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Early life influences on the development of allergy and
asthma – how early is early?
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There is an accumulating body of evidence to support the
concept that early life exposures are critical in determin-
ing susceptibility to asthma and allergic disease in child-
hood and possibly adulthood. In this issue, Wong and
colleagues report the results of an epidemiological survey
of 2–6-year-old children living in Hong Kong [1], extend-
ing similar work in older children by this group [2, 3].
Perhaps the most striking result from this study is the
observation that the children born in mainland China who
migrated to Hong Kong at a median age of 2.7 years were
less likely to wheeze and have atopic disease than children
born and raised in Hong Kong. This is consistent with this
group’s study of older children (9–11 years) who migrated
to Hong Kong at median age 3.4 years [2]. Similarly, the
reunification of East and West Germany in October 1990
was subsequently associated with an increase in the
burden of atopic disease among the children born in East
Germany and this was attributed to a ‘Westernised’ life-
style from the age of 3 years [4]. The absence of an
increase in asthma in the German study led the authors
to conclude that ‘factors operating very early in life may
be particularly important for the acquisition of childhood
asthma, whereas the development of atopic sensitization
and hayfever may also be affected by factors occurring
beyond infancy [4].’ The findings and conclusions from
the German study were supported by a similar study
comparing children in Sweden and Estonia, again before
and after the collapse of the Soviet Union [5]. Interestingly
a 4-year follow-up did not find a demonstrable increase in
any atopic disease among the Estonian children as might
have been expected, despite significant lifestyle changes.
The authors postulated that lifestyle changes in the first
few years of life are important to the development of
atopy in later childhood and suggested that because the

studied children were aged 3–4 years at the time of
national transfer to a market economy, this change had
occurred too late to influence the development of asthma
and atopic disease [5]. The consistency of results from
these international epidemiological studies suggests that
the critical time period for the establishment of childhood
asthma occurs between conception and about age 3 years.

The hygiene hypothesis postulates that the increase in
atopic disease is a consequence of altered exposure to
microbial constituents and there is evidence to suggest
that early life exposures to microbial constituents before
the age of 1 year are important [6]. A number of studies
have consistently demonstrated that children raised on
farms, with presumed high exposure to microbial consti-
tuents, have a lower prevalence of atopic disease in child-
hood as well as adulthood, however, any protective effect
on susceptibility for asthma appears to be limited to atopic
asthma [7–10]. It appears that exposure to animal sheds
and unpasteurized farm milk during the first year of life
confers protection against atopic disease [7]. In addition,
maternal exposure to animal sheds during pregnancy is
also associated with reduced prevalence of atopic disease
in children [7]. In a similar study, the greatest reduction in
risk for atopic disease was seen among adults who started
regular visits to animal stables during the first year of life
or between ages 3 and 5 [10]. While it is generally
accepted that early life microbial exposure is important
in the development of atopic disease, there is increasing
evidence that dietary exposures during early life are also
related to the development of asthma.

Recent reports from longitudinal birth cohort studies
have related maternal dietary exposures during preg-
nancy to asthma and atopic disease in early childhood.
Umbilical-cord selenium concentrations from neonates
participating in the UK population-based Avon Long-
itudinal Study of Parents and Children have been shown
to be negatively associated with persistent childhood
wheeze at 0–6 and 30–42 months [11]. The Project Viva
birth cohort in the United States has reported beneficial
associations between increased maternal intake of vitamin
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E, vitamin D and zinc intakes during pregnancy and
reduced likelihood of recurrent wheeze during the first 2
years of life [12, 13]. In a Scottish population-based birth
cohort, similar beneficial associations have been reported
between increased maternal vitamin E intake during
pregnancy and reduced likelihood of wheeze, asthma,
atopic sensitization, and increased ventilatory function
in 5-year-old children [14]. In addition, beneficial asso-
ciations were reported between increased maternal zinc
and vitamin D intakes during pregnancy and reduced
wheeze and eczema outcomes in 5-year-old children [14,
15]. Importantly these associations were independent of
the children’s current diet at age 5 years.

There are some important inconsistencies between
atopy and asthma that are worth consideration: (1) not
all atopic children have asthma, (2) atopic sensitization in
rural Africa is dissociated from asthma [16], (3) some
children apparently grow out of their asthma. One me-
chanistic hypothesis proposes that the development of
childhood atopic asthma is a consequence of exposures
between conception and about 3 years of age that influ-
ence both the developing airways and immune system.

Airway development predominantly occurs antenatally
[17] and early life factors that impair airway development
during this critical period of organogenesis and rapid
growth have the potential to exert disproportionately
potent long-term effects. Longitudinal studies of lung
function from infancy into childhood indicate that chil-
dren with reduced ventilatory function in early life are
more likely to develop childhood wheeze, and asthma,
particularly if they develop atopic sensitization [18]. It is
thus pertinent that some of the positionally cloned genes
associated with asthma are expressed in mesenchymal
airway cells, e.g ADAM33 [19], GPRA [20]. ADAM33
protein isoforms are expressed in human embryonic
bronchi and the surrounding mesenchyme at 8–10 weeks
gestation [19], leading to the suggestion that ADAM33
plays a role in co-ordinating the branching morphogen-
esis of the human lung that influences subsequent sus-
ceptibility to asthma [21].

The initial early life interactions between allergens and
T-helper (Th) cells are likely to be critical in determining
whether a Th2 biased response emerges, there is some
debate as to whether these interactions occur antenatally.
Early life exposures that bias the initial encounters be-
tween allergen and Th cells towards the Th2 phenotype are
likely to be disproportionately exaggerated by the natural
regulatory mechanisms that promote further Th cell
differentiation towards the Th2 phenotype and powerfully
inhibit development of the reciprocal Th1 phenotype [22].

A widely advocated mechanism to explain the hygiene
hypothesis is that early life exposure to microbial compo-
nents, such as endotoxin, initiate innate immune responses
that reduce the likelihood of Th2 polarization [23]. The
hygiene hypothesis does not include an effect on early life

airway development and this would account for the
principal association with atopic sensitization, rather than
asthma. In contrast, dietary nutrients such as vitamin E
have been shown in animal models to influence both fetal
lung growth [24] and Th1/Th2 immune differentiation [25]
and recent work in humans has reported associations
between maternal vitamin E intake during pregnancy and
cord blood mononuclear cell responses in neonates [26]
and post-bronchodilator forced expiratory volume in 1 s in
5-year-old children [14]. These considerations may explain
the closer associations between early life dietary exposures
and asthma rather than with atopic sensitization.

The development of asthma and atopic disease in
children is complex and incompletely understood, how-
ever, while it is apparent that early life exposures are
clearly relevant, exposures later in life are likely to
augment or ameliorate earlier influences. Postulated ‘diet-
ary’ and ‘hygiene’ mechanisms are not exclusive, the
development of asthma probably requires multiple expo-
sures and, in genetically predisposed individuals, dietary
and microbial exposures may interact resulting in the
more severe asthma phenotypes. Further work is required
to identify those specific early life exposures that influ-
ence the development of asthma and atopic outcomes in
children, and possibly adults.
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