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ABSTRACT: The objectives of the present study were to quantify the association of
atopy and respiratory infections with asthma, and exclusive breastfeeding with
respiratory illness, atopy and asthma in children.
A cohort study of 2,602 children enrolled prior to birth and followed prospectively,

provided data on respiratory illness, the method of feeding in the first year of life, as
reported on a prospective diary card, and current asthma at the age of 6 yrs (defined as
doctor-diagnosed asthma with wheeze in the last year or cough without a cold, and
currently taking either preventer or reliever asthma medication), as reported by
parental questionnaire. Atopy was defined by a positive skin-prick test assessed at the
age of 6 yrs.
Wheezing lower respiratory illness (LRI) in the first year of life, particularly multiple

episodes of wheezing LRI, increased the risk for current asthma in both nonatopic (odds
ratio (OR) 4.10, p¡0.0005) and atopic children (OR 9.00, p¡0.0005), but did not
increase the risk for atopy. In contrast, up to three upper respiratory tract infections
demonstrated a negative association and four or more a positive risk for current asthma
in unadjusted (p=0.006) and adjusted (p=0.057) analysis. Following adjustment,
exclusive breastfeeding for v4 months was associated with an increased risk for
current asthma (OR 1.36, 95% confidence interval 1.00–1.85, p=0.047).
Wheezing lower respiratory illness in the first year of life and atopy are independently

associated with increased risk for current asthma at the age of 6 yrs, suggesting that
their effects are mediated via different causal pathways and that these risk factors are
multiplicative when they operate concomitantly within individual children. Exclusive
breastfeeding protects against asthma via effects on both these pathways, as well as
through other as yet undefined mechanisms.
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The aetiology of childhood asthma is not fully
understood but reported risk factors include male sex,
low birth weight, preterm birth, young maternal age,
maternal asthma and parental smoking [1–6]. Expo-
sure to high levels of inhalant allergens, including
house dust mites [7] or pollens, during infancy are risk
factors for atopic sensitization, which is also strongly
associated with asthma risk. Early exposure to certain
respiratory infections may be protective for atopy
and/or asthma, whereas some infections have been
suggested to exert the opposite effects [8, 9]. Further-
more, exclusive breastfeeding may protect against
asthma and reduce the incidence of lower respiratory
illness (LRI), especially respiratory syncytial virus
(RSV) [10–14]. The extent to which these factors
interact is unclear.

Breastfeeding has been shown to protect against
infection in infants [15, 16], but protection against
respiratory illnesses has not been consistently demon-
strated [17, 18]. Differences in study design, analytical
methods and possible biases have complicated the
interpretation of many studies.

A protective effect of exclusive breastfeeding on

asthmatic traits at the age of 6 yrs [10] has previously
been demonstrated. The aim of this study was to
clarify, in the same cohort, whether this protective
association resulted from intermediate associations
with respiratory infections, atopy or other facets of
breastfeeding. The study9s objectives were to quantify
the association of atopy and respiratory infections
with asthma, and exclusive breastfeeding with respira-
tory illness, atopy and asthma in children.

Methods

Study population

The Western Australian Pregnancy Cohort Study
was established between 1989–1992 to investigate
several hypotheses about antenatal and perinatal
antecedents of disease. The cohort was recruited
serially from the public antenatal clinic at the King
Edward Memorial Hospital or a nearby private
practice in Perth [19]. A total of 2,979 Western
Australian children were enrolled by 18 weeks
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gestation. At the time of enrolment, parents of
the study children completed a questionnaire about
their own respiratory illness, smoking behaviour and
general health.

By the end of the pregnancy phase, 2,888 mothers
remained in the study. Of the 2,860 live births, 13
children had since died, 124 children had been
withdrawn, and 121 children (predominantly living
overseas) were lost to follow-up. Thus, 2,602 of 2,860
(91%) children remained available for follow-up at the
age of 6 yrs.

The mothers received antenatal care and gave birth
at the King Edward Memorial Hospital. The babies
were examined at the age of 2 days by a paediatrician
or trained midwife who was unaware of the informa-
tion collected during the antenatal period. Informed
consent was obtained for follow-up of the children. A
detailed record of perinatal morbidity was obtained
for each baby, and mothers were issued with a diary
at discharge in which to record episodes of illness,
feeding history and other key events in the first year of
the infant9s life.

Assessment at 1 yr

Parents kept a diary of their child9s illnesses and
feeding history and completed a standardized ques-
tionnaire at the end of the first year, in which they
were asked to record details about any illnesses or
problems that required a visit to the clinic or doctor
and infant feeding (age of children at completion of
the 1-yr questionnaire (mean¡SD) 13.9¡1.4 months).
Parents subsequently brought their child to the hos-
pital for assessment by a paediatrician and research
nurse. At the assessment, the research nurse verified
feeding history and recorded illnesses from the diary
card, and then transcribed the details onto the
questionnaire using International Classification of
Disease (ICD)-9 codes to classify illness. At the end
of the first year, 2,411 questionnaires were completed
(84% of the initial cohort, 92% of those consenting to
follow-up) and 2,365 (82%, 90%) attended for clinical
assessment.

Assessment at 6 yrs

Shortly before their child9s sixth birthday (mean age
71¡6.6 months), the parents of cohort children were
contacted and a further questionnaire was mailed.
Among other questions, parents were asked about the
history of respiratory symptoms and illness in the
study child. Complete questionnaire data were avail-
able from 2,173 children representing a 76% response
rate. Clinical assessment data provided skin-prick test
results from 1,595 children (56%) or 79% of the 2,012
children clinically examined at the age of 6 yrs.

Outcome

The expression of asthma symptoms changes during
the preschool years and the diagnosis of asthma is a

clinical one. Consequently, a stringent phenotypic
definition was applied for current asthma at the age of
6 yrs (defined as doctor-diagnosed asthma-ever with
wheeze or cough without a cold in the last year, and
currently taking either preventer or reliever asthma
medication).

Exposures

Respiratory illnesses (both upper and lower) were
considered as exposure variables for current asthma.
The number of upper respiratory tract infections
(including tonsillitis, otitis media or otitis media
with effusion), wheezing LRI (including bronchio-
litis, bronchospasm or asthma) and nonwheezing
LRI (including chest infection, pneumonia, whooping
cough, chronic cough or croup) in the first year of life
were explored as risk factors for current asthma.

Atopy was also considered as an exposure variable
for current asthma. Skin-prick testing to four com-
mon aeroallergens (standardized mite, standardized
cat pelt, ryegrass (perennial lolium perenne) and
mould mix #4 (Bayer Corporation, Pharmaceutical
Division, Elkhart, IN, USA)) was conducted as
described by DREBORG [20] when the children attended
the 6-yr clinical assessment. Atopy was defined by
a positive skin-prick test if the weal to at least one of
the four common environmental aeroallergens was
o2 mm and larger than that of a control, 10 min after
the test. A weal size of 2 mm rather than 3 mm was
chosen both because of the young age of the children
and in order to incorporate all cases, including those
with milder atopy. Analyses that included atopy were
restricted to those children with skin tests.

Early infant feeding was measured as the dura-
tion of exclusive breastfeeding in the first year and
was recorded as an eight-level categorical variable
(table 1), but for consistency was included as a dicho-
tomous variable (exclusively breastfed v4 months,
exclusively breastfed o4 months) in most of the
analyses. The authors have previously demonstrated
a protective effect of exclusive breastfeeding on
asthmatic traits in 6 yr olds in a dose/response effect
that was robust to the choice of cut-off point at the
ages of 3, 4, 5 and 6 months, exclusive breastfeeding
being defined as no introduction of "other milk" [10].

The potential confounding exposures were sex,
gestational age, maternal smoking in pregnancy and
maternal history of asthma. Other factors considered
in the analysis included maternal age, education, the
age that solids were introduced, family income and
infection exposure (early childcare and older siblings).
Only variables with a consistently significant associa-
tion to the outcome were included in the multivariate
analyses.

Statistical analysis

Unconditional logistic regression was used to assess
multiple effects. The study hadw95% power to detect
an odds ratio (OR) of 1.5 for most analyses.

900 W.H. ODDY ET AL.



Ethics approval

Informed consent was obtained for follow-up of
the children from birth. The Ethics Committees of
the King Edward and Princess Margaret Hospitals
approved the protocol for the study.

Results

Childhood asthma, atopy and respiratory illness during
infancy

Current asthma and atopy were reported in 18
and 41% of children, respectively (table 1), and were
strongly related (table 2).

A small protective association of one to three upper
respiratory tract infections with current asthma
was evident, whereas four or more constituted a
risk. However, these associations were of marginal

significance after adjustment (table 3). The relation-
ship between wheezing LRI and current asthma was
clearer, with an increased risk of current asthma
observed with one or more wheezing LRI in the first
year of life (pv0.0005). One nonwheezing LRI or
infection was significantly associated with current
asthma in unadjusted and adjusted analyses, whereas
two or more were not.

Neither upper (one or more), wheezing (one or
more) or nonwheezing (one) LRI appeared to signi-
ficantly influence the risk of atopy. However, two or
more nonwheezing LRI demonstrated a protective
relationship for atopy that did not reach statistical
significance (OR 0.61, 95% confidence interval (CI)
0.34–1.10, p=0.102).

Separate analyses were performed with atopy status
at the age of 6 yrs and were considered to be expo-
sure variables for current asthma in a multivariate
model with wheezing LRI and the other identified
confounders. There was no evidence of statistical
interactions between atopy and wheezing LRI

Table 2. – Current asthma and atopy

Current asthma

No Yes

Atopic status
no 769 (85.9)# 126 (14.1)#

yes 478 (75.3)} 157 (24.7)}

Data are presented as n (%). Odds ratio 2.01; 95%
confidence interval 1.55–2.60; p-value ¡0.0005. #: n=895;
}: n=635.

Table 1. – Observed prevalence of asthma and atopy
outcomes and selected exposure characteristics

Outcomes and exposure characteristics Prevalence %

Subjects n 2456
Primary outcome at 6 yrs of age

Current asthma# 18.0
Primary exposures

Positive skin-prick test at 6 yrs} 41.4
Upper respiratory tract
infections in first year
0 40.5
1 24.4
2–3 22.7
o4 12.4

Wheezing lower respiratory
tract illness in first year
0 74.9
1 13.3
o2 11.8

Nonwheezing lower respiratory
tract illness in first year
0 85.9
1 10.7
o2 3.5

Other exposures
Duration of exclusive
breastfeeding months
Never breastfed 10.6
1 16.3
2 10.9
3 10.6
4 7.8
5 5.2
6 11.6
o7 26.9

Male sex 50.9
Gestational age ofv37 weeks 10.6
Maternal smoking at any

stage of pregnancy
40.3

Older siblings 49.6
Childcare before the age of 3 months 4.0
Maternal asthma (current) 15.4

#: Data for 387 of 2,155 subjects; }: a weal size o2 mm (data
for 660 of 1,595 subjects).

Table 3. – Association between current asthma in children
aged 6 yrs and respiratory infection in the first year of life

Current asthma#

Unadjusted Adjusted}

Upper respiratory
tract infections
0 1.00 1.00
1 0.78 (0.61–1.00) 0.99 (0.73–1.34)
2–3 0.73 (0.56–0.97) 0.75 (0.54–1.04)
o4 1.57 (1.10–2.25) 1.32 (0.92–1.89)
p-valuez 0.006 0.057

Wheezing lower
respiratory tract illness
0 1.00 1.00
1 1.61 (1.15–2.24) 1.44 (1.02–2.04)
o2 3.35 (2.46–4.56) 3.84 (2.82–5.24)
p-valuez v0.0005 v0.0005

Nonwheezing lower
respiratory tract illness
0 1.00 1.00
1 1.61 (1.17–2.23) 1.46 (1.04–2.07)
o2 1.30 (0.71–2.38) 1.07 (0.56–2.04)
p-valuez 0.012 0.093

Data are presented as odds ratio (95% confidence interval).
#: data from 387 of 2,155 subjects; z: p-value for
heterogeneity of odds ratio; }: adjusted for all types of
infections as well as sex, gestational age v37 weeks and
maternal smoking at any stage of pregnancy.
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(p=0.701), atopy and breastfeeding (p=0.982) or
breastfeeding and wheezing LRI (p=0.588) in current
asthma, implying that all effects were acting inde-
pendently on a multiplicative scale. As illustrated in
table 4, expression of the atopic phenotype, as defined
by skin-prick test positivity, was associated with an
increased risk of current asthma at 6 yrs of age
depending on wheezing LRI status. It is clear that the
highest risk group for current asthma were those
children who had two or more wheezing LRI and were
skin-prick test positive. In this highest-risk group,
breastfeeding exclusively forv4 months increased the
risk for current asthma further (OR 2.39, 95% CI
1.47–3.89, pv0.0005).

Childhood asthma, infant feeding, respiratory illness
and atopy

The following were identified as a significant risk
factors for wheezing LRI in the first year of life:
cessation of exclusive breastfeeding before the age
of 6 months (OR 1.98, 95% CI 1.46–2.68, p¡0.0005)
(table 5); male sex (one wheezing LRI: OR 1.48, 95%
CI 1.16–1.90, p=0.002; two or more wheezing LRIs:
OR 1.35, 95% CI 1.04–1.77, p=0.025); and maternal
smoking during pregnancy (one wheezing LRI:
OR 1.12, 95% CI 0.86–1.44, p=0.403; two or more
wheezing LRIs: OR 1.46, 95% CI 1.12–1.91, p=0.005).
The cessation of breastfeeding before the age of
2 months was a significant risk factor for four or more
upper respiratory tract infections in the first year of
life (OR 1.40, 95% CI 1.04–1.88, p=0.028). There was
no association of infant feeding with the occurrence of
nonwheezing LRI in these data.

In multivariate analyses, exclusive breastfeeding
for v4 months showed a weak association with
current asthma (OR 1.19, p=0.170) (table 6). Follow-
ing adjustment for atopy, a shorter duration of
exclusive breastfeeding continued to be a risk factor,
although it was not significant (OR 1.32, p=0.067).
The association weakened when only infections were
included in the model (OR 1.18, p=0.194). However,
when all confounders were included, the risk of
exclusive breastfeeding for v4 months increased (OR
1.32, p=0.066) and reached statistical significance
when maternal asthma status was added to the
model (OR 1.36, p=0.047). Although these asso-
ciations were of marginal statistical significance,

evidenced by their CI sizes, they were potential risk
factors in each model. Further, there was no
significant interaction between maternal asthma and
breastfeeding in the association with current asthma
(p=0.465).

Discussion

The Western Australian Pregnancy Cohort Study
has previously been shown to be reasonably repre-
sentative of the general Western Australian popula-
tion [19]. Although random nonresponse may have
reduced statistical power, the reported power calcula-
tions in this study are based upon the final sample size
and take nonresponse into account, so the positive
conclusions remain valid. Any systematic nonresponse
is likely to be determined by disease status and social
class, which may have biased estimated effects in
either direction. However, the addition of social-class
covariates to the models made little difference to the
point estimates. Mothers were enrolled in the study
in midpregnancy (before any foetal outcomes were
known), leaving little scope for selection bias in
relation to asthma or atopy. Drop-out at birth due
to early death or loss to follow-up was rare (0.4%) and
the study population was large with a high response
rate.

Recruitment of the Western Australian Pregnancy
Cohort Study was mainly through a tertiary obstetric
hospital and included a small excess of mothers with
preterm babies. The present study models included a
covariate reflecting preterm delivery and confounding
due to "at-risk" pregnancy, which should not have
distorted the conclusions. The data set provided ade-
quate power and model checking, suggesting that the
mathematical models gave acceptable representation
of the observed data. One of the strengths of the study
was that exposure data were recorded prospectively by
the parent on a diary card, thereby reducing recall of
respiratory illness that may be more pronounced in
mothers with asthma. In addition, measurement of
outcome data was based on validated questionnaires
and methodologies, and, although based on self-
report, included the criterion that medication be used.

The effect of early infections on current asthma was
related to the location, intensity and frequency of the
infections. Thus, having up to three upper respiratory
tract infections in the first year of life was associated

Table 4. – Association of combinations of wheezing lower respiratory illness and atopic status (as ascertained by skin-prick
test positivity) with current asthma

Current asthma

Skin-prick test negative p-value Skin-prick test positive p-value

Wheezing lower respiratory illness
0 1.00 2.30 (1.62–3.29) 0.000
1 2.03 (1.19–3.45) 0.010 3.39 (1.91–6.01) 0.0004
o2 4.10 (2.48–6.77) v0.0005 9.00 (5.25–15.42) v0.0005

Data are presented as odds ratio (95% confidence interval), adjusted for duration of exclusive breastfeeding, sex, gestational
agev37 weeks and maternal smoking during pregnancy. Data for 221 of 1,339 subjects are presented, the sample is reduced
due to missing data.
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with a modest reduction in risk of current asthma
at an age of 6 yrs, whereas more frequent infections
appeared to increase the risk. In contrast, the
occurrence of any lower respiratory tract infections
was associated with current asthma at an age of 6 yrs,
particularly if infections were associated with wheeze.
The risk was markedly increased if they occurred
more than once before the child9s first birthday or if
the child was atopic.

In this study, it was evident that the risk associated
with wheezing LRI was greatest amongst atopics, as
has been reported previously [21]. These illnesses
equally enhanced the risk of subsequent asthma in
nonatopic children, as has been observed in other
studies [22, 23]. Further, this protective effect was the
same in the present study, irrespective of maternal
history of asthma, contrary to the findings of others
[5]. With regard to the potential role of atopy in
asthma development, it has previously been demon-
strated that during early childhood, long-term immu-
nological memory is developed against common
inhalant allergens, and the nature of the cytokines,
which dominate these memory responses, determines
whether subjects will manifest the atopic or non-
atopic responder phenotype [24]. The levels of atopic
sensitization to inhalant allergens at this age are likely
to cause only moderate airway inflammation, which
occasionally exceeds the threshold required to trigger
wheeze. The relatively low risk of asthma associated
with atopy in this cohort (OR 2.01, 95% CI 1.55–2.60)
would suggest that the level of inflammation achieved
is usually insufficient to cause permanent changes in
the airway tissues.

LRI can also induce airways inflammation and
accompanying wheeze, and severe infections poten-
tially cause inflammatory responses, which are
considerably more intense than those triggered by
exposure to allergens. Infections of this nature which
occur during the phase of rapid lung growth in
infancy, have been hypothesized to have severe
sequelae in relation to respiratory function in the
short-to-medium term, as they can potentially cause
phenotypic changes within the growing airway that
induce a state of hyperreactivity to extraneous irritant
stimuli [6, 25]. However, if exposure to such secondary
airborne stimuli is intermittent, overt symptoms may
again be restricted to occasional wheeze. The out-
come, however, may be quantitatively different if
the secondary airborne stimuli are inhalant allergens
continuously present in the indoor environment to
which the subjects have been sensitized. In particular,
the effects of co-exposure to both LRI and atopic
stimuli in the same individual may be multiplicative,
thus markedly intensifying the risk of development of
persistent wheeze, which is consistent with the findings
shown in table 4. Such interactions are comparable to
those recently described in studies performed on older
schoolchildren, in whom viral infections have been
shown to trigger asthma attacks, but with a high level
of selectivity for subjects with pre-existing atopic
sensitization to inhalants [26]. It should also be noted
that these interactions do not occur between non-
wheezing LRI and atopy, which is consistent with
the belief that wheeze accompanying LRI representsT
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a marker of potentially long-lasting damage to the
growing airway, although it was not possible to
examine this in the present study.

It has been suggested that wheezing LRI may serve
either as a surrogate marker for small airway diameter
or, alternatively, as an indicator of intense inflamma-
tory damage to the airway, which has the potential to
cause deleterious downstream effects on airway func-
tion at later ages [6, 25]. Given that unrelated wheeze/
cough and doctor-diagnosis of asthma occurred
5–6 yrs after the wheezing LRI in question, at which
time airway diameter would no longer be critically
low, it appears more likely that the occurrence of
wheezing LRI during infancy may be responsible for
the long-term effects on airway function.

There also exists the intriguing possibility that
individual causal pathways for the development of
atopy and wheezing LRI may share common features
and/or risk factors. In particular, it has previously
been demonstrated that genetic risk for the develop-
ment of atopy is associated with delayed postnatal
development of the capacity to produce the T-helper
(Th)1 cytokine interferon (IFN)-c [24, 27], which
antagonizes maturation of the Th2 cells responsible
for atopic manifestations. This same cytokine plays
a central role in defence against viral infections,
including RSV, and recent studies indicate that
wheezing bronchiolitis in infancy is associated with a
reduced capacity to produce IFN-c [28, 29].

The effects of respiratory infections on asthma
development may, in some circumstances, be mediated
via modulation of allergic sensitization to inhalants
[24, 30–32]. However, in this large cohort, the effect of
infections on current asthma appeared to be indepen-
dent of skin-prick test reactivity, with the possible
exception of two or more nonwheezing LRI. Non-
wheezing LRIs were associated with reduced ORs for
atopy (OR 0.62), although this did not reach statistical
significance in this cohort. Here, it is relevant to
mention the report of MARTINEZ et al. [33], in which
nonwheezing LRI in the first 9 months of life were
associated with reduced serum immunoglobulin-E
levels at the age of 6 yrs.

Exclusive breastfeeding for w4 months was a
significant protective factor for wheezing LRI, current
asthma and atopy, following multivariate adjust-
ment. The effect of exclusive breastfeeding was not
considerably altered by adjustment of either atopy,

infections (or both), or maternal asthma status,
indicating that breastfeeding acts through other
pathways to prevent asthma. The protective effects
of a longer duration of breastfeeding are postulated to
be mediated partially through the wheezing LRI
pathway, for example, by provision of nutrients
essential for the efficient operation of bioactivity and
host-defence mechanisms [34] and, to a lesser degree,
via the atopy pathway. However, in this study, the
effects of breastfeeding on current asthma cannot
entirely be accounted for by these mechanisms, indi-
cating that it may influence other defence mechanisms,
which are yet to be defined. One potential mechanism
of the latter involves direct modulatory effects of
breast milk on host inflammatory responses [35, 36], a
possibility that merits further investigation. In addi-
tion, given the central importance of airway diameter
in the overall wheezing process [37], future studies on
the potential role of human milk in hastening the
kinetics of lung growth during infancy appear to be
warranted.

To conclude, this study provides new insight into the
interactions between respiratory infections, atopy and
breastfeeding in the aetiology of childhood asthma,
and particularly illustrates potential pathway(s) via
which the convergence of these risk factors may
contribute to the development of persistent wheezing
disease.
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