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Abstract 

Background: There is mounting evidence that early introduction of allergenic food decreases the 

risk of food allergy development, especially in high-risk infants with eczema. However, there is 

a lack of data to suggest if this association holds true in Asian populations. 

Objective: We investigated the relationship between 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 up 

prospectively. Information on birth & delivery, demographics, child health, eczema, infant 

feeding practices and a convincing history of IgE-mediated food allergy were obtained from 

interviewer-administered questionnaires at multiple time-points. Corroborative skin prick tests to 

food allergens were performed at 18 and 36 months.  

Results: The majority of infants were introduced to egg (49.6%), peanut (88.7%) and shellfish 

(90.2%) beyond 10 months of age. The mean age of introduction of egg yolk was 9.5 ± 3.54 

months, egg white 10.5 ± 4.10 months, peanut 19 ± 7.87 months and 84.3% of infants had not 

consumed any shellfish by 12 months of age. Food allergy prevalence was however very low, 

egg 0.35% - 1.8% across the time-points; peanut allergy 0.1% – 0.3% and shellfish 0.2 - 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 breastfeeding and eczema.  

Conclusions: Food allergy rates in Singapore were low despite significantly delayed 

introduction of allergenic foods, low exclusive breastfeeding rates and high overall eczema 

prevalence. Early introduction of allergenic foods may not be necessary in populations where 

overall food allergy prevalence is low and infant feeding recommendations should be carefully 

tailored to individual populations.   

 

 

 

 



Background 

The recent publication of several randomized controlled trials investigating the early introduction 

of allergenic foods for food allergy prevention has fuelled renewed interest in the long-standing 

debate on the optimal timing of introduction of allergenic foods(1-6). 

Previous guidelines released in 2000 by the World Health Organization (WHO) recommended 

that solid foods should not be introduced into the diets of high-risk infants until 6 months of age 

(7).The American Academy of Pediatrics (AAP) further recommended maternal restriction of 

cow's milk, egg, 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 3 years of age for the 

prevention of food allergy (8). However, in the light of interim studies which failed to show 

protective benefits of the above measures, the American Academy of Pediatrics (AAP) and the 

National Institute of Allergy and Infectious Diseases (NIAID) replaced these guidelines in 2008 

with new recommendations that complementary foods should instead be introduced to infants no 

later than 4-6 months of age (9, 10). This was further corroborated by observational data from 

birth cohorts in Europe, UK and the United States published after 2008, which found no benefit 

in delaying solid food introduction (11, 12). In fact, a protective effect against food allergy in  

infants with a parental history of atopy(13) and normal healthy  infants in whom solids were 

introduced before 4 months (14).  

The Learning Early About Peanut allergy (LEAP) 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 or egg allergy and peanut skin prick test (SPT) 

responses of <4mm) who had consumed peanut regularly from 4-6 months of age (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, 15). The 

Enquiring About Tolerance (EAT) study also did not show any efficacy of early introduction of 

6 allergenic foods to fully breastfed normal risk infants against food allergy development (2).   

There is, however, scant data on the effects of the timing of complementary or allergenic food 

introduction and the development of food allergies in the Asian population. 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 Thailand(16) to 3.8% in China(17), the highest of which was 5% in Japan(18) and Korea(19); 

in comparison to 10% in Australia, 5% in the United States and 4-6% in the United Kingdom in 

children below 5 years of age (20). The timing of complementary feeding has historically been 

postulated to be one of the major contributory factors (21). Between 25%-65% of Chinese 

infants were introduced to complementary foods before 4 months of age (22, 23), presumably 

reflected in their low food allergy risk, whereas only 3% of Australian infants and 10% of UK 

infants were weaned before 4 months (24, 25).  

In this study, we sought to explore the associations between the timing of allergenic food 

introduction and the development of food allergy in the GUSTO (Growing Up in Singapore 

Towards healthy Outcomes) 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 (26). We recruited 1247 

women of Chinese, Malay and Indian ethnicity who were in their first trimester of pregnancy 

from the two major public obstetric hospitals in Singapore – the National University Hospital 

(NUH) and the KK Women’s and Children’s Hospital (KKH) - between June 2009 and 

September 2010, of whom 1152 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 socio-economic 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 were obtained from interviewer-

administered questionnaires, including the modified ISAAC questionnaire (27-29), at birth, 3, 6, 

9, 12, 15, 18, 24, 36 and 48 months of age. Eczema was defined as a parental-reported doctor’s 

diagnosis of eczema at any of the above time-points. Food allergy was defined as a convincing 



history of an IgE-mediated reaction to a food product at 12, 18, 24, 36 or 48 months; at 18 and 

36 months, the definition included a positive skin prick test (SPT), with a wheal of 3mm or 

larger, in addition to a convincing history of an IgE-mediated reaction to the food allergen.   

Breastfeeding, infant feeding and complementary food introduction practices were ascertained 

from interviewer-administered questionnaires at 3 weeks, 6 weeks, 3, 6, 9 and 12 months of age. 

Information on breastfeeding status at 6 months of age as well as the age of introduction of all 

solid foods, inclusive of allergenic foods such as cow’s milk, egg, peanut and shellfish, were 

gathered from these questionnaires.   

Statistical analysis 

All data collected were analyzed using SPSS Version 22.0 (IBM Corp, New York, NY, USA) for 

Windows. Fisher’s exact test was used to assess significance between food allergy and 

demographic characteristics, infant characteristics and feeding practices across each time point 

for data with values less than five counts. Risk factors for food allergy at the various time-points 

were analyzed using multivariate logistic regression with Bonferroni correction, adjusting for 

confounders such as ethnicity, gender, household income, maternal education status, 

breastfeeding and mode of delivery. Results with p values <0.05 were considered significant. 

Univariate analysis of the timing of introduction of each allergenic food (milk, egg, peanut and 

shellfish) in association with food allergy outcomes were analyzed using Fisher’s exact test to 

indicate trends. Timing of introduction of egg was analyzed by early introduction (defined by 

introduction before 6 months of age) and delayed introduction (after 10 months of age) and 

further subgroup analysis of the high-risk infants who had eczema was also performed.  

Multivariate logistic regression adjusted for potential confounders including breastfeeding status 

and family history of atopy, where 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 4 months of age and 281 (31.2%) were 

introduced to solids between 4-6 months of age. The majority of infants (66.6%) were weaned 

after 6 months of age (mean 5.6 months, range 1-10 months).  The first solid foods introduced 

were rice cereal (53.7%), non-rice cereal (17.2%) and rice porridge (12.1%). Timing of 

introduction of allergenic foods such as egg, peanut and shellfish was significantly delayed 

beyond 10 months of age in the majority of GUSTO infants (p<0.001) (Figure 1). The majority 

of infants were introduced to cow’s milk before 4 months of age (66.7%) -  as 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 introduction 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. The majority of infants (84.3%) had still not consumed any shellfish by 12 

months of age and 4.9% of infants had not yet been exposed to peanut by 36 months of age. 

Peanut was only introduced at a mean age of 19 ± 7.87 months in those who had been exposed 

by 36 months of age.   

Food Allergy 

The overall incidence of food allergy at 12 months was 2.9% (26/902) and 2.7% (21/769) at 18 

months but this dropped to 1.6% (14/881), 1.1% (9/855) and 1.5% (13/851) 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%) and 24 months (0.7%). Cow’s milk was the next most common, affecting 0.1-

0.44% of infants between 12 to 24 months. However in the older age group, shellfish was the 

predominant allergen though this prevalence was still low - 0.6% (5/855) at 36 months and 0.9% 

(8/851) at 48 months. Peanut allergy was exceedingly rare in the Singapore population, affecting 

only 0.1-0.3% of infants across all the time-points.  

The cumulative incidence of eczema at 3 months was 3.8% (34/850), 9.6% (79/819) at 6 months, 

15% (115/769) at 12 months, 20.7% (151/730) at 18 months and 23.1% (172/743) at 24 months.  

Baseline characteristics of food allergic and non-food allergic infants at 12 months of age are 

shown in Table 1. Food allergic infants were significantly more likely to have a family history of 

atopy (p=0.006), pre-existing eczema at 3 and 6 months of age (p<0.001) and came from 

families who owned cats (p<0.001). Multivariate analysis of demographic risk factors for food 



allergy at 12, 18, 24 and 36 months are summarized in Table 2. Antecedent doctor-diagnosed 

eczema was a significant risk factor for food allergy at all time-points but after Bonferroni 

correction, only eczema at 3 and 6 months of age remained significant for food allergy at 12 

months of age. Cat ownership at 6 months of age was associated with food allergy at 12 months 

of age even after Bonferroni correction, but this was not observed at 18, 24 and 36 months of age.  

A family history of atopy was a risk factor for any food allergy at 12 months of age and 

specifically maternal rhinitis for food allergy at 18 months of age. Food allergy at 24 months of 

age 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 demographic variables such as ethnicity, 

gender, household income, maternal education status, mode of delivery and breastfeeding status 

at 6 months.  

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 (Supplementary 

Table). 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 to those who were introduced to egg after 6 months of age – 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=21), precluding further multivariate analysis.   

Since infant onset eczema was a significant risk factor for food allergy, subgroup analysis was 

performed in this high-risk group (Supplementary Table). Likewise, a trend towards egg allergy 

at 18 (4.4%) and 24 months (3.3%)  was observed in infants who were introduced to egg after 10 

months of age compared to those who had been introduced earlier. The single infant who was 

introduced to egg before 6 months of age did not develop egg allergy at later time points. 

Multivariate analysis was again not possible due to small outcomes.  

The trend for milk allergy was not consistent but numbers were very low: 0.6% (4/685) of 

infants introduced to cow’s milk before 10 months of age became cow’s milk allergic by 12 

months of age, compared to none who were introduced to cow’s milk late. The one infant who 



was milk allergic at 18 months had been given cow’s milk before 10 months of age, but there 

were none in the late introduction group. At 24 months, 2/687 (0.3%) of infants introduced to 

cow’s milk before 10 months of age were milk allergic, compared to 1/183 (0.5%) who were 

introduced to cow’s milk late.  

There were no significant associations between timing of introduction of peanut or shellfish with 

the development of these food allergies at later time-points. After adjustment for confounders, 

the timing of introduction of allergenic foods was also not significantly associated with 

antecedent eczema, family history of atopy, breastfeeding status at 6 months, childcare 

attendance or pet ownership (data not shown).  

 

Discussion  

Existing literature suggests that the timing introduction of allergenic foods influences the risk of 

food allergies in infants. Du Toit et al. observed that Israeli children who consumed peanuts in 

high quantities from early life had a significantly lower prevalence of peanut allergy compared to 

Jewish children living in the UK who avoided peanuts (30). A study of 12 234 newborn infants 

in Israel found that infants exposed to cow’s milk in the first 14 days of life were less likely to 

become cow’s milk allergic compared with those with first exposure after 14 days (31). The 

Australian HealthNuts study observed that delayed introduction of cooked egg was associated 

with an increased risk of egg allergies at age 12 months (32) and Poole et al. 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 (33). A case-control study of cow’s milk allergic infants by 

Onizawa et al. (34) 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.  

This study demonstrates the first evidence to the contrary - food allergy rates in the GUSTO 

cohort were very low despite the significantly delayed timing of allergenic food introduction. 

Infants were generally weaned in accordance to World Health Organization (WHO) infant 

weaning guidelines, which recommended introduction of complementary foods beginning at 6 

months(35), but introduction of egg, peanut and shellfish were delayed beyond 10 months of age 

in the majority of infants. While we observed a small and non-significant trend towards an 



increased risk of egg allergy in infants who had been introduced to egg after 10 months of age, 

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 12 months of age, much lower than the 

Australian HealthNuts cohort (>10%) (36). The low numbers also precluded statistical 

adjustment for confounders and the large ORs and wide confidence intervals seen on 

multivariate analysis are a reflection of the small numbers. The GUSTO study’s prospective 

design also allowed for exclusion of reverse causality –the timing of introduction of allergenic 

foods was not influenced by antecedent eczema or a known family history of atopy.   

There is scant data on timing of complementary or allergenic food introduction and food allergy 

outcomes in Asia. The recently published PETIT study was the first randomized controlled trial 

in Asia, which 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 50mg heated whole egg powder between 6-9 months of age, 

which was increased to 250mg from 9-12 months of age. The authors showed a significantly 

reduced risk of hen’s egg allergy through open food challenge at 12 months of age (8%, 5/60) 

compared to the placebo group (38%, 23/61) 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 which could have 

biased the results towards significance: The mean SCORAD in the placebo group was higher 

than that in the intervention group [42.0 vs 27.5, p=0.030]. The egg white-specific IgE 

concentration was also higher at baseline in the placebo group compared to the intervention 

group [4.46 vs 0.73, p=0.0051], as was the total IgE [41.2 vs 16.5, p=0.00024]. The trial was also 

terminated early because the interim analysis of the first 100 participants showed a significant 

difference in the two groups, thus only a small number - 60 participants 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 West (20) despite the adoption of 

Western lifestyles and dietary practices in many developed Asian countries like Singapore, Japan, 



Korea and Hong Kong. A previous study by Shek et al reported a low prevalence of peanut and 

shellfish allergy in 4-6 year old Singaporean infants at 0.64% and 1.19% respectively (37).  

This is the first and largest population based study on all-cause food allergy in Singapore. The 

overall incidence of food allergy in children aged 0-4 years was not higher than 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 due to late introduction beyond the 4 year time-point as Shek et al 

has previously shown that the low prevalence of peanut allergy extends even to adolescents aged 

14-16 years(37).   

Genetic factors alone do not sufficiently explain the differences in food allergy rates between 

East and West - as Panjari et al showed that in the Australian HealthNuts study, children of 

Asian immigrant parents who were born in Australia had three times the risk of peanut allergy at 

1 year of age compared to their Caucasian peers, while children born in Asia who subsequently 

migrated to Australia were at decreased risk of nut allergy, suggesting that epigenetic influences 

by environmental factors may modulate an individual’s allergic risk (38).  

It could be contended that the common risk factors for food allergy in early childhood might be 

lower in Asia compared to the West. However, 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% (39) and similar rates have been reported in other 

Asian countries (40-42). In this cohort, pre-existing eczema was nonetheless still a strong 

predictor for the development of food allergy in the small number of subjects who were food 

allergic. Breastfeeding rates in Singapore are also low, which is similar to that reported in the US 

(43) – at 6 months less than 50% of infants in this cohort were receiving any breastmilk at all and 

only 2-11% of infants were still exclusively breastfed by this age (44). Despite this, there were 

no significant associations between breastfeeding 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 pre-existing 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 confidence intervals 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 (20). This study showed that by 3 years of age, shellfish allergy became the 

leading cause of food allergy, in contrast to egg and cow’s milk allergies which were more 

prevalent in children below 2 years of age. It has been postulated that inhaled house dust mite 

tropomyosin might be the primary sensitizer for shellfish allergy in this region (45), especially in 

hot and humid climates such as South East Asia where dust mites are ubiquitous (46). House 

dust mite sensitization increases with age - 11.5% of children aged 18 months in this study were 

sensitized to house dust mites, and this increased to 22.5% by 36 months of age. The house dust 

mite sensitization rates in atopic adults in Singapore have been shown in a separate study to be as 

high as 80% (47).  

It is thus likely that the development of food allergy at various ages is driven by different 

epigenetic factors unique to the individual’s environmental influences in early life. It may be that 

in environments where 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 

environmental allergens as potential sensitizers for atopic disease.  

One of the limitations in this study was the reliance on parental-reported symptoms as a 

convincing history of food allergy and the lack of confirmatory oral food challenges. However, 

self-reported outcomes typically inflate the true food allergy numbers, thus the true prevalence of 

food allergy would likely be even lower than was found in this study, despite the late 

introduction of allergenic foods. The standardized ISAAC questionnaire used in this study is also 

a well-established instrument that has been validated internationally for the assessment of 

allergic outcomes and risk factors (27-29).  

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 introduction of allergenic foods; as well as the latter with subsequent food 

allergy outcomes, removing the possibility of reverse causality.  

Our study convincingly shows that despite significantly delayed introduction of allergenic foods 

in Singaporean infants, even in the high-risk groups with eczema; low exclusive breastfeeding 

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 factors in the antenatal period and early infancy. The primary 

prevention of food allergy thus requires a much more complex and multi-pronged approach than 

any single intervention alone. As in many aspects of precision medicine, some interventions like 

the early introduction of allergenic food to high-risk infants may apply to specific populations or 

ethnic groups, such as the Caucasian population in UK and USA, but may not be effective or 

necessary in a different population such as Singapore. More research in Asia is needed to inform 

the development of food allergy prevention guidelines in Asian populations and the adaptation of 

existing international guidelines should be carefully tailored to each country depending on its 

food allergy epidemiology and infant feeding practices.  
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