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Background: We aim to investigate the detailed associa-
tions between allergic diseases with attention deficit hyperac-
tivity disorder (ADHD) and oppositional defiant disorder (ODD) 
among children.
Methods: Clinical information from 2,896 children enrolled 
in the Taiwan Children Health Study was obtained for analy-
ses. Allergic diseases, including atopic dermatitis, asthma, and 
allergic rhinitis, have been evaluated based on the questions 
adjusted from International Study of Asthma and Allergies in 
Childhood. The Swanson, Nolan, and Pelham questionnaire 
was used to assess symptoms of ADHD and ODD. Symptoms 
of depression, stress, and poor sleep quality were evaluated as 
the interactive risk factors.
results: Children having symptoms of allergic diseases 
within the past 1 y were associated with having all dimensions 
of symptoms of ADHD and ODD. Children with ever having a 
physician-diagnosed atopic dermatitis were associated with 
inattentive and hyperactive–impulsive symptoms of ADHD. 
Ever diagnosed asthma was associated with ADHD and ODD. 
Ever diagnosed allergic rhinitis was associated with inattentive 
and combined symptoms of ADHD and ODD.
conclusion: Children with allergic diseases, such as atopic 
dermatitis, asthma, and allergic rhinitis, were associated with 
exhibiting ADHD and ODD.

allergic diseases, including atopic dermatitis, asthma, and 
allergic rhinitis, are common chronic illnesses in chil-

dren, and their prevalence has increased markedly over the 
past decade (1). Associated symptoms may interfere with daily 
life and the sleep quality of affected children (2), leading to 
mental health and behavioral problems (3). An increase in 
the prevalence of childhood behavioral disorders has paral-
leled that of allergic diseases. Attention deficit hyperactiv-
ity disorder (ADHD) is a common and impairing childhood 
neuropsychiatric disorder (4,5). Clinically, ADHD often coex-
ists with oppositional defiant disorder (ODD) (6), one of the 
most common behavioral disorders found in children and 
adolescents. Children with ODD show an ongoing pattern of 

extreme negativity, hostility, and defiance lasting for at least 6 
mo. Without appropriate management, ODD may progress to 
conduct disorder, law-breaking and illicit substance usage.

Allergic and behavioral diseases may share a multifactorial 
pathophysiology, such as genetic factors, chronic inflamma-
tion, or environmental factors. A positive correlation between 
allergic diseases and ADHD has been reported in several clini-
cal studies (7–16). Most of the studies focused on the relation-
ship between ADHD and a specific allergic disease, namely, 
atopic dermatitis (8–10) or asthma (7,11,13). Few studies dis-
cussed the relationship between allergic rhinitis and mental 
health problems (14). The presence of behavioral disorders 
may differ among the three major allergic diseases. The pur-
pose of this study was to examine the relationship between 
allergic diseases (atopic dermatitis, asthma, and allergic rhi-
nitis) and childhood behavior disorders (ADHD and ODD), 
based on the hypothesis that allergic diseases may be an exac-
erbating factor or a potential cause of behavioral disorders. We 
also investigated important psychological problems, including 
depression, stress, and poor sleep quality, to identify whether 
these had interacting effects on the relationships between child-
hood allergic diseases and psychological behavior disorders.

RESULTS
Demographic Characteristics of the Participants
A total of 3,246 parent questionnaires (response rate = 87.7%) 
and 3,208 children questionnaires (response rate = 86.7%) 
were returned. After combining the parent and children ques-
tionnaires by subject identification number, we retrieved the 
data of 2,896 subjects for further analyses. All subjects were of 
Han Chinese ethnic origin. There were 1,463 boys (50.5%) and 
1,433 girls (49.5%). The majority of participants were 10 y of 
age and from households with low to middle parental educa-
tional levels.

The Prevalence of Allergic Diseases and ADHD-Related 
Behavioral Disorders
The overall prevalence rates of lifetime physician-diagnosed 
atopic dermatitis, asthma, and allergic rhinitis were 9.1%, 
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9.7%, and 31.6%, respectively. The prevalence rates of active 
atopic dermatitis, asthma, and allergic rhinitis were 7.0%, 3.0%, 
and 19.9%, respectively (Table 1). The prevalence of ADHD 
symptoms was 6.1%, with attentive, hyperactive–impulsive, 
and combined symptoms of ADHD divided into 3.0%, 4.6%, 
and 2.2%, respectively. The prevalence of ODD symptoms was 
2.9% of the participants.

Main Effects of Allergic Diseases on ADHD-Related Behavioral 
Disorders
Logistic-regression models were created for each subscale of 
behavioral disorders to control for known confounders. As 
shown in Table 2, children with active allergic diseases were 
associated with having all dimensions of symptoms of ADHD 
and ODD. Children who had ever been diagnosed with 
atopic dermatitis had higher odds of developing inattentive 
ADHD (odds ratio (OR) 2.19, 95% confidence interval (CI) 
1.44–3.32), hyperactive–impulsive ADHD (OR 1.48, 95% CI 
1.02–2.14), and ODD (OR 1.75, 95% CI 1.08–2.72). Children 

who had ever been diagnosed with asthma had higher odds 
of having symptoms of inattentive ADHD (OR 1.76, 95% CI 
1.26–2.46), hyperactive–impulsive ADHD (OR 1.68, 95% CI 
1.29–2.20), combined ADHD (OR 1.64, 95% CI 1.10–2.45), 
and ODD (OR 1.85, 95% CI 1.34–2.56). Children who had 
ever been diagnosed with allergic rhinitis had higher odds 
of having symptoms of inattentive ADHD (OR 1.41, 95% CI 
1.10–1.82), combined ADHD (OR 1.84, 95% CI 1.37–2.45), 
and ODD (OR 1.36, 95% CI 1.06–1.75).

Interaction of Depression, Stress, and Poor Sleep With Allergic 
Diseases
Children with depressive mood had a higher OR to meet 
the criteria of ADHD and ODD, with an OR ranging from 
2.12 to 4.03, which was statistically significant in all aspects. 
Children with high stress above the median did not show a 
significant association with symptoms of ADHD and ODD. 
Children with poor sleep quality had a higher OR to meet the 
criteria of ADHD and ODD, with an OR ranging from 2.48 
to 3.35, which was statistically significant in all aspects. The 
interactions of depression, stress, and poor sleep quality with 
the relationships between each allergic diseases and ADHD/
ODD are displayed in Table 3. Stress and depression inter-
acted with the relationship between atopic dermatitis and 
ADHD/ODD. Stress interacted with the relationship between 
asthma and ADHD/ODD. Depression and poor sleep qual-
ity especially affected the relationship between asthma and 
inattentive ADHD. Stress and poor sleep quality interacted 
with the relationship between allergic rhinitis and combined 
ADHD.

Joint Effects of Depression, Stress, or Poor Sleep and Allergic 
Diseases
The joint effects of depression, stress, and poor sleep and aller-
gic diseases are displayed in Table 4. Children with depression 
and either asthma or allergic rhinitis had higher odds of exhib-
iting symptoms of ADHD and ODD. Children with stress and 
one of the allergic diseases had higher odds of having symp-
toms of ADHD and ODD. Children with poor sleep quality 
and atopic dermatitis had higher odds of coexisting of ADHD, 
while those who with poor sleep quality and either asthma or 
allergic rhinitis had higher odds of coexisting of both ADHD 
and ODD.

table 1. Prevalence of allergic diseases and behavioral disorders in 
the study participants

Total N = 2,896

N % Missinga

Atopic dermatitis

  Diagnosis ever 251 9.1 57

  Symptoms within past 1 y 199 7.0 70

Asthma

  Diagnosis ever 272 9.7 89

  Symptoms within past 1 y 80 3.0 255

Allergic rhinitis

  Diagnosis ever 882 31.6 103

  Symptoms within past 1 y 551 19.9 121

Attention deficit hyperactivity disorder 176 6.1

  Inattentive 88 3.0

  Hyperactive–impulsive 134 4.6

  Combined 64 2.2

Oppositional defiant disorder 84 2.9
aMissing data due to not answering the specific question in the questionnaire.

table 2. Multivariate logistic regression on symptom of ADHD/ODD: main effects of allergic diseases toward ADHD/ODD

Ever ADa Active ADb Ever asthmaa Active asthmab Ever ARa Active ARb

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

ADHD 1.66 (1.23–2.25)* 1.57 (1.30–1.89)* 1.59 (1.27–1.99)* 1.96 (1.39–2.77)* 1.15 (0.97–1.35) 1.55 (1.33–1.82)*

  Inattentive 2.19 (1.44–3.32)* 1.82 (1.38–2.39)* 1.76 (1.26–2.46)* 1.99 (1.21–3.28)* 1.41 (1.10–1.82)* 1.66 (1.30–2.12)*

  Hyperactive–impulsive 1.48 (1.02–2.14)* 1.40 (1.11–1.77)* 1.68 (1.29–2.20)* 1.91 (1.26–2.89)* 1.14 (0.93–1.40) 1.63 (1.34–1.98)*

  Combined 1.54 (0.89–2.64) 1.64 (1.18–2.28)* 1.64 (1.10–2.45)* 2.75 (1.66–4.57)* 1.84 (1.37–2.45)* 2.51 (1.85–3.41)*

ODD 1.75 (1.08–2.72)* 1.78 (1.35–2.34)* 1.85 (1.34–2.56)* 2.88 (1.85–4.50)* 1.36 (1.06–1.75)* 1.77 (1.39–2.26)*

AD, atopic dermatitis; ADHD, attention deficit hyperactivity disorder; AR, allergic rhinitis; ODD, oppositional defiant disorder.
Multivariate logistic regression, adjusted for gender, age, parental marriage status, family income, exposure to tobacco at home, maternal smoking during pregnancy, preterm status, 
and city. aEver having a physician-diagnosed disease in the child’s lifetime bHaving a disease within the last year. *P < 0.05.
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DISCUSSION
The current population-based epidemiologic study demon-
strated the associations between allergic diseases and ADHD-
related behavioral disorders. Different allergic diseases were 
associated with different subtypes of ADHD and ODD. We 
observed the highest effects of active atopic dermatitis with 
inattentive ADHD and active allergic rhinitis with combined 
ADHD. The odds for ADHD-related behavioral disorders 
increased synergistically when children had both allergic dis-
eases and psychological problems including depression, stress, 
and poor sleep.

The associations between allergic diseases and men-
tal health disorders, including ADHD, conduct disorder, 

depression, and anxiety, have been increasingly recognized 
(3,8,11,14,15). The mechanisms underlying the relationship 
between allergic diseases and mental health disorders, how-
ever, remain uncertain. The temporal relationship between 
atopic dermatitis and ADHD has been studied, revealing 
that infants with atopic dermatitis are at an increased risk 
for mental health problems at 10 y of age (9). One meta-
analysis study demonstrated a bidirectional relationship 
between allergic diseases and mental health symptoms (17).  
Identifying genetic networks, behavioral processes, and 
gene–environmental interactions will provide insights 
into the complex relationships among allergic diseases and 
ADHD-related behavioral disorders.

table 3. Multivariate logistic regression on symptoms of ADHD and ODD with AD, asthma, and AR, with stratified analyses by depression  
(CES-D≥15), stress (PSS≥29), and poor sleep quality (PSQI≥7)

Depression  
(+)

Depression  
(−) P for 

interaction

Stress  
(+)

Stress  
(−) P for 

interaction

Poor sleep  
(+)

Poor sleep  
(−) P for 

interactionOR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Atopic dermatitis

  ADHD 1.04  
(0.52–2.05)

1.95  
(1.40–2.72)*

0.04 1.55  
(1.02–2.37)*

1.87  
(1.22–2.86)*

0.46 1.49  
(0.64–3.45)

1.73  
(1.26–2.38)*

0.35

  Inattentive 1.37  
(0.59–3.17)

2.72  
(1.68–4.39)*

0.10 1.59  
(0.79–3.20)

2.86  
(1.69–4.82)*

0.13 1.36 
(0.42–4.42)

1.53  
(1.03–2.26)*

0.71

   Hyperactive–
impulsive

1.72  
(0.86–3.45)

1.42  
(0.92–2.18)

0.74 1.03  
(0.57–1.89)

2.11  
(1.31–3.40)*

0.04 4.05  
(1.13–14.53)*

1.35  
(0.74–2.47)

0.53

  Combined 1.73  
(0.74–4.05)

1.45  
(0.72–2.90)

0.83 0.56  
(0.18–1.79)

2.92  
(1.55–5.50)*

0.004 1.64  
(0.50–5.40)

1.77  
(1.08–2.91)*

0.26

  ODD 0.75  
(0.23–2.39)

2.26  
(1.36–3.75)*

0.004 1.22  
(0.61–2.43)

2.65  
(1.41–4.96)*

0.08 1.71  
(1.14–2.55)*

1.62  
(1.24–2.10)*

0.61

Asthma

  ADHD 1.71  
(1.14–2.55)*

1.62  
(1.24–2.10) *

0.64 1.72  
(1.29–2.31)*

1.19  
(0.84–1.67)

0.02 1.85  
(1.06–3.25)*

1.54  
(1.22–1.96)

0.42

  Inattentive 1.25  
(0.68–2.30)

2.20  
(1.49–3.26) *

0.03 1.98  
(1.25–3.15)*

1.38  
(0.86–2.23)

0.14 — 2.05  
(1.46–2.86)

0.001

   Hyperactive–
impulsive

2.64  
(1.65–4.20)*

1.46  
(1.07–2.01) *

0.13 1.89  
(1.32–2.96)*

1.26  
(0.84–1.88)

0.04 2.33  
(1.11–4.87)*

1.61  
(1.21–2.14)*

0.31

  Combined 2.15  
(1.13–4.08)*

1.47  
(0.88–2.45)

0.62 2.53  
(1.52–4.22)*

0.79  
(0.39–1.58)

0.002 1.83  
(0.52–6.36)

1.62  
(1.06–2.47)*

0.83

  ODD 2.72  
(1.66–4.49)*

1.53  
(1.01–2.33)*

0.19 2.01  
(1.33–3.04)*

1.39  
(0.83–2.33)

0.13 2.44  
(1.16–5.15)*

1.74  
(1.22–2.49)

0.35

Allergic rhinitis

  ADHD 1.34  
(0.99–1.81)

1.10  
(0.91–1.34)

0.61 1.28  
(1.03–1.61)*

1.19  
(0.93–1.52)

0.65 1.63  
(1.06–2.50)*

1.12  
(0.94–1.34)

0.94

  Inattentive 1.47  
(0.97–2.22)

1.42  
(1.04–1.95)*

0.77 1.68  
(1.16–2.40)*

1.40  
(0.99–1.99)

0.91 2.09  
(1.01–4.33)*

1.39  
(1.06–1.81)*

0.90

   Hyperactive–
impulsive

1.48  
(0.99–2.20)

1.07  
(0.85–1.36)

0.37 1.33  
(1.01–1.77)*

1.14  
(0.85–1.53)

0.95 2.38  
(1.31–4.31)*

1.08  
(0.87–1.34)

0.17

  Combined 2.41  
(1.47–3.94)*

1.63  
(1.14–2.33)*

0.34 3.00  
(1.97–4.56)*

1.30  
(0.85–1.97)

0.02 10.14  
(1.99–35.45)*

1.63  
(1.20–2.21)*

0.01

  ODD 1.80  
(1.19–2.73) *

1.20  
(0.88–1.64)

0.25 1.29  
(0.92–1.79)

1.80  
(1.23–2.65)*

0.05 1.59  
(0.85–2.96)

1.37  
(1.04–1.80)

0.53

AD, atopic dermatitis; ADHD, attention deficit hyperactivity disorder; AR, allergic rhinitis; CES-D, Center for Epidemiologic Studies Depression; CI, confidence interval; ODD, oppositional 
defiant disorder; OR, odds ratio; PSQI, Pittsburgh Sleep Quality Index; PSS, Perceived Stress Scale.
Multivariate logistic regression, adjusted for gender, age, parental marriage status, family income, exposure to tobacco at home, maternal smoking during pregnancy, preterm status, 
and living cities. *P < 0.05

482 Pediatric RESEARCH      Volume 80  |  Number 4  |  October 2016



Copyright © 2016 International Pediatric Research Foundation, Inc.

Associations of allergy with ADHD/ODD         Articles

Different dimensions of ADHD are associated with differ-
ent developmental courses, comorbid disorders, sex ratios, and  
forms of functional impairment. Hyperactive–impulsive symp-
toms strongly correlate with Children’s Global Assessment 
Scores, and inattentive symptoms are related to academic 
impairment. Further analysis has revealed that both com-
bined and inattentive types of ADHD are associated with 
significant social impairment (18). In this study, we observed 
that children with atopic dermatitis had higher odds of devel-
oping inattentive ADHD and ODD. Children who had ever 
been diagnosed with allergic rhinitis had higher risks of hav-
ing inattentive and combined ADHD. A previous study had 
shown that only inattention symptoms (but not hyperactivity 
symptoms) were associated with allergic rhinitis (19), which 
is in agreement with the observations of our study. It has been 
demonstrated that asthmatic children exhibit more symptoms 
of hyperactivity/impulsivity in adolescence than controls (11). 
Deconstructing global assessments of ADHD into component 
subtypes may promote our analysis and understanding of the 
mechanisms underlying the relationships among allergic dis-
eases and behavioral disorders.

In this study, we investigated the interaction of three psy-
chological problems with the relationships between allergic 
diseases and ADHD-related psychiatric problems. Problems 
with depression in patients with bronchial asthma have been 
reported in the literature (20). Depression plays a major role in 
children’s internalizing disorder. The transformation between 
internalizing and externalizing behavior through childhood 
may occur. In our study, depression appeared to significantly 
influence the relationships between asthma and inatten-
tive ADHD and also between atopic dermatitis and ADHD/

ODD. Children experience stress from multiple sources, both 
internal and external. To cope with stressors, some children 
reported using aggressive behaviors. We observed that in chil-
dren faced with stress that exceeded the adaptive resources of 
an individual and social system. We observed stress interacted 
between allergic diseases and ADHD/ODD. Sleep disturbances 
accompanying allergic disorders may predispose to psychiatric 
disorders and strengthen the association between allergic dis-
orders and mental health conditions. One cross-sectional study 
reported that the association of ADHD and atopic dermatitis 
was modified by sleep disturbance in a large population-based 
sample (14). Some authors have argued that night-time asthma 
disturbances are related to poor sleep quality (21). The symp-
toms of allergic rhinitis also affect sleep quality, which results 
in daytime fatigue and cognitive and memory impairment. In 
our study, inadequate sleep appeared to significantly influence 
the relationships between asthma and inattentive ADHD and 
between allergic rhinitis and combined ADHD.

Compared with previous studies, the strength of this study 
is that the confounding effects of age, gender, parental marital 
status, socioeconomic status, prenatal tobacco exposure, and 
preterm status on ADHD symptoms have been adjusted in 
logistic regression models. It has been documented that paren-
tal marital conflicts (22), low socioeconomic status (23), house-
hold second-hand smoke or prenatal tobacco exposure (24), 
and preterm birth are related to ADHD or ODD. However, two 
limitations of this study deserve discussion. First, allergic dis-
eases and ADHD-related behavior disorders were ascertained 
using questionnaires. Nevertheless, the relationships between 
allergic diseases and behavioral disorders were consistent with 
those reported in the literature. The questionnaires we used 

table 4. Multivariate logistic regression on symptoms of ADHD and ODD with depression (CES-D≥15), stress (PSS≥29), and poor sleep quality 
(PSQI≥7), with stratified analyses by AD, asthma, and AR

Depression Stress Poor sleep quality

(−) (+) (−) (+) (−) (+)

ADHD

  AD (-) 1.00 2.26 (1.87–2.74)* 1.00 1.12 (0.94–1.32) 1.00 2.00 (1.54–2.60)*

(+) 1.92 (1.38–2.67) * 1.97 (0.97–4.02) 1.73 (1.13–2.65) * 1.77 (1.16–2.70)* 1.72 (1.25–2.36) * 2.12 (0.88–5.11)*

  Asthma (-) 1.00 2.10 (1.73–2.56)* 1.00 0.90 (0.83–1.17) 1.00 2.09 (1.60–2.71)*

(+) 1.58 (1.21–2.05) * 3.83 (2.20–5.04)* 1.20 (0.85–1.69) 2.02 (1.50–2.72)* 1.59 (1.25–2.02) * 3.36 (1.84–6.13)*

  AR (-) 1.00 1.99 (1.59–2.49)* 1.00 1.10 (0.90–1.33) 1.00 1.90 (1.39–2.61)*

(+) 1.08 (0.89–1.31) 2.63 (2.00–3.46)* 1.10 (0.86–1.41) 1.31 (1.04–1.64) * 1.12 (0.94–1.34) 2.21 (1.54–3.17)*

ODD

  Adermatitis (-) 1.00 3.10 (2.34–4.10)* 1.00 1.54 (1.30–4.53)* 1.00 2.23 (1.52–3.28)*

(+) 2.25 (1.36–3.73)* 1.86 (0.58–6.01) 2.42 (1.30–4.53)* 1.86 (1.17–2.01)* 1.71 (1.04–2.82) * 2.97 (0.90–9.75)

  Asthma (-) 1.00 2.36 (1.76–3.16)* 1.00 1.16 (0.89–1.52) 1.00 2.29 (1.56–3.36)*

(+) 1.51 (0.99–2.30) 5.98 (3.65–9.79)* 1.45 (0.86–2.42) 2.60 (1.71–3.98)* 1.79 (1.25–2.55)* 4.82 (2.30–10.10)*

  AR (-) 1.00 2.23 (1.59–3.13)* 1.00 1.51 (1.10–2.06)* 1.00 2.33 (1.49–3.65)*

(+) 1.19 (0.87–1.61) 3.94 (2.72–5.71)* 1.60 (1.10–2.34)* 1.82 (1.27–2.60)* 1.37 (1.04–1.80)* 2.64 (1.58–4.41)*

AD, atopic dermatitis; ADHD, attention deficit hyperactivity disorder; AR, allergic rhinitis; CES-D, Center for Epidemiologic Studies Depression; ODD, oppositional defiant disorder; PSQI, 
Pittsburgh Sleep Quality Index; PSS, Perceived Stress Scale.
*P < 0.05.
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have been validated and widely used in epidemiologic stud-
ies. Second, under the design of a cross-sectional survey, this 
study can only demonstrate trends in associations, but not 
causal relationships. As the Taiwan Children Health Study is 
an ongoing cohort study, future investigations in this cohort 
may be helpful in elucidating the causal effects between aller-
gic diseases and ADHD/ODD.

Uncontrolled ADHD and ODD may result in several compli-
cations, including the persistence of symptoms into adolescence 
or adulthood, poor social skills, depression, or even criminal 
activity (25). Accordingly, more comprehensive care should be 
offered to these children, their parents, and other caregivers 
(26). Whether good control of atopic dermatitis, asthma, and 
allergic rhinitis could provide favorable control of mental health 
disorders, or whether psychological interventions could amelio-
rate symptoms of allergic diseases was undetermined. Further 
longitudinal study may provide more information about it.

Children with allergic disease, such as atopic dermatitis, 
asthma, and allergic rhinitis, may have higher odds of develop-
ing different subtypes of ADHD-related behavioral disorders. 
The odds for ADHD-related behavioral disorders increased 
synergistically when these children had both allergic diseases 
and psychological problems including depression, stress, and 
poor sleep. In addition to physical discomfort, allergic diseases 
may also be related to psychiatric and behavioral problems.

METHODS
The Study Population
We performed a cross-sectional analysis using the baseline data from 
Taiwan Children Health Study cohort, which is a nationwide mul-
tidisciplinary study investigating the influence of common environ-
mental factors on allergic diseases and mental health problems in 
children (27,28). Since 2010, a total of 3,700 fourth-grade children 
(aged 9–10 y old) were enrolled in this cohort (cohort 2) from 14 dif-
ferent Taiwanese communities. After informed consent was obtained 
from both parents and children, the participants and their parents 
completed a written questionnaire, which included demographic 
information, socio-demographic factors, household environmental 
exposures, child behaviors, and allergic diseases. The study protocol 
was approved by the Institutional Review Board of National Taiwan 
University Hospital.

Evaluation of Allergic Diseases
All of the questions regarding allergic diseases were based on the 
standardized questions in the International Study of Asthma and 
Allergies in Childhood. Atopic dermatitis was measured by the ques-
tions: “Has your child ever been diagnosed as having atopic dermati-
tis by a physician?” “Has your child had an itchy rash that was coming 
and going for at least six months? Did the itchy rash occur in the folds 
of the elbows, behind the knees, in front of the ankles, under the but-
tocks, or around the neck, ears or eyes within the last year?” Asthma 
was measured by using the questions: “Has your child ever had been 
diagnosed as having asthma by a physician?” “Has your children had 
an asthma attack within the last year?” Allergic rhinitis was assessed 
by asking: “Has your child ever had been diagnosed as having allergic 
rhinitis by a physician?” “Has your children had sneezing, running 
nose, or nose issues when not having a cold within the last year?” The 
questions answered were marked as “ever having a disease,” which 
means ever having a physician-diagnosed disease in the child’s life-
time. Having a “disease within the last year” was marked if both of the 
two questions in each allergic disease were “yes.” 

Evaluation of ADHD and ODD
Parents were requested to complete questionnaires pertaining to their 
children’s behavioral and emotional problems using the SNAP-26. 

The Swanson, Nolan, and Pelham (SNAP) questionnaire was devel-
oped in 1983, and the original SNAP-IV (43 items) was shortened 
to 26 items in the Multisite Multimodal Treatment Study for ADHD 
(The MTA Cooperative Group) in 1999 (29). In this study, we used 
the Chinese version of the SNAP-26 questionnaire (30). It consists of 
the Diagnostic and Statistical Manual of Mental Disorders-IV symp-
toms for the inattention (Items 1–9) and hyperactivity/impulsivity 
(Items 10–18) criteria for ADHD and the oppositional symptom 
(Item 19–26) criteria for ODD. If the SNAP-26 inattention, hyper-
activity, or combined subscale was equal to or higher than the cutoff 
score, participants were defined as having symptoms of inattention, 
hyperactivity/impulsivity, or combined ADHD. If the participants 
belonged to any of the aforementioned categories, he or she was 
defined as having ADHD. Additionally, they were defined as having 
ODD by the same rule.

Assessment of Depression, Stress, and Sleep Problems
To evaluate the symptoms of depression in the participants, we 
used the Chinese version of the Center for Epidemiologic Studies 
Depression (CES-D) Scale questionnaire (31). CES-D is a structured 
questionnaire used to assess depressed mood, feelings of guilt and 
worthlessness, feelings of helplessness and hopelessness, psychomo-
tor retardation, loss of appetite, and sleep disturbance. In our study, 
a CES-D cutoff score of 16 or higher (≥16) was set to define depres-
sion. The Cronbach’s alpha coefficient of the CES-D questionnaire 
was 0.87. The Perceived Stress Scale (PSS) (32) was used to quantify 
the stress perceived by the participants. Children were requested to 
answer the 14 items of the PSS. A PSS-14 score equal to or higher 
than 29, which was the median value among the participants of 
this study, was labeled as “high stress.” The Cronbach’s alpha coef-
ficient of the PSS questionnaire was 0.40. To assess sleep problems, 
we used the Chinese version of the Pittsburgh Sleep Quality Index 
(PSQI) questionnaire (33). PSQI is a simplified tool for evaluating 
sleep quality within the most recent 1 mo, including subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbance, use of sleeping medication, and daytime dysfunction 
(34). If the sum of the scores for the seven components was equal to 
or higher than 7, the participant was regarded as having “poor sleep 
quality.” The Cronbach’s alpha coefficient of the PSQI questionnaire 
was 0.60.

Statistical Analysis
SAS Version 9.2 (SAS Institute, Cary, NC) was used for the statisti-
cal analysis. The independent t-test and one-way analysis of variance 
were used to study continuous variables, and the χ2 test was used 
to study categorical variables. Stepwise logistic regression was used 
to establish predictive models, and the main effects of allergic dis-
eases (atopic dermatitis, asthma, and allergic rhinitis) on psychiatric 
behavioral disorders (ADHD and ODD) were explored. The PROC 
MI procedure method was used in SAS program that creates multiply 
imputed data sets for incomplete data. Our data were reduced bias 
and increased precision by the method and specify the Markov chain 
Monte Carlo. After the main effects of atopic dermatitis, asthma, and 
allergic rhinitis were validated, psychotic factors, such as depression, 
stress, and poor sleep quality, were further analyzed to investigate the 
interaction effects.
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