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Summary

Background. Atopic dermatitis (AD) is a chronic pruritic inflammatory skin disease that
causes sleep disturbances and worsens quality of life. However, few studies have been
conducted on sleep in adults with atopic dermatitis. This study aimed to evaluate sleep and
quality of life in adults with AD. Methods. A cross-sectional study was conducted with 36
adults diagnosed with AD and 21 healthy volunteers (controls), who completed
questionnaires on sleep, itching, and quality of life. Disease severity was estimated using
SCORIng Atopic Dermatitis (SCORAD). All participants wore actigraphy watches for one
week to objectively assess sleep quality. Results. Adults with AD slept worse than controls
as measured by self-report (Global Pittsburgh Sleep Quality Index, mean + SD, 9.33 + 3.59

vs 5.00 £ 2.30, p < 0.001) and by actigraphy (sleep efficiency, SE), mean + SD, 74.48 +



11.63 vs 85.6 £ 6.53, p < 0.001). Actigraphy showed that adults with AD slept, on average,
almost one hour less (p = 0.010), stayed awake during sleep for almost 44 minutes more (p <
0.001), and woke up 25% more than the controls (p = 0.047). In the AD group, SE and total
sleep time were significantly inversely correlated with SCORAD (rs = -0.601, p < 0.001 and
rs =-0.604, p < 0.001, respectively), but no significant correlation was found between itch
and SE. A decreased quality of life was observed in adults with AD (DLQI, mean £ SD, 8.75
* 6.7). Conclusions. Adults with AD slept worse than the controls and had a diminished
quality of life. Actigraphy is a useful tool to objectively measure sleep quality in adults with
AD especially those with moderate to severe disease.
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Impact statement
We suggest that actigraphy should be performed in every adult with moderate to severe AD

to objectively access sleep quality.



Introduction

Atopic dermatitis (AD) is a common, chronic, relapsing inflammatory skin
disease (1). Pruritus is a cardinal symptom that leads to scratching and
sleep disturbance (2, 3). AD is mostly seen in children but can also affect
adults (2). The prevalence of AD in adults can change significantly from
country to country and has been estimated to range from 2% to 10%.
Among adult patients with AD, 34—-46% present with moderate or severe
disease (4,5). The prevalence of AD in adults in Brazil is estimated at
7%, of which 35% is moderate and 30% is severe (6, 7). AD is associated
with a higher risk of other atopic disorders including asthma, allergic

rhinitis (AR), and food allergies (8).

AD has been found to be associated with sleep disturbances in 47% to

80% of children and 33% to 90% of adults (9).

Eczema has been associated with higher odds of fatigue, regular daytime

sleepiness and regular insomnia (10, 11).

Sleep is essential for recovering physiological functions, and the National

Sleep Foundation recommends 7-9 h per day for adults (12).

Some studies have highlighted significant associations and
demonstrated causal pathways between sleep and circadian disruptions

and disease risk (13,14).

Previous research has found that AD, mainly moderate and severe, is



associated with poor health-related quality of life, sleep disturbances,
depression, anxiety, and a higher cardiovascular risk. Sleep disturbances
were greater with more severe AD and were found to adversely affect
patients’ daily activities and productivity at work, leading to a huge burden

on their lives (4, 15-21).

Sleep assessment is essential to diagnose and monitor sleep disorders
in adults with AD (9, 22, 23). Experts at the National Sleep Foundation
agree that sleep latency, number of awakenings > 5 min, time awake
after sleep onset (WASO), and sleep efficiency are appropriate indicators

of good sleep quality across the lifespan (12).

Although polysomnography (PSG) is considered the gold standard for
assessing sleep quality, it has various limitations such as high cost and
technical difficulties. A wrist actigraph is a simple device that is easy to
use. It can be used in the home environment to discriminate between
sleep and wakefulness (22, 24, 25). Few studies have been conducted
on sleep in adults with atopic dermatitis, particularly those using objective

measurements.

Materials and methods

This was a prospective single-center cross-sectional study. This study was
submitted and approved by the Research Ethics Committee of the

Clementino Fraga Filho University Hospital at the Federal University of Rio



de Janeiro (HUCFF/UFRJ) (CAE 05379419.7.0000.5257) and conducted
in accordance with the Declaration of Helsinki. Written informed consent

was acquired from all subjects.

Study sample

We recruited a convenience sample of 36 adults diagnosed with AD (=
18 years) who were followed up in the outpatient clinic of the HUCFF, and
21 healthy volunteers (= 18 years) connected to the same hospital. To
be eligible for the study, patients had to have an AD diagnosis made by
a dermatologist or allergist according to the Hanifin and Rajka criteria
(26). The participants with sleep disorders, psychiatric illness that may
interfere with responses to the questionnaire, other dermatological
diseases that course with eczema and/or itching, uncompensated
comorbidities and using sedative medication were excluded from the

study.

At regular visits, informed consent was obtained and the itch scale
score, Body Mass Index (BMI), and AD severity were measured.
Participants were instructed to wear the actigraph on the non-dominant
wrist at night to collect actigraphy data until the second visit one week
later. At the second visit, an actigraph was collected, questionnaires were
completed, and the subjects were reassessed. They were also asked to

complete sleep diaries. Subjects were required to have controlled asthma



(Asthma Control Test score > 19) and controlled AR using the Visual

Analogue Scale (VAS).

Measures

Skin assessment

At the patient’s clinic visit, the dermatologist/allergist assessed disease

severity using SCORIing Atopic Dermatitis (SCORAD) (27, 28).

Itch severity

Itch was measured using the ltch Numerical Rating Scale (NRS) (29, 30).

Quality of sleep

The Pittsburgh Sleep Quality Index (PSQI), a 19 items validated self-
administered questionnaire, was used to measure the sleep quality and
disturbances in the previous month. The PSQI is composed of 7
components that evaluate sleep in adults: 1) subjective sleep quality, 2)
sleep latency, 3) sleep duration, 4) habitual sleep efficiency, 5) sleep
disturbance, 6) use of sleeping medication, and 7) daytime dysfunction.
The sum of scores for these 7 components (each of which has a range
of 0-3 points) yields one global score (ranging from 0 to 21 points). A
global PSQI score < 5 is associated with good sleep quality, and a total

PSQI score > 5 is associated with poor sleep quality. A higher PSQI score



is indicative of more disturbed sleep (31, 32).

Quality of life

Patient’s quality of life (QoL) was assessed using the Dermatology Life
Quality Index (DLQI), higher scores are related to a greater impact on

QoL (33, 34).

Actigraphy

The actigraphy was performed with an ActTrust 2 actigraph (Condor
Instruments, Brazil) (35, 36) between November 2021 and November
2022. The data collected by the actigraph were extracted using the
ActStudio software (Condor Instruments, Brazil). The following
parameters were examined: time in bed (min); total sleep time (TST,
min), defined as the number of minutes spent sleeping during the time
spent in bed; sleep onset latency (min), defined as the number of minutes
between bedtime and fall asleep; sleep efficiency (SE, %), defined as the
ratio between TST and time spent in bed; time awake after sleep onset
(WASO, min), defined as the number of minutes awake after sleep onset

and number of awakenings (n) (35, 36).

Sample characteristics.

Demographic data (age, sex, and race) as well as BMI, treatment, and
comorbidities at baseline were collected. Groups were constructed to

ensure comparability based on sex, age, race, and BMI.



Demographic characteristics were analyzed using descriptive statistics.

Comparisons between groups were performed using the Mann-Whitney

U test for numerical data and Fisher's exact test for categorical data.

Spearman's correlation coefficient was used to analyze the association

between numeric variables.

All data were analyzed using IBM SPSS software version 21, and

statistical significance was set at p <0.05.

Results:

Data analysis of socio-demographic and clinical characteristics of

the participants

We recruited a convenience sample of 36 adults with AD and 21 healthy
adults (controls); male n (%) 11 men (30.6%) vs. 10 (47.6%) (p=0.258);
white n (%) 16 (44.4%) vs. 12 (57.1%) (p=0.417); age mean + SD 27.1
12.8 vs. 26.2 + 6.4 years (p=0.281) and, BMI (mean = SD) 24.8 + 5.2 vs.

25.1+ 4.5 kg/m2 (p=0.791), respectively.

We found a mean DLQI (mean + SD) of 8.75 £ 6.7 and a mean SCORAD

(mean = SD) of 36.83 + 18.66.

Demographic and clinical characteristics of AD patients are summarized

in table I.

Actigraphy sleep measurement



On average, adults with AD slept less (p=0.010), woke up more often
(p=0.047), spent more time awake during sleep (p<0.001), and had a
lower SE than controls (p<0.001) (figure 1). No differences in sleep
onset latency or time spent in bed were observed between the patients

with AD and controls (table II).

Self-reported sleep measurement

As summarized in table Il, on average, patients with AD reported lower
sleep quality and SE than the controls. They also had longer sleep
latency, more sleep disturbances, and daytime dysfunction than controls.
The Global PSQI score was higher in adults with AD than in controls

(p<0.001).

Correlations

Correlations between the 14 sleep measures (self-report and actigraphy)

and the itch NRS, SCORAD, and DLQI scores were generated (table lll).

The Global PSQI had a fair correlation with itch NRS and SCORAD (rs=
0.549, p=0.001 and rs= 0.539; p=0.001, respectively) and a moderately
strong correlation with DLQI (rs- 0.623, p<0.001). Actigraphy sleep
measures, such as TST, were negatively correlated with Itch NRS and
DLQI (rs=— 0.399, p=0.016 and rs=— 0.357, p=0.032, respectively). A

fair correlation was also found between the WASO and SCORAD



scores (rs=0.413, p=0.012).

Interestingly, we also observed that SE (figure 2) and TST had a
moderately strong negative correlation with SCORAD (rs= — 0.601,

p<0.001 and rs = — 0.604, p<0.001, respectively).

Correlations between the Global PSQI and actigraphy sleep measures
were also evaluated (table IV). The Global PSQI was significantly
negatively correlated with SE, TST, and time in bed (rs = - 0.382, p=
0.021; rs = - 0.423, p= 0.010; and rs = — 0.344, p= 0.040, respectively).
However, it did not correlate with the onset latency, awakening, or
WASO.

Discussion and conclusions

This study showed that adults with AD slept worse, both qualitatively and
quantitatively, than the controls, as measured by self-reporting and
actigraphy. Sleep impairment depends on the severity of AD. Almost 70%
of our patients had moderate-to-severe disease, with a mean SCORAD

of 36.83.

Actigraphy showed that patients with AD slept on average almost one
hour less and stayed awake during sleep time almost 44 minutes more
than controls; on average, sleep efficiency was approximately 13% less
and woke up 25% more than controls. In the AD group, we observed a

SE (meanz SD) 74.48% +11.63 and as much as 72% of AD patients had
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SE lower than 85%, which is the target considered an appropriate

indicator of good sleep quality (12).

To the best of our knowledge, this is the first study in adults with AD that
demonstrates that these patients have a mean SE well below the ideal
level for healthy sleep. Interestingly, we did not find a significant

correlation between itching and SE.

There was no difference between the groups in terms of sleep latency or
total amount of time spent in bed. Comparing self-reported
questionnaires with actigraphy, the Global PSQI did not correlate with

awakening or WASO, which are related to sleep fragmentation.

Although the participants appeared to be able to judge frequent
awakenings, poor sleep quality, and daytime fatigue through self-report
questionnaires, actigraphy generated more accurate estimates of the
number of minutes slept each night, precise counts of movement, and
awakenings. Actigraphy provides more discriminating information about
sleep fragmentation in patients with AD than self-reporting as it collects

unbiased data (22).

In a French study of patients with moderate-to-severe AD and healthy
volunteers using self-reported electronic questionnaires twice a day for
14 days with an experimental smartphone application to collect

information about pruritus via a numerical rating scale, DLQI, subjective
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sleep characteristics, and an actigraph for 14 nights, it was found that the
WASO score was significantly higher, TST and SE were lower than that

of the controls (37) as we observed in our research.

In our study we found a shorter sleep duration in adults with AD
compared to healthy controls and according to a US population study,
adult eczema is linked to both short and long sleep duration. Long length
is probably caused by ineffective sleep, excessive fatigue, and
sleepiness, whereas short duration may be caused by trouble falling

asleep and premature awakening secondary to itching (10).

We observed that adults with AD had subjective and objective diminished
sleep quality compared to healthy controls, our findings are in line with a
case-control study of 14 adults with AD and 14 controls without skin
disease, that self-reported sleep impairment was assessed using the
PSQI and objective sleep measures were assessed using actigraphy.
The PSQI showed poorer sleep quality, more frequent and prolonged
awakenings, and daytime dysfunction in AD patients. Likewise,
actigraphy revealed that patients with AD wake up more often and spend
more time awake during waking episodes, with lower overall sleep

efficiency (22).

Another study using questionnaires, actigraphy, and PSG in 20 adult

patients with AD revealed that more severe AD is associated with poorer

12



sleep quality (11). This study found that sleep measured by actigraphy
and PSG was strongly associated with each other and that decreased
sleep efficiency was associated with increased disease severity as we

also saw in our study.

They also observed that self-reported sleep quality and quality of life

were not significantly correlated with either objective sleep measure (11).

Our study analyzed objective variables using actigraphy. We found no
significant difference in sleep latency or time spent in bed between the
groups; however, a higher number of awakenings and WASO were
observed in the AD group. The SE was significantly lower in patients with
AD. SCORAD was inversely correlated with SE, total sleep time, and
time in bed and was significantly correlated with WASO. Our study

confirms the impact of the severity of AD on sleep quality.

Sleep disruption was found to be highly linked with a reduction in QoL
using the DLQI in a study of 384 adults with AD (38). We observed in our
study that itch and DLQI were inversely correlated with TST but not with

SE, number of awakenings, or WASO.

A multicenter questionnaire-based study of 1.098 adults from The
International Study of Life with Atopic Eczema (ISOLATE) found that a
typical AD flare disrupts sleep for an average of 8.4 nights per flare (39),

this is very concerning. In our study we didn’'t analyze patients during

13



flare.

Objective sleep assessment provides more details on sleep timing,
WASO, SE, sleep fragmentation, and assessments that are not

accurately obtained via self-reported questionnaires (40).

In both pediatric and adult AD, actigraphy and infrared video data
revealed fragmented sleep with increased scratch time and restless

nocturnal movement (41-43).

A meta-analysis of objective sleep studies in AD patients involving 122
controls and 173 AD patients in a total of seven trials revealed that
compared to controls, patients with AD exhibited longer WASO and sleep
latency, along with significantly reduced total sleep duration and SE.
Objective sleep was worse in patients with AD, especially in those with
severe AD. AD appears to affect sleep maintenance more than falling
asleep (44). We found no significant differences in sleep latency between
the two groups, but we also observed that sleep quality in adults with AD
decreases as the severity of the disease increases, and that is related to

sleep fragmentation that compromises sleep maintenance.

Poor sleep hygiene and an itch-scratch cycle that interferes with sleep
initiation and maintenance are some of the proposed mechanisms of the
connection between AD and sleep disturbances (45). Disturbance of the

circadian rhythm induces modification of itching and upregulation of
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inflammatory cytokines implicated in sleep regulation (46). Our findings
shown inversely correlation between itching an TST as measured by

actigraphy.

In the present study, we observed an association (91,6%) between AD
and other allergic diseases. This finding was similar to those of previous
studies in which most patients with AD had an associated allergic disease

(47-50).

An important limitation of studies on sleep in patients with AD is the lack
of control of comorbid asthma and rhinoconjunctivitis, which can
independently cause sleep disturbances (51). In our study, both diseases
were controlled during the research period, and the impact of AD on sleep

was observed.

Quality of life was decreased in our patients, and we found a mean DLQI
(mean + SD) of 8.75 £ 6.7, which represents a moderate effect on their

lives. Many international studies related AD with decreased quality of life.

An US study in adults with AD, confirmed that AD has a noticeable
influence on HRQOL and that the HRQOL of patients with AD is worse
than that of individuals with other chronic skin conditions such as

psoriasis (4).

A European study of 1.189 adult patients with moderate to severe AD

from nine European countries using the DLQI showed moderate to
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extremely large impairments in 55% of patients (52).

US adults with AD frequently report sleep disturbances and fatigue,
especially those with moderate/severe AD. Sleep disturbance was
associated with worse Health-Related Quality of Life (HRQOL), poor

mental health, and comorbid health disorders in adults with AD (53).

A multicenter prospective epidemiological study of 172 adults with AD
showed that AD affects HRQOL and reported that 87.1% of adults had

difficulty sleeping (19).

A cross-sectional study of 200 adult patients with AD using the Objective
SCORAD (0SCORAD), DLQI, and PSQI found mean DLQI global, PSQl,
and oSCORAD scores of 12.15, 8.65, and 27.56, respectively (54). They
analyzed the PSQI components and correlated to DLQI and oSCORAD,
they found that all components showed significant correlations with the
DLQI but only four components showed significant correlations with the
0SCORAD score, including subjective sleep quality, sleep latency, sleep
disturbance, and daytime dysfunction. Despite we didn't use the
0SCORAD, our findings show significant correlation between SCORAD
and PSQI, not only in the Global PSQI but also in three components:
subjective sleep quality, sleep latency, sleep disturbance. We also
observed a correlation between Global PSQI and DLQI but only three

components correlate with DLQI: sleep latency, sleep disturbance, and

16



daytime dysfunction.

Some studies evaluating the burden of AD in Latin America also have

shown a significant impact on the quality of life (6, 7, 50, 55).

Some methodological limitations should be observed in this study seeing
as sleep quality is influenced by some of environmental and
socioeconomic factors as climate, home condition, parental status and
occupational context of the subjects, which were not analyzed in the

present study.

Despite the limitations observed, this study highlights the significant and
relevant effects of AD on sleep and quality of life in adults, especially in
those with moderate-to-severe disease. This also indicates that accurate
objective sleep measures are available, which may better reflect sleep
fragmentation. Given the reciprocal association between sleep and AD,
it is crucial to routinely test adults with moderate-to-severe AD for sleep

disturbances by using actigraphy.

17



Statement of Ethics

IRB approval status: The study was reviewed and approved by the Research Ethics
Committee of the Clementino Fraga Filho University Hospital at the Federal University of
Rio de Janeiro (HUCFF-UFRJ), Brazil (certificate number: CAE 05379419.7.0000.5257).
Written informed consent was acquired from all subjects.

Funding

None.

Contributions

MHB: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology,
Project administration, Validation, Visualization, Writing — original draft, Writing — review
& editing. SORYV, OL: Conceptualization, Methodology, Supervision, Validation,
Visualization, Writing — review & editing. SDDJ: Conceptualization, Methodology,
Validation, Visualization, Writing — review & editing. RRL: Formal Analysis, Writing —
review & editing.

Conflict of interests

The authors declare that they have no conflict of interest to declare with the current
article.

During the preparation of this work the author(s) used Paperpal to improve readability
and language of the work. After using this tool/service, the author(s) reviewed and edited

the content as needed and take(s) full responsibility for the content of the publication.

18



1.

References

Bieber T. Atopic dermatitis. N Engl J Med. 2008 Apr 3;358(14):1483-94.

doi: 10.1056/NEJMra074081. PMID: 18385500.

2. Eichenfield LF, Tom WL, Chamlin SL, Feldman SR, Hanifin JM, Simpson

EL, Berger TG, et al. Guidelines of care for the management of atopic
dermatitis: section 1. Diagnosis and assessment of atopic dermatitis. J
Am Acad Dermatol. 2014 Feb;70(2):338-51. +Epub 2013 Nov 27. PMID:

24290431; PMCID: PMC4410183.

Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic

dermatitis. Nat Rev Dis Primers. 2018 Jun 21;4(1):1. doi:

10.1038/s41572-018-0001-z. PMID: 29930242.

Eckert L, Gupta S, Amand C, Gadkari A, Mahajan P, Gelfand JM. Impact
of atopic dermatitis on health-related quality of life and productivity in
adults in the United States: An analysis using the National Health and
Wellness Survey. J Am Acad Dermatol. 2017 Aug;77(2):274-279.€3. doi:

10.1016/j.jaad.2017.04.019. Epub 2017 Jun 9. PMID: 28606711.

Barbarot S, Auziere S, Gadkari A, Girolomoni G, Puig L, Simpson EL, et
al. Epidemiology of atopic dermatitis in adults: Results from an
international  survey. Allergy. 2018 Jun;73(6):1284-1293. doi:

10.1111/all.13401. Epub 2018 Feb 13. PMID: 29319189.

Mesquita K, Colombini M, Duarte G, Ferreira G, Yang A, Mallozi M, et al.

19



10.

11.

Unveiling atopic dermatitis burden in Brazil: A report from clinical
assistance perspective. JBES Braz. J. Health Econ. / J. Bras. De Econ.

Da Saude 2019, 11, 153—160. [CrossRef]

Soares GB, Orfali RL, Averbach BL, Yosipovitch G, Aoki V. Atopic
Dermatitis in Latin America: Considerations on Epidemiology, Clinical
and Laboratory Features, Ethnic/Racial Variations, and Therapeutic
Management. J Clin Med. 2023 May 11;12(10):3419. doi:

10.3390/jcm12103419. PMID: 37240525; PMCID: PMC10219101.

Silverberg JI. Comorbidities and the impact of atopic dermatitis. Ann
Allergy  Asthma Immunol. 2019  Aug;123(2):144-151.  doi:

10.1016/j.anai.2019.04.020. Epub 2019 Apr 26. PMID: 31034875.

Chang YS, Chiang BL. Sleep disorders and atopic dermatitis: A 2-way
street? J Allergy Clin Immunol. 2018 Oct;142(4):1033-1040. doi:

10.1016/j.jaci.2018.08.005. Epub 2018 Aug 23. PMID: 30144472.

Silverberg JI, Garg NK, Paller AS, Fishbein AB, Zee PC. Sleep
disturbances in adults with eczema are associated with impaired overall
health: a US population-based study. J Invest Dermatol. 2015
Jan;135(1):56-66. doi: 10.1038/jid.2014.325. Epub 2014 Aug 31. PMID:

25078665.

Bender BG, Ballard R, Canono B, Murphy JR, Leung DY. Disease

severity, scratching, and sleep quality in patients with atopic dermatitis. J

20



12.

13.

14.

15.

Am Acad Dermatol. 2008 Mar;58(3):415-20. doi:

10.1016/j.jaad.2007.10.010. PMID: 18280338.

Ohayon M, Wickwire EM, Hirshkowitz M, Albert SM, Avidan A, Daly FJ,
et al. National Sleep Foundation's sleep quality recommendations: first
report. Sleep Health. 2017 Feb;3(1):6-19. doi:

10.1016/j.sleh.2016.11.006. Epub 2016 Dec 23. PMID: 28346153.

Cable J, Schernhammer E, Hanlon EC, Vetter C, Cedernaes J, Makarem
N, et al. Sleep and circadian rhythms: pillars of health-a Keystone
Symposia report. Ann N Y Acad Sci. 2021 Dec;1506(1):18-34. doi:
10.1111/nyas.14661. Epub 2021 Aug 2. PMID: 34341993; PMCID:

PMC8688158.

Consensus Conference Panel; Watson NF, Badr MS, Belenky G, Bliwise
DL, Buxton OM, Buysse D, Dinges DF, Gangwisch J, Grandner MA,
Kushida C, Malhotra RK, Martin JL, Patel SR, Quan SF, Tasali E. Joint
Consensus Statement of the American Academy of Sleep Medicine, and
Sleep Research Society on the Recommended Amount of Sleep for a
Healthy Adult: Methodology and Discussion. Sleep. 2015 Aug
1;38(8):1161-83. doi: 10.5665/sleep.4886. PMID: 26194576; PMCID:

PMC4507722.

Silverberg JI. Selected comorbidities of atopic dermatitis: Atopy,

neuropsychiatric, and musculoskeletal disorders. Clin Dermatol. 2017

21



16.

17.

18.

19.

20.

Jul-Aug;35(4):360-366. doi: 10.1016/j.clindermatol.2017.03.008. Epub

2017 Mar 24. PMID: 28709566; PMCID: PMC5512438.

Ali F, Vyas J, Finlay AY. Counting the Burden: Atopic Dermatitis and
Health-related Quality of Life. Acta Derm Venereol. 2020 Jun 9;100(12):
adv00161. doi: 10.2340/00015555-3511. PMID: 32412644; PMCID:

PMC9189752.

Iranzo A. An Overview on Sleep Medicine. Adv Exp Med Biol. 2022;

1384:3-15. doi: 10.1007/978-3-031-06413-5_1. PMID: 36217075.

Li JC, Fishbein A, Singam V, Patel KR, Zee PC, Attarian H, et al. Sleep
Disturbance and Sleep-Related Impairment in Adults With Atopic
Dermatitis: A Cross-sectional Study. Dermatitis. 2018 Sep-
Oct;29(5):270-277. doi: 10.1097/DER.0000000000000401. PMID:

30234614; PMCID: PMC6169311.

Sanchez-Pérez J, Daudén-Tello E, Mora AM, Lara Surinyac N. Impact of
atopic dermatitis on health-related quality of life in Spanish children and
adults: the PSEDA study. Actas Dermosifiliogr. 2013 Jan;104(1):44-52.
English, Spanish. doi: 10.1016/j.ad.2012.03.008. Epub 2012 Jul 28.

PMID: 22841507.

Birkner T, Siegels D, Heinrich L, Haufe E, Abraham S, Heratizadeh A, et
al. ltch, sleep loss, depressive symptoms, fatigue, and productivity loss

in patients with moderate-to-severe atopic dermatitis: Analyses of

22



21.

22.

23.

24.

25.

TREATgermany registry data. J Dtsch Dermatol Ges. 2023
Oct;21(10):1157-1168. doi: 10.1111/ddg.15159. Epub 2023 Jul 23.

PMID: 37485573.

Talamonti M, Galluzzo M, Silvaggio D, Lombardo P, Tartaglia C, Bianchi
L. Quality of Life and Psychological Impact in Patients with Atopic
Dermatitis. J Clin  Med. 2021 Mar 21;10(6):1298. doi:

10.3390/jcm10061298. PMID: 33801061; PMCID: PMC8003909.

Bender BG, Leung SB, Leung DY. Actigraphy assessment of sleep
disturbance in patients with atopic dermatitis: an objective life quality
measure. J Allergy Clin Immunol. 2003 Mar;111(3):598-602. doi:

10.1067/mai.2003.174. PMID: 12642843.

Silverberg JI, Yu S. Measuring Sleep Disturbance in Atopic Dermatitis:
Patient-Reported Versus Objective Outcomes. Dermatitis. 2017 Sep-
Oct;28(5):328-329. doi: 10.1097/DER.0000000000000284. PMID:

28538010.

Fishbein AB, Vitaterna O, Haugh IM, Bavishi AA, Zee PC, Turek FW, et
al. Nocturnal eczema: Review of sleep and circadian rhythms in children
with atopic dermatitis and future research directions. J Allergy Clin
Immunol. 2015 Nov;136(5):1170-7. doi: 10.1016/j.jaci.2015.08.028.

PMID: 26549635.

Fishbein AB, Mueller K, Kruse L, et al. Sleep disturbance in children with

23



26.

27.

28.

29.

30.

moderate/severe atopic dermatitis: A case-control study. J Am Acad
Dermatol. 2018 Feb;78(2):336-341. doi: 10.1016/j.jaad.2017.08.043.

Epub 2017 Oct 28. PMID: 29089179.

Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta

Dermatovener (Stockholm) 1980; 92:44-7.

Severity scoring of atopic dermatitis: the SCORAD index. Consensus
Report of the European Task Force on Atopic Dermatitis. Dermatology.

1993;186(1):23-31. doi: 10.1159/000247298. PMID: 8435513.

Oranje AP, Glazenburg EJ, Wolkerstorfer A, de Waard-van der Spek FB.
Practical issues on interpretation of scoring atopic dermatitis: the
SCORAD index, objective SCORAD and the three-item severity score.
Br J Dermatol. 2007 Oct;157(4):645-8. doi: 10.1111/j.1365-

2133.2007.08112.x. Epub 2007 Aug 21. PMID: 17714568.

Yosipovitch G, Reaney M, Mastey V, Eckert L, Abbé A, Nelson L, et al.
Peak Pruritus Numerical Rating Scale: psychometric validation and
responder definition for assessing itch in moderate-to-severe atopic
dermatitis. Br J Dermatol. 2019 Oct;181(4):761-769. doi:
10.1111/bjd.17744. Epub 2019 May 1. PMID: 30729499; PMCID:

PMC6850643.

Silverberg JI, DelLozier A, Sun L, Thyssen JP, Kim B, Yosipovitch G, et

al. Psychometric properties of the itch numeric rating scale, skin pain

24



31.

32.

33.

34.

numeric rating scale, and atopic dermatitis sleep scale in adult patients
with moderate-to-severe atopic dermatitis. Health Qual Life Outcomes.
2021 Oct 23;19(1):247. doi: 10.1186/s12955-021-01877-8. PMID:

34688290; PMCID: PMC8542315.

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice
and research. Psychiatry Res. 1989 May;28(2):193-213. doi:

10.1016/0165-1781(89)90047-4. PMID: 2748771.

Bertolazi AN, Fagondes SC, Hoff LS, Dartora EG, Miozzo IC, de Barba
ME, et al. Validation of the Brazilian Portuguese version of the Pittsburgh
Sleep Quality Index. Sleep Med. 2011 Jan;12(1):70-5. doi:

10.1016/j.sleep.2010.04.020. Epub 2010 Dec 9. PMID: 21145786.

Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)--a simple
practical measure for routine clinical use. Clin Exp Dermatol. 1994
May;19(3):210-6. doi: 10.1111/j.1365-2230.1994. tb 01167.x. PMID:

8033378.

Zogbi, H. "Avaliagdo de qualidade de vida em pacientes com
dermatoses: estudo de adaptacdo e validagdo do Dermatology Life
Quality Index (DLQI) para uma amostra sul-brasileira [Thesis]." Porto

Alegre: Pontificia Universidade Catdlica do Rio Grande do Sul (2004).

35. Henriquez-Beltran M, Labarca G, Cigarroa |, Enos D, Lastra J, Nova-

25



36.

37.

38.

39.

Lamperti E, et al. J Bras Pneumol. 2022 Apr 29;48(3): €20210398. doi:
Sleep health and the circadian rest-activity pattern four months after
COVID-1910.36416/1806-3756/€20210398. PMID: 35508066; PMCID:

PMC9064633.

Ancoli-Israel S, Martin JL, Blackwell T, Buenaver L, Liu L, Meltzeret al.
The SBSM Guide to Actigraphy Monitoring: Clinical and Research
Applications. Behav Sleep Med. 2015;13 Suppl 1:54-S38. doi:

10.1080/15402002.2015.1046356. PMID: 26273913.

Jachiet M, Bieuvelet S, Argoud AL, Vallée M, Zinai S, Lejeune FX, et al.
Sleep disturbance in atopic dermatitis: a case-control study using
actigraphy and smartphone-collected questionnaires. Br J Dermatol.
2020 Sep;183(3):577-579. doi: 10.1111/bjd.19058. Epub 2020 May 17.

PMID: 32320479.

Beikert FC, Langenbruch AK, Radtke MA, Kornek T, Purwins S, Augustin
M. Willingness to pay and quality of life in patients with atopic dermatitis.
Arch Dermatol Res. 2014 Apr;306(3):279-86. doi: 10.1007/s00403-013-

1402-1. Epub 2013 Aug 28. PMID: 23982630.

Zuberbier T, Orlow SJ, Paller AS, Taieb A, Allen R, Hernanz-Hermosa
JM, et al. Patient perspectives on the management of atopic dermatitis.
J Allergy Clin Immunol. 2006  Jul;118(1):226-32. doi:

10.1016/j.jaci.2006.02.031. Epub 2006 May 2. PMID: 16815160.

26



40.

41.

42.

43.

44,

Fishbein AB, Lor J, Penedo FJ, Forrest CB, Griffith JW, Paller AS.
Patient-reported outcomes for measuring sleep disturbance in pediatric
atopic dermatitis: Cross-sectional study of the Patient Reported
Outcomes Measurement Information System pediatric sleep measures
and actigraphy. J Am Acad Dermatol. 2023 Feb;88(2):348-356. doi:
10.1016/j.jaad.2020.05.138. Epub 2020 Jun 3. PMID: 32504726;

PMCID: PMC7710591.

Ebata T, Aizawa H, Kamide R. An infrared video camera system to
observe nocturnal scratching in atopic dermatitis patients. J Dermatol.
1996 Mar;23(3):153-5. doi: 10.1111/j.1346-8138.1996. tb 03990.x.

PMID: 8935624.

Ebata T, Aizawa H, Kamide R, Niimura M. The characteristics of
nocturnal scratching in adults with atopic dermatitis. Br J Dermatol. 1999
Jul;141(1):82-6. doi:  10.1046/j.1365-2133.1999.02924. x. PMID:

10417519.

Ebata T, Iwasaki S, Kamide R, Niimura M. Use of a wrist activity monitor
for the measurement of nocturnal scratching in patients with atopic
dermatitis. Br J Dermatol. 2001 Feb;144(2):305-9. doi: 10.1046/j.1365-

2133.2001.04019. x. PMID: 11251563.

Guo M, Su J, Zheng S, Chen B. Objective Sleep in Atopic Dermatitis: A

Meta-Analysis. Dermatitis. 2023  Mar-Apr;34(2):145-150.  doi:

27



45.

46.

47.

48.

49.

10.1089/derm.2022.29005.mgu. Epub 2023 Jan 19. PMID: 36917527.

Camfferman D, Kennedy JD, Gold M, Martin AJ, Lushington K. Eczema
and sleep and its relationship to daytime functioning in children. Sleep
Med Rev. 2010 Dec;14(6):359-69. doi: 10.1016/j.smrv.2010.01.004.

Epub 2010 Apr 14. PMID: 20392655.

Gupta MA, Gupta AK. Sleep-wake disorders and dermatology. Clin
Dermatol. 2013 Jan-Feb;31(1):118-26. doi:

10.1016/j.clindermatol.2011.11.016. PMID: 23245983.

Kulthanan K, Samutrapong P, Jiamton S, Tuchinda P. Adult-onset atopic
dermatitis: a cross-sectional study of natural history and clinical
manifestation. Asian Pac J Allergy Immunol. 2007 Dec;25(4):207-14.

PMID: 18402293.

Orfali RL, Shimizu MM, Takaoka R, Zaniboni MC, Ishizaki AS, Costa AA,
et al. Atopic dermatitis in adults: clinical and epidemiological
considerations. Rev Assoc Med Bras [Internet]. 2013May;59(3):270-5.

Available from: https://doi.org/10.1016/j.ramb.2012.12.004.

Megna M, Patruno C, Balato A, Rongioletti F, Stingeni L, Balato N; Italian
Adult Atopic Dermatitis Study Group. An Italian multicentre study on adult
atopic dermatitis: persistent versus adult-onset disease. Arch Dermatol
Res. 2017 Aug;309(6):443-452. doi: 10.1007/s00403-017-1739-y. Epub

2017 Apr 21. PMID: 28432437

28



50.

51.

52.

53.

54.

Arruda LK, Yang AC, Aoki V, Criado RF, Pires MC, Lupi O, et al. Clinical
Features and Disease Management in Adult Patients With Atopic
Dermatitis Receiving Care at Reference Hospitals in Brazil: the ADAPT
Study. J Investig Allergol Clin Immunol. 2021 Jun 22;31(3):236-245. doi:

10.18176/jiaci.0478. Epub 2020 Jan 14. PMID: 31932275

Silverberg JI, Hanifin JM. Adult eczema prevalence and associations with
asthma and other health and demographic factors: a US population-
based study. J Allergy Clin Immunol. 2013 Nov;132(5):1132-8. doi:

10.1016/j.jaci.2013.08.031. Epub 2013 Oct 4. PMID: 24094544.

Ring J, Zink A, Arents BWM, Seitz IA, Mensing U, Schielein MC, et al.
Atopic eczema: burden of disease and individual suffering - results from
a large EU study in adults. J Eur Acad Dermatol Venereol. 2019
Jul;33(7):1331-1340. doi: 10.1111/jdv.15634. Epub 2019 Jun 6. PMID:

31002197.

Silverberg JI, Chiesa-Fuxench Z, Margolis D, Boguniewicz M, Fonacier
L, Grayson M, et al. Epidemiology and Burden of Sleep Disturbances in
Atopic Dermatitis in  US Adults. Dermatitis. 2022 Nov-Dec
01;33(6S):S104-S113. doi: 10.1097/DER.0000000000000731. Epub

2021 Mar 5. PMID: 33675326.

Ho PY, Shen D, Hsu CJ, Chan TC, Cho YT, Tang CH, et al. Effects of

disease severity on sleep and quality of life in Taiwanese patients with

29



atopic  dermatitis. JAAD Int. 2022 Jul 1;8:92-93. doi:

10.1016/j.jdin.2022.04.010. PMID: 35795457; PMCID: PMC9251715.

55. Jardim Criado RF, Rodrigues T, de Campos L, Cestari T, Maspero J,
Luna PC, et al. 347 The real-world burden of atopic dermatitis:
MEASURE-AD multicountry study results from Brazil, Mexico, and

Argentina. Br. J. Dermatol. 2023, 188, ljac140-040.

30



Table I - Socio-demographic and clinical characteristics AD adult patients.

Variable

AD adult patients (n=36)

Sex, n (%)

Male

Female

Age, mean (SD)

Race, n (%)

Black

White

Age group, n (%)

18-19 years

20-29 years

30-39 years

40-49 years

50-59 years

>60 years

Allergic comorbidities, n (%)
Asthma

Allergic rhinitis

Food allergy

Allergic conjunctivitis

None

Therapies during the study, n (%)
Non sedative Antihistamine

Topical corticosteroid/calcineurin inhibitors
Systemic immunosuppressant/Immunobiologic agents
Phototherapy

Allergen immunotherapy

Body mass index (kg/m2), mean (SD)
Disease severity (SCORAD), n (%)
Mild

Moderate

Severe

SCORAD, mean (SD)

Itch numeric scale (NRS), mean (SD)
Global PSQI, mean (SD)

Global PSQIL, n (%)

Good sleeper (< 5)

Poor sleeper (> 5)

DLQI, mean (SD)

Efficiency (>85%) actigraphy measure, n (%)
Yes

No

Efficiency (>85%) self-report measure, n (%)
Yes

No

11
25
27.1

20
16

10
18

11
29

15
24
23

24.8
36.8
11
16

36.83
4.68
9.3

30

8.75

10
26

17
19

(30.6)
(69.4)
(12.8)

(55.6)
(44.4)

(27.8)
(50.0)
(8.3)
(5.6)
2.8)
(5.6)

(30.6)
(80.6)
(25.0)
(5.6)
(83)

(41.7)
(66.7)
(63.9)
(2.8)
(83)
(5.2)
(18.7)
(30.6)
(44.4)
(25.0)
(18.66)
(3.14)
(3.6)

(16.7)
(83.3)
6.7)

(27.8)
(72.2)

(47.2)
(52.8)

Abbreviations: SCORAD, SCORing Atopic Dermatitis; PSQI, Pittsburgh Sleep Quality Index; DLQI, Dermatology Life Quality Index.
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Table Il - Descriptive statistics and P values for comparisons of self-report and objective sleep measures
between 2 groups: AD and control.

Variable AD (n=36) Control (n=21) P-value
Median Mean SD Median Mean SD

Objective Sleep

Sleep efficiency (%) 73.37 74.48 11.63 85.94 85.61 6.53 <0.001
Sleep onset latency in minutes 4.92 7.05 6.21 7.57 8.53 5.88 0.250
Wake After Sleep Onset (WASO) minutes 105.87 100.52 44.83 50.57 56.68 31.19 <0.001
Number of awakenings 13.36 12.92 4.76 9.43 10.32 5.18 0.047
Time in bed in minutes 450.70 451.1 78.03 47433 463.72 46.59 0.585
Total Sleep Time (TST) minutes 348.49 338.43 89.42  396.00 394.78 39.22 0.010
Self-report

Sleep quality 2 1.64 0.76 1 0.81 0.51 <0.001
Sleep latency 2 1.75 0.97 1 0.76 0.70 <0.001
Sleep duration 1 1.33 0.86 1 1.24 0.77 0.704
Sleep efficiency (%) 81.67 80.26 15.79 91.67 89.43 9.87 0.047
Sleep efficiency 1 1.11 1.19 0 0.33 0.66 0.010
Sleep disturbance 2 1.58 0.60 1 0.91 0.54 <0.001
Hypnotic medication 0 0.36 0.68 0 0.14 0.65 0.072
Daytime dysfunction 1 1.56 1.05 1 0.81 0.68 0.009
Global PSQI score 9.50 9.33 3.59 5 5.00 2.30 <0.001

PSQI= Pittsburgh sleep quality index
Bold P-values indicate statistically significant.SD=standard deviation
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Table Il - Correlation between itch (NRS), SCORAD, quality of life (DLQI) and sleep measure

(self- report and actigraphy) in AD adult patients (n=36).

Self-report Actigraphy sleep measures
Tota
Glob Slee Hypnoti Onse 1
al p Sleep Sleep Sleep  Sleep c Daytime Sleep t slee  Tim
PSQ quali laten durati efficien disturba medicat dysfunct efficien laten Awakeni p e in WAS
Variable I ty cy on cy nce ion ion cy cy ngs time bed O
0.549" " . . . s 3 B
Itch oo 0.380°  0.415°  0.336"  0.083 0.363 0.079 0.491 -0.306 0.148  0.081 0.399 . 0215
NRS
p-
val 0001 0022 0012 0045  0.629 0.030 0.645 0.002 0.070 0389 0.639 0.016 0.107 0.208
ue
SCOR " - -
AD ro O 04300 0463 0258 0.296 0.374° 0.018 0.218 -0.601" 0296  0.095 0.604 0.415 0.413°
p-
val 0001 0007 0.004 0129  0.080 0.025 0.918 0.201 <0.001  0.080  0.583 <000 o1, 0012
ue 1 )
DLQI Rk .
rs 2'623 0322 0.510" 0255 0.261 0.498" 0.144 0.419 0222 0234 0.001 0357 [ oge 0112
}v:l <000 5055 0001 0134  0.124 0.002 0.401 0.011 0.193 0170  0.998 0.515
o ! : : : : : : : : : : 0.032  0.091
Abbreviations: WASO, Wake After Sleep Onset; SCORAD, SCORing Atopic Dermatitis Index; NRS=Numerical Rating Scale; PSQI=

Pittsburgh Sleep Quality Index; DLQI, Dermatology Life Quality Index; *p<0.05, **p<0.01.
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Table IV - Spearman correlation between Global PSQI and actigraphy sleep measures in AD adult

patients (n=36).

Actigraphy sleep measures
Sleep Onset Total

efficiency latency Awakenings time sleep Time inbed WASO
Global PSQI I -0.382" 0.209 -0.059 -0.423" 0344 0.135
p value 0.021 0.221 0.733 0.010 0.040 0.434
n 36 36 36 36 36 36
Abbreviations: WASO, Wake After Sleep Onset; PSQI, Pittsburgh Sleep Quality Index;

<005 **p<0.01
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Figure 1 - Data collected via actigraphy: distribution of sleep efficiency (SE)
compared between AD patients and controls. SE was significantly lower in AD

patients: 74.48% vs. 85.61% (p<0.001).
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Figure 2 - Correlation of SCORIing Atopic Dermatitis (SCORAD) with objective
actigraphy, sleep efficiency (SE) in AD patients. As the severity of atopic

dermatitis increases, the SE decreases.
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