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Background: Atopic dermatitis (AD) is a common inflammatory skin disease in children and
adults. Little is known about the association of childhood AD with cognitive dysfunction.

Objective: To examine the association of AD and cognitive dysfunction, including memory
impairment and developmental delays, in US children (age <18 years). Methods: Data were
analyzed from the National Health Interview Survey (NHIS) 2008-2018 for children. The NHIS
utilizes a multistage, clustered, cross-sectional design.

Results: The prevalences of cognitive dysfunction, such as memory impairment (0.87% vs.
0.42%), developmental delays (6.96% vs. 3.87%) and attention deficit (hyperactivity) disorder
(ADD/ADHD) (10.78% vs. 8.10%) were higher in children with versus without AD. In
multivariable logistic regression models adjusting for age, sex, race, region, socioeconomic
factors, allergic conditions and mental health childhood AD was associated with higher odds of
memory impairment (adjusted odds ratio [95% confidence interval]: 1.84 [1.34-2.51]),
developmental delays (1.54 [1.40-1.70]) and ADD/ADHD (1.31 [1.20-1.42]) compared to
children without AD. Childhood atopic disease (defined as comorbid AD, asthma, allergic rhinitis
and food allergies) further increased the prevalence of developmental delays to 13.44% (2.10
[1.20-3.70]) in male but not in female children.

Conclusion: In a nationally representative sample of the US population, a significant positive
association between childhood AD and atopic disease with cognitive dysfunction was identified.
Furthermore, a dimorphic relationship with developmental delays was identified between
sexes.
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Introduction

Atopic dermatitis (AD) is a common inflammatory skiisease in both children and adudlE&he
pathophysiology is characterized by aberrant immagtivation in the skin and blood of both
children and adults® Multiple studies have reported increased perigherlammation

(systemic inflammation outside of the central neisyeystem) and neurotrophins in children and
adults with AD*”’ The peripheral inflammation in AD is also illugee by the increased risk of

developing other immune-mediated inflammatory dissh

Immune dysregulation has been implicated in thbgytysiology of many forms of cognitive
dysfunction®*! Increased peripheral inflammation can influenaetre inflammation in areas of
the brain, e.g. hippocampus, to alter neurodevedopah processes in children and cognitive

function in adult$*?

A recent prospective study using the Patient-Replofiutcomes Measurement Information
System (PROMIS) 8-item Cognitive Function survewdult AD patients identified a positive
correlation between cognitive dysfunction and nplgtidomains of AD severity. It was the first
to examine the impact of AD severity on cognitiveasures such as memory and mental acuity
in adults®™® Whether this association exists in children ii§ woknown. The vast majority of
studies investigating cognitive dysfunction in dhibod AD focuses solely on the association
with attention deficit (hyperactivity) disorder (ADDADHD), leaving the impact of AD on
memory impairment and other developmental procassgsontribute to mental acuity in

childhood unexplored*°
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The objective of this study was to evaluate theeasion between AD and cognitive
dysfunction defined as self-reported memory impammdevelopmental delays and/or

ADD/ADHD in children.

M ethods

Procedures

This study used data from the National Health inésv Survey (NHIS), a national health survey
of the United States (US) populatibhThe NHIS is a continuously enrolling survey
administered to a representative sample of US lhmlde used to monitor the health status of the
US population. It uses a multistage, clusteredsssectional desigii.For each household in the
NHIS that includes children, one child is randosdyected and detailed information is collected
about their health from an adult caregiver. Datanfthe 2008-2018 NHIS were used in this
study for the US child population. The NHIS hasaanual response rate of approximately 70%.
Participants responding anything other than “Yas™N»” to cognitive dysfunction and AD

were excluded from the study. This resulted inmaa size of 109,842 included children
(150,964 excluded). Atopic Disease was definedasochbid AD, asthma, allergic rhinitis (AR)
and food allergies (FA). Race/ethnicity was segalatto Hispanic and non-Hispanic groups.
Non-Hispanics were further divided into White, Btaésian, Native American or other. Data

was compiled and combined using Integrated Puldie Microdata Series (IPM$).
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Ascertainment of Variables
All variables examined are detailedTiable 1. Due to the survey design self-reporting biases

may exist.

Satistical Analyses
Multivariable logistic regression models were constied to examine the association of AD
(predictor) with memory impairment, developmentallay or ADD/ADHD (outcomes). Models

adjusted for the following covariates: age, segeraegion, socioeconomic factors, allergic

comorbidities and mental health. Socioeconimicdecincluded whether the household reported

their annual income as above or below the povergy bind the level of parental education.
Allergic comorbidities included asthma, allergidgnitis (AR) and food allergies (FA). Mental
health included depression and anxiety. Adjustaedsgdtios (aORs) and 95% confidence
intervals (CI) were estimated. Interactions wegteté by adding their multiplicative interaction
terms in the multivariable models. Interactionsevevaluated for the contribution of sex and

allergic conditions.

Similarly, aOR and CI were computed to analyzeasociation between atopic disease and

developmental delays, with atopic disease beinmééfas comorbid AD, asthma, AR and FA.

All data analyses were conducted using survey piwes of SPSS (IBM, Version 26.0.

Armonk, NY). ** indicates a p<0.01, *** indicates@<0.001
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Results

Sudy Population

The study included 109,482 children (ages 2-17sje@able 2. The study population consisted
of 59.20% of children between the ages of 2-114&% male, 48.44% non-hispanic white and
36.21% residing in the south. 18.37% of the stunlyutation reported living below the poverty
line, 43.09% of mothers and 41.54% of fathers oletdia college degree. 9.93% of the children
reported asthma, 11.66% allergic rhinitis (AR) &89% food allergies (FA). 4.25% of the

population reported symptoms of anxiety and 2.28ported symptoms of depression.

The overall prevalence of AD across 2008-2018 v2a24P6 in children, including 13.68% in
younger children, 10.11% in older children, 11.7i8%nales, and 12.78% in females. Black
children had the highest prevalence of AD (17.26%) Hispanic children had the lowest
(9.77%). The prevelance of AD in children who algported allergic conditions was 25.31%,

25.69%, 35.21% for asthma, AR and FA respectively.

AD is Associated with Cognitive Dysfunction

In multivariable logistic regression models childdoAD was associated with highest odds of
self-reported memory impairment (prevalence: 0.88%0.42%; aOR [95% CI] 1.84 [1.34-
2.51]; p<0.001), followed by developmental delay@@% vs. 3.87%; 1.54 [1.40-1.70]; p<0.001),
and ADD/ADHD (10.78% vs. 8.10%; 1.31 [1.20-1.42%00001)Table 3. Upon further analysis

an interaction existed between sexes with childh®ddas a predictor of developmental delays.
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Male children displayed an increased occurrend&associated developmental delays (9.45%

vS. 4.52%; p=0.043) able 4.

Atopic Disease is Associated with Cognitive Dysfunction

The contribution of other allergic conditions te ttelationship between AD and cognitive
dysfunction was initially explored by evaluatingsting interactions within asthmatic, AR and
FA children. Asthmatic children displayed a slighhcreased occurrence of ADD/ADHD
(16.47 vs. 15.61%; p<0.00Tgrble 4. Children with AR displayed an increased occuresoic
developmental delays (9.27% vs. 6.20%; p=0.001)d€&m with FA displayed increased
occurences of memory impairment, developmentalydedad ADD/ADHD (1.14% vs. 0.82%;
p=0.022 memory impairment, 8.70% vs. 6.56%; p=0d@®2Zlopmental delays, 11.55 vs.

10.59%;p= 0.003).

The abundant interactions observed with comorbetgit conditions, as well as the interaction
of sex differences led us to further evaluate 8soaiation between atopic disease (AD, asthma,
AR and FA) and developmental delays seperatelyalesnand females. Atopic disease was
dimorphically associated with an increased occueaf developmental delays in male but not

female childreen (13.44% vs. 5.43%; 2.10 [1.20-BpA®.01)(T able 4).

Discussion

In a nationally representative sample, we foundjaificant association between AD and self-

reported memory impairment developmental delayd,aanADD/ADHD in children. The
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association persisted after adjustment for age,raer, region, socioeconomic factors, allergic

comorbidities and mental health.

We report that childhood AD is associated with depmental delays. This coincides with two
previous studies. One utilizing the National SureéZhildren’s Health and the 2007-2013
NHIS reported an associated between AD and modamatsevere speech disorders in children
(OR 2.35 & 2.28)® A second 2015 Eurasian study reported that 36@hitdren with

developmental delays demonstrated co-morbid"AD.

The observation that the association between atbpaase (defined as AD, asthma, AR and FA)
and cognitive dysfunction may differ between sdgastriguing. AD is dimorphically

associated with amplified odds of reporting develeptal delays in male children. In agreement
with this finding, a previous study reported thatigg females were less likely to develop
asthma with early onset AD when compared to youalgsi® This builds upon the wealth of
studies investigating sex differences in immun@aeeses to peripheral challenges. Future
clinical studies should take sex differences irtcoaint when evaluating the implications of AD

and atopic disease.

ADD/ADHD is the most common learning disability, kirag it easier to identify in smaller
sample size&*?°Similar to our reported findings a vast majorifystaudies have shown an
association between ADHD and APPruritus, scratching behavior, pain, and sleeuiances
are all important potential mediators to this martr pathology®?! Symptoms of AD, including

scratching, may be mistaken for the hyperactivigrsin ADHD, resulting in a tendency to
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overdiagnose ADD/ADHD in these patients. Due tg thuerlap one must be cautious in

deducing a formal relationship between the two.

This study expands upon the clinical associatiawéen AD and memory impairment recently
evaluated in adult§ We report that AD is associated with an increasedelance of memory
impairment in children. Although the overall prexate is low in children the prevelance of
memory impairment is known to increase with aghiipen taken into consideration with
previous studies reporting the correlation betwaguithood AD with memory impairment the
underlying mechanisms contributing to the pathopiggy of such a crippling disorder as

memory impairment is warranted.

The findings within this study substantiates presgistudies indicating that the developing brain
is particularly sensitive to peripheral inflammatiand that these conditions may alter neural
synapses both acutely and long-term. AD, asthmaaAdRFA are all associated with Th2 over-
expression. In animal models early life over-expega IL-4 is reported to reduce myelination
and lead to cognitive impairment and developmettgidys>>** The acute impact of this Th2
over-expression may underly the cognitive dysfuorcbbserved in childhood AD and may also

contribute beyond childhood into adulthood.

The hippocampus is a key structure for learningraechory. Previous reports illustrated the
detrimental influence that exaggerated immuneresjponses triggered by peripheral challenges
can exert on learning and memdry:?®> An increased pro-inflammatory axis and diminished

anti-inflammatory axis in the hippocampus are keftators of cognitive decline in murine
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models®*° Th2 mediated conditions such as AD and atopicadiseare reported to modulate
immune activation in the hippocampiisAn imbalanced pro-inflammatory/anti-inflammatory
axis can alter neural processes (such as syndasitigity and neurogenesis) essential for
memory and may contribute to the association wandive dysfunction we observed in

childhood AD?’

In adulthood chronic inflammatory conditions haeeb reported to elicit the development of
cognitive impairment via the same mechanism iniipeareas such as the hippocampus.
Immune mediated- disorders such as diabetes, leyp®@on, multiple sclerosis and rheumatic
arthritis all display a similar upregulated prolamhmatory axis and are also associated with
cognitive dysfunctioff:?® In addition to the acute effects, long-term thpasure to peripheral
inflammation also allows for modulation of futuesponses to subsequent immune challenges in
adulthood via either prolonged or exaggerated pflarnmatory cytokine production and/or
decreased anti-inflammatory regulation long-téfrfihis suggests that the impact of childhood
AD may extend into adulthood with modulation of themune response similar to that observed
in other immune mediated disorders. The impachdfibood AD on the adult brain, and adult

onset AD on the adult brain warrants delineatiofutnre investigations.

The potential contributors to the association betw&D and cognitive dysfunction may be
multifactorial. AD patients exhibit altered inpugstering the CNS. AD has been shown to alter
intraepidermal nerve fiber density and to have almabexpression of axonal guidance
molecules, such as nerve growth factor (N&H)his could result in altered communication axes

between the CNS and PNS. Additionally, children addlts with AD display increased serum
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levels of brain-derived growth factor (BDNEY."*°! Blood BDNF levels are correlated to CNS
BDNF levels® Although most research suggests that increasBBMF can be protective,
excess BDNF has also been linked to learning andanedeficits** BDNF levels are reported
to increase with intensity of itctf.Chronic itch may induce alterations in the pleagemward
center related to scratching behavior modulatealdin dopaminergic pathways including the
ventral tegmental areas (VTA)These altered CNS feedback loops due to chrastioitay also
interfere with learning and memory. Clinical triaise warranted to evaluate the specificity and
sensitivity of BDNF, ESR, CRP and/or itch sevedasybiomarkers for cognitive dysfunction in

children.

Several limitations exist in this study. The surgesestion of AD was broadly posed as “had
eczema, or other skin allergy” and could also berpreted to include other inflammatory
conditions such as: acute urticaria, or contaainadétis as skin allergy. The NHIS data are self-
reported, preventing confirmation of AD or any cabid conditions with standardized disease
scoring criteria. Similarly, specifics of AD inclind) severity and phenotype could not be
assessed. This may have resulted in a smallerratidsas it would allow participants not
meeting the clinical threshold of AD to be includeithin the analyses. In addition, given the
lack of data on therapeutics we were unable torobfdr sedating medications such as anti-
histamines and neuroleptics, which likely play 1ia cognitive dysfunction. However,
previous studies have suggested that these therdpisot impact the association between AD
and cognitive dysfunctiof? Possible prematurity was not controlled for wittiiis study. Lastly
limitations exist in cross-sectional designs, adimultaneous assessment of exposure and

outcome limits the assessment of directionalitwel as the grading of severity.
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In conclusion, we report that AD is significantlycapositively associated with memory
impairment, developmental delays and ADD/ADHD inldten, and that atopic disease is
positively associated with developmental delaysiaie children. Clinical studies should be
conducted to assess the applicability of this aation. Additional clinical studies utilizing AD
diagnostic and severity guidelines are needednfiroo the true magnitude of this association.
Laboratory studies are needed to fully elucidagenttechanism underlying this association as

well as potential methods to prevent or mitigatgnitive dysfunction in patients with AD.
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Atopic Dermatitis

Cognitive Dysfunction

Allergic Conditions

Mental Health

Table 1; Ascertainment of Variables

Variable

Atopic Dermatitis

Had eczema, or other skin alergy in the past 12
months

Self- Reported Memory
Impairment

Activities limited by difficulty remembering

Developmental Delay

Doctor or health professional ever diagnosed with a
developmental delay other than intellectual disability,
formally known as mental retardation, or

ADD/ADHD
ADD/ADHD Doctor or health professional ever diagnosed with
ADD or ADHD
Asthma Still have asthma

Allergic Rhinitis (AR)

Had respiratory alergy in the past 12 months

Food Allergies (FA)

Had food allergy in the past 12 months

Anxiety Often seems worried in the past 6 months
Depression Often unhappy, depressed, or tearful in the past 6

months




Table 2 Demographic and Atopic Der matitis (AD) Prevalencein 109,482 Children

Pediattic Age
2-11 12-17

% of Full Sample 59.50% 40.50% 51.48% 48.52%

% AD Prevalence 13.68% 10.11% 11.73% 12.78%
Race

Hispanic Asian Native Other
American
% of Full Sample 48.44% 15.38% 27.86% 6.06% 0.97%

% AD Prevalence 11.99% 17.26% 9.77% 12.08% | 11.88%

% of Full Sample 15.73% 20.27% 36.21% 27.78%

% AD Prevalence 12.20% 12.14% 12.56% 11.90%
Socioeconomic Status

Socioeconomic Status % Motherswith a % Fatherswith a
(% below poverty line) College Degree College Degree
% of Full Sample 18.37% 43.09% 41.54%

% AD Prevalence 12.98% 15.32% 13.96%

Comor bidities

Allergic Rhinitis Food Allergies

% of Full Sample 9.93% 11.66% 5.69%

% AD Prevalence 25.31% 25.69% 35.21%

Mood Disorders

% Reporting Anxiety % Reporting Depression

% of Full Sample 4.25%

% AD Prevalence 18.13%

Overall AD 12.24%
Drevelance




Table 3 Atopic Dermatitis (AD) is Associated with Cognitive Dysfunction

®Data are expressed as prevalence of each form of cognitive dysfunction among children with or
without AD. "Model adjusts for age, sex, race, region, socioeconomic factors, alergic conditions

and mental health.

Pediatric Cognitive Dysfunction

Total Children with AD, = Children without OR (95% ClI) aOR (95% CI)°

No.= 109,482 % (No.)® AD, % (No.)®
n=13,398 N=96,084

Self-Reported 0.87% 0.42% 211 1.84
Memory (117) (400) (1.71-2.60) " (1.34-251)"
Impairment

Developmental 6.96% 3.87% 18 154
Delay (932) (3,718) (1.73-2.00) (1.40-1.70)

ADD/ADHD 10.78% 8.10% 137 131
(1,444) (7,77) (1.29-1.46) (1.20-1.42)




Table4 Analysis of Interactions: Male Sex and Allergic Comor bidities I ncrease the Risk of

Cognitive Dysfunction in AD

‘ Asthma ‘ Allergic Rhinitis Food Allergies

‘ YES‘ NO ‘ YES‘ NO YES ‘ NO

Memory Impair ment

N.S N.S 0.022
I nteraction

% within AD 1.14% ‘ 0.82%

0.043 0.001 0.002
I nteraction

% within AD 9.45%

4.52% 9.27% 6.20%

8.70% ‘ 6.56%

ADD/ADHD

<0.001 0.003
I nteraction

% within AD 16.47%

15.61% 11.66% 10.59%




Table 5 Atopic Disease (comor bid Atopic Der matitis, Asthma, Allergic Rhinitis and Food
allergies) is Associated with Developmental Delaysin Male but not Female Children

“‘Model adjusts for age, sex, race, region, socioeconomic factors, and mental health.

Pediatric Atopic Disease

Developmental Delays S Children with AD; Children without AD, OR(95% CI)  OR (95% CI)*
Asthma, AR and FA Asthma, AR or FA
% (No.) % (No.)?

2.70 2.10
(1.82-4.02) (1.20-3.70)"




