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Food Allergy Is an Important Risk Factor for
Childhood Asthma, Irrespective of Whether It
Resolves
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What is already known about this topic? Allergic sensitization, including food sensitization, is positively associated with
asthma or respiratory symptoms; however, the role of clinical food allergy in this relationship has not been explored at the
population level.

What does this article add to our knowledge? This article provides evidence that oral food challengeeconfirmed food
allergy in infancy is associated with an increased risk of asthma at the age of 4 years irrespective of whether the early food
allergy resolves. The risk is higher for those with multiple food allergies and those with coexistent eczema.

How does this study impact current management guidelines? This data can be used by clinicians to inform families of
children with food allergies about their child’s risk of developing asthma in early childhood, and to identify children who
may need closer follow-up and monitoring of their respiratory health. Understanding whether the prevention of early life
food allergy prevents the development of later asthma will be an important challenge for the future.
BACKGROUND: The risk of developing asthma in those with
early food allergy is unknown, particularly when early life food
allergy has resolved.
OBJECTIVE: To understand whether challenge-proven food
allergy in infancy increases the risk of asthma at age 4 years,
using data from a population-based cohort.
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METHODS: A total of 5,276 12-month-old infants were
recruited using a population-based sampling frame. Infants un-
derwent skin prick test to egg, peanut, and sesame and those
with a detectable skin prick test result had oral food challenges.
At age 4 years, food challenges were repeated to determine
persistence or resolution of food allergy. The association between
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Abbreviations used

ISAAC- In
ternational Study of Asthma and Allergies in Childhood

OFC- O
ral food challenge

RR- R
elative risk

SPT- S
kin prick test
food allergy and doctor-diagnosed asthma was examined
using binomial regression in 2,789 participants.
RESULTS: Children with food allergy at age 1 year had an
increased risk of asthma (1 food allergy: relative risk [RR], 1.69;
95% CI, 1.29-2.21; 2 or more food allergies: RR, 2.76; 95% CI,
1.94-3.92). The risk of asthma was highest in children with food
allergy and coexistent eczema in infancy (RR, 2.87; 95% CI,
2.22-3.70). Transient food allergy and persistent food allergy
were both associated with an increased risk of asthma (transient
egg allergy: RR, 1.92; 95% CI, 1.46-2.51; persistent egg allergy:
RR, 2.60; 95% CI, 1.76-3.85).
CONCLUSIONS: Asthma at age 4 years is twice as common in
those with challenge-proven food allergy at age 1 year, irrespective
of whether the food allergy subsequently resolves. Children with 2
or more food allergies and those with coexistent eczema were
almost 3 times as likely to develop asthma compared with those
with no food allergies. � 2017 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract 2017;-
:---)

Key words: Food allergy; Asthma; Eczema; Wheeze; Oral food
challenge; Infants

Childhood food allergy appears to be becoming increasingly
common worldwide.1,2 Food allergy mostly presents for the first
time in infancy but there is currently little high-quality data available
for clinicians to inform parents of food-allergic infants about their
child’s risk of later allergic outcomes, particularly asthma.

There is indirect evidence that individuals with food allergy in
infancy might be at increased risk of asthma in later life. Small case-
control studies of food-allergic infants suggest a relatively high rate
of asthma in later life3,4 and food allergy and asthma often coexist in
older children.5,6 A recent systematic review and meta-analysis of 13
birth cohort studies reported that early food sensitization is associ-
ated with subsequent asthma in childhood.7 However, no previous
population-based studies have determined whether children with
clinical food allergy, defined by positive oral food challenges, in early
life have a greater risk of developing asthma than do those with
asymptomatic food sensitization. Eczema in infancy is also associ-
ated with an increased risk of asthma, and early onset eczema is
associated with increased risk for food allergy.8-10 The prospective
role of challenge-confirmed food allergy, separate from and in
combination with eczema, has to our knowledge never been
explored in a longitudinal population-based study.

We recently reported that more than 10% of 1-year-old infants
born between 2006 and 2010 in Melbourne, Australia, had a
challenge-proven IgE-mediated food allergy, withmost of this burden
driven by a high prevalence of egg allergy.11 Even though egg allergy
often resolves in early childhood, egg-allergic infants might be at
increased risk of other allergic conditions throughout childhood.

The aim of this longitudinal study was to investigate the
relationship between the presence and number of food allergies at
age 1 year and asthma at age 4 years. We also assessed whether
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these associations were influenced by persistence versus resolu-
tion of food allergy, early life wheeze, and eczema.

METHODS

HealthNuts study
The HealthNuts study is a longitudinal population-based cohort

study of allergic disease in Melbourne, Australia. Recruitment has
been described in more detail previously.12 Concisely, 5,276 infants
aged between 11 and 15 months were recruited from immunization
clinics around Melbourne with a 74% participation rate. Participants
underwent a skin prick test (SPT) at recruitment to egg, peanut,
sesame, and either cow’s milk or shrimp and were examined for
eczema while the parents completed a questionnaire. SPTs were
administered with a single-tine 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). Wheal size was measured after 15 minutes
and calculated as the average of the longest diameter and the
diameter perpendicular to it and then subtracting the negative
control SPT diameter. If a participant had a reaction to the SPT (a
wheal �1 mm) to egg, peanut, or sesame, regardless of the wheal
size, the child was invited for an oral food challenge (OFC) to that
food at the Royal Children’s Hospital in Melbourne.13

When the children turned 4 years of age, all parents were asked to
complete a second questionnaire about their child’s health and allergies.
Questions on key allergic outcomes (asthma, eczema, and allergic rhinitis)
included those from the International Study of Asthma and Allergies in
Childhood (ISAAC) questionnaire.14 If parents did not return the
questionnaire, a reminder was sent and if after the final reminder phone
call parents had not returned the questionnaire, they were asked to
complete a short 5-minute telephone questionnaire that captured
essential information on their child’s current allergy status. Children with
a food allergy at age 1 year were asked to attend an assessment at the
hospital at age 4 years, which included an SPT and OFC to test for
persistence or resolution of their food allergy.15

Oral food challenges
OFCs were conducted as previously described, with challenge staff

blinded to SPT wheal size and clinical history.13 Criteria for a positive
OFC were more than 3 noncontact urticarial wheals lasting more than
5 minutes, angioedema, vomiting, or anaphylaxis, within 2 hours of the
last challenge dose. On discharge those with a negative challenge were
administered a daily single serving of the challenge food at home for 7
days to capture any subsequent acute allergic reactions.

The food challenge result was deemed negative if the child tolerated
the top dose of the challenge food and did not report a subsequent
reaction in the following week. Food challenges were deemed incon-
clusive and the parents were offered a repeat challenge if the child
refused to ingest the challenge food at the clinic or if the parent reported
a subsequent reaction that did not meet the positive challenge criteria
yet led the parent to remove the food from the child’s diet. In addition,
positive OFC results in children without any evidence of IgE sensiti-
zation to the allergen were considered inconclusive, because we could
not be certain that the reaction was due to an IgE-mediated mechanism.

Definitions

Food sensitized age 1: a wheal of 2 mm or more on any of the skin
 from Cl
 Copyrig
prick tested foods.

Sensitized tolerant: a wheal of 2 mm or more to egg, peanut, or
sesame, but a negative OFC to this food.
inicalKey.com.au by Elsevier on November 22, 2017.
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FIGURE 1. Study participation and follow-up at age 4 years.
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Food allergy age 1: a positive OFC (or recent reaction consistent with

OFC-stopping criteria) to egg, peanut, or sesame, in infants
with evidence of sensitization to that food.
Persistent egg allergy: A positive OFC (or recent reaction consistent

with OFC-stopping criteria) at both age 1 and 4 years, as
described previously.16
Transient/resolved egg allergy: A positive OFC at the age of 1 year,

followed by a negative OFC at age 4 years, or a history of
ingesting egg without reaction, as described previously.16
Asthma (primary analysis): a parental report of doctor-diagnosed

asthma on the age 4 year survey.
Asthma (sensitivity analysis): To ensure that our findings were robust

to different definitions of the asthma outcome, we also tested
for associations with the following asthma outcomes: (1)
Parent report of asthma ever (age 4 year survey); (2) Current
asthma at age 4 years (parent report of asthma diagnosis, with
either wheezing episodes or asthma medication use in the past
12 months); (3) Parent report of wheeze in the past 12
months (age 4 year survey), with separate analyses conducted
for “any wheeze” and “4 or more episodes of wheeze” in the
past 12 months.
Eczema (primary analysis): A parental report of eczema diagnosis in

the first year of life.
Eczema (sensitivity analysis): To capture potential cases of undiag-

nosed eczema, analyses were repeated using a broad definition
of eczema that included infants with any of the following in
the first year of life: eczema diagnosis; parent report of itchy
Downloaded for Anonymous User (n/a) at University of Melbourne from Cl
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rash (other than nappy/diaper rash) that was treated with
topical steroids; and nurse-observed eczema present at
recruitment.
Infant wheeze: a parental report of an episode of wheeze ever in the

first year of life.
Statistical analysis

The association between food allergy and asthma was modeled using
binomial regression (a generalized linear model with a logarithm link
function) from which estimates of relative risk (RR) ratios and the
corresponding 95% CIs were generated. We adjusted for the following
variables that could potentially confound the association between the
primary exposure (food allergy) and the outcome (asthma) based on
previous published studies: sex, socioeconomic status, and having a
parent or sibling with asthma or other allergies. Parents’ country of birth
(at least 1 parent from East Asia) was included as a confounder as a
result of our own work.17 We also considered the following additional
potential confounders: presence of a pet dog in the household, having
any siblings, maternal smoking during pregnancy, birth weight, dura-
tion of exclusive breast-feeding (�3 months vs>3 months), and season
of birth (winter vs other).5,18 Variables from this list whose inclusion in
the binomial regression model resulted in a change in the estimated RRs
for the association between food allergy and asthma of more than 10%
were included in the final model from which results were derived.

The primary aim of this analysis was to determine the RR of asthma
in children with and without food allergy in infancy. We also aimed to
investigate the longitudinal association between food allergy at age 1
year and the subsequent development of asthma, that is, to assess newly
incident disease after age 1 year. We therefore repeated all analyses after
excluding children with either wheezing in the first year of life (which
can be an early symptom of asthma19), as well as participants who
received an asthma diagnosis before age 1 year.

To investigate the role of early life eczema in the association between
food allergy and asthma, we created a variable that categorized infants into
4 groups—no eczema and no food allergy; eczema alone; food allergy
alone; eczema and food allergy—and calculated theRRof asthma for each
group compared with the baseline of no eczema and no food allergy. We
also performed an interaction test to determine whether the association
between food allergy and asthmawasmodified by the presence or absence
of eczema. Binomial regression models with and without interactions
were compared using the quasi-likelihood ratio test.

To further investigate the role of early life wheeze in the associ-
ation between food allergy and asthma, we performed an interaction
test to determine whether the association between food allergy and
asthma was modified by the presence or absence of wheeze in the
first year of life, with interaction tests performed as described above.

Sensitivity analyses for missing data. The primary anal-
ysis included only individuals with data available from the full ques-
tionnaire, which specifically asked about history of asthma and wheeze
and whether asthma had been diagnosed by a doctor. The short ques-
tionnaire collected information on asthma/wheeze using a single question
about whether the child ever had either asthma or wheezing or whistling
in the chest. To include a larger proportion of the cohort in the analysis,
we performed a sensitivity analysis using information from the short
questionnaire along with the full questionnaire data.

To further explore the potential impact of missing data, we adjusted
for differences in demographic characteristics or other risk factors between
participants with andwithoutmissing data at age 4 years using the inverse
probability weighting method described by Little and Rubin20 (for de-
tails, see this article’s Online Repository at www.jaci-inpractice.org).
inicalKey.com.au by Elsevier on November 22, 2017.
ht ©2017. Elsevier Inc. All rights reserved.

http://www.jaci-inpractice.org


TABLE I. Relationship between food sensitization and allergy at
age 1 y and asthma at age 4 y

Total Asthma, n (%) RR (95% CI)* P value

All infants

Not sensitized 2,303 264 (11.5) 1.0 —

Sensitized tolerant 68 13 (19.2) 1.65 (1.00-2.74) .052

Food allergic 368 88 (23.9) 2.13 (1.71-2.64) <.001

Excluding infants
with wheeze or
asthma in first year
of life

Not sensitized 1,728 146 (8.5) 1.0

Sensitized tolerant 51 9 (17.7) 2.02 (1.08-3.78) .028

Food allergic 277 57 (20.6) 2.51 (1.90-3.31) <.001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family
history of allergic disease.

TABLE II. Relationship between number and type of food allergy
at age 1 y and asthma at age 4 y

Total

Asthma,

n (%) RR (95% CI)* P value

All infants†

Number of food allergies

1 food 266 52 (19.6) 1.69 (1.29-2.21) <.001

2 or more foods 80 25 (31.3) 2.76 (1.94-3.92) <.001

Food allergy type

Egg allergy only 236 52 (22.0) 2.00 (1.52-2.59) <.001

Peanut allergy only 39 4 (10.3) 0.91 (0.36-2.35) .85

Egg and peanut allergy 71 22 (31.0) 2.88 (1.98-4.17) <.001

Excluding infants with
wheeze or asthma in
first year of life†

Number of food allergies

1 food 203 35 (17.2) 1.99 (1.43-2.78) <.001

2 or more foods 60 16 (26.7) 3.01 (1.91-4.75) <.001

Food allergy type

Egg allergy only 183 35 (19.1) 2.41 (1.73-3.37) <.001

Peanut allergy only 26 2 (7.7) 0.91 (0.24-3.45) .88

Egg and peanut allergy 55 15 (27.3) 3.33 (2.08-5.32) <.001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.
†The baseline group for all comparisons was infants with no food allergies.
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All analyses were performed using Stata 14.1 for Windows (Sta-
taCorp LP, College Station, Texas).

Ethics

Ethical approval was obtained from the Office for Children
Human Research Ethics Committee (reference no. CDF/07/492),
Department of Human Services HREC (reference no. 10/07), and
Royal Children’s Hospital HREC (reference nos. 27047 and
32294). All parents/guardians provided written informed consent.

RESULTS

Participation

The HealthNuts cohort included 5,276 participants at age 1
year, with 81% of these followed up at age 4 years (Figure 1).
The primary analysis included 2,789 participants who completed
Downloaded for Anonymous User (n/a) at University of Melbourne
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the full questionnaire and had complete data on exposure,
outcome, and confounders. Of these, 422 (15%) had a history of
wheeze or asthma in the first year of life, and were therefore
excluded from secondary analyses. An additional 1,012 infants
had asthma information available from the short questionnaire
and were included in the sensitivity analysis.

Sensitization, food allergy, and asthma

Both asymptomatic food sensitization (sensitized tolerant) and
true food allergy at age 1 year were associated with an increased risk
of asthma at age 4 years (Table I). Participants with a food allergy
were twice as likely as nonsensitized participants to develop asthma
(adjusted RR, 2.13; 95% CI, 1.71-2.64). The risk of asthma was
higher for children with a true food allergy compared with children
with asymptomatic food sensitization, although the difference did
not reach statistical significance (P ¼ .37).

When investigating only newly incident disease that started
after age 1 year, the risk of asthma was 2.5-fold higher for
children with food allergy and 2-fold higher for children with
asymptomatic food sensitization (Table I).

Results were similar irrespective of how asthma was defined (see
Table E1 in this article’s Online Repository at www.jaci-inpractice.
org). Results were also consistent in the sensitivity analysis that
included participants who completed only the short questionnaire,
although the association was slightly attenuated, possibly due to the
less strict definition of asthma in the short questionnaire.

Number and type of food allergies at age 1 year and

risk of asthma

The risk of asthma at age 4 years increased with an increasing
number of food allergies at age 1 year (Table II). Children with 2
or more food allergies had a significantly higher risk of asthma
compared with those with only 1 food allergy (P ¼ .016).

Egg and peanut allergy were the most common food allergies
in this cohort at age 1 year. Children without food allergy were
compared with those who have only an egg allergy, only a peanut
allergy, and both egg and peanut allergy (Table II). No separate
group was made for sesame allergy in this analysis because of the
small number of cases (n ¼ 14). Egg allergy alone was associated
with a higher risk of asthma (RR, 2.00; 95% CI, 1.52-2.59),
whereas peanut allergy alone was not associated with an increased
risk, possibly due to a small number of children in this group.
Children with both peanut and egg allergy had the highest risk of
asthma (RR, 2.88; 95% CI, 1.98-4.17).

Persistent and transient egg allergy
Table III presents the risk of asthma in children with persis-

tent egg allergy at age 4 years and those with transient egg allergy
that has resolved by age 4 years. Both persistent and transient egg
allergy were associated with an increased risk of asthma compared
with never having an egg allergy, and there was no evidence of a
difference in risk according to whether or not the egg allergy
resolved by age 4 years (P ¼ .18).

We did not examine the impact of transient versus persistent
peanut allergy because relatively few (n ¼ 22) infants resolved
their peanut allergy by age 4 years.

Relationship between eczema and food allergy and

risk of asthma

Table IV presents the RR for food allergy and eczema separately
and combined (both risk factors present). Both eczema alone and
food allergy alone increased the risk of asthma at age 4 years. There
 from ClinicalKey.com.au by Elsevier on November 22, 2017.
 Copyright ©2017. Elsevier Inc. All rights reserved.

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


TABLE III. Relationship between persistent and transient egg al-
lergy and asthma at age 4 y

Total

Asthma,

n (%) RR (95% CI)* P value

All infants

Never been egg allergic 2,521 296 (11.7) 1.0 —

Transient egg allergy† 225 49 (21.8) 1.92 (1.46-2.51) <.001

Persistent egg allergyz 66 19 (28.8) 2.60 (1.76-3.85) <.001

Excluding infants with
wheeze or asthma in
first year of life

Never been egg allergic 1,892 169 (8.9) 1.0

Transient egg allergy† 172 34 (19.8) 2.29 (1.64-3.19) <.001

Persistent egg allergyz 52 11 (21.2) 2.51 (1.47-4.29) .001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.
†Transient egg allergy: A positive OFC at the age of 1 y, followed by a negative
OFC at age 4 y. A small number of participants who were eligible for but declined a
food challenge at age 4 y were assigned a probable tolerant status because of a
negative SPT result or parent-reported history of tolerance (ingestion of egg without
reaction), as previously reported.11 A subgroup of egg-allergic infants was invited to
participate in a substudy that included OFC to test for early resolution of egg allergy
at age 2 y,12 and those with a negative food challenge were also categorized as
transient egg allergy.
zPersistent egg allergy: A positive OFC (or recent reaction consistent with OFC-
stopping criteria) at both age 1 and 4 y. A small number of participants who were
eligible for but declined a food challenge at age 4 y were categorized as allergic for
this analysis on the basis of SPT wheal size �8 mm and/or a reaction in the past 12
mo consistent with IgE-mediated food allergy, as previously reported.11

TABLE IV. Relationship between eczema and food allergy at age
1 y and asthma at age 4 y

Total

Asthma,

n (%) RR (95% CI)* P value

All infants

No eczema or food allergy 1,819 183 (10.1) 1.0 —

Eczema only 497 85 (17.1) 1.68 (1.32-2.13) <.001

Food allergy only 127 21 (16.5) 1.69 (1.12-2.56) .012

Eczema and food allergy 223 63 (28.3) 2.87 (2.22-3.70) <.001

Excluding infants with
wheeze or asthma
in first year of life

No eczema or food allergy 1,394 115 (8.3) 1.0

Eczema only 344 35 (10.2) 1.22 (0.86-1.75) .26

Food allergy only 98 10 (10.2) 1.29 (0.70-2.38) .41

Eczema and food allergy 166 44 (26.5) 3.27 (2.40-4.47) <.001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.
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appeared to be an additive effect for eczema and food allergy,
because the risk of asthma was higher for children with both eczema
and food allergy compared with those with eczema alone (P< .001)
and those with food allergy alone (P ¼ .018).

Results were similar when we used a broad definition of
eczema that also captured potential undiagnosed cases of eczema
(see Table E2 in this article’s Online Repository at www.jaci-
inpractice.org), although the association with food allergy alone
was attenuated in this analysis.

There was no evidence that the association between food al-
lergy and asthma differed for children with and without eczema
Downloaded for Anonymous User (n/a) at University of Melbourne
For personal use only. No other uses without permission.
(see Table E3 in this article’s Online Repository at www.jaci-
inpractice.org; P interaction ¼ .98).

Role of early life wheeze in the association between

food allergy and asthma

Infants with a history of wheeze in the first year of life were
more likely to be diagnosed with asthma at age 4 years compared
with those without a history of wheeze (11.2% vs 27.4%;
P < .001). There was no evidence of an association between
wheeze in the first year of life and food allergy (P ¼ .99), and the
association between food allergy and asthma diagnosis was
similar for infants with and without a history of wheeze (see
Table E3; P interaction ¼ .16).
DISCUSSION

This is the first population-based cohort study using challenge-
proven outcomes to assess the role of infantile food allergy in the
subsequent development of childhood asthma. We found that
both asymptomatic food sensitization and food allergy in infancy
are associated with an increased risk of asthma by age 4 years. The
risk of asthma was higher for children with 2 or more food allergies
in infancy than for those with a single food allergy. Both transient
and persistent food allergy were associated with a similar magni-
tude of increase in the risk of asthma.Having both infantile eczema
and food allergy almost tripled the risk of having asthma at age 4
years compared with no eczema and no food allergy.

Strengths of this study include the cohort size and its population-
based, prospective study design. Rates of participation in the study
were high (74%) and participants were broadly representative of the
general population.8 Another strength is that food allergies were
confirmed by an OFC for all infants with a positive SPT result,
regardless of wheal size, and therefore we were able to distinguish
between food-sensitized tolerant and food-sensitized allergic chil-
dren—something that previous studies have been unable to do.

Limitations included missing information on asthma diagnosis
at age 4 years for participants who did not complete the full
questionnaire; however, a sensitivity analysis using asthma
symptoms as an outcome from short questionnaire data shows
the same trend as found for asthma diagnosis. There were some
differences in characteristics of children who were lost to follow-
up compared with those included in the analysis, which may
limit the generalizability of our findings; however, we found
similar results when we included sampling weights in our models
to account for differences in the distribution of these factors
among participants compared with the whole cohort.

Asthma status was determined by parent report of a doctor
diagnosis at age 4 years. Validated questionnaires and objective
testing for asthma are only available for children older than age 5
years. Although the accuracy of asthma diagnosis in children
younger than 5 years is debated, we found the same results using
multiple definitions of asthma and wheezing symptoms,
providing further support for our findings. We will confirm these
associations in follow-ups of this cohort at later ages when the
diagnosis of asthma is more definitive.

This study showed that food sensitization alone, without a
positive OFC, does increase the risk of asthma, but for food-
allergic children (particularly those with multiple food allergies)
the risk is even higher. These findings suggest that studies so far,
using food sensitization as an indicator for food allergy,5,21,22

may underestimate the asthma risk.
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Egg allergy was found to be a strong risk factor for asthma in
children, and the risk was similar for both transient and persis-
tent egg allergy. This finding is important for interpreting the
results of previous cross-sectional research into food allergy and
asthma in older children, because this is likely to have missed
children who have outgrown their allergy.5,18,21 Peanut allergy
occurred most often in children who also had egg allergy, and
there were insufficient cases to reliably analyze the effect for
peanut allergy alone; however, the risk of asthma was greatest in
children who had more than 1 food allergy.

There is limited previous population-based research into the
relationship between food allergy and asthma using OFCs. Most
studies focus only on food sensitization or SPT, and some also
used report of symptoms after ingestion to define food allergy.
There is 1 previous population-based prospective birth cohort of
1,218 newborns in the United Kingdom, of which 29 (2.4%)
had symptoms of egg allergy (not confirmed by challenges) by
age 2 years. Egg allergy was associated with an increased risk of
any respiratory disease (asthma or rhinitis) at age 4 years (odds
ratio, 5.0; 95% CI, 1.1-22.3), although they found no significant
relationship with asthma alone, possibly due to lack of statistical
power.22 Various models for predicting later childhood asthma
have been developed for preschool children. Some of these
consider the presence or absence of specific IgE to foods; how-
ever, consideration of clinical food allergy status in these models
is rare.23

Our study adds to existing knowledge regarding the atopic
march. Knowing that having food allergy and eczema increases
the chance of subsequent asthma makes it possible to identify
children at highest risk, who might benefit from additional
screening for asthma to ensure optimal early management.
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SENSITIVITY ANALYSIS TO EXPLORE THE

POTENTIAL IMPACT OF MISSING DATA
We have previously described differences in the characteristics

of the participants who completed the full questionnaire, the short
questionnaire, and nonparticipants at age 4 years.E1 Factors asso-
ciated with completion of the full questionnaire rather than the
short questionnaire or nonparticipation were the child’s sex, so-
cioeconomic status, family history of allergy, parents’ country of
birth, andwhether or not the child had a challenge-confirmed food
allergy at age 1 year. To mitigate potential bias in estimated RR
ratios due to differential participation in follow-up, we generated
Downloaded for Anonymous User (n/a) at University of Melbourne
For personal use only. No other uses without permission.
sampling weights that were used to adjust for differences in these
factors between participants with andwithoutmissing data at age 4
years, using the inverse probability weightingmethod described by
Little and Rubin.E2 Weights were calculated as the inverse of the
probability of inclusion at age 4 years, from a logistic regression
model of participation including as covariates the child’s sex, so-
cioeconomic status, family history of allergy, parents’ country of
birth, and whether or not the child had a challenge-confirmed food
allergy at age 1 year. These weights were included in the logistic
regression model (Table E4), with robust SEs used to ensure that
the precisions of estimated RRs reflected the sample size.
 from ClinicalKey.com.au by Elsevier on November 22, 2017.
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TABLE E1. Sensitivity analysis—association between any food
allergy at age 1 y and various asthma outcome variables, among
participants who completed either the full or the short version of
the questionnaire

Asthma definition and questionnaire type RR (95% CI)* P value

Full questionnaire only (n ¼ 2789)

Parent report of asthma ever (n ¼ 409) 2.11 (1.72-2.59) <.001

Parent report of asthma diagnosis
ever (n ¼ 377)

2.08 (1.68-2.57) <.001

Current asthma at age 4 y† (n ¼ 318) 2.15 (1.70-2.73) <.001

Parent report of wheeze at age 4 y

Any wheeze in past 12 mo (n ¼ 517) 1.83 (1.52-2.19) <.001

4 or more episodes in past 12 mo
(n ¼ 141)

3.41 (2.43-4.79) <.001

Full and short questionnaire (n ¼ 3801)

Parent report of asthma or wheeze
ever (n ¼ 970)

1.74 (1.53-1.98) <.001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.
†Asthma diagnosis with either wheeze or asthma medication use in last 12 mo.

TABLE E2. Sensitivity analysis—association between food al-
lergy and eczema at age 1 y and asthma diagnosis at age 4 y,
using different definitions of eczema

RR (95% CI)* P value

Parent report of eczema diagnosis

No eczema or food allergy (n ¼ 1819) 1.0 —

Eczema only (n ¼ 497) 1.68 (1.32-2.13) <.001

Food allergy only (n ¼ 127) 1.69 (1.12-2.56) .012

Eczema and food allergy (n ¼ 223) 2.87 (2.22-3.70) <.001

Broad eczema definition (eczema diagnosis,
itchy rash treated with topical steroids, or
nurse-observed eczema at age 1 y)

No eczema or food allergy (n ¼ 1485) 1.0 —

Eczema only (n ¼ 846) 1.59 (1.28-2.00) <.001

Food allergy only (n ¼ 78) 1.09 (0.56-2.12) .81

Eczema and food allergy (n ¼ 279) 3.04 (2.36-3.91) <.001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.

TABLE E3. Relationship between food allergy at age 1 y and
asthma diagnosis at age 4 y, stratified by eczema and wheeze
status in infancy

Total Asthma, n (%) RR (95% CI)* P value

No eczema diagnosis in
first year of life

No food allergy 1,819 183 (10.1) 1.0 —

Food allergy 127 21 (16.5) 1.68 (1.11-2.52) .014

Eczema diagnosis in
first year of life

No food allergy 497 85 (17.1) 1.0 —

Food allergy 223 63 (29.3) 1.79 (1.34-2.38) <.001

No wheeze in first
year of life

No food allergy 1,836 168 (9.2) 1.0 —

Food allergy 278 58 (20.9) 2.32 (1.77-3.04) <.001

Wheeze in first
year of life

No food allergy 366 91 (24.9) 1.0 —

Food allergy 53 22 (41.5) 1.68 (1.17-2.41) .005

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.

TABLE E4. Relationship between food sensitization and allergy at
age 1 y and asthma at age 4 y, with sampling weights included in
the model

RR (95% CI)* P value

All infants

Not sensitized 1.0 —

Sensitized tolerant 1.71 (1.02-2.86) .042

Food allergic 2.19 (1.76-2.72) <.001

Excluding infants with
wheeze or asthma in
first year of life

Not sensitized 1.0

Sensitized tolerant 2.04 (1.07-3.88) .030

Food allergic 2.60 (1.97-3.43) <.001

*Adjusted for parents’ country of birth, sex, socioeconomic status, and family his-
tory of allergic disease.
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