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Abstract

The relationship between breastfeeding, respiratory and other allergic disorders has been con-
troversial. Our aim was to investigate the relationships between breastfeeding, respiratory
outcomes, eczema and atopy at 15 months of age in a prospective birth cohort in New Zealand.

A total of 1105 children were enrolled at birth, and 1011 (91.2%) were followed up at 15
months. Logistic regression was used to model associations between breastfeeding duration and
respiratory outcomes, eczema and atopy after adjusting for relevant confounding variables:
ethnicity, socio-economic status, parity, body mass index, smoking in pregnancy, gender and
respiratory infections in the first 3 months of life.

Breastfeeding was associated with a significant reduction in the risk of adverse respiratory
outcomes at 15 months. After adjustment for confounders, each month of exclusive breastfeed-
ing reduced the risk of doctor-diagnosed asthma by 20% (odds ratio 0.80, 95% confidence
interval 0.71 to 0.90), wheezing by 12% (0.88, 0.82 to 0.94) and inhaler use by 14% (0.86,0.78 to
0.93). Associations for both exclusive and additional breastfeeding durations, and respiratory
outcomes remained independently significant when modelled simultaneously. Although inde-
pendently associated with all respiratory outcomes, adjusting for parental history of allergic
disease or maternal history of asthma did not alter our findings. Breastfeeding was not associated
with eczema or atopy at 15 months.

In conclusion, there was a significant protective effect of breastfeeding on infant wheezing and
other adverse respiratory outcomes that may be early indicators of asthma in New Zealand
children.
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Introduction

The prevalence of atopy, allergic disease and asthma
has increased over the last 40 years in many industri-
alized nations, including New Zealand. A number of
longitudinal birth cohorts such as those in Tucson,
USA (Taussig et al. 1989), Melbourne (Phelan et al.
2002) and Perth (Joseph-Bowen et al.2004), Australia,
and the German multi-centre atopy study (MAS-90)
(Bergmann efal. 1994) have been established to
explore potential risk factors for the development of
atopy, allergic disease and asthma.

The relationship between early childhood nutri-
tion, particularly breastfeeding, and subsequent
respiratory and other allergic disorders has been con-
troversial. Some studies have shown that breastfeed-
ing is protective (Oddy et al. 1999; Wright et al. 2001;
Kull et al. 2004), while others suggest that it is a risk
factor for asthma in later childhood and adulthood
(Sears et al. 2002), and in older children with atopy
and a maternal history of asthma (Wright et al. 2001).
A meta-analysis of prospective studies by Gdalevich
et al. (2001), subsequently updated by Ip et al. (2007),
has suggested that breastfeeding reduces the risk of
asthma. However, data from the Sears study (Sears
et al.2002), another New Zealand study, could not be
included as it failed to meet the inclusion criteria as a
result of the way that data about breastfeeding was
collected and presented.

The aim of this study was to investigate the rela-
tionship between breastfeeding and respiratory out-
comes, atopy and eczema at 15 months of age in
a prospective birth cohort in New Zealand. This
included the prospective collection of infant feeding
histories, with data about exclusive breastfeeding,
to allow a more comprehensive analysis of potential
relationships between breastfeeding and respiratory
outcomes in New Zealand children.

Materials and methods
Study population

The New Zealand Asthma and Allergy Cohort Study
is a two-centre prospective birth cohort that was
established in 1997. Ethics committee approval
for the study was obtained from the Wellington and

Canterbury Regional Ethics Committees. Full details
of the cohort, including assembly, demographics and
methodology, have been published elsewhere (Epton
et al. 2007).

Recruitment took place in Christchurch and
Wellington between 1997 and 2001. Expectant
mothers were recruited by midwives before birth, and
consent confirmed by the study team soon afterwards.
No explicit attempt was made to recruit families with
a history of atopy, allergic disease or asthma. The
cohort sample is largely representative of the wider
New Zealand population based on national demo-
graphic statistics (Epton et al. 2007).

Breastfeeding

Detailed information about infant feeding was col-
lected using questionnaires administered soon after
birth, and at 3, 6 and 15 months. Breastfeeding was
assessed in two ways: the duration of ‘exclusive’
breastfeeding (age when infant formula, food or other
drinks, except water, were introduced) and the dura-
tion of ‘any’ breastfeeding (age when breastfeeding
was stopped). From these, the duration of ‘additional’
breastfeeding (duration of any breastfeeding minus
the duration of exclusive breastfeeding) was derived.
These were modelled as continuous variables.

One hundred and seventy (16.8%) children were
still being breastfed at their 15-month assessment.
The duration of any breastfeeding for these children
was therefore determined from the date of this
assessment.

Outcomes

Respiratory outcomes included a parental report of
the following: (1) ‘doctor’s diagnosis of asthma’; (2)
‘ever wheezed’; (3) ‘ever used an inhaler’; (4) ‘ever
wheezed” AND ‘doctor’s diagnosis of asthma’
AND ‘ever used an inhaler’; and (5) current
asthma defined as ‘doctor’s diagnosis of asthma’
and [‘ever wheezed” OR ‘used an inhaler’] by
15 months.

Eczema was defined as a parental report of eczema,
and atopy was determined by the results of a skin
prick test to common food and environmental aller-
gens. Children were categorized as atopic if there was
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an allergen to histamine wheal ratio of greater than
0.5 following subtraction of the negative control
wheal size after 15 min. A ratio measure was used in
order to control for the variable response to hista-
mine in infancy and inter-operator and inter-batch
allergen variability (Meinert et al. 1994; Joint Task
Force on Practice Parameters, representing the
American Academy of Allergy Asthma and Immu-
nology, the American College of Allergy, Asthma and
Immunology, and the Joint Council of Allergy,
Asthma and Immunology 1995).

Confounding variables

Potential confounding variables included sex of child,
gestational age <37 weeks, study site, smoking in preg-
nancy, household smoking at 15 months and respira-
tory infections (parental report of colds, coughs, and
chest and ear infections) in the first 3 months of life.
These were all modelled as binary covariates. Ethnic-
ity (Maori, Pacific, Pakeha/European and others)
was modelled as a prioritized categorical variable,
whereas birthweight and other anthropometric birth
measures, parity, crowding (number of rooms per
person), body mass index (BMI) at 15 months and the
New Zealand Deprivation Index, a marker of socio-
economic status (Salmon & Crampton 2001), were
modelled as continuous variables.

Those entered into the final models were: ethnicity,
socio-economic status, parity, BMI at 15 months,
smoking in pregnancy, sex of child and respiratory
infections in the first 3 months of life. Although rel-
evant, birthweight and household smoking were not
included in the final models because of close correla-
tion with BMI at 15 months and smoking in preg-
nancy, respectively.

Parental history of allergic disease (asthma or
eczema or hay fever in at least one parent) and mater-
nal history of asthma were included as potential con-
founders in secondary analyses.

Statistical analysis

Unconditional binary logistic regression analyses
were used to test the associations between breast-
feeding and outcomes. Univariate unadjusted odds

ratios and 95% confidence intervals were calculated
for durations of exclusive and any breastfeeding. Mul-
tivariate models incorporating the confounding vari-
ables outlined above were used to generate adjusted
odds ratios and 95% confidence intervals. In addition,
both the duration of exclusive and additional breast-
feeding were modelled simultaneously to determine
the independent effect of these exposures on
outcomes.

To investigate possible disease-related modification
of exposure and to ensure that the exposure preceded
the outcome, therefore assessing the likelihood of a
causal relationship between breastfeeding duration
and respiratory outcomes, children with onset of
wheeze during the exclusive or any breastfeeding
periods were excluded from the relevant wheeze
models in secondary analyses.

All analyses were performed using SPSS (SPSS
Inc., Chicago, IL, USA, Version 13, 2004). Missing
data were not imputed.

Statistical power

The rationale for the cohort size was based on pilot
data and research available on prevalence of atopy
and asthma in New Zealand at the time (The Inter-
national Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee 1998; Sawyer et al.
1998). Assuming that approximately 10% of the
sample would be diagnosed with asthma by 15 months
of age, and those exposed to more than the median
duration of breastfeeding showed a >50% decline in
the rates of asthma diagnosis at 15 months, then a
total sample of 1000 children would have more than
90% power to detect this reduction (relative
risk <0.5) as statistically significant (two-tailed
a=0.05).

Results

A total of 1105 children were enrolled. Of these, 1
child died, 27 parents withdrew consent and 50 chil-
dren were lost to follow-up. The parents of a further
16 children declined follow-up at 15 months. Over-
all, 1011 (91.2%) children remained available for
follow-up at 15 months.
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Table I. Prevalence of selected exposure characteristics in children
from the New Zealand Asthma and Allergy Birth Cohort

Table 2. Prevalence of |5 month outcomes in children from the New
Zealand Asthma and Allergy Birth Cohort

Characteristics No. (%)
Male (n=1011) 515 (50.9)
Maori (n=1011) 148 (14.6)

Gestational age <37 weeks (n=1011) 37 (3.7)

Mean (SD) gestational age (weeks; n=1011) 39.6 (1.47)

Mean (SD) NZ Index of Deprivation (n=1011) 4.7 (2.87)

Mean (SD) BMI (n=994) 17.5 (1.72)

Smoking in pregnancy (n=1011) 206 (20.4)

Respiratory infections =3 months (n=1011) 623 (61.6)

Smoking in household at 15 months (n =1011) 335 (33.1)

Parental history of asthma and allergic disease 751 (83.4)
(n=900)

Maternal history of asthma (n=1009) 277 (27.5)

Exclusive breastfeeding

Age when infant formula, food or other
drinks introduced (n =987)
=1 week 337 (34.1)
1 week-1 month 125 (12.7)
1-2 months 101 (10.2)
2-3 months 84 (8.5)
3-4 months 156 (15.8)
4-5 months 131 (13.3)
5-6 months 52 (5.3)
>6 months 1 (0.1)

Any breastfeeding

Age when breastfeeding stopped (n=1011)
=1 week 60 (5.9)
1 week-1 month 65 (6.4)
1-2 months 54 (5.3)
2-3 months 56 (5.5)
3-4 months 33 (3.3)
4-5 months 41 (4.1)
5-6 months 72 (7.1)
6-12 months 335 (33.1)
>12 months 295 (29.2)

Data given as number (%) unless otherwise stated; NZ, New
Zealand.

The 6-month questionnaire was not completed for
24 children, thus restricting the exclusive breastfeed-
ing data to 987 children. Parental history of allergic
diseases required both parents to be living with the
child at the time of the 3-month questionnaire; hence,
there were missing data for 111 children. Key charac-
teristics of the cohort are listed in Table 1 and the
prevalence of outcomes is given in Table 2.

There were strong associations (all, P <0.001)
between the respiratory outcomes indicating that the
outcome definitions were internally consistent.

Outcomes at 15 months No. (%)

Doctor-diagnosed asthma (n = 1009) 124 (12.3)
Ever wheezed (n=1011) 397 (39.3)
Ever used an inhaler (n =1010) 222 (22.0)

Wheeze AND doctor-diagnosed asthma AND 100 (9.9)
inhaler (n =1008)

Current asthma (n = 1008) 119 (11.8)
Ever had eczema (n =1006) 398 (39.6)
Atopy (n=3889) 249 (28.0)

Data given as number (%) unless otherwise stated.

The median duration of exclusive breastfeeding
was 1.4 months [interquartile range (IQR) 0-4] and of
any breastfeeding was 9.0 months (IQR 4-13). The
duration of exclusive breastfeeding was correlated
with the duration of additional breastfeeding beyond
the exclusive period (r=0.482, P <0.001). However,
the duration of exclusive breastfeeding was found to
be a stronger determinant of respiratory outcomes
than the duration of any breastfeeding (Table 3).

Longer durations of exclusive (all, P = 0.001) and
any (all, P =0.001) breastfeeding were associated
with a significant reduction in the risk of adverse res-
piratory outcomes at 15 months (Table 3). After
adjustment for confounders, each month of exclusive
breastfeeding reduced the risk of doctor-diagnosed
asthma by 20% (odds ratio 0.80, 95% confidence
interval 0.71-0.90), wheezing by 12% (0.88, 0.82-
0.94), inhaler use by 14% (0.86, 0.78-0.93), ‘wheeze
AND doctor-diagnosed asthma AND inhaler’ by 24 %
(0.76, 0.67-0.87) and ‘current asthma’ by 21% (0.79,
0.70-0.90). Risks were reduced by 7% (0.93, 0.89—
0.97), 4% (0.96, 0.93-0.98), 8% (0.92, 0.90-0.95), 8%
(0.92, 0.88-0.96) and 7% (0.93, 0.89-0.97), respec-
tively, for each month of any breastfeeding.

There was no significant association between
breastfeeding and the risk of eczema or atopy at 15
months of age.

The results of analyses which modelled both exclu-
sive and additional breastfeeding simultaneously,
as well as other potential confounders, are given in
Table 4. Associations for breastfeeding (exclusive and
additional) and respiratory outcomes remained inde-
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Table 3. Odds ratios (95% confidence intervals) for the individual effects of each month of exclusive and any breastfeeding on outcomes at |5

months

Outcome Exclusive breastfeeding

Any breastfeeding

Unadjusted

P-value Adjusted*

P-value Unadjusted P-value Adjusted* P-value

Doctor-diagnosed asthma
Ever wheezed

0.79 (0.71-0.89)  <0.001
0.87 (0.82-0.93)  <0.001
0.85 (0.78-0.92)  <0.001
0.76 (0.67-0.86)  <0.001

Ever used an inhaler

Wheeze AND
doctor-diagnosed asthma
AND inhaler

Current asthma 0.78 (0.70-0.88)  <0.001

0.96 (0.90-1.03)  0.231

1.03 (0.96-1.11) 0373

Ever had eczema
Atopy

0.80 (0.71-0.90)  <0.001
0.88 (0.82-0.94)  0.001
0.86 (0.78-0.93)  <0.001
0.76 (0.67-0.87)  <0.001

0.79 (0.70-0.90)  <0.001
0.96 (0.90-1.03)  0.244
1.03 (0.96-1.11) 0397

0.92 (0.89-0.95) <0.001  0.93 (0.89-0.97) <0.001
0.95 (0.92-0.97) <0.001  0.96 (0.93-0.98)  0.001
0.91 (0.89-0.94) <0.001  0.92 (0.90-0.95) <0.001
0.91 (0.88-0.95) <0.001  0.92 (0.88-0.96) <0.001
0.92 (0.89-0.96) <0.001  0.93 (0.89-0.97) <0.001

1.00 (0.98-1.03)  0.738
1.03 (1.00-1.06)  0.066

1.00 (0.98-1.03)  0.789
1.03 (1.00-1.06)  0.051

*Adjusted for ethnicity, socio-economic status, parity, body mass index at 15 months, smoking in pregnancy, gender and respiratory infections in

the first 3 months of life.

Table 4. Adjusted odds ratios (95% confidence intervals) for the independent effects of each month of exclusive and additional breastfeeding on

outcomes at |5 months

Outcome Exclusive breastfeeding* P-value Additional breastfeeding* P-value
Doctor-diagnosed asthma 0.81 (0.72-0.92) <0.001 0.95 (0.91-0.99) 0.021
Ever wheezed 0.88 (0.82-0.95) <0.001 0.97 (0.94-1.0) 0.038
Ever used an inhaler 0.87 (0.80-0.95) 0.002 0.93 (0.90-0.97) <0.001
Wheeze AND doctor-diagnosed asthma AND inhaler 0.77 (0.67-0.89) <0.001 0.95 (0.90-0.99) 0.026
Current asthma 0.80 (0.71-0.91) <0.001 0.95 (0.91-1.00) 0.034
Ever had eczema 0.96 (0.90-1.03) 0.214 1.02 (0.99-1.05) 0.274
Atopy 1.03 (0.95-1.11) 0.466 1.03 (1.0-1.07) 0.076

*Adjusted for ethnicity, socio-economic status, parity, body mass index at 15 months, smoking in pregnancy, gender and respiratory infections in

the first 3 months of life.

pendently significant in each of the models. No signifi-
cant associations were found for eczema or atopy.

Figure 1 illustrates the reduction in risk of doctor-
diagnosed asthma to be expected for every 3 months
of additional breastfeeding following 0-3 or greater
than 3 months of exclusive breastfeeding. The figure
shows that children with the lowest risk were exclu-
sively breastfed for a period of at least 3 months. This
risk was then further reduced by longer durations of
additional breastfeeding.

Although both parental history of allergic disease
and maternal history of asthma were independently
associated with all respiratory outcomes in secondary
analyses, neither altered the odds ratios or signifi-
cance levels to any appreciable degree.

Only 29 of the 397 wheezy children had wheezed
during lactation, and only six children had wheezed

prior to the end of the exclusive breastfeeding period.
Excluding these children from the relevant wheeze
models did not change our findings. The unadjusted
odds ratios were 0.87 (0.81-0.93, P < 0.001) for exclu-
sive and 0.94 (0.92-0.97, P <0.001) for any breast-
feeding. Adjusted odds ratios were 0.88 (0.82-
0.94, P<0.001) and 0.95 (0.93-0.98, P=0.001),
respectively.

Discussion

This study demonstrates a significant protective effect
of breastfeeding on adverse respiratory outcomes at
15 months of age. Longer durations of exclusive, any
and additional breastfeeding consistently reduced
the risk of doctor-diagnosed asthma, wheezing and
inhaler use. There was no significant association
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between breastfeeding and the risk of eczema or
atopy.

Strengths of the study were that data collection was
prospective, and there was sufficient statistical power
with a very good retention rate. Our breastfeeding
information was comprehensive and the definition of
exclusive breastfeeding was conservative. It is there-
fore likely that the protective association of breast-
feeding was, if anything, underestimated. There was
also a wide range of breastfeeding duration, allowing
analysis of the data as a continuous variable.

Although bias regarding the frequency of infant
feeding data collection is possible, this is unlikely to
have impacted on the accuracy of breastfeeding data.
First, data were collected on three occasions within
the first 6 months of life, the likely period of exclusive
breastfeeding. Second, evidence suggests that even
after 3 years, 80% of women are able to recall the
total duration of breastfeeding to within 1 month
(Eaton-Evans & Dugdale 1986; Li et al. 2005). As the
median duration of exclusive breastfeeding was only
1.4 months, and all infant feeding data were collected
within 15 months of birth, the frequency of assess-
ment was adequate.

Our findings are consistent with those of several
other prospective birth cohorts (Oddy eral. 1999;
Wright er al. 2001; Kull ez al. 2004). Although some of
these studies have shown that breastfeeding is protec-
tive in older children (Oddy efal. 1999; Kull et al.
2004), others found that breastfeeding increased the
risk of asthma in older children and adults (Sears et al.
2002), and in older children with atopy and a maternal

every 3 months of additional breastfeed-
ing following 0-3 or greater than 3
months of exclusive breastfeeding.

history of asthma (Wright ez al. 2001). One possible
explanation for these apparently conflicting findings
is the quality of breastfeeding data and whether
exclusivity of breastfeeding was explored. There are
issues of clarity in the description of exclusive breast-
feeding used by Wright and co-workers (Wright et al.
2001), and debate about the validity of the breastfeed-
ing grouping in the Sears study (Sears et al. 2002). In
addition, no child was likely to have been exclusively
breastfed in the Sears study because it was the prac-
tice for all children to receive infant formula in hos-
pital at that time (Sears et al. 2002).

Data from our study do not appear to support the
hypothesis that the reduction in the prevalence of
respiratory outcomes is due to protection provided by
maternal antibodies in colostrum and breast milk
against early respiratory infections, as adjustment for
respiratory infections occurring in the first 3 months
of life did not alter the relationship between breast-
feeding and respiratory outcomes.

Other likely explanations for our findings include
the exclusion of infant formula, food or other drinks
containing potentially allergenic components and
provision of anti-inflammatory and nutritional or
other components of human breast milk. It is also
possible that breastfeeding duration, particularly the
duration of exclusive breastfeeding, may be a surro-
gate for other important factors, such as skin-to-skin
contact and the degree of mother—child bonding or
the time at which mothers returned to work.

Although unlikely, it is possible that breastfeeding
was stopped as a result of respiratory symptoms.
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However, this hypothesis would run contrary to
public health advice about breastfeeding available to
mothers at the time. Conversely, if the duration of
breastfeeding was extended to mitigate respiratory
symptoms, the strength of the association would have
been underestimated. Our findings would indicate
that the effects of breastfeeding duration were not
biased by disease-related modification of exposure.

While our research revealed a common pattern of
symptoms that led to treatment being offered by a
doctor, we recognize that recurrent wheeze and even
doctor-diagnosed asthma at 15 months may reflect
any one of several different respiratory conditions
(Sherriff et al. 2001; Martinez 2002, 2003; Kuehni
2005; Kurukulaaratchy et al. 2005a,b; De Sario et al.
2006). These include prior respiratory syncytial virus
bronchiolitis, transient infant wheeze related to pre-
natal smoking exposure and asthma. Many of these
factors are transient, and although a history of
parental asthma, atopic eczema and recurrent
wheezing strongly supports asthma diagnosis in
some toddlers, it is not easy to be confident that they
will have persisting childhood asthma until they
reach 3-5 years of age. Despite not yet being certain
whether our findings relate to asthma in later child-
hood, our analyses were adjusted for many of the
variables relating to other infant wheezing pheno-
types, in particular, smoking in pregnancy, early res-
piratory infections and BMI at 15 months. This issue
will be further explored at 6 years of age when
the cohort will undergo a detailed respiratory
assessment.

In summary, these data show a very significant
protective effect of breastfeeding in terms of infant
wheezing and other adverse respiratory outcomes at
15 months that may be early indicators of asthma in
New Zealand children.
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Key messages

o breastfeeding protects against infant wheezing and other
adverse respiratory outcomes that may be early indicators
of asthma;

e the duration of exclusive breastfeeding was a stronger
determinant of respiratory outcomes than the duration of
any breastfeeding; and

e breastfeeding was not associated with eczema or atopy.
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