Original Article

Timing of Introduction, Sensitization, and Allergy ®

K i
Updates

to Highly Allergenic Foods at Age 3 Years in a
General-Population Canadian Cohort

Elinor Simons, MD, PhD?, Robert Balshaw, PhD®, Diana L. Lefebvre, PhD®, David Dai, MSc*,
Stuart E. Turvey, MBBS, DPhil®, Theo J. Moraes, MD, PhD?, Piushkumar J. Mandhane, MD, PhD, Meghan B. Azad, PhD?,

Malcolm R. Sears, MBChB®, Padmaja Subbarao, MD, MSc*, and Allan B. Becker, MD?

Toronto, ON; Vancouver, BC, and Edmonton, AB, Canada

Winnipeg, MB; Hamilton and

What is already known about this topic? Early dietary introduction of highly allergenic foods has been associated with
decreased risk of food allergy in high-risk infants. Further information is needed regarding the importance of early intro-
duction to highly allergenic foods in population-based cohorts.

What does this article add to our knowledge? This study examined associations between age of dietary introduction of
peanut, egg, and cow’s milk in general-population infants and sensitization and possible or probable clinical IgE-mediated
allergy to the specific highly allergenic food being introduced.

How does this study impact current management guidelines? General-population infants introduced to peanut before
age 12 months showed lower peanut sensitization and allergy, even after exclusion of high-risk infants. Introduction of egg
and cow’s milk before 12 months showed no increased risk.

BACKGROUND: Early dietary introduction of highly allergenic
foods has been associated with decreased risk of food allergy in
high-risk infants.

OBJECTIVE: Early introduction of highly allergenic foods for
lower risk infants was examined using Canadian Healthy Infant
Longitudinal Development (CHILD) Study data.

METHODS: CHILD participants were recruited from the
general population before birth. Every 6 months, caregivers
reported food introduction and allergic reactions. At ages 1 and
3 years, sensitization to peanut, egg, and cow’s milk was
measured by skin prick testing (SPT) and atopic dermatitis
diagnosed at clinical visits. Multivariable logistic regression was
used to examine associations between timing of introduction to
peanut, egg, and cow’s milk and the presence at 3 years of
sensitization (positive SPT) and probable clinical IgE-mediated
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allergy (sensitization with no current consumption and
convincing history of allergic reaction to the specific food).
RESULTS: Among 2669 CHILD participants at age 3 years, 101
(3.80%) showed sensitization to peanut, 59 (2.21%) to egg, and
30 (1.12%) to cow’s milk; 46 (1.78%) showed probable clinical
IgE-mediated allergy to peanut, 4 (0.16%) to egg, and 2 (0.08%)
to cow’s milk. Infants introduced to peanut after 12 months had
increased odds of sensitization (odds ratio [OR]: 2.38, 95%
confidence interval [CI]: 1.39-4.07) and probable clinical allergy
(OR: 4.04, 95% CI: 1.66-9.85) to peanut at 3 years. Associations
persisted after exclusion of high-risk infants with moderate-to-
severe atopic dermatitis in the first year/egg sensitization at 1
year.

CONCLUSIONS: General-population infants introduced to

peanut after age 12 months were more likely to have
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sensitization and probable clinical allergy to peanut at 3
years. © 2019 Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology (]
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Key words: Food allergy; Peanut; Egg; Cow’s milk; Food
introduction, Sensitization;, IgE-mediated; Pregnancy cohort;
Multivariable logistic regression

Prevention of food allergy in infants and young children has
become a central goal of food allergy management at the pop-
ulation level. Early dietary introduction of highly allergenic foods
has been shown to decrease the likelihood of sensitization'** and
allergy”” to the particular food in some populations of children.
At age 1 year, Canadian Healthy Infant Longitudinal Develop-
ment (CHILD) cohort participants were more likely to be
sensitized to peanut (odds ratio [OR]: 1.76, 95% confidence
interval [CI]: 1.07-3.01), egg (OR: 1.89, 95% CI: 1.25-2.80),
and cow’s milk (OR: 3.69, 95% CI: 1.37-9.08) if they had not
introduced the corresponding highly allergenic food during the
first 12 months of life." Children at high risk for peanut allergy
because of egg allergy and/or severe atopic dermatitis have been
shown by randomized control trial to be less likely to develop
persistent peanut allergy with introduction to peanut before age
12 months.”® However, other studies have not shown benefit of
early introduction of highly allergenic foods. Conditions such as
atopic dermatitis® ' remain associated with a higher risk of food
allergy and have been implicated in increasing the risk of food
allergy development.'>"*

The Learning Early about Peanut (LEAP) trial of high-risk
infants enrolled 4- to 11-month-old infants with moderate-to-
severe eczema and/or egg allergy who were skin prick tested to
peanut and, if they were not sensitized (0 mm skin prick testing
[SPT]) or minimally sensitized (<4 mm SPT) to peanut, were
randomized to consume peanut regularly or not consume peanut
until age 5 years.” Nonsensitized and minimally sensitized infants
who consumed peanut up to age 5 years were less likely to have a
persistent peanut allergy at age 5 years.” The protective effect of
early peanut consumption persisted after 12 months of peanut
avoidance” and was specific to peanut and not protective against
other allergic conditions."”

Early introduction of highly allergenic foods is increasingly
being recommended for all infants. Potential benefits of early
introduction among infants who are not at high risk of food
allergy should be better understood so that optimal recommen-
dations can be made to health care providers and families of
children for whom the timing of introduction is important.

In the CHILD pregnancy cohort of infants recruited before
birth from the general population, we examined the associations
between timing of introduction of 3 highly allergenic foods,
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peanut, egg, and cow’s milk, and the presence at age 3 years of
sensitization, possible IgE-mediated food allergy, and probable
clinical IgE-mediated food allergy to each of these foods.

We hypothesized that children introduced to peanut, egg, and
cow’s milk after age 12 months would have greater odds at age 3
years of sensitization, possible IgE-mediated allergy, and probable
clinical IgE-mediated allergy to the food whose introduction was

delayed.

METHODS
Study population

Between 2008 and 2012, inclusive, healthy infants were enrolled
in the CHILD Study (Figure E1, available in this article’s Online
Repository at www.jaci-inpractice.org) before birth from the general
population at 4 sites (Vancouver, Edmonton, Winnipeg/Morden-
Winkler, and Toronto).'® In this observational study, families of
the 3455 participating infants were not provided with specific in-
formation about when or how they should introduce highly aller-
genic foods to their infants. At the time of recruitment, consensus
still recommended delayed introduction of highly allergenic foods,"”
although individual studies suggested that delayed dietary peanut
introduction was contributing to the increased prevalence of peanut
allergy."®"” Research Ethics Board approval was obtained at all study
sites.

Highly allergenic foods: earliest age of introduction,
current consumption, and allergic reactions

Every 3 to 6 months until age 36 months, parents and caregivers
of CHILD participants provided detailed, prospectively collected
information regarding their child’s consumption of peanut, egg, and
cow’s milk. The earliest reported consumption of peanut, egg, and
cow’s milk was used as the age of introduction; where reported ages
of introduction differed between questionnaires completed at
different times, the timing reported on the earliest-completed
questionnaire was used. Formula introduction and type of formula
were also reported at birth and ages 3, 6, and 12 months. Parents
and caregivers reported their child’s current consumption of peanut,
egg, and cow’s milk at age 3 years using a validated Food Frequency
Questionnaire. The reasons for introducing or not introducing or
continuing to consume or no longer consuming highly allergenic
foods at a particular time were not reported. Caregivers reported
allergic reactions to highly allergenic foods every 6 months from ages

6 to 36 months.

Sensitization to highly allergenic foods and atopic
dermatitis diagnosis

At the 1-year-old visit, sensitization to peanut, egg white, and
cow’s milk was determined by SPT with allergens (ALK-Abello
Pharmaceuticals, Mississauga, ON, Canada) applied with Duotip II
devices (Lincoln Diagnostics, Decatur, Ill). Sensitization was defined
as mean wheal diameter at least 2 mm larger than the saline control
(Methods section, available in this article’s Online Repository at
www.jaci-inpractice.org).'® At age 1 year, a clinical diagnosis of
atopic dermatitis was also made by a CHILD Study health care
professional and was based on the parental history of chronic,
recurring, itchy rashes in a typical distribution over the past year and
physical examination at age 1 year. Mild atopic dermatitis was
defined as being present at no more than 2 sites, minor itching,
rubbing, crusting or papules, without excoriations or oozing, and not
needing frequent medical attention. Severe atopic dermatitis was
defined as being at multiple sites, with extensive crusting, papules,
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excoriations, oozing or lichenification, sleep loss, needing frequent
medical attention, and a major concern to parents. Moderate atopic
dermatitis was defined as being neither mild nor severe. Between
ages 30 and 42 months, 2669 children had sensitization to peanut,
egg, and cow’s milk measured by SPT at their 3-year-old study visit.

Sensitization, possible IgE-mediated allergy, and
probable clinical IgE-mediated allergy

This study’s 3 primary outcomes were sensitization, possible IgE-
mediated allergy, and probable clinical IgE-mediated allergy:

(1) Sensitization: all children sensitized to peanut, egg, and cow’s
milk at age 3 years.

(2) Possible IgE-mediated allergy: all children sensitized to peanut,
egg, and cow’s milk at age 3 years and not consuming the food
to which they were sensitized at least once per month at age 3
years.

(3) Probable clinical IgE-mediated allergy: all children sensitized to
peanut, egg, and cow’s milk at age 3 years and not consuming
the food to which they were sensitized at least once per month at
age 3 years and having any convincing history of signs or
symptoms of an allergic reaction to the food to which they were
sensitized and that they were not consuming.

These definitions were sequential rather than mutually exclusive.
Children with a possible IgE-mediated allergy were also included in
the sensitization group and children with a probable clinical IgE-
mediated allergy were also included in both the possible allergy
and sensitization groups. Each outcome was evaluated separately for
peanut, egg, and cow’s milk. Children who were sensitized but
clinically tolerant were evaluated separately in a sensitivity analysis.

Covariables

In the prenatal questionnaires, mothers and most fathers reported
their history of asthma, nasal allergy and food allergy symptoms,
race/ethnicity, socioeconomic status, and education. They also re-
ported the number of older siblings and food allergies in older sib-
lings of the CHILD participants.

Statistical analysis

Multivariable logistic regression was used to examine if first
introduction to peanut, egg, and cow’s milk after ages 6, 9, and 12
months was associated with sensitization, possible IgE-mediated al-
lergy, and probable clinical IgE-mediated allergy for each specific
food. For cow’s milk, non-formula and formula cow’s milk products
were also considered separately.

The associations with peanut introduction were evaluated further
by separately excluding 2 high-risk groups of infants: (1) those with
moderate-to-severe atopic dermatitis, which is associated with food
allergy,‘)’ in the first year of life and (2) those with moderate-to-severe
atopic dermatitis in the first year of life and/or egg white sensitization
above 6 mm at age 1 year or above 3 mm with a history suggestive of an
allergic reaction to egg in the first year of life, comparable with the
high-risk infants studied in the LEAP trial.”® Too few children in the
CHILD cohort had moderate-to-severe atopic dermatitis in the first
year of life to permit an analysis of this subgroup. Population attrib-
utable fraction (PAF) of sensitization, possible allergy, and probable
clinical IgE-mediated allergy to peanut associated with dietary peanut
introduction delayed beyond 12 months was reported among children
with no or mild atopic dermatitis in the first year of life (Methods
section, available in this article’s Online Repository at www.jaci-
inpractice.org). The associations for peanut were further evaluated
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for introduction at ages >9 to 12, >12 to 18, and >18 months
compared with introduction <9 months.

The following covariables were assessed as possible confounders
with contribution to sensitization or food allergy and association
with delay in introduction: sex, moderate-to-severe atopic dermatitis,
history of allergic reactions to foods in the first 6 to 12 months of
life, number of older siblings, sibling food allergy, maternal and
paternal atopic conditions, maternal education, socioeconomic sta-
tus, maternal and paternal race, formula introduction, and study
center. Covariables were initially removed by backward elimination
if their maximum likelihood P value was greater than .1. Individual
covariables were added back into the final model one at a time to see
if their addition changed the ORs for the primary outcomes.
Covariables were retained in any particular analysis when their in-
clusion led to a substantive (10% or greater) change in the ORs.

To account for the possible influence of knowing the 1-year-old
SPT results on timing of peanut introduction for infants who were
introduced to peanut after age 12 months, infants who were intro-
duced to peanut after age 12 months were evaluated in a subanalysis.
Children introduced to peanut after age 12 months but by 18
months were compared with children who had not yet introduced to
peanut by age 18 months, stratified by peanut SPT result at age 1
year (wheal sizes of 0, >0 to 4, and >4 mm to parallel the LEAP
Study gradations),3 and in sensitivity analysis, wheal sizes of 0 to <2,
2 to 8, and >8 mm to evaluate SPT below the 2 mm cut point for
sensitization and sensitization below and above the 8 mm cut point
for the 95% predictive level for peanut allergy.”**" Once the level of
peanut sensitization was known, most other covariables were un-
likely to influence the timing of peanut introduction. Covariables
such as older sibling food allergy were evaluated for possible con-
founding, and unadjusted ORs were reported for this subanalysis.

To examine the effects of possibly knowing 1-year-old SPT results
among infants who were introduced to peanut just before age 12
months, infants introduced to peanut in the interval just before age
12 months and whose 1-year-old SPT was performed before their 1-
year-old caregiver reports of peanut introduction were submitted
were excluded in a sensitivity analysis. Sensitivity analyses were also
conducted using sensitization cut points of 1 and 3 mm wheals. No
attempt was made to adjust for multiple inference, but we report
95% ClIs and describe results with P values less than .05 as statis-
tically significant. All analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC).

RESULTS
Timing of highly allergenic food introduction
(Figure E2, available in this article’s Online

Repository at www .jaci-inpractice.org)

First introduction to peanut was rare before age 6 months
(1.9%) and more common by age 12 months (45.1%) and 18
months (76.8%). Most children had been first introduced to egg
by age 18 months (99%) and to non-formula cow’s milk by age
12 months (99.9%). Of the 37% of children who were intro-
duced to cow’s milk formula, the vast majority were introduced
by age 6 months.

Earlier timing of peanut introduction did not imply
current consumption. Of the 1059 children who had been
introduced to peanut by age 12 months, 10% were not
eating peanut at least once per month at age 3 years, and of
the 1817 children who had been introduced to peanut by

age 18 months, 13% were not eating peanut at least once
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TABLE |. Adjusted” associations (OR and 95% CI) between sensitization, possible IgE-mediated allergy, and probable clinical
IgE-mediated allergy to peanut, egg, and cow’s milk at age 3 years and age of introduction of the specific food after age 12 months
in the CHILD Cohort

Sensitization Possible IgE-mediated allergy Probable clinical IgE-mediated allergy

Adjusted OR (95% CI)
2.38 (1.39, 4.07)"

Adjusted OR (95% CI)
2.69 (1.42, 5.07)!

Adjusted OR (95% CI)
4.04 (1.66, 9.85)’

Age of introduction (mo)
Peanut (>12 vs by 12)

(N = 2437) (N = 2426) (N = 2384)
Egg (>12 vs by 12) 0.96 (0.49, 1.88)" 0.83 (0.092, 7.51)° 1.16 (0.12, 11.2)°
(N = 2511) (N = 2584) (N = 2485)
Cow’s milk (non-formula + formula) 434 (1.73, 10.9)" I I
(>12 vs by 12) (N = 2562)

CHILD, Canadian Healthy Infant Longitudinal Development Study; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and
paternal histories of atopic conditions including asthma, rhinitis, and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal
education, maternal race, paternal race, and study site were evaluated for possible confounding. Covariables whose inclusion changed the adjusted odds ratio by >10% were
retained in the models.

fLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, number of older
siblings, and maternal race.

{Logistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, and maternal race.
§Logistic regression adjusted for maternal race.

|| The model would not run because too few children were present in one category.

TABLE Il. Adjusted* associations (OR and 95% Cl) between age of peanut introduction after age 12 months and peanut sensitization,
possible IgE-mediated peanut allergy, and probable clinical IgE-mediated peanut allergy at age 3 years: comparison of the whole CHILD
Cohort and subsets excluding high-risk children

Sensitization Possible IgE-mediated allergy Probable clinical IgE-mediated allergy

Introduction after age 12 mo vs by age 12 mo
All children

Adjusted OR (95% CI)
2.38 (1.39, 4.07)°

Adjusted OR (95% CI)
2.69 (1.42, 5.07)"

Adjusted OR (95% Cl)
4.04 (1.66, 9.85)"

(N = 2437) (N = 2426) (N = 2384)
Children without moderate-to-severe atopic 2.69 (1.51, 4.78)" 3.21 (1.58, 6.52))| 5.94 (2.05, 17.2)||
dermatitis in the first year of life (N = 2378) (N = 2367) (N = 2330)
Children without moderate-to-severe atopic 2.58 (1.43, 4.67)" 2.91 (1.43,5.93)| 5.31 (1.83, 15.4)|
dermatitis in the first year of life or egg (N = 2355) (N = 2344) (N = 2309)

sensitization or reactions by age 1 y

CHILD, Canadian Healthy Infant Longitudinal Development Study; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and
paternal histories of atopic conditions including asthma, rhinitis and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal
education, maternal race, paternal race, and study site were evaluated for possible confounding. Covariables whose inclusion changed the adjusted odds ratio by >10% were
retained in the models.

fLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, number of older
siblings, and maternal race.

{Logistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, and maternal race.
§Logistic regression adjusted for history of allergic reactions to foods in the first 6-12 months of life, number of older siblings, and maternal race.

|[Logistic regression adjusted for history of allergic reactions to foods in the first 6-12 months of life and maternal race.

per month at age 3 years. The reasons for eating or not
eating peanut were not reported, but many of these children
had no history of reported reactions or sensitization to
peanut. In contrast, few children who had been introduced
to egg or cow’s milk by age 12 months were not consuming
egg (1.3%) and cow’s milk (0.16%), respectively, at least
once per month at age 3 years.

Sensitization, possible IgE-mediated allergy, and
probable clinical IgE-mediated allergy at age 3 years

Of the 3455 CHILD participants (Figure E1, available in this
article’s Online Repository at www.jaci-inpractice.org), 2669
children had available skin prick sensitization data to peanut, egg,

and cow’s milk at age 3 years and 2434 had available information
about consumption of and history of reactions to these highly
allergenic foods. The frequencies of food sensitization (>2 mm)
at age 3 years were peanut (101, 3.80%), egg white (59, 2.21%),
and cow’s milk (30, 1.12%). The frequencies of possible IgE-
mediated allergy because of sensitization plus no current con-
sumption of the food to which the child was sensitized were
peanut (71, 2.69%), egg (5, 0.19%), and cow’s milk (2, 0.08%).
The frequencies of probable clinical IgE-mediated allergy because
of sensitization plus no current consumption plus history of any
allergic reaction to the food to which the child was sensitized
were peanut (46, 1.78%), egg (4, 0.16%), and cow’s milk (2,
0.08%). Thus, the distinction between possible and probable
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Possible IgE-Mediated Peanut Allergy at 3 Years
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FIGURE 1. Proportion of Canadian Healthy Infant Longitudinal Development (CHILD) Study children sensitized to peanut and with
possible IgE-mediated peanut allergy and probable clinical IgE-mediated peanut allergy at age 3 years versus age of peanut introduction.

Cl/, Confidence interval.

clinical IgE-mediated allergy was most important for peanut,
which had not yet been introduced into the diet of 25 of the 101
children with positive SPT to peanut at age 3 years.

Associations with age of peanut introduction

First dietary introduction of peanut after age 12 months was
associated with over 2-fold increased odds of peanut sensitization
and possible IgE-mediated allergy to peanut at age 3 years
(Table I) and with 4-fold increased odds of probable clinical IgE-
mediated peanut allergy (OR: 4.04, 95% CI: 1.66, 9.85). As-
sociations were similar for dietary introduction after age 9
months (Table E1, available in this article’s Online Repository at
www.jaci-inpractice.org). The associations between peanut
introduction after age 12 months and sensitization, possible IgE-
mediated allergy, and probable clinical IgE-mediated allergy to
peanut were slightly stronger when children with moderate-to-
severe atopic dermatitis in the first year of life with or without
egg sensitization and reactions were excluded (Table II). The
95% Cls overlapped for analyses using data from the whole
cohort and subgroups excluding higher-risk children (Table II).
Among the 97.3% of children with no or mild atopic dermatitis
in the first year of life, the PAF of sensitization, possible allergy,
and probable clinical IgE-mediated allergy to peanut associated
with dietary peanut introduction delayed beyond 12 months
were 48%, 53%, and 70%, respectively. Among the subset of
children who regularly tolerated peanut at age 3 years, first
introduction to peanut after age 12 months was not significantly
associated with sensitization (OR: 1.88, 95% CI: 0.73, 4.87).

The proportion of children sensitized and with possible or
probable clinical IgE-mediated allergy to peanut was substantially

higher for those who had not introduced peanut by age 18 months
(Figure 1). Probable clinical allergy was present for 0.25%, 0.82%,
1.4%, and 4.3% introduced <9, >9 to 12, >12 to 18, and >18
months, respectively. Notably, none of the 52 infants introduced to
peanut before 6 months was sensitized at age 3 years. Introduction to
peanut from ages >9 to 12 and >12 to 18 months did not show
statistically significant increased odds of sensitization, possible IgE-
mediated allergy, or probable clinical IgE-mediated allergy to peanut
atage 3 years compared with introduction <9 months, although the
ORs approached 2 (Table I1I). Introduction to peanut after age 18
months showed at least 7-fold increased odds of sensitization,
possible IgE-mediated allergy, and probable clinical IgE-mediated
allergy to peanut compared with peanut introduction <9 months
(Table III).

Peanut SPT wheal sizes at age 1 year were similar for children
introduced by age 12 months and from >12 to 18 months, but
more children introduced after 18 months had a positive SPT to
peanut at age 1 year (Table IV and Table E2, available in this
article’s  Online  Repository at  www.jaci-inpractice.org).
Comparing only children who were introduced to peanut after
age 1 year when their families knew their 1-year SPT results,
introduction after age 18 months compared with introduction
from >12 to 18 months was associated with significantly
increased odds of sensitization at 3 years for children who were
not sensitized at age 1 year (Table V and Table E3, available in
this article’s Online Repository at www.jaci-inpractice.org).
Children with wheal sizes >0 to 4 mm at age 1 year and
introduction after 18 months had high but nonsignificant odds
of sensitization at age 3 years compared with children introduced
at >12 to 18 months (Table V). Timing of introduction did not
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TABLE IV. Age of introduction to peanut in the CHILD Cohort compared with peanut sensitization at age 1 year; the 1-year skin prick test

cut points reflect the LEAP Study categories®

Peanut introduced

Peanut SPT at 1 y (mm) <12 mo (N = 1248)

Peanut introduced
>18 mo (N = 599)

Peanut introduced
>12-18 mo (N = 872)

0 (N = 2588) 1203 (96.4%)
>0-4 (N =177) 34 (2.72%)
>4 (N = 54) 11 (0.88%)

843 (96.7%)
19 (2.18%)
10 (0.12%)

542 (90.5%)
24 (4.00%)
33 (5.50%)

CHILD, Canadian Healthy Infant Longitudinal Development Study; LEAP, Learning Early about Peanut; SPT, skin prick testing.

TABLE V. Comparison of CHILD Cohort children who had not been introduced to peanut by age 18 months with children introduced to
peanut after 12 but by 18 months; all of these children would have had the presence or absence of peanut sensitization known at the time
of peanut introduction; excluding children who were introduced to peanut before age 12 months: association between age of introduction
to peanut and sensitization, possible IgE-mediated allergy, and probable clinical IgE-mediated allergy to peanut at age 3 years with 1-year
skin prick test cut points reflecting the LEAP study categories®

1-y peanut SPT Sensitization—all

Sensitization—no
moderate-severe
atopic dermatitis

Sensitization—no
moderate-severe
atopic dermatitis
in the first year or
egg sensitization/

Possible allergy —

Possible allergy —
no moderate-
severe atopic

dermatitis in the

Possible allergy —
no moderate-
severe atopic

dermatitis in the

first year or egg
sensitization/

(mm) children in the first year reaction at 1y all children first year reaction at 1y
Comparison >18
vs >12-18 mo OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
0 3.20 (1.28, 7.99) 4.25 (1.51, 12.0) 4.92 (1.58, 15.3) 1.91 (0.58, 6.31) 2.71 (0.65, 11.4) 2.17 (0.48, 9.76)
(N = 1246) (N = 1201) (N =1193) (N = 1241) (N = 1196) (N = 1188)
>0-4 5.38 (0.99, 29.3) 4.87 (0.87, 27.3) 4.33 (0.76, 24.6) 9.23 (1.01, 83.9) 8.17 (0.88, 76.2) 7.00 (0.74, 66.6)
(N =39) (N = 36) (N = 3)5) N =137 (N =34) (N = 33)
>4 0.63 (0.062, 6.33) 0.57 (0.055, 5.88) 0.53 (0.051, 5.55) 0.57 (0.057, 5.78) 0.50 (0.048, 5.23) 0.47 (0.044, 4.90)
(N = 39) (N =129) (N = 28) (N = 33) (N =27) (N = 26)
Probable allergy —no
moderate-severe atopic
Probable allergy —no dermatitis in the first year
1-y peanut SPT Probable allergy —all moderate-severe atopic or egg sensitization/
(mm) children dermatitis in the first year reaction at 1y
Comparison >18
vs >12-18 mo OR (95% CI) OR (95% CI) OR (95% CI)
>0-4 7.64 (0.80, 73.1) 6.50 (0.65, 64.8) 5.20 (0.50, 54.1)
N =32) (N =129) (N = 28)
>4 0.53 (0.051, 5.55) 0.48 (0.044, 5.22) 0.44 (0.040, 4.82)
(N = 28) (N =23) (N =22)

CHILD, Canadian Healthy Infant Longitudinal Development Study; CI, confidence interval; LEAP, Learning Early about Peanut; OR, odds ratio; SPT, skin prick testing.

*The models would not run because there were too few children in some categories.

to 12 and >12 to 18 months was associated with nonsignificant
1- to 2-fold increased odds of sensitization and possible or
probable IgE-mediated allergy compared with introduction at or
before 9 months. These analyses may have been underpowered
to detect the smaller associations when timing of introduction
was stratified into 4 age groups.

Once SPT to peanut was performed, the wheal size may
have strongly influenced families’ choices about introducing
peanut for infants who had not already been introduced to
peanut. The relatively large number of infants introduced to
peanut after age 12 months in the CHILD cohort allowed
evaluation of these infants stratified by their 1-year SPT results.
Among infants introduced after age 12 months, introduction
>18 months was associated with higher odds of sensitization

compared with infants introduced from >12 to 18 months, for
infants who were not sensitized at age 1 year. The ORs for
possible and probable clinical IgE-mediated allergy and for
infants sensitized with wheals up to 4 or 8 mm were well above
1, but not statistically significant. The study may have been
underpowered to evaluate these subgroups of children, given
that the overall prevalence of peanut sensitization was only
3.8% at 3 years. The infants most strongly sensitized to peanut
at 1 year may also have been so likely to remain sensitized and
have probable clinical IgE-mediated peanut allergy at 3 years
that the timing of introduction was less important for this
group. These findings are consistent with the extremely high
proportions of other allergic conditions demonstrated in highly
sensitized children within the CHILD cohort."’
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Introduction to peanut after age 12 months was associated
with greater odds of peanut sensitization (OR: 2.38, 95% CI:
1.39-4.07) and possible and probable clinical IgE-mediated al-
lergy at age 3 years compared with the increased odds of peanut
sensitization in the CHILD cohort at age 1 year (OR: 1.76, 95%
CI: 1.07-3.01) previously shown by Tran et al," although the Cls
overlapped. Overall, these results suggest greater importance of
early peanut introduction for decreasing sensitization and
possible or probable allergy to peanut by age 3 years compared
with age 1 year.

Infants introduced to egg after ages 6, 9, or 12 months did not
have increased odds of sensitization, possible IgE-mediated al-
lergy, or probable clinical IgE-mediated allergy at age 3 years. In
carlier CHILD Study analyses," infants introduced to egg after
age 12 months had increased odds of egg sensitization (OR:
1.89, 95% CI: 1.25-2.80) at age 1 year. Other studies have also
shown variable benefit of early egg introduction for egg allergy
prevention,»** although a meta-analysis has suggested an overall
benefit of egg introduction within the first year of life.”” Infants
introduced to cow’s milk after 12 months had increased odds of
sensitization (OR: 4.34, 95% CI: 1.73-10.9) at age 3 years,
comparable with the increased odds of sensitization previously
shown at age 1 year (OR: 3.69, 95% CI: 1.37-9.08)." Too few
infants had possible or probable clinical IgE-mediated cow’s milk
allergy to evaluate the associations statistically. Non—IgE-medi-
ated allergies and intolerances to cow’s milk may have been more
common but were not included in this study, which focused on
IgE-mediated sensitization and allergy.

This study is consistent with the hypothesis that early intro-
duction of peanut is associated with decreased sensitization and
probable clinical IgE-mediated allergy to peanut, one of the most
prevalent and persistent food allergies in the United States™*** and
other countries.”” " At least 80% of children do not outgrow
peanut allergy,”” compared with milk™ and egg”*** allergies, half
of which are outgrown by ages 5 or 6 years. In a 2008-2009 tele-
phone survey of Canadians,” 1.68% (95% CI: 1.14-2.23) of
children had reported allergy to peanut with a convincing history
of an IgE-mediated reaction, comparable with the proportion of
children with probable clinical IgE-mediated peanut allergy
identified in this study. The present study adds to the literature by
demonstrating decreased odds of sensitization and possible or
probable clinical IgE-mediated allergy to peanut with peanut
introduction before age 12 months in infants at lower risk of
peanut allergy. This study also documents a much higher odds of
peanut allergy among infants who are not introduced to peanut by
age 18 months compared with those introduced between 12 and
18 months, suggesting that early introduction should continue to
be encouraged for infants over age 12 months.

Avoidance or later introduction of peanut'®'” has been
associated with increased development of peanut allergy in some
populations. Compared with primary school children living in
Israel, where infants were introduced to peanut in the first year of
life, Jewish primary school children in the United Kingdom,
where infants were less likely to consume peanut, were 9.8 (95%
CI: 3.1-30.5) times more likely to develop peanut allergy,
strongly suggesting that earlier ingestion of peanut was protective
against peanut allergy.'” These increased odds of peanut allergy
development are comparable with the odds of sensitization and
possible or probable clinical IgE-mediated allergy to peanut
among the infants who had not been introduced to peanut by 18
months in the present study.
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Perkin et al’ reported a randomized controlled trial in general-
population breastfed infants evaluating the efficacy of preventing
food allergy, diagnosed by double-blind, placebo-controlled oral
food challenges, by age 3 years with early introduction to highly
allergenic foods by age 3 months versus standard introduction
after age 6 months. The relative risks of allergies were lower in
the early-introduction group versus the standard-introduction
group for peanut (51% lower, P = .11) and egg (31% lower,
P = .17), although the differences were not significant in
intention-to-treat analyses. Like the present study, this trial
showed no detriment from early dietary introduction to peanut,
egg, or cow’s milk.

Atopic dermatitis is associated with food sensitization and
allergy,”'” especially for peanut,”'” and may contribute to food
allergy development.'”'" Sensitization to foods has also been
associated with early onset (OR: 2.52, 95% CI: 1.11-5.74) and
persistent (OR: 5.92, 95% CI: 2.23-15.7) atopic dermatitis, and
sensitization to peanut has been most strongly associated with
persistent atopic dermatitis (OR: 16.0, 95% CI: 5.00-51.3).""
The associations between later peanut introduction and sensiti-
zation and possible or probable clinical IgE-mediated allergy to
peanut found in this study persisted without significant attenu-
ation after exclusion of higher-risk infants with moderate-to-
severe atopic dermatitis in the first year of life, demonstrating
that the associations were independent of the presence of infant
atopic dermatitis and relevant to lower-risk infants at age 3 years.
Moreover, this study showed a PAF of over 40% for peanut
sensitization and 70% for probable clinical IgE-mediated peanut
allergy among children with mild or no atopic dermatitis in the
first year of life, which represented 97% of the study population.
The high proportion of peanut allergy “attributable to” or
associated with a delay in peanut introduction until after age 12
months in this population of children demonstrated that early
dietary introduction of peanut may make a substantial contri-
bution to reducing peanut allergy at the population level.

The LEAP randomized controlled trial of high-risk infants with
severe eczema, egg allergy, or both showed less peanut allergy
development by age 5 years among children who were eating
peanut compared with those who were not, for both peanut
nonsensitized (1.9% vs 13.7%, P < .001) and peanut sensitized
(10.6% vs 35.3%, P = .004) children;’ the protective effect of
carly consumption persisted after 12 months of peanut avoidance.®
Early consumption of peanut did not protect against other allergic
conditions.'” The LEAP Study focused on infants at the highest
risk of peanut allergy. Design and recruitment for the present study
occurred before publication of the LEAP Study,S and less than half
of the infants in this observational study were introduced to peanut
before age 1 year, reflecting previous recommendations regarding
delaying peanut introduction in early childhood. Examination of
associations between timing of dietary peanut introduction and
peanut sensitization and allergy in low-risk children who would not
have been included in the LEAP study is an important contribu-
tion of the present study, particularly as there may be fewer chil-
dren first introduced to peanut after age 12 months in future
population cohorts.

Strengths of this study included the detailed, prospectively
collected data regarding introduction, current consumption,
sensitization, and reported allergic reactions to the highly aller-
genic foods, conditions such as atopic dermatitis, and relevant
covariables in this cohort of children recruited before birth from
the general population. The study was limited by dependence on
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parental report of age of introduction and current consumption
of highly allergenic foods and allergic reactions and by the
absence of food challenges to confirm allergy, particularly to
peanut, at age 3 years among children with possible or probable
clinical IgE-mediated peanut allergy.

This study demonstrates that introducing peanut before age
12 months is associated with lower odds of sensitization and
possible or probable clinical IgE-mediated peanut allergy in the
general population of children by age 3 years. Importantly, the
lower odds persisted after exclusion of children at high risk of
peanut allergy because of moderate-to-severe atopic dermatitis
with or without egg sensitization and reactions, confirming a
protective association with early peanut introduction in low-risk
infants. This study also showed a much higher risk of peanut
allergy among infants without peanut in their diets by age 18
months, demonstrating that early introduction should continue
to be encouraged after age 12 months.

This study showed no increased risk of sensitization or
possible or probable clinical IgE-mediated allergy at age 3 years
with earlier introduction of peanut, egg, or cow’s milk for any
infants. Although delaying the introduction of highly allergenic
foods into children’s diets is no longer recommended,”” many
parents continue to worry about introducing these foods. Our
results support the current recommendations for early intro-
duction of peanut, egg, and cow’s milk in the first 12 months. In
particular, encouragement of early introduction of peanut in the
general population, including low-risk infants, may contribute to
decreased odds of sensitization and possible or probable clinical
IgE-mediated allergy to peanut.
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METHODS
Skin prick test measurements

The mean wheal diameter for each allergen and the positive
histamine and negative saline controls were determined by the
mean of the maximum wheal length and the perpendicular
diameter at the mid-point of the maximum length. The mean
wheal diameter of the negative saline control was subtracted from
the mean wheal diameter for each allergen. Sensitization was
defined as a mean wheal diameter >2 mm larger than the saline
control, regardless of the size of the positive histamine control
wheal. Skin prick tests were considered valid if the histamine
control wheal was >2 mm or if any allergen wheals were >2
mm. Skin prick testing was performed on the back at the Van-
couver site and gave consistently larger histamine wheals;
therefore, an adjustment factor of 0.82 was included for skin
prick tests performed on the back, as previously reported.”’

Population attributable fraction (PAF)

PAF = (RR — 1)/RR * proportion exposed among those with
outcome * 100%, where RR stands for relative risk estimated by
the odds ratio (from Table II).

| 3455 Commenced CHILD Study ‘
1
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Stratified into children with and without moderate-severe
atopic dermatitis in the first year of life

In stratified analysis—among children with no or mild atopic
dermatitis in the first year of life:

Sensitization
PAF = (RR — 1)/RR * proportion introduced >12 mo among
infants sensitized to peanut
= (2.69 — 1)/2.69*0.7571*100%
= 48%
Possible allergy
PAF = (RR — 1)/RR * proportion introduced >12 mo among
infants with possible allergy to peanut
= (3.21 — 1)/3.21*0.7755*100%
= 53%
Probable clinical allergy
PAF = (RR — 1)/RR * proportion introduced >12 mo among
infants with probable allergy to peanut
= (5.94 — 1)/5.94*0.8438*100%
= 70%

In stratified analysis—among children with moderated-to-
severe atopic dermatitis in the first year of life: the 95% Cls of
these odds ratios include 1 and they were not used to calculate PAF.

| 3315 at 1 year H 2931 skin prick testing (SPT) at 1 year }—‘ 2719 with SPT at 1 year and age of introduction reported

2669 skin prick testing (SPT) at 3 years

3232 at 3 years

2258 with both SPT and FFQ at 3 years

2434 food frequency questionnaire (FFQ) at 3 years

FIGURE E1. Canadian Healthy Infant Longitudinal Development (CHILD) Study Consort diagram of participation.
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FIGURE E2. Canadian Healthy Infant Longitudinal Development (CHILD) Study Ages of introduction of cow’s milk formula, non-formula
cow milk and milk products, egg, and peanut.

TABLE E1. Adjusted* associations (OR and 95% CI) between sensitization, possible IgE-mediated allergy and probable clinical
IgE-mediated allergy to peanut, egg and cow’s milk at age 3 years and age of introduction of the specific food after age 12 months in
the CHILD Cohort (expansion of Table I)

Sensitization Possible IgE-mediated allergy  Probable clinical IgE-mediated allergy
Age of introduction (mo) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
Peanut (>12 vs by 12) 2.38 (1.39, 4.07)+ 2.69 (1.42, 5.07)t 4.04 (1.66, 9.85)t
(N = 2437) (N =2426) (N = 2384)
Peanut (>9 vs by 9) 3.14 (1.13, 8.76)1 4.90 (1.18, 20.5)t g
(N = 2437) (N = 2426)
Peanut (>6 vs by 6) § § §
Egg (>12 vs by 12) 0.96 (0.49, 1.88)F 0.83 (0.092, 7.51)| 1.16 (0.12, 11.2)||
(N = 2511) (N = 2584) (N = 2485)
Egg (>9 vs by 9) 1.27 (0.72, 2.24)1 g §
(N = 2511)
Egg (>6 vs by 6) 0.92 (0.28, 3.04); 8 8
(N = 2511)
Cow’s milk (non-formula + formula) (>12 vs by 12) 4.34 (1.73, 10.9)+ § g
(N = 2562)
Cow’s milk (non-formula + formula) (>9 vs by 9) 1.77 (0.82, 3.82)1 § g
(N = 2562)
Cow’s milk (non-formula + formula) (>6 vs by 6) 1.34 (0.61, 2.97)F 8 8
(N = 2562)

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and
paternal histories of atopic conditions including asthma, rhinitis and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal
education, maternal race, paternal race, and study site were evaluated for possible confounding. Covariables whose inclusion changed the adjusted odds ratio by >10% were
retained in the models.

fLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, number of older
siblings, and maternal race.

tLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, and maternal race.
§The model would not run because too few children were present in one category.

|[Logistic regression adjusted for maternal race.
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TABLE E2. Age of introduction to peanut compared with peanut sensitization at age 1 year in the CHILD Cohort; the 1-year skin prick
testing cut points reflect nonsensitized and sensitized above and below the 95% predictive level®?F2

Peanut SPT at 1 y (mm)

N—peanut introduced <12 mo

N—peanut introduced >12-18 mo

N—peanut introduced >18 mo

0to <2 (N = 2596) 1209 843 544
2108 (N =117) 38 28 51
>8 (N = 6) 1 1 4

CHILD, Canadian Healthy Infant Longitudinal Development; SPT, skin prick testing.

TABLE E3. Comparison of CHILD Cohort children who had not been introduced to peanut by age 18 months with children introduced to
peanut after 12 but by 18 months; all of these children would have had the presence or absence of peanut sensitization known at the time
of peanut introduction; excluding children who were introduced to peanut before age 12 months: association between age of introduction
to peanut and sensitization, possible IgE-mediated allergy, and probable clinical IgE-mediated allergy to peanut at age 3 years with 1-year

skin prick test cut points reflecting nonsensitized and sensitized above and below the 95% predictive level = E4

Sensitization—all

Sensitization—no
moderate-severe
atopic dermatitis

Sensitization—no
moderate-severe
atopic dermatitis
in the first year or
egg sensitization/

Possible allergy —

Possible allergy —
no moderate-
severe atopic

dermatitis in the

Possible allergy —
no moderate-
severe atopic

dermatitis in the

first year or egg
sensitization/

1-y peanut SPT (mm) children in the first year reaction at 1y all children first year reaction at 1y

Comparison >18 mo

vs >12-18 mo OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

0to <2 3.20 (1.28, 7.97) 4.25 (1.51, 12.0) 4.92 (1.58, 15.3) 1.91 (0.58, 6.29) 2.71 (0.65, 11.4) 2.17 (0.48, 9.76)
(N = 1247) (N = 1201) (N = 1193) (N = 1242) (N = 1196) (N = 1188)

2to 8 2.94 (1.06, 8.14) 2.47 (0.85, 7.19) 2.37 (0.81, 6.91) 3.06 (1.08, 8.71) 2.52 (0.83, 7.62) 2.40 (0.79, 7.27)

N=1701 (N =63) (N =62) (N =67 (N =159 (N =58)
>8 * * * * * *

Probable allergy —no
moderate-severe atopic
dermatitis in the first year

Probable allergy —no moderate-severe
atopic dermatitis in the first year or egg
sensitization/reaction at 1y

Probable allergy —all

1-y peanut SPT (mm) children

Comparison >18 mo

vs >12-18 mo OR (95% CI) OR (95% CI) OR (95% CI)

0to <2 * * )

2to 8 2.86 (0.93, 8.75) 2.33 (0.71, 7.70) 2.18 (0.65, 7.25)
N =157 (N = 50) (N = 49)

>8

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio; SPT, skin prick testing.
*Models would not run because of too few children in some categories.
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TABLE E4. Sensitivity analyses (primary data in Table II) after removal of children who had their 1-year skin prick testing before their
1-year questionnaires were submitted and whose parents reported peanut introduction in the interval just before 12 months;
adjusted* associations (OR and 95% CI) between age of peanut introduction after age 12 months and peanut sensitization, possible
IgE-mediated peanut allergy, and probable clinical IgE-mediated clinical peanut allergy at age 3 years: comparison of the whole CHILD
Cohort and subsets excluding high-risk children

Introduction after Sensitization Possible IgE-mediated allergy Probable clinical IgE-mediated allergy
age 12 mo vs by
age 12 mo Adjusted OR (95% ClI) Adjusted OR (95% CI) Adjusted OR (95% CI)
All children 2.40 (1.37, 4.21)1 2.69 (1.42, 5.07)f 5.51 (1.92, 15.8)t
(N = 2338) (N = 2327) (N = 2285)
Children without 2.59 (1.43, 4.67)§ 3.24 (1.55, 6.77)| 7.16 (2.15, 23.9)||
moderate-to- (N = 2282) (N = 2271) (N = 2234)

severe atopic
dermatitis in the
first year of life
Children without 2.50 (1.36, 4.59)§ 2.94 (1.40, 6.18))| 6.41 (1.92, 21.4)||
moderate-to- (N = 2261) (N = 2250) (N = 2215)
severe atopic
dermatitis in the
first year of life
or egg
sensitization or
reactions by age
ly

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and
paternal histories of atopic conditions including asthma, rhinitis and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal
education, maternal race, paternal race, and study site were evaluated for possible confounding. Covariables whose inclusion changed the adjusted odds ratio by >10% were
retained in the models.

fLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, number of older
siblings, and maternal race.

tLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, and maternal race.
§Logistic regression adjusted for history of allergic reactions to foods in the first 6-12 months of life, number of older siblings, and maternal race.

|[Logistic regression adjusted for history of allergic reactions to foods in the first 6-12 months of life and maternal race.
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TABLE E5. Sensitivity analyses (primary data in Table | and Table E1) using 1 and 3 mm alternate cut points for positive skin prick tests to
evaluate adjusted* associations (OR and 95% CI) between sensitization, possible IgE-mediated food allergy, or probable clinical IgE-
mediated allergy to peanut, egg and cow’s milk at age 3 years and age of introduction of that food after ages 12, 9 and 6 months in

the CHILD Cohort

Introduction after age 12 mo vs before age 12 mo

Sensitization

Possible IgE-mediated allergy

Probable clinical IgE-mediated allergy

Adjusted OR (95% Cl)

Adjusted OR (95% CI)

Adjusted OR (95% CI)

Peanut (>12 vs by 12)

2 mm cut point

1 mm cut point

3 mm cut point
Peanut (>9 vs by 9)

2 mm cut point

1 mm cut point

3 mm cut point
Peanut (>6 vs by 6)
Egg (>12 vs by 12)

2 mm cut point

1 mm cut point

3 mm cut point
Egg (>9 vs by 9)

2 mm cut point

1 mm cut point

3 mm cut point
Egg (>6 vs by 6)

2 mm cut point

1 mm cut point

3 mm cut point
Cow’s milk (>12 vs by 12)

2 mm cut point

1 mm cut point

3 mm cut point
Cow’s milk (>9 vs by 9)

2 mm cut point

1 mm cut point

3 mm cut point
Cow’s milk (>6 vs by 6)

2 mm cut point

1 mm cut point

3 mm cut point

2.38 (1.39, 4.07)T
2.32 (1.39, 3.87)F
2.40 (1.34, 43Dt

3.14 (1.13, 8.76)¢

3.45 (1.24, 9.59)%

2.62 (0.93, 7.35)¢
§

0.96 (0.49, 1.88)%

1.05 (0.56, 1.98)%

0.92 (0.40, 2.12)%

1.27 (0.72, 2.24)1
1.12 (0.66, 1.92)f
1.39 (0.69, 2.81);

0.92 (0.28, 3.04)f
1.02 (0.31, 3.36)f
1.74 (0.23, 13.0)1

4.34 (1.73, 10.9)7
3.48 (1.4, 8.44)7
9.43 (3.07, 28.9)7

1.77 (0.82, 3.82)7
1.50 (0.74, 3.06)T
2.28 (0.80, 6.52)7

1.34 (0.61, 2.97)7
1.00 (0.49, 2.02)F
1.49 (0.50, 4.50)+

2.69 (1.42, 5.07)
2.82 (1.50, 5.31)7
2.86 (1.44, 5.67)7

4.90 (1.18, 20.5)
5.10 (1.22, 21.3)%
431 (1.03, 18.1);

¢

3

0.83 (0.092, 7.51)||
2.10 (0.50, 8.87)||
1.16 (0.12, 11.2)||

§
5.29 (0.65, 43.1))

4.04 (1.66, 9.85)1
4.10 (1.68, 9.99):
3.75 (1.53, 9.18)1

1.16 (0.12, 11.2)||
1.76 (0.32, 9.69)||
1.17 (0.12, 11.3)||

§
3.73 (0.44, 32.0)|
&

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and
paternal histories of atopic conditions including asthma, rhinitis and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal
education, maternal race, paternal race, and study site were evaluated for possible confounding. Covariables whose inclusion changed the adjusted odds ratio by >10% were
retained in the models.

fLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, number of older
siblings, and maternal race.

1Logistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, and maternal race.
§The model would not run because too few children were present in one category.

|[Logistic regression adjusted for maternal race.
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TABLE E6. Sensitivity analyses (primary data in Table Il) using 1 and 3 mm alternate cut points for positive skin tests to evaluate
adjusted* associations (OR and 95% CI) between age of peanut introduction after age 12 months and peanut sensitization, possible
IgE-mediated peanut allergy, and probable clinical IgE-mediated peanut allergy at age 3 years in the CHILD Cohort

Sensitization Possible IgE-mediated allergy Probable clinical IgE-mediated allergy

Introduction after age 12 mo
vs before age 12 mo Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

All children

2 mm cut point
1 mm cut point

3 mm cut point

Children without moderate-to-severe
atopic dermatitis in the first year of life

2 mm cut point
1 mm cut point

3 mm cut point

2.38 (1.39, 4.07)7
2.32 (1.39, 3.87)7
2.40 (1.34, 4.31)7

2.69 (1.51, 4.78)5
2.53 (1.47, 4.38)5
2.79 (148, 5.25)5

2.69 (1.42, 5.07)%
2.82 (1.50, 5.31)f
2.86 (1.4, 5.67)1

321 (1.58, 6.52)
3.31 (1.63, 6.69))
3.57 (1.64, 7.80)

4.04 (1.66, 9.85)t
4.10 (1.68, 9.99)1
3.75 (1.53, 9.18)1

5.94 (2.05, 17.2)||
5.94 (2.05, 17.2)||
5.47 (1.88, 15.9)||

Children without moderate-to-severe atopic
dermatitis in the first year of life or egg
sensitization or reactions by age 1y

2 mm cut point 2.58 (143, 4.67)5 2.91 (1.43, 5.93)) 5.31 (1.83, 15.4)
1 mm cut point 2.38 (1.35, 4.17)§ 2.91 (1.43, 5.93)) 531 (1.83, 15.4)||
3 mm cut point 275 (143, 5.30)5 3.20 (1.46, 7.02)) 4.87 (1.67, 14.2)|

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and
paternal histories of atopic conditions including asthma, rhinitis and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal
education, maternal race, paternal race and study site were evaluated for possible confounding. Covariables whose inclusion changed the adjusted odds ratio by >10% were
retained in the models.

fLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, number of older
siblings, and maternal race.

iLogistic regression adjusted for moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, and maternal race.
§Logistic regression adjusted for history of allergic reactions to foods in the first 6-12 months of life, number of older siblings, and maternal race.

|[Logistic regression adjusted for history of allergic reactions to foods in the first 6-12 months of life and maternal race.



TABLE E7. Sensitivity analyses (primary data in Table Ill) using 1 and 3 mm alternate cut points for positive skin prick tests to evaluate associations* between age of introduction to peanut

and peanut sensitization, possible IgE-mediated peanut allergy, and probable clinical IgE-mediated peanut allergy at age 3 years in the CHILD Cohort

Comparison vs <9
mo

Sensitization —no
moderate-severe
atopic dermatitis

Possible IgE-

mediated allergy —

no moderate-

Possible allergy —
no moderate-
severe atopic

dermatitis in the

Probable clinical

Probable clinical
IgE-mediated
allergy —no

Sensitization—no in the first year or Possible IgE- severe atopic first year or egg IgE-mediated moderate-severe
Sensitization —all atopic dermatitis egg sensitization/ mediated allergy — dermatitis in the sensitization/ allergy —all atopic dermatitis
children in the first year reaction at 1y all children first year reaction at 1y children in the first year
(N = 2517) (N = 2389) (N = 2365) (N = 2506) (N = 2378) (N = 2354) (N = 2463) (N = 2341)
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% ClI) OR (95% CI)

<9 mo
>9-12 mo
2 mm cut point
1 mm cut point
3 mm cut point
>12-18 mo
2 mm cut point
1 mm cut point
3 mm cut point
>18 mo
2 mm cut point
1 mm cut point
3 mm cut point

1.00 (reference)

1.77 (0.64, 4.85)
1.99 (0.73, 5.40)
1.43 (0.51, 4.04)

1.74 (0.64, 4.75)
1.95 (0.72, 5.26)
1.33 (0.47, 3.74)

7.24 (2.85, 18.4)
7.57 (2.99, 19.2)
6.57 (2.58, 16.7)

1.00 (reference)

1.31 (0.46, 3.74)
1.53 (0.55, 4.28)
0.98 (0.33, 2.93)

1.33 (0.47, 3.76)
1.44 (0.51, 4.02)
0.92 (0.31, 2.75)

6.48 (2.54, 16.6)
6.84 (2.68, 17.5)
5.79 (2.25, 14.9)

1.00 (reference)

1.51 (0.48, 4.78)
1.79 (0.58, 5.53)
1.09 (0.33, 3.66)

1.53 (0.49, 4.79)
1.53 (0.49, 4.79)
1.15 (0.35, 3.75)

7.51 (2.65, 21.2)
7.95 (2.82, 22.4)
6.64 (2.33, 18.9)

1.00 (reference)

2.20 (0.62, 7.85)
2.20 (0.62, 7.85)
1.83 (0.50, 6.69)

2.21 (0.63, 7.81)
2.56 (0.74, 8.90)
1.87 (0.52, 6.73)

8.95 (2.73, 29.3)
8.95 (2.73, 29.3)
8.39 (2.56, 27.6)

1.00 (reference)

1.45 (0.38, 5.50)
1.45 (0.38, 5.50)
1.08 (0.27, 4.36)

1.70 (0.47, 6.23)
1.88 (0.52, 6.77)
1.36 (0.36, 5.15)

7.54 (2.27, 25.0)
7.54 (2.27, 25.0)
6.96 (2.09, 23.2)

1.00 (reference)

2.20 (0.46, 10.4)
2.20 (0.46, 10.4)
1.64 (0.33, 8.18)

2.56 (0.56, 11.7)
2.56 (0.56, 11.7)
2.04 (0.43, 9.65)

10.1 (2.38, 42.9)
10.1 (2.38, 42.9)
9.24 (2.17, 39.4)

1.00 (reference)

3.32 (0.40, 27.7)
3.32 (0.40, 27.7)
3.32 (0.40, 27.6)

5.64 (0.73, 43.8)
5.66 (0.73, 44.0)
5.12 (0.65, 40.2)

17.7 (2.38, 132)
17.7 (2.38, 132)
16.9 (2.26, 126)

1.00 (reference)

2.18 (0.24, 19.6)
2.18 (0.24, 19.6)
2.18 (0.24, 19.5)

4.62 (0.58, 36.6)
4.62 (0.58, 36.6)
4.10 (0.51, 32.9)

14.6 (1.94, 110)
14.6 (1.94, 110)
13.7 (1.82, 103)

Lo°GLL

1V 13 SNOWIS

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio.

*Sex, moderate-severe atopic dermatitis in the first year of life, history of allergic reactions to foods in the first 6-12 months of life, age of formula introduction, maternal and paternal histories of atopic conditions including asthma, rhinitis
and food allergy, reported sibling food allergies, number of older siblings, socioeconomic status, maternal education, maternal race, paternal race, and study site were evaluated for possible confounding. Covariables whose inclusion changed
the adjusted odds ratio by >10% were retained in the models. Unadjusted models are reported. Models evaluating children with probable clinical IgE-mediated peanut allergy who had no moderate-severe atopic dermatitis in the first year or
egg sensitization at 1 year would not run because too few children were present in some categories.
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TABLE E8. Sensitivity analyses in the CHILD Cohort (primary data in Table V) using 1 and 3 mm alternate cut points for positive skin prick
tests to evaluate the association between age of introduction to peanut and sensitization, possible IgE-mediated allergy, and probable
clinical IgE-mediated allergy to peanut at age 3 years with 1-year skin prick test cut points reflecting the LEAP Study categories®®
(comparison of children introduced to peanut after 18 months with children introduced to peanut after 12 but by 18 months; all of
these children would have had the presence or absence of peanut sensitization known at the time of peanut introduction; excluding
children who were introduced to peanut before age 12 months)

1-y peanut SPT (mm)

Sensitization
—all children

Sensitization—no
moderate-severe
atopic dermatitis
in the first year

Sensitization—no
moderate-severe
atopic dermatitis
in the first year or
egg sensitization/
reaction at 1y

Possible IgE-
mediated allergy —
all children

Possible IgE-
mediated allergy —
no moderate-
severe atopic
dermatitis in the
first year

Possible IgE-
mediated allergy —
no moderate-
severe atopic
dermatitis in the
first year or egg
sensitization/
reaction at 1y

Comparison >18 mo

vs >12-18 mo

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

0
2 mm cut point
1 mm cut point
3 mm cut point
>0 to 4
2 mm cut point
1 mm cut point
3 mm cut point
>4
2 mm cut point
1 mm cut point

3 mm cut point

3.20 (1.28, 7.99)
2.85 (1.25, 6.50)
3.19 (1.19, 8.56)

5.38 (0.99, 29.3)
5.38 (0.99, 29.3)
9.64 (1.08, 86.2)

0.63 (0.062, 6.33)
0.63 (0.062, 6.33)
2.10 (0.39 11.4)

4.25 (1.51, 12.0)
4.10 (1.58, 10.6)
4.48 (142, 14.2)

4.87 (0.87, 27.3)
4.87 (0.87, 27.3)
8.62 (0.94, 78.7)

0.57 (0.055, 5.88)
0.57 (0.055, 5.88)
2.00 (0.34, 11.7)

4.92 (1.58, 15.3)
5.76 (1.89, 17.6)
4.08 (1.27, 13.1)

4.33 (0.76, 24.6)
4.33 (0.76, 24.6)
7.54 (0.81, 69.9)

0.53 (0.051, 5.55)
0.53 (0.051, 5.55)
1.88 (0.32, 11.0)

1.91 (0.58, 6.31)
1.36 (0.46, 4.08)
1.91 (0.58, 6.29)

9.23 (1.01, 83.9)
9.23 (1.01, 83.9)
7.50 (0.82, 68.9)

0.57 (0.057, 5.78)
0.57 (0.057, 5.78)
1.90 (0.35, 10.4)

2.71 (0.65, 11.4)
2.03 (0.54, 7.61)
2.71 (0.64, 11.4)

8.17 (0.88, 76.2)
8.17 (0.88, 76.2)
6.46 (0.68, 61.2)

0.50 (0.048, 5.23)
0.50 (0.048, 5.23)
1.75 (0.30, 10.3)

2.17 (0.48, 9.76)
2.17 (0.48, 9.76)
2.17 (0.48, 9.74)

7.00 (0.74, 66.6)
7.00 (0.74, 66.6)
5.39 (0.55, 52.4)

0.47 (0.044, 4.90)
0.47 (0.044, 4.90)
1.63 (0.27, 9.66)

1-y peanut SPT (mm)

Comparison >18 mo

vs >12-18 mo

Probable clinical IgE-
mediated allergy —all

Probable clinical IgE-
mediated allergy —no
moderate-severe atopic

Probable clinical IgE-
mediated allergy —no
moderate-severe atopic
dermatitis in the first year
or egg sensitization/

children

dermatitis in the first year

reaction at 1y

OR (95% CI)

0

>0to 4
2 mm cut point
1 mm cut point
3 mm cut point

>4
2 mm cut point
1 mm cut point
3 mm cut point

OR (95% CI)

7.64 (0.80, 73.1)
7.64 (0.80, 73.1)
6.36 (0.65, 62.7)

0.53 (0.051, 5.55)
0.53 (0.051, 5.55)
1.07 (0.16, 7.06)

OR (95% CI)

6.50 (0.65, 64.8)
6.50 (0.65, 64.8)
5.20 (0.50, 54.1)

0.48 (0.044, 5.22)
0.48 (0.044, 5.22)
1.00 (0.14, 7.10)

5.20 (0.50, 54.1)
5.20 (0.50, 54.1)
3.90 (0.35, 43.4)

0.44 (0.040, 4.82)
0.44 (0.040, 4.82)
0.92 (0.13, 6.56)

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; LEAP, Learning Early about Peanut; OR, odds ratio; SPT, skin prick testing.
*The models would not run because there were too few children in some categories.
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TABLE E9. Sensitivity analyses in the CHILD Cohort (primary data in Table E3) using 1 and 3 mm alternate cut points for positive skin
prick tests to evaluate association between age of introduction to peanut and sensitization, possible IgE-mediated allergy and probable
clinical IgE-mediated allergy to peanut at age 3 years with 1-year skin prick test cut points reflecting nonsensitized and sensitization
above and below the 95% predictive level®3E4 (comparison of children introduced to peanut after 18 months with children introduced
to peanut after 12 but by 18 months; all of these children would have had the presence or absence of peanut sensitization known at

the time of peanut introduction; excluding children who were introduced to peanut before age 12 months)

Sensitization—no

Sensitization—no
moderate-severe
atopic dermatitis

Possible IgE-
mediated allergy —
no moderate-

Possible IgE-
mediated allergy —
no moderate-
severe atopic
dermatitis in the

moderate-severe in the first year or Possible IgE- severe atopic first year or egg
Sensitization — atopic dermatitis egg sensitization/ mediated allergy — dermatitis in the sensitization/
1-y peanut SPT (mm) all children in the first year reactions at 1y all children first year reactions at 1y
Comparison >18 mo
vs >12-18 mo OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

0to <2
2 mm cut point
1 mm cut point
3 mm cut point
2t08
2 mm cut point
1 mm cut point
3 mm cut point
>8

3.20 (1.28, 7.97)
2.85 (1.25, 6.49)
3.19 (1.19, 8.55)

2.94 (1.06, 8.14)
2.94 (1.06, 8.14)
4.42 (148, 13.2)

4.25 (1.51, 12.0)
4.10 (1.58, 10.6)
4.48 (142, 14.2)

2.47 (0.85, 7.19)
2.47 (0.85, 7.19)
3.94 (1.22, 12.7)

4.92 (1.58, 15.3)
5.76 (1.89, 17.6)
4.08 (1.27, 13.1)

2.37 (0.81, 6.91)
2.37 (0.81, 6.91)
3.76 (1.16, 12.2)

1.91 (0.58, 6.29)
1.36 (0.46, 4.07)
1.91 (0.58, 6.28)

3.06 (1.08, 8.71)
3.06 (1.08, 8.71)
3.79 (1.26, 11.4)

271 (0.65, 11.4)
2.03 (0.54, 7.61)
271 (0.64, 11.4)

2.52 (0.83, 7.62)
2.52 (0.83, 7.62)
3.22 (0.98, 10.6)

2.17 (0.48, 9.76)
2.17 (0.48, 9.76)
2.17 (0.48, 9.74)

2.40 (0.79, 7.27)
2.40 (0.79, 7.27)
3.04 (0.92, 10.0)

*

Probable clinical IgE-
mediated allergy —no
moderate-severe atopic
dermatitis in the first year
or egg sensitization/
reactions at 1y

Probable clinical IgE-
mediated allergy —no
moderate-severe atopic
dermatitis in the first year

Probable clinical IgE-
mediated allergy —all

1-y peanut SPT (mm) children

Comparison >18 mo
vs >12-18 mo

OR (95% CI)
0to <2 e
2-8

OR (95% CI)

OR (95% CI)

2 mm cut point
1 mm cut point
3 mm cut point

>8 mm

2.86 (0.93, 8.75)
2.86 (0.93, 8.75)
3.17 (1.00, 10.0)

2.33 (0.71, 7.70)
2.33 (0.71, 7.70)
2.63 (0.76, 9.08)

2.18 (0.65, 7.25)
2.18 (0.65, 7.25)
2.44 (0.70, 8.50)

CHILD, Canadian Healthy Infant Longitudinal Development; CI, confidence interval; OR, odds ratio; SPT, skin prick testing.
*The models would not run because there were too few children in some categories.
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