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Abstract
Atopic dermatitis (AD) is a chronic, pruritic and inflammatory, dry skin condition with 
many known comorbidities. These include airway disease, food allergies, atopic eye 
disease and autoimmune conditions. Furthermore, there is often significant sleep 
disturbance as well as increased psychological distress and mental health problems. 
Severe AD therefore often has a significant impact on the quality of life of both pa-
tients and their families. In this review we discuss recent findings on the putative 
links between AD, its association with itch, sleep disturbance and neuropsychiatric 
morbidity, including the role of inflammation in these conditions. Itch was thought 
to predominantly drive sleep disruption in AD. We now understand changes in sleep 
influence immune cell distribution and the associated inflammatory cytokines, which 
suggests a bidirectional relationship between AD and sleep. We also increasingly rec-
ognize inflammation as a key driver in psychological symptoms and disorders. The link 
between cutaneous, systemic and possible brain inflammation could at least in part 
be driven by the sleep deprivation and itch-driven neuronal proliferation seen in AD.
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1  |  INTRODUC TION

Atopic dermatitis (AD) is a significant health burden, with up to 20% 
of children and young people (CYP) and 10% of adults being diag-
nosed with the condition.1,2 Around 6% of people with AD will have 
severe disease requiring systemic treatment. The hallmark clinical 
features of AD are pruritic and erythematous dry skin. Patients with 
AD will commonly suffer with disturbed sleep, especially if flares are 
not adequately controlled.

In addition to this, there are many known comorbidities asso-
ciated with AD including airway disease (asthma, hay fever and 
obstructive sleep apnoea), food allergies, atopic eye disease and 
autoimmune conditions.3 Furthermore, there is increased psy-
chological distress and mental health problems, including anxiety, 
depression and attention-deficit/hyperactivity disorder (ADHD). 
Together, this means that severe AD and the associated comorbid-
ities have a significant impact on the quality of life of both patients 
and their families.4,5

Atopic dermatitis is characterized by a complex interplay be-
tween genetically predetermined skin barrier dysfunction, cu-
taneous dysbiosis and immune dysregulation, with a T-helper 2 
(Th2)-dominated cytokine profile.6 The skin barrier has two key 
functions, both of which are impaired in AD, to prevent water loss 
and to stop the entry of external foreign substances (pathogens, 
antigens and allergens). Loss-of-function mutations in the filaggrin 
(FLG) gene, which lead to reduced skin barrier integrity, are pres-
ent in up to 50% of moderate-to-severe AD patients.7 However, 
not all carriers of FLG mutations will develop AD. There are also a 
number of other genes which have been identified as risk factors 
in AD, for instance linked to immunological pathways.8 Although 
skin barrier dysfunction is genetically predetermined, there are 
significant, additional environmental contributions to the barrier 
dysfunction. These include water hardness, pollution, antibiotic 
exposure and other factors linked to a ‘western’ lifestyle, such 
as diet.6

The combination of skin barrier dysfunction and environmental 
factors triggers an inflammatory response and can also facilitate 
allergic sensitization to common antigens, such as house dust mite 
but also food proteins. Th2 cytokines: interleukin 4 (IL-4), interleu-
kin 13 (IL-13) and the itch-inducing cytokine IL-31 have been iden-
tified as key mediators of AD inflammation.9 This results in pruritus 
and the subsequent, natural response of scratching. Scratching in-
tensifies cutaneous inflammation through mechanical stimulation, 
further exacerbating the itch and breakdown of the skin barrier. 
A vicious cycle of itching and scratching then develops. Itch is 
often reported to be worse at night, leading to significant sleep 
disturbance.10

In this review we will discuss recent findings on the link between 
AD, its association with itch, sleep disturbance and neuropsychiat-
ric morbidity, including the role of inflammation in these conditions 
(Figure 1).11,12

2  |  ATOPIC DERMATITIS AND SLEEP 
DISTURBANCE

The majority of children and adults with AD experience some degree 
of sleep disturbance. Over 60% of parents report that AD affects 
how well they or their child sleep.13 Even when in clinical remission, 
children with AD reported worse sleep quality than healthy chil-
dren.14 A large study of 13,988 participants using parental question-
naires showed children with AD are more likely to report nightmares 
and early morning awakenings.15 Other survey studies have shown 
children with AD between the ages of 5 and 12 have frequent night 
waking, less total sleep and greater difficulty awakening for school 
than children without AD.16 A study using sleep-specific question-
naires revealed that children with AD also report daytime sleepiness, 
irritability and teacher-reported daytime sleepiness.17 There seems 
to be a close relationship between increased disease activity and 
sleep disturbance, as demonstrated in a cohort of young children 
(mean age 25 months, standard deviation 16.2 months), where dur-
ing AD flares, sleep was reported as disturbed during 86% of relevant 
nights. For the majority (59%) of these children, reported sleep dis-
turbance was limited to when their AD was flaring.18 Furthermore, 
sleep impairment has been more commonly reported among chil-
dren with more severe disease and in those with comorbid asthma 
or allergic rhinitis.15,19

The above findings are consistent with the small number of stud-
ies that used objective measures of sleep, such as actigraphy and 
polysomnography.17,20 A sleep study in school-aged children with 
AD using home-based polysomnography highlighted frequent awak-
enings associated with episodes of scratching and overall reduced 
sleep efficiency.21 Another study showed that nocturnal scratching 
as measured by wrist actigraphy in the first 3 h of sleep is closely cor-
related with AD severity as measured by scoring atopic dermatitis 
(SCORAD) and plasma chemokine levels in children.22

3  |  ITCH AND SLEEP

The main cause of sleep impairment in children with AD is thought 
to be nocturnal itching and scratching behaviour. Patients with AD 
often develop the disease in the first few months after birth when 
sleep-patterns and practices as well as parent-carer responses to 
these become established. Although children without AD commonly 
experience sleep disturbances during their first few years, observa-
tional studies have shown that those with AD are at particular risk 
due to trouble initiating sleep because of itching.18,23 Self-reported 
itch intensity has a significant link with insomnia frequency and 
sleep quality in adults with AD.24

With chronicity, the itch-scratch cycle in AD can become 
habitual and children may continue scratching in the absence of 
pruritic stimuli, thus increasing itch intensity. Even with habit-
reversal therapy, it is difficult for children to consciously prevent 
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28  |    CAMERON et al.

scratching at night-time, which then contributes to the increased 
itching. However, scratching episodes have been documented 
to only account for 15% of arousals and awakenings, suggesting 
that scratching alone does not fully explain sleep fragmentation 
in these patients.25

Itching in AD is often reported to be worse at night. Theories 
to explain the night-time itching phenomenon have implicated 
nocturnal variation in skin barrier function. Transepidermal water 
loss (TEWL) is one measure of skin barrier integrity and is associ-
ated with itch intensity in AD.26 As peripheral skin temperature 
increases at night (as part of the mechanism to decrease core 
temperature), TEWL may increase nocturnally therefore increas-
ing itch.27 Circadian fluctuations in hormone secretion, including 
cortisol and subsequent variations in immunological activity, may 
also increase nocturnal itching,11,28 for instance due to fluctuating 

expression of pruritogenic cytokines, such as IL-2 and IL-31.29 
Other than itch, causes of sleep disturbance include skin-related 
pain and skin-related fearful thoughts.30

4  |  CHRONIC PRURITIS IN AD

Chronic pruritis (CP) is defined as itch lasting more than 6 weeks. 
The current understanding of the pathophysiology of CP in AD is 
growing. Yosipovitch et al. outlined the contribution of the nervous 
system and its interaction with immune pathways in AD-associated 
pruritis in a recent review.31 CP is mediated by pruritogen binding 
to pruritogen receptors located on a subset of primary afferent c-
fibres, or pruriceptors, that synapses at the spinal cord with sec-
ondary afferents (Figure 2). The secondary afferents ascend to the 

F I G U R E  1  The interplay of atopic dermatitis, sleep disturbance, inflammation and psychological disorders. AD manifests itself as a 
profoundly itchy skin condition, influenced by the environment, skin barrier dysfunction and genetic factors. A vicious cycle of itching 
and scratching potentiates cutaneous and systemic inflammation. Nocturnal itching significantly disturbs sleep, which in children is vital 
for normal neurocognitive processing and memory formation. There is a strong association between AD and psychiatric disorders such 
as ADHD, depression and anxiety. These conditions are also significantly associated with disturbed sleep. AD has a significant impact on 
quality of life and often causes a huge burden on patients and their families. Often disturbed sleep causes stress on the parents of children 
leading to impaired family relationships. Respiratory allergies, such as asthma, also contribute to sleep disturbance. ADHD, attention-deficit/
hyperactivity disorder; QoL, quality of life.
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thalamus where the signals convey to different regions of the brain 
that translate them into the sensation of itch and coordinate the mo-
toric response of scratching.32–35

Immune cells and keratinocytes release pruritogens (IL-4, IL-13, 
IL-31, TSLP, IL-33 and substance P) and other factors that increase 
sensitivity to itch in AD.33,36,37 Receptors (IL-31, IL-13, IL-33, TSLPR, 
NK-1R, MRGPRX+ and IL-4) expressed on histamine-independent 
C fibres interact with these factors amplifying pruritus further.34 TSLP 
and substance P can also indirectly promote itch and atopic skin in-
flammation by activating Th2 immune cells. These immune cells, in-
cluding eosinophils and mast cells, release pruritogenic type 2 T helper 
cell cytokines and neurogenic peptides, which activate these neuroin-
flammatory pathways in AD and stimulate release of pro-inflammatory 
mediators.38 Interactions between the C fibres, keratinocytes and 
immune cells all drive the development of CP in AD. When a patient 
with AD scratches, epidermal keratinocytes are injured, which causes 
the release of pruritogens and indirectly activates Th2 immune cells. 
When these pruritogens bind to pruriceptive nerves, the patient will 
be inclined to continue scratching, leading to the ‘itch-scratch’ cycle.

In patients with AD, itch can be triggered by a lower threshold 
stimulus or may persist even when the stimulus is removed. This 
phenomenon has been demonstrated in several studies where the 
threshold for electrically evoked itch is lower in patients with AD 
than healthy controls.39 The increased amount of inflammatory 
molecules in AD may increase the frequency of action potentials 
from the primary afferents increasing the amount of released neu-
rotransmitters at the spinal level. This may give rise to neuropathic 
changes and abnormal sensory functions such as hyperknesis, where 
increased perception of itch is evoked from pruritogens, and allok-
nesis where itch is evoked from normally non-pruritic stimuli like 
increased temperature or mechanical stimuli from wearing certain 
fabrics like wool.32,33,40

The increased inflammatory molecules and the abnormal sen-
sory states in AD may increase the intensity of itch further. The per-
ception of itch intensity seems to depend on increased activation of 
the primary and secondary somatosensory cortices and the anterior 
part of the insular cortex.35,41 There appears to be both inflamma-
tory, peripheral and central nervous system contribution to CP.

F I G U R E  2  Bidirectional pathways for the putative mechanisms between the periphery and central nervous system driving sleep 
disturbance in atopic dermatitis. Skin barrier dysfunction, including cutaneous inflammation, results in organismal stress, including cellular 
stress and sleep deprivation. This acute stress results in the expression of inflammatory cytokines such as IL-4, IL-13 and IL-31. These 
peripheral signals mediate pruritis and are communicated to the central nervous system (CNS) to induce cytokine activity in the brain, 
exacerbating sleep disturbances, leading to reduced total sleep time and sleep efficiency as well as reduced duration of rapid eye movement 
(REM) sleep. Reductions in sleep continuity and REM sleep are associated with cognitive impairment such as reduced sustained attention, 
working memory, executive function and processing speed. Both reduced sleep and cognitive impairment lead to psychological stress which 
can lower the central itch threshold,1 including nocturnal scratching, which further damages the skin barrier. Sensory nerve proliferation 
in the periphery results in neuronal sensitization whereby a lower itch threshold of nociceptors on neurons, is induced by inflammatory 
mediators, and results in increased itch C-fibre responsiveness and release of neurotransmitters such as glutamate and brain-derived 
neurotrophic factor. This results in the phenomenon of the intense itch experienced by patients with relatively mild AD. (‘Sleep efficiency’ 
refers to the proportion of time in bed that is spent sleeping, TSLP, thymic stromal lymphopoietin.)
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30  |    CAMERON et al.

This is why intense itching may persist after cutaneous inflam-
mation has subsided as experienced in some patients with mild AD 
and might influence nocturnal arousals (the shift from deep sleep 
to lighter sleep) and disrupted sleep. For example, studies by Feld 
et al. have demonstrated nerve proliferation associated with IL-31, 
both in in vitro and in vivo models.42 Primary sensory neuron cul-
ture systems were stimulated with IL-31. Transcriptional profiling 
showed enrichment in genes promoting nervous system develop-
ment, neuronal outgrowth and negatively regulating cell death. In 
addition, nerve fibre extension was seen in small-diameter neu-
rons. In mice studies, subcutaneously delivered IL-31 induced 
an increase in the cutaneous nerve fibre density in lesional skin. 
These findings might explain the clinical observation seen in pa-
tients with AD, who experience severe itch associated with mini-
mal stimulation.

5  |  ITCH, AT TENTION, AFFEC T AND 
E XPEC TANCIES

In addition to the complex neurobiology of itch, there is a close re-
lationship between itch and psychological factors such as attention, 
affect and expectancies.43 Research in experimental and clinical set-
tings has shown that cognitive–affective factors play a role in both 
the maintenance and exacerbation of (chronic) itch. Indeed, itch is a 
bodily signal that is evolutionarily primed to capture attention. The 
attention-capturing nature of itch evolved to signal the presence of 
potentially harmful environmental agents such as ectoparasites, and 
thus to promote the protective behaviour of scratch.44 Yet when 
itch is chronic, as is often the case in AD, this means that patients 
will be recurrently disturbed by the itch and potentially also by so-
cial reactions of others (e.g. stigma), which can negatively impact 
their quality of life.41 In line with this, the experience of chronic itch 
can also be accompanied by stress, anxiety and depressive symp-
toms  These affective consequences of itch may also exacerbate 
the scratching behaviour within a vicious cycle of increased nega-
tive affect and itch.45 Lastly, studies largely in experimental settings 
have shown the self-fulfilling nature of itch expectancies. In healthy 
volunteers, itch can be induced by expectancies alone, sometimes 
termed the ‘nocebo effect’.46 In patients with AD, nocebo-induced 
itch has been observed from administration of an inert saline solu-
tion, with similar brain regions underlying the experience of real and 
nocebo-induced itch.47 On the flip side, positive expectancies can 
reduce the experience of itch. In healthy volunteers, expecting itch 
relief from a topical lotion can reduce itch.48 In the placebo arm of 
randomized controlled trials, patients often report improvements in 
itch.49 These findings hold promise for enhancing the effectiveness 
of current treatments for AD. Enhancing expectancies that topical or 
immunomodulatory treatments will reduce itch may improve overall 
treatment outcomes. Such a promising effect was shown in a recent 
study of children receiving immunotherapy treatment for peanut 
allergy, wherein positive expectancies were cleverly induced by 
helping children to understand that allergy-related symptoms were 

a positive sign that the treatment was active and working in their 
body.50 Taken together, findings suggest that cognitive–affective 
factors are important to target in holistic treatment of chronic itch 
in AD. Cognitive–affective factors also likely interact closely with 
sleep and neurocognitive functioning in ways yet to be explored and 
defining these interactions will further help to harness the beneficial 
impact of these psychological factors on AD treatment.

6  |  SLEEP AND NEUROCOGNITIVE 
DE VELOPMENT

Early life is a critical period for neurocognitive development. 
Circadian rhythms are established in babies around 6 months 
old.51 Naturally occurring sleep is a central nervous system (CNS)-
mediated psychophysiological process. There is evidence that sleep 
has several neural functions, including supporting brain connec-
tivity.52,53 During early life development, major increases in white 
matter structural and cortical functional connectivity are seen in 
association with cognitive and behavioural maturation.54,55 Brain 
maturation is reflected in the sleep EEG, which suggests that brain 
development and sleep are bidirectional.56 Poor neonatal sleep has 
been linked to impaired neurological outcomes,57 and sleep state–
specific differences in connectivity are seen in preterm infants in 
comparison to those born at full term, which also correlate with later 
neurodevelopmental outcomes.58,59 Transition from quiet to active 
sleep in newborn infants is marked by a substantial reorganization of 
large-scale cortical activity and functional brain networks59 with re-
duced reorganization seen in preterm infants, which correlates with 
reduced visual performance at 2 years of age.

Sufficient duration and quality of sleep have been shown to be 
important for the development of memory, language, sustained 
attention, processing speed and executive functions.60–62 Shorter 
sleep duration in the first 3 years in healthy children is also associ-
ated with hyperactivity and lower cognitive performance on neuro-
developmental tests at age 6, demonstrating that inadequate sleep 
in early life can produce long-standing effects on neurocognitive 
function.63 A study in preterm babies, evaluating whether sleep–
wake state organization was related to developmental milestones in 
the first year after birth revealed that the stability and duration of 
sleep may be predictive of mental performance at 24 and 52 weeks 
of age.64 Both shortened sleep duration and disrupted sleep in chil-
dren have been associated with reduced cognitive and academic/
school performance as well as dimensional (externalising and inter-
nalising) psychopathology problems.53,61 Cognitively, the most con-
sistent effect of compromised sleep in school children seems to be 
on multiple domain cognitive functions and school performance,61 
but others have observed effects in (working) memory, sustained at-
tention, executive function and processing speed.63,65

Recent reviews by Cheng et al. and Astill et al. suggested that 
sleep deprivation in healthy adolescents has an effect on cognition, 
including impaired sustained attention, working memory, encoding 
and consolidation of long-term memories, slower processing speed, 
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    |  31CAMERON et al.

as well as behaviours such as decreased positive mood states, in-
creased anxiety and emotional dysregulation.53,61 Interestingly, 
sleep efficiency, but not sleep duration, of healthy children has been 
linked to enhanced learning performance and improved educational 
outcomes.66

When AD starts in early childhood sleep disruption begins during 
these formative years of childhood development. Longitudinal fol-
low-up of over 1600 infants from birth demonstrated that parent-
reported sleep disturbance due to AD in infancy was associated 
with subsequent emotional and behavioural problems at 10 years of 
age.67,68 AD persists throughout childhood and adolescence in up 
to 30% of cases; meanwhile, sleep requirements and sleep patterns 
change dramatically during this period. Children and teenagers with 
moderate-to-severe AD were shown to have significantly higher 
wake after sleep onset (WASO) and poorer sleep efficiency com-
pared to age-matched healthy controls, but similar overall sleep du-
ration, measured using actigraphy (a wristwatch device that contains 
an accelerometer from which an approximation of sleep wake cycles 
is derived).13

7  |  SLEEP AND INFL AMMATION

Sleep and its relationship with the immune system has long been de-
scribed in medicine, as it was observed that sleep is induced in states 
of fever and illness. Therefore, it was believed to help in the recovery 
from such disease. Researchers have since discovered antimicrobial 
peptides and cytokines that have somnogenic properties and induce 
sleep, potentially providing a survival advantage.69 Patients suf-
fering with insomnia have been shown to have an increased risk of 
depression, infections and inflammatory disorders.12 Therefore it is 
believed that sleep is imperative to support host defence and cogni-
tive resilience.

It is also now understood that sleep supports the neurally inte-
grated immune system. This means changes in sleep, influence im-
mune cell distribution and the associated inflammatory cytokines.69 
Inflammatory signals are transmitted indirectly to the CNS via neu-
ral pathways. The function of mast cells, dendritic cells, eosinophils 
and T cells may be shaped or regulated by various neuropeptides 
released from the sensory neurons.70 Thus it is likely that both acti-
vation of the immune system and activation of itch fibres may shape 
one another.71

Further, it is hypothesized that disturbed sleep leads to dysreg-
ulation of the immune system and inflammatory pathways in the 
CNS.69 In normal sleep, sympathetic nervous system (SNS) activity 
is reduced. In sleep deprivation, increases in SNS activity results 
in higher levels of noradrenaline and adrenaline.72 In turn, further 
production of inflammatory biomarkers is triggered. An additional 
factor driving inflammation in chronic sleep deprivation is the innate 
upregulation of the hypothalamic–pituitary–adrenal axis,73 which 
can lead to a degree of glucocorticoid resistance.74 This link between 
cortisol production and the establishment of sleep patterns via clock 
gene upregulation first emerges in the postnatal period.51

Experimental work which has studied systemic and cellular in-
flammatory markers in humans during the course of normal sleep–
wake cycles versus continuous wakefulness over 24 h have shown 
that IL-6, which usually has a circadian profile, is switched to in-
creased daytime production in acute sleep deprivation.75 Toll-like 
receptor 4 (TLR4) stimulated monocytes nocturnally increase IL-6 
alongside tumour necrosis factor. This suggests that sleep influences 
different inflammatory cytokines, and it is plausible that the usual 
inflammatory homeostasis is further disturbed by sleep disruption 
in those with AD.

In another human study, sleep loss was shown to activate cel-
lular inflammation and signal transducer and activator of transcrip-
tion (STAT) family proteins. Spontaneous monocytic expression of 
IL-6 and TNF-α was significantly increased in partial sleep depri-
vation.76 A similar increase in nuclear factor kappa B (Nf-kB) has 
been measured during experimental sleep deprivation in humans.77 
Interestingly, this pathway is also activated during sleep deprivation 
in neural tissue,78 supporting the hypothesis that sleep disruption 
not only has an effect on neurocognition and development but also 
acts as a proinflammatory driver, which may contribute to a neurally 
mediated exacerbation of pruritus and skin inflammation in AD.

Studies on humans have tested whether pharmacologically 
blocking cytokines, in disorders of chronic states of inflammation, 
can result in improved sleep. For example, in patients with rheu-
matoid arthritis, infliximab (anti-TNF) increased slow wave sleep 
(SWS).79 There remains limited experimental and observational data 
on this topic, however. As our understanding of the links between 
sleep and inflammation grows so would therapeutic strategies. 
Dupilumab (Il-4 and Il-13 antagonist) has been shown to significantly 
improve sleep in adult patients with AD.80 These studies used visual 
analogue scales (VAS) to assess the degree of sleep loss over the 
preceding 3 days. This is a crude subjective measure of sleep distur-
bance and further work to understand the effect on the brain would 
provide an important insight to better understand how these drugs 
improve sleep.

8  |  INFL AMMATION, SLEEP, 
PSYCHOPATHOLOGY AND ATOPIC 
DERMATITIS

It was long believed that the CNS was protected from immunological 
disease by specialized barriers. This understanding has significantly 
altered in recent times, as more and more pathways between the 
CNS and the immune system are being discovered. In healthy brains 
interactions between neurons, glial cells and the immune system 
have been associated with functional properties such as cognition 
and learning performance.81 This is partially demonstrated by the re-
lationship between sleep and inflammation as described above, and 
we are only starting to understand the potential links between sleep 
disruption and neuropsychiatric disorders.

There is epidemiological evidence for an association between 
AD and ADHD, depression and anxiety in childhood as well as 
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32  |    CAMERON et al.

schizophrenia and suicidality in adults.82,83 Interestingly, only those 
children with AD that experience disrupted sleep appear at in-
creased risk of developing ADHD.84 Anxiety and depression occur 
more frequently in patients with AD than in controls, affecting up 
to 30% of patients.82,85 Both of these mental health conditions can 
also affect sleep and neuroinflammatory processes. Moreover, sleep 
disturbance is associated with a wide spectrum of psychiatric dis-
eases, including schizophrenia, autism spectrum disorder, bipolar 
disorder and depression. Implicated pathways involved include mi-
croglial activation, pro-inflammatory cytokines, molecular mimicry, 
anti-neuronal autoantibodies, self-reactive T cells and disturbance 
of the blood–brain barrier.81

As we increasingly recognize inflammation as a key driver in psy-
chiatric disorders, inflammation caused by AD could also be linked 
to an increased risk to develop psychiatric conditions. We know that 
in AD, Th2 (IL-4, IL-13 and IL-31) and various other inflammatory 
cytokines (e.g. TSLP and IL-22) are not only upregulated in the skin 
but also systemically.86 The link between cutaneous, systemic and 
possible brain inflammation could at least in part be driven by sleep 
deprivation and itch-driven neuronal proliferation.

Central nervous system homeostasis is dependent on an equi-
librium between innate and adaptive immune cells, neurones and 
glial cells. Inflammation anywhere in the body can impact cognitive 
function and behaviour. This is demonstrated by ‘sickness behaviour’ 
seen in acute infections and inflammation which is thought to have 
been evolutionary protective. However, chronic infection and in-
flammation can cause neurotoxicity and neurodegeneration. One 
such example is obesity, where low grade inflammation results in 
damage to neuronal circuits and the blood–brain barrier, resulting in 
cognitive dysfunction. Although similar studies have not been per-
formed in AD this would support the previous hypothesis.

In addition, chronic threats to the CNS, such as interpersonal 
loss or conflict, have been shown to increase pro-inflammatory cy-
tokines tested in the saliva of adolescents, which likely indicates 
increased systemic inflammation.87,88 Self-reported stress is a well-
recognized risk factor for exacerbation of many psychiatric as well 
as non-psychiatric disorders, such as multiple sclerosis and also AD. 
There is evidence that stress exacerbations in psychiatric disorders 
are mediated in part by inflammatory processes. Interestingly, there 
are mounting data from studies in adults, summarized in a meta-
analysis by Baumeister et al., that suggests childhood trauma results 
in higher CRP, IL-6 and TNF levels in adulthood.89 Children with AD 
often have difficult childhoods due to poor symptom control and 
severe impairment of quality of life. We propose the psychological 
impact of the disease could in fact be causing more severe disease 
throughout the patients' lives.

9  |  CURRENT TRE ATMENTS FOR SLEEP 
DISTURBANCE IN AD

There are currently limited guidelines on how to manage sleep dis-
turbance in patients with AD. Interventions mainly focus on reducing 

itch.90 The most common approach of itch management is control-
ling AD using a multistep approach starting with emollients, topi-
cal corticosteroids, topical calcineurin inhibitors and progressing to 
systemic immunomodulating agents. Additionally, clinicians may trial 
short-term use of sedating antihistamines at night-time.91

Behavioural modifications such as sleep hygiene advice are also 
considered an important first-line treatment.92,93 Patients are ad-
vised to have a regular bedtime, eat a balanced diet, avoid caffeine 
and ‘screen-time’ just before bed. It is also advised to keep the bed-
room cool and wear light bedclothes.94 Patient education around 
scratch management through individual nurse consultations led to 
improved sleep alongside lower severity of pruritis.95

Mindfulness and meditation have been shown to be effective 
for sleep disruption and improve the quality of life of patients with 
AD.96 Habit reversal therapy, aiming to reduce the itch-scratch 
cycle, can improve sleep and AD symptoms.97 Similarly educational 
programmes, delivered face-to-face, have been shown to improve 
clinician-assessed and patient-reported severity scores in CYP.98 
Itch perception and parent quality of life also improved in this study. 
Another randomized control trial introduced an education pro-
gramme in adults with AD and showed improvement in SCORAD 
and psychosocial measurements.99 However, such interventions are 
yet to be studied using objective sleep measurements, such as poly-
somnography, in patients with AD.

Melatonin can be given to aid sleep, when clinically indicated.100,101 
This has been more extensively tested in other conditions. There 
is a suggestion, albeit from small studies, that it can improve sleep 
and reduce disease severity in AD. Studies have shown melatonin to 
improve both disease severity and to reduce sleep-onset latency in 
both children and adolescents with AD.102,103 As a result, increasing 
numbers of AD patients are being prescribed melatonin instead of 
sedating antihistamines, but there is a need for an adequately pow-
ered randomized controlled trial using polysomnography to show its 
efficacy and safety. A study showed that lower melatonin secretion 
was significantly associated with sleep disturbance in patients with 
AD,20 which would support its therapeutic use.

10  |  THE EPITHELIAL BARRIER 
HYPOTHESIS—LOOKING BE YOND ATOPIC 
DERMATITIS

Patients with AD commonly have allergic comorbidities. The ‘epi-
thelial barrier hypothesis’104,105 links the cutaneous inflammatory 
processes in AD with those seen in asthma and allergic rhino-
conjunctivitis as well as the gastrointestinal tract (food allergies). 
With this paradigm, the rise in allergic conditions is proportion-
ate to the extent of industrialization of a country,106 due to the 
environmental factor-induced damage of the barriers of the skin, 
respiratory and gastrointestinal tracts and reshaping of the micro-
biota, in part caused by exposomal factors, such as air pollution.104 
These, in turn, can drive epigenetic changes, disruption of the 
immune balance and chronic Th2 inflammation of the epithelial 
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barriers, making patients more vulnerable to exogenous allergens 
and microbes.104,107 Significant concomitant respiratory allergies 
will also directly contribute to the sleep disturbance seen in as-
sociation with AD.108 Allergy-driven inflammation in the respira-
tory and gastrointestinal tracts could also cause higher systemic 
inflammation levels.

11  |  CONCLUSIONS

New immunological insights point toward inflammation playing an 
important role in psychiatric disease. We hypothesize that similar 
links exist between the activation of cutaneous and systemic in-
flammatory and neuronal pathways in AD. The sleep disruption as-
sociated with the intense pruritus in AD is likely to amplify these 
pathways, as lack of sleep and increased psychological stress have 
equally been linked to inflammatory biomarkers. There is more to 
be learned about the bidirectional relationship between AD, psy-
chological stress and sleep disruption and how these may lead to 
psychological and psychiatric comorbidities, often seen in those 
with significant AD. Such research requires a collaborative, multi-
disciplinary approach bringing together expertise from dermatology, 
sleep medicine, imaging science, immunology, psychiatry and cogni-
tive neuroscience to enhance our understanding of the underpin-
ning mechanisms with the quest to develop novel pharmaceutical or 
behavioural treatments such as patient education programmes, to 
therefore reduce the long-term impact on health and well-being of 
those with AD. Our team is now pursuing such a study https://beta.
clini​caltr​ials.gov/study/​NCT05​790330.
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