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Abstract: Atopic dermatitis (AD) is a condition with a multifactorial aetiology that affects the skin. It
most often begins at preschool age and involves the skin. The disease’s main symptom is intense
itching, which occurs especially at night and affects the child’s sleep, negatively impacting the quality
of life of affected children and, consequently, their families. The difficulty in resting during the night
leads to many problems during the day, particularly behavioural disorders and difficulties in paying
attention at school, which results in learning impairment. The unexpected symptoms of AD are
caused by pathophysiological processes that include many molecular pathways and inflammatory
cytokines such as IL-31, IL-1, IL-2, TNF-a, and IL-6. Drawing on a comprehensive review of the
literature in PubMed/MedLine, our review offers an in-depth exploration of both the psychosocial
impacts of AD and the molecular processes that contribute to this disorder.
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1. Introduction

Atopic dermatitis (AD) represents a chronic, non-infectious inflammatory disease.
The primary organ involved is the skin, which has a chronic relapsing course. Atopic
dermatitis is the most common disease affecting children from the first year of life. The
prevalence of AD is 10.1% in Europe and 21.4% in the USA [1]. Approximately 80% of
people develop atopic dermatitis during their first year of life, and the majority achieve
remission during adolescence. However, some individuals may continue to experience
intermittent flare-ups into adulthood [1]. The pathophysiological mechanisms underlying
the development of this pathology are different. A complex interaction emerges between
genetically predetermined skin barrier dysfunction, skin dysbiosis, innate and adaptive
immunity dysregulation, and environmental factors [2]. More specifically, an inflammatory
response is produced when environmental factors stimulate skin dysfunction, which could
lead to allergic sensitization. As a result, a clinical response characterized by persistent
itching and scratching, predominantly at night, develops [2]. The chronic and relapsing
course of the disease, characterized by periods of remission and exacerbation, economic
burden, and the whole family’s involvement in the treatment process, in association with
the different possible clinical presentations in terms of severity, significantly impacts the
quality of life of patients affected and of their family [2]. In particular, the physical,
emotional, mental, and social health and the daily functioning of each patient can be
affected [3]. As mentioned above, an inherent symptom of AD is persistent itching of the
skin, arising prevalently during the night hours, interfering with daily activity and causing
insomnia and sleep disorders, particularly efficiency, fragmentation, and longer latency
in sleep onset. These conditions have the potential to impact a child’s neurocognitive
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abilities negatively and can also be related to behavioural problems such as attention-
deficit/hyperactivity disorder (ADHD). Children with atopic dermatitis often perform
poorly in school due to behavioural issues and learning challenges exacerbated by the
physical discomfort and psychological distress associated with the condition [2]. The
diagnosis of AD is primarily based on clinical symptoms and the family history of the
patient in whom the condition is suspected; however, it is important to note that there is
no gold-standard test available for diagnosis, underscoring the complexity of confirming
the presence of atopic dermatitis [4]. Skin lesions in infants typically appear between the
ages of two and six months and are characterized by papules and papulovesicles that can
evolve into plaques. They usually affect the face, hands, and extensors; the scalp, neck, and
trunk can also be injured. AD normally spares the diaper area. However, diaper dermatitis
may occur in infants affected by AD. Flexure disease, which affects wrists, ankles, and
antecubital and popliteal fossae, normally appears after 1 year of age; however, in some
cases, it may be the first sign of disease [5]. Regarding the treatment of AD, the main
goal is to relieve symptoms and avoid complications (both psychological and organic
ones). Numerous guidelines have recently been released regarding the management of
atopic dermatitis in children [4,6,7]. The approach to therapy for AD is complex, and
it includes several strategies for successfully managing the disease. One of the most
important tasks is to wash the skin adequately before using emollients. Emollients aid in
moisturizing the skin’s surface cells and minimizing transepidermal water loss [4,7]. The
application of emollients is essential, and it is recommended that they be applied to the
skin twice a day [8]. Acute flares require the application of topical corticosteroids on the
skin lesions. Moreover, for individuals with both mild and severe AD disease, systemic
treatment with immunosuppressants and specific immunomodulating drugs may present a
successful alternative treatment option, particularly in cases where conventional therapies
have proven ineffective or insufficient. [4,9]. This comprehensive review aims to analyse
AD’s neurocognitive consequences on children who are affected by that pathology, with
a particular focus on the molecular aspects underlying the unexpected comorbidities of
this disease, to raise awareness among paediatricians, families, and caregivers of children
about the cognitive comorbidities and the negative implications of this pathology.

2. Pathophysiological Mechanisms of AD

Atopic dermatitis is characterized by intense itching, redness, and dry skin patches.
The pathophysiological mechanisms underlying AD are multiple and complex. Genetic
susceptibility, familial vulnerability, and predisposition have a significant role in devel-
oping this condition. These genetic factors can lead to microbial dysbiosis, immunologic
dysregulation, and other crucial changes in the skin barrier [10]. Aberrant lipid metabolism
and modified epidermal structural proteins, such as filaggrin and protease inhibitors, can
affect the skin barrier function. These changes result in increased transepidermal water
loss, elevated pH levels, susceptibility to infections, and sensitization to aeroallergens [11].
The genetic variation most substantially related to AD is filaggrin (FLG) loss of function.
This protein is crucial in the differentiation of the epidermidis and in creating the skin bar-
rier [12,13]. Functional epidermal barrier abnormalities caused by FLG mutations increase
skin permeability and consequent allergy sensitization, stimulate the Th2 inflammatory
response, and eventually result in asthma [12]. More than 300 FLG LoF variations are
known; more than 20 are linked to AD susceptibility [14]. Atopic-dermatitis-associated
genes code for immune system factors and proteins that regulate keratinocyte differenti-
ation [15–17]. Certain genes linked to atopic dermatitis (AD) have been associated with
pathways of the innate immune system, offering compelling evidence of the connection
between the innate immune system and the disease, as well as its progression. Some of the
genes identified are linked to innate immune pathways (ADAM33, MIF, MMP9, ORM2,
RETN, and TLR2), which are involved in neutrophil degranulation, thereby contributing to
tissue inflammation in AD [12,18,19].
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Innate and adaptive immune responses are involved in developing this disease and
collectively contribute to its clinical manifestation. Specifically, keratinocytes are activated
in response to mechanical or inflammatory insults and produce Antimicrobial Peptides
(AMPs) (cathelicidin (LL-37) and human-b-defensins 2 and 3) and pro-inflammatory cy-
tokines. They are key players in the pathophysiology of barrier damage and the activation
of the innate immune response [15,17]. AMPs play a crucial role in the restoration of a
disturbed skin barrier by acting on the tight junctions [15,17]. In addition, AMPs have an
autocrine effect on keratinocytes by inducing them to release pro-inflammatory molecules
known as “alarmins”—in particular IL-33, IL-25, and thymic stromal lymphopoietin (TSLP).
These alarmins activate innate lymphoid cells 2 (ILC2) and other dermal lymphoid cells,
such as dendritic cells (DC) and Langerhans cells. These activated cells then produce
IL-5 and IL-13, which in turn amplify the adaptive type 2 immune response. This self-
reinforcing inflammatory cycle is triggered by the influence of AMPs on the skin barrier
and keratinocytes [15,17]. The damage to the skin barrier is attributed to multiple factors,
such as alterations in the synthesis of membrane proteins such as filaggrin and involu-
crin, changes in the metabolism of lipids and membrane ceramides, loss of tight junction
integrity, and dysregulation of the keratinocyte differentiation process [15,20], but also to in-
fectious agents (e.g., bacteria, viruses, and fungi), allergens, and mechanical trauma [20,21].
These events may be genetically determined or induced by interactions with the immune
system [15,20,22]. Studies on the skin microbiome of individuals with AD have shown a
reduced diversity of bacteria on healthy skin and skin with eczema. AD-affected skin is
characterized by increased colonization by Staphylococcus Aureus (SA), whose microbial
action is not properly balanced by other bacteria, thus becoming pathogenic and resulting
in increased inflammatory interleukins (IL-4, IL-13, IL-22, and TLMP) [15,21,23]. Atopic der-
matitis symptoms can also be significantly more severe due to environmental triggers such
as allergies, skin irritants, infections, and physical irritants (i.e., tobacco smoke, exhaust
from moving cars, extremely cold or hot weather, or humidity).

3. Clinical Presentation

Skin inflammation, recurrent skin infections, lack of sleep and sleep disturbances,
mood changes, and a high frequency of comorbidities are some of the complex and different
symptoms that children with AD experience during their lives [24].

The major distinguishing sign of atopic skin is severe xerosis, and the distribution
of atopic dermatitis lesions changes with age. In particular, infants and toddlers mostly
present lesions in the extremities’ extensor surfaces and the face. The skin lesions follow a
variable course that includes acute and chronic phases. The initial stage of the symptoms is
characterized by painful, relapsing, eczematous lesions; erythema; vesiculation; oozing;
and exudation. Subsequently, lichenification and desquamation develop. In addition, these
AD lesions typically can complicate infection by bacteria, viruses, and fungi. The bacteria
most involved in this process is Staphylococcus Aureus. In particular, it colonizes atopic
individuals’ skin densely and exacerbates the inflammatory illness [25,26].

Itching

Atopic dermatitis is a debilitating disease. The main and most severe symptom of
this disease is represented by intense and persistent itching, which is difficult to control
and very disabling for children. Forty-two percent of patients experience itching for at
least 18 h daily [23,27]. More than 40% of children and 60% of adults with AD experience
skin pain, which can be associated with itching, scratching, skin lesions, and a neuropathic
component [28,29]. The pathogenetic mechanisms underlying this symptom and the
subsequent intense scratching still need to be fully understood. Itching seems to be caused
by organized interactions between keratinocytes, the immune system, and sensory neurons
that are not responsive to histamine [30]. By interacting with substance-specific receptors,
pruritogens exacerbate itching. Unmyelinated C fibres and sparsely myelinated Aδ fibres
produced from dorsal root ganglion (DRG) cell bodies mediate the itching; then, the itching
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signal is processed by the brain, which then causes the motor action of scratching [30].
Recent studies have shown that an increased density of nerve fibres characterizes the
epidermis of children affected by AD. In addition, it has been demonstrated that a lower
nerve activation threshold is characteristic of sensory nerve fibres in patients with AD [22].
This phenomenon contributes to alloknesis. This consists of the induction, by both strong
itchy and non-pruritogenic stimuli, of a spot of slight, usually innocuous, itching. This
condition is frequently noticed in individuals with atopic dermatitis [22]. Several itch
mediators and receptors are responsible for the symptoms of AD. Th2 cells, eosinophils,
neutrophils, and mast cells produce pro-inflammatory cytokines and peptides, activating
pruritoceptive pathways. Th2 cells release IL-31, one of the most well-known mediators of
pruritus. Research has indicated elevated IL-31 levels in AD patients’ damaged skin [30]. IL-
4 and IL-13 are two more cytokines that contribute to the pathophysiology of AD and induce
pruritus. The presence of IL-4 α and IL-13 α1 receptors on sensory neurons in humans and
mice confirms this [30,31]. The role of these cytokines in the pathophysiology of atopic
dermatitis is supported by the response to dupilumab, which interrupts IL-4 signalling, and
Janus kinase (JAK) inhibitors, which result in the inhibition of IL-4 receptors [32]. Moreover,
an important role is played by IL-1, whose concentrations in the serum and skin of affected
individuals are very high and correlate with disease severity [22,33]. Also, keratinocytes
produce pruritogen factors. One theme is alarmin TSLP, which stimulates the immune
system, Th2-dependent pathway activation, and produces pro-inflammatory cytokines.
The role of histamine and its receptors, particularly H1R and H4R, in the pathogenesis of
pruritus in atopic dermatitis remains unclear. Histamine is commonly discharged from mast
cells and basophils during a type 1 hypersensitivity response. It stimulates a specific group
of sensory neurons containing histamine receptors H1R and H4R, along with transient
receptor potential cation channel subfamily A member 1 (TRPV1) [34]. The concomitant
inhibition of both H1R and H4R proves to be superior in alleviating both itching and
inflammation compared to the individual blockade of either receptor. The clinical use of
non-sedative antihistamines demonstrates limited efficacy in relieving pruritus in atopic
dermatitis, indicating potential involvement of non-histaminergic pathways [30,35].

4. Unexpected Consequences of Atopic Dermatitis

Atopic dermatitis is related to other important comorbidities [6]. Sleep disorders
represent the most disabling ones. They are very common in patients with AD and largely
result from the intense itching associated with dermatitis [36]. Up to 60% of children
with eczema experience sleep disturbances, which rises to 83% during flare-ups. Even in
remission, eczema sufferers experience more sleep disturbances than healthy people [36].
Furthermore, the severity of this skin condition appears to impact the mood of the patients
affected. Depression has been observed in both adolescents and adults affected by AD.
Children and adolescents often limit their activities and also feel distressed about the
appearance of their skin, which leads to avoidance of social interactions, resulting in
isolation [37,38]. Moreover, an association between atopic dermatitis and behavioural
disorders, such as attention deficit/hyperactivity disorder (ADHD), has been proposed, in
particular in children [39,40].

4.1. Sleep Disorders

As mentioned above, the main symptom of atopic dermatitis is intense itching. This
symptom in patients with AD is reported to become significantly more severe and painful
during night hours. Itching and scratching, which disrupt falling asleep and sleep pattern
continuity, increase the risk of sleep disturbances in children affected by AD [6]. Sleep prob-
lems include difficulty falling asleep, frequent nocturnal awakenings, excessive daytime
sleepiness, increased sleep onset latency and awake time, and decreased sleep efficiency.
Sleep problems have a significant detrimental influence on the quality of life of children
with AD, as well as other members of the family, particularly parents and siblings, who
also experience disrupted sleep as a result of the children’s frequent nocturnal awaken-
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ings. Interrupted sleep has been linked to lower levels of happiness, neurobehavioral and
emotional impairment, hyperactivity/disattention disorder, behavioural and emotional
disturbance, and poor growth in children affected [41]. Several processes contribute to
sleep disturbances in children with AD. First, the stress of having a chronic disease causes
acute sleeplessness, which eventually may turn chronic. Night scratching, in particular,
interrupts sleep and lays the foundation for cognitive and behavioural elements that lead to
insomnia and circadian rhythm disturbance as a conditioned reaction. This happens during
acute periods, but sleeplessness may persist even after the acute illness is off, because
sleep problems are determined by learned behavioural patterns enacted by the body even
when the skin is healthy [41,42]. However, it is not just nighttime itching that causes sleep
problems in AD sufferers. It has been demonstrated that scratching contributes to just
15% of nighttime awakenings in children with AD [43]. Some authors have linked the
itch-gradation cycle to releasing inflammatory and pruritogenic mediators, which would
further increase sleep disruption [41,44]. The circadian rhythm regulates the proper func-
tioning of the immune system and the production of cytokines, cortisol secretion, and skin
physiology. At night, increased levels of pro-inflammatory cytokines (IL-1b, IL-2, TNF-a,
IFN-g, and IL-6) promote sleep, while anti-inflammatory cytokines (IL-4 and IL-10) are
produced after awakening and inhibit sleep [45,46]. In patients with AD, levels of cytokines
such as IL-4 are dysregulated, which may contribute to sleep disturbance [45,46]. The
circadian rhythm also regulates skin barrier function. Skin blood flow is highest in the
afternoon and early evening, with a second peak just before sleep onset. In addition to
significant transepidermal water loss and reduced cortisol levels at sleep onset, sebum
production declines at night. This may contribute to nighttime itching in AD patients [46].
Some studies have also linked atopic dermatitis to dysregulation in melatonin synthesis
during the overnight period, suggesting a potential link between disrupted sleep patterns
and the pathogenesis of this skin condition [46]. Chang et al. found that melatonin produc-
tion during the night was higher in AD patients than in controls. In sick patients, higher
levels of nocturnal melatonin were correlated with better sleep efficiency with less sleep
fragmentation and milder disease [45]. Therefore, the factors underlying sleep problems in
eczema sufferers are numerous and complexly intertwined (Figure 1).
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4.2. Attention-Deficit/Hyperactivity Disorder

Attention-deficit/hyperactivity disorder (ADHD) is one of the unexpected effects of
atopic dermatitis. With a 5–8% global prevalence, this is the most prevalent behavioural
condition among children. Due to the significant impacts of ADHD on affected individuals
and their families, such as inattention, hyperactivity, and impulsivity, these individuals
often experience reduced learning abilities at school, sleep disturbances, social isolation,
and, consequently, a diminished quality of life [47].

The association between AD and ADHD began to be studied in the early 1990s and
has now been proven by many studies [48]. Many pathophysiological hypotheses suggest
a link between ADHD and AD, but the underlying mechanisms behind this relationship
have not been thoroughly examined yet. Emotional stress related to chronic illness and
the subsequent intensification of TH2-related inflammatory pathways appear to involve
neurotransmitters in the prefrontal cortex, which are directly involved in ADHD [48].
Many serological changes are identified in atopic dermatitis (AD), including elevated blood
levels of total IgE, chemokines produced from macrophages, a chemokine that is activated
and regulated by the thymus, IL-31, and a chemokine that stimulates cutaneous T cells.
Evidence suggests these cytokines could trigger neuroimmunological pathways, potentially
engaging cognitive systems associated with emotions and behaviour. Studies involving
functional magnetic resonance imaging in humans have revealed changes in the activity
of prefrontal cortex (PFC) neurons during chronic allergic responses. Any functional
alterations in PFC regions have been linked with the hallmark characteristics of attention-
deficit/hyperactivity disorder (ADHD) [48,49]. It is possible to conclude that individuals
suffering from atopic dermatitis may be more susceptible to direct or indirect effects
from the high levels of inflammatory cytokines in the brain regions linked to attention-
deficit/hyperactivity disorder (ADHD), especially the prefrontal cortex (PFC) [48].

4.3. School Performance

Children with AD may suffer from sleep deprivation, reduced self-esteem, and im-
paired quality of life. All these conditions can interfere with their school attendance and
performance. Certainly, the difficulties resulting from losing sleep affect both the qual-
ity and the quantity of school time. In particular, maintaining attention at school and
completing homework are significantly impaired. Children with severe eczema may miss
many school days because of the disease. Despite that, the correlation between atopic
dermatitis and poor school performance in children suffering from AD has still been poorly
investigated, underlining the need for further research to understand the impact of this skin
condition on life. Lee et al. deepened data from the Korean National Health Insurance and
a health screening program for newborns and children to evaluate the association between
school readiness and AD [50]. Among all children born between 2008 and 2012 in Korea
(average age 4.8 years), those who received an assessment of school readiness through
questionnaires provided during the health screening program were enrolled in the study.
The questionnaire relating to school preparation included six items: cognitive skills, social
development, activity, concentration, and development of emotional and language skills.
The study showed that the impact of AD is statistically associated with academic attention
regardless of gender, exposure to corticosteroids and antihistamines, and age at diagnosis.
In particular, the study results demonstrate more vulnerability in school preparation and
activities, learning skills, and concentration in children affected by AD than in healthy
ones. This study reinforces the results of existing studies in the literature [50]. Joy Wan
et al. examined the prevalence of learning disabilities in a group of 2074 children diagnosed
with atopic dermatitis [51]. Learning disabilities refer to disorders in reading, writing,
and calculating and are associated with poor mental health, low school performance, and
poor employment outcomes in adulthood. This study suggests that children with atopic
dermatitis are significantly more likely than controls to have a diagnosis of learning dis-
ability, the severity of which increases as the severity of the skin disorder increases [51].
Furthermore, Sockler et al., in their longitudinal cohort study, evaluated the relationship
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between AD according to level of activity and severity and validated measures of gen-
eral cognition (IQ scores on the GMDS, WPPSI, WISC, and WASI). However, this study
did not find clinically significant associations between AD and overall cognitive function
during childhood and adolescence [52]. Schmidt et al., in their nationwide cohort study
conducted on 61153 Danish children, showed reduced lower and upper secondary edu-
cation in children diagnosed with AD compared with children in the general population;
however, the absolute differences were less than 3.5 percent. They also conducted a second
analysis comparing the same AD patients with their siblings, and the estimates were less
pronounced [53]. A cross-sectional study by Vittrup et al. linked data from Danish national
registers by identifying three population groups between 2001 and 2019: children from
lower secondary school, adolescents from upper secondary school, and male conscripts.
The finding of this study was that AD, particularly the severe form, is associated with
lower performance in school during childhood and lower IQs in youths. This obviously can
interfere with future academic results [54]. In addition to children, studies have also been
conducted on adults with AD. For children, night scratching affects daily activities such as
school and homework; for adults, this involves work activities. For example, a multicentre
study using TREATgermany registry data analysed the work limitations of 228 employees
with atopic dermatitis using the WorkLimitations Questionnaire (WLQ). The data analysis
showed that moderate-to-severe AD has a negative impact on work productivity [55].

4.4. Depression and Anxiety

Children suffering from atopic dermatitis experience emotional difficulties in addition
to academic problems. The most important comorbidities of atopic dermatitis involve mood
disorders. Among them, those most experienced by affected patients include anxiety and
depression. Few studies in the literature have analysed the mental difficulties in children
with atopic dermatitis. The majority of these have studied the correlations between AD and
ADHD. Xie et al. deepened the possibility of mental illness in children and adolescents with
AD compared to those without the disease [56]. This meta-analysis found that AD could
lead to an increased risk of mental disorders among children and adolescents affected;
in particular, it concluded that children with AD, compared with healthy children, are,
on average, 65.2 percent more likely to develop mental disorders, including relationship
problems, anxiety, depression, and increased suicide risk [56]. In a cross-sectional study
conducted by Hafsia et al. in 2009 in Denmark of 9215 patients with atopic disease and, at
the same time, a mental health problem, socioeconomic factors were the cause of slightly
higher emotional difficulties in females than in males, while hyperactivity problems were
higher in boys than in girls. Emotional difficulties increased with increasing age, but con-
duct problems, hyperactivity, and problems with peers were more elevated in 15-year-old
adolescents. In addition, it was found that hyperactivity, emotional, and conduct problems
were slightly higher in children with active symptoms than in children without active
atopic disease [46]. Furthermore, a cross-sectional study by Moraes et al. investigated the
association between behavioural disorders in children and adolescents and the severity of
atopic dermatitis. From the analysis of a population between 6 and 17 years old, it emerged
that the prevalent disorders among children and adolescents with atopic dermatitis are
anxiety and depression. In addition, children with moderate and severe AD have a higher
prevalence of aggressive behaviours [47]. Mental disorders can lead to negative school
and employment outcomes, supporting the view that atopic dermatitis has implications
for the school and work performance of those affected. The biological mechanisms behind
the emotional problems linked to AD are not well understood. According to the “cytokine
hypothesis of depression”, cytokines play a very important role in behavioural processes
and neuroendocrine mediation leading to depressive disorders (Figure 2). Recent studies
have shown that pro-inflammatory cytokines such as IL-1 and IL-6 and tumour necrosis
factor (TNF-α) induce major depressive disorders in patients with chronic physical illness
without a history of mental disorders [57,58]. A large amount of clinical evidence highlights
the significance of the correlation between inflammation and depression in people with
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physical illnesses and disorders linked to elevated innate immune responses. In vulnerable
patients, the breakdown of mechanisms governing sickness behaviour can happen when
their inflammatory response becomes more pronounced due to an imbalance between pro-
inflammatory and anti-inflammatory factors, favouring inflammation. This imbalance may
manifest as the overproduction of tumour necrosis factor-alpha (TNF-α), the inadequate
production of interleukin-10 (IL-10), and resistance to glucocorticoids [58].
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factor (TNF-α) induce major depressive disorders in patients with chronic physical illness 
without a history of mental disorders [57,58]. A large amount of clinical evidence 
highlights the significance of the correlation between inflammation and depression in 
people with physical illnesses and disorders linked to elevated innate immune responses. 
In vulnerable patients, the breakdown of mechanisms governing sickness behaviour can 
happen when their inflammatory response becomes more pronounced due to an 
imbalance between pro-inflammatory and anti-inflammatory factors, favouring 
inflammation. This imbalance may manifest as the overproduction of tumour necrosis 
factor-alpha (TNF-α), the inadequate production of interleukin-10 (IL-10), and resistance 
to glucocorticoids [58]. 

 

Chronic inflammatory Systemic conditions 
(atopic dermatitis)

Imbalance between anti-inflammatory factors 
and brain pro-inflammatory cytokines (IL-1, IL-6 

and TNF-alfa)

Changes in neuronal function (for example 
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Clinical depression

Figure 2. Molecular mechanism underlying depression in patients with systemic inflammatory
conditions such as atopic dermatitis.

An in vitro study conducted by Yeom et al. sought to determine how AD could result
in anxiety and depression in mice by identifying signal changes in brain circuits [59]. AD-
like skin lesions were induced in mice by the intradermal instillation of MC903, and then
the severity of dermatitis was assessed by the evaluation of scratching, behaviour, and
histopathological changes. The intradermal administration of MC903 resulted in severe
scratching, significant skin inflammation with thickening of the epidermis, depressive
anxiety-like behaviours, and elevated serum corticosterone levels in mice [59]. Levels of
signalling molecules related to dopamine and neuronal plasticity in the nucleus accumbens,
dorsal striatum, and ventral tegmental area were also determined by immunoblotting.
An increase in cAMP response element-binding protein (CREB), dopamine, and cAMP-
regulated phosphoprotein; an increase in brain-derived neurotrophic factor (BDNF) and
∆FosB; and a decrease in the protein expression of tyrosine hydroxylase (TH) and the
dopamine D1-receptor were recorded.

5. Summary

Atopic dermatitis is a disorder that typically manifests in the preschool years and sig-
nificantly impacts a part of the population, predominantly affecting children [1]. Therefore,
it is untenable to categorize atopic dermatitis as an uncommon allergic condition [51]. The
disease has several underlying causes, many of which are still unclear. Undoubtedly, atopy
susceptibility resulting from a genetic and familial predisposition is a major factor in the dis-
ease’s pathophysiology, contributing significantly to its development and progression [12].
The molecular mechanisms that cause the condition are extremely complicated, with the
dysregulation of pro-inflammatory cytokine release and a loss of the usual circadian rhythm
of hormone release, such as cortisol and melatonin, playing critical roles in the intricate
pathogenesis of the disease [15,52].
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Among the symptoms of atopic dermatitis, the main one is itching, which, especially
in moderate and severe cases of atopic dermatitis, is quite disabling and causes intense
scratching, particularly exacerbated during nighttime and significantly impacting sleep
quality and overall well-being. Patients with atopic dermatitis, therefore, spend a lot of time
scratching, especially at night, and this inevitably causes a reduction in the quantity and
quality of sleep [19,25]. Itching in atopic dermatitis has several mediators of dysregulated
inflammation, including histamine and its receptors, IL-31, IL-1, and others [17]. Sleep
disturbances in atopic dermatitis are not only due to sleep deprivation related to nighttime
itching but also to dysregulation in the release of inflammatory mediators (IL-1b, IL-2,
TNF-a, IFN-g, IL-6, IL-4, and IL-10) and neuroendocrine molecules such as cortisol and
melatonin [36,37]. Sleep disorders lead to detrimental consequences in the daytime life of
affected patients: they not only experience poor sleep quality at night but also struggle with
difficulties in performing their normal activities during the day, significantly impacting
their overall functioning and quality of life. Particularly in children, sleep at night adversely
affects various activities, such as playing with their peers, engaging in social interactions,
and, notably, their school attendance and academic performance. Children with atopic
dermatitis may miss many school days during disease exacerbation, leading to poor school
performance due to both the direct impact of the condition and the associated challenges in
managing symptoms. In addition, for a child who may not have slept through the night
due to the discomfort caused by atopic dermatitis, the time spent in school can be very
tiring, with the child having difficulty paying attention and completing schoolwork both in
the classroom and at home [39]. Patients with atopic dermatitis may also experience mood
disorders, such as relationship problems, depression, and anxiety, which can further impair
the patient’s quality of life and even increase the risk of suicide, highlighting the profound
psychological impact of the condition [33]. Some pro-inflammatory cytokines such as IL-1,
IL-6, and TNF-α, but also corticosteroids and dopamine, play a role in the pathogenesis
of depressive disorders in individuals with atopic dermatitis. However, the mechanisms
are still poorly studied [48,50]. In addition, the lockdown period during the COVID-19
outbreak further worsened the quality of life of these patients [53]. Paediatricians, schools,
and families need to be aware of the unexpected comorbidities that can affect children
with AD. In particular, paediatricians could monitor these aspects of the disease through
apps or computerized systems that track the symptoms afflicting their patients so as not to
underestimate the unexpected complications of the disease and constantly stay connected
with the patient by assessing the worsening or improvement of symptoms.

6. Conclusions

Despite the lack of studies regarding these topics, a relationship between atopic der-
matitis, sleep disorders, poor school performance, and behaviour disorders exists, suggest-
ing a complex interplay among these factors in impacting the lives of affected individuals.
Underlying this relationship are several complex molecular and neuroendocrine factors
that have not yet been fully elucidated or comprehensively studied, highlighting the need
for further research to better understand the intricate mechanisms at play. Therefore, AD
has an important impact on the quality of life and psychological health of children affected
and their families. This underlines the importance of multi-disciplinary teams, including
the family paediatrician, teachers, professors, and mental health professionals, taking care
of children with atopic dermatitis.
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25. Ogonowska, P.; Gilaberte, Y.; Barańska-Rybak, W.; Nakonieczna, J. Colonization With Staphylococcus aureus in Atopic Dermatitis
Patients: Attempts to Reveal the Unknown. Front. Microbiol. 2020, 11, 567090. [CrossRef] [PubMed]

26. Staphylococcal Communities on Skin Are Associated with Atopic Dermatitis and Disease Severity—PMC. Available online:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7921937/ (accessed on 21 February 2024).

27. Simpson, E.L.; Bieber, T.; Eckert, L.; Wu, R.; Ardeleanu, M.; Graham, N.M.; Pirozzi, G.; Mastey, V. Patient burden of moderate to
severe atopic dermatitis (AD): Insights from a phase 2b clinical trial of dupilumab in adults. J. Am. Acad. Dermatol. 2016, 74,
491–498. [CrossRef] [PubMed]

28. Vakharia, P.P.; Chopra, R.; Sacotte, R.; Patel, K.R.; Singam, V.; Patel, N.; Immaneni, S.; White, T.; Kantor, R.; Hsu, D.Y.; et al. Burden
of skin pain in atopic dermatitis. Ann. Allergy. Asthma. Immunol. 2017, 119, 548–552.e3. [CrossRef] [PubMed]

29. Cheng, B.T.; Paller, A.S.; Griffith, J.W.; Silverberg, J.I.; Fishbein, A.B. Burden and characteristics of skin pain among children with
atopic dermatitis. J. Allergy Clin. Immunol. Pract. 2022, 10, 1104–1106.e1. [CrossRef]

30. Sroka-Tomaszewska, J.; Trzeciak, M. Molecular Mechanisms of Atopic Dermatitis Pathogenesis. Int. J. Mol. Sci. 2021, 22, 4130.
[CrossRef]

31. Fujii, M. Current Understanding of Pathophysiological Mechanisms of Atopic Dermatitis: Interactions among Skin Barrier
Dysfunction, Immune Abnormalities and Pruritus. Biol. Pharm. Bull. 2020, 43, 12–19. [CrossRef]

32. Parisapogu, A.; Ojinna, B.T.; Choday, S.; Kampa, P.; Ravi, N.; Sherpa, M.L.; Agrawal, H.; Alfonso, M. A Molecular Basis Approach
of Eczema and Its Link to Depression and Related Neuropsychiatric Outcomes: A Review. Cureus 2022, 14, e32639. [CrossRef]
[PubMed]

33. Raap, U.; Wichmann, K.; Bruder, M.; Ständer, S.; Wedi, B.; Kapp, A.; Werfel, T. Correlation of IL-31 serum levels with severity of
atopic dermatitis. J. Allergy Clin. Immunol. 2008, 122, 421–423. [CrossRef]

34. Weidinger, S.; Beck, L.A.; Bieber, T.; Kabashima, K.; Irvine, A.D. Atopic dermatitis. Nat. Rev. Dis. Primer 2018, 4, 1. [CrossRef]
35. Kido-Nakahara, M.; Furue, M.; Ulzii, D.; Nakahara, T. Itch in Atopic Dermatitis. Immunol. Allergy Clin. N. Am. 2017, 37, 113–122.

[CrossRef] [PubMed]
36. Camfferman, D.; Kennedy, J.D.; Gold, M.; Martin, A.J.; Lushington, K. Eczema and sleep and its relationship to daytime

functioning in children. Sleep Med. Rev. 2010, 14, 359–369. [CrossRef] [PubMed]
37. Ghio, D.; Greenwell, K.; Muller, I.; Roberts, A.; McNiven, A.; Santer, M. Psychosocial needs of adolescents and young adults

with eczema: A secondary analysis of qualitative data to inform a behaviour change intervention. Br. J. Health Psychol. 2021, 26,
214–231. [CrossRef] [PubMed]

38. Silverberg, J.I.; Gelfand, J.M.; Margolis, D.J.; Boguniewicz, M.; Fonacier, L.; Grayson, M.H.; Simpson, E.L.; Ong, P.Y.; Chiesa
Fuxench, Z.C. Patient burden and quality of life in atopic dermatitis in US adults: A population-based cross-sectional study. Ann.
Allergy. Asthma. Immunol. 2018, 121, 340–347. [CrossRef] [PubMed]

39. Schmitt, J.; Romanos, M.; Schmitt, N.M.; Meurer, M.; Kirch, W. Atopic Eczema and Attention-Deficit/Hyperactivity Disorder in a
Population-Based Sample of Children and Adolescents. JAMA 2009, 301, 724–726. [CrossRef] [PubMed]

40. Yaghmaie, P.; Koudelka, C.W.; Simpson, E.L. Mental Health Comorbidity in Atopic Dermatitis. J. Allergy Clin. Immunol. 2013, 131,
428–433. [CrossRef] [PubMed]

41. Bawany, F.; Northcott, C.A.; Beck, L.A.; Pigeon, W.R. Sleep Disturbances and Atopic Dermatitis: Relationships, Methods for
Assessment, and Therapies. J. Allergy Clin. Immunol. Pract. 2021, 9, 1488–1500. [CrossRef] [PubMed]

42. Carney, C.E.; Segal, Z.V.; Edinger, J.D.; Krystal, A.D. A comparison of rates of residual insomnia symptoms following phar-
macotherapy or cognitive-behavioral therapy for major depressive disorder. J. Clin. Psychiatry 2007, 68, 254–260. [CrossRef]
[PubMed]

43. Reuveni, H.; Chapnick, G.; Tal, A.; Tarasiuk, A. Sleep fragmentation in children with atopic dermatitis. Arch. Pediatr. Adolesc. Med.
1999, 153, 249–253. [CrossRef]

44. Irwin, M.R. Sleep and inflammation: Partners in sickness and in health. Nat. Rev. Immunol. 2019, 19, 702–715. [CrossRef]
[PubMed]

45. Chang, Y.-S.; Chiang, B.-L. Mechanism of Sleep Disturbance in Children with Atopic Dermatitis and the Role of the Circadian
Rhythm and Melatonin. Int. J. Mol. Sci. 2016, 17, 462. [CrossRef] [PubMed]

46. Chang, Y.-S.; Chiang, B.-L. Sleep disorders and atopic dermatitis: A 2-way street? J. Allergy Clin. Immunol. 2018, 142, 1033–1040.
[CrossRef] [PubMed]

47. Willis, R.; Dhakras, S.; Cortese, S. Attention-Deficit/Hyperactivity Disorder in Looked-After Children: A Systematic Review of
the Literature. Curr. Dev. Disord. Rep. 2017, 4, 78–84. [CrossRef] [PubMed]

https://doi.org/10.1016/j.anai.2023.11.009
https://www.ncbi.nlm.nih.gov/pubmed/38108679
https://doi.org/10.2147/DDDT.S426947
https://www.ncbi.nlm.nih.gov/pubmed/38333897
https://doi.org/10.3389/fmicb.2020.567090
https://www.ncbi.nlm.nih.gov/pubmed/33505363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7921937/
https://doi.org/10.1016/j.jaad.2015.10.043
https://www.ncbi.nlm.nih.gov/pubmed/26777100
https://doi.org/10.1016/j.anai.2017.09.076
https://www.ncbi.nlm.nih.gov/pubmed/29223299
https://doi.org/10.1016/j.jaip.2021.12.012
https://doi.org/10.3390/ijms22084130
https://doi.org/10.1248/bpb.b19-00088
https://doi.org/10.7759/cureus.32639
https://www.ncbi.nlm.nih.gov/pubmed/36660532
https://doi.org/10.1016/j.jaci.2008.05.047
https://doi.org/10.1038/s41572-018-0001-z
https://doi.org/10.1016/j.iac.2016.08.007
https://www.ncbi.nlm.nih.gov/pubmed/27886901
https://doi.org/10.1016/j.smrv.2010.01.004
https://www.ncbi.nlm.nih.gov/pubmed/20392655
https://doi.org/10.1111/bjhp.12467
https://www.ncbi.nlm.nih.gov/pubmed/32844574
https://doi.org/10.1016/j.anai.2018.07.006
https://www.ncbi.nlm.nih.gov/pubmed/30025911
https://doi.org/10.1001/jama.2009.136
https://www.ncbi.nlm.nih.gov/pubmed/19224748
https://doi.org/10.1016/j.jaci.2012.10.041
https://www.ncbi.nlm.nih.gov/pubmed/23245818
https://doi.org/10.1016/j.jaip.2020.12.007
https://www.ncbi.nlm.nih.gov/pubmed/33321263
https://doi.org/10.4088/jcp.v68n0211
https://www.ncbi.nlm.nih.gov/pubmed/17335324
https://doi.org/10.1001/archpedi.153.3.249
https://doi.org/10.1038/s41577-019-0190-z
https://www.ncbi.nlm.nih.gov/pubmed/31289370
https://doi.org/10.3390/ijms17040462
https://www.ncbi.nlm.nih.gov/pubmed/27043528
https://doi.org/10.1016/j.jaci.2018.08.005
https://www.ncbi.nlm.nih.gov/pubmed/30144472
https://doi.org/10.1007/s40474-017-0116-z
https://www.ncbi.nlm.nih.gov/pubmed/28932648


Int. J. Mol. Sci. 2024, 25, 4778 12 of 12

48. Xu, Y.; Wang, J.; Zhu, W.; Li, P. Childhood atopic dermatitis as a precursor for developing attention deficit/hyperactivity disorder.
Int. J. Immunopathol. Pharmacol. 2020, 34, 205873842096290. [CrossRef] [PubMed]

49. Banks, W.A.; Erickson, M.A. The blood–brain barrier and immune function and dysfunction. Neurobiol. Dis. 2010, 37, 26–32.
[CrossRef] [PubMed]

50. Lee, E.; Kim, J.H.; Cha, H.R.; Ha, E.K.; Shin, J.; Lee, W.S.; Lee, S.W.; Han, M.Y. Association between atopic dermatitis and school
readiness in preschool children. Pediatr. Allergy Immunol. 2023, 34, e13996. [CrossRef] [PubMed]

51. Wan, J.; Mitra, N.; Hooper, S.R.; Hoffstad, O.J.; Margolis, D.J. Association of Atopic Dermatitis Severity With Learning Disability
in Children. JAMA Dermatol. 2021, 157, 1–7. [CrossRef]

52. Sockler, P.G.; Hooper, S.R.; Abuabara, K.; Ma, E.Z.; Radtke, S.; Bao, A.; Kim, E.; Musci, R.J.; Kartawira, K.; Wan, J. Atopic
dermatitis, cognitive function, and psychiatric comorbidities across early childhood and adolescence in a population-based UK
birth cohort. Br. J. Dermatol. 2024, 190, 501–509. [CrossRef] [PubMed]

53. Schmidt, S.A.J.; Mailhac, A.; Darvalics, B.; Mulick, A.; Deleuran, M.S.; Sørensen, H.T.; Riis, J.L.; Langan, S.M. Association Between
Atopic Dermatitis and Educational Attainment in Denmark. JAMA Dermatol. 2021, 157, 1–9. [CrossRef] [PubMed]

54. Vittrup, I.; Andersen, Y.M.F.; Skov, L.; Wu, J.J.; Agner, T.; Thomsen, S.F.; Egeberg, A.; Thyssen, J.P. The association between
atopic dermatitis, cognitive function and school performance in children and young adults. Br. J. Dermatol. 2023, 188, 341–349.
[CrossRef] [PubMed]

55. Birkner, T.; Siegels, D.; Heinrich, L.; Haufe, E.; Abraham, S.; Heratizadeh, A.; Harder, I.; Bell, M.; Fell, I.; Worm, M.; et al. Itch,
sleep loss, depressive symptoms, fatigue, and productivity loss in patients with moderate-to-severe atopic dermatitis: Analyses
of TREATgermany registry data. JDDG J. Dtsch. Dermatol. Ges. 2023, 21, 1157–1168. [CrossRef]

56. Xie, Q.-W.; Dai, X.; Tang, X.; Chan, C.H.Y.; Chan, C.L.W. Risk of Mental Disorders in Children and Adolescents With Atopic
Dermatitis: A Systematic Review and Meta-Analysis. Front. Psychol. 2019, 10, 1773. [CrossRef] [PubMed]

57. Schiepers, O.J.G.; Wichers, M.C.; Maes, M. Cytokines and major depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 2005, 29,
201–217. [CrossRef] [PubMed]

58. Dantzer, R.; O’Connor, J.C.; Freund, G.G.; Johnson, R.W.; Kelley, K.W. From inflammation to sickness and depression: When the
immune system subjugates the brain. Nat. Rev. Neurosci. 2008, 9, 46–56. [CrossRef]

59. Yeom, M.; Ahn, S.; Oh, J.Y.; Kim, S.Y.; Lee, H.; Hahm, D.H.; Park, H.J. Atopic dermatitis induces anxiety- and depressive-like
behaviors with concomitant neuronal adaptations in brain reward circuits in mice. Prog. Neuropsychopharmacol. Biol. Psychiatry
2020, 98, 109818. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/2058738420962902
https://www.ncbi.nlm.nih.gov/pubmed/33045857
https://doi.org/10.1016/j.nbd.2009.07.031
https://www.ncbi.nlm.nih.gov/pubmed/19664708
https://doi.org/10.1111/pai.13996
https://www.ncbi.nlm.nih.gov/pubmed/37492912
https://doi.org/10.1001/jamadermatol.2021.0008
https://doi.org/10.1093/bjd/ljad486
https://www.ncbi.nlm.nih.gov/pubmed/38060978
https://doi.org/10.1001/jamadermatol.2021.0009
https://www.ncbi.nlm.nih.gov/pubmed/33851963
https://doi.org/10.1093/bjd/ljac058
https://www.ncbi.nlm.nih.gov/pubmed/36640132
https://doi.org/10.1111/ddg.15159
https://doi.org/10.3389/fpsyg.2019.01773
https://www.ncbi.nlm.nih.gov/pubmed/31447731
https://doi.org/10.1016/j.pnpbp.2004.11.003
https://www.ncbi.nlm.nih.gov/pubmed/15694227
https://doi.org/10.1038/nrn2297
https://doi.org/10.1016/j.pnpbp.2019.109818
https://www.ncbi.nlm.nih.gov/pubmed/31743694

	Introduction 
	Pathophysiological Mechanisms of AD 
	Clinical Presentation 
	Unexpected Consequences of Atopic Dermatitis 
	Sleep Disorders 
	Attention-Deficit/Hyperactivity Disorder 
	School Performance 
	Depression and Anxiety 

	Summary 
	Conclusions 
	References

