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Serial prevalence studies have shown that
childhood asthma is becoming more common.
In the UK two recent studies have found that
the overall prevalence of episodic wheeze and
of diagnosed asthma has doubled over the last
two decades.'2 In these studies the prevalence
of hay fever was also shown to have increased
by a factor of three to four, while that of
eczema had doubled. In children in New
Zealand and Australia asthma prevalence has
also doubled over the same period.34 The situation in adults is less clear, and data for the
UK are not available, but most evidence from
other countries suggests that a similar increase
is occurring. Thus, although Yunginger et al;
found no evidence of an increase in the incidence of asthma in the adult population of
Rochester, Minnesota during the years 196483, analysis of data from conscripts to the
Finnish and Swedish defence forces reveals a
sixfold increase in asthma prevalence at call-up
examinations between 1966 and 1989 in Finland,6 and a 47% increase between 1971 and
1981 in Sweden.7 In Busselton, Australia8 the
prevalence of diagnosed asthma in adults aged
18-55 increased from 9% to 16 3% between
1981 and 1990, and in Manitoba, Canada,
physician diagnosed asthma was found to be
increasing in all age groups between 1980 and
1990.9 As well as changes over time, increases
in the prevalence of asthma have also followed
"westernisation" of a society'0 and migration
from subsistence societies to economically developed countries." 12
It is generally agreed that the observed increase in the prevalence of asthma is not
simply a consequence of improved diagnosis'3'4 or of diagnostic transfer.'5 A change
in genetic susceptibility of the population to
the development of asthma is unlikely in the
time period over which the observed increase
has occurred. A more probable explanation is
that the increase is due to the effects of life in
the industrialised world resulting in an increase in exposure to exogenous factors which
may induce asthma, a reduction in host resistance, or a combination of both mechanisms.
Among exogenous factors which have been
implicated in the increase in asthma are outdoor pollutants, indoor pollutants, cigarette
smoke, and allergen exposure. Factors altering
host resistance have received less attention.
It has been suggested recently that a similar
increase in the prevalence of hay fever coin-

cided with the industrial revolution of the 18th
and 19th centuries,16 and it is not surprising
that the attention of researchers should have
focused on air pollution - both outdoors and
indoors - as a potential cause of increased
asthma prevalence. With regard to outdoor
pollutants, there is no doubt that many of these
- including sulphur dioxide, ozone, sulphuric
acid and oxides of nitrogen - can induce bronchoconstriction in susceptible individuals in
the laboratory setting.'7 There is epidemiological evidence from the USA'8 and from the
UK'9 that increases in ambient photochemical
oxidants may be associated with respiratory
symptoms and increased bronchodilator use in
asthmatic subjects. However, air pollution in
general in the UK has lessened substantially
since the smogs of the 1950s with reduced
burning of coal in cities, and there has been a
well documented fall in levels of smoke and
sulphur dioxide. Ozone is primarily a rural
pollutant and the limited evidence available
suggests that urban levels have not altered
since the early 1970s.20 There is some evidence
of a rise in background levels of oxides of
nitrogen in rural situations since the 1970s, but
peak urban levels in cities do not appear to
have risen.202' While these data over an adequate time and range of sites are sparse, there
is no evidence of the significant rises in any
pollutants that would have been necessary
were they to have been responsible for the
increase in asthma and hay fever. In support of
this conclusion, no association between exposure to particulates, nitrogen dioxide, or sulphur dioxide and prevalence of asthma was
found in the American six cities study,2223 nor
in a more recent study24 which compared
schoolchildren in the heavily polluted city of
Leipzig and the cleaner city of Munich; there
was significantly more hay fever and rhinitis in
Munich children, while the prevalence of
asthma and airway hyperreactivity did not
differ significantly between the two populations.
The major component of indoor air pollution is cigarette smoke and there is abundant
evidence that exposure to the constituents of
cigarette smoke in utero and in childhood can
increase the risk of developing allergy and

respiratory symptoms.25-30 Again, however, it
is difficult to attribute the considerable increase in asthma to changes in parental smoking. In the UK there has been a decline in the
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Figure 1 Average weekly household expenditure on pet
food, 1961-91. Inflation-corrected expenditure is related
to 1991 prices. Data are derivedfrom reference 41.
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in combination, for the substantial rise in the
prevalence of atopic disease.
An alternative hypothesis is that host resistance has declined because of an alteration in
diet associated with the "westernisation" of
societies. There has been a substantial and well
documented change in the British diet since
the 1950s. Data from the National Food Surveys41 are illustrated in fig 2. Between 1961 and
1985 average weekly consumption of fresh
fruit fell 26% from 611 g to 451 g, green vegetables fell 51 % from 422 g to 204 g, and potatoes fell 37 % from 1624g to 1016g. These
foods are the main sources of the important
antioxidants vitamin C and ,B-carotene. At the
same time there have been reductions in the
consumption of fresh fish and red meat which
are important contributors of the antioxidant
ubiquinone, and of selenium, zinc, and copper
which are essential cofactors for antioxidant
defence mechanisms. While detailed information on the diets of children and pregnant
women is not available, it is likely that these
have reflected changes in the general diet of
adults over this period. Objective evidence of
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Figure 2 Mean adult weekly intake of major foods,
1961-91, expressed as percentage of 1961 levels.
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numbers of smokers over the last two decades.
In 1972 33% of professional men and women,
64% of unskilled men, and 42% of unskilled
women smoked. By 1988 these figures had
fallen to 16% and 17%, respectively, of male
and female professionals, 43% of unskilled
men, and 39% of unskilled women.31 This
marked social gradient amongst smokers is the
opposite of that seen in the distribution of
asthma and hay fever in surveys of the general
population.32 It is, of course, possible that an
effect of smoke exposure in utero or in early
life may not manifest until later life. If this
mechanism was to account for the change in
asthma prevalence in 8-13 year olds between
1964 and 1989,1 for example, we would expect
to have observed an increased prevalence of
parental smoking between the periods 1951-6
and 1976-81. Between these dates the prevalence of smoking in women aged 16-24 did
indeed rise from 36% to 45%, but in the 25-34
age group it fell from 51% to 45%. In men
these age group prevalences fell from 56% to
45%, and from 67% to 46%, respectively.33
While it is possible that a 6% increase in
smoking in the youngest age group of women
could have contributed to the rise in prevalence of asthma these figures suggest that the
main explanation may lie elsewhere.
If increased exposure to air pollution and
cigarette smoke do not account for the substantial increase in prevalence of asthma and
hay fever, what other factors in the environment may be responsible? Increased exposure
to allergen has been suggested, with two
phases of response: sensitisation in genetically
predisposed individuals, and subsequent prolonged exposure leading to airway hyperreactivity.3436 Although the case for allergen exposure leading to clinical symptoms of asthma is
well established, and there are some specific
examples of increases in asthma prevalence in
relation to increased allergen exposure (as, for
example, when the Prosopis tree was introduced to beautify Kuwait37), there is no direct
evidence for an increase in allergen load to
explain the observed increase in asthma prevalence. The two most important domestic
allergen sources in the UK are house dust
mites and cats. Absolute levels of house dust
mite allergen in one study36 were unchanged
over the period 1979-89. Furthermore,
domestic beds across the range of social conditions contained large numbers of mites in the
1960s and 1970S3839 when asthma prevalence
was lower than today. Whilst we have been
unable to obtain data on numbers of household
pets in the UK, we have obtained a surrogate
measure from the average weekly household
expenditure on pet food.40 Corrected for inflation, these figures showed a rise in the early
1970s but have remained at a lower level since
then (fig 1); this suggests that no significant
increase in population exposure to pet allergens has occurred. Thus, although it is beyond
dispute that all of these inhalable factors may
provoke attacks and sometimes initiate asthma,
there is little overt evidence in support of the
hypothesis that they are responsible, alone or
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allergic sensitisation, 45 46 perhaps by increasing

access of antigen to submucosal T lymphocytes. An important mechanism in the inflammatory process is the generation of oxygen free
radicals. Exposure of airways to exogenous
free radicals, from cigarette smoke and air
pollutants, adds to the oxidant load on these
tissues promoting further inflammation. Inhalation of ozone, for example, induces airway
inflammation47 and increases lung permeability as measured by clearance of technetium99m labelled DTPA48 in non-asthmatic subjects. The lung has several natural intracellular
and extracellular antioxidant defence systems49
which inhibit reactive oxidant propagation and
scavenge hydroxyl radicals and singlet oxygen.
Their function is dependent on nutritional
antioxidants, including vitamins A, C, and E.49
The dietary changes which have occurred over
recent years may have led to a reduction in
these natural antioxidant defences, resulting in
a shift of the antioxidant status of the whole
population and leading to increased susceptibility to oxidant attack and airway inflammation. This hypothesis would explain the observation that asthma and rhinitis have increased
substantially, in spite of minor and sometimes
apparently favourable changes in airborne pollutants and allergens. It may also explain the
concurrent increase in prevalence of childhood
eczema. It already has some published support
in that studies have shown reduced selenium
levels in subjects with asthma,505' poorer ventilatory function in people with a reduced intake
of fresh fruit and vegetables,52 and lower values
for FEV, in subjects with low levels of vitamin
C intake.53 It is consistent with the observation
that asthma mortality is related geographically
to sales of table salt54 in that salt intake is likely
to be confounded with a poor diet. The effects
of supplementing antioxidant intake have not
been adequately studied although two reports
have described attenuation by vitamin C of
bronchoconstriction induced by ozone55 and
nitrogen dioxide56 in non-asthmatic subjects,
and others have shown vitamin C to attenuate
bronchial reactivity to histamine and methacholine in both non-asthmatic and asthmatic

subjects.5758
Interest in environmental factors in respira-

tory disease has understandably tended to
focus on clearly harmful toxic substances. It is,
however, unlikely that the air we breathe as
infants and children has become twice as
harmful, indoors or out, as it was 20 years ago.
It is therefore timely to investigate whether, as
a population, we have become more susceptible to respiratory disease as a consequence of
dietary omission; if this turns out to be the
case, the apparently relentless rise in allergic
disease could be reversed relatively easily. Indeed, if the dietary hypothesis is correct, the
favourable trend in eating habits between 1985
and 1991 seen in fig 2 may already be having a
beneficial effect.
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the relative deficiency of antioxidants in one
area of Scotland has recently been published42
showing that more than 50% of a randomly
ascertained population sample consumed less
than the recommended daily intake of vitamins
C, E, and carotene. Similar findings for vitamins C and E have been shown in a much
larger Scottish population sample (10 359 subjects).43 It is reasonable, therefore, to hypothesise that these changes in diet are responsible
for the increase in asthma and rhinitis.
If this is the case, what might be the
mechanism? A major characteristic of asthma,
whatever its provoking cause, is airway inflammation characterised especially by the presence of eosinophils and T lymphocytes in the
airways.44 Such inflammation, in addition to
forming one of the major clinicopathological
features of asthma and rhinitis, may also increase the susceptibility of the individual to
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