
Journal Pre-proof

Sleep disturbance in school-aged children with atopic dermatitis: prevalence and
severity in a cross-sectional sample

Anna B. Fishbein, MD , MS, Brian T. Cheng, BA, Caroline C. Tilley, BA, Wendy Smith
Begolka, MBS, Adam C. Carle, MA, PhD, Christopher B. Forrest, MD, PhD, Phillis C.
Zee, MD, PhD, Amy S. Paller, MD, MS, James W. Griffith, PhD

PII: S2213-2198(21)00572-9

DOI: https://doi.org/10.1016/j.jaip.2021.04.064

Reference: JAIP 3616

To appear in: The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 17 March 2021

Revised Date: 16 April 2021

Accepted Date: 21 April 2021

Please cite this article as: Fishbein AB, Cheng BT, Tilley CC, Begolka WS, Carle AC, Forrest CB, Zee
PC, Paller AS, Griffith JW, Sleep disturbance in school-aged children with atopic dermatitis: prevalence
and severity in a cross-sectional sample, The Journal of Allergy and Clinical Immunology: In Practice
(2021), doi: https://doi.org/10.1016/j.jaip.2021.04.064.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology

https://doi.org/10.1016/j.jaip.2021.04.064
https://doi.org/10.1016/j.jaip.2021.04.064


Title: Sleep disturbance in school-aged children with atopic dermatitis: prevalence and severity in a 1 

cross-sectional sample 2 

Short Title: Sleep in pediatric AD 3 

 4 

Anna B. Fishbein, MD, MS
1
, Brian T. Cheng, BA

2
, Caroline C. Tilley, BA

1
, Wendy Smith Begolka, MBS

3
, 5 

Adam C. Carle, MA, PhD
4
, Christopher B. Forrest, MD, PhD

5
, Phillis C. Zee, MD, PhD

6
, Amy S. Paller, MD, 6 

MS
2
, James W. Griffith, PhD

7 
7 

1. Department of Pediatrics, Division of Allergy-Immunology, Ann & Robert H. Lurie Children’s Hospital of 8 

Chicago, Northwestern University Feinberg School of Medicine, Chicago, IL, 60611 9 

2. Departments of Dermatology and Pediatrics, Northwestern University Feinberg School of Medicine, 10 

Chicago, IL, 60611 11 

3. National Eczema Association, Novato, CA, 94945 12 

4. Department of Pediatrics, Cincinnati Children’s Hospital, University of Cincinnati College of Medicine, 13 

Cincinnati, OH, 45229 14 

Department of Psychology, University of Cincinnati College of Arts and Sciences, Cincinnati, OH 45219 15 

5. Department of Pediatrics, Children’s Hospital of Philadelphia, Perelman School of Medicine at The 16 

University of Pennsylvania, Philadelphia, PA, 19104 17 

6. Department of Neurology, Northwestern University Feinberg School of Medicine, Chicago, IL, 60611 18 

7. Department of Medical Social Sciences, Northwestern University Feinberg School of Medicine, Chicago, IL, 19 

60611 20 

 21 

Key Words: atopic dermatitis; pediatric; quality of life; sleep; PROMIS; attention; mental health; depression; 22 

anxiety; neurocognitive function 23 

 24 

Abbreviations used: AD (atopic dermatitis), PROMIS (Patient Reported Outcome Measurement Information 25 

System), POEM (Patient Oriented Eczema Measure), NSCH (National Survey of Children’s Health), OR (odds 26 

ratios), CI (confidence interval), NRS (Numerical Rating Scale), MacArthur HBQ (MacArthur Health 27 

Behavioral Questionnaire), IQR (interquartile range), STROBE (Strengthening the Reporting of Observational 28 

Studies in Epidemiology), SDi (Sleep Disturbance), ADHD (Attention Deficit Hyperactive Disorder), BMI 29 

(Body Mass Index), PIQ-C (PROMIS Pediatric Itch Questionnaire-Child) 30 

 31 

Conflict of Interest Statement: no conflicts of interest relevant to this manuscript. 32 

 33 

Corresponding author:  34 

Anna B. Fishbein, MD MS 35 

Department of Pediatrics and Allergy-Immunology 36 

Northwestern University Feinberg School of Medicine 37 

225 East Chicago Avenue 38 

Chicago, IL 60611, USA 39 

AFishbein@luriechildrens.org 40 

312-227-6021 41 

 42 

AB Fishbein had full access to all the data in the study and takes responsibility for the integrity of the data and 43 

accuracy of the data analysis.  44 

Study concept and design: AF, AP, JG 45 

Acquisition of Data: AF, AP, JG 46 

Analysis and interpretation of data: AC, CF, BC, PZ, AP, JG 47 

Jo
urn

al 
Pre-

pro
of

mailto:AFishbein@luriechildrens.org


Drafting of the manuscript/ Critical revision of the manuscript for important intellectual content: AF, BC, CT, 48 

WB, AC, CF, PZ, AP, JG  49 

Statistical analysis: AF, BC, JG 50 

 51 

Administrative technical or material support: None 52 

Study supervision: None 53 

Financial disclosures: None relevant to this manuscript 54 

Funding Support: The Agency for Healthcare Research and Quality (grant number K12HS023011 to AF). The 55 

content is solely the responsibility of the authors and does not necessarily represent the official views of the 56 

Agency for Healthcare Research and Quality 57 

Design and conduct of the study? No 58 

Collection, management, analysis and interpretation of data? No 59 

Preparation, review, or approval of the manuscript? No 60 

Decision to submit the manuscript for publication? No 61 

Conflicts of interest: None 62 

 63 

What is already known about this topic? 64 

Sleep disturbance is common in atopic dermatitis(AD). Patient Reported Outcome Measurement Information 65 

System(PROMIS) sleep disturbance is a meaningful outcome to capture the lived experiences of sleep, which 66 

our group has validated in pediatric AD. 67 

What does this article add to our knowledge? 68 

~3 million US children experience AD-induced sleep disturbance. This equates to 67% of all children with AD, 69 

and 91% with severe disease. Sleep disturbance in AD is associated with neuropsychiatric impairment- 70 

depression, anxiety, and inattention. 71 

How does this study impact current management guidelines? 72 

Clinicians should screen for sleep disturbance and neuropsychiatric symptoms in school-aged children, 73 

particularly with moderate-to-severe AD. 74 

 75 

Abstract 76 

Rationale: Atopic dermatitis(AD) causes sleep disturbance, yet the epidemiology is not known.  77 

Objective: Estimate the US prevalence of sleep disturbance and its impact on psychological and neurocognitive 78 

function. 79 

Methods: Cross-sectional survey of 180 parent-child dyads with AD, using stratified sampling based on disease 80 

severity(POEM,Patient Oriented Eczema Measure,mild(n=30)/moderate(n=75)/severe (n=75)), age, and race 81 

(White/Black or African American/Other). Symptoms of sleep and psychologic health were assessed using 82 

PROMIS(Patient Reported Outcome Measurement Information System). To estimate prevalence of sleep 83 

disturbance, we calculated weights using post-stratification adjustment making marginal frequencies of AD 84 

severity, race, and age similar to marginal frequencies in the 2007 National Survey of Children’s 85 

Health(NSCH). Unweighted regression models examined associations with sleep disturbance. 86 

Results: In children 5-17 years with AD, we estimated sleep disturbance occurs in 66.9% [95% CI: 53.3-80.5%; 87 

3,116,305 children]. The odds of severe sleep disturbance(worse than 95% of US children) were highest in 88 
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moderate/severe vs mild AD (2.03[1.00-4.10],P=0.0495/8.68[1.82-41.49],P=0.0068). Predictors of parent-proxy 89 

reported sleep disturbance were itch intensity(adjusted β [95% CI]:1.33[0.62,2.04]) and low 90 

income(<$50k:6.64[2.05,11.23], $50to<100k:4.75[0.35,9.14]). Controlling for disease severity, itch intensity, 91 

and significant socio-demographics- parent-proxy reported sleep disturbance was associated with increased 92 

severity of sleep-related impairment, depression, fatigue, and anxiety, in addition to worse inattention and 93 

impulsivity. In fully adjusted models, children who self-reported sleep disturbance(T-score ≥60) had increased 94 

odds of sleep-related impairment(1.20[1.11-1.29]), depression(1.13[1.03, 1.24]), fatigue(1.28[1.06-1.54]), and 95 

anxiety(1.16[1.02-1.31]).  96 

Conclusions: Sleep disturbance is a common symptom of AD affecting ~3 million US children and associated 97 

with neuropsychiatric impairment, including depression, anxiety, and inattention. Clinicians should screen for 98 

these symptoms in school-aged children, particularly with moderate-to-severe AD. 99 

 100 

Introduction 101 

Atopic dermatitis (AD), a disorder characterized by itchy skin, affects 10-20% of US children.(1) Sleep 102 

disturbance is consistently reported in 60% of children with AD and its occurrence is even higher during times 103 

of disease flare.(2, 3) Although poor sleep is one of the most distressing aspects to patients and their families,(4, 104 

5) the number of US children with AD suffering from sleep disturbance has not been quantified. 105 

Assessment of sleep can be performed by objective measures, such as activity monitors (actigraphy) or 106 

clinical sleep studies (polysomnography), or by patient or parent-proxy report. Patient or parent-proxy sleep 107 

assessment is considered a meaningful outcome to capture the lived experiences of sleep.(6) Our group has 108 

demonstrated the reliability and validity of the PROMIS (Patient Reported Outcome Measurement Information 109 

System) Sleep measures in school-aged children (5-17y) with AD.(7)  These measures are freely available and 110 

are the most psychometrically robust measure of patient- and parent-proxy report of sleep, allowing accurate 111 

quantification of the burden of sleep disturbance in children with AD. They can be used for epidemiologic 112 

assessment and clinically to compare to the general US population of children. 113 

In addition to the need to quantify the national burden of sleep disturbance in AD, there is a gap in 114 

knowledge about patients at highest risk. Several studies have found disease severity as a key risk factor of 115 

sleep disturbance.(7-9) From the general sleep literature, the risk of poor sleep is higher in Black vs. White 116 

children,(10) but the risk by race in AD has not been assessed. AD and sleep disturbance are also associated 117 
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with inattention and psychological symptoms (i.e. depression and anxiety).(11) In data analyzed from over 118 

350,000 children, AD was associated with increased odds of ADD/ADHD (1.14 [95% CI, 1.03-1.26]). 119 

Moreover, in children with severe AD and fewer than 4 nights of adequate sleep per week, the odds of 120 

ADD/ADHD were up to 34.90 [15.01-82.24].(12) In a national study of adults with AD, patients with the 121 

highest level of sleep disturbance had the highest odds of anxiety and depression.(13) In children, the 122 

relationship between AD, sleep disturbance, inattention, and psychological symptoms (such as depression and 123 

anxiety) has been poorly addressed. Our overall objective was to estimate the prevalence of sleep disturbance 124 

and its impact on psychological and neurocognitive function in a sample of US children with AD. We 125 

hypothesized that children with more severe disease would experience more sleep disturbance and poorer 126 

psychological/neurocognitive function.  127 

 128 

Methods 129 

Selection of study cohort 130 

We conducted a cross-sectional survey study of 180 children (5-17 years) with AD between May-July 131 

2019 across the United States, out of 1545 screened (see Figure E1). Stratified sampling by disease severity 132 

occurred by Patient Oriented Eczema Measure (POEM)(14) (mild (0-7),  n=30; moderate (8-16), n=75; and 133 

severe (17-28), n=75), and within disease severity strata: age  (5-8; 9-12;13-17 years), region of the US 134 

(Midwest, NE, SE, NW, SW) and race (White/Black or African-American/other or multiracial). Other inclusion 135 

criteria were: ages 5-17 years, parent report of AD diagnosis by a healthcare provider and scratching ≥1 night in 136 

the past week. Exclusion criteria were defined by parent-report to questions about their child: sleep disturbance 137 

≥2 nights per week due to asthma or hay fever, medication-induced itching, liver or kidney disease leading to 138 

chronic itch, active sleep apnea, restless leg syndrome, insomnia, narcolepsy, sleep disordered breathing, or 139 

urticaria. Screening questions were administered to the parent proxy, who must have slept in the same home as 140 

the child for ≥6 of the last 7 nights. 141 
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Survey participants were recruited by the National Eczema Association and Op4G. Informed consent 142 

was obtained electronically. The Institutional Review Boards at Lurie Children’s Hospital and Northwestern 143 

University approved the study protocol and design. 144 

 145 

Statistical Analysis of the unweighted sample. 146 

 Summary statistics were tabulated to describe the study cohort (Table E1). Frequency and prevalence by 147 

POEM disease severity were generated for socio-demographic characteristics, clinical description, sleep habits, 148 

and questionnaire responses. Rao-Scott Chi-Square tests and t-tests were used to examine associations for 149 

categorical and continuous variables, respectively. 150 

Applying weighted frequencies from National Survey of Children’s Health (NSCH) to our study sample 151 

to estimate US prevalence of sleep disturbance and sleep-related impairment. 152 

Weighted frequencies to more accurately estimate the US prevalence of sleep disturbance and sleep 153 

related impairment in children with AD were constructed using post-stratification factor adjustment for AD 154 

severity, race, and age based on the 2007 National Survey of Children’s Health (NSCH) (the most recent study 155 

which queried about atopic dermatitis).  Population estimates of AD from NSCH were generated similar to a 156 

previous study.(15)  Briefly, from the NSCH, we identified a cohort of children 5-17 years who had been 157 

diagnosed by a healthcare provider with eczema or skin allergy in the past 12 months and had seen a healthcare 158 

professional for medical care at least once in the past 12 months. Weights were constructed to make the 159 

marginal frequencies of AD severity, race, and age similar to those in the 2007 NSCH. Thus, estimates based on 160 

the weighted data better represent the estimated 4.7 million children (ages 5-17 years) with AD in the United 161 

States than estimates based on the raw stratified sample.  162 

Regression modeling on the unweighted sample to evaluate the association between disease severity, sleep 163 

disturbance, itch, psychologic symptoms and neurocognitive function 164 

A-priori we planned to conduct unweighted logistic regression models to evaluate whether there were 165 

statistically significant differences in sleep disturbance or sleep-related impairment across disease severity 166 

groups. Crude (i.e., unadjusted) and adjusted odds ratios (OR) with 95% confidence interval (CI) are reported. 167 
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Survey-weighted procedures in SAS version 9.4 (SAS Institute, Cary, NC) with Taylor series linearization were 168 

used to generate national estimates of sleep disturbance and impairment in AD. 169 

Variables included in the regression models 170 

AD disease severity was evaluated using parent-proxy report of the Patient Oriented Eczema Measure 171 

(POEM). The full 7-question score was used for patient disease severity characterization as described above. To 172 

isolate the effect of sleep and itch in regression models, we calculated a composite-adjusted POEM measure 173 

that removed the sleep and itch items. Itch severity was assessed using a Numerical Rating Scale (NRS) of 0-10 174 

(10 is worst) response to the question “In the past 7 days, how bad was your child’s itch on average?”. 175 

 Questions were administered to parent proxy for all participants and self-reported for participants aged ≥ 176 

8 years old. Demographic questions were completed by the parent to minimize burden on the child. The primary 177 

outcome in our study was Patient-Reported Outcomes Measurement Information System (PROMIS) Sleep 178 

Disturbance measure.(16) The PROMIS Sleep Disturbance measure focuses on perceptions of sleep quality, 179 

sleep depth, and restoration associated with sleep, as well as difficulties and concerns with getting to sleep or 180 

staying asleep. A secondary outcome, the PROMIS Sleep-related Impairment measure, focuses on perceptions 181 

of alertness, sleepiness, and tiredness during usual waking hours, and the perceived functional impairments 182 

during wakefulness associated with sleep problems or impaired alertness. All PROMIS measures were scored 183 

using EAP-scoring, which makes use of each individual’s pattern of item responses, and the IRT scores were 184 

converted to T-scores using a linear transformation (T=10*X+50).  The presence and severity of sleep 185 

disturbance and sleep related impairment was determined based on previously established strata: for parent 186 

proxy (≥60-65, severe ≥66) and for patient-report (≥60-64, severe ≥65).(17)  187 

 The PROMIS Pediatric/Parent Proxy Profile 25 was used to assess depression, anxiety, fatigue, and peer 188 

relationships. Neurocognitive function was assessed using the MacArthur Health Behavioral Questionnaire 189 

(MacArthur HBQ) Inattention and Impulsivity subscales, with response options of 0=never/not true, 1= 190 

sometimes or somewhat true or 2=often or very true. A subscale score is computed by averaging the 6-191 

inattention items and 9-impulsivity items.(18, 19) 192 

  193 
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Median and interquartile range (IQR) of PROMIS scores for sleep disturbance were estimated. 194 

Multivariable linear regression models were constructed to examine socio-demographic (sex, age, race, parental 195 

income, parental education attainment) and clinical (adjusted POEM, NRS of itch) associations of sleep 196 

disturbance. Model 1 examined the association of sleep disturbance as measured by PROMIS (dependent 197 

variable) and the adjusted POEM measure without sleep and itch items (independent variable). Model 2 added 198 

Numeric Rating Scale (NRS) of itch. Model 3 examined adjusted POEM, NRS of itch, and all socio-199 

demographic characteristics that were significant in bivariable models. We separately constructed models for 200 

parent- and child-reported sleep disturbance. Crude and adjusted regression coefficients (unstandardized β) with 201 

95% CI were estimated. 202 

Regression models were also constructed to determine association of sleep disturbance with psychologic 203 

symptoms and impaired neurocognitive functioning. We examined individual domains of PROMIS (sleep-204 

related impairment, depression, fatigue, peer relationships, and anxiety), as well as MacArthur HBQ measures 205 

of inattention and impulsivity. Models were constructed with similar stepwise variable addition of adjusted 206 

POEM, NRS of itch, and socio-demographic characteristics significant in bivariable models for each outcome. 207 

All data processing and analyses were conducted in SPSS v26 and SAS v9.4. A two-sided P<0.05 was 208 

selected a priori to denote statistical significance. This study was conducted in accordance with all 209 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines. 210 

 211 

Results 212 

Patient characteristics 213 

 A total of 180 children and adolescents with AD and parent dyads were surveyed. POEM disease 214 

severity was associated with higher parent educational attainment, parent- and child-reported sleep disturbance 215 

and sleep-related impairment, PROMIS profile measures (depression, anxiety, physical function, and pain 216 

interference), inattention, impulsivity, itch, and CDLQI QOL burden, and inversely associated with body mass 217 

index (Table 1). In particular, increased AD severity was associated with medium effect sized, increased 218 

problems across sleep disturbance domains: difficulty falling asleep, problem with sleep, trouble sleeping, time 219 
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to fall asleep, worry about being able to fall asleep, waking and trouble falling back asleep, tossing and turning, 220 

and snoring (Cramer’s V ≥0.25, P≤.0001 for all)(20) (Table E2).  221 

 222 

Prevalence of sleep disturbance and sleep-related impairment in the US population of children using 223 

weighted estimates 224 

 Across disease severity groups, a weighted 66.9% [95% CI: 53.3-80.5%] and 61.2% [46.8-75.5%] of 225 

children and adolescents with AD had parent-proxy reported sleep disturbance and sleep-related impairment 226 

(PROMIS T-score ≥60), respectively. Thus, an estimated 3,116,305 children ages 5-17 years with AD had sleep 227 

disturbance, and 2,849,265 had sleep-related impairment (Table 2). In bivariable logistic regression models, 228 

increasing AD disease severity was associated with increased prevalence of sleep disturbance, PROMIS T-score 229 

≥60-65 (crude OR [95% CI], moderate AD: 2.71 [1.20-6.13] P=0.02 and severe AD: 7.30 [0.99-53.88], P=0.05) 230 

and severe sleep disturbance, PROMIS T-score ≥66 (moderate AD: 2.03 [1.00-4.10], P=0.05 and severe AD: 231 

8.68 [1.82-41.49], P=0.007) (Figure 1). Black/African-American and White children with AD had similar levels 232 

of sleep disturbance in models adjusted for disease severity (adjusted OR [95% CI]: 1.51 [0.65-3.50], P=0.33). 233 

AD severity was similarly associated with stepwise increases in both any sleep-related impairment, 234 

PROMIS T-score ≥60-65 (moderate AD: 2.86 [132-6.23], P=0.008, severe AD: 7.62 [1.23-47.12], P=0.03), and 235 

severe sleep-related impairment, PROMIS T-score ≥66 (moderate AD: 3.92 [1.88-8.19], P=0.0003, severe AD: 236 

13.93 [3.16-61.34], P=0.0005). Black vs. White race was associated with increased sleep-related impairment 237 

after controlling for disease severity (2.68 [1.14-6.31], P=0.02). 238 

 239 

Predictors of sleep disturbance in the unweighted sample 240 

In multivariable models using stepwise variable addition, parent-proxy reported sleep disturbance T-241 

score was associated with increased itch intensity (adjusted β [95% CI]: 1.33 [0.62, 2.04]), income (<$50k: 6.64 242 

[2.05, 11.23], $50 to <100k: 4.75 [0.35, 9.14]), and parent with a Master’s degree (4.67 [1.80, 7.54]) (Table 243 

3A). Sleep disturbance T-score reported by children was associated with adjusted POEM (0.46 [0.08, 0.83]) and 244 

increased itch intensity (1.37 [0.58, 2.16) (Table 3B). 245 
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 246 

Psychologic symptoms and Neurocognitive impairment in children with sleep disturbance in the 247 

unweighted sample 248 

Children with sleep disturbance had significant decrements in psychologic and neurocognitive 249 

functioning across multiple domains. In fully-adjusted models controlling for adjusted POEM disease severity, 250 

itch intensity, and all significant socio-demographics from our stepwise models, parent-proxy reported sleep 251 

disturbance was associated with increased severity of sleep-related impairment, depression, fatigue, and anxiety, 252 

in addition to worse inattention and impulsivity (Table 4). Moreover, in similarly adjusted models, children with 253 

parent-proxy reported sleep disturbance (T-score ≥ 60) had increased odds of sleep-related impairment (1.46 254 

[1.24-1.72]), depression (1.19 [1.08, 1.31]), fatigue (1.28 [1.14-1.45]), and anxiety (1.29 [1.13-1.46]). Child 255 

self-reported sleep disturbance was similarly associated with sleep-related impairment, depression, fatigue, and 256 

anxiety, and those with a T-score ≥ 60 had increased odds of sleep-related impairment (1.20 [1.11-1.29]), 257 

depression (1.13 [1.03, 1.24]), fatigue (1.28 [1.06-1.54]), and anxiety (1.16 [1.02-1.31]). 258 

 259 

Discussion 260 

This study found significant parent-proxy reported sleep disturbance occurs in a weighted 66.9% [95% CI: 261 

53.3-80.5%] of US children with AD, ~3 million school aged children. More than half of these children had 262 

severe sleep disturbance, meaning their sleep is worse than 95% of children in the general population.(17) We 263 

quantified the sleep disturbance burden by disease severity groups to identify the high percentage affected, 264 

severe (91.3%) vs. moderate (79.5%) vs. mild (58.8%) patients. We previously identified that children with 265 

moderate/severe disease have ~50 minutes less sleep per night than age/sex/racially matched controls.(9) As 266 

such, it might not be surprising that most children with AD have significant sleep disturbance. Yet, it is 267 

profound and devastating to think about the impact this might have on psychologic and neurocognitive function. 268 

Although this does not imply causality, we noted that depression, as well as anxiety, assessed by parent-269 

proxy report on PROMIS measures, were significantly associated with poor sleep (β=0.67 [0.46, 0.88], p<0.01 270 

and 0.79 [0.57, 1.01], p<0.01, respectively), even when controlling for disease severity, itch and 271 
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sociodemographic variables. Parent and child responses were fairly concordant in the present study. This 272 

suggests that poor sleep is associated with mental health comorbidities in AD, an association also found in adult 273 

AD cohorts.(13, 21) Although peer relationships can worsen with AD,(22) we did not find it associated with 274 

sleep disturbance. Inattention and impulsivity were also significantly associated in fully adjusted models with 275 

sleep disturbance, the small unstandardized β reflecting the narrow range of numbers used for these scores 276 

(β=0.03 [0.02, 0.04], p<0.01 and 0.02 [0.01, 0.04], p<0.01, respectively). The most commonly noted symptoms 277 

of inattention in our cohort were: losing things, jumping from one activity to another, not seeming to listen, and 278 

difficulty following directions or instructions (Table E3). 279 

Although we did not study sleep longitudinally, one previous cohort study from the United Kingdom 280 

among almost 5000 children with AD affirms that sleep disturbance in AD is experienced throughout childhood 281 

in children with active AD(23) as well as in their parents.(24) This suggests that psychologic and 282 

neurocognitive effects are ongoing.(22, 25) Although causation cannot be proven, longitudinal studies 283 

investigating the impact of childhood sleep disturbance in general populations have suggested an increased risk 284 

of anxiety, inattention and impulsivity.(26, 27) In fact, more long-term childhood sleep deficits are associated 285 

with more deficits in both cortical gray matter and white matter, including in the prefrontal cortex.(28) Specific 286 

brain activation pathways are shared in studies associating sleep disturbance and ADHD,(29) and in AD brain 287 

imaging studies, the prefrontal cortex is also an area of interest.(30) Systemic inflammation, such as elevated 288 

IL-6 levels in sleep disturbance, might also be part of the association between AD, neurocognitive and 289 

psychologic impairment.(31) Further work in this area is needed. 290 

Stepwise linear regression modeling in this study also provides putative evidence of associations driving 291 

sleep disturbance in this age group. Itch was associated with sleep disturbance in fully adjusted models, in both 292 

parent-proxy and child report. Interestingly, in the model using parent-proxy reported sleep disturbance, lower 293 

income and having a Master’s degree each were associated with a greater likelihood of experiencing sleep 294 

disturbance. In child self-report, there was no significant contribution of sociodemographic variables. In this 295 

study, race was not significantly associated with an increased risk of sleep disturbance in fully adjusted models. 296 

This also points out that parent versus child-report, while fairly concordant, still captures different perspectives 297 
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about the child’s sleep. Children can self-report starting at ~5 years old using PROMIS assessments, but might 298 

under-report symptoms.(7) If possible, clinicians should capture data from both parent/children, and rely more 299 

heavily on self-report in older children, while pursuing flagged values from either source. Clinical algorithms 300 

are acceptable which include either parent or child report.(7) Figure 2 is our purported algorithm for clinical use 301 

to screen and monitor sleep disturbance in school aged children with AD. 302 

Limitations 303 

This study has some limitations. First, disease severity and assessments were all based on parent-proxy 304 

or patient report; objective data was not available. Indeed, we have previously demonstrated that objective sleep 305 

disturbance (actigraphy) and PROMIS sleep assessment are distinct domains.(7) Our study is limited to cross-306 

sectional data, so the longitudinal impact of AD on sleep was indeterminable. Additionally, our population-307 

based estimates have inherent limitations as they were not sampled directly, and limited based on extrapolation 308 

of older data from 2007 NSCH. This data source did not include PROMIS questions about sleep and was 309 

chosen only for an estimate of population-based AD prevalence in the US. It was not used to generate a 310 

comparator group. Our cohort excluded patients with poorly controlled asthma, poorly controlled allergic 311 

rhinitis and other sleep disturbing conditions, which might be underestimating the prevalence and severity of 312 

sleep disturbance in AD. Given that the study questionnaire focused on AD and quality of life, respondents 313 

were not be blinded to the intent of the study. Although we utilized a stratified sampling approach to ensure 314 

adequate distribution of samples across all strata and allow for estimation of the sleep disturbance within each 315 

strata, it is a limitation that our estimates are based off a relatively small sample. Finally, minority populations 316 

frequently have worse AD severity, we used a targeted stratification plan wherein race was evenly represented 317 

across disease severity group. Although this is a strength of the study, it does unfortunately limit the ability to 318 

assess race-severity associations in these data. 319 

Conclusions 320 

As suggested in practice guidelines(32, 33) and from our findings, all children with AD should be 321 

screened for sleep disturbance, particularly those with worse itch and moderate/severe disease severity. One 322 

large cross-sectional study in adults gives hope that controlled disease can improve sleep, depression and 323 
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anxiety.(34) Although some degree of impairment is still present compared to control patients, significant 324 

improvement is possible. In addition to sleep disturbance, psychologic and neurocognitive effects of AD are 325 

important to screen for in the clinic setting. Those with moderate or severe disease are at greatest risk of sleep 326 

disturbance, and have the largest treatment burden. Parents, patients and providers should align on a 327 

personalized medication and treatment regimen to avoid these severe consequences of AD.  328 

The large prevalence of AD and the high frequency of sleep disturbance make this topic an important, 329 

yet long understudied problem.(2, 35) A publication from the sleep medicine literature further underscores the 330 

recognition from other fields that AD has the potential to induce devastating neurocognitive effects from 331 

prolonged sleep disturbance.(3) Our ongoing work focuses on uncovering the mechanism of sleep disturbance 332 

in AD to develop more targeted treatment approaches. In the meantime, we refer clinicians to our previously 333 

published algorithm to screen, assess and treat sleep disturbance in children with AD.(7) 334 

 335 
Figure 1: Weighted proportion of children with sleep disturbance and sleep-related impairment, by atopic dermatitis severity and race. 336 
Error bars reflect 95% confidence interval. 337 
 338 
Figure 2: Clinical screening algorithm for sleep disturbance in school aged children with AD. 339 
Reprinted with Permission from Fishbein et at. Journal of the American Academy of Dermatology, 2020. 340 
SDi= Sleep Disturbance, PROMIS = Patient Reported Outcome Measurement Information System 341 

 342 
Table 1. Patient Characteristics  343 
*POEM=Patient Oriented Eczema Measure; ADHD=Attention Deficit Hyperactive Disorder; BMI=Body Mass Index; PROMIS= 344 
Patient-Reported Outcomes Measurement Information System; CDLQI=Children’s Dermatology Life Quality Index; PIQ-345 
C=PROMIS Pediatric Itch Questionnaire-Child; NRS=Numeric Rating Scale; hh:mm= hours: minutes 346 

 347 
Table 2. Estimated national prevalence of sleep disturbance and sleep-related impairment, by AD severity and race. 348 
* Reflects total number and percentage of US population with atopic dermatitis that experience sleep disturbance or sleep-related impairment 349 
respectively. 350 

 351 
Table 3: Stepwise linear regression model evaluating the associations between atopic dermatitis disease severity, itch and significant 352 
sociodemographic factors and the outcome of sleep disturbance  353 
Bold-face indicates statistical significance. Model 3 controls for sociodemographic factors significantly associated with sleep disturbance in 354 
bivariable models. 355 

 356 
Table 4. Association of sleep disturbance* with psychologic symptoms and neurocognitive function.  357 
* PROMIS T-score parent-proxy sleep disturbance or child self-report sleep disturbance, respectively 358 
**Adjusted for POEM composite severity score without sleep or itch items 359 
***Adjusted for POEM composite without sleep or itch items, itch NRS, and significant socio-demographics from Table 2 360 
 361 
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Table 1. Patient Characteristics 

 

Variable 

Disease severity by Patient Oriented Eczema Measure 

(POEM) 

 

Mild (n=30) Moderate (n=75) Severe (n=75) P-value 

Male, n (%) 18 (60.0) 40 (53.3) 42 (56.0) 0.82 

Age, mean (SD) 11.1 (3.7) 10.6 (3.6) 11.0 (3.6) 0.78 

Race, n (%)    1.00 

Black 10 (33.3) 24 (32.0) 24 (32.0)  

White 11 (36.7) 27 (36.0) 27 (36.0)  

Other 9 (30.0) 24 (32.0) 24 (32.0)  

Hispanic/Latino, n (%) 2 (6.7) 11 (14.7) 10 (13.3) 0.58 

Parent POEM, mean (SD) 5.1 (1.9) 11.6 (2.3) 21.0 (3.2) <0.01 

Child POEM, mean (SD) (n=133) 4.2 (2.6) 11.5 (5.1) 18.5 (7.0) <0.01 

Region, n (%)    0.77 

Northeast 4 (13.3) 11 (14.7) 13 (17.3)  

South 12 (40.0) 32 (42.7) 26 (34.7)  

Midwest 6 (20.0) 14 (18.7) 10 (13.3)  

West 8 (26.7) 18 (24.0) 26 (34.7)  

Rural/Urban, n (%)    0.34 

Urban 13 (43.3) 32 (42.7) 27 (36.0)  

Suburban 13 (43.3) 34 (45.3) 44 (58.7)  

Rural 4 (13.3) 9 (12.0) 4 (5.3)  

Asthma, n (%) 7 (23.3) 13 (17.3) 11 (14.7) 0.57 

Allergic Rhinitis, n (%) 12 (40.0) 25 (33.3) 15 (20.0) 0.07 

Food Allergy, n (%) 7 (23.3) 21 (28.0) 28 (37.3) 0.28 

ADHD, n (%) 2 (6.7) 16 (21.3) 12 (16.0) 0.19 

Parental Education, n (%)    <0.01 

Associate’s Degree or below 22 (73.3) 38 (50.7) 21 (28.0)  

Bachelor’s Degree 6 (20.0) 21 (28.0) 23 (30.7)  

Master’s Degree or higher 2 (6.7) 15 (20.0) 31 (41.3)  

Household Income, n (%)    0.97 

Under $50,000 13 (43.3) 37 (49.3) 34 (45.3)  

$50,000 to <$100,000 12 (40.0) 25 (33.3) 29 (38.7)  

>$100,000 3 (10.0) 10 (13.3) 8 (10.7)  

Parental Age, mean (SD) 41.4 (5.8) 39.6 (6.5) 41.2 (6.1) 0.20 

BMI, mean (SD) 21.0 (5.8) 18.5 (4.4) 18.8 (4.0) 0.03 

Parent-Proxy Reported Sleep Timing/Habits     

Bed time, weekdays, mean hh:mm (SD) 21:14 (1:00) 21:30 (0:59) 21:29 (1:09) 0.45 

Bed time, weekends, mean hh:mm (SD) 22:23 (1:30) 22:32 (1:39) 22:19 (1:40) 0.69 

Wake time, weekdays, mean hh:mm (SD) 07:05 (1:26) 07:24 (1:16) 07:15 (1:40) 0.60 

Wake time, weekends, mean hh:mm (SD) 8:51 (1:48) 8:44 (1:40) 8:50 (1:46) 0.93 

   Sleep Onset Latency, weekdays, n (%)    0.32 

≤30 minutes 20 (66.7) 43 (57.3) 38 (50.7)  

>30 minutes 10 (33.3) 32 (42.7) 37 (49.3)  

   Sleep Onset Latency, weekends, n (%)    0.63 

≤30 minutes 21 (70.0) 47 (62.7) 45 (60.0)  

>30 minutes 9 (30.0) 28 (37.3) 30 (40.0)  

Naps on weekdays, n (%) 9 (30.0) 20 (26.7) 27 (36.0) 0.46 

Naps on weekends, n (%) 5 (16.7) 16 (21.3) 16 (21.3) 0.85 

Parent-Proxy Reported Sleep, mean (SD)   

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 

Child Reported Sleep, mean (SD) (n=133)   

Sleep Disturbance 60.5 (7.8) 65.0 (7.8) 70.3 (7.2) <0.01 

Sleep-Related Impairment  56.9 (9.9) 63.9 (8.8) 67.7 (10.8) <0.01 

Parent-Proxy Reported PROMIS Profile, mean (SD)     

Depression/Sadness 49.8 (9.3) 55.4 (10.8) 62.3 (13.1) <0.01 

Peer Relationships 40.9 (11.1) 43.0 (9.7) 43.2 (9.1) 0.51 

Anxiety 48.9 (10.9) 55.5 (11.1) 62.0 (14.1) <0.01 

Physical Function/Mobility 50.3 (8.3) 45.4 (9.8) 40.1 (9.9) <0.01 
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Pain Interference 52.6 (9.0) 57.4 (7.7) 60.7 (7.9) <0.01 

Child Reported PROMIS Profile, mean (SD) (n=133)     

Depression/Sadness 49.3 (9.4) 54.4 (10.7) 57.7 (11.4) 0.01 

Peer Relationships 44.4 (10.7) 46.5 (10.9) 43.4 (10.1) 0.27 

Anxiety 46.8 (10.3) 52.1 (11.7) 56.1 (12.5) 0.01 

Physical Function/Mobility 51.2 (9.1) 47.7 (10.3) 41.6 (9.9) <0.01 

Pain Interference 46.9 (9.7) 54.0 (9.6) 59.3 (8.4) <0.01 

CDLQI, mean (SD) 6.2 (6.5) 11.7 (7.1) 16.8 (6.6) <0.01 

Parent-Reported PIQ-C, mean (SD) 43.4 (7.6) 50.5 (7.2) 57.3 (7.1) <0.01 

Child-Reported PIQ-C, mean (SD) (n=133) 40.7 (8.6) 48.5 (9.1) 53.9 (7.9) <0.01 

Inattention, MacArthur Score, mean (SD) 0.6 (0.6) 0.9 (0.6) 1.1 (0.5) <0.01 

Impulsivity, MacArthur Score, mean (SD) 0.5 (0.6) 0.8 (0.6) 1.0 (0.6) <0.01 

Parent-Reported Itch NRS, mean (SD) 3.8 (2.2) 5.4 (1.9) 7.6 (1.3) <0.01 

Child-Reported Itch NRS, mean (SD) (n=133) 3.4 (2.5) 5.2 (2.4) 7.1 (2.2) <0.01 

*POEM=Patient Oriented Eczema Measure; ADHD=Attention Deficit Hyperactive Disorder; BMI=Body Mass Index; PROMIS= 

Patient-Reported Outcomes Measurement Information System; CDLQI=Children’s Dermatology Life Quality Index; PIQ-

C=PROMIS Pediatric Itch Questionnaire-Child; NRS=Numeric Rating Scale; hh:mm= hours: minutes 
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Table 2. Estimated national prevalence of sleep disturbance and sleep-related impairment, by AD severity and race. 

 
No sleep 

disturbance 
Sleep disturbance 

Severe sleep 

disturbance 

No sleep-related 

impairment 

Sleep-related 

impairment 

Severe sleep-related 

impairment 

POEM severity of AD       

  Mild 1,246,572 (40.3%) 636,118 (21.0%) 1,143,962 (37.8%) 1,456,317 (48.1%) 860,844 (28.4%) 709,490 (23.4%) 

  Moderate 262,342 (20.6%) 309,683 (24.3%) 704,275 (55.2%) 312,222 (24.5%) 267,908 (21.0%) 696,170 (54.5%) 

  Severe 30,920 (8.8%) 25,359 (7.2%) 296,909 (84.1%) 3,8335 (10.9%) 28,747 (8.1%) 286,106 (81.0%) 

Race       

  White 970,961 (34.3%) 336,321 (11.9%) 1,520,678 (53.8%) 1,234,209 (43.6%) 54,1172 (19.1%) 1,052,580 (37.2%) 

  Black 289,252 (23.7%) 512,547 (42.0%) 419,385 (34.3%) 25,8677 (21.2%) 50,4947 (41.3%) 457,560 (37.5%) 

  Other 279,621 (46.1%) 122,292 (20.1%) 205,083 (33.8%) 313,989 (51.7%) 111,380 (18.3%) 181,626 (29.9%) 

Total* 1,539,834 (33.1%) 971,160 (20.9%) 2,145,145 (46.1%) 1,806,874 (38.8%) 1,157,499 (24.9%) 1,691,766 (36.3%) 

* Reflects total number and percentage of US population with atopic dermatitis that experience sleep disturbance or sleep-related impairment respectively. 
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Table 3: Stepwise linear regression model evaluating the associations between atopic dermatitis disease severity, itch and 

significant sociodemographic factors and the outcome of sleep disturbance 

Table 3A. Parent-proxy reported sleep disturbance (n=180) Table 3B. Child self-reported sleep disturbance (n=133) 

Characteristic 

Multivariable model Multivariable model 

Adjusted β [95% CI] P-value 
Adjusted β [95% 

CI] 
P-value 

Model 1     

POEM without itch/sleep 0.77 [0.53, 1.01] <.0001 0.95 [0.66, 1.24] <.0001 

     

Model 2     

POEM without itch/sleep 0.38 [0.11, 0.66] 0.007 0.47 [0.12, 0.83] 0.009 

Numeric Rating Scale Itch 1.32 [0.61, 2.03] 0.0003 1.37 [0.57, 2.16] 0.0009 

     

Model 3     

POEM without itch/sleep 0.24 [-0.07, 0.54] 0.13 0.46 [0.08, 0.83] 0.02 

Numeric Rating Scale Itch 1.33 [0.62, 2.04] 0.0003 1.37 [0.58, 2.16] 0.0008 

Parental income     

  Under $50,000 6.64 [2.05, 11.23] 0.005   

  $50,000 to <$100,000 4.75 [0.35, 9.14] 0.03   

  >$100,000 1.00 [ref] -   

Parental Education     

  ≤Associate’s Degree 1.00 [ref] - 1.00 [ref] - 

  Bachelor’s Degree 1.58 [-0.85, 4.02] 0.20 -0.12 [-3.42, 3.18] 0.94 

  ≥Master’s Degree 4.67 [1.80, 7.54] 0.002 1.04 [-2.07, 4.16] 0.51 

Bold-face indicates statistical significance. Model 3 controls for sociodemographic factors significantly associated with sleep disturbance in bivariable models. 

 
Jo

urn
al 

Pre-
pro

of



Table 4. Association of sleep disturbance* with psychologic symptoms and neurocognitive function.   

 Crude β [95% CI] P-value 
POEM adjust 

Adj β [95% CI]** 
P-value 

POEM+NRS itch 

Adj β [95% CI]** 
P-value 

Fully-adjusted 

Adj β [95% CI]*** 
P-value 

Parent proxy response 5-17 years (n=180)        

PROMIS pediatric profile         

  Sleep-related impairment 1.08 [0.96, 1.19] <.0001 1.00 [0.85, 1.14] <.0001 1.00 [0.84, 1.15] <.0001 1.01 [0.86, 1.17] <.0001 

  Depression 0.89 [0.71, 1.08] <.0001 0.74 [0.53, 0.95] <.0001 0.72 [0.51, 0.93] <.0001 0.67 [0.46, 0.88] <.0001 

  Fatigue 0.96 [0.79, 1.12] <.0001 0.88 [0.69, 1.07] <.0001 0.87 [0.69, 1.06] <.0001 0.76 [0.56, 0.97] <.0001 

  Peer relationships -0.06 [-0.28, 0.15] 0.55 -0.08 [-0.36, 0.20] 0.57 -0.08 [-0.38, 0.22] 0.61 -0.10 [-0.43, 0.23] 0.54 

  Anxiety 0.93 [0.73, 1.14] <.0001 0.79 [0.55, 1.03] <.0001 0.81 [0.58, 1.05] <.0001 0.79 [0.57, 1.01] <.0001 

MacArthur HBQ ADHD symptoms         

  Inattention 0.03 [0.02, 0.05] <.0001 0.03 [0.02, 0.04] <.0001 0.03 [0.02, 0.04] <.0001 0.03 [0.02, 0.04] <.0001 

  Impulsivity 0.03 [0.02, 0.04] <.0001 0.02 [0.01, 0.04] <.0001 0.03 [0.02, 0.04] <.0001 0.02 [0.01, 0.04] <.0001 

Child self-report 8-17 years (n=133)        

PROMIS pediatric profile         

  Sleep-related impairment 0.93 [0.82, 1.05] <.0001 0.81 [0.66, 0.95] <.0001 0.79 [0.62, 0.96] <.0001 0.87 [0.71, 1.03] <.0001 

  Depression 0.67 [0.48, 0.86] <.0001 0.60 [0.39, 0.81] <.0001 0.66 [0.47, 0.84] <.0001 0.66 [0.46, 0.86] <.0001 

  Fatigue 0.83 [0.71, 0.96] <.0001 0.69 [0.52, 0.86] <.0001 0.67 [0.49, 0.86] <.0001 0.69 [0.51, 0.87] <.0001 

  Peer relationships -0.13 [-0.37, 0.10] 0.27 -0.11 [-0.41, 0.20] 0.48 -0.13 [-0.45, 0.20] 0.44 -0.13 [-0.48, 0.22] 0.46 

  Anxiety 0.69 [0.51, 0.87] <.0001 0.61 [0.40, 0.82] <.0001 0.68 [0.49, 0.87] <.0001 0.69 [0.49, 0.88] <.0001 

* PROMIS T-score parent-proxy sleep disturbance or child self-report sleep disturbance, respectively 

**Adjusted for POEM composite severity score without sleep or itch items 

***Adjusted for POEM composite without sleep or itch items, itch NRS, and significant socio-demographics from Table 2 
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Table E1. Unweighted prevalence of sleep disturbance and sleep-related impairment, by AD severity and race, in the study 

cohort (n=180). 

 
No sleep 

disturbance 

Sleep 

disturbance 

Severe sleep 

disturbance 

No sleep-related 

impairment 

Sleep-related 

impairment 

Severe sleep-related 

impairment 

       

POEM severity of AD       

  Mild 14 (46.7%) 9 (30.0%) 7 (23.3%) 16 (53.3%) 10 (33.3%) 4 (13.3%) 

  Moderate 13 (17.3%) 19 (25.3%) 43 (57.3%) 16 (21.3%) 14 (18.7%) 45 (60.0%) 

  Severe 7 (9.3%) 6 (8.0%) 62 (82.7%) 8 (10.7%) 6 (8.0%) 61 (81.3%) 

Race       

  White 14 (21.5%) 13 (20.0%) 38 (58.5%) 18 (27.7%) 14 (21.5%) 33 (50.8%) 

  Black 9 (15.5%) 12 (20.7%) 37 (63.8%) 8 (13.8%) 12 (20.7%) 38 (65.5%) 

  Other 11 (19.3%) 9 (15.8%) 37 (64.9%) 14 (24.6%) 4 (7.0%) 39 (68.4%) 

Total* 34 (18.9%) 34 (18.9%) 112 (62.2%) 40 (22.2%) 30 (16.7%) 110 (61.1%) 
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Table E2. Domains of sleep disturbance by AD severity.  

 Almost clear/mild AD Moderate AD Severe/very severe AD Effect size* P-value** 

Difficulty falling asleep    0.27 <.0001 

   Never/almost never 12 (40.0%) 20 (26.7%) 6 (8.0%)   

   Sometimes 13 (43.3%) 35 (46.7%) 27 (36.0%)   

   Always/almost always 5 (16.7%) 20 (26.7%) 42 (56.0%)   

Slept through the night    0.12 0.29 

   Never/almost never 3 (10.0%) 12 (16.0%) 11 (14.7%)   

   Sometimes 7 (23.3%) 31 (41.3%) 26 (34.7%)   

   Always/almost always 20 (66.7%) 32 (42.7%) 38 (50.7%)   

Problem with sleep    0.33 <.0001 

   Never/almost never 19 (63.3%) 19 (25.3%) 8 (10.7%)   

   Sometimes 8 (26.7%) 34 (45.3%) 26 (34.7%)   

   Always/almost always 3 (10.0%) 22 (29.3%) 41 (54.7%)   

Trouble sleeping    0.33 <.0001 

   Never/almost never 17 (56.7%) 18 (24.0%) 8 (10.7%)   

   Sometimes 9 (30.0%) 30 (40.0%) 17 (22.7%)   

   Always/almost always 4 (13.3%) 27 (36.0%) 50 (66.7%)   

Time to fall asleep    0.25 0.0001 

   Never/almost never 11 (36.7%) 22 (29.3%) 10 (13.3%)   

   Sometimes 16 (53.3%) 27 (36.0%) 22 (29.3%)   

   Always/almost always 3 (10.0%) 26 (34.7%) 43 (57.3%)   

Worry about being able to 

fall asleep 
   0.31 <.0001 

   Never/almost never 18 (60.0%) 30 (40.0%) 16 (21.3%)   

   Sometimes 10 (33.3%) 29 (38.7%) 17 (22.7%)   

   Always/almost always 2 (6.7%) 16 (21.3%) 42 (56.0%)   

Waking and trouble falling 

back asleep 
   0.29 <.0001 

   Never/almost never 14 (46.7%) 20 (26.7%) 12 (16.0%)   

   Sometimes 14 (46.7%) 37 (49.3%) 22 (29.3%)   

   Always/almost always 2 (6.7%) 18 (24.0%) 41 (54.7%)   

Tossing and turning    0.34 <.0001 

   Never/almost never 18 (60.0%) 18 (24.0%) 5 (6.7%)   

   Sometimes 8 (26.7%) 34 (45.3%) 27 (36.0%)   

   Always/almost always 4 (13.3%) 23 (30.7%) 43 (57.3%)   

Snoring    0.27 <.0001 

   Never/almost never 18 (60.0%) 34 (45.3%) 17 (22.7%)   

   Sometimes 11 (36.7%) 25 (33.3%) 23 (30.7%)   

   Always/almost always 1 (3.3%) 16 (21.3%) 35 (46.7%)   

*Effect size calculated by Cramer’s V given multiple variable levels. 

** Rao-Scott χ2 test comparing almost clear/mild vs moderate vs severe/very severe AD. 

Bold text indicates statistical significance. 
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Table E3. Concordance of inattention and impulsivity items, by AD disease severity.  

 Almost clear/mild AD Moderate AD Severe/very severe AD 
Tri-level P-

value* 

Binary P-

value** 

Inattention      

  Is distractible, has trouble 

sticking to any activity. 
17 (56.7%) 55 (73.3%) 59 (78.7%) 0.07 0.13 

Has difficulty following 

directions or instructions. 
14 (46.7%) 47 (62.7%) 59 (78.7%) 0.005 0.004 

Can’t concentrate, can’t pay 

attention for long. 
11 (36.7%) 46 (61.3%) 51 (68.0%) 0.01 0.06 

Jumps from one activity to 

another. 
12 (40.0%) 49 (65.3%) 58 (77.3%) 0.001 0.007 

Does not seem to listen. 17 (56.7%) 47 (62.7%) 59 (78.7%) 0.04 0.01 

Loses things. 13 (43.3%) 52 (69.3%) 61 (81.3%) 0.0006 0.005 

Impulsivity      

Fidgets. 19 (63.3%) 61 (81.3%) 61 (81.3%) 0.09 0.41 

Can’t stay seated when 

required to do so. 
14 (46.7%) 43 (57.3%) 58 (77.3%) 0.004 0.002 

Impulsive or acts without 

thinking. 
8 (26.7%) 41 (54.7%) 49 (65.3%) 0.002 0.01 

Has difficulty awaiting turn 

in games or groups. 
10 (33.3%) 42 (56.0%) 51 (68.0%) 0.005 0.01 

Interrupts, blurts out answers 

to questions too soon. 
11 (36.7%) 46 (61.3%) 53 (70.7%) 0.005 0.03 

Has difficulty playing/doing 

things quietly. 
12 (40.0%) 40 (53.3%) 53 (70.7%) 0.008 0.005 

Talks excessively. 13 (43.3%) 45 (60.0%) 54 (72.0%) 0.02 0.02 

Interrupts or butts in on 

others. 
14 (46.7%) 44 (58.7%) 54 (72.0%) 0.04 0.02 

Does dangerous things 

without thinking. 
7 (23.3%) 31 (41.3%) 46 (61.3%) 0.001 0.0009 

*Rao-Scott χ2 test comparing almost clear/mild vs moderate vs severe/very severe AD. 

** Rao-Scott χ2 test comparing almost clear/mild/moderate vs severe/very severe AD. 

Bold text indicates statistical significance. 
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Figure 1: Weighted proportion of children with sleep disturbance and sleep-related impairment, by atopic dermatitis severity and 

race. Error bars reflect 95% confidence interval. 
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Figure 2. Clinical screening algorithm for sleep disturbance in school aged children with AD. 

 

Reprinted with permission from Fishbein et al. Journal of the American Academy of Dermatology, 2020. 

SDi= Sleep Distrubance, PROMIS= Patient Reported Outcome Measurement Information System 
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Figure E1. Flowchart of participants. 

 

 

 

 

 

  

   

 

  

 

 

 

 

  

 

 

 

 

 

*For demographic characteristics such as age, sex, race where that particular strata was already 

filled, participants who were over quota were not invited to complete the remainder of survey.   
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Repository Legends: 

 

Figure E1. Flowchart of participants. 

*For demographic characteristics such as age, sex, race where that particular strata was already filled, 

participants who were over quota were not invited to complete the remainder of survey 

 

Table E1. Unweighted prevalence of sleep disturbance and sleep-related impairment, by AD severity and race, in the 

study cohort (n=180). 

 

Table E2. Domains of sleep disturbance by AD severity. 

*Effect size calculated by Cramer’s V given multiple variable levels. 

** Rao-Scott χ2 test comparing almost clear/mild vs moderate vs severe/very severe AD. 

Bold text indicates statistical significance. 

 

Table E3. Concordance of inattention and impulsivity items, by AD disease severity. 

*Rao-Scott χ2 test comparing almost clear/mild vs moderate vs severe/very severe AD. 

** Rao-Scott χ2 test comparing almost clear/mild/moderate vs severe/very severe AD. 

Bold text indicates statistical significance. 
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