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What is already known about this topic? The Learning Early About Peanut allergy study demonstrated the efficacy of
early introduction of allergenic foods such as peanuts for the primary prevention of peanut allergy. Consensus guidelines
in the United Kingdom and Europe now recommend the early introduction of peanut in high-risk infants to reduce the risk of
developing peanut allergy.

What does this article add to our knowledge? The prevalence of food allergy (particularly that of peanut allergy) in
Singapore, an Asian country, is low despite delayed introduction of allergenic foods such as peanuts, shellfish, and eggs,
even in high-risk infants with eczema.

How does this article impact current management guidelines? Changing current infant feeding practices to recom-
mend early introduction of specific allergenic foods for food allergy prevention thus may not be applicable to all populations
as a whole. Further studies in different ethnic groups and countries are needed before implementing new recommen-
dations on early introduction of allergenic foods such as peanuts for the prevention of food allergy universally.
BACKGROUND: There is mounting evidence that early
introduction of allergenic food decreases the risk of
food allergy development, especially in high-risk infants
aDepartment of Paediatrics, Yong Loo Lin School of Medicine, National University
of Singapore, Singapore

bKhoo Teck Puat-National University Children’s Medical Institute, National
University Hospital, National University Health System, Singapore

cBiostatistics Unit, Yong Loo Lin School of Medicine, National University Health
System, Singapore

dSingapore Institute for Clinical Sciences, Agency for Science, Technology and
Research, Singapore

eAllergy Service, Department of Paediatrics, KK Women’s and Children’s Hospital,
Singapore

fRespiratory Service Medicine, Department of Paediatrics, KK Women’s and
Children’s Hospital, Singapore

gDepartment of Endocrinology, KK Women’s and Children’s Hospital, Singapore
hDepartment of Maternal Fetal Medicine, KK Women’s and Children’s Hospital,
Singapore

iNIHR Southampton Biomedical Research Centre, University of Southampton and
University Hospital Southampton NHS Foundation Trust, Southampton, United
Kingdom

jMedical Research Council Lifecourse Epidemiology Unit, University of South-
ampton, Southampton, United Kingdom

kSaw Swee Hock School of Public Health, National University of Singapore,
Singapore

lClinical Nutrition Research Centre, Singapore Institute for Clinical Sciences,
Agency for Science, Technology and Research, Singapore

mDepartment of Obstetrics and Gynaecology, Yong Loo Lin School of Medicine,
National University of Singapore and National University Health System,
Singapore

This research was supported by the Singapore National Research Foundation under
its Translational and Clinical Research Flagship Program and administered by the
Singapore Ministry of Health’s National Medical Research Council (NMRC),
with eczema. However, there is a lack of data to
suggest whether this association holds true in Asian
populations.
Singapore (grants nos. NMRC/TCR/004-NUS/2008 and NMRC/TCR/012-
NUHS/2014). Additional funding was provided by the Singapore Institute for
Clinical Sciences, Agency for Science Technology and Research, Singapore.
K.M.G. was supported by the National Institute for Health Research (NIHR)
through the NIHR Southampton Biomedical Research Centre and by the European
Union’s Seventh Framework Program (FP7/2007-2013), projects EarlyNutrition
(grant no. 289346) and ODIN (Food-based solutions for Optimal vitamin D
Nutrition and health through the life cycle) (grant no. 613977).

Conflicts of interest: K. M. Godfrey has received research support from NIHR
Southampton Biomedical Research Centre and European Union’s Seventh
Framework Program and has received speaker fees from Abbott Nutrition, Nestle,
and Danone. Y. S. Chong has received research support from the National
Medical Research Council and Singapore Institute of Clinical Sciences and has
received speaker fees from Abbott Nutrition, Nestle, and Danone. L. P. Shek has
received speaker fees from Danone and Nestle; has received consultancy fees from
Mead Johnson & Nestle; and has received research support from Danone. K. M.
Godfrey and Y. S. Chong are part of an academic consortium that has received
research funding from Abbot Nutrition, Nestle, and Danone. The rest of the
authors declare that they have no relevant conflicts of interest.

Received for publication March 31, 2017; revised May 18, 2017; accepted for
publication June 2, 2017.

Available online --

Corresponding author: Elizabeth Huiwen Tham, MRCPCH, Division of Allergy and
Immunology, Department of Paediatrics, Yong Loo Lin School of Medicine,
National University of Singapore, 1E Kent Ridge Rd, Level 12 NUHS Tower
Block, Singapore 119228. E-mail: elizabeth_tham@nuhs.edu.sg.

2213-2198
� 2017 American Academy of Allergy, Asthma & Immunology
http://dx.doi.org/10.1016/j.jaip.2017.06.001

1

mailto:elizabeth_tham@nuhs.edu.sg
http://dx.doi.org/10.1016/j.jaip.2017.06.001


J ALLERGY CLIN IMMUNOL PRACT
MONTH 2017

2 THAM ETAL
Abbreviations used

GUSTO- G
rowing Up in Singapore Towards healthy Outcomes
OR- O
dds ratio

SPT- S
kin prick test
OBJECTIVE: To investigate the relationship between the timing
of introduction of allergenic foods and food allergy outcomes in
infants in the Growing Up in Singapore Towards healthy
Outcomes (GUSTO) study.
METHODS: The GUSTO cohort recruited 1152 mothers of
Chinese, Malay, and Indian ethnicity who had singleton, naturally
conceived pregnancies and followed their offspring prospectively.
Information on demographic characteristics, child health, infant
feeding practices, and a convincing history of IgE-mediated food
allergy was obtained from interviewer-administered questionnaires
at multiple time points. Corroborative skin prick tests to food
allergens were performed at 18 and 36 months.
RESULTS: Most of the infants were introduced to egg (49.6%),
peanut (88.7%), and shellfish (90.2%) after age 10 months. Food
allergy prevalence was, however, very low between age 12 and 48
months: egg, 0.35% to 1.8%; peanut allergy, 0.1% to 0.3%; and
shellfish, 0.2% to 0.9%. There were no significant associations
between the timing of introduction of allergenic foods and the
development of food allergy, adjusted for confounders including
breast-feeding and eczema.
CONCLUSIONS: Food allergy rates in Singapore are low
despite delayed introduction of allergenic foods. Early
introduction of allergenic foods may thus not be necessary in
populations in which overall food allergy prevalence is low, and
thus infant feeding recommendations should be carefully
tailored to individual populations. � 2017 American Academy
of Allergy, Asthma & Immunology (J Allergy Clin Immunol
Pract 2017;-:---)

Key words: Food allergy; Allergy prevention; Solids introduc-
tion; Allergenic food introduction; Complementary feeding; Egg;
Milk; Peanut

The recent publication of several randomized controlled trials
investigating the early introduction of allergenic foods for food
allergy prevention has fueled renewed interest in the long-
standing debate on the optimal timing of introduction of aller-
genic foods.1-6

Previous guidelines released in 2000 by the World Health
Organization recommended that solid foods should not be
introduced into the diets of infants until age 6 months.7 The
American Academy of Pediatrics further recommended maternal
restriction of cow’s milk, eggs, fish, peanuts, and tree nuts during
lactation and that dairy products should be delayed until 1 year,
eggs until 2 years, and peanuts, nuts, and fish until age 3 years for
the prevention of food allergy.8 However, in the light of interim
studies that failed to show protective benefits of these measures,
the American Academy of Pediatrics and the National Institute
of Allergy and Infectious Diseases replaced these guidelines in
2008 with new recommendations that complementary foods
should instead be introduced to infants no later than age 4 to 6
months and that delayed introduction of allergenic foods was no
longer necessary.9,10 This was further corroborated by observa-
tional data from birth cohorts in Europe, the United Kingdom,
and the United States published after 2008, which found no
benefit in delaying solid food introduction.11,12 In fact, a pro-
tective effect against food allergy was observed in infants with a
parental history of atopy13 and normal healthy infants in whom
solids were introduced before age 4 months.14

Du Toit et al15 observed that Israeli children who consumed
peanuts in high quantities from early life had a significantly lower
prevalence of peanut allergy compared with Jewish children
living in the United Kingdom who avoided peanuts. A study of
13,234 newborn infants in Israel found that infants exposed to
cow’s milk in the first 14 days of life were less likely to become
allergic to cow’s milk compared with those with first exposure
after 14 days of life.16 The Australian HealthNuts study observed
that delayed introduction of cooked egg was associated with an
increased risk of egg allergies at age 12 months,17 and Poole
et al18 also found that the delayed introduction of cereal grains
after 6 months of life was associated with an increased risk of
IgE-mediated wheat allergy. A case-control study by Onizawa
et al19 of Japanese infants allergic to cow’s milk likewise observed
a lower incidence of cow’s milk allergy in infants in whom cow’s
milk had been introduced within the first month of life.

The Learning Early About Peanut (LEAP) allergy study was a
landmark randomized controlled trial published in 2015. It
showed a significant risk reduction of peanut allergy at age 5
years in high-risk UK infants (with severe eczema and/or egg
allergy and peanut skin prick test [SPT] responses of �4 mm)
who had consumed peanut regularly from age 4 to 11 months.1

However, several other randomized controlled trials in Australia
and Germany, which tested this hypothesis in egg allergy, failed
to demonstrate convincing evidence that early egg introduction
was able to reduce the risk of egg allergy in both high-risk and
normal-risk infants.3-5,20 The Enquiring About Tolerance (EAT)
study also did not show any efficacy of early introduction of 6
allergenic foods to fully breast-fed normal-risk infants against
food allergy development although some protection for peanut
and egg allergy was observed in the per-protocol analysis only.2

A meta-analysis of these early introduction trials found that
early introduction of peanut and egg was associated with a lower
risk of respective food allergy, although it was acknowledged that
there were limitations such as imprecise effect estimates, indi-
rectness, and heterogeneity between the populations studied.21

There are, however, scant data on the effects of the timing of
complementary or allergenic food introduction and the devel-
opment of food allergies in other Asian populations. Asia is the
largest and most populous continent in the world, home to more
than 4.4 billion people with enormous cultural, dietary, and
religious diversity. Food allergy rates in Asia are low, ranging
from just 1.1% in Thailand22 to 3.8% in China,23 the highest
being 5% in Japan24 and Korea,25 in comparison with 10% in
Australia, 5% in the United States, and 4% to 6% in the United
Kingdom in children younger than 5 years.26 There are currently
no published data on the overall prevalence of food allergy in
Singapore, but a large population-based survey of schoolchildren
by Shek et al27 reported prevalence of shellfish and peanut al-
lergy, by convincing history alone, to be 1.19% and 0.64%,
respectively, in 4- to 6-year-old schoolchildren and 5.23% and
0.47% in 14- to 16-year-old schoolchildren.27 The timing of
complementary feeding has historically been postulated to be a
major contributory factor toward the relatively lower food allergy
rates in Asia.28 Between 25% and 65% of Chinese infants were
introduced to complementary foods before age 4 months,29,30

presumably reflected in their low food allergy risk, whereas
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only 3% of Australian infants and 10% of UK infants were
weaned before 4 months.31,32

In this study, we sought to explore the associations between
the timing of allergenic food introduction and the development
of food allergy in the Growing Up in Singapore Towards healthy
Outcomes (GUSTO) birth cohort.

METHODS

The GUSTO cohort is a population-based birth cohort study in
Singapore comprising extensive longitudinal assessments of mother-
infant pairs from pregnancy and through childhood. The GUSTO
study methodology has been previously described in detail.33 We
recruited 1,247 women of Chinese, Malay, and Indian ethnicity who
were in their first trimester of pregnancy from the 2 major public
obstetric hospitals in Singapore—the National University Hospital
and the KK Women’s and Children’s Hospital—between June 2009
and September 2010, of whom 1,152 had singleton, naturally
conceived pregnancies and were included in this study. The ethics
boards of both hospitals approved this study.

Parental demographic data inclusive of age, ethnicity, education
level, and socioeconomic status as well as family history of atopy
(self-reported diagnosis of asthma, allergic rhinitis, or eczema in the
mother, father, or sibling) were captured at recruitment using
interviewer-administered questionnaires. Information on birth and
delivery, child health, pet ownership, childcare attendance, eczema,
and food allergy of the offspring was obtained from interviewer-
administered questionnaires, including the modified International
Study of Asthma and Allergies in Childhood questionnaire,34-36 at
birth and at age 3, 6, 9, 12, 15, 18, 24, 36, and 48 months. Eczema
was defined as a parental-reported doctor’s diagnosis of eczema at
any of the aforementioned time points. Food allergy was defined as a
convincing history of an IgE-mediated reaction to a food product at
age 12, 18, 24, 36, or 48 months; at 18 and 36 months, the defi-
nition included a positive SPT result, with a wheal diameter of 3 mm
or larger, in addition to a convincing history of an IgE-mediated
reaction to the food allergen.

Breast-feeding, infant feeding, and complementary food intro-
duction practices were ascertained from interviewer-administered
questionnaires at age 3 and 6 weeks as well as at age 3, 6, 9, 12,
and 36 months. Information on breast-feeding status at age 6
months as well as the age of introduction of all solid foods, inclusive
of allergenic foods such as cow’s milk, egg, peanut, and shellfish, was
gathered from these questionnaires. The age of introduction of
allergenic foods was determined from answers to the following
questions asked at each time point: “Has your child eaten the
following (food): cow’s milk (which included cow’s milkebased
formulas), egg white, egg yolk, peanut?” and “How old was the child
when he/she first ate the following (food)?” At 36 months, the
question “Is the child currently eating the following (food)?” was
again asked to verify ongoing consumption of the food item.

Statistical analysis

All data collected were analyzed using SPSS version 22.0 (IBM
Corp, New York, NY) for Windows. The Fisher exact test was used
to assess significance between food allergy and demographic char-
acteristics, infant characteristics, and feeding practices across each
time point for data with values less than 5 counts. Risk factors for
food allergy at the various time points were analyzed using multi-
variate logistic regression with Bonferroni correction, adjusting for
confounders such as ethnicity, sex, household income, maternal
education status, breast-feeding, and mode of delivery. Results with
P values less than .05 were considered significant. The results of a
univariate analysis of the timing of introduction of each allergenic
food (milk, egg, peanut, and shellfish) in association with sensiti-
zation and food allergy outcomes were analyzed using the Fisher
exact test to indicate trends. Timing of introduction of egg was
analyzed by early introduction (defined by introduction before age 6
months) and delayed introduction (after age 10 months), and a
subgroup analysis of the high-risk infants who had eczema was also
performed. Multivariate logistic regression was adjusted for potential
confounders including breast-feeding status and family history of
atopy, when sample size allowed.

RESULTS

Timing of complementary and allergenic food

introduction
A total of 922 participants (80%) completed questionnaires at

6 months, 902 (78.3%) at 12 months, 769 (66.8%) at 18
months, 881 (76.4%) at 24 months, 855 (74.2%) at 36 months,
and 851 (73.9%) at 48 months.

Twenty infants (2.2%) were introduced to solids before age 4
months and 281 (31.2%) were introduced to solids between age
4 and 6 months. Most of the infants (66.6%) were weaned after
age 6 months (mean, 5.6 months; range, 1-10 months). The first
solid foods introduced were rice cereal (53.7%), nonrice cereal
(17.2%), and rice porridge (12.1%). Timing of introduction of
allergenic foods such as egg, peanut, and shellfish was delayed
beyond age 10 months in most of the GUSTO infants
(P < .001) (Figure 1). Most of the infants were introduced to
cow’s milk before age 4 months (66.7%)—because 51.3% of the
cohort received cow’s milk in the form of infant formula in the
first month of life, the overall mean age of cow’s milk intro-
duction was 3.8 � 6.24 months. However, egg yolk (mean age at
introduction, 9.5 � 3.54 months) and egg white (10.5 � 4.10
months) were introduced much later. Data on timing of shellfish
and peanut introduction were available up to 12 months and 36
months, respectively. Most infants (84.3%) had still not
consumed any shellfish by age 12 months and 4.9% of infants
had still not been exposed to peanut by age 36 months. Peanut
was introduced only at a mean age of 19 � 7.87 months in those
who had been exposed by age 36 months.

Food allergy

The overall prevalence of food allergy at 12 months was 2.9%
(26 of 902) and 2.7% (21 of 769) at 18 months but this dropped
to 1.6% (14 of 881), 1.1% (9 of 855), and 1.5% (13 of 851) at
24, 36, and 48 months, respectively (Figure 2). Egg was the most
common allergenic food at 12 months (1.8%), 18 months
(1.2%; SPT range, 3-7 mm), and 24 months (0.7%). Cow’s milk
was the next most common, affecting 0.1% to 0.44% of infants
between 12 and 24 months (SPT, 3 mm). However, in the older
age group, shellfish was the predominant allergen, although this
prevalence was still low—0.6% (5 of 855) at 36 months and
0.9% (8 of 851) at 48 months. Peanut allergy was exceedingly
rare in the Singapore population, affecting only 0.1% to 0.3% of
infants across all the time points (SPT range, 4-10 mm). Wheat,
soy, fish, and tree nut allergies were rare in this population and
were grouped under “Others” as shown in Figure 2.
A convincing history of wheat allergy was reported in only 0.1%
(1 of 902) at 12 months, 0.1% (1 of 769) at 18 months, and
none at 24 months. A convincing history of soy-related reactions
was reported in 0.2% (2 of 769) at 18 months and none at
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white, peanut, and shellfish were each first introduced to infants is displayed.
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12 and 24 months. SPTs to wheat and soy were not performed
in this cohort because of the low prevalence of wheat and soy
allergy in our population (unpublished data).

The cumulative incidence of eczema was 3.8% (34 of 850) at
3 months, 9.6% (79 of 819) at 6 months, 15% (115 of 769) at
12 months, 20.7% (151 of 730) at 18 months, and 23.1% (172
of 743) at 24 months. Baseline characteristics of food-allergic and
nonefood-allergic infants at age 12 months are presented in
Table I. Food-allergic infants were significantly more likely to
have a family history of atopy (P ¼ .006) and preexisting eczema
at age 3 and 6 months (P < .001) and came from families who
owned cats (P < .001). The results of the multivariate analysis of
demographic risk factors for food allergy at 12, 18, 24, and 36
months are presented in Table II.

Antecedent doctor-diagnosed eczema was a significant risk
factor for food allergy at all time points, but after Bonferroni
correction, eczema at age 3, 6, and 12 months remained signif-
icant for food allergy at age 12 months. Subjects who had
required the use of topical steroids, used as a surrogate indicator
of greater disease severity, had an even higher risk of developing
food allergy by age 12 months. The use of topical steroids before
age 3, 6, and 12 months was associated with an adjusted odds
ratio (OR) of food allergy by age 12 months of 28.96 (95% CI,
7.84-107; P < .001), 23.54 (95% CI, 7.54-73.50; P < .001),
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and 8.30 (95% CI, 2.75-25.10; P < .001), respectively. Similar
associations were also evident for food allergy at age 24 months;
the use of topical steroids for eczema before age 3, 6, and 12
months had an adjusted OR of food allergy by age 12 months of
68.43 (95% CI, 10.43-448.9; P < .001), 12.87 (95% CI, 2.82-
58.82; P ¼ .001), and 8.49 (95% CI, 1.84-39.16; P ¼ .006),
respectively (Table II).

Cat ownership at age 6 months was associated with food al-
lergy at age 12 months even after Bonferroni correction, but this
was not observed at age 18, 24, and 36 months.

A family history of atopy was a risk factor for any food allergy
at age 12 months and specifically maternal rhinitis for food al-
lergy at age 18 months. Food allergy at age 24 months was
significantly associated with asthma in a sibling, maternal
rhinitis, and paternal eczema. These variables were, however, no
longer significant after Bonferroni correction. There were no
significant associations between food allergy and other de-
mographic variables such as ethnicity, sex, household income,
maternal education status, mode of delivery, and breast-feeding
status at 6 months.

Infants in whom the introduction of egg was delayed beyond
age 10 months were more likely to become sensitized to egg
(defined as SPT wheal diameter of �3 mm) by age 18 months
(4.6%; SPT range, 3-7 mm; median, 3 mm) than those who had
been introduced to egg before age 10 months (1%; SPT range,
0-3 mm; median, 3 mm) (P ¼ .01) (see Table E1 in this article’s
Online Repository at www.jaci-inpractice.org).

A similar trend was observed at 36 months—0.8% (4 of
519) of infants with delayed egg introduction were sensitized
(SPT range, 3-4 mm; median, 3 mm) compared with none
who had been introduced early, although this did not reach
statistical significance. The trend toward increased sensitization
was also seen in those who had delayed introduction of peanut,
but not for milk, at both time points but this was not statis-
tically significant (see Table E1 in this article’s Online
Repository).

http://www.jaci-inpractice.org


TABLE I. Characteristics of food-allergic and nonefood-allergic
subjects at 12 mo

Demographic variable

(N [ 902)

Nonefood-allergic,

n (%) (n [ 876)

Food-allergic,

n (%) (n [ 26)

P
value

Sex

Male 452 (96.8) 15 (3.2) .56

Female 424 (97.5) 11 (2.5)

Ethnicity

Chinese 486 (96.6) 17 (3.4)

Malay 222 (96.5) 8 (3.5) .27

Indian 166 (99.4) 1 (0.6)

Mode of delivery

Vaginal 610 (97.3) 17 (2.7) .88

Cesarean 265 (96.7) 9 (3.3)

Maternal education

Nontertiary 563 (97.4) 15 (2.6) .65

Tertiary 304 (96.5) 11 (3.5)

Household income

<$4000 378 (97.4) 10 (2.6) .87

>$4000 444 (96.9) 2 (3.6)

Household smoking at 6 mo

No 412 (96.7) 14 (3.3) .56

Yes 253 (98.1) 5 (1.9)

Breast-feeding at 6 mo

No 500 (97.3) 14 (2.7) .35

Yes 325 (96.4) 12 (3.6)

Family history of atopy

Yes 325 (95.0) 17 (5.0) .006

No 551 (98.4) 9 (1.6)

Presence of sibling

No 305 (97.8) 7 (2.2) .71

Yes 510 (96.8) 17 (3.2)

Childcare attendance

No 606 (97.1) 18 (2.9) .97

Yes 43 (97.7) 1 (2.3)

Cat ownership

No 821 (97.5) 21 (2.5) <.001

Yes 4 (50.0) 4 (50.0)

Dog ownership

No 613 (97.1) 18 (2.9) .98

Yes 39 (97.5) 1 (2.5)

Eczema at 3 mo

No 758 (98.3) 13 (1.7) <.001

Yes 22 (75.9) 7 (24.1)

Eczema at 6 mo

No 764 (98.3) 13 (1.7) <.001

Yes 48 (80.0) 12 (20.0)
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Timing of allergenic food introduction and food

allergy development
We observed a trend between delayed introduction of egg

(>10 months) and the development of egg allergy at 12, 18, and
24 months, but this was not statistically significant (see Table E2
in this article’s Online Repository at www.jaci-inpractice.org).
Food allergy outcomes were too small for multivariate analysis at
18 and 24 months. None of the infants who were introduced to
egg early (<6 months) developed egg allergy, compared with
those who were introduced to egg after age 6 months—1.7% at
12 months, 1.1% at 18 months, and 0.8% at 24 months. The
total number of infants who were introduced to egg before 6
months was very low (N ¼ 21), precluding further multivariate
analysis.

Because infant-onset eczema was a significant risk factor for
food allergy, subgroup analysis was performed in this high-risk
group (see Table E2 in this article’s Online Repository). Like-
wise, a trend toward egg allergy at 18 (4.4%) and 24 (3.3%)
months was observed in infants who were introduced to egg after
age 10 months compared with those who had been introduced
earlier. The single infant who was introduced to egg before age 6
months did not develop egg allergy at later time points. Multi-
variate analysis was again not possible because of small outcomes.

The trend for milk allergy was not consistent but numbers
were very low: 0.6% (4 of 685) of infants introduced to cow’s
milk before age 10 months became allergic to cow’s milk by age
12 months, compared with none who were introduced to cow’s
milk late. The single infant who was allergic to milk at 18
months had been given cow’s milk before age 10 months, but
there were none in the late introduction group. At 24 months,
0.3% (2 of 687) of infants introduced to cow’s milk before age
10 months were allergic to milk compared with 0.5% (1 of 183)
who were introduced to cow’s milk late.

There were no significant associations between the timing of
introduction of peanut or shellfish with the development of these
food allergies at later time points. After adjustment for con-
founders, the timing of introduction of allergenic foods was also
not significantly associated with antecedent eczema, family his-
tory of atopy, breast-feeding status at 6 months, childcare
attendance, or pet ownership (data not shown).
DISCUSSION
This study demonstrates evidence contrary to the current

belief that delayed allergenic food introduction increases the risk
of developing food allergies. Food allergy rates in the GUSTO
cohort were very low despite the delayed timing of allergenic
food introduction. Infants were generally weaned in accordance
to World Health Organization infant weaning guidelines, which
recommended introduction of complementary foods beginning
at 6 months,37 but introduction of egg, peanut, and shellfish
were delayed beyond age 10 months in most of the infants.
Although we observed a small and nonsignificant trend toward
an increased risk of egg allergy in infants who had been intro-
duced to egg after age 10 months, including those with eczema,
the overall prevalence of egg allergy in the whole cohort was still
very low. The highest prevalence was only 1.8% at age 12
months, much lower than the Australian HealthNuts cohort
(>10%).38 The low numbers also precluded statistical adjust-
ment for confounders, and the large ORs and wide CIs seen on
multivariate analysis are a reflection of the small numbers.

There are scant data on the timing of complementary or
allergenic food introduction and food allergy outcomes in Asia.
The recently published Prevention of Egg allergy with Tiny
amount InTake (PETIT) study was the first randomized
controlled trial in Asia that investigated the effects of early
introduction of heated egg powder in high-risk Japanese infants
with atopic dermatitis on the development of egg allergy.6 The
intervention group received a 2-step protocol of 50 mg heated
whole egg powder between age 6 and 9 months, which was

http://www.jaci-inpractice.org


TABLE II. Multivariate analysis of risk factors for food allergy

Risk factor

Food allergy

12 mo 18 mo 24 mo 36 mo

Adjusted OR (95% CI) Adjusted P value Adjusted OR (95% CI) Adjusted P value Adjusted OR (95% CI) Adjusted P value Adjusted OR (95% CI) Adjusted P value

Doctor-diagnosed eczema

3 mo

All cases 12.78 (2.53-64.28) .002* 3.36 (0.39-28.81) .27 46.10 (2.21-962.78)† .01* 1.39 (0.011-173.51) .89

Use of topical steroids 28.96 (7.84-107) <.001* 2.27 (0.23-21.9) .48 68.43 (10.43-448.9) <.001* 0.00 .00

6 mo

All cases 7.55 (2.07-27.62) .002* 0.84 (0.12-6.12) .86 1.31 (0.106-17.54) .81 0.018 (0.00-4.24) .15

Use of topical steroids 23.54 (7.54-73.50) <.001* 9.02 (2.59-31.39) <.001* 12.87 (2.82-58.82) .001* 0.00 .00

12 mo

All cases 7.79 (3.02-20.10) <.001* 7.63 (1.13-50.90) .04 1.26 (0.04-40.77) .90 304.27 (1.98-46,861.16)† .03

Use of topical steroids 8.30 (2.75-25.10) <.001* 1.82 (0.34-9.78) .49 8.49 (1.84-39.16) .006* 0.00 .00

Family history of atopy 6.69 (1.35-33.27) .02 1.17 (0.18-7.61) .87 0.05 (0.00-2.11) .12 2.06 (0.022-190.4) .75

Asthma

Paternal 0.23 (0.022-2.32) .21 1.023 (0.13-7.81) .98 24.14 (0.48-1,206.80) .111 0.11 (0.00-49.77) .48

Maternal 1.80 (0.48-6.79) .39 0.24 (0.02-3.15) .28 0.00 .994 0.14 (0.00-54.73) .51

Sibling 0.45 (0.04-5.05) .52 1.31 (0.12-14.9) .83 157.26 (2.49-9,947.90)† .02 0.00 .99

Rhinitis

Paternal 0.60 (0.13-2.86) .52 0.85 (0.16-4.61) .85 0.22 (0.10-10.17) .44 19.9 (0.224-1,766.19) .19

Maternal 1.13 (0.30-4.29) .86 5.56 (1.07-28.83) .04 35.38 (1.15-1,092.40)† .04 0.22 (0.002-21.18) .52

Sibling 0.00 .99 0.00 .99 0.183 (0.00-28.87) .51 43.68 (0.58-3,270.39)† .09

Eczema

Paternal 0.44 (0.06-3.31) .43 2.43 (0.33-18.13) .39 77.72 (3.462-1,744.58)† .006* 11.69 (0.148-922.26)† .27

Maternal 0.50 (0.11-2.28) .37 1.08 (0.192-6.01) .93 13.68 (0.97-193.10) .05 26.33 (0.163-4,240.87)† .21

Sibling 0.44 (0.05-3.61) .44 3.57 (0.38-33.73) .27 1.12 (0.02-44.29) .96 0.00 .99

Childcare attendance 0.49 (0.04-6.67) .59 0.38 (0.012-7.89) .53 0.44 (0.01-16.59) .66 0.00 .99

Cat ownership at 6 mo 26.05 (3.09-220.01)† .003* 12.88 (1.05-157.43)† .05 8.67 (0.21-364.72) .26 0.000 .99

Dog ownership at 6 mo 1.11 (0.09-13.42) .93 1.12 (0.06-20.86) .94 0.03 (0.00-1124) .69 4,354.40 (5.052-376,123)† .02

Note. Adjusted for sex, ethnicity, household income, maternal education level, breast-feeding status, sibling, and mode of delivery.
Bold values indicate statistical significance (P <.05).
*Still significant after Bonferroni correction.
†Large OR and CIs are due to the small number of food allergy outcomes.
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increased to 250 mg from age 9 to 12 months. The authors
showed a significantly reduced risk of hen’s egg allergy through
open food challenge at age 12 months (8% [5 of 60]) compared
with the placebo group (38% [23 of 61]) with a risk difference of
29.4% (95% CI, 15.3-43.4) and a number needed to treat of
3.40 (2.30-6.52). There were, however, concerning significant
differences between the intervention and placebo groups at
baseline that could have biased the results toward significance:
The mean SCORAD (Scoring Atopic Dermatitis; a clinical tool
for the assessment of extent and severity of atopic dermatitis) in
the placebo group was higher than that in the intervention group
(42.0 vs 27.5; P ¼ .030). The egg whiteespecific IgE concen-
tration was also higher at baseline in the placebo group than in
the intervention group (4.46 vs 0.73; P ¼ .0051), as was the
total IgE (41.2 vs 16.5; P ¼ .00024). The trial was also termi-
nated early because the interim analysis of the first 100 partici-
pants showed a significant difference in the 2 groups, and thus
only a small number of participants (60 in each group) were
included in the final analysis. A larger study without risk of bias
would be needed before definite conclusions can be made about
whether early introduction of allergenic food would be effective
or even necessary in Asian populations.

Food allergy rates in Asia are generally lower than in the
West26 despite the adoption of Western lifestyles and dietary
practices in many developed Asian countries such as Singapore,
Japan, Korea, and Hong Kong. A previous study by Shek et al27

reported a low prevalence of peanut and shellfish allergy in 4- to
6-year-old Singaporean infants at 0.64% and 1.19%, respec-
tively.27 This is the first and largest population-based study on
food allergy in Singapore. The overall incidence of food allergy in
children aged 0 to 4 years did not exceed 3% and this does not
appear to have changed significantly over the past decade. It is
also unlikely that this study did not pick up peanut allergy
because of late introduction beyond the 4-year time point as
Shek et al27 has previously shown that the low prevalence of
peanut allergy extends even to adolescents aged 14 to 16 years.

Genetic factors alone do not sufficiently explain the differ-
ences in food allergy rates between the East and the West. In the
Australian HealthNuts study, children of Asian immigrant par-
ents who were born in Australia had 3 times the risk of peanut
allergy and between 2 and 3 times the risk of egg allergy at age 1
year compared with their white peers, whereas children born in
Asia who subsequently migrated to Australia were at relatively
lower risk of nut and egg allergy, suggesting that epigenetic or
environmental factors may modulate an individual’s allergic
risk.39,40

It could be contended that the common risk factors for food
allergy in early childhood, such as eczema and breast-feeding
rates, might be lower in Asia compared with the West. Howev-
er, existing literature has shown that well-known risk factors for
food allergy such as eczema are also common in Asia. The overall
prevalence of eczema in this cohort was more than 20%41 and
similar rates have been reported in other Asian countries.42-44 In
this cohort, preexisting eczema was nonetheless still a strong
predictor for the development of food allergy in the small number
of subjects who were food-allergic. Breast-feeding rates in
Singapore are also low, which is similar to that reported in the
United States45—at age 6 months, less than 50% of the infants in
this cohort were receiving any breast milk at all and only 2% to
11% of the infants were still exclusively breast-fed by this age.46

Despite this, there were no significant associations between
breast-feeding status at 6 months and the development of food
allergy at any time point.

Cat ownership appeared to be associated with food allergy in
this cohort, despite adjustment for several potential confounders
such as family history of atopy and preexisting eczema. However,
as total pet ownership in this cohort was very low (cat 1.1%-4%
and dog 5.6%-6.1% at 6 and 12 months, respectively) and CIs
were wide, we reserve definite clinical conclusions regarding this
observation.

Food allergy patterns in Asia also differ by age group. Shellfish
allergy typically emerges later in life than cow’s milk, egg, and
peanut allergies, and is in fact the leading cause of food allergies
in adults in Asia.26 This study showed that by age 3 years,
shellfish allergy became the leading cause of food allergy, in
contrast to egg and cow’s milk allergies that were more prevalent
in children younger than 2 years. It has been postulated that
inhaled house dust mite tropomyosin might be the primary
sensitizer for shellfish allergy in this region,47 especially in hot
and humid climates such as in South East Asia where dust mites
are ubiquitous.48 House dust mite sensitization increases with
age—11.5% of children aged 18 months in this study were
sensitized to house dust mites (Dermatophagoides pteronyssinus,
Dermatophagoides farinae, and Blomia tropicalis), and this
increased to 22.5% by age 36 months. The house dust mite
sensitization rates in atopic adults in Singapore have been shown
in a separate study to be as high as 80%.49

Compared with other populations with increased risks of
peanut and egg allergies with delayed dietary introduction,15,17

our population demonstrates an unusual inverse relationship
between these 2 factors—low peanut and egg allergy prevalence
despite delayed dietary introduction of each. Singapore is a
tropical Asian country with an inherently low food allergy
prevalence, high relative humidity, and a significant environ-
mental house dust mite burden and sensitization rate, all of
which may mitigate the effects of delayed allergenic food intro-
duction in this population.

It is likely that the development of food allergy at various ages
is driven by different factors unique to the individual’s envi-
ronmental influences in early life. It is tempting to postulate that
in environments in which competing environmental allergen
loads, such as house dust mites, are low, cutaneous sensitization
to food allergens in infants with atopic dermatitis and induction
of oral tolerance through early dietary allergen introduction play
more important roles. These may be less important in South East
Asia where house dust mite allergens heavily outweigh other al-
lergens as potential sensitizers for atopic disease. An alternative
hypothesis is that house dust mite-related microbiome or endo-
toxins may play a role in modulating sensitization and clinical
food allergy, but further studies are needed to investigate this.

One of the limitations in this study was the reliance on
parental-reported symptoms as a convincing history of food al-
lergy and the lack of confirmatory oral food challenges. SPT
positivity was used as an additional tool to verify the presence of
a likely food allergy in this study. Because self-reported outcomes
typically inflate the true food allergy numbers, the true preva-
lence of food allergy would likely be even lower than was re-
ported, lending support to the observation that food allergy (in
particular peanut allergy) rates are truly low in Singapore despite
the late introduction of allergenic foods. The low food allergy
rates in this population, and the very small number of infants
introduced to allergenic foods such as egg, peanut, and shellfish
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before age 6 months, limit the statistical power of this study to
demonstrate an association between early introduction of allergic
foods and protection against food allergy.

Further strengths of the GUSTO study lie in its large sample
size, which was recruited from the general population, and the
prospective capture of data at multiple time points. This allowed
for analysis of the associations of antecedent factors such as
eczema and a positive family history with the timing of intro-
duction of allergenic foods, as well as the latter with subsequent
food allergy outcomes that removed the possibility of reverse
causality—the timing of introduction of allergenic foods was not
influenced by antecedent eczema or a known family history of
atopy. The standardized International Study of Asthma and
Allergies in Childhood questionnaire used in this study for food
allergy evaluation is also a well-established instrument that has
been validated internationally for the assessment of allergic out-
comes and associated risk factors.34-36

Our study demonstrates that despite delayed introduction of
allergenic foods in Singaporean infants (even in the high-risk
groups with eczema), low exclusive breast-feeding rates, and
high overall eczema prevalence, the rates of food allergy in early
childhood remain low—suggesting that these postnatal and
environmental factors alone cannot account for this difference.
The pathogenesis of food allergy is likely modulated by
competing influences from multiple genetic and epigenetic fac-
tors in the antenatal period and early infancy. The primary
prevention of food allergy thus requires a much more complex
and multipronged approach than any single intervention alone.
As in many aspects of precision medicine, some interventions
such as the early introduction of allergenic food to high-risk
infants may apply to specific populations or ethnic groups,
such as the white population in the United Kingdom and the
United States, but may not be effective or necessary in a different
population such as in Singapore.

More research in Asia is needed to inform the development of
food allergy prevention guidelines in Asian populations with low
food allergy prevalence, and the adaptation of existing interna-
tional guidelines should be carefully tailored to each country
depending on its food allergy epidemiology and infant feeding
practices.
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TABLE E1. Timing of introduction of allergenic food in sensitized sub

Time point Food

Timing of introduction

<10 mo

18 mo Egg N (%) 2 of 206 (1)

SPT range 3 mm

Median (IQR) 3 (3-3)

Milk N (%) 4 of 631 (0.6)

SPT range 3 mm

Median (IQR) 3 (3-3)

Peanut N (%) 1 of 72 (1.4)

SPT range 3 mm

Median (IQR) e

36 mo Egg N (%) 0 of 201 (0)

SPT range e

Median (IQR)

Milk N (%) 4 of 688 (0.6)

SPT range 3-10 mm

Median (IQR) 4 (3-8.75)

Peanut N (%) 0 of 82

SPT range e

Median (IQR)

Note. Sensitization patterns in sensitized subjects stratified by age of introduction of the al
IQR, Interquartile range.

TABLE E2. Timing of introduction of egg and the development of egg

Time point Subjects

Egg allergy ou

<6 mo* >6 mo* <10 mo

12 mo Whole cohort 0 of 21 14 of 833 (1.7%) 3 of 235 (1.3

Eczema 0 of 1 9 of 96 (8.6%) 2 of 17 (11.8

18 mo Whole cohort 0 of 19 9 of 780 (1.1%) 0 of 223

Eczema 0 of 1 4 of 63 (6.0%) 0 of 21

24 mo Whole cohort 0 of 19 6 of 777 (0.8%) 1 of 212 (0.5

Eczema 0 of 1 3 of 63 (4.5%) 0 of 22

Note. Egg allergy outcomes stratified by age of introduction of whole egg into 2 groups: e
for each time point.
*Outcomes too low, multivariate analysis not possible.
†Adjusted by breast-feeding status, doctor-diagnosed eczema, and family history of atop
jects

of the allergenic food in sensitized subjects

Unadjusted P value>10 mo

24 of 522 (4.6) .01

3-7 mm

3 (3-5)

1 of 160 (0.6) .73

3 mm

e

10 of 709 (1.4) .74

3-10 mm

3 (3-7.5)

4 of 519 (0.8) .27

3-4 mm

3 (3-3.75)

0 of 113 .54

e

8 of 718 (1.1) .42

3-10 mm

3 (3-4)

lergenic food (<10 mo vs >10 mo) for each time point (sensitized ¼ SPT � 3 mm).

allergy

tcomes by timing of introduction of egg

>10 mo

Unadjusted

P value

Adjusted† OR

(95% CI)

Adjusted†

P value

%) 11 of 590 (1.7%) .77 0.87 (0.22-3.43) .84

%) 7 of 89 (7.9%) .63 0.63 (0.12-3.46) .60

9 of 585 (1.5%) .07 e* e*

5 of 113 (4.4%) 1.00 e* e*

%) 5 of 584 (0.9%) 1.00 1.35 (0.15-12.23) .79

4 of 122 (3.3%) 1.00 e* e*

arly introduction (<6 mo vs >6 mo) and delayed introduction (<10 mo vs >10 mo)

y.
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