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Summary

Background—Atopic dermatitis (AD) is associated with chronic itch, allergic disease and sleep
disturbance, all of which might increase the risk of attention deficit (hyperactivity) disorder (ADD/
ADHD). Previous analyses have found a consistent association between AD and ADD/ADHD,
although the underlying factors contributing to such an association remain underexplored.
Additionally, the relationship has been underexplored in adults.

Objectives—To determine if childhood and adult AD and AD severity are associated with ADD/
ADHD and to delineate the factors contributing to such an association.

Methods—We analysed data on 354 416 children aged 2-17 years and 34 613 adults age 18+
years from 19 U.S. population-based surveys, including the National Health Interview Survey
1997-2013 and the National Survey of Children’s Health 2003/4 and 2007/8.

Results—In multivariate models adjusting for age, sex, sociodemographics, allergic disease and
healthcare utilization, AD was associated with ADD/ADHD in both children [adjusted odds ratio
(95% confidence interval), 1-14 (1:03-1-26)] and adults [1-61 (1-25-2-06)]. Children with both
severe AD and only 0-3 nights of adequate sleep per week had much higher odds of ADD/ADHD
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[16-83 (7-02-40-33)] than those with 0-3 nights of adequate sleep per week [1-83 (1-:47-2:26)] or
mild-moderate AD alone [1-56 (1-22-1-99)]. AD was most strongly associated with severe
ADHD. AD unaccompanied by other allergic disease was also associated with increased risk of
ADD/ADHD in children. Among children with AD, history of anaemia, headaches and obesity
were associated with even higher odds of ADD/ADHD. Asthma, insomnia and headaches
increased the odds of ADHD in adults with AD, although underweight body mass index was

protective.

Conclusions—Atopic dermatitis is associated with increased odds of ADD/ADHD in adults and
children. Several factors increase the risk of ADHD in adults and children with AD.

Methods

Atopic dermatitis (AD) is a chronic inflammatory skin disorder associated with intense itch
and sleep disturbance.! These symptoms may lead to distraction and difficulties with
attention and concentration. Indeed, several previous studies and a systematic review have
found associations between childhood AD and attention deficit (hyperactivity) disorder
(ADD/ADHD)2-? and attention problems.10:11 However, the relationship between adult AD
and ADD/ADHD has been underexplored. Furthermore, the risk factors underlying the
association between AD and ADD/ADHD have not been fully explored. One study has
implicated sleep disturbance as a contributing factor,12 and two studies have implicated AD
severity. 46 Childhood AD is also associated with multiple allergic and nonallergic
comorbidities that might further contribute to the increased risk of ADD/ADHD, including
obesity,13-15 anaemia, 16 headaches,1” asthmal8 and allergic rhinitis.18 We hypothesized that
AD is independently associated with increased risk of ADD/ADHD in children, and that
disease severity and sleep disturbance act in concert to increase the risk of ADD/ADHD.
However, the relationship between AD and ADD/ADHD is more complex and there are
likely to be other factors that contribute to such increased risk. Children with AD who
develop ADD/ADHD may have a more severe phenotype and be more likely to have their
AD persist into adulthood. The present study analysed 19 U.S. population-based surveys to
determine if there is an association between AD and ADD/ADHD in children and adults and
also to delineate the underlying clinical factors and comorbidities that contribute to such an
association.

Study sources

Cross-sectional data were assessed from 19 population-based surveys, each assembled by
the National Center for Health Statistics (NCHS), including the 1997-2013 National Health
Interview Survey (NHIS) and the National Survey of Children’s Health (NSCH) 2003/4 and
2007/8. The characteristics of each survey are described in Supplementary Table S1 (see
Supporting Information). Briefly, the NSCH were a set of telephone-based surveys collected
by screening randomly generated households for the presence of children under age 18
years, for the purpose of estimating the prevalence of child health issues. The NHIS is a
yearly survey collected in person by trained interviewers using computer-based methods for
the purpose of monitoring the health of the noninstitutionalized U.S. population of adults
and children. Common to all surveys is a multi-stage area probability sampling design that
utilizes data from the U.S. Census Bureau including age, sex, race, ethnicity, household size
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and educational attainment of the most educated household member. Sample weights were
created by the NCHS allowing for frequency and prevalence estimates that are representative
of each state’s population of noninstitutionalized children or adults. In this study, frequency
and prevalence estimates presented in analyses of single surveys and in pooled analyses of
multiple surveys of either NHIS (7= 17) or NSCH (n= 2) reflect this complex weighting
process, as sample weights could be combined due to similarities in survey methodology. In
pooled analyses using data from both NHIS and NSCH, unweighted data are presented. This
study was approved by the Institutional Review Board at the Northwestern University.

Associations with atopic dermatitis and attention deficit (hyperactivity) disorder

Associations of both AD and ADD/ADHD were examined in children aged 2-17 years,
including sex, age, race, household income, highest level of household/parental education,
birthplace in the U.S. or elsewhere and insurance coverage. Associations between caregiver-
reported history of childhood AD (19 surveys) and AD severity (one survey), and self-
reported history of adult AD (one survey) and ADD/ADHD were examined both for each
individual survey and in pooled analyses. To isolate the effect of AD from other allergic
diseases, we also stratified children with AD only, asthma only, hay fever only, and each
combination of the three, and examined the association of each group with ADD/ADHD.
Finally, we examined the effect of anaemia, headaches and obesity on the risk of ADD/
ADHD in children with AD, and additionally, the effect of insomnia in adults with AD.

Data analysis

All data analyses and statistical processes were performed using the SURVEY procedures in
SAS version 9.4 (SAS Institute, Cary, NC, U.S.A.). Weighted population-based frequencies
and prevalences were assessed for each survey (PROC SURVEYFREQ). Bivariate and
multivariate survey logistic regression models were constructed for individual surveys and
pooled years of NSCH or NHIS that accounted for the surveys’ complex weighting. To
better estimate the pooled prevalence of childhood ADD/ADHD among all 19 surveys,
meta-analysis of the individual weighted multivariate regression analysis effects was
performed using a robust variance estimation method,9 as sample weights could not be
combined due to differences in sampling methodology between NSCH and NHIS. The
dependent variable in each model was the lifetime history of ADD/ADHD or current use of
medication for ADD/ADHD. The independent variables were either 1-year history of
eczema (yes/no) or eczema severity (none/mild/moderate/severe). Multivariate models
included sex (M/F), age (2-5/6-11/12-17 years); race/ethnicity (white/black/Hispanic/
multiracial or other); highest level of family education (less than high school/high school or
‘general educational development’/more than high school); household income [0-99%/100—
199%/200-399%/= 400% of the federal poverty level (FPL)]; birthplace (inside/outside the
U.S.A), insurance status, lifetime history of asthma, 1-year history of hay fever and digestive
allergy (all yes/no). Previous analyses have shown that child and adult patients with AD
utilize significantly more healthcare than individuals without AD.18:20.21 Thus, we created
an additional multivariate model that also adjusted for number of outpatient healthcare visits
in the past 12 months (0/1/2-3/4-9/10-12/13+ visits). Adjusted prevalence odds ratios
(aOR) and 95% confidence intervals (Cls) were determined. Two-way interactions between
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covariates were assessed and included in the models if significant (£ < 0-01) and modified
the effect size by = 20%.

Our a priori hypothesis was that: (i) severity and sleep disturbance act in concert to increase
the risk of ADD/ADHD and that the presence of certain comorbidities, namely obesity,
headaches and anaemia occurring in child patients with AD further increases the odds of
ADD/ADHD; (ii) AD independent of other allergic disease is significantly associated with
ADD/ADHD; (iii) AD is more strongly associated with severe compared with mild or
moderate ADD/ADHD; and (iv) adult AD is also associated with ADHD and that similar
comorbidities increase the risk of ADHD in patients with AD. History of childhood ADD/
ADHD, AD, asthma, hay fever and food allergy were assessed in all surveys. Adult AD and
ADD/ADHD were assessed in NHIS 2012. The number of nights of adequate sleep per
week was assessed in NSCH 2003/4 and 2007/8 for children aged = 6 years. AD and ADD/
ADHD severity were assessed in NSCH 2007/8. Childhood AD and AD severity variables
and interaction terms with nights of adequate sleep were included in multivariate models.
Estimates of effect size for significant interactions between the two variables were
determined for each level of the covariates using contrast statements. Questions utilized in
this study are presented in Supplementary Table S2 (see Supporting Information). Complete
data analysis was performed, i.e. subjects with missing data were excluded. The frequencies
of missing values are presented in Supplementary Table S3 (see Supporting Information).
Two-sided P-values < 0-05 were considered significant.

Prevalence of atopic dermatitis and attention deficit (hyperactivity) disorder

Association

Data were analysed for 354 416 U.S. children and adolescents aged 2-17 years, including
those of all racial/ethnic groups, sex, levels of household income and birthplace. The pooled
prevalence of AD from all 19 surveys was 10-1% (95% CI, 10-0-10-2%). The
sociodemographic associations of paediatric AD have been previously described.22

The U.S. pooled prevalence of ADD/ADHD was found to be 7-3% (7:2-7-4%) in children.
In bivariate logistic regression models, ADD/ADHD was associated with older age, lower
household income, high school or ‘general educational development’ as highest level of
household education (Supplementary Table S4; see Supporting Information). ADD/ADHD
was inversely associated with female sex, Black/African-American and multiracial race, and
Hispanic ethnicity, foreign birthplace and lack of insurance coverage.

In NHIS 2012, 4-2% (3-9-4-6%) of adults aged 18+ years reported a history of ADD/
ADHD. The prevalence of adult AD in this sample was previously reported to be 7-2%.1

between atopic dermatitis and attention deficit (hyperactivity) disorder

The pooled U.S. prevalence of ADD/ADHD was 9:4% (9:1—9:7%) in children with AD and
7-1% (7-0-7-2%) in children without AD (Table 1). In pooled multivariate analysis by a
robust variance estimation method, childhood AD was associated with significantly higher
odds of ADD/ADHD [aOR (95% Cl), 1-14 (1-03-1-26)] in models adjusting for
sociodemographics, comorbid allergic disease and healthcare utilization. In the NHIS 2012,
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adult AD was also associated with significantly higher odds of ADD/ADHD [1-61 (1-25-
2-:06)] in a multivariate model adjusting for sociodemographics, allergic disease and
healthcare utilization.

By caregiver report of medication usage (reported in the NSCH 2007/8), only 79-4% (95%
Cl: 77-2-81-7%) of children with ADD/ADHD were currently using any medications for
ADD/ADHD. In multivariate models controlling for sociodemographics and comorbid
allergic disease, AD was associated with significantly higher odds of currently using
medication for ADD/ADHD [aOR (95% CI): 1-68 (1-30—-2-16)].

between attention deficit hyperactivity disorder and one or multiple allergic

In multivariate models adjusting for sociodemographics and healthcare utilization, children
with AD only [1-30 (1-22—1-38)], asthma only [1-41 (1-34-1-48)], hay fever only [1-13
(1-08-1-19)], AD and asthma only [1-68 (1-49-1-89)], AD and hay fever [1-33 (1-21-1-45)],
asthma and hay fever [1-38 (1-:30-1-46)], and AD, asthma and hay fever [1.61 (1-47-1-76)]
all had higher odds of ADD/ADHD (Table 2).

between atopic dermatitis, sleep disturbance and attention deficit

(hyperactivity) disorder

In the NSCH 2003/4 and 2007/8, there was a significant two-way interaction between AD
and severity of AD and the number of nights of adequate sleep as predictors of ADD/ADHD
(P<0:0001 for both). In unadjusted models, children without AD who had only 0-3 nights
of adequate sleep [1-97 (1-71-2:26)] and those with AD who had 4-7 nights of adequate
sleep [1-52 (1-32-1-75)] had significantly higher odds of ADD/ADHD (Table 3). However,
children with both AD and only 0-3 nights of adequate sleep per week had even higher odds
of ADD/ADHD [3:42 (2:55-4-57)]. These associations remained significant in multivariate
analyses.

Children with severe AD (assessed in NSCH 2007/8) and only 0-3 nights of adequate sleep
per week had dramatically higher odds of ADD/ADHD [34-90 (15-01-82-24)] than mild-
moderate AD with 4-7 [1-61 (1.29-2:00)] or 0-3 [3:31 (2:28-4-79)] nights of adequate sleep
per week or severe disease with 4-7 nights of adequate sleep per week [3-44 (2:00-5-93)]
(Table 4). These associations remained significant in multivariate models. Similar trends
were found in models of current use of medication for ADD/ADHD.

Association between atopic dermatitis and severity of attention deficit (hyperactivity)
disorder in the National Survey of Children’s Health 2007/8

The NSCH 2007/8 assessed caregiver-reported ADD/ADHD severity. In bivariate models,
both mild [1-40 (1.09-1-80)] and moderate [1-59 (1-18-2-13)] ADD/ADHD were associated
with higher odds of AD. However, severe ADD/ADHD was associated with the highest odds
of AD [3-23 (2:13—4-90)]. These associations remained significant in multivariate models
(Supplementary Table S5; see Supporting Information).
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Association between atopic dermatitis, comorbid health disorders and attention deficit
(hyperactivity) disorder in children

Children with AD and comorbid anaemia [1-84 (1-37—2-46)], headaches [1-66 (1-49-1-85)]
and obesity [1:28 (1-08-1-50)] had higher odds of ADD/ADHD in multivariate models
adjusting for sociodemographics (Table 5).

Association between atopic dermatitis, comorbid health disorders and attention deficit
(hyperactivity) disorder in adults

Among adults with AD, history of asthma [aOR (95% CI): 263 (1-58-4-37)] and food
allergy [3-:07 (1-64-5-77)], but not hay fever [1.57 (0-88-2-81)], were associated with higher
odds of ADD/ADHD in multivariate models adjusting for sociodemographics (Table 6).
Moreover, having one [2:29 (1-43-3:66)] or two or more additional [4-91 (2:43-9:93)]
allergic diseases was associated with even higher odds of ADD/ADHD compared with
children with AD and no additional allergic disease. Adults with AD and comorbid
headaches [2-10 (1:17-3:75)] and insomnia [2-18 (1:28-3:-71)], but not obesity [1-66 (0-96—
2-87)], had higher odds of ADD/ADHD in multivariate models adjusting for
sociodemographics. Interestingly, underweight body mass index (BMI) in adults with AD
was associated with lower odds of ADD/ADHD [0:18 (0-03-0-96)].

Discussion

In an analysis of 19 U.S. population-based surveys, the present study found that AD is
associated with increased odds of ADD/ADHD in children and adults, and increased odds of
current use of medications for ADD/ADHD in children. Additionally, in analysis of pooled
data, it was found that AD, asthma and hay fever, when unaccompanied by other allergic
diseases, were each associated with increased odds of ADD/ADHD, although the association
of hay fever was modest. Children with asthma and AD in combination had further increased
odds of ADD/ADHD. These associations remained significant even after controlling for
sociodemographics and healthcare utilization. In NSCH 2003/4 and 2007/8, it was found
that children with AD and sleep disturbance have much higher odds of ADD/ADHD than
children with either condition alone. Importantly though, children with AD alone or sleep
disturbance alone also had increased risk of ADD/ADHD compared with children without
either condition. In NSCH 2007/8, which assessed for AD severity, it was found that severe
ADD/ADHD acted in a synergistic manner with sleep disturbance to substantially increase
the risk of ADD/ADHD in children. Moreover, children with AD who had anaemia,
headaches and obesity had even higher odds of ADD/ADHD than those with AD alone.
Finally, adults with AD who had comorbid allergic disorders, insomnia and headaches had
further increased risk of ADD/ADHD, and underweight BMI was protective against ADD/
ADHD in adults with AD. Together, these results suggest that individuals with AD per se
have higher odds of ADD/ADHD, although the presence of certain comorbidities confers
even higher odds of ADD/ADHD.

The higher rates of being diagnosed with ADD/ADHD in AD raises some important
questions. Firstly, do all these individuals actually have ADD/ADHD? It is likely that at least
a subset actually have ADD/ADHD. However, some may simply have symptoms of AD that
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resemble those of ADD/ADHD, such as difficulty with attention and concentration
secondary to chronic itch and sleep loss. Moreover, a recent study found that toddlers with
AD were more energetic and impulsive than healthy controls.23 Thus, it is possible that
improved treatment for AD might improve many of the symptoms of and obviate the need
for treating ADD/ADHD. The design of the present study did not allow for us to elucidate
these possibilities. Future prospective studies are needed to determine whether optimizing
the treatment of childhood AD decreases the diagnosis and treatment of ADD/ADHD.

Importantly, there was a significant decrease in the ORs when outpatient healthcare
visitation was added to the multivariate models, such that the overall adjusted, pooled OR
for the relationship between AD and ADHD was just above significance [1-14 (1:03-1:26)].
This indicates that healthcare utilization is an important confounder in the relationship
between AD and ADHD. Children with AD or ADHD are more likely to visit healthcare
providers, which increases the likelihood that comorbid conditions are diagnosed. Given
these results, future analyses of the relationship between AD and ADHD should include
adjustments for healthcare utilization.

This study confirms previous studies that found associations between childhood AD and
ADD/ADHD,?? and that sleep disturbance and disease severity may modify the
relationship. One previous meta-analysis of four studies found a 43% increased risk of
ADHD diagnosis or ADHD symptoms in children with AD,8 comparable with the 46%
increased risk in our pooled meta-analysis. Another cross-sectional study examined 13 318
children aged 3-17 years in Germany and found that AD was associated with higher odds of
ADHD. In a subgroup analysis of children aged 3-11 years, sleeping problems was found to
be an effect modifier in that there was a strong association between AD and ADHD in
children with sleeping problems, but no significant association in children without sleeping
problems.12 In contrast, the present study found that although children with sleep
disturbance and AD have the highest odds of ADD/ADHD, children with AD and no sleep
disturbance also have increased odds of ADD/ADHD. Another previous study examined
data from the NSCH 2007/8 and found that eczema was associated with ADHD in a group
of children aged 2-5 years, and that these children were at higher risk for injury requiring
medical attention.® Yaghmaie et a/8 previously examined AD severity data in the NSCH
2007/8 and found that severe AD was most strongly associated with ADHD. Furthermore,
they found that there was an interaction between AD and 0-7 nights of adequate sleep per
week on the risk of ADHD in multivariate models adjusting for sociodemographics, 0-7
adequate nights of sleep, smoking in the household and history of asthma.6 Our analyses
build on these previous findings by demonstrating that severe AD and sleep disturbance
independently and synergistically contribute to an increased risk of ADHD. Further, this
increased risk remained significant even after controlling for healthcare utilization. Notably,
though, sleep disturbance has also been associated with ADHD,24 independent of the
presence of AD, and thus, it is possible that sleep disturbance in ADHD predisposes a child
towards AD. Using the present study design, we could not determine if sleep disturbance
was due to itch and AD, or rather due to ADHD. Future studies could help determine this.

One previous analysis examined the relationship between each atopic disease and ADHD,
while controlling for additional atopic disease, and found that AD, allergic rhinitis and
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asthma in males but not females, were significantly associated with ADHD.3 Additionally,
they found that the risk of ADHD increases with increasing number of comorbid allergic
diseases. In contrast, our present study found that AD alone, asthma alone, and hay fever
alone are each significantly associated with ADHD, and that the combination of eczema and
asthma further increases the ADHD risk. Our findings indicate that there is perhaps a
multifactorial aetiology of increased ADHD risk in AD, where itch, sleep and predisposition
to atopy each contribute. Previous studies have found differing results on whether or not hay
fever is truly associated with ADHD.>2

To our knowledge, the relationship between ADD/ADHD severity and AD found in the
present study has not been previously demonstrated. The reasons for these findings are still
unclear. It is possible that children with severe AD have more severe symptoms of itch,
causing them to exhibit more severe symptoms of inattention and hyperactivity. Conversely,
it is also possible that children with ADD/ADHD, particularly children with severe ADD/
ADHD, are more likely to scratch, resulting in exacerbation of skin symptoms. Further
prospective studies with objective determination of severity of ADD/ADHD and AD could
help to elucidate the reasons for these findings.

Our study also found that headaches, obesity and anaemia occurring in children with AD
further increase the risk of ADD/ADHD. Anaemia, obesity and headaches have previously
been associated with ADHD and hyperactive-impulsive behavior. 2629 To our knowledge,
there are no previous epidemiological or prospective analyses that have evaluated any
interplay between AD and obesity, anaemia or headaches and risk of ADD/ADHD in
children.

We found a significant relationship between adult AD and history of ADD/ADHD, after
controlling for sociodemographics, comorbid allergic disease and healthcare utilization.
Additionally, asthma, food allergy, headaches, insomnia and multiple comorbid allergic
diseases, but not hay fever or obesity, in adults with AD further increase the risk of ADD/
ADHD, although underweight BMI appears to be protective. Previous studies of the
relationship between AD and ADHD have been limited to analyses of children and
adolescents, even though AD often persists into adulthood.3% Adults with AD and ADD/
ADHD likely developed their ADD/ADHD during childhood. However, history of ADD/
ADHD may be an indicator of more severe AD that persists into adulthood. Future studies of
adult populations are needed to confirm these findings, and to determine the underlying
reasons why certain adults with AD are at higher risk of ADHD.

The mechanism by which AD confers increased odds of ADD/ADHD remains unknown.
Prospective studies have demonstrated a temporal relationship in which AD precedes the
diagnosis of ADD/ADHD,? suggesting a priming effect of AD to subsequent development of
ADD/ADHD. Previous studies speculate on multiple mechanisms by which AD might
upregulate neuroimmune factors, e.g. neuropeptide-induced sensitivity3! and inflammatory
cytokines, resulting in heightened sensitivity to stimuli,32:33 poor sleep and the subsequent
development of ADD/ADHD.3435 Sleep disturbance in AD might be related to chronic itch,
inflammation36-37 and degree of atopy.38 In turn, these sleep disturbances may unmask
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symptoms of inattention and hyperactivity.3? The relationship between AD, sleep
disturbance and ADD/ADHD requires further exploration.

The present study has numerous strengths including the use of 19 U.S. population-based
surveys of children, each with rigorous methodology and a large sample size, incorporating
children of all ages, races/ethnicities and socioeconomic statuses. The results demonstrate a
highly reproducible association between AD and ADD/ADHD. Additionally, the use of
multivariate logistic regression models allowed for the control of many confounding
sociodemographic variables, history of comorbid allergic disease and healthcare utilization.
However, this study is not without weakness. Although we were able to control for a number
of variables in our models, we are not able to rule out the possibility of residual
confounding, which is important given the modest pooled association between AD and
ADD/ADHD. ADD/ADHD history was determined by caregiver report of physician
diagnosis in the NSCH and caregiver report in the NHIS and not verified by a physician, and
as a result of the question wording, we were not able to distinguish between ADD and
ADHD, and the association between AD and each separate disorder may be different.
Caregiver-reported and self-reported ADD/ADHD diagnosis has not been validated by a
prospective study against a clinical standard. However, a previous study found evidence of
convergent validity between the prevalence of childhood ADHD as reported by caregivers
and the prevalence of ADHD as determined by medical record.041 Further, it is possible
that reported current use of medications for ADD/ADHD may be an even more accurate
measure of ADD/ADHD than caregiver report as medications would require a physician
diagnosis. Parental report of ADHD medication usage has not been validated against a
clinical standard, although one previous study has validated dispensed ADHD medications
with physician diagnosis.*2 Additionally, the prevalence of adult ADHD of 4-2% determined
by the present study is comparable with the prevalence of 4-4% found by a previous study,
which was determined by clinician assessment.*3 Nevertheless, ADHD is primarily a disease
of childhood onset and thus may be affected by misclassification and recall bias, particularly
in the adult sample. AD history was similarly determined by caregiver report of physician
diagnosis in the NSCH and caregiver report in NHIS and not verified by a physician.
Previous studies found good concordance between self-reported AD and AD diagnosed by
medical examination.*44> Moreover, we recently performed a multicentre study to validate
the question employed in the NSCH and found the question to have a sensitivity and
specificity of 0-70 and 0-96, respectively, for AD.46 Importantly, the specificity of the
question is high, indicating that positive respondents very likely have AD. However, there is
some concern for misclassification of patients with AD who respond negatively to the
question. The result of this is that our determined ORs are likely slightly lower than they
would be if there was no misclassification. We ultimately believe that the case definition for
AD is sufficiently valid for epidemiological study. The question that assessed food allergy
was unspecific, inquiring about ‘digestive allergy’ and not verified by physician or allergist
evaluation. The likely effect of this question wording is that the reported food allergy
prevalence is higher than the true prevalence in this population. Finally, the cross-sectional
design of our study prevents any conclusions from being made on direction of association,
causality or temporality. Perhaps there are unknown genetic or environmental factors that are
responsible for both increased risk of sleep disturbance and ADD/ADHD in certain patients
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with AD. Future prospective studies with objective determination of ADD/ADHD and AD
severity could provide further information on precise aetiology, and could discern any effect
that AD treatment or therapeutic control has on risk of ADD/ADHD.

The findings of this study are consistent with previous studies that demonstrate an increased
risk of ADHD in children with AD. Additionally, the present study demonstrates that adult
AD is associated with increased risk of ADHD - a finding that begs replication in future
studies. Additionally, our study found that AD, unaccompanied by other allergic disease, is
associated with increased ADHD risk. Further, the findings of this study confirm and expand
on previous studies that have found sleep disturbance, disease severity and comorbid allergic
disease as factors that further increase ADHD risk in children. The present study also found
that AD is most strongly associated with severe ADHD, and that obesity, anaemia and
headaches increase the risk of ADHD in children with AD. Finally, asthma, headaches and
insomnia increase the risk of ADHD in adults, while underweight BMI may be protective.
Further, prospective studies are needed to determine the reasons for these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s already known about this topic?

. Childhood atopic dermatitis (AD) is associated with increased risk of
attention deficit hyperactivity disorder (ADHD); sleep disturbance and
disease severity have been implicated as modifying factors.
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What does this study add?

. Severe AD and sleep disturbance independently and synergistically
contribute to increased risk of ADHD.

. AD unaccompanied by other allergic diseases is associated with
increased risk of attention deficit disorder (ADD)/ADHD.

. Obesity, headaches and anaemia further increase the risk of ADD/
ADHD in children with AD.

. Adult AD is associated with increased risk of ADHD. Asthma,
headaches and insomnia increase the risk of ADHD in adult patients
with AD, and underweight body mass index is protective.
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