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1  |  INTRODUC TION

Allergic diseases, including asthma, eczema (atopic dermatitis), and 
food allergies, are significant global health concerns, particularly 
among infants and young children. The prevalence of food allergies 
and eczema is notably high during the first 2 years of life,1,2 often 

impacting early childhood development and quality of life. While 
previous studies have examined the relationship between body 
composition—specifically obesity—and allergic diseases, findings 
remain inconsistent, particularly in early childhood.

Obesity has been linked to asthma and eczema in older children 
and adults3; however, research in infants and toddlers has yielded 
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Abstract
Background: This study aimed to investigate the relationship between allergic 
diseases and body composition, specifically obesity and thinness, in toddlers.
Methods: We performed a secondary analysis of data from the Longitudinal Survey 
of Newborns in the 21st Century in Japan. Multinomial logistic regression analyses 
were used to examine the association between asthma, eczema, and food allergies 
occurring between 6 and 18 months of age and body composition, measured by body 
mass index (BMI) at 18 months. To assess potential reverse causality, we also analyzed 
whether BMI changes from birth to 18 months were associated with subsequent 
treatment history for allergic diseases within the same period.
Results: A total of 77,281 children were included in the study. The incidence of 
asthma, eczema, and food allergy between 6 and 18 months was 3.4%, 16.5%, and 
5.2%, respectively. Asthma was significantly associated with obesity (odds ratio 
[OR], 1.40; 95% confidence interval [95% CI], 1.21–1.62). However, no significant 
associations were observed between eczema or food allergy and obesity or thinness. 
Additionally, BMI change from birth to 18 months was positively associated with 
a history of asthma treatment (OR, 1.12; 95% CI, 1.09–1.15) but was negligible or 
minimally related to eczema or food allergy.
Conclusions: Our findings suggest that asthma in infancy is positively associated 
with obesity, while no significant associations exist between eczema or food allergy 
and body composition. These results underscore the importance of considering age-
related differences when exploring the relationship between allergic diseases and 
body composition.
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mixed results. Some studies have reported a positive association be-
tween eczema and increased body mass index (BMI),4,5 whereas others 
suggest a negative correlation.6 Similarly, while some studies indicate 
that children with food allergies are more likely to be underweight,7 
others have found no such relationship.8 These discrepancies suggest 
that the relationship between allergic diseases and body composition 
may vary by developmental stage, necessitating further investigation.4

Several mechanisms have been proposed to explain the asso-
ciation between body composition and allergic diseases.9 Chronic 
low-grade inflammation, mediated by cytokines such as interleu-
kin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), may contribute 
to both obesity and allergic diseases.10 Additionally, gut microbiota 
dysbiosis has been implicated in immune system modulation and 
allergic responses.11 Early-life nutritional factors, including breast-
feeding versus formula feeding, may also influence the development 
of allergic diseases in infants.12

To address these knowledge gaps, this study aimed to examine 
the association between allergic diseases (asthma, eczema, and food 
allergy) and body composition (obesity and thinness) in infants and 
early toddlers, using data from a nationally representative Japanese 
birth cohort. Additionally, we explored whether BMI changes from 
birth to 18 months influence allergic disease onset, shedding light on 
potential causality. Our findings may contribute to the development 
of early-life interventions for preventing allergic diseases and man-
aging body composition in infancy and early childhood.

2  |  METHODS

2.1  |  Data source and participants

This study is a secondary analysis of data from the Longitudinal 
Survey of Newborns in the 21st Century, a nationwide cohort study 
conducted by the Japanese Ministry of Health, Labor, and Welfare. 
The survey was designed to address Japan's low fertility rates and 
improve child health policies.13

The study includes two cohorts: the 2001 cohort (infants born 
between January 10–17 and July 10–17, 2001) and the 2010 cohort 
(infants born between May 10 and 24, 2010). Participants were 
identified through national vital statistics birth records.

The initial survey was conducted when the infants were 6 months 
old (2001 cohort: N = 53,575; 2010 cohort: N = 43,767). Returning a 
completed questionnaire was considered implicit consent to partic-
ipate. The response rate for the first survey was 88% in both co-
horts (2001 cohort: N = 47,015; 2010 cohort: N = 38,554). Follow-up 
surveys were conducted annually for children who remained in the 
study, with the second survey administered at 18 months of age. This 
study included only participants who responded to both the first and 
second surveys.

The study protocol was approved by the Ethical Committee of 
the International University of Health and Welfare (No. 23-Io-30) 
and adhered to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines.14

2.2  |  Allergic diseases

The second survey collected data on medical treatment for allergic 
diseases, including asthma, eczema, and food allergies. Conditions 
were defined as follows: Defined by a “yes” response to the question, 
“Have you visited a hospital or clinic for any illness or injury in the 
past year (referring to the period from 6 to 18 months)?” along with 
the selection of “asthma,” “atopic dermatitis,” or “eczema” or “food 
allergy” from a symptom checklist.

The checklists for the 2001 and the 2010 cohort surveys in-
cluded the following options, respectively:

•	 2001 cohort survey: 1. Varicella, 2. Pertussis, 3. Rubella, 4. Measles, 
5. Exanthema subitum, 6. Conjunctivitis, 7. Otitis media or otitis 
externa, 8. Common cold, bronchitis, or pneumonia, 9. Asthma, 10. 
Diarrhea, abdominal pain, or constipation, 11. Impetigo contagiosa, 
12. Atopic dermatitis or eczema, 13. Other types of dermatitis, 14. 
Congenital diseases, 15. Seizures or convulsions, 16. Food allergies, 
17. Other diseases, 18. Contusions or lacerations, 19. Bone frac-
tures, 20. Burns, 21. Other injuries, 22. None.

•	 2010 cohort survey: 1. None, 2. Pertussis, 3. Varicella, 4. 
Measles, 5. Rubella, 6. Exanthema subitum, 7. Intussusception, 
8. Kawasaki disease, 9. Allergic rhinitis or allergic conjunctivi-
tis, 10. Asthma, 11. Atopic dermatitis, 12. Food allergy, 13. 
Conjunctivitis (excluding allergic), 14. Otitis media or otitis ex-
terna, 15. Common cold, pharyngitis, tonsillitis, bronchitis, or 
pneumonia, 16. Influenza, 17. Gastrointestinal diseases such as 
gastroenteritis, diarrhea, abdominal pain, or constipation, 18. 
Impetigo contagiosa, 19. Eczema, 20. Other types of dermati-
tis, 21. Congenital diseases, 22. Seizures or convulsions, 23. 
Consultations regarding development and behavior, 24. Dental 
caries, 25. Other illnesses, 26. Contusions or lacerations, 27. 
Fractures, 28. Burns, 29. Other injuries.

2.3  |  Body composition

Body composition data included birth weight and height (from the 
first survey) and weight and height at 18 months (from the second 
survey). BMI (kg/m2) was calculated as weight (kg) divided by height 
squared (m2). Obesity and thinness at 18 months were defined using 

Key message

This study revealed a significant association between 
asthma and obesity in infancy. However, unlike asthma, 
eczema and food allergies showed no association with 
body composition in this infant cohort. These findings 
emphasize the importance of considering age when 
investigating the complex interplay between allergic 
diseases and body composition.
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sex-specific BMI cutoffs based on the 97th and third percentiles of 
Japanese national growth reference data15:

•	 Obesity: BMI ≥18.7 kg/m2 (male) and ≥18.2 kg/m2 (female)
•	 Thinness: BMI <13.9 kg/m2 (male) and <13.5 kg/m2 (female)
•	 Normal: BMI within these thresholds

Body mass index change was calculated as the difference be-
tween BMI at 18 months and at birth. Because height and weight 
at 6 months were not collected, BMI at that time point could not be 
determined.

2.4  |  Covariates

The following variables were included as covariates: survey (2001 
cohort or 2010 cohort), sex (male or female), birth type (singleton or 
multiple), gestational age (≥37 or <37 weeks), birth weight (<2500 g or 
≥2500 g), number of elder siblings at 6 months (0 or ≥1), feeding prac-
tice (exclusive breastfeeding, partial breastfeeding, or exclusive for-
mula feeding), daycare attendance (none, at 6 months of age only, at 
18 months of age only, or at both time points), household income (<2.50, 
2.50–4.99, 5.00–7.49, 7.50–9.99, or ≥10.00 million JPY), maternal and 
paternal educational attainment (junior high school, high school, uni-
versity/junior college/vocational school, or others) and maternal and 
paternal smoking status at 6 months (smoking or non-smoking).

Feeding practices were categorized into three groups16: ex-
clusive breastfeeding, partial breastfeeding, and exclusive for-
mula feeding. Exclusive breastfeeding was defined as infants who 

were exclusively breastfed for the first 6 months. Partial breast-
feeding included infants who were breastfed and received for-
mula. Exclusive formula feeding included infants who were never 
breastfed or received colostrum only. These categorizations were 
based on responses to survey questions: “Did you breastfeed your 
child?” (response options: “breastfed,” “never breastfed,” or “co-
lostrum only”); “If “breastfed,” for how many months?”; “Did you 
feed your child formula milk?” (response options: “formula milk” 
or “never formula milk”); and “If “formula fed,” for how many 
months?” Consistent with previous studies, “never breastfed” and 
“colostrum only” were combined into the “exclusive formula feed-
ing” category.

2.5  |  Statistical analysis

Baseline characteristics were compared between participants with 
and without allergic diseases (asthma, eczema, and food allergy). 
To mitigate potential bias due to missing data and enhance statis-
tical power, multiple imputations using chained equations were 
performed. We generated 100 imputed datasets with 20 iterations 
for each, using predictive mean matching for continuous variables, 
logistic regression for binary variables, and polytomous logistic re-
gression for categorical variables. Final estimates and standard er-
rors were computed following Rubin's rules.

A multinomial logistic regression analysis was conducted to as-
sess associations between allergic disease history (6–18 months) and 
body composition at 18 months, using “normal” status as the refer-
ence category. Two models were developed:

F I G U R E  1 Flowchart of study participant selection.
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•	 Model 1: Adjusted for all covariates.
•	 Model 2: Adjusted for Model 1 variables plus a history of the 

other two allergic diseases.

To assess potential reverse causality, multiple logistic regression 
analyses were performed, using BMI change from birth to 18 months 
as a continuous explanatory variable and allergic disease history be-
tween 6 and 18 months as the outcome variable. The same covari-
ates were used for adjustment.

Subgroup analyses were conducted by stratifying the data by 
sex. Furthermore, as sensitivity analyses, we performed a complete 
case analysis.

All statistical analyses were performed using R version 4.4.1 (R 
Foundation for Statistical Computing, Vienna, Austria). Data manip-
ulation and visualization were conducted using the “tidyverse” pack-
age, multiple imputation was performed using the “mice” package, 
and regression models were fitted using the “nnet” package and the 
“glm” function.

3  |  RESULTS

A total of 77,281 participants were included in the final analysis 
(Figure 1). Baseline characteristics stratified by allergic disease status 
are presented in Table 1. The incidence of allergic diseases between 
6 and 18 months of age was as follows: asthma, 3.4% (2615 cases); 
eczema, 16.5% (12,517 cases); and food allergy, 5.2% (3942 cases).

Figure 2 presents the odds ratios (ORs) and 95% confidence in-
tervals (95% CIs) for the association between allergic diseases and 
body composition (obesity and thinness) at 18 months of age. Model 
1 represents associations adjusted for basic covariates, while Model 
2 accounts for the treatment history of other allergic diseases. 
Asthma showed a significant positive association with obesity in 
both models (Model 1: OR, 1.38; 95% CI, 1.20–1.60; Model 2: 1.40; 
95% CI, 1.21–1.62). Conversely, eczema was not significantly asso-
ciated with either obesity (Model 1: OR, 0.95; 95% CI, 0.87–1.03; 
Model 2: OR, 0.95; 95% CI, 0.87–1.03) or thinness (Model 1: OR, 
0.93; 95% CI, 0.81–1.07; Model 2: OR, 0.92; 95% CI, 0.80–1.06). 
Similarly, food allergy was not significantly associated with obesity 
(Model 1: OR, 0.90; 95% CI, 0.78–1.05; Model 2: OR, 0.90; 95% CI, 
0.77–1.05) or thinness (Model 1: OR, 1.08; 95% CI, 0.86–1.35; Model 
2: OR, 1.11; 95% CI, 0.88–1.40). These findings were consistent in 
the complete case analysis (Figure S1). The sex-stratified subgroup 
analyses also showed similar trends (Figures 3 and 4); however, the 
point estimate for the association between asthma and obesity was 
lower for girls compared to boys.

To further investigate reverse causality, we examined the associ-
ation between BMI change from birth to 18 months and subsequent 
treatment for allergic diseases between 6 and 18 months of age 
(Table 2). An increase in BMI during this period was positively asso-
ciated with a history of asthma treatment (OR, 1.12; 95% CI, 1.09–
1.15). However, any association between BMI change and treatment 
for eczema (OR, 0.99; 95% CI, 0.98–1.01) or food allergy (OR, 0.96; 
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95% CI, 0.94–0.98) was negligible or minimal. These findings were 
consistent in the complete case analysis (Table S1).

4  |  DISCUSSION

This study investigated the relationship between allergic diseases 
and body composition in a large, nationally representative cohort 
of Japanese infants. Our findings revealed a significant positive as-
sociation between asthma and obesity; however, no significant as-
sociation was identified between eczema or food allergies and body 
composition.

Asthma and obesity are linked in infancy, aligning with findings 
in older children and adults. This suggests that the relationship be-
tween these conditions may develop early in life. Although the com-
plex, bidirectional nature of the obesity–asthma relationship is well 
recognized,11 our findings indicate that this association is already 
present in infancy and early toddlerhood. Several mechanisms may 

underlie this relationship. Chronic low-grade inflammation, a key 
factor in both obesity and asthma pathophysiology, could contrib-
ute to the association.10 Additionally, metabolic dysregulation re-
lated to airway inflammation may promote weight gain. Given that 
most prior studies have focused on older children and adults, our 
findings emphasize the importance of identifying early-life risk 
factors for both conditions. Recognizing this association in infancy 
suggests that obesity prevention strategies may also help manage 
asthma risk in later childhood.

Longitudinal analyses examining the relationship between BMI 
changes and subsequent development further supported this posi-
tive association. Previous studies in infants and toddlers have similarly 
reported a link between obesity and asthma.17 A systematic review 
suggested that a rapid increase in BMI during the first 2 years of life 
may be associated with an increased risk of subsequent asthma.18 Our 
findings indicate that this association is evident as early as between 
birth and 18 months of age. However, our study design did not allow 
us to establish causality, and we were unable to determine whether 

F I G U R E  2 Association between allergic diseases and body composition. Multinomial logistic regression analyses were conducted to 
examine the relationship between a history of treatment for each allergic disease from 6 to 18 months of age and body composition at 
18 months, using “normal” status as the reference category. Model 1: Adjusted for survey (2001 cohort or 2010 cohort), sex (male or female), 
birth type (singleton or multiple birth), gestational age (≥37 or <37 weeks), birth weight (<2500 g or ≥2500 g), number of elder siblings at 
6 months (0 or ≥1), feeding practice (exclusive breastfeeding, partial breastfeeding, or exclusive formula feeding), daycare attendance (none, 
at 6 months of age only, at 18 months of age only, or at both time points), household income (<2.50, 2.50–4.99, 5.00–7.49, 7.50–9.99, or 
≥10.00 million JPY), and parental educational attainment (junior high school, high school, university/junior college/vocational school, or 
others), and parental (maternal/paternal) smoking status at 6 months (smoking or non-smoking). Model 2: Adjusted for all covariates in Model 
1, plus the treatment history of the other two allergic diseases. 95% CI, 95% confidence interval.
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8 of 11  |     KUNIYOSHI

obesity in infancy predisposes children to asthma or whether asthma 
contributes to increased BMI. Further research is needed to clarify the 
temporal relationship and directionality of these associations.11

Several studies on older children and adults have reported a pos-
itive association between eczema and obesity.3 However, our study 
did not find a significant relationship between eczema and body 
composition—whether obesity or underweight status—in early tod-
dlerhood. This discrepancy suggests that the association between 
eczema and body composition may be age-dependent. Previous 
studies investigating this relationship in infancy have yielded con-
flicting results, with some studies reporting positive associations4,5 
and others reporting negative ones.6 These inconsistencies could 
arise from variations in study design, differences in population char-
acteristics, or discrepancies in the assessment methods for eczema 
and body composition. For example, one cohort study found that 
children with atopic dermatitis had a higher BMI than those without 
the condition up to 5.5 years of age, after which this relationship re-
versed.4 Further research is needed to clarify the physiological and 

immunological factors unique to infancy that may explain these in-
consistencies. Additionally, longitudinal studies should aim to iden-
tify potential modifying or mediating factors across the lifespan, 
such as eczema severity, comorbidities (e.g., sleep disturbances), 
and specific therapeutic interventions.

Interpreting the absence of a significant association between 
food allergy and body composition in our study requires careful con-
sideration, given the complex nature of food allergy-related growth 
patterns. Several factors may have influenced this null finding. First, 
our dataset lacked detailed information on critical aspects such as 
specific food allergens, diagnostic methods, and the extent of food 
elimination diets, all of which can impact growth outcomes. These 
limitations may have reduced our ability to detect a significant asso-
ciation. Indeed, previous studies have suggested that the type and 
number of food allergens can differentially affect BMI.8 Second, the 
relatively short follow-up period may not have been sufficient to de-
tect subtle or long-term effects. While some studies have suggested 
a potential link between food allergies and thinness,7 others have 

F I G U R E  3 Association between allergic diseases and body composition in male toddlers. Multinomial logistic regression analyses were 
conducted to examine the relationship between a history of treatment for each allergic disease from 6 to 18 months of age and body 
composition at 18 months, using “normal” status as the reference category. Model 1: Adjusted for survey (2001 cohort or 2010 cohort), birth 
type (singleton or multiple birth), gestational age (≥37 or <37 weeks), birth weight (<2500 g or ≥2500 g), number of older siblings at 6 months 
(0 or ≥1), feeding practice (exclusive breastfeeding, partial breastfeeding, or exclusive formula feeding), daycare attendance (none, at 
6 months of age only, at 18 months of age only, or at both time points), household income (<2.50, 2.50–4.99, 5.00–7.49, 7.50–9.99, or ≥10.00 
million JPY), maternal and paternal educational attainment (junior high school, high school, university/junior college/vocational school, or 
others), and parental (maternal/paternal) smoking status at 6 months (smoking or non-smoking). Model 2: Adjusted for all covariates in Model 
1, plus the treatment history of the other two allergic diseases. 95% CI, 95% confidence interval.
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reported inconsistent findings, including no association.8,19 Notably, 
Japanese guidelines for food allergy 2020 emphasize minimal elimi-
nation of causative foods,20 which may explain why studies on young 
Japanese children have found no significant differences in BMI be-
tween those with and without food allergies.8,19 These findings sug-
gest that dietary management strategies, particularly those focused 
on maintaining nutritional adequacy, may play a crucial role in miti-
gating the potential impact of food allergies on body composition.

This study has several strengths, including a large sample size and 
a nationally representative birth cohort design.13 However, several 
limitations must be acknowledged. First, reliance on parental reports 
for treatment histories of allergic diseases introduces the possibility 
of outcome misclassification. This arises from the lack of information 
on the specific diagnostic criteria used by physicians and the poten-
tial inaccuracy of parental recall. This limitation is particularly rele-
vant for conditions such as asthma, which are inherently difficult to 
diagnose in infants and toddlers. Nevertheless, the prevalence of al-
lergic diseases in our study was comparable to that reported in other 

large-scale surveys conducted in Japan,6 suggesting that the impact 
of such bias may have been minimal. Therefore, it is important to in-
terpret with the understanding that non-differential misclassification 
generally biases associations toward the null.21

However, the potential for differential misclassification re-
mains a concern. For example, parents with higher health aware-
ness might be more likely to seek medical consultation for their 
children—thereby increasing the likelihood of an allergy diag-
nosis—while also being more proactive in preventing obesity. To 
partially address this potential bias, we adjusted for proxies of 
socioeconomic status, including household income and parental 
educational attainment. Nevertheless, other forms of bias, such as 
reporting bias related to disease severity (e.g., more severe cases 
being more likely to be reported while milder cases are overlooked), 
could introduce additional complexity to the interpretation of our 
findings. Second, data on treatment history before 6 months of age 
were unavailable. Although this limitation may have had a minimal 
effect on asthma analyses, it could have led to an underestimation 

F I G U R E  4 Association between allergic diseases and body composition in female toddlers. Multinomial logistic regression analyses 
were conducted to examine the relationship between a history of treatment for each allergic disease from 6 to 18 months of age and body 
composition at 18 months, using “normal” status as the reference category. Model 1: Adjusted for survey (2001 cohort or 2010 cohort), birth 
type (singleton or multiple birth), gestational age (≥37 or <37 weeks), birth weight (<2500 g or ≥2500 g), number of older siblings at 6 months 
(0 or ≥1), feeding practice (exclusive breastfeeding, partial breastfeeding, or exclusive formula feeding), daycare attendance (none, at 
6 months of age only, at 18 months of age only, or at both time points), household income (<2.50, 2.50–4.99, 5.00–7.49, 7.50–9.99, or ≥10.00 
million JPY), maternal and paternal educational attainment (junior high school, high school, university/junior college/vocational school, or 
others), parental (maternal/paternal) smoking status at 6 months (smoking or non-smoking). Model 2: Adjusted for all covariates in Model 1, 
plus the treatment history of the other two allergic diseases. 95% CI, 95% confidence interval.
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of the associations between eczema and food allergy with body 
composition, as these conditions often emerge earlier in infancy. 
Third, the study lacked detailed information on disease severity 
and specific treatments. Consequently, the observed associations 
may reflect not only the direct effects of allergic diseases but also 
the indirect effects of therapeutic interventions, such as cortico-
steroid use, which has been linked to weight gain and metabolic 
alterations. Future studies should incorporate detailed treatment 
data to differentiate the effects of disease pathology from those 
of medical interventions.

5  |  CONCLUSION

This study found a positive association between asthma and obesity 
in early toddlers, aligning with findings in older children and adults. 
However, unlike some studies on older age groups, we found no 
significant associations between eczema or food allergies and body 
composition in our infant cohort. These results suggest that the re-
lationship between allergic diseases and body composition may vary 
by age. Further research is needed to determine whether early inter-
ventions for allergic diseases can influence long-term body composi-
tion, particularly in the context of obesity prevention.
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birth), gestational age (≥37 weeks or <37 weeks), birth weight (<2500 g or ≥2500 g), number 
of elder siblings at 6 months of age (0 or ≥1), feeding practice (exclusive breastfeeding, partial 
breastfeeding, or exclusive formula feeding), daycare attendance (none, at 6 months of age only, 
at 18 months of age only, or at both time points), household income (<2.50, 2.50–4.99, 5.00–7.49, 
7.50–9.99, or ≥10.00 million JPY), maternal and paternal educational attainment (junior high school, 
high school, university/junior college/vocational school, or others), maternal smoking status 
at 6 months of age (smoking or non-smoking), and paternal smoking status at 6 months of age 
(smoking or non-smoking).
Abbreviations: 95% CI, 95% confidence interval; BMI, body mass index; FA, food allergy; OR, odds 
ratio.

TA B L E  2 Association between body 
mass index change and each allergic 
disease.
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