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Objective: Previous studies have found a temporal concordance in the increased prevalence of atopic diathesis/
atopic diseases, attention-deficit hyperactivity disorder (ADHD), and autistic spectrum disorder (ASD) world-
wide. But, the temporal association among these 3 distinct diseases is unknown.
Method: 14,812 atopic subjects diagnosed with any atopic disease (asthma, atopic dermatitis, allergic rhinitis, or
allergic conjunctivitis) before the age of 3 (atopic cohort) and 6944 non-atopic subjects with no lifetime atopic
disease (non-atopic cohort), born between 1997 and 2000, were enrolled and followed to December 31, 2010
to identify the development of ADHD and ASD.
Results: The presence of any atopic disease in early childhood increased the risk of developingADHD (hazard ratio

[HR]: 1.97) and ASD (HR: 3.40) in later life. Greater numbers of atopic comorbidities (4 comorbidities: ADHD:
HR: 2.53; ASD: HR: 4.29) were significantly related to a greater risk of developing ADHD and ASD.
Discussion:Atopic diathesis in early childhood elevated the risk of developingADHDandASD in later life, with the
dose-dependent relationship of more atopic comorbidities with a greater likelihood of ADHD and ASD.
© 2014 Elsevier Inc. All rights reserved.
Introduction

Atopic diseases of childhood consist of atopic dermatitis, allergic
rhinitis, allergic conjunctivitis, and asthma, and have been regarded as
the most common chronic disorders of childhood [2,34,35,37]. The
prevalence rates of atopic diseases rose gradually over the past several
decades, and have been reaching epidemic proportions in both the
developed and developing world [1,17,19,36]. The International Study
of Asthma and Allergies in Childhood reported that from the 1990s
to early 2000, the prevalence of asthma, allergic rhinitis, and atopic der-
matitis rose significantly in Australia, from 4.4%, 3.7%, and 10.1% to 5.1%,
4.5%, and 13.8%, respectively, among children [31]. In the United States,
the prevalence of childhood asthma doubled from approximately
3% in early 1980 to 7.5% in 1995 [40]. Atopic diathesis or atopic
disease has become an important public health problem among
children [1,17,19,36].
No. 201, Shih-Pai Road, Sec. 2,
Similar to the increased prevalence of atopy worldwide over the last
few decades, the prevalence rates of childhood neurodevelopmental
disorders, including attention-deficit hyperactivity disorder (ADHD)
and autistic spectrum disorder (ASD), have risen gradually and simulta-
neously [4,9]. The 1997–2008 National Health Interview Surveys in the
United States reported that the prevalence of ADHD and ASD increased,
respectively, from 5.69% to 7.57% and 0.19% to 0.74% over 12 years [9]. A
Danish birth cohort study followed all children born from 1990 through
1999 to the end of 2004 and reported that the cumulative incidence of
ADHD and ASD across specific birth years showed statistically signifi-
cant increases [4]. The temporal concordance of the increased preva-
lence of atopy, ADHD, and ASD has inspired many scientists in recent
years to investigate the possible etiological association between these
3 clinically distinct diseases.

Previous findings regarding the association among atopy, ASD, and
ADHD have been inconsistent [6,7,21,27,32,42]. Biederman et al. failed
to validate the association between asthma and ADHD among 140
ADHD children aged 6–17 years and controls [7]. Bakkaloglu et al.
found that young autistic children (n=30) did not present more aller-
gic features, based on history, skin tests, and serum immunoglobulin
(Ig)-E levels, than the normal controls (n = 39) [6]. However, several
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larger sample-size studies supported the relationship of atopy with
ADHD and ASD [27,32,42]. The 2007 National Survey of Children's
Health in the United States, composed of 92,642 children aged 0 to
17 years, demonstrated that the odds of having ADHD (odds ratio
[OR]: 1.87, 95%CI: 1.54–2.27) and ASD (OR: 3.04, 95%CI: 2.13–4.34)
were significantly increased in children with atopic dermatitis com-
paredwith the control subjects [42].Mogensen et al. found that children
with asthma at age 8–9 years had an almost twofold increased risk (OR:
1.88, 95% CI: 1.18–3.00) of having one ormore symptoms of hyperactiv-
ity/impulsivity, and a more than twofold increased risk (OR: 2.73, 95%
CI: 1.49–5.00) of having 3 ormore symptoms of hyperactivity/impulsiv-
ity at age 13–14 years [27]. However, the limitations in those previous
studies included that the diagnoses of ADHD and ASDwere given by pa-
rental reports or questionnaires, and not by board certificated psychia-
trists, and that a cross-sectional study design, and not a longitudinal
follow-up design was used.

In our study, utilizing the Taiwan National Health Insurance
Research Database (NHIRD) with a large sample size and a longitudinal
follow-up study design,we followed newborns between 1997 and 2000
to the end of 2010, and investigated the association between atopic di-
athesis in early childhood (before the age of 3) and the risk of ADHD and
ASD in later life. We hypothesized that subjects who had any atopic dis-
ease in early childhood had an increased risk of developing ADHD and
ASD in later life.

Methods

Data source

The National Health Insurance (NHI) program was implemented in
1995 and covers up to 99% of the 23,000,000 residents of Taiwan
(http://www.nhi.gov.tw/). The NHIRD was audited and released by
the National Health Research Institute. Comprehensive information on
insured subjects, such as demographic data, dates of clinical visits, and
disease diagnoses, is included in the database. To guarantee privacy,
all subjects included in the NHIRD are anonymous. The diagnostic
codes used were based on the International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM). The NHIRD has been
used extensively in many epidemiologic studies in Taiwan [5,12,13,41].

Inclusion criteria for atopic and non-atopic cohorts

For the study, 1,000,000 subjects, approximately 4.3% of the popula-
tion of Taiwan, were randomly selected from the NHIRD. Subjects with
any atopic disease, including asthma (ICD-9-CM codes: 493) diagnosed
by emergency room doctors, pulmonologists, rheumatologists, or pedi-
atricians, allergic rhinitis (ICD-9-CM code: 477) diagnosed by internists,
pulmonologists, rheumatologists, otolaryngologists or pediatricians,
atopic dermatitis (ICD-9-CM codes: 691 or 691.8) diagnosed by derma-
tologists or pediatricians, and allergic conjunctivitis (ICD-9-CM codes:
372.05, 372.10, and 372.14) diagnosed by ophthalmologists, were
defined as those with atopic diathesis. We combined above atopic
diseases, including asthma, atopic dermatitis, allergic rhinitis, and aller-
gic conjunctivitis, into a category representing the presence of atopic
diathesis becausemuch evidence has supported the frequent comorbid-
ity of atopic diseases, and their sharing of a similar pathophysiology.
Subjects born between 1997 and 2000 with the diagnosis of any atopic
disease given by corresponding specialists before the age of 3 andwith-
out history of any psychiatric disorder (ICD-9-CM codes: 290–319)
were enrolled as the atopic cohort (n = 14,812). Subjects who had
any psychiatric disorder before any diagnosis of atopic disease and
those who developed atopic diseases after age of 3 were excluded in
the case (atopic) group. Subjects born between 1997 and 2000 without
any atopic disease anytime at enrollment or during the follow-up and
without any psychiatric disorder before the enrollment were included
as the non-atopic cohort (n= 6944). The atopic and non-atopic cohorts
were followed to December 31, 2010 or the death, and thosewhodevel-
oped ASD (ICD-9-CM codes: 299) or ADHD (ICD-9-CM codes: 314) as
diagnosed by psychiatrists were identified. All diagnoses were given at
least twice by corresponding physicians to achieve diagnostic validity.
Level of urbanization (level 1 to level 5; level 1: most urbanized region;
level 5: least urbanized region) was also assessed in our study [23].
Statistical analysis

For between-group comparisons, the independent t test was used
for continuous variables and Pearson's X2 test for nominal variables,
where appropriate. Due to the longitudinal follow-up study design,
two Cox proportional hazard regression models were used to investi-
gate the HR with 95%CI of ASD and ADHD. The death (withdrawal
from the NHIRD) and the study endwere set as the censor. The propor-
tional hazard assumption was met in both regression models. The
primary model investigated the presence or absence of any atopic
disease as a categorical variable with the risk of ASD and ADHD; the
secondary model investigated the numbers of atopic comorbidities as
a categorical variable with the risk of ASD and ADHD. Two models
were adjusted by demographic data. A two-tailed P-value of less than
0.05 was considered statistically significant. All data processing and
statistical analyses were performed with Statistical Package for Social
Science (SPSS) version 17 software (SPSS Inc) and Statistical Analysis
Software (SAS) version 9.1 (SAS Institute, Cary, NC).
Results

In all, 14,812 atopic subjects (atopic cohort) with a mean 1.33 ± 0.86 years of
diagnosis of any atopic disease and 6944 non-atopic subjects (non-atopic cohort)
with no lifetime atopic disease, born between 1997 and 2000, were enrolled in
our study, and followed to the onset of events (ASD or ADHD), the study end (De-
cember 31, 2010), or the death. During the follow-up, 557 (2.6%) subjects died
and withdrew from NHIRD. The atopic cohort was more male-predominant than
the non-atopic cohort (55.6% vs. 44.8%, p b 0.001). Of the total atopic subjects,
9438 (63.7%) were diagnosed with asthma, 10,701 (72.2%) with allergic rhinitis,
9395 (63.4%) with allergic conjunctivitis, and 8310 (56.1%) with atopic dermatitis.
Furthermore, 1809 atopic patients (12.2%) were diagnosed as having only one atop-
ic disease, 5513 (37.2%) had 2 atopic comorbidities, 4951 (33.4%) had 3 atopic co-
morbidities, and 2539 (17.1%) had 4 atopic comorbidities. Follow-up from birth to
the end of 2010 revealed that the atopic cohort had a higher incidence of ADHD
(6.3% vs. 2.9%, p b 0.001) and ASD (0.8% vs. 0.2%, p b 0.001) than the non-atopic co-
hort (Table 1). Furthermore, among a total number of 130 patients with ASD, 84
(64.6%) had a comorbid diagnosis of ADHD; among a total number of 1138 with
ADHD, 7.4% were comorbid with ASD. Besides, the atopic cohort resided in more ur-
banized regions than the non-atopic cohort (p b 0.001) (Table 1).

Two Cox regression models were used, after adjusting gender and level of urbaniza-
tion, to study the association between atopic diathesis in early childhood and the risks
of ADHD and ASD between the atopic and non-atopic cohorts. The primary Cox regression
model showed that thepresence of any atopic disease in early childhood increased the risk
of developing ADHD (HR: 1.97, 95%CI: 1.69–2.29) and ASD (HR: 3.40, 95%CI: 1.95–5.93) in
later life (Tables 2 and 3). The secondary Cox regressionmodel showed a dose-dependent
effect between atopic comorbidities in early childhood and the risk of developingADHD(1
atopic disease: HR: 1.32, 95%CI: 1.01–1.73; 2 atopic comorbidities: HR: 1.64, 95%CI: 1.37–
1.97; 3 atopic comorbidities: 2.26, 95%CI: 1.90–2.69; 4 atopic comorbidities: HR: 2.53,
95%CI: 2.09–3.07) and ASD (1 atopic disease: HR: 2.14, 95%CI: 0.90–5.11; 2 atopic comor-
bidities: HR: 2.70, 95%CI: 1.44–5.05; 3 atopic comorbidities: HR: 4.08, 95%CI: 2.24–7.43; 4
atopic comorbidities: HR: 4.29, 95%CI: 2.25–8.19) (Tables 2 and 3). In addition, male gen-
der was an independent risk factor for ADHD (primarymodel: HR: 3.34, 95%CI: 2.89–3.85;
secondary model: HR: 3.27, 95%CI: 2.83–3.77) and ASD (primary model: HR: 4.14, 95%CI:
2.62–6.55; secondary model: HR: 4.04, 95%CI: 2.55–6.40) in the two Cox regression
models (Tables 2 and 3).
Discussion

Our results supported the study hypotheses that atopic diathesis in
early childhood (before the age of 3) increased the risk of developing
ADHD and ASD in later life, and that there was a dose-dependent rela-
tionship between more atopic comorbidities with a greater likelihood
of ADHD and ASD.

http://www.nhi.gov.tw/


Table 1
Demographic data of atopic and non-atopic cohorts

Total (n = 21,756) Atopic cohort (n = 14,812) Non-atopic cohort (n = 6944) p-value

Gender (%, M) 11,339 (52.1) 8230 (55.6) 3109 (44.8) b0.001
Age at any atopy (year, SD) – 1.33 (0.86) – -
Asthma (n, %) 9438 (43.4) 9438 (63.7) 0 (0) b0.001
Allergic rhinitis (n, %) 10,701 (49.2) 10,701 (72.2) 0 (0) b0.001
Allergic conjunctivitis (n, %) 9395 (43.2) 9395 (63.4) 0 (0) b0.001
Atopic dermatitis (n, %) 8310 (38.2) 8310 (56.1) 0 (0) b0.001
Number of atopic comorbidities (n, %) b0.001
0 6944 (31.9) 0 (0) 6944 (100%)
1 1809 (8.9) 1809 (12.2) 0 (0)
2 5513 (25.3) 5513 (37.2) 0 (0)
3 4951 (22.8) 4951 (33.4) 0 (0)
4 2539 (11.7) 2539 (17.1) 0 (0)

Average number of atopic comorbidities (n, SD) 1.74 (1.41) 2.55 (0.91) 0 (0) b0.001
ADHD (n, %) 1138 (5.2) 936 (6.3) 202 (2.9) b0.001
Age at ADHD diagnosis (year, SD) 8.13 (2.34) 8.01 (2.29) 8.69 (2.48) b0.001

ASD (n, %) 130 (0.6) 116 (0.8) 14 (0.2) b0.001
Age at ASD diagnosis (year, SD) 7.63 (3.03) 7.82 (3.03) 6.03 (2.61) 0.037

Level of urbanization (n, %) b0.001
1 (most urbanized) 6005 (27.6) 4355 (29.4) 1650 (23.8)
2 6724 (30.9) 4736 (32.0) 1988 (28.6)
3 3828 (17.6) 2500 (16.9) 1328 (19.1)
4 3109 (14.3) 1983 (13.4) 1126 (16.2)
5 (most rural) 2090 (9.6) 1238 (8.4) 852 (12.3)

ADHD: attention-deficit hyperactivity disorder; ASD: autistic spectrum disorder; SD: standard deviation.
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Atopy and ADHD

The comorbid or causal role of atopy and atopic immunological
responses in the development of ADHD has been debated for a long
time [7,12,13,27,32,42]. In the late 1980s, Marshall et al. proposed a
potential neuro-immunological model of ADHD, and hypothesized
that atopic reactions engendering cholinergic/adrenergic activity imbal-
ances in the central nervous system led to ADHD symptoms in some
children [26]. As mentioned in the Introduction, several small sample-
size studies in the 1990s failed to support this relationship, but some
large sample-size nationwide studies in the 2000s found a significant
association between atopy and ADHD [12,13,32,42]. A recent Korean
study investigated the association between atopy and psychological
and behavioral problems (Child Behavior Checklist) in a large sample
of preschoolers (n = 780), and reported that atopy, including asthma,
atopic dermatitis, and allergic rhinitis was associatedwith preschoolers'
psychological and behavioral problems, and especially, that those with
atopic dermatitis hadmore attention problems and higher ADHD scores
[11]. Mogensen et al.'s cohort study suggested that asthmatic children
exhibited more symptoms of hyperactivity/impulsivity in adolescence
Table 2
Cox regression analyses of the risk of developing ADHD among atopic and non-atopic cohorts

Primary model

HR (95% CI)a

Atopy, presence vs. absence 1.97 (1.69–2.29)
Numbers of atopic comorbidities, per disease
0 NA
1 NA
2 NA
3 NA
4 NA

Gender, male vs. female 3.34 (2.89–3.85)
Level of urbanization
1 (most urbanized) 1
2 0.78 (0.68–0.90)
3 0.77 (0.65–0.92)
4 0.72 (0.59–0.87)
5 (most rural) 0.39 (0.29–0.52)

ADHD: attention-deficit hyperactivity disorder; SD: standard deviation. HR: hazard ratio; CI: c
a Atopic disease modeled as a categorical variable.
b Number of atopic diseases modeled as a categorical variable.
than the controls [27]. Asthma-related physical symptoms, including
wheezing attacks, shortness of breath, and coughing after exertion,
were significantly related to the greater risk of inattention and hyperac-
tivity problems in asthmatic children [8,10]. Schmitt et al. further sug-
gested that the clinical severity of atopy was related to the elevated
risk of ADHD [32].

The pathophysiology of ADHD and its relation to atopic diseases are
still unclear. Previous immunological studies on the relationship of
proinflammatory cytokines and related genes with ADHD elucidated
the possible role of atopic diathesis/atopic diseases in the pathophysiol-
ogy of ADHD. Oades et al. reported that 6 cytokines, including IL-2, IL-6,
IFN-γ, IL-16, IL-10, and IL-13, showed a marginal increase in the ADHD
group, compared to the control group [28]. Segman et al., investigating
the role of the IL-1 receptor antagonist (IL-1Ra) gene variable number
tandem repeat (VNTR) polymorphism in patients with ADHD, reported
that the 4-repeat allelewas associatedwith a significantly increased risk
of ADHD, and 2-repeat alleles with a decreased risk of ADHD [33]. A
genome-wide study genotyped 958 parent–offspring trios on the
Perlegen 600,000 SNP array, and found that the C-allele SNP of nuclear
factor, IL-3 regulated (NFIL3) was associated with an earlier age at
Secondary model

p-value HR (95% CI)b p-value

b0.001 NA NA

NA 1 –

NA 1.32 (1.01–1.73) 0.043
NA 1.64 (1.37–1.97) b0.001
NA 2.26 (1.90–2.69) b0.001
NA 2.53 (2.09–3.07) b0.001
b0.001 3.27 (2.83–3.77) b0.001

– 1 –

0.001 0.79 (0.69–0.92) 0.002
0.003 0.79 (0.67–0.94) 0.008
0.001 0.75 (0.62–0.90) 0.003
b0.001 0.41 (0.31–0.55) b0.001

onfidence interval; NA: not applicable.



Table 3
Cox regression analyses of the risk of developing ASD among atopic and non-atopic cohorts

Primary model Secondary model

HR (95% CI)a p-value HR (95% CI)b p-value

Atopy, presence vs. absence 3.40 (1.95–5.93) b0.001 NA NA
Number of atopic comorbidities, per disease
0 NA NA 1 –

1 NA NA 2.14 (0.90–5.11) 0.086
2 NA NA 2.70 (1.44–5.05) 0.002
3 NA NA 4.08 (2.24–7.43) b0.001
4 NA NA 4.29 (2.25–8.19) b0.001

Gender, male vs. female 4.14 (2.62–6.55) b0.001 4.04 (2.55–6.40) b0.001
Level of urbanization
1 (most urbanized) 1 – 1 –

2 0.55 (0.36–0.83) 0.005 0.55 (0.37–0.84) 0.006
3 0.40 (0.22–0.71) 0.002 0.41 (0.23–0.73) 0.003
4 (most rural) 0.48 (0.29–0.78) 0.003 0.50 (0.31–0.82) 0.006

ASD: autistic spectrum disorder; HR: hazard ratio; CI: confidence interval; NA: not applicable.
a Atopic disease modeled as a categorical variable.
b Number of atopic diseases modeled as a categorical variable.
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onset of ADHD [22]. This evidence implied that atopic diathesis and
ADHD may share a similar underlying pathophysiology related to the
alteration of the inflammatory process and abnormal immunological re-
actions, but further studies are required to clarify this.

Our study, compatible with previous findings, showed that atopic
diathesis/atopic diseases in early childhood increased the risk of
developing ADHD in school-age children. The clinical severity of atopy
indicated by the numbers of atopic comorbidities was associated with
a greater risk of developing ADHD.

Atopy and ASD

The association between atopic diseases and ASD is also inconsis-
tent. Several small sample-size studies reported no significant relation-
ship between these 2 diseases [6,21]. Jyonouchi et al.'s case–control
study (n = 26 in the ASD group and n = 107 in the control group) re-
vealed that the clinical features of the ASD group were not associated
with allergic rhinitis, asthma, atopic dermatitis, or food allergy [21].
However, Yaghmaie et al. surveyed 92,642 children aged 0 to 17 years
about the association between atopic dermatitis and the mental health
burden, and found that patients with atopic dermatitis had significantly
increased odds of havingASD (OR: 3.04, 95%CI: 2.13–4.34), compared to
those without [42]. They further observed that a dose-dependent rela-
tionship existed between the risk of ASD and the reported severity of
atopic dermatitis (severe status of atopic dermatitis: OR: 3.25, 95%CI:
3.82–14.36; moderate: OR: 3.25, 95%CI: 1.79–5.90; mild: OR: 1.78,
95%CI: 1.14–2.77) [42]. Our findings are compatible with Yaghmaie et
al.'s findings [42]. But, in contrast to their cross-sectional study design,
we used a longitudinal follow-up study design, and potentially clarified
the temporal association between these 2 distinct phenomena. We
demonstrated that atopic diathesis in early childhood increased the
risk of developing ASD, with a dose-dependent relationship between
more atopic comorbidities and the increased risk of consequent ASD.

There is a growing awareness of an atopic immunological response in
subjectswith ASD, but the underlyingmechanisms are still unclear. Previ-
ous studies suggested that dysregulated mast cell activation and proin-
flammatory cytokines during atopic responses played possible roles in
the risk of ASD. Magalhães et al. reported that patients with ASD had sig-
nificantly higher serum Ig-E and higher rates of positive skin allergy tests
than healthy controls [25]. Children with mast cell activation syndrome
appeared to have ASD at a rate tenfold higher than that of the general
population [3].Wei et al. detected IL-6 expression in the cerebellumof au-
tistic patients, and found that the increased IL-6 altered neural cell adhe-
sion, migration and synaptic formation in patients with ASD [39]. They
further suggested that mice with elevated IL-6 in the hippocampus and
somatosensory cortex display many autistic features, including impaired
cognitive abilities, deficits in learning, habituations, and decreased social
interactions [38]. They hypothesized that IL-6 elevation in the brain
could mediate autistic-like behaviors, possibly through the imbalances
of neural circuitry and impairments of synaptic plasticity [38]. Beyond
IL-6, Croonenberghs et al. measured the production of IL-6, IL-10, and
IL-1 receptor antagonist (IL-1RA), interferon (IFN)-γ and TNF-α among
13 adolescents with autism and 13 matched controls, and found that
autistic subjects had an increased production of IFN-γ, IL-1RA, IL-6 and
TNF-α compared to the controls [14].

The impact of atopy on the brain

A growing body of evidence has disclosed that atopic diseases are
systemic inflammatory diseases [18,35]. The early phase of an atopic
response is predominantly mediated by Th2 cytokines, in which IL-4
and IL-13 drive Ig-E production by promoting immunoglobulin class-
switch recombination in B cells, and a cascade of proinflammatory
agents, such as Th1 immunoactive cytokines (i.e., IL-2, IL-3, TNF-α)
and chemokines, are also released sequentially [18]. The over-
secretion of proinflammatory cytokines during vicious atopic re-
sponses would penetrate the blood–brain barrier [43] and activate
neuroimmunological mechanisms involving some specific neural
circuits (i.e., anterior cingulate gyrus and insula) related to behavior-
al and emotional modulation [20,29,30].

Some functional magnetic resonance imaging (fMRI) studies have
shown that dysregulated proinflammatory cytokines would influence
brain activities in patients with atopic diseases. Ishiuji et al. found that
patients with active atopic dermatitis had bilateral activation of the ante-
rior cingulate cortex, posterior cingulate cortex, and dorsolateral prefron-
tal cortex, as well as contralateral activation of the caudate nucleus and
putamen [20]. They also found a significant correlation between percent-
age changes in brain activation in the activation of the anterior cingulate
cortex and insula, and histamine-induced itch intensity as well as disease
severity in patients with atopic dermatitis [20]. Similar findings were ob-
served in Rosenkranz et al.'s study detecting changes in brain activity in
patients with asthma who underwent inhaled antigen challenges [30].
They demonstrated that activity in the anterior cingulate cortex and
insula was related to markers of inflammation (TNF-α production) and
airway obstruction in asthmatic patients exposed to antigen [30]. These
results indicated that elevated brain activity is related to the development
of inflammation that likely plays a key role in modulating the sensitivity
of specific brain regions to the presentation of antigen stimuli [20,30],
and may explain the possible roles of atopic diathesis/atopic diseases in
the brain dysfunction of ASD and ADHD [15,16]. For example, Liu et al.
found that ADHD patients exhibited anterior cingulate cortex hyperactiv-
ity, which was correlated with impulsivity as rated by the Go/no-Go task
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[24]. Dichter et al. suggested that patientswith ASDhad greater activation
in a region in the dorsomedial prefrontal cortex that abuts the dorsal an-
terior cingulate, and further indicated that dorsal anterior cingulate cortex
activation to social targets predicted the severity of social impairments in
ASD patients [16]. The association among atopy, atopy-mediated brain
dysfunction, and each symptomatic domain of ASD (i.e., social cognition
and repetitive patterns of behavior) and ADHD (i.e., inattention and hy-
peractivity/impulsivity) requires more study.

Some study limitations should be listed here. First, the incidence of
ASD and ADHD may be underestimated because only those individuals
who sought medical help were enrolled. However, the subjects enrolled
in our study had board-certified psychiatrist and physician diagnoses,
yielding better diagnostic validity. Second, we combined the atopic dis-
eases, including asthma, atopic dermatitis, allergic rhinitis, and allergic
conjunctivitis, into the category of atopic diathesis, and investigated the
presence of atopic diathesis in early childhood (before the age of 3) rela-
tive to the risk of ASD and ADHD. Further studies would be required to
elucidate the possible individual effect of each atopic disease with the
risk of ASDandADHD. Besides, the possibility ofmisclassification of atopic
or non-atopic cases may be existent although every atopic disease was
given at least twice by corresponding physicians, with a better diagnostic
validity relative to the self-reported questionnaire. Third, we did not in-
vestigate the association between atopic diathesis in later childhood
(after the age of 3) and the risk of subsequent ASD and ADHD in this
study. Further studies would be required to clarify this possible associa-
tion. Fourth, the association between treatment of atopy and ASD and
ADHD was not investigated in our study because the medications used
by the study subjects would be very complicated during such a long
follow-up period. This association needs further study. Fifth, the NHI
database did not provide some information, such as food allergy, family
history, personal lifestyle, and environmental factors. Without this infor-
mation, we were unable to examine their influence.

In conclusion, our results supported the role of atopic diathesis in
early childhood as a risk factor for both ADHD and ASD. Children with
atopic diathesis before the age of 3 had an increased likelihood of devel-
oping ADHD and ASD in later life. Further studies would be required to
elucidate the underlying pathophysiology among atopy, ADHD, and
ASD, and to investigate whether the prompt intervention of atopic
diathesis in early childhood would decrease these risks in later life.
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