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Abstract

Background/Objectives: Older children with atopic dermatitis (AD) suffer from poor 

sleep and attention problems. However, until recently, the dearth of developmentally sensitive 

assessment tools impeded characterization in younger children. We aimed to characterize sleep 

and attention problems in young children with AD and identify modifiable factors.

Methods: A cross-sectional study of children with AD aged 1–4 years was stratified by disease 

severity (Patient-Oriented Eczema Measure), age, and racial/ethnic groups. Developmentally 

sensitive surveys assessed attention (Multidimensional Assessment Profile of Attention 

Regulation), sleep, and itch (Patient-Reported Outcomes Measurement Information System). 

Linear regression models identified predictors of sleep health and attention dysregulation.

Results: Parents (n = 60) of children aged 2.78 ± 0.98 years with severe (n = 25), moderate (n 
= 25), or mild (n = 10) AD were recruited across the United States. Significantly reduced sleep 
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health (T-score ≥ 60) was reported in 86% of children with moderate/severe disease (n = 43), and 

50% had ≥5 nights of disturbed sleep per week. A suboptimal sleep environment was identified 

with 32% of children with too much light, noise, or electronic device usage. With regard to 

attention regulation, in children with severe AD, 80% had trouble sitting still and 72% of children 

had trouble paying attention no matter their surroundings. In fully adjusted models, AD severity 

was a significant predictor of poor sleep health (B = 0.79 [0.31–1.28], p < .01) and attention 

dysregulation (B = 1.22 [0.51–1.93], p < .01).

Conclusions: More severe AD correlates with poor sleep health and attention dysregulation. 

In addition to aggressive treatment of AD, clinicians should advise on modifiable sleep hygiene 

practices and consider screening for attention dysregulation in young children.
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1 ∣ INTRODUCTION

Atopic dermatitis (AD) afflicts 10–20% of US children, with 90% diagnosed by 5 years of 

age.1,2 Sleep disturbance (SDi) is common in AD,3-7 with findings from the few studies 

available in children <5 years suggesting 68% parent-reported prevalence of children having 

SDi8 and frequent nighttime awakenings.4,9 These studies used varied assessment tools. 

Fortunately, newer measures of sleep are available for this age group, Patient-Reported 

Outcomes Measurement Information System (PROMIS®) Early Childhood Parent Report—

Sleep Health10 Measure, and the Pediatric Sleep Practices Questionnaire (PSPQ).11

In older children with AD, SDi appears to independently increase the risk for daytime 

distraction and impaired attention.12 Chronic SDi is associated with problems in discipline, 

daytime behavior, and attention regulation (including attention-deficit/hyperactivity disorder 

[ADHD]).13-15 Even resolved early SDis can translate to deficiencies by school age.16 

Older children and adults with AD are particularly vulnerable to these effects of SDi. 

When comparing poor sleepers with no AD vs. severe AD, the odds of attention problems 

(including ADHD) were 1.83 (1.47–2.26) vs. 16.83 (7.02–40.33), respectively.17

Although AD disproportionately affects infants and preschool-aged children, limited 

research exists on the impact of SDi6 and inattention in this age group. To our knowledge, 

no studies exist on attention regulation and AD in children <5 years old, beyond a 

single question about a diagnosis of ADHD.17,18 This is likely due to the challenges 

of developmentally sensitive measurement of these domains during this period of rapid 

change and high rates of normative variability.19-21 To this end, we drew on the new 

developmentally sensitive tool characterizing attention dysregulation, Multidimensional 

Assessment Profile of Attention Regulation (MAPS-AR), adapted from well-validated early 

childhood multidimensional measures.22 (Nili, manuscript in preparation).

We hypothesized that in young children, more severe AD is associated with poorer sleep 

health and greater attention dysregulation (AdR). Our objectives were to: 1) characterize 

sleep and AdR in young children with AD using developmentally sensitive measures, 2) 
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identify targetable features of sleep health and attention for treatment, and 3) explore the 

association with disease severity.

2 ∣ MATERIALS AND METHODS

2.1 ∣ Study design

We designed a cross-sectional study to test our hypothesis in a national sample of school-

aged children23 and 60 infants and preschool-aged children with AD stratified by Patient-

Oriented Eczema Measure (POEM) parent report of child race/ethnicity (White, African 

American or Black, and Other), and age, through the panel company OP4G and the National 

Eczema Association (Figure S1). Subjects were included if they were between 1 and 4 

years of age and had AD (parent reported “yes” to the question, “Has a doctor or another 

health care provider told you that your child has eczema?”). Our primary measure of AD 

severity was the POEM and has been used in our previous studies.24,25 Adjusted POEM 

scores (without itch and sleep question) were calculated into a composite score for statistical 

analysis in a linear regression model to isolate the contribution of itch and sleep health as 

predictor variables in the model (Additional methods in the Supplemental methods).

2.2 ∣ Assessment of quality of life and itch, sleep health, and attention dysregulation

Quality of life was assessed by the Infant Dermatitis Quality of Life Index (IDQoL).26 Itch 

severity was measured by the question, “In the past 7 days…How bad was your child's 

itch on average?” with responses ranging from 0 (no itch) to 10 (worst imaginable itch). In 

addition, the 6-item PROMIS Itch Questionnaire—Child (PIQ-C) scale measured how itch 

impacts quality of life, and a T-score was computed.27

The PROMIS EC Sleep Health Measure (PROMIS EC Sleep) includes SDi and sleep-related 

impairment items, and a T-score was computed based on a custom set of questions (mea n 
= 50, standard deviation = 10) (Table S1).11 Characterization of sleep habits (not included in 

regression modeling) was assessed using an adapted Pediatric Sleep Practices Questionnaire 

(PSPQ) for 1-to 5-year-olds.11

The MAPS-AR is a developmentally sensitive measure to capture early behavioral 

expressions of inattention, hyperactivity, and impulsivity and their contexts in age-

appropriate terms as the expression of ADHD-related patterns in young children. It is 

a component scale of the MAPS measures, which characterize narrowband dimensions 

of clinical phenotype within developmental context (Wakschlag et al., unpublished data, 

2020).22 Respondents endorsed the frequency of a given behavior, which was dichotomized 

into groups of: never, rarely (<1/week), some days (1–3/week), most days (4–6/week), and 

daily. Higher scores in MAPS-AR indicate greater AdR, meaning more frequent problems, 

potentially occurring in developmentally atypical contexts.

2.3 ∣ Covariates

Covariates were selected based on previous studies of what influences attention in 

patients with AD, itch, sex, age, race/ethnicity, and socioeconomic status (parental highest 

educational level and household income based on the parent filling out the survey).17,28-30
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2.4 ∣ Analytical strategy

All analyses were conducted using SPSS version 16. Baseline characteristics by AD 

severity strata were compared using ANOVA and chi-square tests. Bivariate and multivariate 

frequencies and prevalence among different severity groups were assessed for each measure. 

The associations between continuous variables were assessed with Pearson’s correlation 

coefficients and an equal variance t test. An assessment of potential confounding factors 

between AdR or sleep health and age, race/ethnicity, gender, socioeconomic status, itch 

severity, and PIQ-C scores was undertaken prior to analyses.

Our base linear regression model was developed to determine the association of the co-

primary outcomes of MAPS-AR and PROMIS EC Sleep with the primary determinate 

of AD disease severity. All significant covariates identified as potential confounders were 

included in the subsequent models. The final multivariate models included AD severity by 

POEM, PROMIS EC Sleep, itch severity, maternal income, and the dummy race/ethnicity 

variable for African American or Black.

3 ∣ RESULTS

3.1 ∣ Participant characteristics

A total of 60 patients were planned for recruitment from targeted strata (Figure S1). 

Characteristics of the study population are shown in Table 1. By design, disease severity 

groups were similar in age, sex, and race/ethnicity.

3.2 ∣ Association between AD severity and sleep health

Sleep disturbance due to AD was reported on at least five nights per week in 76% of 

children with severe AD, 24% of children with moderate AD, and in no patients with mild 

AD (p = .01). The average PROMIS EC Sleep T-scores were more than 1 SD larger than 

would be expected in a general pediatric population in moderate (64.83 ± 5.99) and severe 

patients (65.16 ± 8.87). In fact, 86% of children with moderate/severe AD (n = 43) in our 

cohort had a PROMIS EC Sleep T-score ≥60. Table 2 compares responses to PROMIS 

EC Sleep questions by the disease severity group. Poor sleep resulted in significant mood 

impairment in children with moderate/severe AD compared to children with mild AD, with 

36% having trouble getting along with other children and 68% crying easily because of poor 

sleep. Table 2 also highlights sleep habits and routines adapted from the PSPQ. Children 

with moderate-to-severe AD had more environmental interruptions at night, 32% who had 

too much light or noise in their room or electronic devices (34%) before bed.

3.3 ∣ Association between AD severity and attention dysregulation

Children with more severe AD had greater AdR as indicated by higher MAPS-AR scores 

(r = .65, p < .01). Table 3 outlines specific MAPS-AR items and responses by the disease 

severity group to illustrate behaviors most strongly associated with AD severity. Items that 

were developmentally possible, but atypical if frequent, were common in patients with more 

severe diseases, such as “trouble paying attention… no matter what is going on around 

him/her,” and occurred in 72% of children with severe AD, 40% of children with moderate 

AD, and 20% of children with mild AD (p = .01).
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3.4 ∣ Predictors of problems with sleep or attention dysregulation in children with AD

We analyzed the co-primary outcomes of PROMIS EC Sleep and MAPS-AR scores in Table 

4. Our sleep health model revealed that in univariate analysis, AD severity was associated 

with worse sleep health (B = 1.22 (0.88–1.56), p < .01), a finding that persists when adding 

itch severity into the model (B = 1.01 (0.56–1.45), p < .01). In fully adjusted models for 

significant demographic variables, AD severity remained a significant predictor of poor 

sleep health (B = 0.79 (0.31–1.28), p < .01) and being African American or Black (B = 3.89 

(0.49–7.28), p = .03).

Our AdR model revealed that in univariate analysis, AD severity was associated with 

increased AdR (B = 1.72 (1.24–2.20), p < .01). This association of AD severity on problems 

with attention regulation persisted with both the addition of sleep health alone in model 2 (B 
= 1.21 (0.57–1.85), p < .01) and sleep health and itch severity in model 3 (B = 1.04 (0.33–

1.75), p < .01). In the fully adjusted model, AD severity remained a significant predictor of 

AdR (B = 1.22 (0.51–1.93), p < .01). Being African American or Black was also another 

significant predictor of overall problems with AdR (B = 7.79 (3.01–12.58), p < .01).

Figure 1 displays the hypothesized interrelationship of AD and AdR with additional 

associations with itch, sleep health, African American or Black race, and family income.

4 ∣ DISCUSSION

Our study highlights that children <5 years with more severe AD are at greater risk by parent 

report of poor sleep health and AdR. With regard to sleep, 86% of children with moderate/

severe disease had significantly poor sleep health (T-score ≥60 on PROMIS EC Sleep). In 

fact, 48% of children with severe AD experienced nightly SDi, with most parents reporting 

their child gets mad easily (60%) and has problems getting along with other children (56%). 

With regard to AdR, difficultly sitting still was reported in 80% of children with severe 

AD in comparison with moderate (48%) and mild AD (10%). AdR, as measured by the 

MAPS-AR composite score, indicated more dysregulated patterns and greater occurrence in 

developmentally unexpected contexts in severe (52.12 ± 10.47) vs. moderate (43.52 ± 12.03) 

vs. mild AD groups (34.20 ± 8.40).

The nocturnal flare of AD is in part responsible for this SDi, with inflammatory upregulation 

and worsening of skin barrier function,31-33 all of which are exacerbated by circadian 

disrupters noted frequently in our study, such as light in the bedroom at night and pre-bed 

screen time.34 We identified these potentially modifiable sleep habits that clinicians could 

discuss with their patients, such as limiting lights, minimizing noise, and restricting pre-

bedtime usage of electronic devices.

To our knowledge, the present study is the first to characterize patterns of AdR in very 

young children with AD employing a measure designed to differentiate normative variation 

from clinical risk in early development.23 The link between inattention and AD might be in 

part due to heightened sensory afferent signals from the skin in AD,35 resulting in chronic 

brain stimulation with shared pathways to ADHD, such as the prefrontal cortex.36,37
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Importantly, burgeoning research highlights the predictive utility of early indicators of 

attention problems: Infants diagnosed with AD were more likely to demonstrate inattention/

hyperactivity symptoms later in childhood, at 10 years of age.38 From our work, children 

with more severe AD were found to exhibit more inattention symptoms in atypical 

contexts (eg, when minimal cognitive demands are found) rather than contexts where most 

young children have attention dysregulation. This suggests that even in early childhood, 

AD inattention symptoms can be screened and addressed. Future work will need to 

address whether early screening/treatment of AD inattention can prevent ADHD or other 

neurocognitive dysfunction.17 Of racial groups studied, we found African American or 

Black children with AD were at higher risk for SDi and inattention even when controlling 

for SES status and AD severity. Future studies with larger sample sizes should be performed 

in order to establish directional and cumulative effects using structural equation modeling to 

elucidate the relationship between AD, sleep, AdR, race, and SES status.

4.1 ∣ Limitations

Several limitations should be considered, such as the small cohort of patients. Selection bias 

may have been introduced through non-random sampling such as participants who did not 

complete the study or were not included due to being over quota in a priori determined 

strata. In addition, this study relied on parent report of their child's disease severity, sleep 

problems, and AdR symptoms, and findings may reflect parental biases.39 However, parent 

reports for inattention and hyperactivity symptoms are significantly predictive of overall 

ADHD severity.40,41 The cross-sectional study design inhibits the ability to determine causal 

sequences, limiting our hypothesized model (Figure 1) to correlational relationships. Future 

longitudinal studies beginning early in life are needed to address causation and should 

include objective data in conjunction with parent self-report data.

We suggest clinicians monitor sleep and attention in younger children with AD, particularly 

those with moderate/severe disease, and can use the assessments in this manuscript (see 

the Supplement). Clinicians might also address maladapted sleep hygiene practices, such 

as screen time before bed in light-filled, noisy bedrooms. Although devices help redirect 

children's attention away from itch,42,43 we ask to limit this before bed. We suggest 

parents and clinicians focus on implementing healthy sleep hygiene habits in children with 

AD. Because AD has implications not only for present neurocognitive behaviors in early 

childhood but also for school performance even up to 10 years old,38,14 AdR is important 

to screen with referrals to a psychologist if needed. Clinicians should be cognizant of 

monitoring AD severity and aggressively treating flares. Sleep health and AdR in young 

children with AD, especially those from minoritized backgrounds, should be studied to 

better address the impact of sleep quality and daytime function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Proposed model for hypothesized relationship between AD, itch, sleep disturbance, and 

attention regulation with demographic modulators. Bidirectional arrows represent the 

effect of one variable on another variable, with values above representing the correlation 

coefficient. Several other covariates are also associated with atopic dermatitis and attention 

regulation such as sex at birth, parental smoking or drug exposure, prematurity, obesity, and 

family history; however, they were not tested or not significant in our study. **p < .01
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