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Highlights

What are the main findings?

In a population-based birth cohort of 1577 seven-year-old children, atopic der-
matitis (AD) and food allergy (FA) were each associated with DSM-oriented so-
matic problems, and children with comorbid AD and FA showed markedly
higher odds than those with either condition alone.

Allergic rhinitis statistically accounted for part of the association between AD
and somatic problems, and the direct association of AD persisted after account-
ing for respiratory allergies.

What are the implications of the main findings?

Allergic multimorbidity —particularly coexisting AD and FA—may warrant in-
tegrated clinical attention that includes screening for somatic and psychological
problems, alongside management of the skin and nasal symptom:s.

Because exposures and outcomes were assessed concurrently, these associations
are exploratory and hypothesis-generating rather than causal, and warrant con-
firmation in prospective studies.

Abstract

Background/Objectives: Atopic dermatitis (AD) and food allergy (FA) frequently coexist
in the concept of atopic march; however, their combined associations with psychological

problems remain poorly understood. This study aimed to investigate the associations of
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AD and FA with psychological outcomes at age 7 and evaluate whether respiratory aller-
gies account for part of these associations. Methods: We enrolled 1577 children aged 7
years from the Panel Study of Korean Children. The Korean version of the Child Behavior
Checklist was used to assess psychological and behavioral problems. Multivariable re-
gression and parallel mediation analyses were used to evaluate independent and interac-
tive associations. Results: AD and FA were associated with psychological and behavioral
problems, most consistently with somatic problems on the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM)-oriented scale. These associations were more pronounced
in children with comorbid AD and FA than in those with single allergies. Among the 9
children with concurrent AD and FA, an interaction between the two conditions on so-
matic problems was observed (P for interaction = 0.033). The comorbid group showed
higher eosinophil counts and total IgE levels, but no differences in SCORAD indices or C-
reactive protein levels. Mediation analysis identified a direct association of AD with so-
matic problems (B = 1.062; 95% CI, 0.601-1.562), with a portion accounted for by allergic
rhinitis (AR) (B = 0.656; 95% CI, 0.306-1.241). Conclusions: Comorbid AD and FA were
associated with higher odds of somatic problems than either condition alone in 7-year-old
children, with a portion of the AD association accounted for by AR. Because exposures
and outcomes were assessed concurrently, these associations are exploratory and hypoth-
esis-generating rather than causal. Clinical attention may be warranted for children with
both AD and FA.

Keywords: dermatitis; atopic; food hypersensitivity; mental disorders; somatic symptom
disorder; behavior rating scales; cohort

1. Introduction

The prevalence of allergic diseases, including atopic dermatitis (AD) and food allergy
(FA), has increased markedly among children worldwide in recent decades [1,2]. Beyond
their physical symptoms, these conditions substantially impair the quality of life of af-
fected children and their families, often causing sleep disturbances, financial burden, and
increasing family stress [3-5].

Numerous studies have demonstrated significant associations between childhood al-
lergic diseases and mental health disorders, including depression, anxiety, and attention-
deficit/hyperactivity disorder (ADHD) [6-8]. Emerging evidence on the gut-lung-brain
axis further suggests that systemic allergic inflammation may be linked to neurodevelop-
mental, psychological, and behavioral difficulties in children [9,10].

Although AD and FA have been associated with increased risks of anxiety and
ADHD [11-14], these conditions frequently coexist as manifestations of the atopic march
[2,15]. Despite their frequent co-occurrence, the combined effects of AD and FA on psy-
chological health remain poorly understood. It is unclear whether their coexistence pro-
duces a psychological burden greater than the sum of their individual effects, representing
a key gap in understanding allergic multimorbidity.

The progression of the atopic march to asthma and allergic rhinitis (AR) further com-
plicates this relationship [16,17]. Whether these respiratory allergic comorbidities act as
mediators, independent contributors, or interacting factors in psychological distress re-
mains unclear. Clarifying these pathways is essential for developing comprehensive man-
agement strategies that address both physical symptoms and mental well-being.

Therefore, using a general population-based birth cohort, we aimed to investigate the
independent and combined associations of AD and FA with psychological and behavioral
outcomes in 7-year-old children using the Child Behavior Checklist (CBCL). Because as-
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sociations were most consistent for somatic problems, this domain is the focus of the pre-
sent report. We also examined the potential contribution of respiratory allergic comorbid-
ities, specifically asthma and AR, to better understand the pathways underlying these as-
sociations.

2. Methods

2.1. Study Participants

The Panel Study of Korean Children (PSKC) is a nationwide population-based birth
cohort previously established to provide longitudinal data on childhood development
[18]. The PSKC birth cohort recruited 2078 mother-baby dyads using two-step stratified
random sampling across Korea in 2008 and collects developmental information and lon-
gitudinal data on allergic diseases [19,20]. The CBCL is used to measure cognitive and
non-cognitive abilities. In total, 1577 participants were followed up in 2015 and completed
the allergy questionnaire and CBCL, and constituted the analytic sample (Figure S1). The
prevalence of each allergic disease is presented in Table S3, and the sex distribution of the
analytic sample is presented in Tables S1 and S2. Among these participants, allergic and
systemic inflammatory biomarkers—including C-reactive protein (CRP), blood eosino-
phil counts, and total IgE—together with the SCORAD index, were measured in 633 chil-
dren who attended one of the 16 participating regional hospitals, whereas the remaining
944 children did not attend. Supplementary Table S1 presents the characteristics of the
participants who visited the regional study hospitals compared to the PSKC participants
who declined these visits.

The Institutional Review Board of Asan Medical Center reviewed and approved the
study protocol (No. 2015-0907). Written informed consent was obtained from all parents
and guardians following a detailed explanation of the study.

2.2. Definition of Allergic Disease Phenotypes

To evaluate allergic diseases, we employed the ISAAC-based questionnaire, which is
widely recognized and validated in large-scale epidemiological studies [21]. Diagnosis-
ever for AD, FA, asthma, and AR was defined as a physician-confirmed diagnosis by age
7, based on parental reports. Current status for each condition was further determined by
symptoms or management within the preceding 12 months: current AD required at least
one eczema episode; current FA necessitated an elimination diet lasting more than 6
months; and current asthma or AR was defined by at least one wheezing episode or rhi-
nitis symptoms, respectively.

2.3. Psychological and Behavioral Problems

The CBCL is a widely utilized parent-reported instrument designed to assess emo-
tional and behavioral symptoms in children [22]. The age 6-18 version of the checklist was
employed to evaluate psychological and behavioral health through syndrome scales (cat-
egorized into internalizing and externalizing problems), Diagnostic and Statistical Man-
ual of Mental Disorders (DSM)-oriented domains, and specialized measures for social,
cognitive, and trauma-related symptoms. The reliability and validity of the CBCL have
been extensively documented in the Achenbach Manual [22], and the Korean version (K-
CBCL) has demonstrated robust psychometric properties [23]. Details regarding the as-
sessment of psychological and behavioral problems are provided in the Supplementary
Online Materials.
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2.4. SCORing Atopic Dermatitis (SCORAD) Index Assessment

Pediatric allergy specialists assessed the SCORAD index in participants with AD [24].
Moderate-to-severe AD was defined as a SCORAD index of >25. The participant flow is
shown in Figure S1. Among the 633 children who attended a regional hospital at 7 years
of age, 74 had current AD, and 37 of these had an available SCORAD index (Table S2).
Because the SCORAD index was available for only 37 children, analyses involving disease
severity were regarded as exploratory.

Baseline characteristics were compared between participants who underwent
SCORAD assessment and those who did not (Supplementary Table S2). No significant
differences in baseline characteristics were observed between the two groups.

2.5. Potential Mediators

We examined the mediating and moderating roles of respiratory allergic comorbidi-
ties, specifically asthma and AR, in the association of AD and FA with psychological and
behavioral outcomes, respectively. In this final multivariate model, comorbid respiratory
allergies (asthma and AR) were adjusted for as covariates to isolate the primary associa-
tion between AD and FA by controlling for these potential confounders.

2.6. Statistical Analysis

Statistical analyses were performed using SPSS (version 23; IBM Corp., Armonk, NY,
USA) and Stata version 14.2 (StataCorp LLC, College Station, TX, USA). Chi-square or
Fisher’s exact tests were used to compare the characteristics between participants who
visited a regional hospital and those who did not, as well as between participants catego-
rized by the presence of a SCORAD index or moderate-to-severe AD. Logistic regression
analysis was used to investigate the association between allergic disease phenotypes and
psychological and behavioral problems. Adjusted odds ratios (aORs) and 95% confidence
intervals (Cls) were calculated after controlling for potential confounders, including sex,
maternal education level, parental allergy history, second-hand smoke exposure, residen-
tial area, and socioeconomic status. For sex-stratified subgroup analyses, the same set of
confounders was adjusted, excluding sex.

Student’s t-tests were used to compare the CBCL T-scores between children with and
without allergic diseases. Mann—Whitney U tests were used to compare SCORAD indices
between the groups based on the presence of FA, current FA, and somatic problems. Fur-
thermore, parallel mediation analyses were conducted to assess whether the associations
of AD and FA with somatic problems were mediated by asthma and AR. These analyses
used logistic regression-based models, and the significance of the indirect effects was con-
firmed via bootstrapping (1000 resamples) in Python v3.10.

3. Results
3.1. Prevalence of Allergic Diseases in PSKC

Among the children in the cohort, the prevalence rates of AD and FA were 20.0% and
5.6%, respectively. When categorized according to phenotype, the prevalence rates of AD-
ever without FA, FA-ever without AD, comorbid AD and FA were 17.6%, 3.2%, and 2.4%,
respectively. Regarding respiratory allergies, the prevalence of diagnosis was 5.8% for
asthma and 45.2% for AR. The prevalence of current allergic conditions was lower than
that of lifetime diagnoses as follows: current AD (8.6%), current FA (2.0%), current AD
only (8.0%), current FA only (1.4%), and comorbid current AD and FA (0.6%). Addition-
ally, the prevalence rates of current asthma and AR were 1.5% and 32.2%, respectively
(Supplementary Table S3). Attendees at a regional hospital (1 = 633) and non-attendees (n
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=944) did not differ in general characteristics except for a higher rate of prior bronchiolitis
among attendees (24.4% vs. 18.3%, p = 0.004; Table S1).

3.2. Allergic Diseases and Psychological/Behavioral Problems

Diagnosis-ever of AD was significantly associated with somatic complaints on the
behavior problem scale (aOR, 2.35; 95% CI, 1.33—4.13), as well as somatic problems (aOR,
2.94; 95% CI, 1.78-4.87) and ADHD (aOR, 1.95; 95% CI, 1.08-3.52) on the DSM-oriented
scales. Similarly, FA diagnosis was associated with DSM-oriented somatic problems (aOR,
2.98; 95% CI, 1.45-6.14). Regarding current status, both current AD (aOR, 2.62; 95% CI,
1.39—4.93) and FA (aOR, 5.40; 95% CI, 2.09-13.97) were significantly associated with DSM-
oriented somatic problems (Table 1).

Regarding CBCL T-scores, children with a diagnosis-ever of AD exhibited signifi-
cantly higher scores than those without for internalizing problems (51.0 + 9.3 vs. 49.3 + 8.6;
p = 0.002), somatic complaints (54.9 £ 6.6 vs. 52.7 + 4.5; p < 0.001), and DSM-oriented so-
matic problems (54.8 + 7.1 vs. 52.4 + 4.6; p < 0.001). Children with a diagnosis-ever of FA
also showed significantly higher mean scores for internalizing problems (51.6 +9.7 vs. 49.5
+8.7; p=0.033), anxious/depressed symptoms (54.8 + 6.1 vs. 53.4 + 5.0; p = 0.049), somatic
complaints (54.7 £ 6.5 vs. 53.0 £ 4.9; p = 0.018), and DSM-oriented somatic problems (55.8
+7.4vs.52.7 £5.2; p=0.002). Furthermore, children with current AD demonstrated signif-
icantly higher scores for internalizing problems (51.0 + 9.1 vs. 49.5 + 8.7; p = 0.043), somatic
complaints (55.2 £ 5.9 vs. 52.9 + 4.9; p < 0.001), and DSM-oriented somatic problems (55.5
5.0 vs.52.6 +5.0; p <0.001) compared to those without. For current FA, children exhibited
higher scores for somatic complaints (53.5 + 6.1 vs. 53.1 = 5.0; p = 0.041) and DSM-oriented
somatic problems (56.2 £ 7.3 vs. 52.8 £ 5.3; p = 0.014) (Supplementary Table S4).

3.3. Allergic Disease Phenotypes

Children with a diagnosis-ever of AD only (without FA) were significantly associated
with somatic complaints on the behavior problem scale (aOR, 2.09; 95% CI, 1.13-3.87) and
DSM-oriented somatic problems (aOR, 2.35; 95% CI, 1.34-4.10). In contrast, children with
a comorbid diagnosis-ever of both AD and FA showed significant associations with inter-
nalizing problems (aOR, 2.72; 95% CI, 1.28-5.75), somatic complaints (aOR, 4.33; 95% CI,
1.52-12.39), and externalizing problems (aOR, 2.27; 95% CI, 1.09—4.75) on the behavior
problem scales. Furthermore, they demonstrated significantly higher risks for DSM-ori-
ented anxiety problems (aOR, 2.43; 95% CI, 1.01-5.83), somatic problems (aOR, 8.90; 95%
CL, 3.65-21.67), ADHD (aOR, 3.49; 95% CI, 1.13-10.83), and obsessive—compulsive disor-
der (OCD) on the special scale (aOR, 2.49; 95% CI, 1.05-5.88) (Table 2).

Neither current AD only (aOR, 1.80; 95% CI, 0.87-3.74) nor current FA only (aOR,
1.76; 95% CI, 0.38-8.19) was significantly associated with DSM-oriented somatic problems.
Higher odds were observed among the small number of children with comorbid current
AD and FA (n=9; aOR, 37.35; 95% CI, 8.03-173.76) (Table 3).

3.4. Sex-Specific Differences

Sex-stratified analysis revealed distinct patterns in the associations between allergic
disease phenotypes based on AD and FA status, and psychological or behavioral out-
comes (Supplementary Tables S5-S8). Regarding lifetime diagnosis, male children with a
diagnosis-ever of AD only (without FA) exhibited significant associations with somatic
complaints on the behavior problem scale (aOR, 2.75; 95% CI, 1.23-6.14) and DSM-ori-
ented somatic problems (aOR, 4.45; 95% CI, 1.81-10.94) (Supplementary Table S5). For
male children with comorbid AD and FA, the associations were substantially more exten-
sive, encompassing internalizing problems (aOR, 3.05; 95% CI, 1.21-7.68), somatic com-
plaints (aOR, 8.86; 95% CI, 2.71-29.01), externalizing problems (aOR, 3.42; 95% CI, 1.40-
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8.38), rule-breaking behavior (aOR, 3.71; 95% CI, 1.23-11.21), and aggressive behavior
(aOR, 3.33; 95% CI, 1.10-10.08). Furthermore, this comorbid group showed significantly
higher risks for DSM-oriented somatic problems (aOR, 22.69; 95% Cl, 7.35-76.32), ADHD
(aOR, 4.59; 95% CI, 1.18-17.84), and conduct problems (aOR, 3.93; 95% CI, 1.15-13.42). In
contrast, female children with a comorbid diagnosis-ever of AD and FA demonstrated a
significant association only with the withdrawn subscale (aOR, 6.48; 95% CI, 1.22-34.50)
(Supplementary Table S6).

Analysis of current disease status further highlighted these sex-specific disparities.
In male children, current AD without current FA was associated with OCD (aOR, 0.26; 95%
CI, 0.08-0.85), whereas comorbid current AD and FA were linked to rule-breaking behav-
ior (aOR, 10.15; 95% CI, 1.60-64.36) and a remarkably elevated risk for DSM-oriented so-
matic problems (aOR, 66.82; 95% CI, 8.80-507.43) (Supplementary Table S7). While female
children with comorbid current AD and FA also showed an association with DSM-ori-
ented somatic problems (aOR, 14.11; 95% CI, 1.04-191.91) (Supplementary Table S8).

3.5. Combined Impact of Comorbid AD and FA on Somatic Problems

The combined impact of AD and FA on DSM-oriented somatic problems was ana-
lyzed. An interaction was identified between current AD and current FA (p for interaction
= 0.033), suggesting that the co-occurrence of both conditions may be associated with ele-
vated risk of somatic symptoms beyond the individual contributions of either condition
alone (Table 4, Figure 1).

Phenotype aOR (log scale) aOR (95% CI)

Current AD only (FA absent) -— @ — 1.80(0.87-3.74)

Current FA only (AD absent) © 1.76 (0.38-8.19)

Comorbid current AD + FA

L 4 37.35(8.03-173.76)
P for interaction=0.033

025 0.5 1 2 5 10 25 50 100 175
«— Lower risk Higher risk —

Figure 1. Interaction between current atopic dermatitis and food allergy on the risk of DSM-oriented
somatic problems: a forest plot of adjusted odds ratios. Adjusted odds ratios (aOR) and 95% confi-
dence intervals (CI) are shown on a log scale. The vertical dashed line indicates the null value (aOR
=1). The blue circles represent single-condition phenotypes (current AD only and current FA only),
and the red diamond represents the comorbid current AD and FA group. Reference group: no cur-
rent AD and no current FA. Models were adjusted for sex, gestational age, birth weight, parental
allergy history, maternal education, household income, tobacco smoke exposure, pet ownership,
and antibiotic use. P for interaction was derived from a multiplicative interaction term between
current AD and current FA in logistic regression. AD, atopic dermatitis; FA, food allergy; DSM,

Diagnostic and Statistical Manual of Mental Disorders.
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Table 1. Association between individual allergic diseases and psychological/behavioral problems in children at 7 years of age.

AD Diagnosis-Ever FA Diagnosis-Ever Current AD Current FA
aOR * (95% CI) p Value aOR * (95% CI) p Value  aOR * (95% CI) p Value aOR * (95% CI) p Value
Behavior problem scale
Total behavioral problems 1.05 (0.55-2.00) 0.889 0.54 (0.13-2.29) 0.405 0.69 (0.24-1.97) 0.491 -
Internalizing Problems 1.39 (0.97-2.00) 0.072 1.59 (0.90-2.79) 0.111 0.95 (0.56-1.63) 0.853 1.51 (0.59-3.86) 0.387
Anxious/depressed 0.91 (0.56-1.48) 0.701 0.97 (0.43-2.20) 0.945 0.91 (0.46-1.82) 0.792 0.41 (0.06-3.08) 0.386
Withdrawn 1.03 (0.56-1.87) 0.937 1.65 (0.68-4.01) 0.266 1.25 (0.58-2.71) 0.574 1.49 (0.34-6.56) 0.596
Somatic complaints 2.35(1.33-4.13) 0.003 1.85 (0.79-4.34) 0.160 1.48 (0.67-3.27) 0.336 2.27 (0.65-8.02) 0.201
Externalizing Problems 1.03 (0.72-1.46) 0.886 1.24 (0.71-2.17) 0.453 0.88 (0.53-1.47) 0.619 0.99 (0.36-2.69) 0.983
Rule-breaking behavior 1.24 (0.80-1.93) 0.340 0.86 (0.38-1.93) 0.706 1.24 (0.68-2.26) 0.490 1.15 (0.33-3.96) 0.825
Aggressive behavior 1.31 (0.81-2.12) 0.273 0.91 (0.38-2.18) 0.833 1.04 (0.52-2.10) 0.903 0.46 (0.06-3.45) 0.449
DSM-oriented problem scale
Affective Problem 0.79 (0.43-1.46) 0.455 0.79 (0.28-2.25) 0.656 0.98 (0.43-2.22) 0.964 -
Anxiety Problem 1.21 (0.77-1.90) 0.402 1.58 (0.80-3.14) 0.191 0.93 (0.48-1.80) 0.824 1.20 (0.35-4.14) 0.773
Somatic Problem 2.94 (1.78-4.87) <0.001 2.98 (1.45-6.14) 0.003 2.62 (1.39-4.93) 0.003 5.40 (2.09-13.97) 0.001
ADHD 1.95 (1.08-3.52) 0.027 2.10 (0.90-4.92) 0.088 0.91 (0.35-2.35) 0.840 1.70 (0.39-7.47) 0.483
Oppositional Defiant Problem 0.93 (0.51-1.68) 0.799 0.63 (0.19-2.06) 0.442 0.82 (0.35-1.96) 0.656 -
Conduct Problem 1.39 (0.85-2.30) 0.192 0.91 (0.36-2.35) 0.914 1.24 (0.62-2.49) 0.545 1.16 (0.26-5.06) 0.848
Behavior problem special scale
OoCD 1.05 (0.66-1.67) 0.848 1.38 (0.69-2.78) 0.364 0.45 (0.19-1.05) 0.066 1.25 (0.36-4.36) 0.724
PTSD 1.19 (0.65-2.16) 0.575 1.32 (0.50-3.46) 0.570 1.14 (0.50-2.59) 0.758 - -
Cognitive problems 1.12 (0.55-2.27) 0.757 1.11 (0.33-3.73) 0.873 1.44 (0.59-3.53) 0.430 - -

AD, atopic dermatitis; FA, food allergy; ADHD, attention-deficit hyperactivity disorder; DSM, Diagnostic and Statistical Manual of Mental Disorders. OCD, ob-
sessive—compulsive disorder; PTSD, posttraumatic stress disorder. * Adjusted for sex, maternal education level, parental allergy history, history of second-hand
smoking, residential area, economic status, and comorbid atopic diseases (current asthma and allergic rhinitis). Current AD was defined as both physician-diag-
nosed AD-ever and an eczema episode in the previous 12 months. Current FA was defined as both a physician-diagnosed food allergy and a diet eliminated
during the previous 12 months. Current asthma was defined as both physician-diagnosed asthma and wheezing episodes during the previous 12 months in the
medical records. Current AR was defined as both physician-diagnosed AR-ever and AR symptoms during the previous 12 months, based on medical records.

Bold values indicate statistically significant associations (p < 0.05).
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Table 2. Association between allergic disease phenotypes based on AD and FA status and psychological/behavioral problems in children at 7 years of age.

AD Diagnosis-Ever (-),
FA Diagnosis-Ever (-)

AD Diagnosis-Ever (-),
FA Diagnosis-Ever (+)

AD Diagnosis-Ever (+),
FA Diagnosis-Ever (-)

AD Diagnosis-Ever (+),
FA Diagnosis-Ever (+)

aOR * (95% CI) p Value aOR * (95% CI) p Value aOR * (95% CI) p Value aOR * (95% CI) p Value

Behavior problem scale
Total behavioral problems - - 0.96 (0.48-1.91) 0.903 1.26 (0.29-5.57) 0.761
Internalizing Problems 1.02 (0.44-2.40) 0.960 1.23 (0.83-1.82) 0.298 2.72 (1.28-5.75) 0.009
Anxious/depressed 0.44 (0.10-1.90) 0.274 0.79 (0.46-1.35) 0.381 1.55 (0.58-4.76) 0.386
Withdrawn 1.47 (0.43-5.01) 0.542 0.87 (0.49-1.83) 0.866 1.80 (0.52-6.20) 0.352
Somatic complaints 1.06 (0.24-4.69) 0.944 2.09 (1.13-3.87) 0.019 4.33 (1.52-12.39) 0.006
Externalizing Problems 0.61 (0.25-1.48) 0.272 0.86 (0.58-1.26) 0.434 2.27 (1.09-4.75) 0.029
Rule-breaking behavior 0.42 (0.10-1.77) 0.235 1.15 (0.72-1.85) 0.564 1.55 (0.57-4.16) 0.389
Aggressive behavior 0.25 (0.03-1.87) 0.177 1.15 (0.68-1.93) 0.612 2.06 (0.75-5.61) 0.156

DSM-oriented problem scale
Affective Problem Reference - - 0.60 (0.30-1.21) 0.152 1.83 (0.61-5.46) 0.279
Anxiety Problem 0.96 (0.33-2.83) 0.946 1.05 (0.64-1.72) 0.853 2.43 (1.01-5.83) 0.047
Somatic Problem 1.11 (0.25-4.86) 0.892 2.35 (1.34-4.10) 0.003 8.90 (3.65-21.67) <0.001
ADHD 1.77 (0.51-6.14) 0.371 1.83 (0.96-3.49) 0.067 3.49 (1.13-10.83) 0.030
Oppositional Defiant Problem 0.75 (0.17-3.26) 0.704 0.98 (0.53-1.81) 0.950 0.47 (0.06-3.53) 0.461
Conduct Problem 0.33 (0.04-2.42) 0.273 1.27 (0.74-2.16) 0.385 1.98 (0.67-5.90) 0.220
Behavior problem special scale

OCD 0.57 (0.17-1.97) 0.377 0.82 (0.49-1.40) 0.471 2.49 (1.05-5.88) 0.038
PTSD 0.45 (0.06-3.39) 0.438 0.98 (0.50-1.91) 0.957 2.47 (0.81-7.52) 0.112
Cognitive problems - 0.87 (0.39-1.92) 0.725 2.65 (0.75-9.42) 0.132

AD, atopic dermatitis; FA, food allergy; ADHD, attention-deficit hyperactivity disorder; DSM, Diagnostic and Statistical Manual of Mental Disorders. OCD, ob-
sessive-compulsive disorder; PTSD, posttraumatic stress disorder. * Adjusted for sex, maternal education level, parental allergy history, history of second-hand
smoking, residential area, economic status, and comorbid atopic diseases (current asthma and allergic rhinitis). Current AD was defined as both physician-diag-
nosed AD-ever and an eczema episode in the previous 12 months. Current FA was defined as both a physician-diagnosed food allergy and a diet eliminated
during the previous 12 months. Current asthma was defined as both physician-diagnosed asthma and wheezing episodes during the previous 12 months in the
medical records. Current AR was defined as both physician-diagnosed AR-ever and AR symptoms during the previous 12 months, based on medical records.

Bold values indicate statistically significant associations (p < 0.05).
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Table 3. Association between current allergic disease phenotypes based on AD and FA status and psychological/behavioral problems in children at 7 years of age.

Current AD(-) Current AD(-) Current AD(+) Current AD(+)
Current FA(-) Current FA(+) Current FA(-) Current FA(+)
aOR* (95% CI)  p Value aOR * (95% CI) p Value aOR * (95% CI) p Value aOR * (95% CI) p Value
Behavior problem scale
Total behavioral problems - 0.77 (0.27-2.19) 0.621 -
Internalizing Problems 1.81 (0.63-5.26) 0.273 0.97 (0.56-1.68) 0.911 0.88 (0.11-7.17) 0.903
Anxious/depressed 0.58 (0.08-4.44) 0.596 0.97 (0.49-1.94) 0.932 -
Withdrawn 2.25(0.49-10.32) 0.296 1.36 (0.63-2.97) 0.436 - -
Somatic complaints 2.10 (0.45-9.72) 0.343 1.40 (0.60-3.25) 0.435 3.23 (0.37-28.43) 0.291
Externalizing Problems 0.71 (0.20-2.53) 0.601 0.82 (0.48-1.40) 0.465 1.88 (0.38-9.47) 0.442
Rule-breaking behavior 0.44 (0.06-3.43) 0.436 1.08 (0.57-2.06) 0.809 4.26 (0.84-21.74) 0.081
Aggressive behavior 0.62 (0.08-4.73) 0.641 1.10 (0.55-2.21) 0.795 -
DSM-oriented problem scale
Affective Problem Reference - 1.02 (0.45-2.32) 0.957 -
Anxiety Problem 1.68 (0.46-6.05) 0.431 1.01 (0.51-1.95) 0.998 -
Somatic Problem 1.76 (0.38-8.19) 0.472 1.80 (0.87-3.74) 0.116 37.35 (8.03-173.76) <0.001
ADHD 1.06 (0.14-8.27) 0.954 0.76 (0.27-2.18) 0.610 3.49 (0.41-30.05) 0.255
Oppositional Defiant Problem - 0.85 (0.35-2.02) 0.707 -
Conduct Problem 0.72 (0.09-5.62) 0.757 1.16 (0.56-2.40) 0.698 2.90 (0.35-24.24) 0.325
Behavior problem special scale
OCD 1.13 (0.25-5.25) 0.873 0.39 (0.16-1.00) 0.051 1.26 (0.15-10.82) 0.835
PTSD - 1.19 (0.52-2.72) 0.682 - -
Cognitive problems - 1.49 (0.61-3.67) 0.384 - -

AD, atopic dermatitis; FA, food allergy; ADHD, attention-deficit hyperactivity disorder; DSM, Diagnostic and Statistical Manual of Mental Disorders. OCD, ob-
sessive—compulsive disorder; PTSD, posttraumatic stress disorder. * Adjusted for sex, maternal education level, parental allergy history, history of second-hand
smoking, residential area, and economic status. Current AD was defined as both physician-diagnosed AD-ever and an eczema episode in the previous 12 months.
Current FA was defined as both a physician-diagnosed food allergy ever and an elimination diet for >6 months at 7 years of age. Current asthma was defined as
both physician-diagnosed asthma and wheezing episodes during the previous 12 months in the medical records. Current AR was defined as both physician-
diagnosed AR-ever and AR symptoms during the previous 12 months, based on medical records. Bold values indicate statistically significant associations (p <
0.05).
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Table 4. Interaction between atopic dermatitis and food allergy on the risk of somatic problems.

aOR *t (95% CI)

p Value

aOR *#(95% CI)

p Value

p for Interaction

Stratified analyses

Total partici-
pants

AD diagnosis-ever (+)
FA diagnosis-ever (-)
AD diagnosis-ever (-)
FA diagnosis-ever (+)
Current AD (+)
Current FA (-)
Current AD (-)
Current FA (+)

2.35 (1.34-4.10)
1.11 (0.25-4.86)
1.80 (0.87-3.74)

1.76 (0.38-8.19)

0.003

0.892

0.116

0.472

AD diagnosis-ever (+)
FA diagnosis-ever (+)

Current AD (+)
Current FA (+)

8.90 (3.65-21.67)

37.35 (8.03-173.76)

<0.001

<0.001

0.165

0.033

Male

AD diagnosis-ever (+)
FA diagnosis-ever (-)
AD diagnosis-ever (-)
FA diagnosis-ever (+)
Current AD (+)
Current FA (-)
Current AD (-)
Current FA (+)

4.45 (1.18-10.94)
1.25 (0.14-10.89)
1.81 (0.62-5.28)

2.49 (0.27-22.95)

0.001

0.839

0.279

0.422

AD diagnosis-ever (+)
FA diagnosis-ever (+)

Current AD (+)
Current FA (+)

22.69 (7.35-76.32)

66.82 (8.80-507.43)

<0.001

<0.001

0.250

0.100

Female

AD diagnosis-ever (+)
FA diagnosis-ever (-)
AD diagnosis-ever (-)
FA diagnosis-ever (+)
Current AD (+)
Current FA (-)
Current AD (-)
Current FA (+)

1.46 (0.66-3.24)
1.37 (0.17-11.40)
1.60 (0.56-4.62)

1.73 (0.19-15.59)

0.353

0.769

0.381

0.625

AD diagnosis-ever (+)
FA diagnosis-ever (+)

Current AD (+)
Current FA (+)

2.58 (0.47-14.14)

14.11 (1.04-191.91)

0.274

0.047

0.858

0.367

AD, atopic dermatitis; FA, food allergy. * Adjusted for sex, maternal education level, parental allergy history, history of second-hand smoking, residential area,

economic status, and comorbid atopic diseases (current asthma and allergic rhinitis). ¥ Adjusted by maternal education levels, parental allergy history, history of

second-hand smoking, residential area, economic status and comorbid atopic diseases (current asthma and current allergic rhinitis). Sex was excluded as a covari-

ate from the sex-stratified model. Current AD was defined as both physician-diagnosed AD-ever and an eczema episode in the previous 12 months. Current FA

was defined as both a physician-diagnosed food allergy and an elimination diet for >6 months at 7 years of age. Bold values indicate statistically significant

associations (p < 0.05).
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3.6. Mediation and Interaction Effects of Respiratory Allergies

Parallel mediation analyses were conducted using separate models for AD and FA
to examine whether asthma and AR mediated their respective associations with somatic
problems (Figure 2, Supplementary Tables S9 and S10). In the model evaluating lifetime
history, the total effect of AD on somatic problems was significant (unstandardized coef-
ficient[B] = 1.205; 95% CI: 0.752-1.694). Path analysis revealed that AD was significantly
associated with asthma (al: B = 0.612; 95% CI: 0.096-1.105) and AR (a2: B = 0.611; 95% CI:
0.336-0.914). Mediation tests demonstrated a significant indirect effect of AR (a2 x b2: B =
0.656; 95% CI: 0.306-1.241) (Figure 2), whereas the indirect effect of asthma did not reach
statistical significance. Even after accounting for these mediators, the direct effect of AD
remained robust (c: B = 1.062; 95% CI: 0.601-1.562). Similarly, for FA, a significant total
effect on somatic problems was observed (B = 1.076; 95% CI: 0.381-1.770). Although FA
was significantly linked to AR (a2: B =0.554; 95% CI: 0.080-1.027), its indirect effect on AR
was only marginally significant (a2 x b2: B = 0.584; 95% CI: -0.001-1.169) (Supplementary
Tables S9 and S10).

Mediator

AR

B=1.073(0.575-1.667)
P<0.001

B=0.611(0.336-0.914)
P<0.001

Somatic
AD )
B=1.062 (0.601-1.562 problems
P<0.001
Direct effects

Indirect effect Total effect
B=0.656 (0.306-1.24]) B=1.205 (0.752-1.6949)
p Value =0.005 p Value <0.001

Figure 2. The mediating role of allergic rhinitis in the association between atopic dermatitis and
somatic problems. AD and AR are binary variables. Numbers on arrows indicate B values with 95%
confidence intervals. Abbreviations: B, unstandardised coefficient from logistic regression (log-odds
scale); AD, atopic dermatitis; AR, allergic rhinitis.

In the current symptoms model, the total effects of both current AD (B = 1.078; 95%
CI: 0.339-1.680) and current FA (B =1.883; 95% CI: 0.977-2.788) on somatic problems were
significant. Current AR symptoms significantly mediated the relationship with AD (a2 x
b2: B =0.503; 95% CI: 0.037-1.068) and showed a marginal mediating effect on FA (a2 x b2:
B =0.928; 95% CI, -0.054-1.909). In contrast, current asthma symptoms did not serve as a
significant mediator in either model. Notably, the direct effects of the current AD and FA
were the primary contributors to somatic outcomes (Tables 59 and 510). Furthermore,
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multivariate interaction analyses revealed no significant moderating effects of respiratory
allergies on the associations among AD, FA, and somatic problems, respectively (Supple-
mentary Tables S11 and S12).

3.7. Clinical Severity Assessment

The SCORAD index was compared across different disease phenotypes among chil-
dren with AD aged 7 years. No statistically significant differences in SCORAD scores were
observed based on the diagnosis of FA, current FA, or presence of somatic problems. Fur-
thermore, no significant differences in the prevalence of moderate-to-severe AD were
identified between the groups (Supplementary Table S13). These comparisons were based
on the 37 children with an available SCORAD index; no inference regarding disease se-
verity is drawn.

3.8. Biomarkers Across Allergic Disease Phenotypes

In the subsample of 633 children who attended a regional hospital, we analyzed se-
rum CRP, total IgE, and blood eosinophil levels to identify biological variations across
allergic disease phenotypes based on AD and FA status (Supplementary Table 514). In the
analysis where allergic disease was defined as diagnosis-ever, serum CRP levels showed
no significant variation across groups (p = 0.233). However, total IgE and eosinophil levels
varied significantly according to the phenotype (p =0.013 and p < 0.001, respectively). The
highest levels were observed in children with comorbid AD and FA (total IgE: 5.52 = 1.51
IU/mL; eosinophils: 6.01 + 3.70%).

Similarly, when defining allergic disease as the current disease, CRP levels remained
non-significant (p = 0.282), whereas total IgE and eosinophil levels varied significantly by
phenotype (p < 0.001). Total IgE and eosinophil percentages peaked in children with
comorbid AD and FA (5.85 +1.43 IU/mL and 7.30 + 2.80%, respectively), whereas the low-
est levels were recorded in children without both AD and FA.

4. Discussion

In this population-based birth cohort, AD and FA were each associated with somatic
problems in 7-year-old children. Somatic problems were the outcome most consistently
associated across allergic disease definitions. Among children with current comorbid AD
and FA, a significant interaction was observed between the two conditions on somatic
problems (P for interaction = 0.033), although the small size of this group (n = 9) renders
the estimate imprecise and the finding exploratory. Additionally, AR statistically ac-
counted for a portion of the association between AD and somatic problems. These results
underscore the necessity for a holistic clinical approach that considers allergic multimor-
bidity in pediatric mental health.

Substantial epidemiological evidence has established that AD and FA have inde-
pendent negative effects on pediatric mental health [25-31]. AD is well-recognized to ele-
vate the risk of ADHD, anxiety, and depression through a combination of chronic pruritus,
sleep fragmentation, and systemic Th2-mediated inflammation [25-28]. Similarly, FA im-
poses a unique psychological burden characterized by constant vigilance, fear of acci-
dental exposure (anaphylaxis), and social isolation stemming from dietary restrictions
[29-31]. However, despite the clinical reality of the atopic march—in which these condi-
tions frequently coexist—muost previous research has examined these diseases in isolation.
Our study addresses this critical gap by demonstrating that the comorbidity of AD and
FA is associated with a disproportionately greater psychological burden than either con-
dition alone. These findings suggest that the cumulative burden of co-occurring AD and
FA may reach a critical threshold, significantly elevating the risk of behavioral impairment
in a manner that surpasses the individual impact of either condition.
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Our analysis suggested some sex-related differences in the pattern of associations;
however, the underlying mechanisms remain unclear. Traditionally, girls are more sus-
ceptible to internalizing symptoms, including somatic complaints, while boys are more
frequently associated with externalizing problems and neurodevelopmental disorders
such as ADHD [32-34]. In the present study, point estimates for the association between
comorbid AD and FA and somatic problems were numerically higher in boys than in girls.
However, the AD-by-FA interaction did not reach statistical significance within either sex
stratum, and the relevant subgroups were very small; these observations are exploratory
and are not interpreted further. Research on sex-specific psychological outcomes of AD or
FA in prepubertal children remains scarce [35,36], and although sex hormones and sex-
specific neuroimmune pathways have been proposed [37,38], such mechanisms are un-
likely to operate before puberty and cannot be evaluated with the present data.

AD and FA are frequently associated with the subsequent development of respira-
tory comorbidities based on the concept of the atopic march [15,39,40]. While asthma and
AR correlate strongly with various psychological disorders in children [7,41,42], whether
they statistically account for such associations or contribute independently has been little
examined. In the present data, AR statistically accounted for part of the association be-
tween AD and somatic problems. Since all variables in this study, including AD, FA, AR,
asthma, and CBCL outcomes, were assessed concurrently at age 7, causal directionality
cannot be established, and the mediation models should be read as statistical decomposi-
tions rather than as evidence of a causal pathway. AR symptoms such as nasal congestion
and sleep fragmentation may act as a clinical bridge that intensifies psychological distress
in children with AD [43,44]. Furthermore, the persistent direct association of AD is com-
patible with contributions from pruritus and systemic cytokines that are independent of
respiratory allergic comorbidity, although the present data cannot test these mechanisms.
Consequently, an integrated management strategy that addresses both the skin and the
nasal system may be worth considering to mitigate the overall psychological burden.

Although AR statistically accounted for part of the association between AD and so-
matic problems, asthma did not show a significant indirect association. This discrepancy
could be partly explained by the disparity in statistical power, as the number of children
with asthma was significantly smaller than the number of children with AR. However,
distinct clinical characteristics may play a critical role. Specifically, chronic upper airway
inflammation and persistent nasal obstruction associated with AR often lead to near-daily
sleep disruption [45,46]. Conversely, the symptoms of asthma tend to be more episodic
and variable, resulting in a markedly different temporal pattern of somatic perception [47].
The persistent nature of AR symptoms, including nasal obstruction and its subsequent
impact on sleep quality, may exert a more continuous and direct influence on a child’s
somatic perception than the episodic manifestations of asthma. Chronic nasal symptoms
are associated with somatic complaints such as headaches and fatigue [45,48,49]. These
interpretations remain speculative and cannot be tested with the present data.

Our study had some limitations that warrant consideration. First, as this study was
conducted in a general population-based cohort, the number of children with severe or
comorbid allergic phenotypes was relatively small, particularly those with both current
AD and FA (n =9), resulting in wide confidence intervals that should be interpreted with
caution. However, this is also a significant strength as it enables the generalization of our
findings to a broader population. Second, the subgroup that underwent clinical assess-
ments such as blood tests or SCORAD was smaller than the total cohort (biomarkers, n =
633; SCORAD, n = 37). Although baseline characteristics were mostly comparable except
for a history of bronchiolitis, these analyses are exploratory, and no conclusions regarding
disease severity or underlying mechanisms are drawn from them. Third, current FA was
defined on the basis of parent-reported physician diagnosis together with maintenance of
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an elimination diet, rather than oral food challenge, which remains the diagnostic refer-
ence standard. Oral food challenge is not feasible at the scale of a nationwide birth cohort,
but its absence is likely to have produced misclassification in both directions: children
with outgrown or self-limited food allergy may have been classified as having current FA,
whereas children with unrecognized or unreported allergy may have been classified as
unaffected. The current FA definition, based on elimination diet maintenance for more
than six months, may capture family management behaviour beyond simply reflecting
active disease. Nevertheless, current food restriction serves as a clinically relevant proxy
for the daily psychological burden experienced by families managing FA. This perceived
burden may be a more direct driver of psychological distress than laboratory-confirmed
diagnosis. Fourth, as allergic disease status and CBCL outcomes were both assessed at age
7, temporal directionality between allergic disease trajectories and psychological out-
comes may not be fully established. However, given that AD and FA typically onset in
infancy and early childhood while AR and asthma develop subsequently, and somatic
problems become more clearly manifested during the school-age period, the findings of
this study are both biologically and clinically plausible. Fifth, because both current FA
status and K-CBCL scores were parent-reported, shared informant bias cannot be entirely
excluded, as the same reporter’s perceptions may influence both exposure and outcome
assessments. Nevertheless, parental reports are the most feasible and widely accepted
method for assessing allergic disease status and psychological problems in young children
at the population level, given that direct child self-report is not reliable at this age. More-
over, the domain-specific elevation observed in somatic problems rather than a global el-
evation across all K-CBCL domains argues against non-specific reporting bias as the sole
explanation for our findings. Finally, this study conducted a large number of statistical
tests across four allergic disease phenotype definitions and multiple CBCL subscales with-
out formal correction for multiplicity, reflecting the exploratory nature of the research.
Findings in secondary domains, including ADHD, anxiety, and OCD, should therefore be
interpreted with caution and require replication in future confirmatory studies. Notably,
when the Benjamini-Hochberg false discovery rate (FDR) correction was applied post hoc,
the associations between allergic disease phenotypes and DSM-oriented somatic prob-
lems remained statistically significant across all exposure definitions (FDR-adjusted p =
0.017, 0.012, 0.017, and 0.008 for AD-ever, current FA, comorbid lifetime AD + FA, and
comorbid current AD + FA, respectively), supporting the robustness of this finding. So-
matic problems were not designated as the primary outcome in advance; the focus on this
domain reflects the observed consistency of its associations, and the findings should there-
fore be regarded as hypothesis-generating. Despite these limitations, a major strength of
this study is that it examines the combined psychological burden of allergic multimorbid-
ity in a large-scale general population-based birth cohort, providing hypothesis-generat-
ing evidence that allergic multimorbidity may be accompanied by a greater burden of
somatic problems than either condition alone.

5. Conclusions

Comorbid AD and FA were associated with higher odds of somatic problems than
either condition alone in 7-year-old children, with a significant interaction observed be-
tween the two conditions; because only 9 children had concurrent AD and FA, this obser-
vation is exploratory and hypothesis-generating. AD was associated with somatic prob-
lems, with a portion of this association statistically accounted for by AR. Associations of
asthma and AR with somatic problems were also examined; AR accounted for part of the
association between AD and somatic problems. Because all exposures and outcomes were
assessed concurrently, no causal inference is warranted. These results suggest that allergic
multimorbidity — particularly coexisting AD and FA—may warrant integrated clinical at-
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tention that includes screening for somatic and psychological problems, alongside man-
agement of the skin and nasal symptoms, though prospective studies are needed to con-
firm these associations.
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ing Atopic Dermatitis; Table S1: Characteristics of the whole PSKC cohort stratified by attendance
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