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Abstract 
Background: Recent studies indicate that the timing of introduction of potentially allergenic food is crucial for the development of food 
allergy in children. This cross-sectional study aimed to clarify the reality of allergen'food intake in a general population of young 
children in Japan. 

Methods: A questtonnaire survey of caregivers was conducted at health checkups for 1.5-year (18-month)-old and 3-year-old children 
in the fall of 2020. The caregivers were asked about (I) the presence/absence of allergic disease symptoms based on the ISAAC 
questionnaire, and (2) foods that caregivers avoided giving their children. Ordinal logistic regression analyses were periformed to 
determine factors associated with food avoidance. 

Results: Questionnaires were distributed to I 720 caregivers, and 1603 (93%) responded. The responders consisted of 771 and 832 
caregivers who participated in 1.5-year-old and 3-year-old checkups, respectively. The prevalence of allergic diseases was comparable 
to recent epidemiological studies in Japan, indicating that the population may be representative. At 1.5 years old, more than 50% of the 
children were not exposed to peanuts, tree nuts, fish eggs, shellfish, and buckwheat. At 3 years old, the avoidance rates of the foods had 
decreased but were still between I 8.8% and 32.0%. On the other hand, the avoidance rates of chicken egg and cow's miUc, the top 2 
common allergenic foods in Japan, were much lower at 2.8% and 1.5% at 1.5 years, and they decreased to 1.4% and 0.7% at 3 years old, 
respectively. Ordinal logistic analysis showed that avoidance of chicken egg, cow's miUc, and wheat was associated with food allergy 
diagnosis and chicken egg avoidance with eczema, but avoidance of other foods showed no associations with any risk factors for food 
allergy. 

Conclusion: Caregivers avoided giving various foods, independent of allergy risk factors, to their young children. Since delayed 
introduction of an allergenic food has been reported to increase the risk of developing an allergy to the food, the results warrant future 
investigation of the development of food allergies in relation to current eating habits and recommendations. ・ 
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Backg『ound

Recently, the prevalence of food allergies has increased 

rapidly in developed countries [1-3]. Unlike for asthma 

and other allergic diseases, there is no pharmacotherapy 

to control food allergies, and dietary restriction avoiding 

the causative food is a significant burden on patients [4]. 

Accordingly, prevention of food allergy has been the main 

focus. 

In this context, delaying the introduction of allergenic 

foods for high-risk infants—for example, refraining from 
feeding dairy products until l year, chicken eggs until 

2 years, and peanuts, tree nuts, and fish until 3 years of 

age—was recommended by the American Academy of 
Pediatrics in 2000 [5] and other Pediatric organizations, 

including in Japan. However, recent epidemiological stud-

ies have demonstrated positive associations between ear-

ly—not delayed—introduction of allergenic foods and a 
low prevalence of food allergy [6, 7]. Then, in 2015, the 

LEAP Study [8] in England proved that early consumption 

of peanuts by high-risk infants with eczema prevented 

peanut allergy. Similarly, in 2017, the PETIT Study in 

Japan [9] demonstrated that early consumption of chicken 

egg prevented'egg allergy. These results completely con-

traindicated the old recommendations of delayed introduc-

tion, leading to recommendation of early introduction of 
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peanuts for high-risk infants in the US [3] and for the 
general population in Australia [10]. In Japan, based on 

the above evidence, the "Breastfeeding and Weaning Sup-
port Guide" [ l l] states that "there is no scientific evidence 
to support the prevention of food allergy by delaying 
weaning or introduction of certain foods out of concern 
for food allergy," and it recommends that allergenic chick-
en egg be started at around 5 to 6 months of age. The 

Japanese Guidelines for Food Allergy [ 12] also support 
that recommendation and further recommends that high-
risk infants with atopic dermatitis be introduced・to small 
amounts of chicken egg from 6 months of age after ad-
equate control of atopic dermatitis under medical super-
v1s1on. 
Subsequent to these changes in recommendations, the 

dietary habits in Australia have drastically changed, and 
the rate of introduction of peanuts in the first year of life 
increased from 28% in 2007 to 2011 to 89% in 2018 to 
2019 [13]. In the US the timing of introduction differs 
widely among the races [l 4]. In Japan, the actual status 
of allergenic food intake in infants and toddlers has not 
been studied. Although multiple factors such as early ec-
zema [l 5], the environment [16], microbiome [I 7], and 
genes [ 18] are involved in the development of food al-
Iergy, the importance of the timing of initial allergen intake 
is undisputed in light of those previous studies. 
Thus, we investigated the status of intake of various 
allergenic foods in a general population of Japanese tod-
dlers in relation to the prevalence of childhood allergic 
disease. 

Methods 

This cross-sectional study used data from an administra-
tive survey by the Health Promotion Division, Department 
of Medical Health, Mie Prefectural Government, in collab-
oration with Allergy Center, National Hospiは1Organiza-
tion Mie National Hospital. The survey was conducted in 

accordance with the Basic Law on Measures Against Al-
lergic Diseases [ 19]. 

Surveyed subjects 
Caregivers of children who underwent health checkups at 
1.5 and 3 years of age in Tsu City and Suzuka City, Mie 
Prefecture, from September through November 2020 were 
asked to fill out a self-administered questionnaire. 

Questionnaire 
The quest1onna1re consisted of questions about the age of 
the child (1.5 or 3 years); gender; modified ISAAC (Inter-
national Study of Asthma and Allergies in Childhood) 
questions [20] regarding wheezing, eczema, rhinitis and 
rhinoconjunctivitis; a question regarding the presence or 
absence of physician-diagnosed food allergy; feeding/ 
avoidance of various allergenic foods; and administrative 
questions pertaining to the medical needs regarding aller-
gic diseases and the Corona virus disease-19 (COVID-I 9) 

pandemic (Table El). 
The modified ISAAC questions regarding wheezing, 

eczema and rhinitis asked about the presence or absence 
of corresponding symptoms "at any time in the past", i.e., 
"wheezing ever", "eczema ever", and "rhinitis ever". The 

question regarding symptoms "in the last 12 months" was 
omitted because of considerable redundancy with "at any 
time in the past". For rhinoconjunctivitis, on the other 
hand, the caregivers were asked about symptoms "in the 
last 12 months" time-frame for specificity, because rhinitis 
symptoms such as runny nose and sneezing at a young age 
are hard to distinguish from common colds. 
Regarding food intake, the responding caregivers were 
asked to indicate their basic approach: not eating at all 
because of food allergy concerns (or diagnosis), eating 
moderately, or eating normally. Allergenic foods were 
categorized as 1) foods reported as common allergens in 
Japan (12], such as chicken eggs, cow's面lk,wheat, tree 
nuts, peanuts, fruits, fish eggs (salmon roe), crustaceans, 
buckwheat, soybeans, and fish; and 2) less common aller-
genic foods, such as beef, pork, chicken, vegetables, and 

sesame seeds, which cover all kinds of foods that Japanese 
toddlers normally eat. Since blue-flesh fish are common-
ly—without any scientific basis—believed to cause more 
allergies than white-flesh fish in Japan, those 2 kinds of 
fish were listed separately. 

Statistical analysis 
Descriptive statistics were used to summarize the number 
and percentage of responses to each question. Binary Io-
gistic regression was used to analyze for association of 

questionnaire-identified allergic diseases with known risk 
factors. Ordinal logistic regression models for food avoid-
ance were used and odds ratios (ORs) and 95% confidence 

intervals (CI) were estimated. Outcomes (avoidance of 
each food at 3 levels, "eat with no restriction", "eat mod-
estly", and "never eat") and explanatory variables (known 
risk factors of food allergy and sources of medical infor-
mation that caregiver seek) were analyzed in separate 
models. JMPR16.20 was used for the analyses. 

Ethics 
This study was conducted as an administrative survey of 

the Mie Prefecture Allergic Disease Control Project and 
was approved by the Ethics Committee of the National 
Hospital Organization Mie National Hospital (approval 

number 202201). AB respondents gave written informed 
consent. No personal information was collected. 

Results 

Backg『oundof the child『enand prevalence of 
allergic diseases 
The survey forms were distributed to 1720 caregivers of 
Japanese toddlers who received health checkups at 1.5 
years and 3 years of age, and 1603 (93.2%) responded. 
The characteristics of the children are summarized in 
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Table 1 Characteristics of the children prevalence of allergic diseases 

1.5-year-old checkup Not stated 3-year-old checkup Not stated Total, n (%) Not stated 
N 771 
Gender, boys/girls (n) 319/355 97 
Wheezing ever, % 16.1% 5 
boys/girls, % 20 6%/12 7% 3/2 
not stated, % 13.4% 

゜Rhinitis ever(%) 38.4% I 

boys/g1rls, % 39.9%/35.5% 1/0 
not stated, % 44.3% 

゜. Current rhinoconjunctivitis (%) 4.1% 16 
boys/girls, % 5.8%/2.9% 7/8 
not stated, % 3.1% 1 
Eczema ever (%) 15.0% 3 
boys/girl, % 17 3%//14.4% 1/2 
not stated, % 9.3% 

゜Food allergy diagnosis, n (%) 10.6% 4 
boys/girls, % 12.2%/9.9% 0/3 
not stated, % 7.3% 

Table I . The gender ratio was almost 1 : 1. The overall 
prevalence of wheezing was 20.2%, with larger propor-

tions in boys and 3-year-olds. Rhinitis symptoms were 

reported for 40.4%, of which 6.9% had current rhinocon-

junctivitis. "Eczema ever" was reported for 14.6% of the 

subjects, and a food allergy diagnosis was reported for 

10.8%. 

Associations of allergic diseases with possible risk 
factors 
Log1st1c regression analysis was performed to examine for 

associations of questionnaire-identified allergic diseases . 

with known risk factors (Table E2). Food allergy diagnosis 

was significantly associated with eczema and wheezing, 

while wheezing was associated with eczema, food allergy, 

and rhinitis. Eczema was associated with wheezing, food 

allergy, and rhinitis. Rhinitis was associated with eczema 

and wheezing (Table E2). 

Food avoidance 
At the age of 1.5 years, chicken egg, cow's milk, and 

wheat—which have been reported to be the top 3 food 
allergens in young children in Japan [ 12]—were being 
completely avoided ("never eat") in 2.8%, 1.5% and 

0.3% of the children, respectively (Fig. 1 A). On the other 

hand, peanuts, tree nuts, fish eggs, crustacean, shellfish, 

and buckwheat, which are much less common allergens 

compared to chicken egg and cow's milk, were being 

completely avoided in 57.6%, 57.1 %, 73.2%, 25.3%, 

51.6%, 71_.9%, respectively. Blue-flesh fish and sesame, 

which are rare allergens, were avoided in 7.0% and 

4.5%, respectively. Other foods,. including white-flesh fish, 

chicken, beef, pork, fruits and vegetables, were being 

avoided in less than 1 % of the children (data not shown). 

At age 3 years, the rate of avoidance decreased for all 

foods (Fig. I B), but peanuts, tree nuts, fish eggs, shellfish, 

and buckwheat were still being avoided at high rates of 

832 1603 
383/377 72 102n32 169 
24.1% 3 20.2% 8 
25.2%123.1% 2/1 23.1%/18.1% 5/3 
22.2% 

゜
172% 

゜42.2% I 40.4% 2 
42 8%/41 2% 0/0 41 5%/38.4% 1/1 
444% 

゜
44.3% 

゜9.5% 18 6.9% 34 
12.8%/6.2% 917 9.6%146% 16/15 
86% 2 5.4% 3 
14.2% 6 14.6% ， 
15 3%//12.8% 3/3 16.2%113.6% 4/5 
15 3% 

゜
11.8% 

゜11.1% 3 10.8% 7 
II 0%/11 2% 1/1 I I 6%/10 6% 1/4 
II 3% 9.0% 2 

18.8%, 16.8%, 24.7%, 16.0%, and 32.0%, respectively. 

Factors associated with food avoidance 
Ordinal logistic regression analysis using levels of food 

avoidance as the objective variable and age, gender, and 

・each allergic disease (eczema, wheezing, rhinitis, food al-

lergy diagnosis) as explanatory variables showed that 

avoidance of each of chicken egg, cow's milk, and wheat 

was associated with a food allergy diagnosis (Fig. 2). 

Chicken egg avoidance also showed a statistically signifi-
cant association with "eczema ever". Avoidance of other 

foods, including peanuts and tree nuts, was not associated 

with any allergic disease. However, age (1.5 years) was 

significantly associated with avoidance of chicken eggs, 

cow's milk, soybean, blue-flesh fish, sesame, peanuts, tree 

nuts, fish eggs, crustaceans, shellfish, and buckwheat, in-

dicating that avoidance of these foods was more common 

at 1.5 years (Fig. 2). Stratified analyses by age were also 

done. Avoi_dance of chicken egg and cow's milk was as-

sociated with food allergy diagnosis in both 1.5 years and 

3 years old groups with odds ratio (95%CI) being 6.2 

(4.3-9.1), 7.3 (4.5-12.9), 1.9 (1.3-2.8), and 3.6 (2.0-

6.5), respectively. Avoidance of cow's milk was signifi-

cantly associated with "eczema ever" in 1.5 years old 

group with odds ratio (95%CI) of 1.5 (1.01-2.19). Avoid-

ance of other foods had no association with the clinical 

factors (data not shown). 

Replies to administrative questions 
Table E3 summarizes the responses to administrative ques-

tions regarding the medical needs relating to allergy and 

COVID-19. Among them, the top 2 replies to "What do 

you do when you need to know something about aller-

gies?" (= the caregivers'sources of information regarding 

allergy) were "Search the Internet" at 84.2%, and "Consult 

a pediatrician" at 67.9%. Ordinal logistic models were 

constructed to investigate whether avoidance of foods 
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A 
Chicken Blue-flesh egg Cow's milk Wheat Soybean fish Sesame 

臼w血一""~-~ 12.1% .... ~ .... ~ ... ,.. .... 
Eat modestly .ヽ4% 0.7% 

Never eat I 2.111 lu11 0.3% I 0.111 H 1.0% 

Peanuts Tree nuts Fl● h egg● Crustaceans Shellfish Buckwheat 

-----・-ー...... --・・t. Eat modestly霞I1u% ■ 17.1% 1111.7% - 23.1% 

Never eat 57.6% 57,111! 173.2% - 25.3% 1. %ヽ"汽・::::J.• ・:.171.1% 

B Chicken Blue-flesh 
egg Cow'● mllk Wheat Soybean fish Sesame 

Eat with no re量trlctlon 94.1% 91.5% 

··• · ● r... --
17.5% 

Eat mode霧tly13.1% 11.111 D.1% 0.1% 11.4% 

Never eat I 1.4% I 0.1% 0% 0.1% 11.1% 

Peanuts Tree nuts Fl書hegg畠 Crustacean畠 Shellfl●h Buckwheat 

Eat with no re● trtctlon 5ヽ.9% 76.2% 6ヽ.1%

Eat modestly 

Never eat .ヽ1%

Fig. 1 Rates of「estrictionon allergenic food intake at 1.5 (A) and 3 years (B) of age 

had any association with the caregivers'information 

source(s) (Fig. 3). Avoidances of peanuts, tree nuts, fish 

eggs, and buckwheat were significantly associated with a 

low probability of a healthcare professional as a source of 

information. Avoidances of fish eggs, crustaceans, shell-
fish, blue-flesh fish, and buckwheat were si面larlysignifi-

cantly associated with a low probability of a pediatrician as 

the source. On the other hand, avoidance of chicken egg 
and cow's血lkwas associated with high probability of a 

pediatrician as the source. Chicken egg avoidance had 

significantly low probability of the Internet as the source. 

Stratified analyses by age showed that avoidance of 

chicken egg was associated with high probability of a 

pediatrician as the source with odds ratio (95%CI) of 1.7 

(1.2-2.7) and that, conversely, avoidance of fish egg was 

associated with low probability of a pediatrician as the 
source with odds ratio (95%CI) of 0.72 (0.58-0.88). No 

other significant associations were found in the stratified 

analyses (data not shown). 

Here, a health care professional means a nurse, pham証

cist or others (including a physician) with whom a re-
spondent is acquainted, while a pediatrician has a more 

formal meaning and indicates consultation in a professio-

nal setting. 

Discussion 

In the present study, we identified the reality of young 

children's dietary habits in avoiding certain allergenic 
foods in a general population in Japan. Caregivers a_voided 

peanuts, tree nuts, fish eggs, shellfish, crustaceans, and 

buckwheat to a high percentages of the children. On the 

other hand, the avoidance rates for chicken egg, cow's 

milk and wheat, which are the top 3 foods causing aller-
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gies in Japan [12], were much lower and comparable to the 
expected prevalence. , 

Avoidance of each of the latter 3 foods was positively 
associated with a food allergy diagnosis and eczema, in-

dicating that the avoidance was due to the presence of 

actual food allergy. In particular, caregivers avoiding 

chicken egg and milk chose a pediatrician as a source of 
medical information, and for chicken egg avoidance, they 

tended not to choose the Internet, where a mixture of 

authenticity and falsehood is to be expected. These results 
suggests that these caregivers eliminated the foods on solid 
grounds. 

On the contrary, the former foods including peanut 
and tree nuts showing high avoidance rates had no asso-

ciation with allergy risk factors, suggesting that the 

avoidance was not based on an existing food allergy. In 
addition, the caregivers who avoided giving those・foods 

to their children had a low probability of seeking allergy 

information from healthcare professionals or pediatri-
cians, suggesting that the avoidance may not be based 

on correct medical information. Although these results 

may simply reflect "normal" Japanese eating habits, we 

considered it important to document the current situation 
because it may be relevant to the future epidemiology of 

food allergy. 

Recent epidemiological studies have greatly influenced 

the concept of the pathogenesis of food allergy, especially 

of peanut allergy. Namely, it was reported that the preva-
lence of peanut allergy was far lower among Israeli Jews, 

who are commonly fed peanuts from infancy, than among 

British Jews, who are not commonly fed peanuts in in-

fancy [6]. Subsequent randomized intervention studies 

demonstrated that early consumption of peanuts signifi-
cantly prevented peanut allergy development compared 

with "traditional" delayed introduction [8, 21]. Con-

versely, household consumption of peanuts was shown 
to be significantly higher in children with peanut allergy 

in the United Kingdom [22]. Also, peanut protein levels, 

with biological allergenicity, in house dust with which 
infants Vyere in daily contact correlated positively with 

household peanut consumption in the United States, when 

peanuts not been given to young children for fear of peanut 

allergy [23]. Collectively, environmental exposure of in-

fants to peanut protein/allergens [24], even when they are 

not being fed peanuts, may be a risk for developing peanut 
allergy. 

Unlike in Western countries, peanuts were not tradition-
ally widely eaten .in Japan. However, the health benefits 

[25ー27]of peanuts and tree nuts are now better appreci-

ated, and peanut consumption among adults appears to be 
increasing. On the other hand, it was recently reported that 

the proportion'of tree nuts in food-induced anaphylaxis has 
increased in Japan [28]. Our present study demonstrated 

that peanuts and tree nuts are avoided by the caregivers of 

many young children. If what has been observed in the 
United Kingdom and the United States were to occur in 

Japan, the current situation may point to a risk of peanut or 

tree nuts allergy development in Japan [29]. In the future, 

the prevalence of allergies to peanuts as well as tree nuts 

and other highly avoided foods should be carefully moni-
tored. 

From the nutritional aspect, a balanced diet is recom-

mended for all ages in Japan [30]. The nutritional benefit 

of peanuts, tree nuts, fish, and shellfish, especially due to 

their high content of omega-3 fatty acid, has been widely 

reported [31—35]. Conversely, there are no known undesir-
able effects of these foods unless a child has confirmed 
allergies to them. Although it is not known whether the 

food avoidance found in this study caused any nutritional 

problems for the children, a nutritional survey is war-
ranted. 

As yet another aspect, peanuts and tree nuts are potential 

hazards as airway foreign bodies in children. The Japan 
Pediatric Society issued a public announcement that intact 

peanuts and other beans, etc., should not be given to chi!-

dren under 4 years of age to prevent fatal accidents due to 

airway foreign bodies [36]. It is possible that some care-
givers did not give their children peanuts and tree nuts for 

fear of accidental aspiration. However, peanut butter and 

other non-granular forms of peanuts and tree nuts should 
be safe. 

This study was conducted with an administrative objec-
tive of identifying medical needs regarding allergic dis-

eases, and the results (Table E3) will be utilized to develop 

policies to combat allergic diseases. Since the survey was 
performed during the COVID-19 pandemic, the care-

givers'concerns about their children's health and allergy 
related to the pandemic were also identified. 

Below, we review recent epidemiological studies on 

pediatric allergic diseases in Japan. A nationwide survey 
of approximately 60,000 people (the Japan Environment 

and Children's Study: JECS) reported atopic dermatitis in 

18.5% of I-year-olds and 14.7% of 3-year-olds, and physi-

cian-diagnosed food allergies in 6.6% and 6.3% of re-

spondents, respectively [37]. In an online nationwide sur-

vey of 633 children aged 2-6 years, 16.7% of caregivers 
reported atopic dermatitis by ISAAC, and 16.7% also re-

ported physician-diagnosed food allergy [38]. A survey of 

236 caregivers in Ishikawa Prefecture reported physician-
diagnosed atopic dermatitis in 6.7% of children at 1.5 years 

and in 12.1 % at 3 years [39]. Regarding wheezing, the 

prevalence by age 3 was at 30.2% [40] in the JECS cohort, 

based on the ISAAC questionnaire. The prevalence of 

physician-diagnosed asthma by age 3 was reported to be 

9.7% [40]. Regarding allergic rhinitis, a nationwide survey 

of otolaryngologist families with children ages 0-4 years 

reported 5. 1 % having perennial allergic rhinitis and 3.8% 
having cedar pollinosis [ 41]. Overall, the results of the 

present study involving 771 children at 1.5 years and 

832 at 3 years were comparable to those of previous re-
ports except for rhinitis, which may have been less specific 

than in the above otolaryngologist-based survey. We be-
lieve that this study adds important new epidemiological 
data to the above body of knowledge. 
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This study has a number of limitations. First, it was 

conducted in 2 local cities in Japan and may not represent 

the reality of Japan as a whole. However, the caregivers 

who joined the study represented over 90% of the partic-

ipants in health checkups for young children, and the iden-

tified prevalences of allergic diseases were comparable to 

in the previous epidemiological studies in Japan. In addi-

tion, the identified allergic diseases showed significant as-

sociations with each other, in agreement with previous 

findings (42]. Therefore, the population included in the 

study may be representative of the general child popula-

tion in Japan. Of note, delayed introduction of possible 

allergenic food to infants was also reported as interim 

results (unpublished) from JECS (43]. Second, we did 

not collect information about the reasons why the care-

givers withheld a certain food; the questions about food 

allergy did not specify individual foods to which the child 

wa_s allergic; and children were not tested for their sensi-

tization status to foods. Lack of the above information may 

have led to incorrect conclusions. Third, nutritional eval-

uation was not performed. It would be important to know 
whether avoiding these potentially harmful allergenic 

foods leads to a harmful nutritional outcome. Fourth, in 

our multivariate logistic analyses, not all possible con-

founding factors were included because we used responses 

to the questionnaire that did not ask for personal informa-

tiOJI. 

Conclusions 

Many kinds of foods, namely, peanuts, tree nuts, fish eggs, 

shellfish, crustaceans, and buckwheat, were avoided by 

caregivers for high percentages of young children at 1.5 

and 3 years old in a general population in Japan. Since 

recent epidemiological and interventional studies suggest 

that delayed introduction of certain foods such as peanut 

may increase the risk of. developing food ,allergy, the real-

ity we identified here will have to be carefully analyzed in 

relation to food allergy development in the future. 

Abb『eviations

COVID-19: Coronavirus disease 19; ISAAC: International Study of Asthma and 

Allergies in Childhood; JECS: the Japan Environment and Children's Study. 

Supplementary information 

The online version contains supplementary material available at https://doi.org/ 

10.1265/ehpm.22-00213. 

Additional file 1: Table E1 The Survey Questionnaire. Table E2 Associa-
tion of each allergic disease with age, gender and comorbid allergies. Table 

E3 Replies to questions about sources of information for allergies, requests 

to prefectural govemment, visiting a pediatrician during the pandemic, and 
concems「egardingallergies in relation to COVID-19. 

Declarations 

Ethics approval and consent to participate 

The study was approved by the Ethics Committee of National Hospital 
Organization Mie National Hospital. All study participants gave written informed 
consent 

Consent for publication 

Not applicable. 

Competing interests 
All authors declare that they have no relevant conflicts of interest. 

Funding 

This study was supported by a Health Labour Sciences Research Grant 
(Research on Allergic disease and Immunology) from the Ministry of Health, 

Labour and Welfare, Japan 

Authors'contributions 

TF and MN conceived and designed the study. TF and TT contributed to the 

statistical analysis. TF, NM and TT contributed to the interpreta恥nof the results 
TT and TF drafted the manuscript. All authors substantively revised it and 

approved the final manuscript 

Acknowledgements 

The authors wish to thank the Health Promotion Division, Department of Medical 
Health, Mie Prefectural Government for conducting this survey. 

Availability of data 
Data are available from the authors on request. 

Received: 7 September 2022, Accepted: 7 December 2022 
Published online: 21 January 2023 

References 

1. Tang ML, Mullins RJ. Food allergy: is prevalence increasing? Intern Med J 

2017;47:256-61. 
2. Sicherer SH, Munoz-Furlong A, Sampson HA. Prevalence of peanut and 

tree nut allergy in the United States determined by means of a random digit 

dial telephone survey: a 5-year follow-up study. J Allergy Clin lmmunol. 
2003;112:120~7. 
3. Fleischer DM, Sicllerer S, Greenhawt M, Campbell D, Chan E, Mu「aroA, 
et al. Consensus communication on early peanut introduction and the 

prevention of peanut allergy in high-risk infants. J Allergy Clin lmmunol 
2015;136:258-61. 
4. Golding MA, Batac ALR, Gunnarsson NV, Ahlstedt S, Middelveld R, 

Protudjer JLP. The burden of food allergy on children and teens: A 
systematic review. Pediatr Allergy lmmunol. 2022;33:e13743. 

5. Kleinman RE. American Academy of Pediatrics recommendations for 
complementary feeding. Pediatrics. 2000;106:1274. 

6. Du Toit G, Katz Y, Sasieni P, Mesher D, Maleki SJ, Fisher HR, et al. Early 
consumption of peanuts in infancy is associated with a low prevalence of 

peanut allergy. J Allergy Clin lmmunol. 2008;122:984-91. 

7. Koplin JJ, Osbome NJ, Wake M, Martin PE, Gurrin LC, Robinson MN, et al. 
Can early introduction of egg prevent egg allergy in infants? A population-

based study. J Allergy Clin lmmunol. 2010;126:807-13 
8. Du Toit G, Roberts G, Say「ePH, Bahnson HT, Radulovic S, Santos AF, 
et al. Randomized trial of peanut consumption in infants at risk for peanut 

allergy. N Engl J Med. 2015;372:803-13. . 

9, Natsume 0, Kabashima S, Nakazato J, Yamamoto-Hanada K, Narita M, 
Kondo M, et al. Two-step egg introduction for prevention of egg allergy in 

high-risk infants with eczema (PETIT): a randomised, double-blind, place-
bo-controlled trial. Lancet. 2017;389:276--86. 
10. ASCIA guidelines: Infant feeding and allergy prevention. 2016; Available at 

https://www.allergy.org.au/images/pcc/ASCIA_guidelines_infanUeeding_ 

and_alle「gy_prevention.pdf[accessed 16 August 2022). 

11. [Breastfeeding and Weaning Support Guide] (in Japanese). Available 
at: www.mhlw.go.jp/contenV11908000/000496257.pdf [accessed 30 August 
2022). 

12. Ebisawa M, Ito K, Fujisawa T. Japanese guidelines for food allergy 2020. 
Allergol Int. 2020;69:370--86 

13. Soriano VX, Peters RL, Ponsonby AL, Dharmage SC, Perrett KP, Field MJ, 
et al. Earlier ingestion of peanut after changes to infant feeding guidelines 
The Ear1yNuts study. J Allergy Clin lmmunol. 2019;144:1327-35 e5. 



Environmental Health and Preventive Medicine {2023) 28:6 B of 8 

14. Brewer AG, Jiang J, Warren CM, Sharma HP, Tobin MC, Assa'ad A, et al. 
Racial differences in timing of food allergen introduction. J Allergy Clin 
lmmunol Pract. 2022;10:329-32 e2. 

15. Sasaki M, Peters RL, Koplin JJ, Field MJ, McWilliam V, Sawyer SM, et al. 

Risk Factors for Food Allergy in Early Adolescence: The SchoolNuts Study. 
J Allergy Clin lmmunol Pract. 2018;6:496-505. 

16. Yu JE, Mallapat:-f A, Miller RL. It's not just the food you eat: Environmental 
factors in the development of food allergies. Environ Res. 2018;165・ 

118-24. 

17. Rachid R, Stephen-Victor E, Chatila TA. The microbial origins of food 
allergy. J Allergy Clin lmmunol. 2021 ;147:808-13 

18. Asai Y, Eslami A, van Ginkel CD, Akhabir L, Wan M, Ellis G, et al. Genome-

wide association study and meta-analysis in multiple populations identifies 
new loci for peanut allergy and establishes C11orf30/EMSY as a genetic 

risk factor for food allergy. J Allergy Clin lmmunol. 2018;141:991-1001. 
19. Ministry of Health Labour and Welfare J. [The Basic Law on Measures 
Against Alie「gicDiseases] (in Japanese). Available at: https:/fwww.mhlw. 

go.jp/web/t_doc?data Id= 78ab4117 &amp;data Type=O&amp;pageNo= 1 [ac-
cessed 29 August 202.2]. 

20. Ashe「Ml,Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. 
lntemational Study of Asthma and Allergies in Childhood (ISAAC): rationale 
and methods. Eur Respir J. 1995;8:483--91. 
21. Du Toil G, Sayre PH, Roberts G, Sever ML, Lawson K, Bahnson HT, et al. 

Effect of Avoidance on Peanut Allergy after Early Peanut Consumption. N 
Engl J Med. 2016;374:1435-43 

22. Fox AT, Sasieni P, du Toit G, Syed H, La改 G.Household peanut 

consumption as a risk factor lo「thedevelopment of peanut allergy. J 
Allergy Clin lmmunol. 2009;123:417-23 
23. Brough HA, Santos AF, Makinson K, Penagos M, Stephens AC, Douiri A, 

et al. Peanut protein in household dust is related to household peanut 
consumption and is biologically active. J Allergy Clin lmmunol. 2013;132: 
630-8 

24. Maciag MC, Sheehan WJ, Bartnikas LM, Lai PS, Petty CR, Filep S, et al. 
Detection of Food Allergens in School and Home Environments of 

Elementary Students. J Allergy Clin lmmunol Pract. 2021 ;9:3735-43. 

25. Cao C, Gan X, He Y, Nong S, Su Y, Liu Z, et al. Association between nut 
consumption and cancer risk: a meta-analysis. Nutr Cancer. 2022:1ー13

26. Yi SY, Steffen LM, Zhou X, Shikany JM, Jacobs DR Jr. Association of nut 
consumption with CVD risk factors in young to middle-aged adults: The 

Coronary Artery Risk Development in Young Adults (CARDIA) study. Nutr 
Metab Cardiovasc Dis. 2022. 

27. Lopez-Gil JF, Martinez-Vizcaino V, Amaro-Gahete FJ, Medrano M, 
Pascual-Morena C, Alvarez-Bueno C, et al. Nut consumption and academic 
perfom,ance among adolescents: the EHDLA study. Eur J Nutr. 2022 

28. Kitamura K, Ito T, Ito K. [Increasing trend of tree nuts in a comprehensive 
survey of pediatric anaphylaxis in Nchi Prefecture, Japan] (in Japanese). 

Nihon Shoni Arerugi Gakkaishi (The Japanese Joumal of Pediatric Allergy 
and Clinical Immunology). 2022;36:141-7. 

29. Muramatsu K, Imamura H, Tokutsu K, Fujimoto K, Fushimi K, Matsuda S 
Epidemiological Study of Hospital Admissions for Food-Induced Anaphy-

laxis Using the Japanese Diagnosis Procedure Combination Database. J 
Epidemiol. 2022;32:16~7. 
30. Ministry of Health Labour and Welfare J. Japanese Food Guide [accessed 

29 August 2022]. 
31. Jia Y, Huang Y, Wang H, Jiang H. A dose-response meta-analysis cif the 

association between the matemal omega-3 long-chain polyunsaturated 
fatty acids supplement and「iskof aslhmaf.llheeze in offspring. BMC 
Pediatr. 2022;22:422. 

32. Mak IL, Cohen TR, Vanstone CA, Weiler HA. Increased adiposity in 

children with obesity is associated with low「edblood cell omega-3 fatty 
acid status and inadequate polyunsatu「atedfatty acid dietary. intake. 
Pediatr Obes. 2020;15:e12689. 

33. Martinez-Martinez Ml, Alegre-Martinez A, Cauli 0. Omega-3 Long-Chain 

Polyunsaturated Fatty Acids Intake in Children: The Role of Family-Related 
Social Determinants. Nutrients. 2020;12 

34. Mahaffey KR, Clickner RP, Jeffries RA. Methylmercury and omega-3 fatty 

acids: co-occurrence of dietary sources with emphasis on fish and shellfish. 
Environ Res. 2008;107:20-9. 
35. Fitzgerald E, Lambert K, Stanford J, Neale EP. The effect of nut 

consumption (tree nuts and peanuts) on the gut microbiota of humans: a 
systematic review. Br J Nutr. 2021;125:50!>-20. 

36. [Food Choking: What you can do to protect your child] (in Japanese). 
Available at: https://www.jpeds.or.jp/uploads/files/20201030chissoku.pdf 
[accessed 29 August 2022] 

37. Yamamoto-Hanada K, Suzuki Y, Yang L, Saito-Abe M, Sato M, Mezawa H, 
et al. Persistent eczema leads to both impaired gr(J,Ntt, and food allergy-

JECS birth cohort. PLoS One. 2021 ;16:e0260447 

38. Yamaguchi C, Ebara T, Futamura M, Ohya Y, Asano M. Do allergic clinical 
manifestations increase the risk of behavioral problems in children? A 

cross-sectional study. Pediatr Allergy lmmunol. 2021;32:1646-53. 
39. Arafune J, Tsujiguchi H, Hara A, Shimizu Y, Hori D, Nguyen TTT, et al. 

Increased P「evalenceof Atopic Dermatitis in Children Aged 0-3 Years 
Highly Exposed to Parabens. Int J Environ Res Public Realth. 2021;18. 
40. Murata T, Kyozuka H, Yasuda S, Fukuda T, Yamaguchi A, Maeda H, et al. 

Association between maternal ritodrine hydrochloride administration during 
pregnancy and childhood wheezing up to three years of age: The Japan 

environment and children's study. Pediatr Allergy lmmunol. 2021 ;32 
145&-63. 

41. Okubo K, Kurono Y, lchimura K, Enomoto T, Okamoto Y, Kawauchi H, et al 

Japanese guidelines for allergic minitis 2020. Allergol Int. 2020;69:331-45. 
42. Hill DA, Spergel JM. The atopic march: Critical evidence and clinical 

relevance. Ann Alie「gyAsthma lmmunol. 2018;120:131-7. 
43. Ministry of the Environment J. [What we learned from the JECS survey 
Allergies and beginning to eat foods (at age 1)] (in Japanese). Available at 
https://www.env.go.jp/chemi/ceh/results/summary.html [accessed Nov. 4, 

2022]. 



Table El The Survey Questionnaire 

1. Age (1.5 and 3 years) 

2. Gender 

3. Modified ISAAC questionnaire 

a)・Has your child ever had wheezing or whistling in the chest at any time in the past? 

b) Has your child ever had a problem with sneezing, ~r a runny or blocked nose when 

he/she DID NOT have a cold or the flu?? 

c)・In the past 12 months, has this nose problem been accompanied by itchy-watery 

eyes? . 

d) Has your child ever had an itchy rash that came and went for at least 6 months? 

e) Has your chi.ld ever been diagnosed with a food allergy? 

4. Questions regarding food intake 

Please fill in using the follpwing marks: X for foods that y.our child has never eaten 

because you worry about food allergies or he/she has been diagnosed with a food 

allergy; △ for foods that you give him/her in modest amount for the above reasons; and 

o for foods that your child eats without any restriction. 

() Chicken eggs, () Cow's milk, ()Wheat,-() Soy, () Peanuts, () Tree nuts 

() Blue-flesh fish, () White-flesh fish, () Chicken, () Beef, () Pork 

() Fruits, () Vegetables, () _Sesame, () Fish eggs such as salmon roe, 

() Shrimps and crabs, () Sh~llfish, () Buckwheat, () Others 

5. Questions about allergic disease care 

a) What do you do when you need to know something about allergies? Please select 

all that apply. 

口 Search the Internet 

□ Ask a friend 
□ Read a book 
口 Aska healthcare professional I know 

口 Visita pediatrician and ask 

口 Other 

b) What do you expect the prefectural government to provide for your needs when you, 

consult about allergies? Please select all that apply. 

□ I would like to be provided with correct information on which medical facility 
to see. 



□ I would like to be provided with easy access to consultation such as a telephone 
hotline before seeing a doctor. 

□ I would like to be provided with a reliable internet site. 
□ I would like to be informed of events where I can consult about allergies. 
□ I would like to be provided with the names血daddresses ofof medical 
facilities that I can easily visit. 

口 Others

6. Questions regarding the COVID-19 pandemic 

a) What are your thoughts on seeing a pediatrician during the COVID-19 pandemic? 

Please choose all that apply. 

□ I don't want to visit a pediatrician because I am afraid that my child might catch 
infections even if he/she is not very sick. 

□ I don't worry about_visiting a pediatrician if children with and without 
infectious diseases are in different sections. 

□ I don't worry about visiting a pediatrician if the time-frame of examination is 
different between children with and without infectious diseases. 

□'I visit a pediatrician whenever I am concerned about my child's health. 
□ Other 
b) What are your concerns regarding allergies in relation to COVID-19? Please select 

all that apply. 

□ I am hesitant to visit a pediatrician for minor symptoms. 
□ I am hesitant to visit a pediatrician when food allergy symptoms occur. 
□ I fear that my child has gotten COVID-19 when he/she wheezes. 
□ I fear that my child will become seriously ill with COVID-19 because he/she 
has allergies. 

□ I_ fear that my child may have some abnormality in sense of smell or taste when 
he/she has persistent nasal symptoms. 

□ Other 



Table E2 Association of each allergic disease with age, gender and comorbid allergies 

Outcome Factor OR.(95%CI) P-value 

Food allergy diagnosis Age (1.5 years old) 0.92 (0.65-1.32) NS 

Gender (boy) 1.06 (0.74-1.50) NS 

Eczema ever 3.88 (2.64-5.71) <.0001 

Wheezing ever 1.65 (1.10-2.47) 0.02 

Rhinitis ever 0.87 (0.59-1.27) NS 

Current rhinoconjunctivitis 0.87 (0.43-1. 78) NS 

Wheezing ever Age (l.S years old) 0.63 (0.48-0.84) <.0001 

Gender (boy) 1.30 (0.99-1.72) NS 

Eczema ever 1.88 (l.33-2.66) <.0001 

Food allergy diagnosis 1.63 (1.08-2.44) 0.02 

枷 nitisever 2.93 (2.20-3.91) <OOOI 

Current rhinoconjunctivitis 1.04 (0.64-1.70) NS 
--

Eczema ever Age (1.5 years old) 1.34 (0.98-1.83) NS 

Gender (boy) 1.15 (0.84-1.57) NS 

Wheezing ever 1.88 (1.33-2.66) <.0001 

Food allergy diagnosis 3.87 (2.63-5.70) <.0001 

細 tisever 1.90 (1.37-2.64) <.0001 

Current rhinoconjunctivitis 1.43 (0.83-2.45) NS 

Rhinitis ever Age (1.5 years old) 0.88 (0.70-1.10) NS 

Gender (boy) 1.08 (0.86-1.35) NS 

Eczema ever 2.08 (1.52-2.85) <.0001 

Food allergy diagnosis 0.82 (0.57-1.18) NS 

Wheezing ever 2.86 (2.18-3.76) <.0001 

OR: odds ratio; NS: not significant 

Separate binary logistic regression models were used to determine associations between questionnaire-

identified allergic diseases and known risk factors. Models were adjusted for covariates that are known to 

ヘ beassociated with childhood allergic diseases, including age, gender, and other allergic diseases identified 

with questionnaire. 



Table E3 Replies to questions~bout sources of information for allergies, requests to 

prefectural government, visiting a pediatrician during the pandemic, and concerns regarding 

allerg/es in relation to COVID-19 

W畑tdo you do when you need to know something about allergies? 

Search the Internet 

Ask a friend 

Check it out in a book 

Ask a healthcare professional I know 

Consult a pediatrician 

O出er

What do you expect the prefectural government to provide for your needs when 
you consult about aller~ies? 

Information on which medical facility to see 

Easily accessible consultation before seeing a doctor 

Reliable Internet sites 

Events for allergy consultation 

Easy-to-visit medical facilities 

O出er

w畑tare your thoughts on visiting a pediatrician during the COV江）ー19
pandemic? 

I don't want to visit a pediatrician because I am afraid that my child migl)t catch 
an infection even if he/she is not very sick. 

I don't worry about visiting a pediatrician if children with and without 
infectious diseases are in different sections. 

I don't worry about visiting a pediatrician if the time-frame of examination 
is different between children with and without infectious diseases. 

I visit a pediatrician whenever I am concerned about my child's health. 

Other 

What are your concerns regarding allergies in relation to COVID-19? 

I am hesitant to visit a pediatrician for minor symptoms. 

I am hesitant to visit a pediatrician when food allergy symptoms occur. 

I fear that my child has gotten COVID-19 when he/she wheezes. 

I fear that my child will become seriously ill with COVID-19 because 
he/she has allergies. 

I fear that my child may have some abnormality in sense of_ smell or taste 
when he/she has persistent nasal symptoms. 

Other 

N(%) 

1276 (84.2%) 

532 (34.0%) 

191 (12.4%) 

219 (14.2%) 

1047 (67.9%) 

22(1.4%) 

.N(%) 

732 (48.3%) 

710 (46.9%) 

768 (50.7%) 

133 (8.8%) 

727(48.0%) 

13 (0.8%) 

N(%) 

885 (57.8%) 

820 (53.6%) 

476 (31.0%) 

442 (28.9%) 

17(1.1%) 

N(%) 

862 (65.0%) 

89 (6.7%) 

370 (27.9%) 

327 (24.6%) 

344 (25.9%) 

19(1.4%) 


