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Abstract:

Atopic dermatitis (AD) is one of the most commomashic inflammatory skin conditions and is
associated with sleep disturbances in 47-80% ddiem and 33-90% of adults. Herein, we
review the literature on sleep disturbances expeeeé by patients with AD, as well as the
mechanisms that may underlie this. We present stinageand objective methods for measuring
sleep quantity and quality and discuss strategiemfinagement. Unfortunately, the literature on
this topic remains sparse, with most studies evialgaleep as a secondary outcome using
subjective measures. The development of portablegme methods for more objective
measures offers new opportunities to better evalsigep disturbances in AD research studies

and in clinical practice.

Keywords: atopic dermatitis, sleep, type 2 immunity, insompiauritus

Abbreviations:

AD atopic dermatitis

aOR adjusted odds ratio

BCG ballistocardiography

BDNF brain-derived neurotropic factor

CBT-I cognitive behavioral therapy for insomnia
Cl confidence interval

CPG clinical practice guideline

EEG electroencephalography

EMG electromyography

EOG electrooculography
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FDA

HR

ISI

JAK

nREM

NRS

OR

OoTC

PM

PSG

PRO

RCT

RDBPCT

SCORAD

SE

SOL

TSLP

TST

VAS

WASO

Federal Drug Administration
hazard ratio

interleukin

insomnia severity index
Janus kinase

non-rapid eye movement
numerical rating scale

odds ratio

over-the-counter

portable monitors
polysomnography
patient-reported outcomes
randomized controlled trial
randomized, double-blinded, placebo-corgbttial
Scoring Atopic Dermatitis
sleep efficiency

sleep onset latency

thymic stromal lymphopoietin
total sleep time

visual analog scale

wake time after sleep onset
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INTRODUCTION

Atopic dermatitis (AD) is one of the most commomashic inflammatory skin conditions and is
commonly associated with sleep disturbarfc@ile approximately 10-41% of childréhand
7-48% of adult” in the general population experience sleep disnures, in AD patients, this
figure climbs to 47-80% in childréi’ and 33-90% in adulfs!"*°In 2019, the Federal Drug
Administration’s (FDA) Patient-Focused Drug Devetamt Initiative found that sleep was one
of the three most problematic symptoms for AD patieand their familie&’ Impaired sleep
compromises function (at work and home), mood,iatetpersonal relationships. Chronic sleep
disturbance can increase the risk for cardiovaséllaetabolic?? and psychiatric diseasés.
However, objectively and efficiently quantifying Afleep disturbance, understanding its

pathophysiology, and identifying effective managatrsrategies remain challenging.

“Sleep disturbance” is a broad term encompassing gleep, disrupted sleep, sleep loss, or a
specific sleep disorder (e.g. insomnia, obstructieep apnea). Methods to assess sleep
disturbance vary widely. Single dichotomous (¢9g you have trouble sleeping?”) or Likert-
type questions (e.g., “On a scale of 1-5, whatésquality of your sleep?”) are used in
epidemiologic studies, or when sleep is a seconolatgrtiary outcome measure. When sleep is
the primary focus, numerous validated, self-regbneasures of sleep, sleep quality, and sleep
disorders can be deployed. Additionally, somelaitas of sleep can be measured objectively in
the laboratory or home environment. It is unclebatymethod(s) are most appropriate to assess
sleep disturbances in AD patients. In this review,summarize studies on sleep disturbance in
AD, discuss possible mechanisms, critique methodmeasurement, outline management

strategies, and recommend areas for further study.
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Sleep Disturbancesin Atopic Der matitis

Children

Most studies of sleep disturbance in AD have begmacted on children, reflecting that
although prevalence ranges vary widely across esudieep disturbances are more common in
children with AD than in adult®’ AD children report difficulty falling asleep’ >*frequent and
long nighttime awakeningds; >*®difficulty waking up™* ?*and excessive daytime sleepin&ss.
24 This has been corroborated to some degree bygralysgraphy (PSG) studies, which,
although not uniformly consistent, have shown pngkxd sleep onset latency (SOL) (time
required to fall asleeg},; 2’ more wake time after sleep onset (WASO), sleegniientatiorf, 3!
and lower sleep efficiency (SE) (proportion of tiinebed spent asleef}.?* **Some studies
indicate a reduction in total sleep duratforfbut the majority, including a large longitudinal
study>® found no significant differences in sleep duratimmpared to healthy contrdfs 2% 3%
34 Similarly, some studies found that younger chifcfé” females® and those of lower

socioeconomic stattisvere more likely to have reduced sleep qualityilewpthers found no

such difference%> ¢

Generally, as AD severity increases, the prevalancdeseverity of sleep disturbances also
increase? 3" *¥During AD flares, sleep disturbances increasethfé® to 83%. Increased
disease severity as measured by the Scoring AR@imatitis (SCORAD) was associated with
more bedtime resistance, nocturnal awakeningsdaxtime sleepiness (all P < 0.0081).

Increases in SCORAD were also associated with I&kefr = -0.73), increased fragmentation (r



175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

= 0.70), longer WASO (r = 0.62), and increased mue#ts during sleep (r — 0.70) (all P <

0.001)*

Sleep disturbances can significantly impact thdityuaf life of AD children, their caregivers,
and other family member8.2® **Disturbed sleep has been associated with red aguirress?
impaired performance on neurobehavioral t43#& hyperactivity/inattention® 4 4243
behavioral and emotional disturbande$; *' **and stunted growttf. Additionally, 60-65% of
parents and 63% of siblings of children with ADaged disturbed sleels.** *® “an fact, 30%
of parents co-slept with their child because of gynptoms:? which exacerbated disturbances
for both child and parefif.During disease flares, 86% of parents had distusteep, losing up
to 2.6 hours of sleep per night*®Parental sleep disturbances were maintained thoiig
childhood, with mothers of AD children consisteritlging more likely to experience difficulty

falling asleep (adjusted odds ratio [aOR] 1.36, 95P4.01-1.83) and subjectively insufficient

sleep (aOR 1.43, 95% ClI 1.24-1.68)These disturbances resulted in reduced parental

§’2, 46, 50 h4, 38, 46

happines interpersonal conflicts! and exhaustio
Adults

Studies on adults with AD are more limited. Adutported difficulty falling asleep’,; ****early
morning awakeningd- *?and daytime fatigu&" >>Although very few objective studies have
been conducted, two actigraphy studies demonsttatest SE>° twice as many nocturnal
awakenings® and twice as many movemetitas controls. Furthermore, increased disease
severity was associated with reduced sleep qualit§,>" *3ncreased SOL’ 3" >3 >7and

reduced SE? As in children, total sleep duration was simitahealthy control$> ®° Sleep
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disturbance was associated with more missed woskdasits to the doctor, and poorer overall

health (P < 0.0005

Overall, most large AD studies that assess sleegel§reports or surveys that often assess a
single item drawn from a mood or quality-of-lifestrument, which do not measure the
complexities of sleef Not surprisingly, self-reports do not always ctwmate more objective
measures of sleep.®® ** % %Even studies using objective measures have foonflicting

results and significant intra- and inter-individwatiation>® Notably, almost all studies

conducted thus far are cross-sectional. In a cbhyoelapsing and remitting disease such as AD,
longitudinal studies would provide more informatigmout how fluctuations in disease activity
affect sleep. Additionally, few objective studiemvie been conducted on AD caregivers, partners,
or other family members. Large-scale trials usibgctive measures of sleep quality are needed

in order to draw clearer conclusions.

Putative M echanisms of Sleep Disturbancesin AD

We propose three mechanisms by which sleep distaeband AD may be associated or even
causally connected. First, as demonstrated in atimemic condition§? the mere stress of
having AD can precipitate acute insomnia, whichdoees chronic over time. Nocturnal
scratching disrupts sleep and sets the stage §mitdee and behavioral factors that reinforce
insomnia as a conditioned response. When persdahsngomnia are awake in bed, they may
ruminate and/or worry about stressors, their pugrifalling back asleep, and/or daytime
consequences of poor sleep. They may also engdgghaviors that are counterproductive (e.qg.

remaining in bed while awake to maximize sleep ofywity, staying in bed past typical rise
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times, and taking naps), which reduce nocturnalpstirive and disrupt circadian rhythm.
Insomnia can persist even when the co-occurringlition has resolveff One study found that
children with AD in remission (n=14) still had maaeousals from sleep per hour than healthy
controls (n=9) (24.1+/-8.1 vs. 15.4+/-6.2; P < A0 This suggests that sleep disturbances may

in part be mediated by learned behavioral pattdraispersist even when skin is clear.

Second, a commonly held belief is that pruritusuits slees? Pruritus is a key driver of
impaired quality of life and commonly worsens aghii™> 2% 261759 5%t results in scratching,
which can disturb sleep. In several studies, widalthy controls displayed minimal scratching
during sleep, patients with AD spent up to 14.3%hefr sleep time scratchir?g.%* ¢’

Scratching was associated with nocturnal awakensigep fragmentation (r = 0.5, P < 0.001),
and reduced SE (r = -0.54, P < 0.081}> 2° %7- ®rhe “itch-scratch cycle” may lead to tissue
damage and the release of inflammatory mediatanstpgens, further exacerbating sleep
disturbance&® These include: (1) eosinophil granule proteins mene growth factors and
neuropeptides, which lead to sensory hypersertsiti%* (2) circadian variations in skin blood
flow, transepidermal water loss, and cortisol leyethich can promote nocturnal pruritds;

and (3) cytokines overexpressed in AD lesions ity mediate pruritus, including 1L-3%,78%°
IL-4, IL-13, and thymic stromal lymphopoietin (TSL¥ However, studies have found
conflicting results or only weak correlations wghuritus, and very few have investigated the
direct impact of these biomarkers on itch or sdnaig behaviors, and more importantly, on sleep
disturbances. One study of AD children (n=28) fotimat brain-derived neurotropic factor

(BDNF) (r = 0.905, P < 0.001) and substance PQra25, P < 0.001) levels were associated with

increased nocturnal wrist activiti&However, only BDNF was associated with AD severity



244 and neither was associated with subjective assegsmoksleep loss or pruritus. Another study
245  found that IL-31 was associated with subjectivegl®ss and disease severity, but not

246  pruritus®

247

248 A third hypothesis on sleep-AD mechanisms focusesit@gadian variations in cytokines and
249  melatonin production. Generally, cytokines suctLasp, IL-2, IL-6, TNF-a, and IFNy

250 increase at night and promote sleep, while cytaksweh as IL-4, IL-10, and IL-13 increase after
251  waking and promote wakefulne¥s®®The altered expression of these cytokines in AD is
252 thought to disrupt normal circadian patterns. Sstadies found that high levels of IL-6,

253 particularly in the morning, were associated wéttuced sleep quality in AD patierits>®

254  However, a larger study found that a lower ratidFdd-y/IL-4 was associated with reduced SE,
255  while levels of IL-B, IL-6 and IL-10 had no effect on sleEhaMelatonin, which regulates sleep
256  and the circadian rhythfff; ®’ can also have immunomodulatory, antioxidant, asidprotective
257  functions®® In one study, only 22% of patients with AD hadaamal melatonin secretion

258  pattern, with most lacking the normal nocturnal aemhin surgé® A second study found that
259  AD patients with higher nocturnal melatonin hadagee SE (r = 0.4, P = 0.004) and less

260  fragmentation (r = -0.34, P = 0.00%).

261

262  Unfortunately, the evidence for any of these pagsna AD is not strong. While pruritus and
263  scratching appear to play a role, they may notaacfor most of the sleep disturbances the
264  patients experiencé: *° The molecular basis of sleep disturbance/homesstasy involve a set

)92

265  of genes (termed “clock gene¥"whose role in human sleep is being investigatiejtanot

266 yetin AD patients. Although far more studies aeeded to investigate the nature of the sleep-
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AD relationship before we can draw any firm conmus,Figure 1 is a simplified conceptual

model.

Methodsfor Measuring and I dentifying Sleep Distur bances
There are multiple methods to evaluate sleep imetuBSG, portable sleep monitors, actigraphy,

patient-reported outcomes (PROSs), and sleep diaries

Polysomnography (PSG)

The “gold” standard for objective measurement eéplis PSG, an overnight test performed in a
sleep laboratory that involves placement of >12tebeles on the face/scalp, thorax, abdomen,
and legs. PSG captures brain activity [electroehakgraphy (EEG)], eye movements
[electrooculography (EOG)], muscle activity/actieat [electromyography (EMG)], and
respiratory endpoints. The readouts are respiratietnics, limb movements, sleep stages [non-
rapid eye movement (hnREM) stages N1, N2, and N@ Ri&M], arousals from sleep,

SOL, WASQO, total sleep time (TST), and SE. Thia tkata-rich, but time- and resource-
intensive test that is not widely available and barburdensome, uncomfortable, and costly for

the patient.

Portable Monitors
Because of these PSG challenges, Portable MoriRd43 that can be performed in the home
were developed. There are four PM classes, witteTygeing an ambulatory PSG and Types II-

IV having fewer endpoints than PSG.

11
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Digital Wearables

Actigraphy are typically wrist-worn devices thatuan internal accelerometer to measure gross
movement. The accompanying software utilizes thia tb estimate activity and sleep/wake
periods. Actigraphy is non-invasive, less expentinam PSG and PMs, and can be used at
home. It has been shown to correlate with PSG-medsndpoints such as SOL, WASO, TST,

SE, and arousals, but has limited ability to assk=ep stages.

Another wearable is an EEG headband, with sophistitversions having five electrodes, an
accelerometer, pulse oximeter, and an audio conmpombe resulting data has correlated with
some PSG readouts but not others (SOL and WASQGyeMer, similar to actigraphy devices,
headbands can have battery life or software issndsre positionally sensitive (i.e. can fall off

during sleep). For these reasons, they may nal gighsistent and useful data.

Nonwearables

These are devices placed near or under the sleppmsgn. Mattress-based sensors are one
example, which utilize ballistocardiography (BC@)measure body motion generated by the
ejection of blood during the cardiac cycle. Thegoarack thoracic movements associated with
respiration. While mattress-sensors correlate sdmaewith validated objective measures, they
are confounded by a number of factors: mattres&rless, mattress size, patient weight, body

movements/location, and bedpartners (human andadnim

PROs and Seep Diaries

12
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PROs and sleep diaries are commonly used to asesapact of sleep disturbances on
patients’ wellbeing. The daily sleep diary is anskard PRO with 6-10 items to be completed
daily for 1-2 weeks, which provide weekly averagéues for SOL, WASO, TST, and SE.
Although it is widely used to capture these measutéypically does not correlate well with the
same measures collected by PSG or actigraphy. &exagiants of sleep diaries exist including a

consensus sleep diatyFor an overview of other commonly used sleep PREsT able 1.

The instruments and PROs/diaries briefly reviewsalva and inTable 1 provide a range of
options to use in clinical practice and/or resedriels. They vary in cost, logistical challenges,
burden to investigator and patient, diagnostidtytildeal patient population, and validity. In AD
clinical trials where sleep is often a secondartgome measure, the inclusion of one or more of

these measures will improve our understandingesshealth in this population.

Methodsfor M anagement of Sleep Disturbancesin AD

Treating the AD

It is unclear whether AD treatments directed daimimation and/or pruritus will also treat sleep
disturbances. Therefore, we begin by reportingsisgrovements noted from systemic
therapies that are in common use, as well thokserphase clinical development. The evidence

on topical therapies is briefly outlinedTrable 2. Most studies have been conducted on adults.
Systemic immunosuppressants such as cyclosporigthotnexate, and azathioprine are not

uncommonly used to treat moderate-severe AD. Howyésw studies have explored their

effects on sleep. Uncontrolled trials of cyclosper{one adult, one pediatric) showed

13
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approximately 50% improvement in patient-reportees loss using a visual analog scale
(VAS) after 8 weeks of treatmeht! **2Similarly, small adult trials of azathioprine (n&5**
and methotrexate (n=13f demonstrated reductions in sleep disturbance \Wd%s of 30-50%
by week 12 for azathioprine (not statistically sfggant) and week 24 for methotrexate (P <

0.05).

More targeted therapies have limited data with r@gjéo sleep endpoints. Dupilumab, a fully
humanized monoclonal antibody targeting ILedRas been shown to significantly reduce
pruritus within days of treatment initiatidfi: Dupilumab (300mg bi-weekly) resulted in an
improvement in SCORAD sleep loss scores by 3.3tpa@inl6 weeks, with 51% of subjects
reporting absence of sleep disturbariéd@®ther targeted therapies with data on sleep
disturbances include the Janus kinase inhibitgKijJand antibodies against IL-31R Trials of
JAKi have demonstrated improvements in diseaseisgvia@flammatory biomarkers, pruritus,
and in some cases, sleep. In a Phase 2 trial witab (2mg/day; JAK1 & 2 selective),
SCORAD sleep loss scores were significantly red{fed 0.01) after 16 weeks; Phase 3 trials
showed significant reductions in the Atopic Derriqitleep Scale (item #2) as early as 1 week
into treatment (P<0.05; 1, 2 and 4 mg/d4¥) **Phase 3 trials of abrocitinib (100 and
200mg/day; JAK1 selective) showed significant reiuns in pruritus NRS compared to placebo
by 2 weeks (P < 0.01), but sleep was not evalu&fdt-31 is a pruritogen that binds to IL-
31Rn, expressed on sensory neurons and a wide rarmghefcell types®® Phase 2 trials with
nemolizumab (10, 30, and 90 mg SQ every 4 weeks]laB1Ra) resulted in reduced pruritus

and sleep disturbance VAS by approximately 60%\aedks and 90% by 52 week§®’A

14
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small, 16-week, Phase 3 trial (60mg SQ every 4 seelkserved a greater percentage of patients

achieving an Insomnia Severity Index (ISI) scere after treatment®

Antibodies to IL-13 (e.qg. tralokinumab, lebrikizub)aTSLP (e.g. tezepelumab), and the H4
histamine receptor (ZPL-3893787) have also beeesinyated. IL-13 inhibitors, tezepelumab,
and ZPL-3893787 improved some measures of prutimsgver, tezepelumab studies have not
investigated sleep outcom&$. %% 1"%7p| -3893787 significantly improved SCORAD sleep
scores compared to placebo by week 1 (P < 0.0%ije etbrikizumab and tralokinumab both
resulted in improved sleep scores at week 12 (P23) and week 16 (P < 0.01),
respectively:*®**?Overall, nearly all studies on the effects of ARrapies on sleep have
investigated sleep as a secondary outcome using PARE&rporating more objective measures

may add significant depth to current findings.

Treating the Seep Disturbance Directly

The optimal management of sleep disturbance rehesccurate identification of the specific
disturbance. Assuming that sleep disorders susteap apnea, restless legs syndrome,
parasomnias, and a circadian rhythm disorder haea buled out, the sleep disturbance that is
most commonly associated with AD is insomHiaThe Insomnia Severity Index (ISl) is a PRO
which can reliably screen for and quantify insom(sigeT able 1).°* 1°Clinical practice
guidelines (CPG) for the management of insomnianglly recommend that the first-line
management of adult insomnia is cognitive-behavitierapy for insomnia (CBT-721"

CBT-l is a multi-component intervention with esiahkd efficacy and durability in adolescents

and adults”>*"®1"8This approach is effective in reducing not onlydmnia, but also mood and

15
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anxiety symptom$’® Typically, it is delivered in 6-8 weekly psychothpy sessions, although
briefer formats have been shown to be effecti¥e® Detailed descriptions of CBT-I are
available elsewhere, but its three core comporaetsleep restriction therapy, stimulus control
therapy, and sleep-specific cognitive therapy, Wlae supplemented by sleep psychoeducation
and sleep hygiene! ¥?Notably, sleep hygiene is a very small part of GBiRd the least
effective behavioral interventiofi> When feasible, the full complement of CBT-I compnts

should be employed, which can also be accomplistedigital platforms:2*

No other non-pharmacologic treatment options feomnia (e.g., hypnosis, biofeedback,
acupuncture, meditation and relaxation) have beesistently effective, and none are as
effective as CBT-I or sedative-hypnotic medicatiofise same can be said for over the counter
(OTC) formulations and supplements. OTC sedatinigpistamines have limited data supporting
their effectiveness for insomnia. Some studies supe use of diphenhydramine, but a recent
task force recommended against its use for insafihBupplementation with melatonin is an
established treatment for circadian rhythm distnded®® such as delayed sleep phase
disorder'®’ Evidence for its effectiveness in treating insomhiowever, is mixed and this,
coupled with wide variations in dose and expedien®@TC formulations, and concerns about

long-term safety, should limit its u$&": 1%

Several options exist for the pharmacologic treatnoé insomnia (in adults) if the first-line
treatment (CBT-I) is ineffective or unavailable.eBe were reviewed in the 2017 CPG from the
American Academy of Sleep Medicif€.None of the agents warranted a “strong” evidence
rating, but many were rated “weak” (as opposeddtoenough evidence to evaluate). Eight were

recommended for the treatment of sleep onset astfep maintenance insomnia and were

16
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FDA-approved for insomnia. These include two bemazepines (triazolam and temazepam),
three non-benzodiazepine receptor agonists (zatpidaleplon, and eszopiclone), the orexin
antagonist suvorexant, the melatonin agonist raaoejtand low-dose (3mg-6mg) doxepin, the
tricyclic antidepressant with antihistaminergic pedies. Notably, six agents had enough
evidence to recommend against their use: the hedpgdlement valerian, the amino-acid
supplement tryptophan, exogenous melatonin, thhistamine diphenhydramine, the GABA-
reuptake inhibitor tiagabine, and the serotonimgnnist reuptake inhibitor trazodone. None of
these six agents has an FDA indication for insonyeg trazodone is one of the most widely
prescribed agents for insomnia despite ongoingysatacerns (e.g., morning sedation, falls,

suicide attempts}®

It is striking that very few insomnia or ‘sleep tidhance’ intervention trials have been
conducted in patients with AD. Among these, a sifmdl’3), well-designed, cross-over trial
comparing melatonin to placebo in AD children watbep disturbance found modest
improvements on SOL, but no other sleep outcolff@@ne RCT evaluating the antihistamine
chlorpheniramine found no difference from placaboslieving nocturnal AD symptont3’A

small trial (N=10) of the benzodiazepine, nitrazepaduced the frequency, but increased the
duration, of scratchintf*A RCT (n=24) of progressive muscle relaxation fomoddifference on
a single item 0-10 for “loss of sleep” compared@aatrols:>>and one sham-controlled RCT of
acupuncture (n=30) showed positive effects on aalianalog scale of insomnia, although the
participants in the sham condition had much hiddaseline insomnia that was not controlled for

in analyses®’Remarkably, no trials of CBT-I or of medicationgfwiDA indications for

insomnia have been conducted in AD populations.
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Conclusions

Despite the fact that eczema has the highest tliigadwljusted life years (DALY) of any skin
condition worldwide, and more than 50% of AD chddmreport sleep disturbance as one of the
most bothersome symptoms, we still know very lig®ut this AD comorbidity?® We have
reviewed what is known about sleep disturbancésddrpopulations, provided an overview of
the strengths and weaknesses of tools (both wesrabld surveys) used to characterize, and in
some cases, quantify sleep and/or sleep metrinenswized several theories about pathogenesis,
and reviewed traditional sleep treatments and titerpial benefits of newer inflammation-
directed AD therapies. Unfortunately, this exerc¢ias highlighted the stark reality that we have
much more to learn. Future studies should focushamacterizing AD-associated sleep
disturbance(s), understanding their pathogenetstifying at-risk AD populations, defining the
role that sleep disturbances play in other AD-ass¢ed comorbidities (anxiety, depression,

attention-deficit disorders, social anxiety, etand effectively managing it.
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443  FigurelLegend for Figurel

444  The large semi-circular arrows reflect the mackelédi-directional between sleep and atopic
445 dermatis (AD). The large interior box reflects theative mechanisms both driving the sleep-
446  AD relationship and driven by current status offbsieep and AD. The individual putative
447  mechanism boxes reflects evidence suggesting deht@& these mechanisms may themselves
448 have bidirectional relationships with each other.

449
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Table 1. Tools Commonly Used to M easur e Sleep Distur bances.

M ethod

| Variables measured | Advantages \

Limitations

Subjective

measures

Pittsburgh Sleep
Quality Index*

19 items answered
by patient and 5
items answered by
partner or caregiver
regarding sleep
duration and quality
in the past month

Identifies specific
aspects of sleep that
are impaired

High internal
consistency

Tested in a variety 0f
disease states and
countries

Translated to many
languages

Limited to adults

May primarily reflect
sleep on workday3

Medical Outcomes
Study (MOS) Sleep
Scalg® ¥’

12 items answered
by patient to measur
6 sleep dimensions:
initiation (time to fall
asleep), quantity

(hours of sleep each
night), maintenance,
respiratory problems
perceived adequacy
and somnolence

Tested in a variety 0f
edisease states and
countries

Developed using a
large number of
patients served in

, primary care and
specialty practice
settings

Covers multiple
dimensions of sleep

Translatable to
multiple languages

Limited to adults

Does not have a
cutoff score

Responsiveness to
change/sensitivity
has not been
established

Children’s Sleep Habits

Questionnair®

D

35 items regarding
bedtime behavior,
nocturnal
awakenings, and
sleep disorders over
the past week in
children 4-10 years
old

High specificity and
sensitivity in
identifying sleep
disturbance¥

Incorporates
questions regarding
sleep disorders

Validated in children
with a wide variety
of diseases

Validated in

Limited to parental
report, which may
not be accurate

Time frame limited
to past week, which
may not capture
typical sleep habits
in some
circumstances




longitudinal studieS

Available in multiple
languages

Brief Infant Sleep
Questionnairt”

13 items regarding
initiation and
maintenance of slee
in infants in the past
week

Sensitive and
specific tool to
pidentify sleep
problem&®

Correlated with
actigraphy®

Translated into
several languages

Proxy reporting of
infant sleep by
parents may be
inaccurate

Epworth Sleepiness
Scalé®

8 items regarding
present-day daytime
sleepiness

Correlated with PSG
to some degré®

Easy to administer

Useful in screening
for sleep disordet§!

Limited to daytime
sleepiness, which
may be affected by
other factors

Does not investigate
specific disturbances
during sleep

May have limited
validity between
individuals®®

Insomnia Severity
Index (ISI)

7 items evaluating

patient’s assessment screening tool to

of his or her
insomnia and its
impact on daily
functioning in the
past 2 week§*

Sensitive, validated

identify patients with
insomnia and assess
treatment respon&®

Brief, easy to
administer

Use is limited to
assessing insomnia,
rather than specific
parameters of sleep
quality

Patient Reported
Outcomes Information
System (PROMISH®
107

41 items related to
sleep habits, sleep
disturbances, and
daytime sleep-relate
impairments in the
past 7 days

Validated in adults
with AD*®

dUsed
internationally®®

Easy to administer

Inconsistent results
in adolescent&®

Sleep diarie$

Variable (typically
logs of daily sleep
duration and
disturbances)

Cost-effective

May be more
accurate than

May not accurately
reflect objective
measures? 110




retrospective
estimates of sleep
quality over the past
week/monthA®®

Require daily
completion

Most are not
formally validated®

Children’s
Dermatology Life
Quality Index

10 items assessing
skin symptoms and
impacts on various
aspects of quality of
life in children 4-16
years old in the past
week

Dermatology-
specific

Easy to administer

Translated to many
languages

High internal
consistenci*

Self-reported

May not correlate
well with other
quality-of-life
measures?

Only 1 item
regarding sleep

Dermatitis Family
Impact*

10 items assessing
impacts of child’s
disease on
caregiver’s daily
activities and quality
of life

AD-specific

One of the few tools
assessing caregiver
sleep

Easy to administer

High internal
consistenc}

May be impacted by
parental health and
comorbidities

Only 1 item
assessing sleep

Infant’'s Dermatitis
Quality of Life Index®

10 item
questionnaire
assessing infant dail
activities and
quality-of-life in
children < 4 years
old in the past week

AD-specific
yEasy to administer

Shows test-retest
reliability***

Weak reliability and
content validity™

Only 2 items
addressing sleep

Objective

measures

Polysomnography
(PSG): gold standard

Brain function, heart
rate, eye movements
muscle movements,
and respiratory
parameters

Multiple
5, biophysiological
variables measured

Can aid in
diagnosing sleep
disorders, including
disordered breathing

Can detect

Not done in the
individual’s natural
habitat

May cause skin
irritation in patients
with AD

May require
monitoring for

disturbances that ard

> multiple nights to




not associated with
body movements

capture some
disturbances

Costly

Actigraphy

Limb acceleration
(activity count in a
certain amount of
time)

Can be completed at
home

Less invasive than
PSG

Correlates well with
pPsSG?

Limited to measuring
movements (unable
to accurately
measure sleep
fragmentation or
respiratory
parameters)

Correlation with
PSG may depend on
population studied
and make of

actigraphy device

Quiet wakefulness

may be measured as

sleep

Value of readouts is
dependent on the
software algorithm
used to analyze the
data

Video
Monitoring/Observatior

Visualized
movements or other
disturbances during
sleep

Allows for direct
visualization of
sleeping and
waking"**

Can be performed af
home

Allows for
differentiation
between scratching
behaviors and other
movement&" 11°

May not capture
brief nocturnal
awakenings not
associated with
movements

May not capture
disordered breathing

May not be as
accurate in timings
of events

Rating and coding
video is labor-
intensive and can
present rater
variability

Biomotion Sensors and

Changes in pressl

ure,

Carsdlairly well

D

Limited evidence




Mattress Sensors

body movements,
respiratory

mattresses

arith validated
objective

movements detected measure's® 11
by sensors placed in

home

Does not require
wearing a device

Can be performed af

Lack of movement
may be detected as
sleep

May be confounded
by mattress thicknes
and size, patient
weight, and
bedpartners

Headband

Stages of sleep

Electroencephalograms detected through

brain electrical
patterns

home

Agrees fairly well
with other objective

measure<$®122

Can be performed af

Limited evidence

Does not always sta
on throughout the
night'*°

Was not able to
accurately measure
sleep onset latency
and wake time after
sleep onset in some
studied?

Table 2. Treatment strategies to manage sleep disturbancesin atopic der matitis patients.

Method Advantages Limitations Quality of evidence
in AD
Optimizing treatment of atopic dermatitis
Topical Easy to use, with Must be applied Nine RCT’s with
Corticosteroid¥*1%" | minimal side effects | regularly (often daily) varied control groups

Well-tolerated in
adults and children

Chronic use may thin
skin

and results

Improvements in
sleep assessed
through visual analog
scale of sleep loss in
nearly all studies

Topical Calcineurin
Inhibitors (e.g.
tacrolimus,
pimecrolimus§?®-128

Easy to use, with
minimal side effects

Must be applied
regularly (often daily)

Can cause
burning/stinging on
application

Most studies assessed
sleep on a visual
analog scale

Actigraphy used in
one RCT on
pimecrolimus, found
no differences in
sleep outcomes with




treatmemnts

Topical

Phosphodiesterase-4

Inhibitors (e.g.
crisaborole)

Easy to use, with
minimal side effects

Must be applied
regularly (often daily)

Typically not
sufficient for severe
cases

Can cause sleep in quality-of-
burning/stinging on | life questionnaires
application

Improved sleep of
children and

caregivers in Phase 3
trialst®

Data largely based o
single item assessing

=)

Topical Janus kinase
(JAK) Inhibitors (e.qg.
ruxolitinib)

Easy to use, with
minimal side effects

No trials in children

Phase 3 trials show:
improvements in
patient-reported
perceptions of sleep
quality, sleep depth
and restoration
associated with sleef
(PROMIS Short
Form-Sleep
Disturbance (8b)
guestionnaire)

4%

Phase 2 trials showef
improved pruritus
and quality of life,
but sleep was not
specifically
discussetf®

Systemic

Lead to significant

Immunosuppressants improvements in AD

used off-label for AD
(e.g. cyclosporing®®

Side effects and
toxicities limit them
to short-term use

Randomized
controlled trial$3-13%
13% and open-label
study*2 showing

132 methotrexaté® positive effect
azathioprine®*
Limited evidence on
children
Results on sleep are
based on visual
analog scales
Anti-Type 2 Leads to significant | Requires injection Several RPCTs with
Immunity improvements in AD large sample sizes

Approaches (e.g.
Dupilumab, IL-13
targeting therapies)

Well-tolerated with
minimal side effects

Few trials in pediatrig
patients for most

therapies

showing positive
effect




13t-142

Typically dosed once
every few weeks

Sleep outcomes bas¢
on visual analog
scales of sleep loss

Slee

p aids

Melatonint™

Minimal side effects,
and little potential for
addiction or
withdrawaf**

Not recommended fg
bronchial asthma
patients, due to
potential for
exacerbating

rOne RDBPCT (n =
73) with crossover or
children with AD

Sleep outcomes

May improve disease inflammatior?® measured using
severity*3 actigraphy and PSG
May worsen
autoimmune Only improved sleep
disease$® onset latency
First-Generation Can reduce May develop No RCT'’s or high-

Antihistamines

inflammatory effects
of mast cell§*

tolerancé¥

Anticholinergic side
effects®®

Excessive sedation
may impede daytime
performance

level evidence on
sleep quality in AB*

RCT on nocturnal
itch/scratch showed
similar efficacy to
placebd™

Benzodiazepined'

Can also be effective
for concurrent
parasomnia$®

Side effect profile:
behavioral problems,
daytime sleepiness,
muscle relaxation
(especially
problematic in
asthma¥y*?

Potential for
addiction, tolerance,
and withdrawal

Rebound insomnia o
discontinuatiot®™

RDBPCT with small
sample size (n = 10
adults)

Reduced frequency
but increased
duration of scratching

No RCT on children

-

)

Alpha-Receptor
Agonists

Can also be effective
for treating comorbid
ADHD#

Adrenergic side
effects®

Potential for overdos
given narrow
therapeutic inde’X®

Case report in
pediatric AD patient
showing positive
peffect on reported
sleep quality?®

Cognitive Behavioral
Therapy (CBT9*

Does not require
medications

Limited evidence in
AD

Small uncontrolled
study (n = 10)

showing no effe¢*




Minimal side effects

Addresses behaviorg
and psychological
aspects of sleep
disturbances

Biofeedback (e.g.
progressive muscle
relaxation}>

Does not require
medications

Minimal side effects

Addresses behaviorg
and psychological
aspects of sleep
disturbances

Limited evidence in
AD

RCT with small
sample size (n = 25)
showing positive
effect

Sleep outcomes
assessed using visua
analog scale

evaluating sleep loss

Sleep Hygiene (e.g.

blue light therapy,
altering bedtime

routines$>®-1>/

Does not require
medications

Minimal side effects
Addresses behaviord

aspects of sleep
disturbances

Limited evidence in
AD

No RCT’s on sleep
quality in AD

Sleep outcomes bas¢
on visual analog
scales or global
assessment of
“sleepiness®’

A

Acupuncture

May address
psychological aspect
of sleep disturbances

May relieve
pruritus=®

Limited evidence

[92)

Sham RCT (n = 30)
showed positive
effects on visual
analog scale of
insomnia>?

A second RCT
underway using EEG

to evaluate sleéf’




