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Progression of allergy and asthma through
childhood to adolescence

Erika von Mutius

Asthma and wheezing are responsible for a
significant proportion of acute and chronic ill-
ness in childhood. For example, in the United
States in 1975, 28 million restricted activity
days in children under 17 years of age were
attributed to asthma.'

Natural history of asthma
Childhood asthma has long been thought ofas a
single, easily recognisable disease characterised
by reversible (spontaneous or by treatment)
airflow limitation.2 However, recent findings of
an American population-based epidemiological
survey have challenged this concept.

Martinez et al' studied the natural history
of wheezing in children aged 0-6 years and
found that approximately half of the children
experienced wheezing illness at some time dur-
ing the study period. In some ofthem wheezing
occurred early in life but resolved by the age
of three years (transient early wheezing), some
experienced wheezing illness between the ages
of three and six years (late onset wheezing),
and others had wheezing illness throughout the
entire study period (persistent wheezing).

Different risk factors were associated with
these outcomes. The children with transient
early wheezing had reduced pulmonary func-
tion, as measured by functional residual cap-
acity (VmaxFRC) shortly after birth and before
any lower respiratory tract illness had occurred.
The risk of transient early wheezing was also
increased in the children of mothers who
smoked during pregnancy; these children had
significantly lower Vmax FRC values than chil-
dren of non-smoking women. Congenitally
smaller airways may therefore predispose chil-
dren to wheezing illness early in life.

Children with persistent and late onset
wheezing were more likely than non-wheezing
or transient early wheezing children to be atopic
(assessed by serum IgE levels and skin test
reactivity) and to have asthmatic mothers.
Moreover, pulmonary function in the persistent
wheezers, which was within normal limits in
the first year of life, had decreased by the age
of six years, thus indicating more severe disease
or the long term consequences of recurrent
airway obstruction. The study suggests the
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presence of two distinct phenotypes of wheez-
ing illness - transient early and persistent
wheezing - but no single disease entity up to
the age of six years.

Very little is known about the progression of
asthma through childhood and adolescence.
Clinical studies have reported that up to 80%
of asthmatics become asymptomatic during
puberty.45 In a cohort study of Australian
schoolchildren6 tested initially at the age of
8-10 years and then again at 12-14 years of
age, the persistence of bronchial hyper-
responsiveness at 12-14 years of age was found
to be related to the severity of disease at 8-10
years of age, the atopic status of the child, and
the occurrence of asthma in the parents. Most
of the children who had a slight or mild degree
of bronchial hyperresponsiveness at 8-10 years
of age lost their increased response by the
age of 12-14 years. However, only 15-4% of
children with severe or moderate bronchial
hyperresponsiveness at the initial assessment
had normal levels of bronchial responsiveness
at the later assessment. Whether the decline in
reported symptoms is real or the result of the
children increasingly denying their illness as
they reach puberty remains to be clarified. The
reduction in bronchial hyperresponsiveness
may favour the hypothesis of a real reduction
in the activity of the disease. Alternatively,
higher doses ofhistamine or methacholine may
be needed to provoke hyperresponsiveness in
larger airways of rapidly growing children.

. .. the occurrence of asthma within
families is the strongest risk factor for
the development of asthma in children.

What factors induce childhood asthma?
In most studies the occurrence ofasthma within
families is the strongest risk factor for the
development of asthma in children.7'10 How-
ever, asthma is a complex disorder in which
genetic studies have proved to be challenging.

ATOPY
In children, as in adults, the prevalence of
asthma and bronchial hyperresponsiveness is
strongly related to serum IgE levels and skin test
reactivity."1-13 Almost no asthma and bronchial
hyperresponsiveness is present in subjects with
the lowest IgE levels. However, the relative
risks of different atopic sensitivities for the
development of asthma and bronchial hyper-
responsiveness have not been established con-
clusively.

Peat et all4 investigated the relationship be-
tween atopy, asthma, and bronchial hyper-
responsiveness in three populations of children
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living in different climatic areas of Australia.
Each study region was characterised by differ-
ent exposure levels to house dust mites and
moulds. The association between sensitivity to
specific allergens, bronchial hyperresponsive-
ness, and asthma differed in each region and
was strongest for the most prevalent allergen
in each study area. These results indicate that
the level of allergen exposure may determine
the type of sensitivity in a given population. To
what extent and mechanism genes controlling
the regulation of total and specific IgE pro-
duction transfer the susceptibility for asthma
remains to be elucidated.'516 Moreover, a spe-
cific hereditary factor not related to atopy or
bronchial hyperresponsiveness may also deter-
mine the expression of asthma in children.'7

PREMATURITY
Several studies have reported an increased pre-
valence of respiratory symptoms, such as cough
and wheeze, and reductions in lung function
in children and adolescents who were born pre-
maturely or who were of low birth weight.'820
We have previously shown that girls who were
born prematurely were diagnosed asthmatic
significantly more often and had significantly
more respiratory symptoms, such as recurrent
wheezing, shortness of breath, and frequent
cough with exercise, than full term girls, espe-
cially if they had required mechanical vent-
ilation after birth.2' Significant reductions were
also demonstrated in other parameters of lung
function in these children.
However, no difference was found in atopic

sensitivity between premature and full term
children. Wheeze and cough in premature chil-
dren may therefore be attributable to persistent
anatomical abnormalities of the airways or par-
enchyma due to a reduction in lung function
at birth, neonatal lung injury, and the increased
risk of developing lower respiratory tract ill-
nesses in infancy, rather than to an increased
prevalence of atopy. Persistent wheeze in chil-
dren who were born prematurely or who were
of low birth weight may therefore represent a
distinct wheezing phenotype which should not
be confused with childhood asthma.

DIET
As societies become more affluent their dietary
habits change, and such changes have been
linked with the increased prevalence of asthma
observed in recent years.22 24 Prospective stud-
ies have found that breast feeding has a tran-
sient beneficial effect on the incidence of
eczema, food allergy, atopic sensitisation, and
wheezing illnesses in the first three years of
life.2526 Breast feeding may also prevent in-
fectious diseases of the respiratory and gastro-
intestinal tracts.27 However, there is little
evidence for a persistent protective effect of
breast feeding on the incidence of childhood
asthma.2829
A result of an increased awareness of the

potential adverse effects of fats on the heart
and the balance of unsaturated and saturated
fats in the diet may have altered in favour

of polyunsaturated oils. A recent Australian
study30 showed a lower prevalence of asthma
and bronchial hyperresponsiveness in children
with a high intake of fresh oily fish. In addition,
the results of a previous study3' indicated an
association between high fish consumption and
improved baseline levels of forced expiratory
volume in one second (FEV1) in the USA.
Children who eat fish regularly consume more
omega-3 fatty acids which may protect them
from bronchial hyperresponsiveness. However,
a recent study found that although dietary sup-
plementation with fish oil did increase levels of
plasma neutrophils, no concomitant decrease
in symptom scores or bronchial hyper-
responsiveness in pollen sensitive subjects was
observed. Finally, the severity of asthma - not
its inception - has also been linked to increased
salt intake, but only in males.32

AIR POLLUTION
Air pollution has repeatedly been cited as a
causal factor in the development of asthma,
and the effects of exposure to tobacco smoke
in particular have been extensively investigated.
A summary of the literature on the adverse
effects of tobacco smoke produced by the US
Environmental Protection Agency33 concludes
that passive exposure to tobacco smoke is caus-
ally associated with the following:

1. An increased risk of lower respiratory tract
infections, such as bronchitis and pneu-
monia, in infants and young children.

2. A small but significant dose-dependent re-
duction in pulmonary function.

3. Additional episodes and increased severity
of asthma symptoms in asthmatic children.

Exposure to tobacco smoke is also con-
sidered to be a risk factor for the development
of new cases of asthma in children. Further-
more, in the longitudinal Tucson Children's
Respiratory Study, maternal smoking was re-
lated to both transient early wheezing and per-
sistent wheezing.3
There is no evidence to support the hypo-

thesis that high levels of sulphur dioxide and
particulate matter cause asthma and allergy. In
areas of East Germany and Poland, where the
concentrations of sulphur dioxide and par-
ticulate matter are high, the prevalence of
asthma, bronchial hyperresponsiveness, and
atopic sensitivity were significantly lower than
in less polluted areas in West Germany and
Sweden.3136 However, the increasing pre-
valence of bronchitis and symptoms of the
upper respiratory tract may be associated with
increasing levels of these pollutants.3437
Very little is known about the effects of ex-

posure to traffic pollution on health. An in-
crease in the prevalence of non-specific
respiratory symptoms and reductions in lung
function have been shown in children living in
Munich school districts with heavy traffic.38
These changes were of similar type and mag-
nitude to those seen when children are exposed
passively to tobacco smoke. Ishizaki et al39 re-
ported a strong association between allergic
rhinitis to cedar pollen and exhaust fumes,
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though other factors were not taken into ac-
count. Other investigators have failed to show
a relationship between exposure to traffic pol-
lution and the prevalence of hay fever or
asthma.3840 It remains to be seen if the results
of animal experiments, which indicate an en-
hanced atopic sensitivity to ovalbumin in
guinea pigs and mice exposed to traffic-related
pollutants, can be applied to man.4"42
The effects of ozone on the pulmonary func-

tion and respiratory symptoms of both healthy
and asthmatic individuals have mainly been
investigated in exposure chamber studies. The
magnitude of the spirometric changes and the
occurrence of respiratory symptoms, such as
cough, shortness of breath, and pain on deep
inspiration, attributable to a specified level of
exposure have been shown to vary widely
among individuals.4344 The alterations of lung
function and the prevalence of symptoms are
reported to be highly reproducible,4546 re-
flecting an individual's intrinsic response to
ozone. However, rapid adaptation to con-
tinuing exposure has also been observed by
most investigators.47-9 Increases in bronchial
responsiveness to histamine and methacholine
in healthy subjects following exposure to ozone
have been demonstrated, but it is unknown
whether these changes persist following ex-
posure.49 Very few epidemiological studies have
investigated the effects of long term exposure
to ozone on the prevalence ofasthma and atopic
diseases, and the results of the available studies
are conflicting.505' At present, therefore, little
evidence exists to support a causal role ofozone
in the inception of reactive airway disease or
atopy.

OTHER FACTORS
The different lifestyles in Eastern and Western
societies may account for the two- to threefold
difference in the prevalence of skin test re-
activity between these regions. Strachan first
demonstrated that the prevalence of hayfever
was inversely correlated to the number of sib-
lings." As the effect was much stronger for
older than for younger siblings, he suggested
that exposure to infectious diseases early in life
may have a protective effect on the de-
velopment of atopic diseases. This hypothesis
may be applied to the situation in East and
West Germany since in East Germany most of
the children attended daycare nurseries from
their first birthday onwards, whereas in West
Germany daycare is accessible only to a min-
ority of children in this age group.35

Lifestyle factors, such as decreasing family
size, exposure to viral infections early in life,
and socioeconomic status, may be of greater
importance for the development ofatopic sensi-
tivity than exposure to ambient high con-
centrations of sulphur dioxide and particulate
matter.

What factors suppress childhood
asthma?
Exposure to indoor allergens, particularly
house dust mites and cats, has been related to

the presence and severity of childhood asthma.
Allergen avoidance - for example, by hospital
admission,53 residence at high altitude,54 or
mattress encasement55 - has consistently been
shown to reduce both symptoms and bronchial
hyperresponsiveness in asthmatic patients.
However, whether indoor allergen avoidance
can prevent atopic sensitisation and the de-
velopment of childhood asthma in genetically
predisposed or otherwise susceptible in-
dividuals is unclear.

Concentrations of 2 1ig/g dust of Derp I, the
major house dust mite allergen, and 8 gg/g dust
of Fel d- I, the major cat allergen, have been
proposed as threshold levels for increasing the
risk ofsensitisation. However, it may be difficult
to achieve a sufficient reduction in allergen
levels in ambient dust and air as significant
amounts of allergen are found in public build-
ings or, in the case of Fel d I, in homes without
cats.56 Moreover, lack of sensitivity to indoor
allergens may not prevent sensitisation to, for
example, moulds, which have been shown to
be strongly related to asthma in arid regions."4

The reduction in asthma symptoms
and bronchial hyperresponsiveness in
adolescence is not well understood.

Summary
The reduction in asthma symptoms and bron-
chial hyperresponsiveness in adolescence is
not well understood. Nor can the differences
in asthma prevalence and severity between the
sexes, which reverse at puberty, be explained.
It has been suggested that the improvement in
asthma during adolescence may result from
diminished clinical and immunological re-
sponsiveness directly related to hormonal
changes57 and that the effect of age on the
prevalence of asthma in each sex may relate
to differences in hormonal status, potentially
influencing airway size, inflammation, and
smooth muscle and vascular functions.58 How-
ever, few comprehensive studies are available.

In summary, all wheezing is not asthma.
Non-asthmatic wheezing illnesses may in part
be attributable to anatomical abnormalities of
the lung (transient early wheezing, premature
birth). Little is known about the genetic and
environmental determinants of childhood
asthma, and factors related to the development
of atopic sensitisation, such as exposure to
allergens, infectious diseases, or tobacco smoke
early in life, and dietary habits may be im-
portant, whereas the relevance of air pollution
remains to be established. Unfortunately, we
still do not know how to prevent the mani-
festation of childhood asthma.
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