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Objective: Although childhood allergic diseases have been found to be associated with

symptoms of attention-deficit hyperactivity disorder, the temporal relationship between these

diseases remains unclear. In this study of 97 children, clinical examination and blood

samples for total and specific IgE were collected at 6 and 12 years old.

Patients and Methods: We followed a total of 97 children from 6 to 12 years old. Clinical

examination and blood samples for total and specific IgE were collected at 6 and 12 years

old. Attention-deficit hyperactivity disorder and oppositional defiant disorder symptoms at 12

years old were evaluated using the Swanson, Nolan, and Pelham, Version IV Scale Parent

Form.

Results: After accounting for the affect of confounding variables, we found that allergic rhinitis at

6 years old was associated with higher inattention score at 12 years old (β-coefficient 0.356, 95%

CI 0.104–0.609, p = 0.006). In addition, higher specific IgE levels for peanuts at 6 years of agewere

correlated with higher hyperactivity/impulsivity scores (β-coefficient 0.088, 95% CI 0.049–0.126,

p < 0.001), and higher specific IgE for peanuts at 12 years of age were correlated with higher

opposition/defiance scores (β-coefficient 0.054, 95% CI 0.012–0.096, p = 0.012) at 12 years old in

our final linear regression models.

Conclusion: Allergic rhinitis and peanut sensitization in childhood may be associated with

more symptoms of attention-deficit hyperactivity and oppositional defiant disorder in

adolescence.

Keywords: allergic disease, attention deficit hyperactivity disorder, oppositional defiant

disorder

Introduction
Allergic diseases, such as atopic dermatitis, allergic rhinitis and asthma, are

among the most common chronic diseases in childhood. According to popula-

tion-based studies in the past three decades, the prevalence of allergic disease has

increased particularly in developed countries,1 thus resulting in increased medical

care costs in childhood, and loss of productivity in adulthood.2 As an example, in

Taiwan where almost all children are covered by the National Health Insurance,

health-care costs incurred by children with asthma were 2.2-fold higher overall

when compared with children without asthma.3 The economic implications of

allergic disease in adulthood is also considerable. In a study using widely

publicized statistical data collected by the European Union, economic losses

caused by lost productivity and absence from work is estimated to be 2405

Correspondence: Kuender D Yang
Department of Pediatrics and
Department of Medical Research, MacKay
Memorial Hospital, Taipei No. 92, Sec. 2,
Zhongshan North. Road, Zhongshan
District, Taipei City, Taiwan
Email yangkd.yeh@gmail.com

Ho-Chang Kuo
Department of Pediatrics and Kawasaki
Disease Center, Kaohsiung Chang Gung
Memorial Hospital, 123 Da-Pei Road,
Niaosong District, Kaohsiung 83301,
Taiwan
Tel +886 7 731-7123 ext. 8795
Fax +886 7 733-8009
Email erickuo48@yahoo.com.tw

Neuropsychiatric Disease and Treatment Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Neuropsychiatric Disease and Treatment 2020:16 1349–1357 1349

http://doi.org/10.2147/NDT.S232299

DovePress © 2020 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-5320-1151
http://orcid.org/0000-0002-3967-4964
http://orcid.org/0000-0002-3295-2984
mailto:erickuo48@yahoo.com.tw
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


euros per patient per year.4 While the economic burden

of allergic disease is clear,4 less is known about the its

impact on the psychological health of patients. Recent

studies have shown that allergic diseases in children may

be related to increased rates of anxiety, stress and atten-

tion-deficit hyperactivity disorder (ADHD).5

Attention-deficit hyperactivity disorder (ADHD) is

a common neuropsychiatric disease that manifests during

childhood and has an estimated prevalence rate of around

7.2%.6 According to the consensus criteria published in

the Diagnostic and Statistical Manual of Mental Disorders

Fifth Edition (DSM-5), children must have over 6 symp-

toms of hyperactivity, impulsivity or inattention to be

diagnosed with ADHD. Moreover, these symptoms must

be frequent, excessive for developmental age, occur in

more than one setting (eg, at school and at home), persist

for at least 6 months or more, severe enough to impair

academic or social performance, and must present prior to

12 years of age.7

Even though several large population studies have

found a positive correlation between allergic disease and

ADHD,8–10 such studies are cross-sectional, and thus can-

not be applied to determine the temporal relationship

between ADHD and allergic disease. In a meta-analysis

of three case control studies and two cross-sectional stu-

dies that were conducted Taiwan, Germany, the United

Kingdom (UK), Korea, and Thailand found that patients

with ADHD were more likely to have asthma, allergic

rhinitis or atopic dermatitis.11 However, the underlying

pathophysiological link between allergic disease and

ADHD is unknown. One possible hypothesis posits that

chronic exposure to allergy-related inflammatory cyto-

kines may alter the development of the prefrontal cortex,

or affect the metabolism of important neurotransmitters in

the brain.12 Functional MRI studies in patients with

asthma show a positive correlation between markers for

allergic inflammation such as sputum eosinophils and per-

ipheral blood cell TNF-α production and increased activity

in the anterior cingulate cortex and insula.13 Animal stu-

dies have also shown that inflammatory cytokines such as

IL-6 and IFN-γ may increase production of norepinephrine

and decrease dopamine levels, a neurotransmitter profile

that can also be seen in patients with ADHD.12 Given that

early childhood is a crucial time for neurodevelopment, it

is plausible that onset of allergic diseases earlier in life

may pose a larger risk for ADHD development. Therefore,

more longitudinal studies are needed to determine if there

is a temporal relationship between allergic disease in early

childhood and the development of ADHD later in life.

In addition, whether the existence of allergic disease

affects the severity of symptoms of ADHD is also an issue

that has not been adequately explored in current literature.

There is some evidence that the presence of allergic dis-

ease increases symptoms of ADHD in both children with

and without comorbid ADHD. In a study of 333 children

with allergic rhinitis and 332 healthy controls, allergic

rhinitis was associated with higher scores related with

inattention and emotional instability when rated using the

Child Behavior Checklist.14 In another study that com-

pared children with ADHD and comorbid asthma and

those with ADHD alone, asthma comorbidity lead to

increased symptoms of hyperactivity and impulsivity.15

Current treatment of ADHD relies on heavily on behavior

modification and used of medications, most commonly

stimulants such as methylphenidate. It is possible that

control of comorbid allergic disease or avoidance of incit-

ing allergens may also be effective adjunctive therapy.

Consequently, further research that identifies allergic dis-

eases and allergens that may intensify symptoms of

ADHD may have useful therapeutic implications.

In this study, we used data from our allergic disease

birth cohort of children who were recruited at birth and

followed to 12 years of age to achieve the following aims:

1. To identify the temporal relationship between age of

allergic disease or allergen sensitization onset and symp-

toms of ADHD. 2. To identify the allergic diseases and

specific allergens most likely to contribute to increased

severity of ADHD symptoms.

Patients and Methods
Patients included in our study had been previously

enrolled in our allergic disease birth cohort study.16–18

According to our study protocol, patients were recruited

at birth and followed at our allergy clinic at 6 and 12 years

old. The following data were collected at birth: Gender,

prenatal exposure to smoking and gestational age.

Prematurity was defined as a gestational age of less than

37 weeks at birth.

Patients were then followed at our allergy clinic at two

time points: 6 and 12 years old. Clinic visits included an

evaluation of allergic symptoms using a modified version

of the International Study of Asthma and Allergies in

Childhood (ISAAC) questionnaire19 and physician evalua-

tion of asthma, atopic dermatitis, and allergic rhinitis.

Diagnosis of asthma, atopic dermatitis and allergic rhinitis
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were determined by presence of active symptoms within

the past year. Patients were diagnosed with atopic derma-

titis if they fulfilled the at least three of the major Hanifin-

Rajka criteria for atopic dermatitis: pruritis, chronic

relapsing dermatitis, characteristic morphological distribu-

tion, and personal or family history of atopic dermatitis.20

A clinical diagnosis of allergic rhinitis was made if the

patient had recurrent nasal symptoms including rhinorrhea,

nasal congestion, sneezing, or itching of the nose without

other symptoms of upper respiratory infection for more

than four days a week persisting for at least two weeks or

more within the past year.21 A clinical diagnosis of active

asthma was made if the patient had symptoms of persistent

coughing particularly at night or when waking, increased

coughing and wheezing induced by exercise, cold air,

allergens or viral infections, or if the patient had at least

one episode of wheezing requiring inhaled bronchodilators

or inhaled or systemic steroids within the past year.22

Blood samples were also obtained at 6 years and 12

years old and were sent for serum analysis of total and

specific IgE levels for D. pteronyssinus, cockroach, milk,

egg white, peanut and shrimp using the Pharmacia CAP

system (Pharmacia & Upjohn DiagnosticAB, Uppsala,

Sweden). An initial pilot study of 100 random samples

was used to identify the four most common allergens in

the general population: Dermatophagoides pteronyssinus

(35.0%), cockroach (17.6%), shrimp (14.6%), and peanut

(7%).23 We also included milk protein and egg white, two

of the most common food allergens observed in Asian

children in our testing panel.24

We mailed all the patients enrolled in our birth cohort

study who returned for the 12-year-old follow-up visit, the

Chinese version of the Swanson, Nolan, and Pelham, version

IV scale – Parent Form (SNAP-IV). Previous studies have

demonstrated that the Chinese version of the SNAP-IV

Parent Form is a reliable and psychometrically valid screen-

ing tool for ADHD and ODD in Taiwan. In a cohort of 3534

schoolchildren, the Chinese version of SNAP-IV had a high

degree of test–retest reliability and was highly correlated to

other scoring systems designed to test for symptoms and

behaviors related to ADHD including SDQ (Strengths and

Difficulties Questionnaire) and CBCL (Child Behavior

Checklist).25 The 26 questions in the SNAP-IV Parent Form

were scored on a 4 point scale (0 = not at all, 1 = just a little,

2 = quite a bit and 3= a lot), and an average score per question

was calculated for the three subsets of symptoms: inattention

(questions 1–9), hyperactivity/impulsivity (questions 10–18)

and opposition/defiance (questions 19–26). Children who

scored above the 95th percentile for each subset (1.78 for

inattention, 1.44 for hyperactivity/impulsivity and 1.88 for

opposition/defiance) were considered to be at high risk

for ADHD or oppositional defiant disorder.26 Medical chart

review was also performed to identify patients who have

received a diagnosis of neuropsychiatric disease including

tic disorder, Tourette’s syndrome, epilepsy or autism.

We performed Statistical analysis using SPSS for

Windows, version 19.0 (SPSS Inc., Chicago, IL,

USA). Differences in the SNAP-IV Parent Form aver-

age score per question were compared using Student’s

t-test, and Pearson’s correlation was applied to identify

the relationship between total and specific IgE levels

with the SNAP-IV Parent Form average score per

question for all three subsets. Finally, factors with

a p-value of less than 0.05 on univariate analysis

were selected for multivariate analysis to obtain

a final linear regression model.

Our study protocol was approved by the Internal

Review Board of Chang Gung Memorial Hospital (IRB

number: 102-2895B) and written informed consent was

obtained from the parents or guardians of all the patients

in this study. All experiments and data collection were

performed in accordance with the guidelines and regula-

tions outlined by the Internal Review Board of Chang

Gung Memorial Hospital.

Results
Demographic Data
Of the 207 children enrolled in our birth cohort study who

came to their follow-up appointment at 12 years old, 97 of

those children’s parents agreed to complete the SNAP-IV

Parent Form. Among them, 53 respondents were male

(54.6%), 6 had a gestational age of less than 37 weeks at

birth (6.1%), and 5 had prenatal exposure to smoking

(5.1%). The prevalence of asthma, allergic rhinitis and ato-

pic dermatitis at six years old was 24.2%, 63.2% and 14.7%,

respectively. The prevalence of asthma, allergic rhinitis and

atopic dermatitis at 12 years old was 5.3%, 72.9% and

21.8%, respectively. The percentage of patients that scored

above the 95th percentile on the SNAP-IV Parent Form for

inattention, hyperactivity/impulsivity and opposition/defi-

ance at 12 years old was 2.1%, 2.1% and 4.1%, respectively.

A medical chart review was also performed and identified
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five patients who received a neuropsychiatric diagnosis

within the study period: two patients with tic disorder, one

patient with Tourette’s syndrome, one with autism and one

with epilepsy. None of the patients in our study had a history

of developmental delay or head trauma.

Comparison SNAP-IV Parent Form

Scores at 12 Years Old in Patients with

and Without Allergic Disease
Patients who had asthma or allergic rhinitis at six years

old had higher SNAP-IV Parent Form scores for inatten-

tion at 12 years old (0.83 ± 0.12 vs 0.58 ± 0.05,

p = 0.041 and 0.76 ± 0.07 vs 0.46 ± 0.07, p = 0.005,

respectively). Furthermore, patients with allergic rhinitis

at six years old also had higher scores for opposition/

defiance at 12 years old (0.74 ± 0.07 vs 0.48 ± 0.07,

p = 0.013). On the other hand, patients with atopic

dermatitis at six years old did not have significantly

different SNAP-IV Parent Form scores at 12 years old

when compared to those without. Active asthma, allergic

rhinitis and atopic dermatitis at 12 years old were not

associated with significant differences in SNAP-IV Parent

Form scores at 12 years old (Table 1).

Univariate Analysis of Total and Specific

IgE Levels with SNAP-IV Parent Form

Scores at 12 Years Old
We found a positive correlation among all three subsets of

SNAP-IV Parent Form scores at 12 years old and peanut-

specific IgE levels at both 6 and12 years old (Pearson’s corre-

lation for inattention 0.323, p = 0.001 and 0.347, p = 0.001,

hyperactivity/impulsivity 0.413, p < 0.001 and 0.390,

p < 0.001, opposition/defiance 0.267, p = 0.009 and 0.265,

p = 0.009 at 6 years old and 12 years old, respectively). Higher

hyperactivity/impulsivity scores at 12 years old were posi-

tively correlated with higher specific IgE levels for cock-

roaches at six years old (Pearson’s correlation 0.236,

p = 0.022). Meanwhile, higher inattention scores at 12 years

old were positively correlated with higher specific IgE levels

for shrimp at 12 years old (Pearson’s correlation 0.269,

p = 0.008) (Table 2).

Linear Regression of Factors Associated

with SNAP-IV Parent Form Scores
After univariate analysis, factors that had a statistically sig-

nificant effect on SNAP-IV scores on univariate analysis (ie,

Table 1 Comparison of SNAP-IV Parent Form Scores in 12-Year-Old Patients with and Without Allergic Disease

Inattention

Score*

(Mean ± SE)

p-value Hyperactivity/Impulsivity

Score* (Mean ± SE)

p -value Opposition/Defiance

Score* (Mean ± SE)

p-value

6 y/o asthma

No (N=72) 0.58 ± 0.05 0.041 0.20 ± 0.03 0.062 0.60 ± 0.06 0.144

Yes (N=23) 0.83 ± 0.12 0.43 ± 0.11 0.79 ± 0.13

6 y/o allergic rhinitis

No (N=35) 0.46 ± 0.07 0.005 0.17 ± 0.04 0.093 0.48 ± 0.07 0.013

Yes (N=60) 0.76 ± 0.07 0.30 ±0.05 0.74 ± 0.07

6 y/o atopic dermatitis

No (N=81) 0.65 ± 0.06 0.782 0.26 ± 0.04 0.780 0.64 ± 0.06 0.859

Yes (N=14) 0.61 ± 0.14 0.23 ± 0.12 0.67 ± 0.15

12 y/o asthma

No (N=89) 0.66 ± 0.05 0.833 0.27 ± 0.04 0.582 0.69 ± 0.06 0.391

Yes (N=5) 0.71 ± 0.20 0.18 ± 0.09 0.48 ± 0.15

12 y/o allergic rhinitis

No (N=26) 0.57 ± 0.09 0.295 0.21 ± 0.06 0.387 0.55 ± 0.09 0.178

Yes (N=70) 0.69 ± 0.06 0.28 ± 0.05 0.72 ± 0.68

12 y/o atopic dermatitis

No (N=68) 0.64 ± 0.06 0.697 0.22 ± 0.03 0.127 0.65 ± 0.07 0.929

Yes (N=19) 0.68 ± 0.12 0.35 ± 0.10 0.66 ± 0.14

Note: *Average score per question.
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a p-value of less than 0.05) were included in our multivariate

linear regression models for inattention, hyperactivity/impul-

sivity and opposition/defiance. Confounding factors for

ADHD including male gender,27 history of neuropsychiatric

disease (tic syndrome, Tourette’s disease, epilepsy and aut-

ism), prematurity28 and prenatal exposure to smoking29 were

also included in the linear regression model for each of the

three scores. However, because there was a very high degree

of collinearity between specific IgE levels for peanut and

shrimp at 6 years old and specific IgE levels for peanut and

shrimp at 12 years old, we ran two linear regression models

for each SNAP-IV score: one with specific IgE levels at

6 years old and another with specific IgE levels at 12 years

old, and selected the linear regression model with the highest

R-squared value. Results of our final linear regression model

for each SNAP-IV score can be seen in Table 3. After

accounting for the affect confounding variables including

male gender, history of neuropsychiatric disease, prenatal

exposure to smoking and prematurity, we found that allergic

rhinitis at 6 years old still had a statistically significant effect

on inattention scores at 12 years old (β-coefficient 0.356,

95% CI 0.104–0.609, p = 0.006). In addition, higher specific

IgE levels for peanuts at 6 years of age were correlated with

higher hyperactivity/impulsivity scores (β-coefficient 0.088,

95% CI 0.049–0.126, p < 0.001), and higher specific

IgE for peanuts at 12 years of age were correlated with

higher opposition/defiance scores (β-coefficient 0.088, 95%

CI 0.049–0.126, p < 0.001) at 12 years old in our final linear

regression models (Table 3).

Discussion
In our longitudinal birth cohort study, we found that of the

three major allergic diseases (asthma, atopic dermatitis and

allergic rhinitis) only active allergic rhinitis at the 6-year-

old clinic visit was associated with higher SNAP-IV

Parent Form scores taken 6 years later when the subjects

were 12 years old. Of particular note, patients who had

active asthma, atopic dermatitis or allergic rhinitis at the

12-year-old clinic visit did not have higher SNAP-IV

scores for ADHD and ODD. While previous research has

found a link between the presence of allergic disease and

ADHD,9,10,30 the majority of such studies have been cross-

sectional in nature. In continuing our original birth cohort

study, we were able to examine the longitudinal effect of

allergic disease on ADHD and ODD symptoms. After

linear regression analysis which included possible con-

founding factors such as male gender, history of neurop-

sychiatric disease, prematurity and prenatal exposure to

smoking, we found that of the six allergens tested, only

peanut allergen sensitivity remained statistically

Table 2 Correlation Between Total IgE, Specific IgE Levels and SNAP-IV Parent Form Scores in 12-year-Olds

Inattention Score*

(Pearson’s

Correlation)

p-value Hyperactivity/

Impulsivity

Score* (Pearson’s

Correlation)

p -value Opposition/

Defiance Score*

(Pearson’s

Correlation)

p-value

6 y/o Total IgE 0.041 0.696 −0.038 0.715 0.006 0.954

6 y/o Specific IgE

Mite −0.790 0.445 −0.175 0.090 −0.098 0.345

Cockroach 0.156 0.130 0.236 0.022 0.117 0.261

Egg −0.025 0.810 −0.041 0.691 0.020 0.845

Milk −0.002 0.983 −0.031 0.769 0.118 0.225

Peanut 0.323 0.001 0.413 <0.001 0.267 0.009

Shrimp 0.207 0.044 0.221 0.032 0.145 0.162

12 y/o Total IgE 0.061 0.552 −0.131 0.199 0.158 0.122

12 y/o Specific IgE

Mite −0.126 0.217 −0.231 0.023 −0.153 0.134

Cockroach 0.195 0.056 0.122 0.233 0.099 0.333

Egg −0.170 0.870 −0.169 0.099 0.071 0.491

Milk −0.060 0.561 −0.165 0.107 0.041 0.691

Peanut 0.347 0.001 0.390 <0.001 0.265 0.009

Shrimp 0.269 0.008 0.136 0.183 0.156 0.127

Note: *Average score per question.
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significant in our final linear regression model. While prior

studies have demonstrated an association between ADHD

and a history of food allergies,31,32 none have identified

a clear link between ADHD symptoms and allergen-

specific serum IgE. As far as we know, this study is the

first to describe an association between peanut allergen

sensitivity and ADHD and ODD symptoms.

After reviewing the current literature, we discovered only

two longitudinal studies that focused on the temporal relation-

ship between the age of allergic disease onset and the subse-

quent development of ADHD symptoms. In one large

longitudinal study of children who were followed for 10

years, children with a history of atopic disease (including

asthma, allergic rhinitis, atopic dermatitis and allergic conjunc-

tivitis) prior to the age of three years were at a higher risk of

developing ADHD when older.33 Likewise, in a birth cohort

study of 2916 children, those with infantile atopic dermatitis

had the highest risk of hyperactivity and inattention at 10 years

old when compared with children with atopic dermatitis after 3

years old.34 In this study, we found that allergic rhinitis at 6

years old still had a statistically significant effect on symptoms

of ADHD at 12 years old even after possible confounding

factors such asmale gender, history of neuropsychiatric disease,

prematurity and prenatal exposure to smoking were included in

the linear regression model. While many genetic and environ-

mental factors may affect the development of ADHD, our

findings as well the results of the studies mentioned above

suggest that allergic diseases in early childhood may be corre-

lated with symptoms of ADHD later in life.

The relationship between specific food allergens and

ADHD has not yet been well established. Although var-

ious cross-sectional studies have found patients with food

allergies to be associated with a higher degree of general

anxiety and ADHD symptoms, they were not associated

with an increased risk of meeting diagnostic criteria for

psychiatric diseases.31,32 However, none of these studies

included food allergen-specific IgE levels in their analysis.

Of the four food-related antigens that we included in our

specific IgE panel, only an increased sensitivity to peanuts

was found to have a correlation with increased ADHD

symptoms after univariate and linear regression analysis.

To the best of our knowledge, this appears to be a novel

finding, although what role peanut sensitization may play

in the development of ADHD is still unclear.

Table 3 Factors Affecting SNAP-IV Parent Form Scores After Linear Regression

Model for Inattention Score β-Coefficient 95% Confidence Interval for β-Coefficient Standard Error p-value

Male gender −0.204 −0.448–0.040 0.123 0.099

Neuropsychiatric disease* 0.695 0.153–1.237 0.273 0.013

Prenatal exposure to smoking 0.096 −0.166–0.357 0.131 0.469

Prematurity 0.089 −0.394–0.572 0.243 0.716

Asthma at 6 y/o 0.198 −0.092–0.487 0.146 0.179

Allergic rhinitis at 6 y/o 0.356 0.104–0.609 0.127 0.006

Peanut specific IgE at 12 y/o 0.035 −0.009–0.079 0.022 0.120

Shrimp specific IgE at 12 y/o 0.103 −0.024–0.229 0.064 0.111

Model for Hyperactivity and Impulsivity score β-Coefficient 95% Confidence Interval for β-Coefficient Standard Error p-value

Male gender 0.063 −0.101–0.227 0.083 0.448

Neuropsychiatric disease* 0.521 0.148–0.894 0.188 0.007

Prenatal exposure to smoking −0.077 −0.254–0.099 0.089 0.386

Prematurity 0.196 −0.127–0.520 0.163 0.231

Cockroach specific IgE at 6 y/o −0.057 −0.202–0.088 0.073 0.438

Peanut specific IgE at 6 y/o 0.088 0.049–0.126 0.019 < 0.001

Shrimp specific IgE at 6 y/o −0.096 −0.246–0.053 0.075 0.204

Model for Opposition and Defiance score β-Coefficient 95% Confidence Interval for β-Coefficient Standard Error p-value

Male gender −0.236 −0.494–0.022 0.130 0.072

Neuropsychiatric disease* 0.927 0.353–1.501 0.289 0.002

Prenatal exposure to smoking 0.074 −0.202–0.351 0.139 0.595

Prematurity −0.068 −0.578–0.442 0.257 0.792

Allergic rhinitis at 6 y/o 0.247 −0.012–0.507 0.131 0.062

Peanut specific IgE at 12 y/o 0.054 0.012–0.096 0.021 0.012

Note: *Presence of either tic disorder, Tourette’s syndrome, autism or epilepsy.
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While our results show that allergic disease in early

childhood is associated with subsequent ADHD and ODD

symptoms, the underlying mechanisms between allergic

disease and neuropsychiatric health are still a matter of

debate. One explanation suggests that allergic diseases

may influence neuro-immunological pathways which may

alter brain function and development. Inflammatory cyto-

kines released during an allergic response can cross the

blood–brain barrier35 and may activate the prefrontal cor-

tex, which is associated with executive cognition, motiva-

tion and attention.13,36 Other explanations indicate that

psychological stress and sleep disturbances associated

with atopic disease may affect emotional and mental

development, especially early in life during which there

is a high degree of neural plasticity.37,38

The strengths of our research include our longitudinal

study design. By using data originally obtained from our

birth cohort study for allergic disease, we were able to

examine the temporal relationship between allergic disease

and ADHD. Furthermore, we included total and specific IgE

data at both six and 12 years old, which is uncommon for

studies of this nature. This study’s limitations include our

relatively small sample size. In addition, because ADHD is

a complex multifactorial disease, it is difficult to account for

all possible confounding factors that may contribute to

symptoms of ADHD at 12 years of age. Likewise, although

our allergen panel included the 6 most common allergens in

a Taiwanese population, it is by no means comprehensive.

Because evaluating ADHD symptoms in our cohort relied

solely on parents’ perspectives instead of an active survey or

structural interview, the results of this study may have been

affected by parental recall bias. In addition, only 2–4% of

the participating patients had scores high enough to be

consistent with an ADHD diagnosis, which is slightly

lower than the incidence of ADHD reported in relevant

literature.6 This finding may be due to the fact that ADHD

symptoms typically decline in adolescents. Furthermore, the

incidence of allergic disease in our subjects is higher than

what is commonly reported, which may have been the result

of patient self-selection bias. Since we only enrolled patients

who had already been a part of our allergic disease birth

cohort study, patients with a history of allergic disease may

have been more likely to agree to further evaluation at 12

years of age.

In conclusion, in this longitudinal study of patients who

were followed from birth to 12 years old we found that early

onset allergic rhinitis and peanut allergen sensitivity at six

years of age were associated with higher scores for SNAP-IV

Parent Form scores at 12 years old. Our findings suggest that

the early onset of allergic disease and food allergen sensitiza-

tion may be correlated to higher symptoms of ADHD and

ODD symptoms in adolescence. Further research is neces-

sary to determine the biological mechanisms involved.
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