conducted case control study, which used
observer and parentally reported measures of damp and mould, has shown that,
whilst parents of asthmatic children were slightly more likely to report damp
in the home, there was a significant relationship between reported dampness
and mould and respiratory symptoms or asthma, that this was related to an
increased sensitivity to mould and housedust mite in children living in damp
housing, and that damp housing was only associated with increased respirato-
ry symptoms in children sensitised to one of these allergens [157]. A remain-
ing question however is whether the effect of damp housing is truly independ-
ent of the effect of parental smoke exposure, since a number of these studies
provide limited data on the effect of adjustment for this likely confounder.

6.10. Breast Feeding

The question of whether or not breast feeding protects against the development
of atopic diseases in general, and asthma in particular, is a source of persistent
controversy. Some studies have shown breast feeding to be highly protective
[158-161], whilst others have shown no effect [162, 163], or even a positive
association between breast feeding and atopic disease [129, 130, 164]. On the
grounds that when children at high risk of allergy are followed prospectively
from birth some initially show an allergic response to food allergens only [165,
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166], and that eczema is the main disease manifestation of food allergy, note-
ably to cow’s milk, it would seem plausible that early avoidance of food anti-
gens might prevent or delay the onset of childhood eczema. This hypothesis is
supported by at least one randomised trial showing that within breast fed chil-
dren at high risk of allergic disease, manipulation of maternal diet to avoid spe-
cific food antigens such as milk and eggs which are known to be transmitted
through breast milk, reduces the risk of atopic eczema [167]. However, it is
also recognised that allergic reactions to food peak in infancy and that the
prevalence of food allergy reduces with age, and what is not clear is whether
avoidance of food or other allergens in infancy has any sustained impact on the
likelihood of allergic disease, or whether it simply delays onset.

That breast feeding may also have a protective role in wheezing in the first
few years of life [168], perhaps in non-atopic children only [169, 170], is also
plausible, since there is substantial evidence that prolonged breast feeding pro-
tects against early childhood infections, including respiratory tract infections
[171, 172). This effect has not been satisfactorily separated from confounding
by maternal smoking, but if true, breast feeding might conversely predispose
an individual to the subsequent development of allergic disease, if the hypoth-
esis that early infections are protective (see below) has any foundation. Two
large cross-sectional studies showing an increased incidence of hayfever by
adolescence or early adulthood in those breastfed as infants would appear to
support this proposition [129, 130]

6.11. Outdoor Pollution

The rise in asthma prevalence over recent decades has occurred at a time of
increasing appreciation of environmental issues, and this in conjunction with
the recognition that acute pollution episodes such as the London smog of 1952
caused excess deaths from respiratory conditions, have led to widespread spec-
ulation that air pollution was responsible for the increases and high levels of
asthma prevalence in children. As a result of these concerns in the UK, the
Committee on the Medical Effects of Air Pollutants was formed to examine the
evidence to date on the effects on respiratory health and the development of
allergic disease of current pollution levels [173]. Some of the most persuasive
evidence related to the fact that levels of sulphur dioxide and black smoke have
actually substantially reduced over the same time span as the increase in asth-
ma prevalence in the UK, and that levels of ozone and nitrogen dioxide have
changed very little in polluted areas. Furthermore, population-based studies of
genetically similar children exposed long term to very different pollution lev-
els, such as those of the American six cities study, children of East and West
Germany, and children of Sweden and Poland, show little association between
traditional pollutants such as black smoke and sulphur dioxide and asthma
prevalence. Indeed, in areas of East Germany and Poland, where the levels of
sulphur dioxide and particulates were highest, the prevalence of asthma,
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bronchial hyperresponsiveness, atopic sensitivity, hayfever and rhinitis, were
lower than in the less polluted areas of West Germany and Sweden [63, 75].
These findings provoked the alternative suggestion that some aspect of the new
types and distribution of pollutant levels in West Germany or Sweden, perhaps
relating to car vehicle emissions, was responsible. There is very limited evi-
dence in support of a relation between the risk of atopy and exposure to high
traffic density, restricted to one study showing an increased prevalence of
cedar pollen allergy in areas of high traffic volume [174], but to date, four pub-
lished studies have shown a consistent, though modest, association between
exposure to traffic and asthma prevalence in children [175—178]. Chamber and
panel studies have demonstrated that at current outdoor ambient levels, ozone
is the only measurable new pollutant to show any effect on respiratory symp-
toms [179-182] or response to allergen [183]. Short-term daily variations in
ozone are associated with temporary reductions in lung function in children
[184—-186], which, superimposed on the deteriorating lung function of asth-
matic children, might provoke symptoms which would otherwise not have
occurred. This effect is however, small, and unlikely to be important at a pop-
ulation level. However, that constituents of traffic pollution are involved in the
initiation of asthma is difficult to reconcile with the apparent lack of an
urban/rural variation in the prevalence of asthma in the UK [187-189] or else-
where in the developed world. Overall, the current evidence and the finding of
the Committee on the Medical Effects of Air Pollution is that, while increased
levels of certain pollutants might incite attacks of asthma in a small number of
asthmatics particularly susceptible to the effects of air pollution, there is little
support for air pollution as an initiator of asthma, or as the cause of the
increased prevalence of asthma over recent decades.

6.12. Indoor Pollution

With the possible exception of exposure to environmental tobacco smoke,
there is relatively little evidence on the impact of exposure to indoor air pollu-
tants such as those emanating from gas stoves, wood stoves, and fireplaces,
despite the fact that these are likely to have greater relevance than outdoor pol-
lutant levels, since children spend over 80% of their time indoors. Indoor pol-
lution is likely to have increased over recent years as a result of better insula-
tion of houses, and in the presence of unvented gas appliances, levels of the
nitrogen oxides are considerably higher indoors than outdoors. There is evi-
dence, from some but not all studies, that children who live in homes with gas
stoves have reduced lung function [98, 190] and experience more respiratory
symptoms, particularly in the first few years of life, than those who live in
homes that use other fuels for cooking [190—193]. Though the reported effects
are fairly small, nevertheless the importance of this exposure lies in the fact
that 30—60% of the population in most European and American countries use
gas appliances for cooking or heating.
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Smoke that emanates from wood stoves and fireplaces is a potential source
of several indoor pollutants. Wood burning, in addition to producing hydro-
carbons and respirable particules, is a significant source of carbon monoxide.
Interestingly, whilst coal and wood combustion have been reported to increase
the risk of upper and lower respiratory tract infection, Von Mutius et al. have
shown an inverse relationship between homes using open coal or wood burn-
ing fires and the development of atopy and allergic disease [194]. This finding
was thus consistent with the possibility that respiratory tract infections have a
protective role in the development of atopy. It also suggests however that this
particular source of indoor pollution is unlikely to form an important cause of
allergic disease.

6.13. Diet

More recently, dietary intake has received much attention as a possible expla-
nation for the world-wide variations, trends in prevalence, and association with
Westernisation [195], particularly because the western diet has changed dra-
matically over the last 20—30-years with an increase in processed foods; and a
decrease in fresh fruits, vegetables and fish [196]. Moreover, there is now sub-
stantial evidence that in adults dietary factors may be involved in the aetiolo-
gy of asthma. The hypothesis that the high and increasing sodium content of
Western diets may contribute to a higher prevalence of asthma has received
particular attention, and has been supported by some cross-sectional epidemi-
ological studies [197-199] and experimental clinical trials [200—-202], though
not in all cases [203, 204]. Our own work has suggested that some of the
inconsistency in these findings may be explained by inverse correlation
between sodium and magnesium intakes, since a high magnesium intake
seems to be associated with reduced airway hyperreactivity and higher lung
function in the general population [205]. Other nutrients implicated in the aeti-
ology of asthma include the antioxidant vitamins C and E [198, 206], which
may protect the lung against the oxidant damage caused by exposure to ciga-
rette smoke and other air pollutants, and eicosapentaenoic acid found in fish
oil, which may have a role in preventing or reducing inflammation in the air-
way [207-209]. Whilst these findings have mainly arisen from studies of
adults, a recent Australian study has shown a reduced prevalence of asthma
and airway responsiveness in children with a high intake of fish oil [210],
Demissie et al. have shown an increase in bronchial responsiveness but not
asthma with increasing salt intake [211], Powell et al. have shown that children
with asthma have a lower antioxidant status than healthy controls [212], and
less specifically, Carey et al. have recently shown that Asian children living in
Britain who ate a traditional Indian diet were at a reduced risk of asthma rela-
tive to those eating a British diet [73]. There is thus increasing evidence that
dietary factors may be involved in determining respiratory health in children
as well as adults. It has been speculated that such changes may also have acted
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to increase the risk of allergic sensitisation, and that these changes might thus
have contributed to the increase in all allergic diseases over recent years [195].
However, an alternative hypothesis is that the influence of dietary trends has
operated through changes in maternal diet in pregnancy, and indirect evidence
that this may be influential has arisen from an apparent association between
large head circumference at birth and adult IgE levels [213]. The argument that
follows is that head size could be a marker of disproportionate growth, and that
this in turn is a marker of fetal undernutrition in late gestation which itself
results in slower maturation of the immune system. However, there is current-
ly little direct evidence for the effect of maternal nutrient levels on the subse-
quent development of atopy or allergic disease in the child.

6.14. Viral and Other Infections

Older data has suggested that viral infection occurring during early life could
be arisk factor for the development of asthma, because children who wheezed
in response to viral infection in early childhood seemed to be more likely to
develop subsequent asthma [88, 214-218]. It was suggested that viral infec-
tions could alter the lung and immune system, leading to reduced airway cali-
bre, increased allergic sensitisation and persistent bronchial reactivity. More
recently, it has been recognised that wheezing in children may not be a homo-
geneous condition and that most children who wheeze in response to viral
infection do so in the first few years of life with an early resolution of symp-
toms. Martinez et al. have found that such children do not seem to be at
increased risk of the subsequent development of atopy [15], suggesting that
viral infections do not increase the risk of the development of allergic disease,
and that in these children, reduced lung function pre-existed the viral infection
[32]. That viral infection might conversely protect a child from the develop-
ment of atopy is a hypothesis which has emerged from a number of recent find-
ings. Martinez et al. have shown that children who had non-wheezing, but not
wheezing, lower respiratory tract illness before age 3 years had lower IgE lev-
els at 6 years, and those with more than one non-wheezing LRI before age 3
were less likely to be atopic at age 6 [219]. A low prevalence of asthma is
reported in New Guinea in which there is a very high rate of respiratory infec-
tion [220], and an increased rate of respiratory infection but reduced rate of
atopy has been found in East relative to West Germany [63]. A hypothesis that
early infection might direct the development of the developing immune system
against allergic sensitisation would also explain the strong inverse relationship
between the prevalence of atopy and atopic disease and the number of siblings
in the household. Recent studies showing a reduced risk of atopy in West
African children who contracted measles infection [152], in Italian military
students seropositive to hepatitis A [221], and in Japanese children with
delayed hypersensitivity to mycobacterium tuberculosis [222] have provided
further support for the suggestion that early respiratory or non-respiratory
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infections may act to inhibit the development of allergic disease. Helminth par-
asites may have a similar action, and indeed the allergic response which is now
responsible for so many unwanted allergic symptoms may once have conferred
biological advantage in immunity against parasitic infections [223].

7. Conclusion—What Has Caused the Increase?

There seems to be little doubt that childhood asthma is a condition which has
increased in prevalence in the developed world over the last 30 years, whilst
remaining relatively rare in a number of developing societies. The picture that
has emerged of childhood asthma is however of a heterogeneous condition, in
terms of its natural history, pathogenesis and its actiology, in that there may be
a subset of children who wheeze early in life, with a condition associated with
small airways, and partly attributable to maternal smoking or low birth weight,
but whose symptoms have a good prognosis after infancy. A smaller group
have a more persistent condition, more closely associated with an allergic pre-
disposition, and since the increase in childhood asthma has occurred simulta-
neously with an increase in other allergic disease phenotypes and with the
underlying prevalence of atopy, it seems most likely that it'is an increase in
allergic asthma which has occurred over recent years. Whilst atopy is partly
genetically determined, there are substantial reasons for believing that envi-
ronmental factors must underlie the increase in atopy over such a short time
span, and the pattern of prevalence and increase in both asthma and atopy is
consistent with there being an aspect or aspects of a Western lifestyle which
are responsible. However, there remains no satisfactory explanation for the
increase. Changes in air pollution, increased smoking by women in pregnan-
cy, a tendency to bottle feed rather than breast feed and from an earlier age and
increased exposure to environmental allergens have all been implicated but the
direction and magnitude of the effects of each are inconsistent with an impor-
tant contribution from any one of these factors. Our own analyses of the two
most recent British birth cohorts found that temporal changes in all of mater-
nal smoking, birth weight, infant feeding practices, maternal age, and occupa-
tional social class had a minimal contribution to the increase in prevalence of
allergic disease between the two cohorts [48, 54]. Moreover, whilst the devel-
opment of hayfever and eczema were strongly related to birth order in both
sets of children, our analyses provided little evidence that the small reductions
in family size which have occurred over the past decades could explain much
of the increase in these diseases.

One factor which is linked to a western lifestyle and which has changed in
a direction which would appear to be generally deleterious is diet, and this
remains a contender as a contributor to the increase in childhood asthma.
Additionally, however, recent advances in our comprehension of the immuno-
logical processes involved in the development of allergic disease, have pro-
vided a potential mechanism by which exposure to infections, and also to
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pathogens, in early life might protect against the development of atopy [220].
It may therefore be improved health care, the introduction of immunisation
programs against certain common infectious diseases of childhood, a direct
effect of a specific immunisation itself, or the more hygienic environment in
which we now live which holds the key to the increase in allergic disease. One
further factor which has consistently emerged as a strong and independent
determinant of the occurrence of allergic disease in older children and adults
is high socioeconomic status, and though the factors underlying this associa-
tion have yet to be determined, nevertheless, there is no doubt that in many
developed societies, individuals are relatively more affluent and enjoy a con-
siderably better standard of living now than 20 or 30 years ago. Whatever the
factors involved, the rise in prevalence of allergic disease seen across the
developed world over recent decades may therefore finally emerge as a neces-
sary and obligatory consequence of a Western lifestyle.
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1. Introduction

A plethora of recent reviews testify to the controversy that has been generated
in recent years by laboratory, clinical and epidemiological data challenging the
wisdom of regular use of the short-acting [3,-agonists which traditionally have
formed the mainstay of treatment for bronchial asthma [1-5]. Although all
national and international guidelines for the management of asthma now rec-
ommend anti-inflammatory therapy for most patients with chronic symptoms
[6-9], short-acting B,-agonists are still the most widely prescribed and most
frequently used form of asthma treatment, and so the issue remains an impor-
tant one. The prompt symptom relief afforded by these agents, together with
the apparent lessening of side-effects such as tremor and tachycardia as more
selective agents became available, led to almost universal acceptance of
B,-agonist therapy in any required dosage to control clinical manifestations of
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asthma. Surprisingly, this occurred in the absence of any substantial controlled
clinical trials demonstrating their long-term efficacy or safety. A 1-week
crossover trial of four times daily versus as-needed inhalation of salbutamol in
18 patients whose evening peak flow rates improved, but whose symptoms of
cough and wheezing did not change, seems to have provided the basis for rec-
ommending regular use of (,-agonists as maintenance treatment in asthma
[10].

In this chapter we will review the evidence that this confidence in the effi-
cacy and safety of regular use of short-acting ,-agonists was misplaced; and
that chronic use has detrimental effects which can lead to increased morbidity
and even mortality from asthma. Studies over the last decade have shown that
chronic. B,-agonist inhalation may result in increased airway inflammation,
increased airway responsiveness to allergen, exercise and non-specific bron-
choconstrictor agents, tolerance to non-bronchodilator effects, impaired lung
function, and thus ultimately to poorer control of asthma. Furthermore there is
substantial epidemiological evidence for a link between patterns of increased
B,-agonist use and asthma morbidity and mortality, including temporal rela-
tionships during epidemics of mortality [11], and a substantial parallel
decrease in morbidity and mortality when a potent [3,-agonist was withdrawn
from use [12]. These data converge to form the case against chronic use of
short-acting [3,-agonists in the management of asthma. While very important
in acute asthma for relief of symptoms, chronic use confers no important long-
term benefit and is potentially harmful.

2. Evidence that Chronic Use of [3,-Agonists is Detrimental in Asthma
2.1. Increased Airway Inflammation

Asthma is a disease of the airways in which both acute and chronic exposure
to trigger factors such as inhaled allergens gives rise to airway inflammation,
which is responsible for airway narrowing and reactive bronchospasm. While
the latter is effectively relieved using as-needed single doses of inhaled f3,-ago-
nist, recent evidence suggests that airway inflammation may be increased as a
direct consequence of regular exposure to [3,-agonists.

In controlled studies in guinea pigs, Wang et al. demonstrated that enhanced
bronchial hyper-responsiveness (BHR) [13] and airway smooth muscle con-
tractility and remodelling [14] occurred following chronic exposure to inhaled
fenoterol. The magnitude of these changes was similar to those which result-
ed from chronic antigen exposure (ovalbumin). In other in vitro experiments,
interleukin-4-mediated production of IgE by human mononuclear cells has
been shown to be potentiated in a dose-dependent manner by the presence of
the B,-agonists salbutamol and fenoterol [15].

These experimental data are consistent with the results of a placebo-con-
trolled study in humans in which, following regular inhalation of salbutamol
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by 11 asthmatic patients for 16 weeks, bronchial biopsies and lavage fluid con-
tained significantly greater numbers of eosinophils and increased quantities of
eosinophilic cationic protein respectively [16]. Similarly, Gauvreau et al.
showed that, compared to placebo, regular treatment with 800 pg inhaled
salbutamol daily significantly (p < 0.02) increased blood eosinophils and the
influx of metachromatic cells into induced sputum 24 h after allergen chal-
lenge in patients with mild asthma [17].

Hence both animal and human data suggest that chronic exposure to inhaled
[B,-agonists may increase airway inflammation. Thus, paradoxically, despite
their capacity to alleviate reactive bronchospasm, one of the major pathophys-
iological consequences of asthma, B,-agonists may simultaneously be potenti-
ating the underlying disease process.

2.2. Increased Airway Responsiveness to Exercise, Allergen and Non-
Specific Bronchoconstrictors

If chronic use of inhaled B,-agonists enhances airway inflammation, then
patients so treated would be expected to demonstrate increased bronchial
responsiveness to a variety of exogenous stimuli as a measurable consequence
of that effect. There is now a substantial body of evidence to support this rela-
tionship.

2.2.1. Exercise Provocation: In a study of 10 asthmatic patients with pre-
dominantly exercised-induced symptoms, Inman and O’Byrne showed that
following 7 days of treatment with regular salbutamol, a standardised exercise
challenge resulted in a mean post-exercise fall in FEV, averaging 390 ml.
greater than after 7 days treatment with placebo [18]. In addition, the protec-
tive effect afforded by a single dose of inhaled salbutamol against exercise-
induced asthma was attenuated after regular treatment. One of the most fre-
quent indications for the use of short-acting B,-agonists is to protect against
exercise-induced bronchospasm. It is therefore illogical and, we would argue,
counterproductive to prescribe regular inhaled B,-agonist to control exercise-
induced asthma, as regular use potentiates the clinical problem it is designed
to treat. Furthermore, if the therapeutic effect of a single dose to treat exercise-
induced symptoms is attenuated by regular use, the most appropriate use of
B,-agonist for EIA is “as-needed” and not on a scheduled regimen.

2.2.2. Allergen Provocation: Several studies suggest that the airway response
to inhaled allergen is enhanced by regular B,-agonist therapy. Lai et al. demon-
strated that regular treatment with inhaled rimiterol permitted five of eight
patients with mild asthma to develop a late asthmatic response to an allergen
challenge where none had previously occurred, the explanation being that rim-
iterol treatment allowed a higher dose of allergen to be inhaled before a early
response warning occurred [19]. However B,-agonists may also enhance the



60 D.R. Taylor and M.R. Sears

response to a constant dose of allergen. The early asthmatic response to a con-
stant allergen stimulus was increased following 2 weeks of regular salbutamol
[20]. There was a near two-fold shift in allergen PC,, after regular treatment,
together with a significant reduction in the protective effect of a single-dose of
salbutamol. In another placebo-controlled investigation, the same authors have
demonstrated that the late asthmatic response to a constant dose of allergen
was significantly increased in atopic dual-responding asthmatic subjects who
received regular salbutamol for 1 week [21].

2.2.3. Increased Responsiveness to Non-Specific Bronchoconstrictors:
Assessing airway inflammation directly in asthmatic patients is difficult, and
most studies are carried out in small numbers of selected patients. However,
the measurement of non-specific bronchial hyper-responsiveness (BHR) cor-
relates significantly with other more direct measures of airway inflammation
[22]. Thus if regular B,-agonist treatment has an adverse effect on the pathol-
ogy of asthma, this ought to be reflected in adverse changes in non-specific
BHR during chronic use. This is indeed the overall result from a substantial
number of studies using different B,-agonists in different populations of asth-
matics.

The mean doubling dose shift in PC,, for methacholine or histamine during
regular ,-agonist treatment compared with values obtained during treatment
with placebo or at baseline in 18 studies are shown in Figure 1. In 12 BHR
increased, in two there was no detectable change, and in four there was a
decrease in BHR. If only those with a statistically significant result are
analysed, all but one study show an increase in BHR on regular treatment. The
one exception, a study of effects of terbutaline vs budesonide in newly diag-
nosed asthma, had a substantial number of dropouts in the terbutaline treated
arm. As most dropped out because of worsening asthma, the loss of these sub-
jects may have biased the BHR towards not showing a deleterious effect.
Hence the weight of evidence points to a deterimental effect of [3,-agonists as
a class on BHR.

In some studies [23, 25] increased BHR was maximal immediately after the
withdrawal of inhaled [3,-agonist treatment, although this so-called “rebound”
phenomenon is not a consistent finding [40]. Nevertheless, it raises the addi-
tional possibility that in circumstances where regularly treated patients abrupt-
ly discontinue their [3,-agonist therapy, they become even more susceptible to
trigger factors, and hence to instability of their asthma.

It has been argued that the magnitude of these observed changes in PCy is
not clinically significant [41, 42]. In eight studies [23—30] a doubling dose or
concentration shift of greater than 0.5 was observed, a change considered to be
clinically important. However, the magnitude of the change is not the sole cri-
terion by which these observations ought to be judged. The direction of the
change in BHR seen in the majority of studies is also important, especially as
it contrasts sharply with the consistent increase in PC,, (decreased BHR)
which follows regular use of inhaled corticosteroids such as budesonide [31,
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Effect of regular g-agonist on airway responsiveness
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Figure 1. Mean doubling dose shift in PC,, for methacholine or histamine during regular B-agonist
treatment compared with values at baseline or during placebo treatment, in 18 studies. Key:
F = fenoterol, S = salbutamol, T = terbutaline, * p < 0.05.

43]. The contrast between worsening BHR during [3,-agonist treatment and
improved BHR during inhaled corticosteroid treatment, which is known to
reduce airway inflammation, suggests that in many patients receiving regular
inhaled P,-agonists airway inflammation is increased. Certainly it is not
reduced. These contrasting observations argue strongly against the regular use
of B,-agonists in the long-term treatment of airway inflammation.

2.3. Tolerance to the Non-Bronchodilator Effects of P,-Agonists

In addition to acting on airway smooth muscle, 3,-agonists exhibit non-bron-
chodilator effects on the airways, notably suppression of mast cell mediator
release. These combined actions are thought to be responsible for the benefits
of inhaled B,-agonist treatment. Indeed, it may be that the latter effect is the
more important in offering protection against stimuli which cause bron-
choconstriction by indirect means e.g. cold air, exercise, allergen.

It is generally agreed that tolerance to the bronchodilator actions of ,-ago-
nists does not occur or is minimal and insignificant [44]. However, tolerance
to the non-bronchodilator effects occurs after relatively short periods of regu-
lar B,-agonist treatment. O’Connor et al. demonstrated that following 2 weeks
of regular treatment with inhaled terbutaline, the protective effect of a single
dose against methacholine- and AMP-induced bronchoconstriction was
reduced by 19% and 55% respectively [45]. Similarly, it has been demonstrat-
ed that as well as enhancing the airway response to exercise [18] or inhaled
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allergen [20, 21] when given regularly, the bronchoprotective benefits of sin-
gle-dose pre-treatment with inhaled salbutamol are diminished by regular
treatment, albeit modestly [46]. Thus theoretically the chronic use of ,-ago-
nist may be doubly hazardous: susceptibility to trigger factors may be
increased, and the effectiveness of single “rescue” doses of the drug to treat
resultant bronchoconstriction may be decreased.

The clinical relevance of tolerance to non-bronchodilator effects has not
been clarified and it may or may not explain why poorer control of asthma
results from regular [3,-agonist inhalation [29]. In each of the investigations
reporting the development of tolerance to non-bronchodilator effects, standard
doses of inhaled ,-agonist have been administered. However, a dose-response
relationship for such effects has been demonstrated, in that while there was a
trend for a decreasing geometric mean allergen PC,q at 200 and 400 pg salbu-
tamol daily, this became significant at 800 ug daily [47]. Thus in individual
patients inhaling large quantities of B,-agonist, these effects are likely to be
more apparent.

2.4. Changes in Lung Function

If short-acting B,-agonists had only a short-acting effect on bronchial smooth
muscle, then lung function as measured either by pre-bronchodilator morning
peak expiratory flow rates or FEV; ought to be no different from baseline or
placebo in controlled studies of regular [B,-agonist treatment. However, this is
not the case. A comprehensive review of this topic has recently been published
[1]. In the majority of studies in which a significant result was reported, a fall
in either FEV, or morning PEFR was observed (Tab. 1). For FEV/, the mean
decrease ranged from —0.15 1 [48] to as much as —0.48 1 [49]. In more recent-
ly published placebo-controlled studies of inhaled salbutamol, non-significant
but none the less negative changes in pre-bronchodilator lung function have
been observed [28, 55].

The results of some of these studies deserve closer examination. In the first
lengthy double blind, placebo-controlled, cross-over study of regular vs. as-
needed B,-agonist (29, 48), inhaled fenoterol 1600 ug daily for 24 weeks
resulted in a mean change in FEV; of —0.15 litres in 64 patients with mild to
moderate asthma (p < 0.05). In the placebo-controlled parallel-group study of
Drazen et al. [28], in which 255 patients with mild asthma received either
inhaled salbutamol 720 pg daily or placebo for 16 weeks, the changes in morn-
ing PEFR and FEV, were consistently negative in the actively treated group.
This was associated with an increase in BHR to methacholine (0.5 doubling
doses). In the study by D’Alonzo et al. [55], the fall in mean morning peak
flow rate in 108 patients with mild asthma during regular treatment with
inhaled salbutamol was —13 1/min compared to the placebo group. The statis-
tical significance of this last result was not reported.



Is Chronic Use of B,-Agonists Detrimental in the Treatment of Asthma? 63

Table 1. Effects of regular inhaled or oral B-agonist on lung function in asthmatics”

Drug Duration Baseline Regular
(weeks) Variable value treatment p Reference
Fenoterol 24 FEV, 2.46 2.29 <0.05 29, 48
Salbutamol 12 PEFR 352 289 NS 49
Salbutamol 4 FEV, 2.30 2.08 NS 50
Salbutamol 4 FEV, 3.68 3.33 <0.05 51
Fenoterol 4 FEV, 2.76 243 <0.05 52
PEFR 377 317 <0.02

Salbutamol 2-5 PEFR 63% 57% NS 53
Salbutamol 95 FEV, 79% 76% <0.0001 31
Salbutamol (oral) 4-20 PEFR 61% 53% NS 53
Fenoterol (oral) 12 FEV, 2.53 2.05 <0.05 54
Ephedrine (oral) 12 FEV, 2.25 2.08 <0.05 54
Salbutamol 12 PEFR (A.M.) NR —13 L/min NR 55

“FEV, (L), PEFR (L/min), or as percent predicted FEV; or PEFR, FEV| = Forced expiratory volume
in 1 s; PEFR = peak-expiratory flow rate.
NS = Not significant; NR = not reported.

The pattern of results emerging from these more recent studies is consistent.
Although it is possible to interpret the results of some studies as indicating no
statistically significant difference between regular inhaled [,-agonist and
placebo, there is overall consistency in the direction of the reported changes.
Differences in their magnitude and thus the statistical significance of the out-
comes may be explained by the fact that some subjects being studied had
milder asthma, as judged by baseline characteristics and use of inhaled corti-
costeroids, and that the dose of inhaled ,-agonist being given was less than in
some other investigations.

In summary, negative rather than no changes in pre-bronchodilator lung
function during regular [B,-agonist therapy are the most frequent outcome in
controlled studies. This overall picture is consistent with the view that their
chronic use is detrimental.

2.5. Control of Asthma

The first reports to highlight the possibility that regular B,-agonist treatment
might give rise to deterioration in asthma control were published in the late
1960s. At that time aerosols containing relatively high doses of isoprenaline or
adrenaline became available. No prospective or controlled investigations were
carried out. However, in three case-based studies, worsening asthma was
attributed to the use of inhaled adrenergic drug therapy [56—58]. Improvement
was achieved in many cases by withdrawing the inhaled drug treatment.
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In the more recent literature, whereas lung function is usually carefully doc-
umented, control of asthma as a study end-point has been largely neglected.
The New Zealand study of regular inhaled fenoterol treatment in which asth-
ma control was the primary end-point provided the first prospective experi-
mental evidence concerning the effects of chronic 3,-agonist therapy on asth-
ma control (29, 48). Forty of the 64 patients who completed the study had bet-
ter asthma control during the as-needed treatment period (p = 0.003).
Exacerbations were more frequent during the period of regular [,-agonist
treatment. The median time to first exacerbation was only 33 days during reg-
ular treatment compared with 66 days during placebo treatment (p = 0.008).

That poorer overall control of asthma ought to coincide with negative
changes in mean pre-bronchodilator lung function may appear self-evident. In
the New Zealand study, the deterioration in asthma control which occurred
with regular fenoterol use was associated with a mean fall in pre-bronchodila-
tor FEV; of —0.15 I (p < 0.05). Hence although the mean change in pre-bron-
chodilator lung function observed in many studies during regular [3,-agonist
use may appear small, it reflects significant deterioration in overall asthma
control. In many of the studies which we have reviewed [1], serious exacerba-
tions of asthma requiring intervention with additional treatment, notably oral
corticosteroid, are reported. However, the numbers of these events have usual-
ly been insufficiently large for statistical comparisons to be made. This high-
lights the importance of designing long-term studies in which control of asth-
ma and occurrence of exacerbations rather than simply lung function meas-
urements are primary study end points.

3. Epidemiological Evidence for a Link Between [3,-Agonist Use and
Asthma Morbidity and Mortality

3.1. Mortality Epidemics Associated with the Introduction of Potent
Agonists

Two major epidemics of asthma mortality have occurred in New Zealand dur-
ing the last 30 years. The first began in the mid 1960s in England and Wales,
Australia and New Zealand, and was associated in time with the introduction
of a high-dose formulation of the non-selective B,-agonist isoprenaline [59,
60]. More recently, a second New Zealand epidemic began in 1976 and con-
cluded in 1990, in this instance coinciding closely with the introduction of the
inhaled B,-agonist fenoterol in a relatively high-dose formulation. From a rate
of approximately 1.5 per 100 000 per annum, asthma mortality in the 534 age
group rose dramatically to over 4.0-per 100 000 per annum over a 3-year peri-
od from 1976. This rise occurred in parallel with a steep rise in the prescrip-
tion of inhaled fenoterol when compared to other P,-agonist drugs [61]
(Fig. 2).
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Figure 2. Inhaled fenoterol market share and annual asthma mortality in persons aged 5-34 years.
(The data for 1989 are divided into.two 6-month periods because the first Department of Health warn-
ings about the safety of fenoterol were issued in mid-1989) (from [61]).

It has been argued that the introduction of other [,-agonist drugs such as
salbutamol and terbutaline and the continuing increase in their use has not
been associated with similar epidemics. There are clinically important differ-
ences in intrinsic pharmacological efficacy between the different B,-agonist
drugs [62], which may be of importance in explaining apparent differences in
the frequency and magnitude of adverse effects associated with the different
agents, and hence differences in epidemiological data. While the strong tem-
poral relationship between the introduction of isoprenaline and fenoterol and
increases in asthma mortality is not seen for the other agents, asthma mortali-
ty and B,-agonist use have both risen over time. However a causal relationship
between these observations cannot be proven using epidemiological data alone
[63].

3.2. Case Control Studies of Asthma Mortality

In 1989, the first of three New Zealand case control studies investigating the
risk of death from asthma in relation to the prescription of [3,-agonist medica-
tion was published [64]. The odds ratio for death from asthma in patients pre-
scribed inhaled fenoterol was 1.55 (p =0.03), increasing in patients also
receiving continuous oral corticosteroids to 6.45 (p <0.01). Two subsequent
case-control studies were published to address criticisms of the design of the
first study: similar results were obtained [65, 66]. The consistent finding that
adjustment for markers of severity increased rather than decreased the odds
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ratios for risk of death associated with prescription of fenoterol was used to
refute the suggestion that the link with fenoterol was due to confounding by
severity.

In order to confirm or negate the New Zealand findings, further epidemio-
logical studies were conducted by Spitzer et al. using computerized prescrib-
ing data from the province of Saskatchewan, Canada [67]. In a nested case
control study in which data from 12 301 patients for the period 1978-1987
were obtained, 129 cases of death or near-death from asthma and 655 selected
controls were compared. Adjusted odds ratios for the relationship between the
index event and the prescription of fenoterol and salbutamol were calculated.
For fenoterol a highly significant result was obtained (O.R. 6.1, 95% CI
3.1-12.2). When adjusted for dose equivalence, there was no difference in the
odds ratio for a major event between high users of fenoterol (>12 canisters
during the 12 months prior to the index event; O.R. 22.7 (95% CI; 8.1-63.3))
and high users of salbutamol (>24 canisters; O.R. 24.0 (95% CI; 9.0-64.1)).
Further analysis revealed a dose response relationship between the number of
aerosol canisters of B,-agonist prescribed and the risk of death or near death
from asthma, and that the pattern of use i.e. whether decreasing or increasing,
appears to be a very important predictor for the subsequent index event [68].

A major consideration in the interpretation of these data is whether the
apparent relationship between drug prescribing and asthma morbidity and
mortality is due to “confounding by severity” i.e. the possibility that patients
with more severe asthma were prescribed more frequent and more potent
B,-agonist. These concerns have been addressed by a number of authors but
opinion remains divided. The second and third New Zealand case control stud-
ies, in which controlling for asthma severity was more rigorously applied, con-
tinued to show a significantly increased risk of asthma death associated with
prescription of fenoterol (O.R. 2.66 (95% CI; 1.74—-4.06)) [65, 66]. Similarly,
re-analysis of the Saskatchewan data using additional clinical information
relating to asthma severity, did not significantly reduce the odds ratio for asth-
ma death or near death for either fenoterol or salbutamol (2.5 and 2.0 respec-
tively) [69]. If adjustment for severity does not reduce the relationship between
prescribed ,-agonist therapy and important asthma-related events, but rather
increases the odds ratios (as in the New Zealand studies), confounding by
severity seems unlikely.

On the other hand, Garrett et al. [70] reported that among 655 patients
admitted to hospital with acute asthma during the period 1986—1987, the risk
of subsequent admission to the ICU or death from asthma during the subse-
quent 2 years after controlling for several indices of severity was no different
for those patients taking inhaled fenoterol compared to those taking salbuta-
mol. However, while this analysis is helpful in distinguishing the relative risks
associated with different [3,-agonist drugs, this study fails to address whether
or not P,-agonist use per se is a risk factor for increased asthma morbidity and
mortality.



Is Chronic Use of B,-Agonists Detrimental in the Treatment of Asthma? 67

3.3. Reduction in Morbidity and Mortality Associated with Withdrawal of
Fenoterol

In the early and mid 1980s a concerted campaign was mounted in New
Zealand to control the dramatic rise in asthma mortality and morbidity. This
included a wide variety of public health measures and therapeutic recommen-
dations [71]. However, although the measures undertaken appear to have been
somewhat successful, their impact on asthma mortality, which fell only mod-
estly during the mid-1980s to an average annual rate of 2.3 per 100 000, was
disappointing. First hospital admission rates remained unchanged throughout
this period (Fig. 3).
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Figure 3. First admissions (ll—M) and readmissions (@ —@®) per calendar year for asthma in 5-54
year old New Zealanders 1980-92 (from [71]).

In 1990, following the publication of the New Zealand case control studies
[64—-66], fenoterol was withdrawn from the prescribed medicines list by the
Department of Health in New Zealand. Thereafter asthma mortality rates fell
dramatically. Within 1-2 years mortality rates declined to be comparable to
most other Western countries (approximately 0.8 per 100 000 for each of the
3 years 1990-1992) (Fig. 4). In addition, first hospital admissions for asthma
were also reduced for the first time since 1981 (Fig. 3).

The importance of these epidemiological data has been debated [11, 71].
The striking and repeated temporal relationship between the introduction of
the high-potency [,-agonist preparations and significant changes in asthma
mortality and morbidity on two occasions provides strong circumstantial evi-
dence that the relationship is a causal one [11]. Even stronger support for this
view is obtained from observing the changes which occurred following the
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Figure 4. Abrupt decrease in asthma-related hospital admissions and mortality in New Zealanders
aged 15 to 44 years following withdrawal of fenoterol in 1990 (from [12]).

withdrawal of fenoterol, when an even. greater rate of change in asthma deaths
and hospital admissions occurred—this time downwards—than occurred
upwards immediately after its introduction [12]. This cannot otherwise be
explained unless another major factor predisposing to increased asthma sever-
ity was simultaneously brought under control and there is no evidence for this.
The disparity between the improvements in the rates for asthma death and rates
for first hospital admission during the period 1984—1989 argues that despite an
intensive response to the “asthma problem” in New Zealand, medical measures
alone were insufficient to reduce morbidity and mortality to baseline.
Withdrawal of the potent B,-agonist clearly defined the end of the epidemic.

4. Conclusion

In his address to the Royal Society of Medicine in 1965 [72], Sir Austin
Bradford Hill, Emeritus Professor of Medical Statistics at the University of
London proposed a number of criteria to answer the question “Upon what basis
should we proceed to pass from an observed association to a verdict of causa-
tion?” He cited nine: strength, plausibility, consistency, specificity, temporali-
1y, biological gradient, coherence, experiment, and analogy. Interestingly, sta-
tistical analyses were relegated by Bradford Hill to a subordinate role: “Tests
of significance contribute nothing to the proof of our hypothesis”.
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In this chapter we have presented evidence which supports the hypothesis
that chronic B,-agonist use is detrimental to patients with bronchial asthma.
The strength and consistency of the evidence are found in the repeatability of
studies, both clinical and epidemiological, which have demonstrated an
adverse outcome when inhaled B,-agonists are used regularly. The plausibility
of the hypothesis has been substantiated by studies demonstrating increased
airway inflammation both in vitro and in vivo following chronic drug expo-
sure, as well as increased responsiveness to trigger factors such as exercise and
allergen. Temporality is demonstrated in that not one but two epidemics of
asthma mortality have accompanied the introduction of potent agents, and that
morbidity and mortality associated with the second epidemic was dramatical-
ly reduced when fenoterol was withdrawn.

The case presented is also coherent: there is a logical relationship between
various categories of evidence. Increases in airway inflammation reasonably
and logically ought to give rise to enhanced bronchial responsiveness, impair-
ment of lung function, poorer control of asthma and adverse trends in asthma
morbidity and mortality. Likewise, where the hypothesis that chronic f3,-ago-
nist use is detrimental has been prospectively tested in an appropriate clinical
setting over a sufficient period of time, the results have yielded experimental
support. That these effects are not universally observed is a function of bio-
logical gradient: there is a dose-response relationship between cause and
effect, and the effects on morbidity and mortality are greatest among those
using high doses of the most potent 3,-agonists.

Few commentators now advocate 