Chapter 2
Atopic Dermatitis: Disease Background
and Risk Factors

Zelma C. Chiesa Fuxench

Abstract Multiple risk factors have been associated with the development of atopic
dermatitis (AD). Recent advances in understanding the role of genetics in this dis-
ease have been made, with discovery of the filaggrin (FLG) gene as the most notable
so far. In addition to FLG gene mutations as a risk factor for AD, a positive family
history of atopic or allergic disease in either parent, has been shown to confer a
greater risk of developing AD. Atopic dermatitis usually presents early in life and is
thought to represent the initial-step in the “atopic march” which is characterized by
the development of other atopic diseases later in life such as asthma, allergic rhinitis
and/or rhinoconjunctivitis, food allergies and hay fever. Other comorbid diseases
that have been associated with AD include increase risk of viral and bacterial skin
infections, neuropsychiatric diseases such as attention-deficit hyperactivity disor-
ders (ADHD) and autistic spectrum disorder (ASD). Patients with AD, have also
been found to have worse sleep quality overall compared to patients without AD. In
this chapter, we will discuss the risk factors associated with development of atopic
dermatitis as well as the most commonly reported comorbidities in patients with
this disease.
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2.1 Genetics of Atopic Dermatitis

Recent advances in understanding the role of genetics in atopic dermatitis have been
made, with discovery of the filaggrin (FLG) gene as the most notable so far [1, 2].
Identification of the FLG gene, which codes for filaggrin, an important structural
component of the epidermis, as the cause of ichthyosis vulgaris resulted in a signifi-
cant breakthrough in increasing our understanding of the pathogenesis of atopic
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dermatitis (AD) [3]. Filaggrin is an integral part of the Epidermal Differentiation
Complex (EDC), a group of proteins responsible for maintaining skin barrier func-
tion [4]. The EDC is located on chromosome 1 and consists of a series of genes
which code for: (1) proteins of the cornified envelope (i.e., loricrin, involucrin and
‘late, cornified envelope proteins’); (2) calcium-binding proteins (S100 proteins);
and (3) ‘fused gene proteins’ (i.e., filaggrin, filaggrin-2, trichohyalin, trichohyalin-
like protein, hornerin, repetin, and cornulin) [4].

Mutations in the FLG gene have been associated with skin barrier impairment
and the “outside-in-hypothesis” [5]. In this hypothesis, a defect in the epidermal
barrier results in increased transepidermal water loss, or TEWL, which explains the
associated dryness or xerosis seen in patients with AD, as well as allows greater
penetration of allergens, irritants, and skin colonizing organisms that can result in
infection [5—7]. Defects in skin barrier function can also result in an increased Th-2
inflammatory response with increased production of pro-inflammatory cytokines
such as IL-4 and IL-13 thus perpetuating the inflammatory cycle seen in AD [6].

The FLG gene codes for profilaggrin the main component of keratohyalin gran-
ules. The profilaggrin molecule is composed of an N-terminal domain, followed by
multiple filaggrin repeats with keratin-binding properties, and a C-terminal domain
[3]. As keratinocytes differentiate in the epidermis, profilaggrin is cleaved into filag-
grin proteins, which then aggregate in the keratin cytoskeleton to form a dense
protein-lipid matrix and results in a fully differentiated epidermal barrier [8]. Filaggrin
is then further degraded into a group of proteins or amino acids known as natural
moisturizing factors, which have an important role in maintaining skin hydration and
barrier function [8]. The main breakdown products of filaggrin are frans-urocanic
acid and pyrrolidone-5-carboxylic acid. These organic compounds are responsible for
maintaining a physiologic, acidic pH and have also been shown to have an inhibitory
effect on the growth of Staphylococcus aureus on the skin [3, 9]. Conversion of trans-
urocanic acid to cis-urocanic acid, a molecule with an action spectrum of 280-310 nm,
has been suggested to have a possible photoprotective role [10, 11].

Loss-of function (LOF) mutations in the FLG gene are considered the strongest
known genetic risk factor for AD and the presence of 2 homozygous mutations has
been associated with more persistent disease [12, 13]. The FLG gene mutations most
strongly associated with an increased risk for AD include R501x and 2282del4, both
located on exon 3, with one study showing a higher risk for R501x compared to
2282del4 [14]. The prevalence of FLG gene mutations varies widely. It is estimated
that approximately 20-50% of patients with AD and 8—10% of the normal population
carry a FLG mutation [15, 16]. Filaggrin mutations have been more frequently
described in Caucasian populations particularly those of Eastern Europe as well as
various Asian populations [3]. However, although R501x and 2282del4 are frequently
identified in populations of European descent, these have not been consis-
tently observed in Asian and African populations [17—19]. While other LOF muta-
tions in the FLG gene have been identified in Asian populations [20], these have not
been observed in those of African ancestry. On the contrary, mutations in filaggrin-2
(FLG?2), which is has been shown to have a similar skin barrier function as FLG, have
been found to be more prevalent in AD patients of African ancestry and have also
been associated with more persistent disease in this population [21, 22].



2 Atopic Dermatitis: Disease Background and Risk Factors 13

While specific mutations in the FLG gene have been well established as a risk
factor for a subset of patients with AD, it has also been shown that down-regulation
of filaggrin gene expression can be induced by active inflammation independent of
the presence or absence of FLG gene mutations [3, 23, 24].

2.2 Familial and Environmental Risk Factors in Atopic
Dermatitis

In addition to FLG gene mutations as a risk factor for atopic dermatitis, a positive
family history of atopic or allergic disease in either parent has been shown to be a
strong risk factor for the development of AD. It is estimated that approximately 70%
of patients with AD have a positive family history for AD [25]. Children of one or
two affected parents with AD are thought to have a two to threefold, or three to
sixfold increased odds of developing atopic dermatitis, respectively [25-28].
Children whose mothers had atopic dermatitis are also thought to be at an increased
risk for developing AD [27, 28]. One study showed having a mother with a FLG-
mutation was associated with a 1.5-fold increased risk of developing AD indepen-
dent from the patient’s carrier status [29].

Populations at higher risk for developing AD include those with a strong family
history of atopic diseases as well as the presence of FLG gene mutations in certain
populations, particularly caucasians of Eastern European descent and Asian popula-
tions. There is increasing evidence to suggest that the prevalence of AD may be
higher in populations who identify as black or of African ancestry compared to
Caucasians [30-32]. Other factors including daycare exposure [33], level of paren-
tal education [34], socioeconomic status [35], place of residence (i.e., rural vs.
urban setting) [36], smoking [37, 38], type of delivery during childbirth (i.e., vagi-
nal vs. cesarean section) [25, 39], weight at birth [40], breast-feeding [28, 41], being
overweight [42], exposure to hard water [43], pets [44—47] and/or dust mites [48],
may influence the risk of developing AD, but the data is varied and inconclusive.
Because the microbiota of patients with and without AD are known to be different,
it has been suggested that exposure to antibiotics early in life leads to alteration in
colonizing organisms, resulting in an increased risk of developing AD. Current data
is insufficient to determine if early exposure to antibiotics is associated with an
increased risk of developing AD [41].

2.3 The Role of Diet Atopic Dermatitis Development

The relationship between dietary intake and risk for developing atopic dermatitis is
not fully understood. It is unclear if maternal dietary restriction, breastfeeding or
timing of food introduction affects the risk of developing AD [25]. A systematic
review of sixty studies confirmed the association between AD, food sensitization
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and food allergies (FA), with increased AD severity and duration of AD being more
strongly associated with FA [49]. This study also found that the onset of AD usually
preceded that of FA, thus suggesting a positive causal relationship [49]. Another
study found evidence that dysfunction in the skin barrier as measured by increased
TEWL during the neonatal period was a positive predictor for the development of
FA at 2 years of age, thus supporting the role of transcutaneous sensitization in AD
[50]. Care must be taken when considering strict elimination diets in these patients
as there is evidence to support that avoidance may increase the likelihood of devel-
oping new, immediate, food reactions in the future [51].

2.4 Atopic Dermatitis: Comorbidities

Atopic dermatitis usually presents early in life and is thought to represent the initial-
step in the “atopic march” which is characterized by the development of other
atopic diseases later in life [52, 53]. Skin barrier defects in AD lead to the introduc-
tion of foreign antigens through the epidermis resulting in activation of the innate
immune system and promotion of a Th2 inflammatory response which can lead to
the development of other atopic diseases [52].

In patients with AD, the most commonly reported comorbidities include other
atopic diseases such as asthma, allergic rhinitis and/or rhinoconjunctivitis, food
allergies and hay fever [54]. The prevalence of these diseases varies by age [55]. In
the case of asthma, a systematic review found the prevalence of asthma in AD varied
between 20-45% [55, 56]. The prevalence of allergic rhinitis and food allergies var-
ies between 33-45% and 13—47%, respectively. [57, 58] The occurrence of asthma,
food allergies and allergic rhinitis in patients with AD can persist for several years,
and in some cases resolve with increasing age [59]. The estimated prevalence of hay
fever in patients with AD is approximately 30—47% [56]. Other atopic diseases that
have been reported include contact dermatitis and hand dermatitis [60, 61].

Patients with AD are at an increased risk for infections, in particular skin infec-
tions with Staphylococcus aureus, eczema herpeticum, eczema vaccinatum, and
eczema cocksackium [62]. It is estimated that S. aureus is present in nearly 90% of
AD lesions and that MRSA colonization occurs in approximately 12% of patients
with AD [62, 63]. Streptococcus pyogenes is also frequently identified in patients
with AD [64]. Eczema herpeticum occurs as a result of herpes virus infection and is
more frequently seen in patients with more severe atopic disease [65]. Eczema
cocksackium is considered a newer recognized complication of AD and is oftentimes
confused with eczema herpeticum [54, 66]. Eczema vaccinatum is a potentially life-
threatening infection in AD which occurs as a result of vaccination with the small-
pox vaccine in susceptible patients [62]. Warts and infection with molluscum
contagiosum have also been reported as more prevalent in children with AD com-
pared to children without atopic disease [67]. Other infectious diseases associated
with AD include sinus infections, recurrent ear infections, strep throat, influenza,
pneumonia, varicella zoster and urinary tract infections [67].
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Higher rates of neuropsychiatric diseases have been reported in patients with AD
including attention-deficit hyperactivity disorders (ADHD) and autistic spectrum
disorder (ASD), depression, anxiety and somatization disorder [68-71]. A large
population-based, longitudinal study found that children with early-onset AD had a
greater risk of developing ADHD and ASD compared to children without AD. The
risk was fourfold higher in those patients who also had other allergic diseases
including asthma and allergic rhinitis [68].

Atopic dermatitis has also been demonstrated to have a negative impact on sleep,
including decreased sleep duration and worse quality of sleep [72-74]. AD does not
only impact sleep in patients but has also been shown to have a negative impact in
patient’s caregivers. Caregivers of patients with AD often report poorer quality of
sleep, increased symptoms of insomnia and chronic sleep deprivation [75]. The
mechanism of sleep disturbance in patients with AD is unclear and it is though that
pruritus alone is not the sole cause [76]. Alterations in the circadian rhythm, immune
dysregulation and increased TEWL are also thought to play a role [76].

Other diseases that have been reported to be more prevalent in adult patients with
AD include cardiovascular disease (CVD). A study in the US adult population showed
that patients with AD had higher odds of CVD, including coronary artery disease,
myocardial infarction, and peripheral vascular disease [77]. Other studies have found
marginal or no association between AD and CVD after adjustment for risk factors
[78-80]. It is unclear if the association between AD and CVD is due to the chronic
inflammatory state seen in patients with AD or if it is due to the presence of poor health
behaviors (e.g., smoking, obesity) that are more prevalent in this population [38, 81].

The relationship between AD and cancer is complex [82] and remains to be
clearly defined. Prior studies have shown inconsistent results and are difficult to
interpret due to dissimilarities in study design, small sample sizes, and varying case
definitions for AD [82—-84]. Most studies failed to examine the impact of AD sever-
ity on cancer risk and did not control for confounding factors such as smoking. The
risk of acute lymphoblastic leukemia, meningioma, and glioma have been shown to
be lower in pediatric patients with a history of atopy [83]. [85] Legendre et al. [86]
showed a slightly increased risk of lymphoma, particularly cutaneous T-cell lym-
phoma (CTCL), compared to an inverse or null association with solid-organ malig-
nancies. Other studies show increased risk of non-melanoma skin cancer, however
results are not consistent [83, 85, 87]. It is unclear if the increased risk for cancer
seen in some studies is due to disease misclassification, persistent systemic inflam-
mation, and/or exposure to multiple immune suppressive medications.
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