Curr Derm Rep (2012) 1:29-38
DOI 10.1007/s13671-011-0003-5

EPIDEMIOLOGY (J GELFAND, SECTION EDITOR)

Comorbidity in Atopic Dermatitis

Eric L. Simpson

Published online: 20 January 2012
© Springer Science+Business Media, LLC 2012

Abstract The negative impact of atopic dermatitis (AD)
often extends beyond the skin. Children with AD experience
increased rates of infectious, mental health, and allergic
diseases compared to their non-atopic peers. The mecha-
nisms underlying these associations remain elusive. New
insights from genetic and epidermal research pinpoint
the skin barrier as a primary initiator of AD. Epicuta-
neous sensitization represents an intriguing new model
that links a disrupted skin barrier to the later develop-
ment of IgE-mediated diseases in patients with AD.
Recent epidemiologic studies have identified new comorbid-
ities linked to AD as well, including several mental health
disorders and obesity. This article reviews the recent
literature regarding both classic and newly described AD
comorbidities.
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Introduction

Atopic dermatitis (AD) is the most common chronic disease
in childhood and has a prevalence ranging between 10% and
20% in many industrialized countries around the globe [1].
The prevalence is also rising in many developing countries
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[2]. Although genetic skin barrier defects and immune
hyper-responsiveness certainly are important to the patho-
genesis of this disease, environmental factors are likely
responsible for its rising prevalence and geographic vari-
ability. Patients with AD have chronically inflamed skin
lesions that cause unrelenting pruritus, the primary source
of morbidity in this disorder. The majority of patients with
AD have mild disease, but even mild disecase negatively
affects a child’s quality of life [3]. Childhood quality of life
worsens with the severity of the skin disease [3]. General-
ized AD negatively affects a child as much, or more, than
other chronic diseases of childhood, such as asthma, diabe-
tes, and chronic renal disease [4]. Having a child with AD
also affects a whole family and may impact a family to a
greater degree than having a child with type 1 diabetes
[5].

The development of AD often heralds the beginning of
the “atopic march,” a term used to describe the increased
risk these children have of developing one or more of the
atopic diseases, which include asthma, food allergy, and
allergic rhinitis [6, 7+, 8, 9]. AD usually precedes these
atopic conditions, with over 60% of cases beginning within
the first year of life [10]. The mechanisms by which AD
leads to other atopic disorders are subjects of great current
interest. AD also predisposes an individual to recurrent skin
infections, either bacterial or viral. Recent studies also re-
veal children with AD are predisposed to the development
of mental health disorders such as attention deficit hyperac-
tivity disorder (ADHD), anxiety, and depression [11, 12¢].

In the following review, recent developments in both the
classic and newly described comorbidities associated with
AD are presented. Focus is placed on studies published in
the past year highlighting systematic reviews and cohort
studies, when available, as they provide higher levels of
evidence than other study types.
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The Atopic March

Atopic disease generally refers to having any one of the
following conditions: asthma, food allergy, allergic rhinitis,
or AD. In general, the first of the atopic diseases to develop
is AD, followed shortly thereafter by food allergy, then
asthma, and finally allergic rhinitis [8]. There is a significant
body of epidemiologic evidence, including birth cohort
studies, to support this sequence of disease progression [6,
9]. A few caveats arise regarding the relationship between
AD and allergic disorders. First, an individual patient may
display variability in which atopic conditions develop and in
what sequence they arise. Secondly, the association between
AD and allergic diseases may not even exist in developing
countries. Results from the International Study of Asthma
and Allergies in Childhood study covering 20 countries and
over 28,000 children found the association between flexural
eczema and skin prick positivity was strong in affluent
countries but was absent in less affluent countries [13].

Mechanisms Underlying the Atopic March
The Hygiene Hypothesis

Research prior to 2006 primarily explored the hygiene hy-
pothesis as a potential mechanism linking AD and other
atopic diseases. The hygiene hypothesis states that atopic
diseases result from reduced microbial exposure during
early childhood, leading to the defective development of
the immune system. Possibly, lack of exposure to microbial
products such as endotoxin skews the immune system to-
ward Th2 responses upon exposure to environmental aller-
gens. This immunologic skewing predisposes individuals to
develop diseases characterized by immunoglobulin E (IgE)
sensitization and inflammation under the influence of inter-
leukin (IL)-4, IL-5, and IL-13. Epidemiologic data in sup-
port of this theory have been inconsistent, but studies of
atopic disease prevalence consistently show an urban-to-
rural gradient, suggesting some exposure in the early rural
environment may be protective [14—16].

The Skin Barrier

Recently, the finding that mutations in the epidermal gene,
filaggrin, predispose to the development of AD and asthma
provides a new possible explanation for the link between
AD and allergic diseases [17]. Mutations in filaggrin are
considered one of the strongest risk factors for any disease
that has a complex inheritance pattern [18¢¢]. This discovery
represents a marked shift away from previous thinking of
atopic disease as being primarily immunologic in origin
[18ee]. Patients with AD and concomitant filaggrin defects
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have disease that is earlier in onset, of greater severity, and
that is more often accompanied by IgE sensitization com-
pared to those with no filaggrin gene mutations [19].

Although the mechanisms explaining how filaggrin defi-
ciency leads to skin inflammation are becoming clear, the
link between filaggrin defects and allergic disease is still
subject to conjecture. Filaggrin deficiency clearly leads to a
xerotic barrier, primarily due to a reduction in natural mois-
turizing factor—a product of filaggrin proteolysis [20].
Filaggrin deficiency also leads to an elevated skin pH,
leading to additional downstream consequences on barrier
function including altered lipid transport into the interstitial
spaces of the stratum corneum and serine protease activation
[21¢]. Mouse models can help us understand how this al-
tered barrier then leads to other allergic diseases. As
expected, filaggrin knockout mice display skin that has a
dry, disrupted barrier, but they also display enhanced Th2
responses and enhanced IgE production upon epidermal
antigen challenge [22]. A knockdown in vitro model of
filaggrin deficiency also shows enhanced thymic stromal
lymphopoietin (TSLP) responses [23]. TSLP is a newly
characterized cytokine that links the skin barrier and sys-
temic allergic responses [24]. TSLP is produced by kerati-
nocytes and promotes the development of Th2 lymphocytes
and is upregulated in AD lesional skin. Overexpression of
epidermal TSLP in mouse models leads to asthma pheno-
types [25¢]. Several other mouse models confirm this con-
cept of epicutaneous sensitization, an intriguing model that
links an epidermal defect with altered systemic immune
responses and the future development of allergic disease
[26-29].

Asthma and Allergic Rhinitis

Similar to AD, the global burden of asthma continues to
rise, especially in developing countries [30]. Results from
cohort studies consistently show children with AD are at an
increased risk for the future development of asthma and
allergic rhinitis [31]. Risk factors for the development of
asthma in children with AD include persistent or more
severe AD, IgE sensitization, and filaggrin deficiency [9,
17,32, 33]. Gustafsson et al. [34] found that in children with
severe AD, 50% developed asthma and 75% developed
allergic rhinitis. Filaggrin deficiency, even in the absence
of AD, may increase the risk for asthma development and
influence asthma severity [35, 36], supporting the idea of
epicutaneous sensitization.

A systematic review of cohort studies quantified the risk
of developing asthma in children with AD [6]. They found
the prevalence of asthma in children with AD ranges be-
tween 14.2% and 52.7%. The odds ratio for developing
asthma in children with AD was 2.14 (95% CI, 1.67-2.75)
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compared to children without AD. Although significant, this
risk was lower than previously thought. The true risk in the
general population may actually be even lower, as several of
the cohort studies included in this study were hospital-
based. The risk of developing new-onset asthma may persist
beyond 6 years of age. Data from the Tasmanian Longitu-
dinal Health study demonstrated the risk of developing
asthma in children with AD persists into adulthood [37],
although data from the Tucson’s Children Respiratory study
did not confirm this finding [38].

Most previous studies of asthma in AD do not specify the
type of asthma that develops in the context of AD. A
movement towards classification of asthma according to
pathophysiology is underway, as many different mecha-
nisms may drive common asthma phenotypes [39].
Follow-up of the Tasmanian Longitudinal Health Study
found that childhood AD increased the risk of persistent
allergic asthma as an adult (defined as asthma plus one skin
prick test positive) but not non-allergic asthma [40]. This
group also found the presence of concomitant AD and
allergic rhinitis increased the risk of developing allergic
asthma above having AD alone (OR 6.3; 95% CI, 1.7-
23.2). This combination of diseases was responsible for up
to 30% of all allergic asthma cases in the population sample.
Better clarification of the type of asthma that develops in the
context of AD aids in our understanding of the atopic march
and may have therapeutic implications. For example, aller-
gic asthma may respond to anti—IL-5 therapy or other Th2
cytokine blockade more effectively than non-allergic asthma
subtypes [39].

Food Allergy

The relationship between food allergy and the eczematous
lesions in AD is controversial. More relevant to an under-
standing of comorbidity in AD is the well-established in-
crease in the prevalence of type I hypersensitivity reactions
to foods in patients with AD. Determining an accurate
prevalence of clinically significant food reactions in patients
with AD has been difficult.

A recent systematic review by Chafen et al. concluded
that the literature regarding food allergy in general, although
voluminous, was significantly limited by the lack of unifor-
mity in disease definitions [41]. Early studies in patients
with AD demonstrated a 37% to 39% prevalence of type 1
reactions to food allergens in patients with AD [42, 43], with
one study reporting a 60% prevalence [44]. These studies
likely overestimate the true prevalence of food allergy in
AD, as they were performed in tertiary care centers and
involved patients with more severe AD. The prevalence of
type I food reactions in a community-based sample of
patients with AD is unknown. A recent clinical trial that

recruited infants with mild-to-moderate disease from the
general population found 15.7% of subjects experienced
convincing food reactions by age 3 years, although no food
challenges were performed [45]. Another recent population-
based study, using data from the 2005-2006 National Health
and Nutrition Examination Survey (NHANES), did not find
patient-reported eczema to be more prevalent in those with
food allergy using adjusted models that included demo-
graphic variables and inhalant sensitization status [46].

Although the risk of food allergy is significant in patients
with moderate-to-severe AD, the results of two recent stud-
ies suggest a significant portion of morbidity stems from the
misinterpretation of allergy tests by well-meaning clinicians.
Fleisher et al. [47¢] found 89% of oral food challenges were
negative for type I reactions in children with AD when
challenged with foods they were avoiding based on the
results of immunoassay or skin prick testing [47]. In addi-
tion, no late reactions such as eczema flares were witnessed
on examination the next day or 1 week later. The majority of
children (66%) in this study had moderate-to-severe AD—
the population most at risk for food allergy. Children did not
receive oral food challenges if they had a history of life-
threatening reactions or had a “convincing history” of a
reaction occurring in the previous 12 months. These results
were similar to a smaller study by Rowlands et al. [48]
reported previously [48]. Sinagra et al. [49] evaluated 186
consecutive children with AD, 24% of whom were on milk-
elimination diets primarily on the advice of their clinicians.
All patients received an allergy evaluation that included
both skin prick testing and serum immunoassay evaluation.
Of the children on milk-elimination diets, only 9% had
positive reactions to oral food challenges. This equated to
an overall 2% prevalence of milk allergy in the unselected
sample of children with AD. No late eczematous reactions
were observed in challenged patients when examined after
3 days.

There are several clinical implications of this recent
work. These studies suggest children with AD should not
be routinely placed on restricted diets without confirmation
by allergy testing. Unless a history of immediate type I
symptoms can be elicited, routine allergy testing (serum or
skin prick) should be avoided, as the positive predictive
values are very low and the results often lead to unnecessary
elimination diets. The negative effects of unnecessary elim-
ination diets extend beyond mere inconvenience, as some
children develop severe malnourishment because of pre-
sumed food allergy. Pellagra, rickets, and kwashiorkor have
all been reported due to inappropriate dietary restriction due
to food allergy concerns [50—52]. The National Institute for
Allergy and Infectious Disease published guidelines in 2011
regarding the diagnosis and management of food allergy after
an extensive systematic review of the literature [53¢]. The
expert panel, consisting of both allergists and dermatologists,
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recommended that allergy-based testing only occur in children
with AD if one of two conditions is met: 1) the patient is not
responding adequately to optimized skin-directed therapies or
2) the child has a convincing history of a type I food reaction
such as a history of lip swelling, vomiting, or urticaria within
2 h of eating a food. They identified egg, peanut, milk, wheat,
and soy as the most common allergenic foods in this popula-
tion. Children with clinically significant food allergy will
often develop tolerance over time to milk, egg, soy, and wheat,
so they should be retested as they grow older.

Infections

Patients with AD are susceptible to developing a variety of
cutaneous infections, including bacterial, viral, and fungal.
Defects in cell-mediated immunity, such as blunted Thl
responses, are thought to be responsible for this predisposi-
tion. Defects in the skin barrier, such as altered antimicrobial
peptide profiles and filaggrin deficiency, may also explain
this susceptibility [54, 55]. Although most clinicians agree
that infectious complications occur frequently in patients
with AD, the epidemiologic evidence supporting this asso-
ciation is relatively weak. Recently, a comprehensive study
examining infectious complications in AD was performed
by Hayashida et al. [7<¢]. Using a population-based sample
of schoolchildren in Ishigaki City, Japan, they confirmed
that children with AD have an increased lifetime prevalence
of impetigo contagiosum (OR 1.80; 95% CI, 1.16-2.8).
They did not find an association between AD and molluscum
or herpes infections.

Bacterial

Staphylococcal skin infections are the most important infec-
tious complication in AD, given its high prevalence. Staph-
ylococcal bacteria secrete enterotoxins and superantigens
that exacerbate skin inflammation [56]. Worsening of in-
flammation may further downregulate barrier function and
blunt antimicrobial peptide production, creating the ideal
environment for continued Staphylococcus aureus infection
[57]. Up to 90% of patients with AD are colonized with S.
aureus either in the nares or skin and are colonized in sites
not typically seen in non-AD patients [58—60]. Good pro-
spective data regarding incident rates of S. aureus infection
in AD are lacking. One exception is the population-based
study by Hayashida et al. [7+¢] mentioned previously that
found children with a history of AD reported an episode of
impetigo contagiosum (OR 1.8; 95% CI, 1.16-2.81) more
often than those without AD. Data regarding the prevalence
of methicillin-resistant S. aureus (MRSA) colonization and
infection in the AD population are also sparse and
conflicting. Early hospital-based studies reported elevated
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MRSA colonization rates [61, 62], whereas more recent
studies do not confirm increased MRSA colonization in
patients with AD [63, 64].

Treatment of S. aureus infections in AD should be re-
served for clinically infected lesions. In our practice, we find
limiting oral antibiotic courses to 5 days of therapy reduces
the risk for antibiotic resistance and is sufficient to control
most superficial infections. Experimental data support this
clinical observation. An in vitro model of S. aureus killing
by quinolone therapy shows resistant organisms increase by
day 4 of therapy [65]. Clinical studies are ultimately needed
to determine the optimal management of recurrent S. aureus
infection in AD. A recent systematic review failed to find
any benefit of various other antimicrobial modalities, in-
cluding cleansers, combination topical therapies, or textiles,
in the treatment of infected AD [66]. Although the treatment
of uninfected AD with antibiotics does not improve out-
comes, a recent study using a dilute sodium hypochlorite
bath improved disease outcomes by presumably reducing S.
aureus colonization [67]. More studies of this inexpensive
modality are eagerly awaited.

Viral

Although the epidemiologic evidence for an increased risk
of routine viral infections in patients with AD is limited [7¢e,
68, 69], patients with AD at the very least develop exagger-
ated clinical manifestations of viral infection, including
giant and widespread molluscum, eczema vaccinatum, and
eczema herpeticum. Most dramatic among these is eczema
vaccinatum (EV), a rare consequence of smallpox vaccina-
tion with an incidence estimated at 12.8 per 1 million
vaccinations [70]. Death occurs in approximately 3% of
people who develop EV, with all deaths occurring in indi-
viduals that acquired EV, not through direct vaccination, but
via contact transmission from a recent vaccine [66]. Al-
though routine smallpox vaccinations were halted in the
United States in 1972, smallpox vaccinations were re-
instituted among military personnel in 2002. Contraindica-
tions for receiving the smallpox vaccine include a history of
current or past AD or having a household contact with an
individual with AD. The ability for vaccinees to correctly
identify these contraindications is poor, however [71], and
new cases of EV are now emerging [72, 73]. A new small-
pox vaccine using a replication-incompetent modified vac-
cinia virus has shown preliminary safety and efficacy in
patients with AD [74]. Treatment options for EV include
vaccinia immune globulin, cidofovir, or tecovirimat (a new
antiviral with specific antiviral activity against orthopox
viruses) [75].

Eczema herpeticum (EH), although rare, is another im-
portant example of an exaggerated clinical viral infection in
patients with AD. One study found a history of EH to occur
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in less than 3% of tertiary referral patients with AD [76].
Classic EH presents with diffuse vesicles spreading beyond
the initial site of infection and accompanied by fever and
lymphadenopathy. EH may be complicated by herpetic ker-
atitis, or even viral dissemination and death [77, 78]. Atyp-
ical presentations of EH are common, with pustules or crusts
mimicking S. aureus infection [79]. The Atopic Dermatitis
Vaccinia Network (ADVN) is a network of researchers
funded by the National Institutes of Health, whose objective
is to investigate the mechanisms underlying viral infection
susceptibility in AD [80]. This group discovered patients
with EH have more severe underlying AD, more IgE-
mediated diseases, and a higher susceptibility to other types
of cutaneous infections [80]. Mechanisms underlying the
susceptibility to EH discovered by this group include altered
interferon-y responses and genetic defects in filaggrin, the
tight junction protein claudin-1, and TSLP [47e, 81, 82,
83e].

Fungal

Patients with AD may have an increased susceptibility to
dermatophyte fungal infections [84], but the data are
conflicting [85]. Older literature suggests that patients with
AD may have more chronic dermatophytosis and have re-
duced trichophytin reactivity [86, 87]. Prospective studies
are needed to better define this association using modern
epidemiologic approaches and improved disease definitions.
The majority of current research regarding fungal organisms
in AD revolves around the causal role of Malassezia species
(formerly known as Pityrosporum) in AD [88], which has
yet to be established. Antifungal agents have been used in
patients with AD, especially those with prominent head and
neck involvement, with mixed results [89].

Mental Health

A recognized link between AD and one’s emotional and
mental state dates back to the early 1900s, when AD was
termed “neurodermatitis” [90]. In the 1950s, AD was con-
sidered a classic psychosomatic disorder [91, 92]. Controlled
studies beginning in the 1980s confirmed that children with
AD demonstrate psychological disturbances more frequently
than do their healthy peers [93-95], and that this association
correlates with the severity of the skin disease [94]. Having a
child with AD negatively affects the mental state of parents as
well. Mothers of children with AD report higher stress levels,
less employment, more difficulty with child discipline, and a
lack of social support networks compared to parents in a
control group [96]. In 1991, Roth et al. [97] found that
children with AD have attention problems and restlessness
and meet criteria for attention deficit hyperactivity disorder

(ADHD) at higher rates than a control population. Not until
more than a decade after this initial observation did subse-
quent studies confirm an association between AD and ADHD
in larger populations [12¢].

Attention Deficit Hyperactivity Disorder

Schmitt et al. [12¢] performed the first population-based
study evaluating the relationship between AD and ADHD
and found a significant association (OR 1.47; 95% CI, 1.01—
2.15), even when controlling for confounding variables such
as age, sex, and other mental health disorders. The same
German research group confirmed this relationship in an-
other cross-sectional study from a separate population and
again found an association between AD and ADHD (OR
1.54; 95% CI, 1.24-1.93), with a stronger association seen
in children with reported sleep problems (OR 2.67; 95% CI,
1.51-4.71) [98]. A systematic review of all cross-sectional
studies (six papers, all from Europe) calculated that 9% of
the total ADHD burden in Europe may be attributable to AD
[99]. Two recent cohort studies from Germany established a
temporal association lacking in previous cross-sectional
studies between AD in early childhood and the presence of
emotional and conduct problems at age 10 [100, 101]. Our
group has recently presented data confirming the association
between AD and ADHD using population-based data of
over 90,000 children in the United States [102]. We found
a dose-dependent relationship between the reported severity
of AD and the prevalence of ADHD, suggesting a causal
relationship.

Other Mental Health Outcomes

Several studies have shown an association between atopic
disease and anxiety, depression, and autism [11, 94, 103].
Spring-time worsening of autism symptoms has also been
reported, suggesting a link between respiratory allergies and
autism [104]. Three recent cross-sectional studies have
found strong associations between a history of atopic dis-
ease and the presence of autism [105-107]. These studies
are limited by the combining of all atopic disorders together
in analyses. Recently, studies have examined the mental
health effects of AD separated out from other atopic dis-
eases. Using a population-based sample from the United
States, Yang et al. [108] found an increased likelihood of a
depressive disorder in adults with AD (OR > 2.0), and a
controlled study from Germany found increased rates of
anxiety, depression, and suicidal ideation in adults with
AD that correlated with disease severity [109]. Our group
recently confirmed the association between AD and other
mental health disorders, including anxiety, depression, con-
duct disorder, and autism, in a large US pediatric population
[102].
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Proposed Mechanisms

Chronic sleep disturbance secondary to nocturnal pruritus
and the effects of proinflammatory cytokines on brain de-
velopment are two leading hypotheses explaining why chil-
dren with AD develop mental health disorders later in life.
Disrupted sleep patterns have well-known negative effects
on the mental state of healthy children, including effects on
behavior, school functioning, attention, and mood [110-112].
Similarly, disrupted sleep patterns have been found signifi-
cantly more frequently among youth with depression, anxiety,
ADHD, and autism than among youth without such mental
health disorders [113, 114]. The second hypothesis involves
the role inflammatory mediators may play in psychiatric and
neurodevelopmental conditions. The presence of cytokines
and cytokine receptors in the fetal brain argue that these
substances play a role in early brain development [115].
Previous clinical investigations have demonstrated a link be-
tween proinflammatory cytokines and depression, anxiety,
and autism [116-118]. Associations between proinflamma-
tory cytokines and psychological functioning in patients with
atopic diseases have also been demonstrated [119]. Recently, a
hypothesis was advanced that a “cytokine storm” in early fetal
development may promote the development of autism [120].

Cancer

Older literature suggests having atopic disease decreases
one’s risk of a variety of cancers [121]. The protective effect
of atopic disease was thought to stem from enhanced im-
mune surveillance as a consequence of a proinflammatory
state. A systematic review in 2006 examining the cancer risk
associated with AD found fairly consistent evidence for a
protective effect of AD on the development of pancreatic
cancer, brain tumors, and childhood leukemia [122]. This
review, however, was limited by a lack of formal meta-
analyses and the overall poor quality of reporting in the
individual studies.

More recent data suggest a more mixed picture, with the
protective effects of various atopic diseases being specific to
cancer type [123]. In addition, some other studies have
found increased rates of a variety of cancers in patients with
a history of AD, including cutaneous T cell lymphoma and
brain cancer [124-126]. A review by Tennis et al. [127]
concluded that the risk of lymphoma is likely increased in
AD, especially in those patients with severe disease. Com-
mentaries by Wedgeworth et al. [128, 129] nicely review the
literature and identify the weaknesses common to previous
studies of AD and cancer risk. For example, recall bias and
ascertainment bias may explain some of the observed asso-
ciations. Exposure and outcome variables are often poorly
defined and are not validated. Confounding factors, such as
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the effect of AD treatment on cancer risk, are often not
considered. Given these limitations in the literature and
mixed results of studies, it is difficult to draw general con-
clusions regarding the cancer risk in AD. If an association
does exist between AD and cancer, it is likely to be cancer-
specific with a small effect size.

Obesity

Elevated serum levels of IL-6, tumor necrosis factor-o
(TNF-x), and inflammatory markers such as C-reactive
protein suggest obesity is a proinflammatory state [130].
Based on these observations, an increased incidence of
inflammatory diseases would be expected following the
development of childhood obesity. Indeed, many studies
link obesity to the development of autoimmune as well as
atopic disorders [131-136]. Previous studies of growth and
AD actually found delayed growth in children with AD,
especially in patients with more severe disease [137-142].
Ellison et al. [143] more closely examined the pattern of
height and weight change over time in children with AD and
found young children with AD were shorter and more
overweight than a reference population in the United Kingdom
[143]. Although median body mass indices were similar in the
older age groups, a delayed adolescent growth spurt was ob-
served in the AD group [143]. Most recently, two studies have
found an association between early childhood obesity
and AD. A case—control study found obesity prior to
the age of 2 years and obesity that lasted longer than
2.5 years were associated with AD development [144].
The presence of obesity also predicted a more severe
dermatitis course. In a cross-sectional study of patients
attending an allergy clinic, the prevalence of obesity was
higher in the subset of AD patients with concomitant allergic
sensitization than in those patients without a history of AD
[145]. Although this recent work potentially identifies a mod-
ifiable risk factor for AD development, not all studies have
confirmed the relationship between obesity and AD [134, 146,
147]. Investigations using population-based cohorts are
needed to further evaluate this association.

Conclusions

We are entering an era of dermatologic research that extends
the scope of investigation beyond the skin. Emerging
comorbidities in AD identified by epidemiologic research
include a variety of mental health disorders and obesity.
These newly described associations need confirmation from
more sophisticated investigation using cohort study designs
and validated disease definitions. Our new understanding of
the importance of the skin barrier in AD initiation helps us
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understand potential mechanisms involved in the develop-
ment of the comorbidities associated with the atopic march.
Identification of new comorbid conditions is important, but
future work should investigate potential strategies to miti-
gate the development of these various comorbidities in AD.
In addition, studies should evaluate the effects that early
aggressive therapy or atopic prevention strategies may have
on the development of subsequent comorbid conditions.
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