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The interplay between eczema and breastfeeding
practices may hide breastfeeding’s protective

effect on childhood asthma
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associations.

stratification by eczema in infancy.

possible disease-related modification of exposure.

What is already known about this topic? Longer duration of breastfeeding may be protective against asthma; however,
early allergic disease such as eczema may influence a mother’s breastfeeding practices, which may bias observable

What does this article add to our knowledge? Increased duration of breastfeeding was associated with a modest
reduction in odds of asthma among children without eczema in the first year of life; this association was masked before

How does this study impact current management guidelines? Future studies examining breastfeeding practices and
the risk of allergic outcomes in later childhood need to consider the presence of early-life allergic manifestations and

BACKGROUND: Longer duration of breastfeeding may be
protective against asthma. However, early manifestations of
allergic disease, such as eczema, are risk factors for asthma and
can influence the duration of breastfeeding, and hence, may bias
observable associations.

OBJECTIVE: To examine the relationship between
breastfeeding ever and duration and the development of asthma
and allergic asthma phenotypes, stratified by a diagnosis of
eczema during or after the breastfeeding period.

METHODS: A total of 3663 children participated in the 6-year-
old follow-up of the HealthNuts study, a population-based,
longitudinal study of allergic diseases in Australia. At age 1 year,
breastfeeding and eczema data were collected and at age 6 years,
information on wheeze, medication use, and parental report of
doctor-diagnosed asthma were obtained, both via questionnaire.
Skin prick test responses to food and aeroallergens at age 6 years
further distinguished asthmatic children into allergic and
nonallergic phenotypes.
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RESULTS: Breastfeeding initiation was not associated with
current asthma at age 6 years (adjusted odds ratio, 0.76; 95% CI,
0.45-1.29) when compared with never breastfeeding. Results
were similar for length of exclusiveness and overall duration of
breastfeeding, and allergic and nonallergic asthma phenotypes.
However, increased duration of breastfeeding among children
without eczema in infancy was associated with reduced odds of
asthma (per month increase, adjusted odds ratio, 0.98; 95% CI,
0.95-1.0; P = .05), which equates to 0.86 (95% CI, 0.74-1.0)
reduced odds of asthma for a 6-month increase in breastfeeding.
This association was not apparent in children who were diag-
nosed with eczema during breastfeeding (adjusted odds ratio,
1.03; 95% CI, 0.98-1.08; P = .3).

CONCLUSIONS: Longer duration of breastfeeding was associ-
ated with a reduced odds of asthma among children without
eczema in the first year of life; this association was masked before
stratification by eczema in infancy. Future studies examining
breastfeeding practices and the risk of allergic outcomes in later
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Abbreviations used

aOR- Adjusted odds ratio

RTI- Respiratory tract infection
SPT- Skin prick test

childhood need to consider the presence of early-life allergic
manifestations impacting on breastfeeding behav-

jor. © 2020 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2020;m:m-m)
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INTRODUCTION

Breastfeeding is widely regarded as the optimal form of infant
feeding. As well as reducing respiratory and gastrointestinal in-
fections in infancy,' breastfeeding is reported to improve
numerous health outcomes into adulthood.” Despite these
benefits, the influence of breastfeeding on asthma prevalence in
childhood is less clear and findings within the literature remain
inconsistent.

Previous studies investigating this relationship have illustrated
a protective effect,” ' no effect,'"™" or even an increased risk of
asthma with prolonged duration of breastfeeding.'®'” Although
the most recent meta-analysis of 42 articles demonstrated an
overall modest protective effect (pooled odds ratio, 0.88; 95%
CI, 0.82-0.95), the authors acknowledged the low-quality nature
of this result given substantial heterogeneity between studies.'®
There has only been 1 randomized controlled trial assessing
breastfeeding practices and the risk of allergic and respiratory
outcomes. The intervention, which promoted prolonged and
exclusive breastfeeding in Belarus, showed no protective effect on
atopic eczema or asthma.'” However, this finding may not be
directly applicable to Westernized countries where both
breastfeeding and allergy rates are high. Randomized controlled
trials of randomizing individual children to breastfeeding expo-
sures are not feasible to conduct for ethical and logistical reasons,
necessitating the use of observational studies to examine these
relationships.

There is considerable overlap between allergic diseases in
childhood, and few studies have explicitly addressed the potential
for early-life signs of allergic disease to impact on breastfeeding
practices. Infantile eczema is a known risk factor for asthma,
and both eczema and asthma are manifestations of the allergic
disease diathesis.” Early signs of eczema in infants increased the
likelihood of a mother breastfeeding for longer, possibly in the
hope that it will prevent the development of other allergic dis-
eases or reduce the severity of eczema.”' Failure to adequately
account for this association may lead to an attenuation of
observable protective associations between breastfeeding and
asthma or spurious associations suggesting an increased risk in
those who are breast-fed for longer because of early eczema.

In addition, given that allergic asthma and non-allergic asthma
phenotypes are known to have distinct risk factors, distinguishing
between the effects of breastfeeding on both phenotypes is
important in the establishment of targeted prevention.””*” Only
a select number of studies have stratified results on the basis of
asthma phenotypes, and only 1 controlled for the presence of
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carly-life allergic disease, with results being quite mixed.”*’
Therefore, we aimed to investigate the relationship between
breastfeeding ever and duration and the development of asthma
and allergic asthma phenotypes at age 6 years, stratified by the
presence of eczema during or after the breastfeeding period, using
prospective data collected from a population-based, longitudinal
study of allergy and asthma.

METHODS
Study design

Recruitment. HealthNuts is a population-based, longitudinal
cohort study of allergic diseases including asthma undertaken in
Melbourne, Australia. In brief, infants aged 11 to 15 months whose
parents/guardians could read and understand English were eligible
and invited to participate from 170 council-run immunization ses-
sions across Melbourne (n = 5276 [74% participation]).24 Parents
or guardians completed a questionnaire that included questions on
breastfeeding duration and length of exclusiveness, as well as other
information regarding common childhood conditions (including
whether a doctor had diagnosed eczema and the month of diag-
nosis), environmental exposures, and family history of allergic dis-
cases. Infants also underwent skin prick test (SPT) to 4 common
food allergens and were invited for oral food challenge if a detectable
wheal was observed (described in detail prcviously).ZS

Age 6-year follow-up. At age 6 years, all parents were mailed
a full questionnaire collecting information about their child’s asthma
and allergy status, ongoing feeding practices, and environmental
exposures. Children were also invited to participate in a health
assessment that included SPT.*® If parents did not respond after
reminders, they were invited to complete a short 5-minute telephone
questionnaire obtaining key information regarding their child’s
current asthma status.

Skin prick tests. Atages 1 and 6 years, SPTs were administered
using a single-time lancet (Stallergenes, Antony, France) on the
child’s back using allergen extracts (ALK-Abello, Madrid, Spain)
along with a positive control (10 mg/mL histamine) and a negative
control (saline). At age 1 year, SPT was conducted to peanut, hen’s
egg, sesame, and either cow’s milk or shrimp. At age 6 years, SPT
was conducted to peanut, egg, sesame, soy, almond, cashew, hazel-
nut, shellfish, cow’s milk, wheat, house-dust mite, rye grass,
Bermuda grass, cat hair, alternaria, birch mix, cladosporium, and dog
hair.

Definitions of exposure and outcome variables

Breastfeeding. Questionnaires administered at age 12 months
captured the age of breastfeeding initiation and cessation in months.
Children were categorized as never or ever breast-fed. Of those ever
breast-fed, exclusive breastfeeding was defined as breastfeeding
without the addition of any formula, or solid foods and was cate-
gorized as never, less than 6 months, or greater than 6 months.
Overall duration was the total length of breastfeeding, regardless of
exclusivity, and was treated as both a continuous (per month) and
categorical variable (<3 months, 3 to <6 months, 6 to <12 months,
or >12 months).

Eczema. Eczema was defined as a parent report of a doctor
diagnosis of eczema in the first year of life and was further catego-
rized by the age of diagnosis into no eczema, eczema diagnosed
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during breastfeeding, and eczema diagnosed after the cessation of
breastfeeding.

Asthma. Data on asthma were collected via parental question-
naire at age 6 years, including questions taken from the validated
International Study of Asthma and Allergies in Childhood ques-
tionnaire.”” Current asthma was defined as parental report of doctor-
diagnosed asthma plus either wheeze or use of common asthma
medication (relievers and preventers) in the previous 12 months.
Wheezing in the first year of life (which was considered as a covariate
not outcome) was captured in the recruitment questionnaire at age
12 months.

Atopic sensitization and asthma phenotypes. Aropic
sensitization was defined as a positive SPT result (>3 mm wheal)
to 1 or more food or aeroallergens at age 6 years. Asthma phe-
notypes were defined as allergic asthma (current asthma in the
presence of sensitization) and nonallergic asthma (current asthma
without sensitization,) with children without asthma as the
reference group.

Statistical analysis

The associations between breastfeeding exposure variables and
asthma were modeled using logistic regression; allergic and
nonallergic asthma phenotypes were modeled using multinomial
logistic regression, with children without asthma as the reference
group. The regression models included only participants with
complete data on exposure, outcomes, and confounding variables.
Potential confounding variables were identified on the basis of
existing literature and constructing a directed acyclic graph (see
Figure El in this article’s Online Repository at www.jaci-
inpractice.org).”® Covariates were included in the final adjusted
model using the disjunctive cause criterion approach if they were a
common cause of the exposure, or the outcome, or both.?’ Each
model was adjusted for child’s sex, mode of delivery, gestational
age at delivery, low birth weight, maternal age at birth, maternal
smoking during pregnancy, parental ethnicity, family socioeco-
nomic status (socio-economic indexes for areas—a summary
measure of socioeconomic conditions),’® maternal asthma,
paternal asthma, family history of allergic disease, number of
siblings, childcare attendance, and exposure to environmental
smoking in first year of life. The model of duration of overall
breastfeeding was additionally adjusted for age of introduction to
solids.

We hypothesized that a diagnosis of eczema during breastfeeding
may impact a mother’s behavior surrounding duration of
breastfeeding. Models for the association between breastfeeding
practices and asthma outcomes were therefore stratified by
whether the infant received a diagnosis of eczema during the
breastfeeding period, that is, no eczema diagnosis, eczema diagnosed
during breastfeeding, and eczema diagnosis after cessation of
breastfeeding. The rationale behind this stratification is that a
diagnosis of eczema after cessation of breastfeeding would not have
influenced breastfeeding practices. In addition, we conducted a
sensitivity analysis excluding participants who were reported to have
wheezed in the first year of life to assess for the possibility of further
reverse causality in which mothers prolonged breastfeeding in infants
with early signs of wheeze. Unfortunately, because of the absence of
data on age of wheezing in infancy, early wheeze could not be
examined in the same manner as eczema. Finally, to assess for
possible attrition bias in the follow-up of the HealthNuts partici-
pants, characteristics of those who did and did not participate in the
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Age 1year
HealthNuts Cohort
n=>5276
(74% participation rate)

Loss to follow-up
n =835 (16%)

\ 4

Participated age 6 years
n=4441 (84%)

Short questionniare only
n=778 (18%)

\ 4

Full questionnaire
n=3663 (82%)
Skin prick test
n=3111(70%)

\ 4
Outcomes

Current asthma = 468/3632

Allergic asthma phenotypes:

Allergic asthma = 279/3578
Non-allergic asthma = 135/3578

FIGURE 1. Study population and follow-up at age 6 years.

full questionnaire were compared using Pearson %2 test for cate-
gorical variables and Student # test for continuous variables. Inverse
probability weights were generated for factors that were associated
with participation, and were applied to all logistic regression
models.”! Stata software (version 15.1, StataCorp, Collage Station,
Texas) was used for all analysis.
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TABLE |. Breastfeeding and diagnosis of eczema during the breastfeeding period, among children with and without current asthma

Characteristic Total* (N = 3632) No asthma (n = 3164) Asthma (n = 468) P value
Breastfeeding ever
No 141 83% (117) 17% (24) .1
Yes 3428 87% (2993) 13% (435)
Overall breastfeeding duration (mo)
<3 661 87% (527) 13% (89) 4
3-<6 441 85% (375) 15% (66)
6-<12 1040 88% (915) 12% (125)
>12 1344 88% (1176) 12% (168)
Overall breastfeeding duration (mo), mean = SD 10.0 £ 5.9 10.0 £ 5.9 9.7 £ 6.0 3
Exclusive breastfeeding duration (mo)
Never 819 86% (708) 14% (111) 3
1-<3 468 85% (399) 15% (69)
4-<5 1060 88% (936) 12% (124)
>6 743 88% (654) 12% (89)
Overall exclusive breastfeeding 33+£24 34 £24 32+£24 2
duration (mo), mean &+ SD
Parent-reported eczema diagnosis
No eczema 2362 90% (2120) 10% (242) <.001
Eczema diagnosed before breastfeeding cessation 700 81% (566) 19% (134)
Eczema diagnosed after breastfeeding cessation 243 82% (199) 18% (44)

*The total for each variable may not add up to the total of 3632 because of missing data.

Ethics

Approval to conduct the HealthNuts Study was obtained from
the Victorian State Government Office for Children (reference no.
CDEF/07/492), the Victorian State Government Department of
Human Services (reference no. 10/07), and the Royal Children’s
Hospital Human Research Ethics Committee (reference no. 27047
and 32294).

RESULTS
Study population and participation

Of the original 5276 HealthNuts participants recruited at age
1 year, 4441 (84%) participated at age 6 years, with 3663 (82%)
completing the full questionnaire and 3111 (70%) undergoing
SPT (Figure 1). Children who did not participate in the full
questionnaire at age 6 years were more likely to be never breast-
fed, from a lower socioeconomic background, have 1 or both
parents born outside of Australia, have no family history of
allergic disease, and exposed to prenatal maternal or environ-
mental smoking, than those who participated with full data (see
Table E1 in this article’s Online Repository at www.jaci-
inpractice.org). Among children with asthma data (n = 3632),
breastfeeding was initiated in 96%. The mean length of exclusive
feeding was 3.4 =+ 2.4 months and 10.0 £ 5.9 months for overall
duration (Table I). At age 6 years, the prevalence of current
asthma was 13% (95% CI, 12%-14%). Of the 468 children with
current asthma, 414 (88%) also had data on sensitization; based
on this, the prevalence of allergic and nonallergic asthma was 8%
(95% CI, 7%-9%; n = 279 of 3578) and 4% (95% CI, 3%-5%;
n = 135 of 3578), respectively. Children with asthma were more
likely to be male, have a maternal or paternal history of asthma, a
family history of allergic disease, born preterm (<36 weeks
gestation), born via cesarean section, and exposed to maternal
smoking during pregnancy (see Table E2 in this article’s Online
Repository at www.jaci-inpractice.org).

Breastfeeding, asthma and asthma phenotypes

Of those ever breast-fed, 13% of children had current asthma
at age 6 years compared with 16% of those never breast-fed.
There was little evidence of an association between
breastfeeding ever, duration of overall breastfeeding or duration
of exclusive breastfeeding, and the outcome of asthma, although
the adjusted odds ratio (aOR) suggests a possible inverse asso-
ciation but was imprecise (Table 1I). When asthma was further
stratified into allergic and nonallergic phenotypes, there was still
little evidence of an association between ever breastfeeding,
overall duration, or increased length of exclusive breastfeeding
for allergic and nonallergic asthma phenotypes (see Table E3
in this article’s Online Repository at www.jaci-inpractice.org).

Stratification by
breastfeeding

A total of 3632 children had information on their asthma
status and of these 3305 also had information on their eczema
status including age of diagnosis; 71.5% had no eczema in the
first year of life (n = 2362 of 3305), 21.2% received a diagnosis
of eczema during breastfeeding (n = 700 of 3305), and 7.3%
were diagnosed with eczema after the cessation of breastfeeding
(n = 243 of 3305); these children were breast-fed for an
average of 9.9 £ 5.9 months, 12.5 £ 4.7 months, and 3.2 + 2.8
months, respectively.

Increased duration of breastfeeding was associated with
reduced odds of asthma among children without a diagnosis of
eczema in the first year of life (per 1-month increase, aOR, 0.98;
95% CI, 0.95-1.0; P = .05). This equates to a 0.86 (95% CI,
0.74-1.0) reduction in odds of asthma for 6-month additional
breastfeeding. There was little evidence of an association between
increased duration of breastfeeding and asthma among children
who were diagnosed with eczema during breastfeeding or after
cessation of breastfeeding (aOR, 1.03, 95% CI, 0.98-1.08,

eczema diagnosis  during
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TABLE Il. Association between breastfeeding and current asthma at age 6 y
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Breastfeeding definitions N* % asthma Crude OR (95% CI) P value aORT (95% CI) P value
Breastfeeding ever
No 123 16% 1.0 1.0
Yes 3065 13% 0.76 (0.47-1.24) 3 0.76 (0.45-1.29) 3
Overall breastfeeding duration (mo)
<3 588 14% 1.0 1.0
3-<6 377 14% 0.98 (0.67-1.43) 9 0.94 (0.64-1.40) R
6-<12 887 12% 0.86 (0.63-1.17) 3 0.89 (0.64-1.23) 5
>12 1161 12% 0.89 (0.67-1.20) 4 0.91 (0.67-1.24) 5
Per 1-mo increase 0.99 (0.98-1.01) 5 0.99 (0.98-1.01) .6
Exclusive breastfeeding duration (mo)
Never 737 14%
1-<3 424 15% 1.12 (0.80-1.57) 0.5 1.19 (0.84-1.71) 3
4-<5 968 11% 0.82 (0.61-1.09) 2 0.87 (0.64-1.18) 4
>6 667 12% 0.88 (0.65-1.21) 4 0.93 (0.66-1.29) 7
Per 1-mo increase 0.97 (0.93-1.02) 2 0.98 (0.93-1.03) 4

OR, Odds ratio.

*The sample size reported includes only those with complete data on exposure, outcome, and covariates adjusted for.
TAll analyses adjusted for sex, mode of delivery, age of gestation, low birth weight, maternal age at gestation, maternal smoking during pregnancy, parental country of birth,
family socioeconomic status, maternal asthma, paternal asthma, family history of atopy, number of siblings, environmental smoking in first year of life, and childcare attendance
in first year of life. Overall breastfeeding duration was additionally adjusted for age of solids introduction. All adjusted models have been reweighted for factors associated with

participation in wave 3 of study using inverse probability weights.

P=.3,and aOR, 0.96, 95% CI, 0.81-1.13, P = .6, respectively)
(Table III; Figure 2). There was weak evidence that increased
duration of breastfeeding may be associated with reduced odds of
allergic asthma among children without eczema (aOR, 0.97;
95% CI, 0.94-1.01; P = .1); this association was not evident for
the other eczema strata (Table III). There was little evidence of
an association between duration of breastfeeding and nonallergic
asthma and duration of exclusive breastfeeding and asthma or the
asthma phenotypes, among each of the eczema strata. However,
comparisons were hindered by reduced sample size, particularly
in the nonallergic asthma phenotype and eczema diagnosed after
breastfeeding cessation strata.

Sensitivity analyses

A sensitivity analysis was conducted that excluded infants with
wheeze in the first year of life (n = 544 for participants with data
on asthma outcomes as well as duration of breastfeeding data at
age 6 years). Some variation in estimates of the magnitude of
associations compared with the primary analysis was observed,
likely due to the change in sample size; however Cls remained
wide and included the null value (data not shown) and conclu-
sions were unchanged. Increased duration of breastfeeding was
associated with a reduced risk of asthma in children without
eczema, albeit with weaker evidence (aOR, 0.98; 95% CI, 0.95-
1.0; P = .08). A sensitivity analysis was also conducted combing
the no eczema and eczema diagnosed after breastfeeding cessation
strata, because the diagnosis of eczema should not have influ-
enced breastfeeding duration (see Table E4 in this article’s On-
line Repository at www.jaci-inpractice.org). The results were
largely the same as the no eczema only strata, although precision
increased for some estimates likely because of the increased
sample size.

DISCUSSION

In this longitudinal, population-based study, a modest pro-
tective association was observed between increased duration of
overall breastfeeding and asthma, but only among children who
were not diagnosed with eczema in the first year of life. Six
months of breastfeeding in children without eczema was associ-
ated with a 14% reduced odds of asthma, which represents a
significant public health gain given the population prevalence of
asthma and other known benefits of breastfeeding. There was
little evidence of an association between breastfeeding practises
and current asthma or allergic asthma phenotypes at age 6 years
when not stratified by eczema status or among those who were
diagnosed with eczema during breastfeeding or after
breastfeeding ceased.

Early signs of allergic diseases, such as eczema, have been
shown to increase the likelihood of a mother breastfeeding for
longer,”" possibly in the hope that it will prevent the develop-
ment of other allergic diseases or reduce the severity of eczema.
Failure to adequately account for this may lead to an attenuation
of observable protective associations between breastfeeding and
asthma or spurious associations suggesting an increased risk of
asthma in those who are breast-fed for longer because of the
presence of eczema. In addition, eczema is a known risk factor for
asthma and part of the same allergic disease diathesis. Associa-
tions observed in children without eczema are unlikely to be
influenced by these factors. This analysis was stratified on 3 levels
of eczema, that is, no eczema, eczema diagnosed during
breastfeeding, and eczema diagnosed after the cessation of
breastfeeding. A test for interaction would be inappropriate here
because the putative interacting factor, eczema, is not indepen-
dent of the exposure (breastfeeding duration) and also may be a
consequence of a condition (internal allergic state) that is integral
to the disease process for the outcome under study (asthma).
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TABLE lll. Association between breastfeeding and asthma or asthma phenotypes, stratified by a diagnosis of eczema during breastfeeding

No eczema Eczema diagnosed during breastfeeding Eczema diagnosed after breastfeeding ceased
Current asthma N* % asthma aOR (95% CI) P N* % asthma aOR (95% CI) P N* % asthma aOR (95% CI) P
Overall breastfeeding duration (mo)
<3 412 12% 1.0 16 13% 1.0 136 21% 1.0
3-<6 255 11% 0.94 (0.57-1.57) 8 55 22% 1.41 (0.24-8.26) i 50 14% 0.68 (0.24-1.90) 5
6-<12 604 10% 0.88 (0.59-1.33) 5 208 19% 1.40 (0.25-7.87) i 31 16% 0.74 (0.19-2.85) i
>12 780 9% 0.72 (0.48-1.08) 1 314 20% 1.59 (0.28-8.98) .6 0 — NR
Per 1-mo increase 0.98 (0.95-1.00) .05 1.03 (0.98-1.08) 3 0.96 (0.81-1.13) .6
Exclusive breastfeeding duration (mo)
Never 476 11% 1.0 90 22% 1.0 120 18% 1.0
1-<3 294 12% 1.14 (0.72-1.81) .6 69 25% 1.10 (0.46-2.62) 8 39 21% 1.38 (0.51-3.72) 5
4-<5 661 10% 0.85 (0.58-1.27) 4 214 16% 0.78 (0.38-1.59) 5 36 14% 0.75 (0.21-2.64) .6
>6 455 10% 0.87 (0.56-1.34) 5 173 19% 0.81 (0.39-1.69) .6 12 25% 1.36 (0.28-6.55) i
Per 1-mo increase 0.97 (0.91-1.03) 3 0.96 (0.86-1.07) 5 1.00 (0.82-1.22) 1.0
No eczema Eczema diagnosed during breastfeeding Eczema diagnosed after breastfeeding ceased
Allergic asthma N* % asthma aOR7 (95% CI) P N* % asthma aORT (95% CI) P N* % asthma aOR7 (95% CI) P
Overall breastfeeding duration (mo)
<3 405 5% 1.0 16 13% 1.0 134 16% 1.0
3-<6 253 5% 1.04 (0.49-2.19) 9 55 20% 1.01 (0.16-6.36) 9 49 6% 0.26 (0.06-1.16) 1
6-<12 598 6% 1.18 (0.67-2.08) .6 205 15% 0.85 (0.14-5.00) 9 30 10% 0.57 (0.13-2.39) 4
>12 771 4% 0.74 (0.41-1.36) 2 305 15% 0.91 (0.15-5.42) 9 0 — NR
Per 1-mo increase 0.97 (0.94-1.01) 1 1.01 (0.96-1.06) 8 0.87 (0.70-1.07) 2
Exclusive breastfeeding duration (mo)
Never 467 5% 1.0 88 18% 1.0 119 14% 1.0
1-<3 291 5% 1.05 (0.54-2.06) 9 66 20% 1.02 (0.38-2.74) 1.0 37 11% 0.97 (0.27-3.52) 1.0
4-<5 658 5% 0.9 (0.53-1.53) i 212 14% 0.72 (0.32-1.59) 4 35 9% 0.59 (0.14-2.49) 5
>6 447 5% 0.73 (0.37-1.41) 3 170 15% 1.14 (60.5-2.61) T 12 17% 1.49 (0.26-8.49) T
Per 1-mo increase 0.96 (0.88-1.05) 4 1.0 (0.88-1.14) 1.0 0.94 (0.74-1.20) .6
No eczema Eczema diagnosed during breastfeeding Eczema diagnosed after breastfeeding ceased
Nonallergic asthma N* % asthma aOR7f (95% CI) P N* % asthma aOR7 (95% CI) P N* % asthma aOR7¥ (95% ClI) P
Overall breastfeeding duration (mo)
<3 405 5% 1.0 16 0% 1.0 134 3% 1.0
3-<6 253 6% 1.00 (0.49-2.01) 1.0 55 2% Omitted — 49 6% 3.08 (0.18-53.62) 4
6-<12 598 3% 0.72 (0.38-1.37) 4 205 2% Omitted — 30 3% 0.27 (0.00-28.17) .6
>12 771 4% 0.73 (0.41-1.33) 4 306 3% Omitted — — —
Per 1-mo increase 0.98 (0.94-1.02) 3 1.11 (0.97-1.27) 1 1.15 (0.72-1.82) .6
Exclusive breastfeeding duration (mo)
Never 467 4% 1.0 88 5% 1.0 119 3% 1.0
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.86
1.0

1.25 (0.11-13.99)
1.06 (0.01-119.95)

0.61 (0-171.16)

5%

37
35
12

4
4
3
4

0.31 (60.02-4.33)
0.46 (60.08-2.74)

2%

66
212
170

4
.8
.5
.6

1.36 (0.7-2.62)

1.08 (0.59-1.97)
0.79 (0.38-1.63)
0.97 (0.89-1.07)

6%

291
658
447

1-<3
4-<5
>6

3%

2%

4%

3%

8%

2%

0.41 (0.07-2.28)
0.90 (0.68-1.18)

1.05 (0.47-2.35)

Per 1-mo increase

NR, Not reported.

*The sample size reported includes only those with complete data on exposure, outcome, and covariates adjusted for.

FAIl analyses adjusted for sex, mode of delivery, age of gestation, low birth weight, maternal age at gestation, maternal smoking during pregnancy, parental ethnicity, family socioeconomic status, maternal asthma, paternal asthma, family
history of atopy, number of siblings, environmental smoking in first year of life, age of solids introduction, and childcare attendance in first year of life. All adjusted models have been reweighted for factors associated with participation in the

study using inverse probability weights.
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Although there was little evidence of an association between
breastfeeding duration and asthma overall, we found evidence
that this differed depending on whether the infant had been
diagnosed with eczema during breastfeeding. A protective asso-
ciation between increased breastfeeding duration and asthma was
observed among children without eczema in the first year of life.
In contrast, the direction of association for infants who were
diagnosed with eczema during breastfeeding suggested a possible
increased risk, although ClIs were wide and included the null.
This early manifestation of allergic disease may have led mothers
to breast-feed for longer, and suggests that without adequately
accounting for the presence of early eczema during breastfeeding,
estimates may be biased because of reverse causality or potential
mediating/confounding effects of eczema.

Infantile eczema is an established risk factor for asthma, and
although longer breastfeeding duration may have a protective
association in children without eczema, it is difficult to disen-
tangle reverse causality from whether the potential benefit
afforded by increased breastfeeding is not sufficient to reduce the
risk of asthma in high-risk infants with eczema. There was a
small subgroup in this cohort whose members were diagnosed
with eczema after the cessation of breastfeeding. These children
would be at increased risk of asthma due to the presence of
eczema. Because the diagnosis of eczema occurred after the
cessation of breastfeeding, breastfeeding practices and their as-
sociations are less likely to have been influenced by the eczema
diagnosis, although duration of breastfeeding may be acting as a
proxy for age at onset of eczema, with earlier onset being asso-
ciated with a greater risk of asthma. In this subgroup, the di-
rection of effect suggested a protective association between
breastfeeding and asthma, but the estimates were too imprecise
to infer any conclusions.

A number of studies have observed no association between
breastfeeding and asthma, with either increasing overall dura-
tion' ' "1 or length of exclusivity.”>'""” Differences in
the age of populations is another explanation that may explain
the discrepancy between our results and other studies. A number
of studies conducted in populations age 5 years or less have
shown a protective effect of prolonged breastfeeding on
asthma.»**7> Asthma is inherently hard to diagnose in this age
group given the heterogeneous causes of wheeze in early child-
hood, the most common being viral respiratory tract infections
(RTIs).”® Given that breastfeeding likely protects against RTIs,””
a reduction in RTI-induced wheeze due to breastfeeding may
mistakenly be misclassified as a reduction in asthma, thereby
overestimating a protective association between breastfeeding and
asthma. This potentially explains findings from longitudinal
studies that showed a significant protective effect of breastfeeding
on asthma in early childhood that attenuated as the child aged.”*
Given that The International Consensus on Paediatric Asthma
highlights age 5 years as a turning point for the reliability of an
asthma diagnosis’® and our study used a relatively specific defi-
nition of doctor-diagnosed asthma, our study is less likely to be
subject to such misclassification.

Few studies besides the present analysis have distinguished
between the effects of breastfeeding on allergic and nonallergic
asthma phenotypes.”®” In a cohort of 3781 5-year-olds, Nwaru
et al® found that increased length of breastfeeding was protective
against nonallergic asthma but not allergic asthma. Nagel et al’
found similar results in their much larger multicentered cohort
of more than 54,000 children aged 8 to 12 years; however,
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FIGURE 2. Association between breastfeeding and current asthma, stratified by the diagnosis of eczema during breastfeeding.
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interestingly, this was significant only in nonaffluent countries.
They proposed that protection extended only to nonaffluent
countries because they generally have a much higher rate of
RTIs.” Given that lung damage has been associated with recur-
rent RTTs in early childhood,” the burden of nonatopic asthma
is perhaps reduced by this mechanism because breastfeeding re-
duces the number of RTTs, subsequently reducing the amount of
damage to the lungs and improving overall function. This is a
possible explanation for the difference in findings in our cohort
where no association was observed for nonallergic asthma, who
being from an affluent country are less likely to experience the
same burden of RTIs. In a Swedish birth cohort, exclusive
breastfeeding for at least 4 months was associated with a reduced
risk of asthma across the first 8 years, although the association
diminished with age, and also a reduced risk of atopic but not
nonatopic asthma at age 8 years. These associations were main-
tained after controlling for disease-related modification of expo-
sure by excluding children with early-life wheeze or eczema.”
This inconsistency of results seen across ours and other studies
highlights the need for further investigation of the relationship
between breastfeeding and asthma phenotypes, using larger
populations of asthmatic patients with known phenotypes and
accounting for the influence of infantile eczema on breastfeeding
practices.

Strengths of this study include the use of a large, prospective
cohort with population-based sampling. Because objectively
measuring asthma at the population level is challenging due to
the absence of a criterion standard test and heterogeneity in the
presentation of asthma, we used parent report of doctor diagnosis
of asthma in conjunction with current symptoms and/or medi-
cation used to describe the prevalence of asthma. Self-reported
doctor diagnosis of asthma has high specificity and medium to
high sensitivity when compared with clinical methods of diag-
nosing asthma.’”*" Reporting asthma in young children (<5
years) can be problematic because it is difficult to untangle true
asthma from early transient wheeze of viral origin; it is a strength
of the present study that asthma has been diagnosed by a doctor
in children at age 6 years. Finally, we used SPT to differentiate
between allergic and nonallergic asthma, allowing individual
analysis comparing the effect of breastfeeding on each phenotype.

We acknowledge that limitations exist with these results.
Although initial recruitment was high, we used strict inclusion
criteria to include only those who completed the long ques-
tionnaire and SPT with complete data at age 6 years. Therefore,
there remains the possibility of attrition bias given a number of
significant differences in the demographic characteristics between
this group and those excluded. An approach to dealing with
selective attrition is to reweight the sample included in the
analysis to reflect the distribution of characteristics of the original
cohort, where there was a significant difference between baseline
factors of participant and non-participants. We used inverse
probability weighting, which aims to give greater weight to
participants whose characteristic profile is less represented in the
follow-up.42 Second, breastfeeding practices and eczema were
reported at age 1 year, which may be affected by recall error. The
lack of prospective collection of breastfeeding and eczema-onset
data in the first year of life does not allow for a more direct
assessment of the temporal sequence of these events or explora-
tion of early-life eczema impacting on duration of breastfeeding.
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Finally, although we adjusted for a wide range of confounding
variables, residual effect by unknown factors remains a
possibility.

Disentangling these findings is complex because infantile
eczema is a known risk factor for asthma, is part of the same
allergic disease diathesis, and has been shown to influence
breastfeeding choices. Associations observed in children without
eczema are unlikely to be influenced by these factors. We
observed that increased duration of overall breastfeeding
conferred a modest protective association against the develop-
ment of asthma in children without eczema in the first year of
life; however, this association was masked before stratification by
eczema status. Future studies examining breastfeeding practices
and the risk of allergic outcomes in childhood need to consider
the presence of early-life allergic manifestations and possible
disease-related modification of exposure.
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FIGURE E1. Directed acyclic graph generated to inform confounder selection. FHx, family history of allergy.
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TABLE E1. Comparison of demographic characteristics between those who did and did not participate at age 6 y

MONTH 2020

Characteristic

Did not participate in full questionnaire
atage 6y (n = 1613)

Participated in full questionnaire
at age 6y (n = 3663)

P value

Sex (male)
Mode of delivery (cesarean)
Preterm birth (<36 wk)
Birth weight (<2500 g)
Socioeconomic status (SEIFA)
1 (most disadvantaged)
2
3
4
5 (least disadvantaged)
Parent country of birth
Both Australian
One or both Asian
Other
Maternal age at birth (mo), mean + SD
Family history of allergic disease
Maternal asthma
Paternal asthma
Family history of any allergy
Ever breast-fed
Overall breastfeeding duration (mo)
<3
3-<6
6-<12
>12
Overall breastfeeding duration (mo), mean = SD
Exclusive breastfeeding duration (mo)
Never
<6
>6
Any siblings
Maternal smoking in pregnancy
Environmental smoking at age 1y
Wheeze in first year
Bronchiolitis in first year

49% (784 of 1601)
34% (543 of 1594)
6% (93 of 1511)
6% (93 of 1572)

25% (398 of 1604)
19% (309 of 1604)
19% (310 of 1604)
18% (283 of 1604)
19% (304 of 1604)

53% (814 of 1542)

12% (183 of 1542)

35% (545 of 1542)
322 +53

13% (203 of 1613)
11% (179 of 1613)
63% (1017 of 1613)
91% (1406 of 1551)

24% (360 of 1502)
16% (238 of 1502)
27% (404 of 1502)
33% (500 of 1502)
85+ 62

35% (459 of 1329)
45% (599 of 1329)
20% (271 of 1329)
52% (838 of 1604)

7% (113 of 1548)
28% (451 of 1590)
19% (261 of 1379)
14% (207 of 1470)

52% (1881 of 3643)
33% (1199 of 3650)
6% (212 of 3495)
5% (170 of 3594)

18% (664 of 3657)
20% (741 of 3657)
22% (792 of 3657)
20% (736 of 3657)
20% (724 of 3657)

62% (2209 of 3556)

10% (352 of 3556)

28% (1540 of 3556)
333+ 45

16% (584 of 3663)
15% (535 of 3663)

72% (2644 of 3663)
96% (3456 of 3599)

16% (550 of 3516)
13% (452 of 3516)
28% (981 of 3516)
44% (1533 of 3516)
100 £5.9

27% (829 of 3117)
49% (1540 of 3117)
24% (748 of 3117)
50% (1809 of 3647)
4% (126 of 3569)
19% (676 of 3644)
17% (560 of 3224)
14% (484 of 3343)

.076
.390
.904
.074

<.001

<.001

<.001

.002
.001
<.001
<.001

<.001

<.001

<.001

.078
<.001
<.001

.206

718

SEIFA, socio-economic indexes for areas.

Factors included in the inverse probability weighting model: sex, low birth weight, SEIFA, parent’s country of birth, maternal and paternal history of asthma, family history of
any allergy, breastfeeding duration, any siblings, exposure to environmental smoking in first year, and maternal smoking during pregnancy.
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TABLE E2. Population demographic characteristics by current diagnosed asthma status

PETERS ETAL 10.e3

Characteristic Total (N = 3632) No asthma (n = 3164) Asthma (n = 468) P value
Sex
Male 1865 84% 16% <.001
Female 1747 90% 10%
Maternal history of asthma
No 3053 89% 11% <.001
Yes 579 78% 22%
Paternal history of asthma
No 3102 88% 12% <.001
Yes 530 80% 20%
Family history of allergic disease
No 1005 89% 11% .009
Yes 2627 86% 14%
Preterm birth (<36 wk)
No 3255 87% 13% .035
Yes 210 82% 18%
Mode of infant delivery
Vaginal 2427 88% 12% .012
Cesarean section 1192 85% 15%
Infant birth weight (g)
<2500 169 83% 17% 2
>2500 3564 87% 13%
Maternal age at birth (y), mean = SD 333+ 45 333 £45 335 +44 3
No. of siblings
0 1810 88% 12% 8
1 1188 87% 13%
2 452 87% 13%
3 or more 22 85% 15%
Parental country of birth
Both Australian 2192 87% 13% i
One/both east Asian 348 89% 11%
Other 987 87% 13%
Socioeconomic status via SEIFA quintiles
1 (least disadvantaged) 656 86% 14% )
2 735 86% 14%
3 787 87% 13%
4 729 89% 11%
5 (most disadvantaged) 719 87% 13%
Maternal smoking during pregnancy
No 3414 88% 12% <.001
Yes 125 77% 23%
Tobacco smoke exposure in first year of life
No 2943 87% 13% 4
Yes 670 86% 14%
Wheeze in first year of life
No 2644 89% 11% <.001
Yes 555 78% 22%
Bronchiolitis in first year of life
No 2834 89% 11% <.001
Yes 482 79% 21%
Childcare attendance in first year of life
No 2593 87% 13% .6
Yes 959 88% 12%
Pet cat in first year of life
No 3009 87% 13% 4
Yes 622 88% 12%

(continued)



10.e4 PETERS ETAL J ALLERGY CLIN IMMUNOL PRACT

MONTH 2020
TABLE E2. (Continued)
Characteristic Total (N = 3632) No asthma (n = 3164) Asthma (n = 468) P value
Pet dog in first year of life
No 2486 87% 13% 1
Yes 1145 88% 12%

SEIFA, socio-economic indexes for areas.

TABLE E3. Association between breastfeeding and allergic and nonallergic asthma phenotypes at age 6 y, with children without asthma
as the reference group

Allergic asthma Nonallergic asthma
Crude OR aOR* Crude OR P aOR* P
Breastfeeding definitions N % (95% CI) P value (95% CI) Pvalue % (95% CI) value (95% CI) value
Breastfeeding ever
No 121 10% 1.0 1.0 5% 1.0 1.0
Yes 3022 8% 0.76 (0.41-1.40) 4 0.69 (0.36-1.32) 3 4% 0.74 (0.32-1.72) .5 0.83 7
(0.33-2.09)
Overall duration (mo)
<3 579 8% 1.0 1.0 5% 1.0 1.0
3-<6 373 8% 1.00 (0.62-1.63) .99  0.87 (0.53-1.43) .6 5% 1.04 (0.56-1.91) 9 1.08 .8
(0.57-2.03)
6-<12 877 8% 1.01 (0.68-1.49) .99  0.96 (0.65-1.43) .8 3% 0.65 (0.38-1.12) .1 0.77 4
(0.43-1.36)
>12 1143 7% 0.94 (0.65-1.37) .8 0.89 (0.60-1.32) .6 4% 0.78 (0.47-1.27) 3 0.89 7
(0.52-1.52)
Per 1-mo increase 1.0 (0.97-1.02) .8 0.99 (0.97-1.21) .6 0.99 (0.96-1.02) .5 1.00 .8
(0.96-1.03)
Exclusive breastfeeding duration (mo)
Never 727 9% 1.0 1.0 4% 1.0 1.0
1-<3 415 8% 0.95 (0.62-1.48) .8 1.05 (0.67- 1.66) .8 5% 1.33(0.74-2.37) .8 1.37 3
(0.76-2.47)
4-<5 961 7% 0.81 (0.57-1.16) .3 0.85 (0.58-1.25) 4 4% 0.93 (0.56-1.54) 4 1 .99
(0.58-1.73)
>6 656 8% 0.88 (0.6-1.29) .5 0.92 (0.61-1.38) i 3% 0.78 (0.43-1.39) .7 0.82 5
(0.44-1.51)
Per 1-mo increase 0.98 (0.92-1.04) .5 0.98 (0.92-1.04) .6 0.96 (0.89-1.04) 9 0.97 5
(0.90-1.06)

OR, Odds ratio.

*All analyses adjusted for sex, mode of delivery, age of gestation, low birth weight, maternal age at gestation, maternal smoking during pregnancy, parental ethnicity, family
socioeconomic status, maternal asthma, paternal asthma, family history of atopy, number of siblings, environmental smoking in first year of life, age of solids introduction, and
childcare attendance in first year of life. All adjusted models have been reweighted for factors associated with participation in the study using inverse probability weights.
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TABLE E4. Association between breastfeeding and asthma or asthma phenotypes, stratified by no eczema during the breastfeeding
period and a diagnosis of eczema during breastfeeding

No eczema or eczema diagnosed after cessation of breastfeeding Eczema diagnosed during breastfeeding

Current asthma N % asthma aOR (95% CI) P N % asthma aOR (95% CI) P
Overall breastfeeding duration (mo)

<3 548 14% 1.0 16 13% 1.0

3-<6 305 12% 0.84 (0.54-1.31) 5 55 22% 1.41 (0.24-8.26) v

6-<12 635 11% 0.78 (0.54-1.12) 2 208 19% 1.40 (0.25-7.87) i

>12 780 9% 0.62 (0.43-0.90) .01 314 20% 1.59 (0.28-8.98) .6

Per 1-mo increase 0.97 (0.95-0.99) .005 1.03 (0.98-1.08) 3
Exclusive breastfeeding duration (mo)

Never 594 12% 1.0 90 22% 1.0

1-<3 333 13% 1.07 (0.71-1.62) i 69 25% 1.10 (0.46-2.62) .8

4-<5 697 10% 0.79 (0.55-1.14) 2 214 16% 0.78 (0.38-1.59) 5

>6 467 10% 0.82 (0.55-1.23) 3 173 19% 0.81 (0.39-1.69) .6

Per 1-mo increase 0.96 (0.91-1.02) 2 0.96 (0.86-1.07) 5

No eczema or eczema diagnosed after cessation of breastfeeding Eczema diagnosed during breastfeeding

Allergic asthma N % asthma aOR* (95% CI) P N % asthma aOR* (95% CI) P
Overall breastfeeding duration (mo)

<3 539 8% 1.0 16 13% 1.0

3-<6 302 5% 0.64 (0.35-1.20) 2 55 20% 1.01 (0.16-6.36) 9

6-<12 628 6% 0.78 (0.49-1.23) 3 205 15% 0.85 (0.14-5.00) 9

>12 771 4% 0.47 (0.29-0.78) .003 305 15% 0.91 (0.15-5.42) 9

Per 1-mo increase 0.95 (0.92-0.98) .002 1.01 (0.96-1.06) 8
Exclusive breastfeeding duration (mo)

Never 586 7% 1.0 88 18% 1.0

1-<3 328 6% 0.88 (0.49-1.57) i 66 20% 1.02 (0.38-2.74) .96

4-<5 693 5% 0.71 (0.44-1.15) 2 212 14% 0.72 (0.32-1.59) 4

>6 459 5% 0.63 (0.35-1.11) 1 170 15% 1.14 (60.5-2.61) i

Per 1-mo increase 0.93 (0.86-1.00) .06 1.0 (0.88-1.14) .0

No eczema or eczema diagnosed after cessation of breastfeeding Eczema diagnosed during breastfeeding

Nonallergic asthma N % asthma aOR* (95% CI) P N % asthma aOR* (95% CI) P
Overall breastfeeding duration (mo)

<3 539 5% 1.0 16 0% 1.0

3-<6 302 6% 1.38 (0.74-2.59) 5 55 2% Omitted —

6-<12 628 3% 1.15 (0.64-2.06) 5 205 2% Omitted —

>12 771 4% 0.88 (0.44-1.76) .6 306 3% Omitted —

Per 1-mo increase 0.99 (0.95-1.02) 5 1.11 (0.97-1.27) .1
Exclusive breastfeeding duration (mo)

Never 586 4% 1.0 88 5% 1.0

1-<3 328 5% 1.36 (0.7-2.62) 4 66 2% 0.31 (60.02-4.33) 4

4-<5 693 4% 1.08 (0.59-1.97) .8 212 2% 0.46 (60.08-2.74) 4

>6 459 3% 0.79 (0.38-1.63) .5 170 2% 0.41 (0.07-2.28) 3

Per 1-mo increase 0.99 (0.91-1.09) 9 0.90 (0.68-1.18) 4

*All analyses adjusted for sex, mode of delivery, age of gestation, low birth weight, maternal age at gestation, maternal smoking during pregnancy, parental ethnicity, family
socioeconomic status, maternal asthma, paternal asthma, family history of atopy, number of siblings, environmental smoking in first year of life, age of solids introduction, and
childcare attendance in first year of life. All adjusted models have been reweighted for factors associated with participation in the study using inverse probability weights.
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