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Early life circumstances and atopic disorders in childhood
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past century. Risk factors for the development of these disorders have been studied
extensively. This review focuses on the role of early life risk factors such as pre-natal
development, perinatal circumstances, birth order and childhood vaccinations.

Introduction

Childhood atopic disorders, which constitute a significant
burden for affected children and their parents [1], have
shown an epidemic rise in western societies during recent
decades [2, 3]. The reasons for this rise are poorly under-
stood, as is the aetiology of these disorders in general.
Although there is general consensus on the importance of
a genetic predisposition for atopic disorders [4], only
changes in environmental factors can explain this rise.
There are two - not mutually exclusive - possibilities,
namely, that substances that promote atopy have been
added to the environment or that factors that provided
protection from allergic disease were lost from the envir-
onment. In 1989, Strachan, pursuing the second possibi-
lity, put forward the ‘hygiene hypothesis’, stating that
hygienic living conditions with little exposure to patho-
gens at an early age would increase the risk of atopy [5].
This idea was prompted by the finding that subjects raised
in large families had less hayfever than those raised in
small families who presumably live under more hygienic
conditions than children with many siblings. This so-
called ‘sibling effect’ is closely related to, and difficult to
distinguish from, the phenomenon called the ‘birth order

effect’, that children with no or a few older siblings have a
higher risk of atopic disorders than children with many
older siblings. Since the hypothesis was published, many
studies have been empirically testing it and several find-
ings appear to support it. For instance, exposure to
probiotics [6], farm environment (associated with endo-
toxin exposure) [7, 8], orofecal pathogens [9] and hel-
minths [10] all seem to reduce the risk of atopic disorders.
However, the birth order effect cannot be explained by
early infections [11-13].

Whatever factors are responsible for the development
of atopic disorders, it is now recognized that priming of
the immune system occurs early in infancy [14], or even
before birth [15, 16], and it is therefore key to study the
relationship between early life circumstances and the
development of asthma and allergy during childhood.
Here, we will focus on foetal development (anthropo-
metric measures at birth and gestational age), obstetric
complications, birth order and vaccinations in infancy as
risk factors for atopic disorders in childhood and speculate
on possible mechanisms underlying the relationships
observed.

In this paper, we use ‘atopic disorders’ for a wide variety
of diseases and symptoms such as asthma, hayfever,
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allergic rhinitis (AR), atopic dermatitis (AD), skin prick test
positivity and elevated specific IgE. We have chosen this
comprehensive definition in order to cover the wide range
of outcomes that we found.

Anthropometric measures at birth and gestational age

The increasing evidence that the foetal environment can
have life-long health effects [17, 18] (the ‘Barker hypoth-
esis’) has stimulated research on the relationship between
foetal development and atopic disorders [19-40]. Unfor-
tunately, no clear picture emerges from these studies as
the results are often contradictory, which may in part be
due to the large heterogeneity in study design and out-
come measures. For example, while atopy was determined
in childhood in most studies, it was measured in adult-
hood in others. While several studies reported low gesta-
tional age (or low birth weight) to be a risk factor for the
subsequent development of asthma or atopic disease
[19-26], this relationship was challenged by others
[27-31]. Similarly, while some studies found a link be-
tween high gestational age, or high birth weight, and
either a high risk of asthma, atopic disease or a high IgE
concentration [24, 26, 32-34], others did not [21, 25, 27,
29, 31, 35, 36]. One study reported that the lymphocyte-
subsets profile at birth of pre-term infants differed from
that of term infants [37], suggesting that a possible link
between pre-maturity and atopy may be detectable al-
ready at birth. A positive association of neonatal head
circumference with total IgE concentration [29, 32, 36, 38]
and with asthma [26] has been reported, prompting God-
frey et al. [32] to hypothesize that this reflects the long-
term effect of sustaining foetal brain growth at the
expense of the growth of the trunk, in particular the
thymus. However, this hypothesis was subsequently chal-
lenged by the finding that thymus size is not related to
allergic disease [39] and that the relationship between the
ratio of head circumference to birth weight, a better
indicator of relative brain growth, and allergy is actually
negative [34, 40], although one later study reported this
relationship to be positive [25].

The positive association between pre-maturity or low
birth weight and risk of asthma is usually explained by the
fact that pre-maturity causes disturbed lung growth,
which would result in reduced airway calibre and give
rise to wheezing symptoms during viral infections, symp-
toms that are often misdiagnosed as asthma. There may,
however, be more complex mechanisms underlying the
relationships between foetal development and atopic dis-
orders, which will be discussed below.

Pre-natal and obstetric complications

Since perinatal factors, including obstetric events, have
been reported to be related to the development of child-

hood atopic disorders [41], many studies have focused on
the relationship between complications and interventions
during delivery and atopy. Several studies found that
caesarean section is a risk factor for subsequent develop-
ment of asthma and wheezing in both childhood
[23, 42-45] and adulthood [46] and sensitization in chil-
dren [43, 47, 48]. However, other studies failed to repro-
duce these results [25, 49]. Other complications during
labour also showed positive relationships, e.g. vacuum
extraction with allergy [25]. It has been hypothesized that
incubator care, being more common after complicated
deliveries, would delay the contact of the newborn with
microbes and thus affect the T-helper type 2 (Th2) — Th1
shift [23] and bias the immune system towards atopic
reactions, but no empirical study supports this hypothesis.
In fact, it is unknown whether these relationships are
causal, or due to confounding by some underlying condi-
tion associated with both obstetric complications and
atopic disorders. In fact, such confounding was suggested
by a study [50] comparing B lymphocytes in cord blood
between neonates born by vaginal delivery and those born
by caesarean section: a higher percentage of positivity to
cell surface markers of B lymphocyte subpopulations in
infants born by elective caesarean section was found.
Similarly, a recent study found that total IgE in cord blood
was higher in children born by caesarean section com-
pared with vaginally delivered children [47]. However, as
the authors suggest, other factors such as gestational age
and birth order might also play a role.

Birth order

Strachan’s [5] observation, that individuals with many
siblings have a smaller risk of allergy than children with-
out siblings, which prompted the hygiene hypothesis in
1989, has been confirmed and further explored by many
studies summarized in a review by Karmaus et al. [51].
A study that assessed the independent effects of birth
order and sibship size on allergy in the siblings of 700
families [52] showed that it is the number of older siblings,
rather than the size of the sibship per se, that is (inversely)
related to the risk of allergy. Although a recent Danish
study found that the number of younger siblings was
negatively associated with the risk of AR [53], this does
not necessarily imply a protective effect of younger
siblings on the development of AR as other interpretations
are possible [54]. The mechanism underlying this sibling
effect or birth order effect is a puzzle worth solving,
because it could potentially help in preventing as much
as 30% of all atopy cases [51].

Age of onset of birth order effect

An important issue is the age at which the birth order
effect develops, as it may clarify its aetiology. There is
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increasing evidence that this occurs very early in life. For
example, IgE measurements in cord blood have been
shown to be negatively associated with birth order
[55-57], murine experiments have demonstrated that the
immune status of the placenta changes with parity [58]
and a negative relationship between parity and maternal
atopy [59] and parity and maternal IgE [60] was found.
These results provide strong evidence that the birth order
effect already operates before birth and that possibly the
immune status of women changes after multiple births.
This last hypothesis could not be confirmed in a large
follow-up study [61], while the findings of a smaller
follow-up study supported the hypothesis [62]. Surely,
this pre-natal birth order effect does not preclude possible
additional effects of exposure to pathogens from other
siblings in the family. While this pre-natal effect of parity
could be due to maternal exposure to pathogens from her
older children during pregnancy, a change in the mater-
nal-foetal interaction with increasing parity [55] would
seem a more plausible explanation.

Maternal alloantigen reactivity

Although a positive relationship between parity and hu-
man lymphocyte antigen (HLA) antibodies was found
already in 1984 [63], the association between HLA anti-
bodies and atopy of the offspring was not investigated
until 2005 when Prescott et al. [64] explored maternal-
foetal interaction. They found a positive relationship
between maternal reactivity to foetal alloantigens and
allergic disease at 6 years of age and a positive relation-
ship between foetal IFN-y alloantigen response and the
degree of HLA mismatch between mother and child. This
study also found that the number of previous pregnancies
was associated with stronger maternal responses to foetal
alloantigens, which was related to a higher risk of allergy
at 6 years. This finding is surprising as it would suggest
absence of the birth order effect, or even a reversed birth
order effect. Indeed, in their study population there was no
relationship between parity and allergy at the age of
6 years (S. L. Prescott, personal communication). This
positive association between parity and maternal response
to foetal alloantigens raises the question of whether
mothers were sensitized to the alloantigens of the child
by exposure to these alloantigens during previous preg-
nancies in which the fetus presented the same (paternally
inherited) alloantigens. Data from a different, older, study
on the HLA antigen distribution in families with at least
one child with AD [65] provide evidence that this is indeed
the case. In this study, 19 children with AD from 17
families, their 36 unaffected siblings and their parents
were HLA typed to explore the association between HLA
and atopy. The authors, however, did not consider the role
of sensitization to alloantigens, which can be examined
using data provided in Table 1 of their paper: for nine out
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of a total of 19 atopic children, the mother had been
exposed to exactly one paternal HLA type before she
became pregnant with the atopic child. We call these nine
mother-child pairs ‘informative’, because in these pairs
we could assess how often the paternal HLA type pre-
sented by the atopic child was equal or not equal (each
inherited with probability 0.5 if not related to atopy of the
child) to the one the mother had been exposed to before. It
turned out that eight mothers had been exposed to the
same alloantigens as presented by the atopic child, a
significantly (two tailed P-value: 20/512 < 0.05) higher
number than expected by chance. This result is in
agreement with the result of stronger maternal responses
with increasing parity, found by Prescott et al. Surpris-
ingly, also in the study by MacKie and Dick [65], no
relationship between birth order and childhood atopy
was observed. These two studies together suggest that
maternal alloantigen reactivity increases with increasing
parity. Previous exposure of the mother to alloantigens
presented by the child increases the risk of childhood
allergy. This is intriguing, because the effect of such a
mechanism would contradict the empirically established
birth order effect.

Genetic susceptibility

Another aspect of the birth order effect is its genetic
susceptibility, i.e. are there genes, of the mother or the
child, that are predictors of the birth order effect, so that
some mother-child pairs benefit from the birth order
effect while others do not? Unfortunately, little is known
in this area, although the identification of loci involved in
this effect would both provide an insight into the under-
lying mechanism of the birth order effect and outline
which groups of people would benefit from preventive
actions. Also, the genetic constitution of the mother could
act as an effect modifier in the relationship between
alloantigen presentation and maternal alloantigen reac-
tivity, and thus influence the atopic status of the child.
Undoubtedly, the availability of high throughput equip-
ment for identifying genotypes and gene expression
patterns will make it easier to address these issues in the
near future.

Other conditions related to birth order

Another approach to identif mechanisms underlying the
birth order effect is by comparison with other conditions
related to birth order, such as pre-eclampsia [66]. This
disorder results from deficient trophoblast invasion, with
the highest risk in nulliparous women and in women with
a new partner [67], suggesting that mothers develop
tolerance to alloantigens after multiple births from the
same partner. A possible explanation for these relation-
ships is that during childbirth foetal cells enter the
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maternal circulation and stimulate the mother’s immune
system to develop tolerance to foetal antigens. Another
result of these intriguing studies is that miscarriage, pre-
eclampsia and impaired foetal growth appear to represent
a spectrum of disorders secondary to deficient trophoblast
invasion [66]. Also, pre-eclampsia is related to the im-
munophenotype of neonates [68]. The exact relevance of
these phenomena for the development of atopy and
asthma remains to be elucidated.

Infant and childhood vaccinations

We confine ourselves to infant vaccinations that are
routinely administered in the western world, viz.:
diphtheria-tetanus-pertussis (whole-cell or acellular)
(DTP) (sometimes supplemented with a polio vaccine),
measles-mumps-rubella (MMR) and Haemophilus influ-
enzae type B (Hib). For the new meningococcal C vaccine
(included as a routine childhood immunization in the
United Kingdom in 2000 and in the Netherlands in 2003),
no epidemiological studies on the relationship studied in
this paper are as yet available.

In the context of the hygiene hypothesis, a potential
relationship between vaccinations and atopy could go
either way: either vaccinations prevent infections, and
thus contribute to the ‘hygiene effect’, or vaccinated
children, at a very young age, are exposed to (attenuated
or inactivated) pathogens or components of pathogens,
thus possibly promoting Th1 proliferation, a favourable
situation according to the hygiene hypothesis. In addition,
exposure to vaccine additives, such as aluminium-con-
taining adjuvants, might also change the risk of develop-

ing atopy.

Diphtheria—tetanus-pertussis

An increased IgE serum concentration after stimulation
with extracts of Bordetella pertussis was found in murine
models [69] and in newborns after whole-cell pertussis
vaccination [70]. Many epidemiological studies on the
role of the DTP vaccination (or the pertussis component
alone) in the development of atopic disorders have been
conducted since. In a recent review, Koppen et al. [71]
concluded that childhood vaccinations are not associated
with a higher risk of allergy, but a few studies were not
included, mainly because they appeared after its publica-
tion [72-77]. A Japanese cross-sectional study in 82
children aged 0-3 years concluded that DTP-vaccinated
children had a significantly higher risk of asthma, AR or
AD than DTP-unvaccinated children [72]. A cross-sec-
tional study in France in 718 adolescents (of whom only
24 were not vaccinated) concluded that childhood immu-
nizations in general, and especially immunizations with
live attenuated vaccines, possibly protect from the devel-
opment of atopic disease [73]. A study in Australian

young adults [74] showed a weak support for the hypoth-
esis that childhood vaccinations may lead to a higher risk
of asthma, but the authors state that this result may be due
to recall bias. A case-control study in UK concluded that
DTP vaccination does not increase the risk of hayfever
[75]. Unfortunately, the conclusions of all these studies
may be flawed because the reason for not receiving the
DTP vaccination is rarely properly documented and may
be health related [78]. If parents are more inclined to
refrain from vaccinations if their children are at risk of
atopy, studies could be subject to bias similar to con-
founding by indication. This bias could for example either
conceal an existing effect of vaccinations on atopy or
yield a spurious difference in favour of unvaccinated
children. Bernsen et al. [76] tried to avoid this possible
bias in two studies in the Netherlands. In the first one, we
studied data from health records of 6-year-old children
and concluded that pertussis-vaccinated children (or DTP-
vaccinated children, as there was much overlap) had a
significantly smaller risk of atopic disorders. Despite the
advantage that the (parents of) unvaccinated children
refrained from vaccinations for religious reasons (not
health related), residual confounding could not be ruled
out as all unvaccinated children attended the same school
and little was known about the characteristics of both
groups. In a second study in the Netherlands, in the same
religious population but from a much larger area [77], we
obtained questionnaire data of 1875 children aged 8-12
years recruited from 38 primary schools and found no
difference in the prevalence of atopic disorders between
DTP-vaccinated and DTP-unvaccinated children. In this
study, the main reason for refraining from vaccinations
was also religious and differences between the vaccinated
and the unvaccinated group were thoroughly explored
and adjusted for, thus providing convincing evidence that
in this population the DTP vaccination is not associated
with a higher risk of atopic disorders.

Measles—mumps-rubella

Many studies on the effects of MMR vaccination have
been carried out [71, 75]. Generally, their findings are
more consistent than those of the DTP vaccination, and
support the conclusion that MMR vaccination is not
associated with a higher risk of atopic disorders.

Haemophilus influenzae type B

Only a few studies have reported on the relationship
between Hib vaccination and atopic disorders. A cross-
sectional survey of 1943 schoolchildren aged 5-14 years
in Eastern Germany [79] found a positive association
between Hib vaccination and asthma (odds ratio (OR):
1.86 (Clgso, : 1.05-3.32)), but the authors caution that
residual confounding cannot be ruled out. A cohort study

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy



Early life and atopic disorders 5

in USA [80] on the relationship of Hib vaccination with
asthma involving almost 170000 children and using
computerized data on vaccinations and medical care
encounters with follow-up from birth to a maximum of 6
years of age also found a weak association (OR=1.18,
Clgse, : 1.02-1.36), which the authors at least partially
ascribe to health care utilization or information bias. In
these observational studies, information bias and residual
confounding cannot be excluded. A nested case-control
study in 7-8-year-old Dutch and German children [81]
with complete data for 572 children found no evidence for
an association between the Hib vaccination and respira-
tory symptoms or allergic sensitization.

Finally, our cross-sectional study in the Netherlands
comparing Hib-vaccinated and Hib-unvaccinated chil-
dren within the subpopulation of DTP-vaccinated children
found no evidence for a higher risk of atopic disorders
among the Hib-vaccinated children compared with the
Hib-unvaccinated children [82]. Biological plausibility for
a causal relationship is not evident: one study showed a
mixed Th1-Th2 response after Hib vaccination of 19
adults [83].

Discussion and recommendations

Hetergeneous study results

The reported relationships between perinatal variables
(anthropometric measurements and obstetric complica-
tions) and atopic disorders as summarized in this paper are
often inconsistent, which raises the question of whether
these relationships are real, whether they are results of
residual confounding or perhaps mere chance findings.
Many factors could have caused studies to have conflict-
ing results. As an example, we consider the relationship
between low birth weight and atopy. If medical consump-
tion is involved in the assessment of the outcome (as in
‘doctor-diagnosed asthma’), one could imagine that low-
birth-weight groups differ in medical consumption beha-
viour from normal-birth-weight groups. Also, studies in
different populations could yield different results. For
example, exposure to smoke (pre- and post-natal) could
induce a positive relationship between low birth weight
and asthma in populations with a high prevalence of
smoking, whereas the relationship is absent in populations
with a low smoking prevalence. Also, the age of the study
subjects might influence the conclusions, as the atopic
phenotype is highly age-dependent: an effect present in
childhood might have disappeared in adulthood. Another
explanation for inconsistent results of studies, with asth-
ma as an outcome, could be that asthma is not a single
entity, but a heterogeneous syndrome with different
underlying pathology [84]. Therefore, it is recommend-
able for future studies to phenotype the patient with
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asthma symptoms carefully, and search for phenotype-
specific effects.

Pre-natal priming - an explanation for the birth order

effect?

The mechanism underlying the in utero birth order effect
deserves special attention. Recent research has shown that
the maternal-foetal interaction (and thus pre-natal devel-
opment) is influenced by parity and genetic make-up [85]
and even by the gender of older siblings [86]. According to
Burton’s theory [66], efficient trophoblast invasion is
related to tolerance, implying that in general women with
higher parity are more tolerant to foetal antigens. Com-
bining this hypothesis with the association between pre-
eclampsia and neonatal immunophenotype could give us
clues regarding where to look for explanations of the birth
order effect. Further, again hypothesized by Burton and
Jauniaux [66], miscarriage, pre-eclampsia and impaired
foetal growth represent different consequences of a defi-
cient trophoblast invasion. A combination of these hy-
potheses with the association between pre-eclampsia and
immunophenotype of the neonate could offer new start-
ing points for exploring the mechanism underlying the
relationship between foetal development and atopic dis-
orders. For instance, we could hypothesize that low birth
weight could be related to deficient trophoblast invasion,
while at the same time deficient trophoblast invasion
could be related to childhood atopy, thus explaining the
association between low birth weight and atopic disease in
some studies. A role of alloantigens in both allergy and
pre-eclampsia has already been discussed by Karmaus and
Johnson [87]. These hypotheses could potentially lead to
the development of preventive measures, for instance by
artificially inducing tolerance to paternal tissues before
pregnancy.

Results conflicting with the idea of mothers developing
tolerance to alloantigens after multiple births come from
studies on maternal alloantigen reactivity [64, 65]. These
results suggest a decreasing tolerance with increasing
parity. However, in both studies no birth order effect (i.e.
a lower risk of atopy in children with a higher number of
older siblings) was observed. It would be interesting to
repeat the study by MacKie and Dick [65] in a larger
population where the (commonly found) birth order effect
is present.

Vaccinations

Available evidence is rather convincing that the current
regular childhood vaccinations do not increase the risk of
atopic disorders. The only exception may be the Menin-
gococcal C vaccination, which, to our knowledge, has not
yet been studied in this respect. In order to strengthen
public confidence in vaccination programmes and thereby
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enhance vaccination coverage, we recommend to conduct
a cross-sectional study about 10 years after the introduc-
tion of this vaccination (and similarly any other new
routine vaccinations), comparing vaccinated and unvac-
cinated children of about 8-12 years of age.

Recommendations for future research

Obviously, it is difficult to explain all controversies in
published studies. We feel that the highest priority should
be given to unravelling the complex mechanisms under-
lying the relationships between maternal genes, maternal
atopy and maternal alloantigen reactivity on the one hand
and childhood atopy on the other. Pregnancy outcome is
the result of a 9 month period where interactions, poorly
understood so far, but vital for the child’s health, have
taken place. We would recommend a relatively large
follow-up study including mothers, both atopic and non-
atopic, and their successive children with measurements
of maternal genotype, maternal and child HLA, maternal
IgE, maternal and foetal responses during successive
pregnancies and childhood atopy. Also, the duration of
the relationship with the partner and information on new
relationships would be desirable in order to explore any
associations with alloantigen reactivity. We have seen so
far that the mother’s reproductive history has an impact
on different aspects of a child’s constitution and health,
which is not limited to atopic disorders: parity was related
to the risk of pre-eclampsia [67], birth order was related to
the association between genetic risk of type 2 diabetes and
neonatal head circumference [85], the number of older
brothers was negatively associated with male birth weight
[86] and male sexual inclination appeared to be related to
the number of older brothers [88]. Maybe combining all
these pieces of evidence will reveal the key mechanism
underlying the birth order effect. Therefore, we can agree
with a recent statement by Karmaus and Johnson [87] that
research should focus on a comparative disease approach,
trying to integrate findings from different areas of disease.
In this way, research on a molecular level combined from
different areas could be used to generate and test hypoth-
eses on the mechanism underlying the birth order effect.

Conclusions

Atopic disorders are a considerable burden for affected
children and their parents. Research should focus on an
integrative approach where knowledge of several disci-
plines involved in the early immunopathology of atopic
disorders is combined. In this way, mechanisms under-
lying the development of these disorders could be detected
and this could possibly lead to effective new preventive
strategies. New vaccinations should be monitored as to
their effects on childhood allergy, both in order to prevent

a possible increase of the allergy prevalence and to
promote high vaccination coverage.
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