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Abstract

Background—Most children with atopic dermatitis(AD) suffer from sleep disturbance, but 

reliable and valid assessment tools are lacking.

Objectives—To test PROMIS (Patient Reported Outcomes Measurement Information System) 

sleep measures in pediatric AD and to develop an algorithm to screen, assess and intervene to 

reduce sleep disturbance.

Methods—A cross-sectional study was conducted with AD children ages 5–17 years and one 

parent(n=61), who completed sleep, itch, and AD-specific questionnaires; clinicians assessed 

disease severity. All children wore actigraphy watches for 1-week-objective sleep assessment.

Results—PROMIS sleep disturbance parent-proxy-reliability was high (Cronbach’s α=0.90) 

and differentiated among Patient Oriented Eczema Measure (POEM)-determined disease severity 

groups (mean±SD in mild vs. moderate vs. severe was 55.7±7.5 vs. 59.8±10.8 vs. 67.1±9.5, 

p<0.01). Sleep disturbance correlated with itch (Numerical Rating Scale/NRS, r=0.48), PROMIS 
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sleep-related impairment (r=0.57), and worsened quality of life (Children’s Dermatology Life 

Quality Index/CDLQI, r=0.58), all p<0.01. Positive report on POEM sleep disturbance question 

has high sensitivity (95%) for PROMIS parent-proxy-reported sleep disturbance (T-score ≥60). An 

algorithm for screening and intervening on sleep disturbance was proposed.

Limitations—This was a local sample.

Conclusions—Sleep disturbance in pediatric AD should be screened using the POEM sleep 

question, with further assessment using the PROMIS sleep disturbance measure or objective sleep 

monitoring if needed.

Capsule Summary

• The Patient Reported Outcome Measurement Information System (PROMIS) pediatric sleep 

measures are reliable and valid assessments of sleep disturbance in atopic dermatitis.

• Clinicians can use the algorithm reported in this manuscript to screen and treat sleep disturbance 

in pediatric atopic dermatitis.
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Introduction

Atopic dermatitis (AD) causes sleep disturbance in most affected children,1 with about 50 

minutes of sleep lost per night.2 Guidelines by the American Academy of Dermatology 

(AAD)3 and professional allergy societies4 recommend routine sleep assessment, but 

evidence-based tools to assess common pediatric sleep problems in AD are lacking.1

Sleep disturbance can be assessed objectively or by patient or parent-proxy-report. 

Polysomnography (PSG) is the clinical standard for objective assessment and provides 

extensive detail on sleep stages and timing. PSG can also evaluate other comorbid 

conditions, such as obstructive sleep apnea. Actigraphy is another objective measure that 

provides less detail than PSG but can be performed in the home environment. As our 

group and others have shown, actigraphy in AD provides a relevant objective assessment 

of rest, wake, and limb movements.1,2,5 Patient/parent-proxy sleep assessment is a different 

measure that has low precision for sleep timing,6 but may be a more meaningful outcome to 

individuals themselves as these measures capture the lived experiences of sleep.7

The NIH Patient Reported Outcome Measurement Information System (PROMIS) is 

a collection of freely available and well-validated assessments for multiple physical, 

mental, and social health domains, developed using extensive literature review, expert and 

stakeholder input, and both classical test theory and item response theory methodologies.8 

The newly developed PROMIS Pediatric sleep disturbance (SDi) and sleep-related 

impairment (SRI) measures can be administered in brief short forms,9 and are suited to 

pediatric patients (≥ 8 years) or to a parent-proxy for children ≥ 5 years.10,11 Scoring is 

standardized, by definition, with a mean T-score 50 and standard deviation of 10. These 
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assessments can be completed in just a few minutes and, as shown in children with a variety 

of conditions, can provide rich data about the patient/parent perspective on sleep.12 Given 

the availability of the PROMIS sleep measures in pediatrics and the need for improved sleep 

assessment in AD, our objectives were to: 1) determine the reliability and validity of the 

newly developed PROMIS SDi and SRI measures in AD and 2) begin to develop a sleep 

assessment algorithm for AD.

Methods

The Ann & Robert H. Lurie Children’s Hospital of Chicago (Lurie Children’s) Institutional 

Review Board (IRB) reviewed and approved study procedures. Parents provided informed 

consent for children, and children aged 12 years and older gave their assent.

Study sample

We recruited a convenience sample of children 5–17 years old with AD stratified by mild, 

moderate and severe disease via Patient Oriented Eczema Measure (POEM)13. To be eligible 

for the study, patients had to have an AD diagnosis by a dermatologist or allergist according 

to Hanifin and Rajka criteria.14 Both parent and child (if ≥8 years old) had to be able to 

read and understand English. Participants were recruited by phone prior to a scheduled clinic 

visit with materials (questionnaires and actigraphy watches) sent out and then collected at 

the clinic visit as previously published.2 Patients had to have controlled asthma (Asthma 

Control Test > 19) and report no sleep disturbance due to allergic rhinitis, to ensure SDi 

was related to AD, as per protocol established in our previous study.2 Although not all 

patients complied, patients were asked to discontinue sedating antihistamine but continue 

other topical and systemic therapies.

Objective skin assessment

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

an objective tool, the Eczema Area and Severity Index (EASI) which measures redness, 

thickness, scratching, lichenification and extent of disease.15,16

Questionnaire administration

The patient (if ≥8 years) and one parent completed questionnaires on sleep, itch, disease 

severity, and overall quality of life. Children completed the PROMIS Pediatric sleep 

disturbance (SDi) 8-item short form9 and PROMIS Pediatric sleep-related impairment (SRI) 

8-item short form.9 SDi items capture sleep onset, sleep continuity, parasomnias, and sleep 

quality and SRI captures daytime sleepiness, energy, sleep offset, and the impact of sleep 

on cognitive function, affect, behavior and daily activities.9 See supplement for the full 

questions on the PROMIS Pediatric Sleep Assessment Tools.

The child also completed (with parental help if desired) the itch numerical rating scale 

(NRS; 0–10),17 Patient-Oriented Eczema Measure (POEM)13 and Children’s Dermatology 

Life Quality Index (CDLQI)18. POEM is a 7-question tool that includes one question about 

itch and one about sleep; “Over the last week, on how many nights has your sleep been 

disturbed because of the eczema?” The possible responses are: no days, 1–2 days, 3–4 days, 
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5–6 days or every day. A response was considered positive for sleep disturbance if ≥ 1–2 

days was reported. The CDLQI question on sleep is: “Over the last week, how much has 

your sleep been affected by your skin problem?” On their own, parents completed PROMIS 

Pediatric parent-proxy short forms for SDi,9 SRI,9 Pediatric Sleep Questionnaire (PSQ),19 

and the Epworth Sleepiness Scale (ESS).20

Data analysis of questionnaires and patient characteristics

PROMIS sleep measures use a 5-point Likert scale, with 8 item scores converted to a 

standardized T-score of 50 and standard deviation of 10 using freely available software at 

assessmentcenter.net. This software uses item response theory based Expected a Posteriori 

(EAP) scoring. Higher scores indicate higher levels of sleep disturbance for the SDi measure 

and higher levels of sleep-related impairment for the SRI measure.9 Key psychometric 

properties of the measures in AD were assessed, such as reliability (Cronbach’s alpha) and 

convergent validity (Pearson correlation coefficients). Other measures were scored using 

published scoring algorithms. The NRS,17 ESS,20 and CDLQI18 were analyzed as raw 

scores. A total score was calculated for the POEM and disease severity was stratified 

according to published standards13 as mild ≤7, moderate 8–16, and severe ≥17. The PSQ 

was analyzed as a yes/no variable indicating the presence/absence of sleep comorbidities.19 

Demographic characteristics were analyzed using descriptive statistics stratified by POEM 

disease severity. All data was analyzed using IBM SPSS software version 26, a p-value 

<0.05 was considered significant.

Actigraphy collection and analysis

A Phillips Respironics Actiwatch device was sent home with the patient to be worn on 

the non-dominant wrist for 1 week (at least 5 days) to collect objective actigraphy data. 

Patients with parental help were asked to complete sleep diaries to track timing of sleep, 

wake, medications, and unusual events (e.g. late sleep time due to holiday or awakening due 

to illness). Analysis of actigraphy included key measures of sleep onset latency, bed time, 

wake time, minutes of wake after sleep onset (WASO), sleep efficiency, and total sleep time 

analyzed.2

Sleep disturbance screening

To determine optimal screening methods for SD, we considered clinical/research practice, 

such as use of the POEM measure to assess disease severity. Because the POEM has a 

sleep question and we previously demonstrated the potential relevance of the POEM sleep 

question to screen for sleep disturbance,2 we planned to evaluate the relevance of the POEM 

sleep question to both patient/parent report and objective assessment of sleep disturbance 

(Wake After Sleep Onset ≥76.4 minutes was chosen based off our previous finding of 

actigraphy in controls).2 Sensitivity/specificity of POEM sleep for sleep disturbance by 

PROMIS SDi measure and objective sleep was computed, and an ROC curve generated and 

interpreted according to published methods.21
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RESULTS

We recruited a convenience sample of children (n=61) 5–17 years old with AD. 

Demographic and clinical characteristics stratified by disease severity of mild (n=17), 

moderate (n=23) or severe (n=21) are summarized in Table 1. Allergic and sleep disturbing 

comorbidities were similar between groups. Parent-proxy-reported SDi was significantly 

different between disease severity groups (mean±SD in mild vs. moderate vs. severe was 

55.7±7.5 vs. 59.8±10.8 vs. 67.1±9.5, respectively; p<0.01, n=61), as was child reported 

SDi (51.2±9.3 vs. 55.5±7.3 vs. 61.1±10.3, respectively, p=0.02, n=45). The effect size for 

severe v. mild disease with parent-proxy and patient reported PROMIS SDi is 1.33 and 1.00, 

respectively. Furthermore, patients who continued on sedating antihistamine for this study 

(n=12) versus those who didn’t (n=49) tended to have more severe AD, and poorer sleep 

by parent-proxy-reported SDi (µ±SD=67.9±8.2 v. 59.5 ±10.4, p=0.01) and more minutes of 

wake after sleep onset (µ±SD=104.4±58.2 v. 72.4±27.8, p<0.01).

Reliability of PROMIS sleep measures in pediatric AD

High Cronbach’s alpha coefficients were found for the parent-proxy and child reported 

sleep disturbance measures (0.90 and 0.92, respectively) and parent and child reported 

sleep-related impairment (0.94 and 0.93, respectively).

Convergent Validity with Other Assessment Measures

As shown in Table 2, patient report and parent-proxy-reported PROMIS measures were 

compared to a long-used legacy measure of sleepiness (ESS), objective sleep, and disease-

specific assessments to assess convergent validity. ESS was a poor assessment of SDi in 

AD. PROMIS parent-proxy measures had a relatively high correlation with patient report 

on SDi and SRI (r=0.67, p<0.01 and 0.55, p<0.01, respectively). Parents tended to report 

sleep disturbance as more severe than reported by the children (Figure 1a). PROMIS SDi 

measures also correlated with disease-specific assessments and itch (Table 2).

Convergent Validity with Objective Sleep

Figure 1 depicts the relationship between objective actigraphy (WASO and sleep efficiency) 

and PROMIS sleep disturbance. We found a mild/moderate correlation between parent-

proxy and child reported SDi with objective sleep disturbance (r=0.28, p=0.03 and 0.34, 

p=0.02, respectively). Interestingly, objective sleep (WASO) had the largest correlation with 

clinician-assessed disease severity by EASI, specifically with WASO (r= 0.53, p< 0.01) 

(Table 2).

Screening for Sleep Disturbance Clinically

Given that POEM can be used to define severity and includes a sleep question, we chose 

to evaluate its assessment capability as a screen for significant sleep disturbance. Indeed, 

the POEM sleep question performs well as a screen for significant sleep disturbance on 

PROMIS parent-proxy SDi measure (T-score ≥ 60), with high sensitivity (94.9%) but low 

specificity (37.2%). In fact, POEM was a better screen than the CDLQI sleep question 

(sensitivity 87.9% and specificity 65.0%). Although the POEM sleep question only had a 

moderate correlation with WASO (r=0.40, p<0.01), it was a sensitive screen for objective 
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sleep disturbance (measured by WASO of ≥76.4 minutes) (sensitivity 92.3% and specificity 

37.1%). An ROC curve was also computed and depicts the overall sensitivity/specificity of 

the POEM sleep question in predicting PROMIS SD scores. Accuracy of the POEM sleep 

questions for PROMIS-assessed SD is fair to good (AUC 0.798) (Figure 2). In Figure 3, we 

propose a schematic for sleep screening in children with AD.

Discussion

Sleep disturbance in children with AD can be accurately measured via patient/parent-proxy-

report using the new PROMIS Pediatric or Parent-Proxy Short Form v.1.0 Sleep Disturbance 

8-item tool, or by objective assessment measures, such as actigraphy and polysomnography. 

SDi by patient or parent-proxy report has only a mild/moderate-sized correlation with 

actigraphy-assessed minutes of WASO (r=0.34 and r=0.28, respectively, p<0.05 for both). 

This is consistent with other patient/parent-reported sleep assessments that often find no or 

mild-sized correlation with objective polysomnography or actigraphy.9,22 This is because 

patient or parent-proxy report of sleep reflects the lived experience of sleep. Objective sleep 

assessment provides detail on sleep timing, minutes of wake onset, sleep efficiency, sleep 

fragmentation; assessments that are not accurately obtained via self-reported questionnaires. 

On the other hand, patient-reported outcomes capture the individual’s evaluation of the 

quality of their sleep and how sleep affects their daily functioning. Importantly patient/

parent report of sleep disturbance, in contrast to objective assessment, more accurately 

reflects the key symptom of itch and overall quality of life.

Overall, we found that sleep disturbance worsens with increasing disease severity and the 

PROMIS SDi measure by both patient and parent report had high reliability and convergent 

validity with various disease specific measures, such as itch NRS, CLDQI, POEM and 

EASI. The PROMIS SRI measure also had high reliability and validity and can be used 

clinically to obtain more information on sleep-related impairment in children with AD.

As far as screening for sleep disturbance, both the POEM sleep question or CDLQI sleep 

question can serve as sensitive screening tools for sleep disturbance in AD as assessed by 

a PROMIS SDi T-score >1 standard deviation (≥60) from the mean (sensitivity 94.9% and 

87.9%, respectively). As shown in Figure 2, changing score cut-offs could also increase 

specificity. Given POEM correlates better with physician assessed disease severity than 

CDLQI, and is shorter,23 our screening algorithm recommends the POEM sleep question to 

serve as a screen for SD. The low specificity of the POEM sleep question for significant 

PROMIS assessed SDi (T-score ≥ 60) and objective sleep disturbance (WASO≥76.4 

minutes) suggests that the 8-question PROMIS Pediatric or Parent-Proxy Sleep Disturbance 

Short Form is needed to gather more detailed information on patient/parent-proxy report 

of sleep disturbance, or potentially objective sleep assessment depending on the clinician’s 

concerns.

Our group and others have published on treatment options and algorithms for sleep 

disturbance in AD.1,24 Here we propose a new clinical screening algorithm. Given the 

significant cost associated with objective sleep disturbance assessment by polysomnography 

or actigraphy and the importance of patient/parent-proxy assessment,25 our screening 
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algorithm starts with a clinical screen using the POEM sleep question. If positive, 

we recommend that the PROMIS Pediatric/Parent-Proxy Sleep Disturbance measure be 

administered to quantify the burden of sleep disturbance. PROMIS Pediatric/Parent-Proxy 

Sleep-Related Impairment and CDLQI instruments can also be administered if more detail 

is desired about the impact of sleep disturbance on daytime functioning (sleep-related 

impairment) or quality of life (CDLQI). Given that parents tend to report more severe sleep 

disturbance than patients, we recommend administering the PROMIS sleep disturbance 

measure to both parent and child (if ≥8 years old) and just parent if 5–7 years old. 

PROMIS sleep measures specific to children <5 years old are under development. If 

either parent/child-assessment provides a T-score ≥60, optimization of AD therapy and 

sleep hygiene should be addressed.1 Close follow-up is recommended (in ~2–4 weeks) to 

assess for improvement in sleep disturbance via repeat administration on the PROMIS sleep 

disturbance measure which can be completed in clinic or at home (score should be below 

60 and/or improve by at least 5 points) (personal communication with A. Carle, December 

2019). Additionally, 5 points is considered a meaningful effect size across many PROMIS 

measures in disease conditions, including the adult PROMIS sleep measure.26 If adequate 

improvement in SDi is not noted, more tailored sleep interventions or referral to a sleep 

specialist is recommended. Objective sleep assessment should be considered at any time if 

sleep does not improve despite good disease control and sleep hygiene interventions, or if 

specific concerns for comorbidities, such as severe OSA, remain.

Limitations

Future work will determine the relevance of the PROMIS Pediatric sleep measures in a 

broader geographic sample. To ensure our findings represented sleep disturbance related to 

AD, patients in our cohort had controlled asthma and allergic rhinitis. However, this limits 

our ability to develop a more complex screening algorithm for sleep disturbance in patients 

with comorbid and uncontrolled asthma/AR. Furthermore, the proposed sleep disturbance 

screening algorithm has not been prospectively tested. The algorithm proposed requires 

further testing for validation. We also did not assess change over time or test-retest reliability 

of the PROMIS Pediatric sleep measures.

Conclusion

PROMIS Pediatric/Parent-Proxy short forms for Sleep Disturbance and Sleep-Related 

Impairment had high levels of reliability and validity to assess sleep in AD. The PROMIS 

Pediatric SDi measure administered by patient or parent-proxy can be used in conjunction 

with the POEM sleep question to screen for sleep disturbance in AD. Objective sleep 

assessment is a distinct domain from patient/parent report of sleep disturbance and objective 

sleep assessment should be considered in those not responding to treatment for sleep 

disturbance in AD or in whom other sleep comorbidities are being considered.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

AD atopic dermatitis

CDLQI Children’s Dermatology Life Quality Index

EASI Eczema Area and Severity Index

ESS Epworth Sleepiness Scale

IRB Institutional Review Board

POEM Patient-Oriented Eczema Measure

PROMIS Patient Reported Outcomes Measurement Information Systems

PSQ Pediatric Sleep Questionnaire

SCORAD SCORing Atopic Dermatitis

SDi PROMIS Pediatric Sleep Disturbance Tool

SRI PROMIS Pediatric Sleep-Related Impairment Tool

NRS Numerical Rating Scale

WASO Wake After Sleep Onset
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Figure 1. 
Correlation of Parent Proxy/Child reported Sleep Disturbance with objective actigraphy, 

minutes of Wake After Sleep Onset (WASO) in children with atopic dermatitis.

There is a mild/moderate correlation between parent proxy/child reported sleep disturbance 

versus objective sleep disturbance. Parents tended to report sleep disturbance as more severe 

than children. The parent/patient-reported measures of sleep disturbance capture a distinct 

domain of the sleep experience in children with atopic dermatitis.
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Figure 2. 
Receiver Operating Characteristic (ROC) Curve for POEM sleep question to predict 

PROMIS SD score ≥60

The blue line depicts the sensitivity/specificity of the 5 possible responses on the POEM 

sleep question to detect a PROMIS SD score ≥60. Patients/parents reporting sleep has been 

disturbed 5–6 days per week or every day, had high sensitivity for a PROMIS SD score ≥60. 

High specificity was only obtained once patients reported to have nightly sleep disturbance 

on POEM.
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Figure 3. 
Clinical screening algorithm for sleep disturbance in pediatric AD.

Score of 60 refers to 1 SD greater than a T-score of 50 on the PROMIS SD measure; 

POEM=Patient Oriented Eczema Measure; SD= Sleep Disturbance; PROMIS= Patient 

Reported Outcome Measurement Information System. POEM sleep questions: Over the last 

week, on how many nights has your sleep been disturbed because of the eczema?” with 

possible responses of, no days, 1–2 days, 3–4 days, 5–6 days or every day. A response was 

considered positive for sleep disturbance if ≥ 1–2 days was reported.
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Table 1.

Socio-demographic and clinical characteristics by Patient Oriented Eczema Measure severity.

Variable
Disease severity by Patient Oriented Eczema Measure (POEM)

Mild (n=17) Moderate (n=23) Severe (n=21) P-value

Male*, n (%) 6 (35.3) 12 (52.2) 13 (61.9) 0.26

Age, mean (SD) 11.7 (3.8) 11.1 (4.2) 12.2 (3.7) 0.66

Race, n (%) 0.26

 Asian 4 (23.5) 3 (13.0) 1 (4.8)

 Black 0 (0.0) 5 (21.7) 6 (28.6)

 White 9 (52.9) 9 (39.1) 10 (47.6)

 Other 4 (23.5) 6 (26.1) 4 (19.0)

Latino, n (%) 6 (35.3) 5 (21.7) 7 (33.3) 0.58

POEM, mean (SD) 3.9 (2.1) 11.7 (2.9) 21.8 (3.0) <0.01

CDLQI, mean (SD) (n=43) 2.0 (1.6) 4.2 (3.0) 8.7 (5.7) <0.01

NRS, mean (SD) (n=59) 2.2 (1.9) 4.8 (2.7) 6.2 (2.4) <0.01

Asthma, n (%) 11 (64.7) 14 (60.9) 14 (66.7) 0.92

Allergic Rhinitis, n (%) 16 (94.1) 18 (78.3) 17 (81.0) 0.38

Food Allergy, n (%) 11 (64.7) 21 (91.3) 15 (71.4) 0.11

ADHD, n (%) 1 (5.9) 2 (8.7) 2 (9.5) 0.92

Other Sleep Diagnosis, n (%)** 0 (0.0) 0 (0.0) 2 (9.5) 0.14

Therapies during the study

Sedating Antihistamine, n (%) 1 (5.9) 3 (13.0) 8 (38.1) 0.03

Topical corticosteroid, n (%) 12 (70.6) 16 (69.6) 20 (95.2) 0.07

Systemic immunosuppressant,*** n (%) 2 (11.8) 4 (17.4) 5 (23.8) 0.63

Objective Sleep

Sleep efficiency %, mean (SD) 84.2 (3.8) 81.8 (6.1) 80.0 (9.0) 0.18

Sleep onset latency minutes, mean (SD) 9.4 (5.4) 14.8 (12.1) 17.0 (17.0) 0.19

Wake After Sleep Onset (WASO) minutes, mean (SD) 67.6 (16.6) 77.7 (29.1) 88.8 (53.3) 0.22

Bed time, mean hh:mm (SD) 23:00 (2:05) 22:40 (1:06) 23:08 (1:32) 0.60

Wake time, mean hh:mm (SD) 8:00 (1:10) 7:46 (0:45) 8:02 (1:47) 0.76

Total Sleep Time hh:mm, mean (SD) 7:35 (1:09) 7:25 (0:57) 7:02 (0:46) 0.19

Parent-Proxy-Reported Sleep (%)

Sleep Disturbance 55.7 (7.5) 59.8 (10.8) 67.1 (9.5) <0.01

Sleep-Related Impairment 52.6 (11.8) 57.4 (7.8) 62.1 (12.6) 0.03

Epworth Sleepiness Scale (n=59) 6.8 (4.9) 7.6 (3.5) 8.1 (4.5) 0.64

Patient Reported Sleep (n=45), n (%)

Sleep Disturbance 51.2 (9.3) 55.5 (7.3) 61.1 (10.3) 0.02

Sleep-Related Impairment 49.3 (10.1) 53.0 (8.9) 57.8 (9.3) 0.06
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*
n=61 unless otherwise noted

**
Sleep walking and snoring

***
systemic immunosuppressants, methotrexate (1 mild, 2 moderate, 3 severe), mycophenolate mofetil (2 moderate), cyclosporine (1 mild, 1 

severe), dupilumab (1 severe)

Bold P-values indicate statistically significant at P<0.05

SD=standard deviation; CDLQI=Children’s Dermatology Life Quality Index; NRS=Numerical Rating Scale
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