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What's already known about this topic? 

 Few studies demonstrated the validity of the atopic dermatitis severity assessments PO-

SCORAD, PO-SCORAD sub-scores, NRS-itch and POEM. 

 

What does this study add? 

 This study demonstrated that PO-SCORAD, PO-SCORAD sub-scores, NRS-itch and 

POEM all had good construct validity in the assessment of atopic dermatitis severity in 

adults. Only POEM had observed floor effects.  

 PO-SCORAD, PO-SCORAD sub-scores, NRS-itch and POEM all appear to have 

sufficient validity to be used as assessments of atopic dermatitis severity in clinical 

practice. 

 

Abstract 

 

Background: Structured patient-reported outcomes of AD severity are not standardized in 

clinical practice. We sought to determine the construct validity, internal consistency, cross-

cultural validity, floor or ceiling effects of multiple AD severity assessments. 

 

Methods: A cross-sectional, population-based study of 2893 adults, including 602 adults that 

met a modified UK Diagnostic Criteria for AD. AD severity was assessed using self-reported 

global AD severity, Patient-Oriented Eczema Measure (POEM), Patient-Oriented Scoring 

AD (PO-SCORAD) and its objective and subjective components, and numerical rating scale 

(NRS)-itch. QOL was assessed using short-form (SF-)12 mental and physical health scores, 

SF-6D health utility scores, Dermatology Life Quality Index (DLQI). Hospital Anxiety and 

Depression Scale (HADS) was assessed. 

 

Results: PO-SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-itch and 

POEM all had moderate to strong correlations with each other, and DLQI, fair to moderate 

correlations with HADS-A and HADS-D, and inverse correlations with SF-12 MCS and SF-

6D (Pearson  correlations, P<0.0001). All scores showed good criterion validity as judged by 

analysis of variance and receiver operator characteristics. PO-SCORAD, PO-SCORAD 

objective sub-scores and POEM had similarly good internal consistency (Cronbach’s 

alpha=0.84, 0.82 and 0.86); PO-SCORAD subjective sub-score was less internally consistent 

(alpha=0.57). All scores showed potentially poor cross-cultural validity as demonstrated by 
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uniform and non-uniform differential item functioning by age, sex and/or race/ethnicity for 

multiple items. There were floor effects for POEM, but not for the other assessments  

 

Conclusions: PO-SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-itch 

and POEM appear to be valid for assessing AD severity in clinical practice. 

 

Introduction 

Atopic Dermatitis (AD) is a heterogeneous disorder associated with a wide array of 

signs (e.g. lichenification, xerosis, exudative lesions, prurigo nodules)
1
, distributions (e.g. 

flexural, extensor, hands, head and neck)
1,2

, and symptoms (e.g. itch, pain
3
, sleep 

disturbance
4-8

, symptoms of depression, anxiety and inattentiveness
5,7,9,10

), all of which 

contribute toward overall severity of disease
11,12

. Numerous standardized AD severity 

assessments exist, with varying measurement constructs, validity and reliability.  

Recently, the Harmonizing Outcome Measures in Eczema (HOME) international 

consensus group identified erythema, edema/papulation, excoriation and lichenification as 

four essential signs to be assessed in AD trials
13

. The HOME group recommended the 

Eczema Area and Severity Index (EASI) as the preferred outcomes assessments for AD signs 

in clinical trials
14

. Subsequently, Patient Oriented Eczema Measure (POEM) was selected as 

the preferred assessment for AD symptoms in clinical trials based on the available data to 

support their validity and reliability
15

. The HOME group is now deliberating which 

assessments should be recommended for use in clinical practice.  

Patient-reported outcomes (PRO) are important to consider for measuring AD severity 

in clinical practice. POEM was derived from patients determining what symptoms caused 

them the most bother and assesses the frequency of 7 different patient-reported AD signs and 

symptoms
16

. The measurement properties of POEM have been examined in multiple studies 

and found good content and construct validity, but only fair internal consistency; cross-

cultural validity has not been examined
16,17

.  Patient Oriented SCORAD (PO-SCORAD) is 
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another assessment of AD symptoms, which was designed as a PRO analogue of the 

SCORAD
18,19

. Analogous to the clinician/investigator reported SCORAD, PO-SCORAD has 

patients assess the severity of 6 different signs of AD, lesional extent, with patient-reported 

intensity of itch and sleep disturbance being identical between both measures. PO-SCORAD 

has been found to correlate well with SCORAD
18

, and been shown to be have some aspects 

of construct validity in a few studies
20-22

; discriminant validity, floor/ceiling effects, internal 

consistency and cross-cultural validity were not assessed. Some studies suggested that the 

objective (lesional severity and extent) or subjective (severity of itch and sleep disturbance) 

sub-scores of PO-SCORAD may also be valid. Previous studies found mixed results with 

respect to construct validity of subjective SCORAD/PO-SCORAD; discriminant validity, 

floor/ceiling effects, internal consistency and cross-cultural validity were not assessed
14,16,23

. 

More studies are needed to better demonstrate the validity and measurement properties of 

PO-SCORAD and its sub-scores. Further, few studies validated the numerical rating scale 

(NRS) itch in AD, despite its widespread use in clinical practice and trials. Finally, little is 

known about how the measurement properties of these different PRO compare with each 

other. In this study, we sought to determine the construct validity, internal consistency, cross-

cultural validity, floor or ceiling effects of PO-SCORAD, PO-SCORAD sub-scores, NRS-

itch and POEM, and compare their measurement properties with each other in US adults with 

AD. 

 

Methods 

Data Source 

Data were obtained from the AD in America survey whose population was sampled 

from the long-standing GfK Knowledge Panel
24

. The AD in America study was designed to 

examine multiple facets of the patient-burden, comorbidities and resource utilization of US 
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adults with AD. The GfK Knowledge panel is the largest and oldest probability-based web 

panel in the US and contains between 40,000 to 50,000 adult panel members at any given 

time. The GfK web panel was initially constructed from a national address-based sample of 

households in the US who are recruited to join in and receive small incentives for 

participating in web surveys on a regular basis. This approach uses a single sampling frame 

via the Delivery Sequence File of the US Postal Service to provide a statistically valid 

representation of the US population as well as many difficult-to-survey populations. The GfK 

web panel also provides internet access to households without existing internet access. This 

web-based panel has been previously used in other large, epidemiological studies and has 

been shown to be representative of the US population
25-27

. The survey questionnaire and 

protocol were approved by the ICF Institutional Review Board. 

 

Study design 

This was a cross-sectional study involving a two-stage sampling process. Stage 1 

was designed to determine the prevalence of AD in US adults. In this stage, an initial cross-

sectional sample of 2,137 adults from the existing GfK Knowledge web panel was invited to 

participate in the survey. The focus of the survey was not disclosed in the invitation to 

members of the web panel to avoid biasing participation based on respondent interest or 

disinterest in the subject. A total of 1,278 adults completed the survey (completion 

rate=60.2%). Although this sample provided a precise estimate of the prevalence of AD 

among the adult population, it did not yield a large enough sample of AD patients to 

investigate differences between different levels of disease severity. In stage 2, an additional 

sample of 8,217 adults from the GfK knowledge panel completed screening to identify and 

interview an additional group of adults with AD; 19.7% met UKWP criteria and were eligible 

for inclusion (completion rate=59.9%) (Supplemental Figure 1). Using data from the US 
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Census Bureau, sample weights were created that adjusted for age, gender, race, ethnicity, 

education level, census region, household income, home ownership status and metropolitan 

area using an iterative proportional fitting procedure. Sample weights were included in all 

analyses to allow for representative estimates of the US population. 

 

AD and AD severity assessments 

An adaptation of the United Kingdom Working Party (UKWP) criteria was selected 

by the AD in America advisory committee as the screening tool for patient eligibility
28

. This 

included all aspects of the UKWP criteria (having an itchy skin condition during the past 12 

months and 3 or more of the following: [1] history of skin crease involvement; [2] a personal 

history of asthma or hay fever; [3] a history of general dry skin during the past year; [4] onset 

under the age of two), except that assessment of visible flexural eczema by a clinician was 

not performed. 

Self-assessments of AD severity were completed in the following order for logistic 

reasons: 1. short-form 12 (SF-12) (12 items, 8 domains, using mental component score 

[MCS], physical component scores [PCS], and Brazier’s SF-6D scoring)
29-32

; 2. the 

previously validated self-reported global AD severity question “Would you describe your 

atopic dermatitis or eczema as mild, moderate, or severe?”
11

; 3. Patient-Oriented Scoring AD 

(PO-SCORAD) index [9 items; range: 0-103], PO-SCORAD objective [7 items; range: 0-83] 

and subjective [2 items; range: 0-20]
33

 sub-scores; 4. NRS-itch; 5. Patient-Oriented Eczema 

Measure (POEM) [7 items; range: 0-28]
34

; and 6. Hospital Anxiety and Depression Scale, 

anxiety (HADS-A) and depression (HADS-D) scores (7 items each; range: 0-21)
35,36

. These 

patient-reported outcomes (PRO) were selected a priori based on their feasibility, being 
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preferred measures by international consensus of the HOME group
15,37

 and/or previously 

being validated
11,12,15,37

.  

 

Statistical analysis 

 Summary statistics were estimated for baseline population characteristics. Convergent 

construct validity of PO-SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-

itch, and POEM were established using Pearson correlations with DLQI, SF-12 MCS, PCS 

and SF-6D, HADS-A and HADS-D scores. Since POEM is the preferred assessment for AD 

symptoms in clinical trials by the HOME group, we compared the strength of correlations of 

PO-SCORAD, PO-SCORAD objective and subjective sub-scores and NRS-itch with POEM 

as the reference assessment using Fisher’s test of z-scores. Criterion validity was determined 

using analysis of variance. In addition, logistic regression models were constructed with self-

reported global AD severity as the binary dependent variable (moderate vs. mild, severe vs. 

moderate). The independent variables were PO-SCORAD, PO-SCORAD objective and 

subjective sub-scores, NRS-itch and POEM scores. Discriminant validity was determined 

using area under the curve (AUC). AUC scores of ≥0.90 were considered excellent, 0.80–

0.89 good, 0.70–0.79 fair, <0.70 poor and <0.60 fail 
38

. Ordinal logistic regression as not used 

because the data did not meet the proportional odds assumption (Score test, P<0.01). 

Internal consistency was determined using Cronbach’s alpha and Pearson correlation 

between individual items. Floor or ceiling effects of total scores and individual items were 

considered present if 15% of responses fell in the lowest or highest scores
39,40

. The above 

statistical analyses were performed in SAS version 9.4.3 and sample weights were 

incorporated into all analyses (SAS Institute, Cary, IN). Missing values were encountered in 

≤0.1% of respondents for all analyzed variables. Complete case analysis was performed, i.e. 
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respondents with missing values were excluded from analysis. A two-sided P-value of 0.05 

was considered statistically significant. 

Cross-cultural item validity was assessed using differential item functioning (DIF) 

across respondents with AD by sex (male/female), race (white/black/Asian/other) and age 

(<50/≥50 years). DIF occurs when respondents from different groups have differing 

probabilities of success on an item, after controlling for overall ability based on their total 

scores. If DIF is present, then item responses may be related to both the underlying trait being 

measured as well as other factors. DIF was detected for polytomous items, using an iterative 

hybrid of ordinal logistic regression and item response theory (lordif-package, R version 

3.5.1, Vienna, Austria)
41

. 

 

Results 

Patient characteristics 

Overall, 2,893 adults were included in this study; 602 met AD criteria (prevalence 

[95% CI]: 7.39% [5.81-8.97%]). Subjects with AD were 53.6% female and 71.9% 

Caucasian/white, with a mean ± std. dev. age of 52.0±16.3 years. Among persons with AD, 

the weighted mean [95% CI] PO-SCORAD was 27.5 [25.7-29.3], PO-SCORAD objective 

and subjective sub-scores were 17.5 [16.4-18.5] and 8.4 [8.0-8.8], NRS-itch was 4.5 [4.2-

4.8], POEM was 7.5 [6.8-8.1], and DLQI was 4.9 [4.2-5.5]. 

 

Convergent validity 

 Regarding convergent validity, PO-SCORAD, PO-SCORAD objective and subjective 

sub-scores, NRS-itch and POEM had moderate to strong correlations with each other, and 

DLQI, and fair to moderate correlations with HADS-A and HADS-D and inverse correlations 
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with SF-12 MCS and SF-6D, but only weak inverse correlations with SF-12 PCS (Pearson 

correlations, P<0.0001) (Table 1).  

Compared to POEM, PO-SCORAD had stronger correlations with DLQI (P=0.003), 

SF-12 MCS (P=0.002), SF-6D (P=0.006), HADS-A (P=0.0001) and HADS-D (P=0.005), but 

not SF-12 PCS (P=0.57). Whereas, PO-SCORAD objective sub-score had stronger 

correlations than POEM with DLQI (P=0.02), but no significant differences for MCS 

(P=0.10), PCS (P=0.19), or SF-6D (P=0.08). PO-SCORAD subjective sub-score had stronger 

correlations with DLQI (P=0.04), MCS (P<0.0001), SF-6D (P=0.005), but not PCS (P=0.39). 

NRS-itch had significantly weaker correlations than POEM with DLQI (P=0.0006), but not 

with MCS (P=0.63), PCS (P=0.87), SF-6D (P=0.43), HADS-A (P=0.93) or HADS-D 

(P=0.94). 

 

Criterion validity 

 There is no gold-standard assessment for AD severity. Thus, we compared PO-

SCORAD and POEM with self-reported global AD severity to examine criterion validity. 

There were significant and stepwise (monotonic) increases of PO-SCORAD, PO-SCORAD 

objective and subjective sub-scores, NRS-itch, and POEM with each level of self-reported 

global AD severity (ANOVA, P<0.0001 for all) (Figure 1). 

 PO-SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-itch and 

POEM scores also showed good criterion validity in predicting overall AD severity (Table 2). 

The AUC for the five measures were good to excellent for distinguishing severe vs. mild 

disease, and good for distinguishing moderate vs. mild or severe vs. moderate AD, indicating 

that they all had good ability to distinguish between severity groups.  
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Internal consistency 

PO-SCORAD, PO-SCORAD objective and subjective sub-score, and POEM items 

showed good internal consistency among adults with AD (Cronbach’s alpha: 0.84, 0.82, 0.57, 

and 0.86, respectively), with weak to moderate inter-item correlations (Supplemental Table 

1).  

 

Cross-cultural validity 

Significant uniform and non-uniform DIF were found for multiple PO-SCORAD and 

POEM items and/or NRS-itch by sex, race/ethnicity and age (Supplemental Table 2).  

  

Floor or ceiling effects 

 The proportions of patients with lowest and highest values for PO-SCORAD (1.5% or 

0.2%), PO-SCORAD objective (5.9% or 0.2%) and subjective sub-scores (2.4% and 0.8%) 

and NRS-itch (6.7% and 2.7%) were below 15%, indicating there were no floor or ceiling 

effects overall. However, there were floor (15.1%) but no ceiling (0.7%) effects observed for 

POEM.  

Multiple items for PO-SCORAD (redness, swelling, scabs/oozing, scratching, thickening and 

NRS-sleep) and all items for POEM individually had floor effects; no individual items had 

ceiling effects. 
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Discussion 

This study demonstrated that PO-SCORAD, the objective and subjective sub-scores 

of PO-SCORAD, NRS-itch and POEM all had good convergent validity for QOL impact and 

mental health symptoms, criterion validity for AD severity, and good internal consistency. 

PO-SCORAD, PO-SCORAD objective and subjective sub-scores showed significantly better 

correlations with QOL and mental health assessments compared to POEM. Whereas, NRS-

itch compared to POEM had significantly lower correlations with DLQI, but similar results 

with other QOL and mental health scores. Of note, all of the AD severity scores studied were 

only weakly or moderately correlated with QOL and mental health symptoms, suggesting that 

they each measure different disease-related domains. PO-SCORAD, PO-SCORAD objective 

and subjective sub-scores and NRS-itch did not have any significant floor or ceiling effects, 

whereas POEM had significant floor effects. Floor effects raise potential concern about how 

well POEM may perform in clinical trials and/or practice of patients with milder AD. The 

apparent floor effects may be due to a large proportion of US adults with AD only having 

very mild disease. However, this scenario is unlikely given the absence of floor-effects 

observed for any other assessment. Moreover, floor effects were observed in 5 of the 7 items 

in POEM in the original validation study conducted in a hospital dermatology clinic
16

. 

Together, the results show that PO-SCORAD, PO-SCORAD objective and subjective sub-

scores, NRS-itch and POEM are sufficiently valid for the assessment of AD severity in 

adults, and may be a valuable assessment in clinical practice and epidemiological studies. 

While PO-SCORAD, PO-SCORAD sub-scores, NRS-itch and POEM all are valid 

assessments of AD severity, they each measure different constructs. POEM assesses the 

frequency of AD symptoms, which generally correlates with severity of AD signs and 

symptoms. However, the present study suggests that PO-SCORAD, PO-SCORAD objective 

and subjective sub-scores that directly assess the severity of AD signs and symptoms may 
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better predict the burden of AD, since PO-SCORAD had significantly stronger correlations 

with multiple QOL and HADS domains and numerically greater AUC than POEM when 

compared to global AD severity. This is an important consideration for use in clinical 

practice. All five assessments are feasible, but previous studies found shorter completion 

times for POEM (1-2 minutes), NRS-itch (not formally assessed, but only 1 question and 

expected to be <1 minutes) and subjective PO-SCORAD (not formally assessed, but only 2 

questions and expected to be 1-2 minutes) than PO-SCORAD (<5 or <10 minutes)
23

. NRS-

itch is scored as a single item ranging from 0-10. PO-SCORAD subjective sub-scores is a 

sum of 2 items, each on a range of 0-10. POEM is also simple to score as the sum of 7 items, 

each on a range of 0 to 4. Whereas, PO-SCORAD requires summing of items on different 

scales and weighing scores from different components to obtain a total score. It would be 

more difficult to hand-score PO-SCORAD or PO-SCORAD objective sub-score in clinical 

practice, though apps and other tools may simplify this task. Another simple and feasible 

assessment that can potentially be used in clinical practice is self-reported global AD 

severity, which was previously found to have good content and construct validity
11,12

 and 

encompasses is best predicted by a combination of PO-SCORAD, POEM, NRS-itch, NRS-

pain, and HADS 
12

. 

Both PO-SCORAD, NRS-itch and POEM had multiple items that suffered from 

uniform and/or non-uniform DIF by age, sex and race/ethnicity, indicating potentially poor 

cross-cultural validity. Items with DIF show different correlations with the overall scores 

between different groups. That is, the items with DIF performed differently across various 

demographic subgroups, which is not merely due to between group differences. Thus, scores 

for these different patient groups should neither be combined nor compared during analysis 

of clinical trials or research studies. While this may not be practical in clinical trials, at the 

very least, scores for these measures should also be presented stratified by the various 
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demographic groups. In addition, other instruments might be considered, which do not suffer 

from DIF. 

These results are consistent with previous findings of moderate to strong correlations 

of PO-SCORAD and the objective sub-score of PO-SCORAD with POEM and QOL in 

patients
20,21

 and families
22

. PO-SCORAD and PO-SCORAD objective sub-score were also 

found to have moderate to strong correlations with SCORAD
18,21l

 and objective SCORAD
20

, 

respectively. Similarly, previous studies found good correlations of POEM with objective AD 

severity and QOL assessments 
42

. 

This study has several strengths, including use of a large, nationally representative 

cohort, and good representation across gender, race/ethnicity and AD severity. However, 

there are some limitations. We did not assess responsiveness, test-retest reliability or content 

validity, which are all important considerations in the choice of instruments. However, many 

of these properties were assessed in previous studies. POEM demonstrated good content 

validity, fair responsiveness, but poor reliability
14,16,23

. PO-SCORAD demonstrated fair 

responsiveness, but reliability has not been examined
23

. Subjective PO-SCORAD 

demonstrated poor content validity and responsiveness, but reliability was not examined
23

. 

All severity assessments were based on PRO, and we were unable to compare PO-SCORAD 

against the SCORAD. Multiple PRO were completed in a standardized order. It is possible 

that the initial completion of one PRO may have subconsciously influenced responses to the 

following PRO. Self-reported global severity was used as the gold-standard comparator for 

establishing criterion validity. Only three response options were used (mild, moderate or 

severe) based on previous studies demonstrating content and construct validity of this 

question
12

. Selection and/or non-response bias may be present. An adaptation of the UKWP 

criteria was used that did not include physical examination for flexural eczema. This 

approach might have slightly over-estimated AD prevalence. This study used a 
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epidemiological cohort, and the results may have differed in a clinical dermatology setting. 

Finally, we did not assess the measurement properties of these PRO in children. Additional 

studies are needed to confirm the validity of these PRO in children and across different 

settings.  

In conclusion, the present study demonstrates that PO-SCORAD, PO-SCORAD 

objective and subjective sub-scores, NRS-itch and POEM all have good construct validity 

and may be useful for the assessment of AD severity in clinical practice and epidemiological 

research. Additional research is needed to directly confirm these results in the clinical 

practice setting and to assess content validity and reliability. 

 

Figure Legends 

Supplemental Figure 1. Design of the AD in America study. 

Figure 1. Criterion validity of PO-SCORAD, PO-SCORAD objective and subjective 

sub-scores, NRS-itch and POEM. Box-whisker plots and overlaid jitter plots of PO-

SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-itch and POEM scores 

are presented for each severity level of self-reported global AD severity. 
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 *  P<0.05; ** P<0.01; *** P<0.0001 

Table 1. Pearson correlation of PO-SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-itch and POEM with each other, and measures of quality of life, 

anxiety and depression. 

Assessment 

Pearson r 

Atopic dermatitis symptoms Quality of life Mental health 

PO-SCORAD 

objective 

sub-score 

PO-SCORAD 

subjective 

sub-score 

NRS-

itch 
POEM DLQI 

SF-12 

MCS 

SF-12 

PCS 
SF-6D HADS-A HADS-D 

Any site (n=602)           

   PO-SCORAD 0.97*** 0.76*** 0.71*** 0.71*** 0.71*** -0.47*** -0.12** -0.44*** 0.52*** 0.44*** 

   PO-SCORAD objective sub-score 1.00 0.59*** 0.59*** 0.69*** 0.69*** -0.40*** -0.07 -0.39*** 0.46*** 0.39*** 

   PO-SCORAD subjective sub-score  1.00 0.82*** 0.55*** 0.53*** -0.51*** -0.21*** -0.44*** 0.51*** 0.46*** 

   NRS-itch   1.00 0.58*** 0.48*** -0.34*** -0.14** -0.31*** 0.34*** 0.31*** 

   POEM    1.00 0.62*** -0.32*** -0.15*** -0.30*** 0.33*** 0.31*** 
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P<0.0001 for all 

Table 2. Area under the ROC curve for PO-SCORAD, PO-SCORAD objective and subjective sub-scores, NRS-itch 

and POEM as predictors of overall AD severity. 

Groups 

AUC 

PO-SCORAD 
PO-SCORAD 

objective sub-score 

PO-SCORAD 

Subjective sub-score 

NRS-itch POEM 

Global severity      

   Moderate vs. mild 0.78 0.78 0.69 0.71 0.75 

   Severe vs. mild 0.91 0.89 0.87 0.88 0.89 

   Severe vs. moderate 0.77 0.75 0.73 0.78 0.73 
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completed
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Final AD
cohort

n = 8,217 
completed
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Atopic 
dermatitis
(UKWP)

n = 2291

Final control
cohort



Supplemental Table 1. Inter-item correlations for PO-SCORAD, NRS-itch and POEM in US adults with atopic
dermatitis.
PO-SCORAD
item

Pearson r
Number
of sites

Dry Red
areas

Swollen Scabs or
oozing

Scratch
marks

Thickening NRS
itch

NRS
sleep

Number of sites 1.00 0.19 0.23 0.28 0.21 0.35 0.31 0.44 0.30
Dry 1.00 0.35 0.40 0.29 0.32 0.41 0.38 0.22
Red areas 1.00 0.59 0.60 0.42 0.45 0.36 0.32
Swollen 1.00 0.65 0.55 0.53 0.38 0.37
Scabs or oozing 1.00 0.55 0.53 0.37 0.29
Scratch marks 1.00 0.56 0.50 0.30
Thickening 1.00 0.43 0.25
NRS itch 1.00 0.43
NRS sleep 1.00
POEM item Itchy Sleep Bleeding Weeping

or oozing
Cracking Flaking Dry or

rough
Itchy 1.00 0.53 0.39 0.29 0.50 0.52 0.64
Sleep 1.00 0.55 0.47 0.50 0.40 0.38
Bleeding 1.00 0.72 0.51 0.45 0.33
Weeping or cracking 1.00 0.45 0.37 0.25
Cracking 1.00 0.70 0.63
Flaking 1.00 0.66
Dry or rough 1.00

P<0.0001 for all correlations



Supplemental Table 2. Differential Item Functioning (DIF) by sex, race/ethnicity and age of items in PO-
SCORAD, NRS-itch and POEM.

Item

Adults with AD (n=602)

DIF by sex DIF by race/ethnicity DIF by age

Uniform Non-uniform Uniform Non-uniform Uniform Non-uniform

P
O

-S
C

O
R

A
D

Number of sites 0.003 0.01 0.23 0.06 0.0001 0.0007
Dry 0.004 0.05 0.0001 0.01 0.0002 0.001
Red areas 0.64 0.70 0.08 0.0001 <0.0001 0.03
Swollen 0.15 0.23 0.60 0.10 0.003 0.67
Scabs or oozing 0.71 0.15 0.58 0.09 0.07 0.18
Scratch marks 0.86 0.70 0.07 0.80 0.006 0.58
Thickening 0.47 0.46 0.48 0.41 0.01 0.04
NRS-itch 0.001 0.001 <0.0001 0.01 0.10 0.46
NRS-sleep 0.003 0.92 0.0003 0.61 0.98 0.72

P
O

E
M

Itchy 0.04 0.03 0.45 0.95 0.0001 0.003
Sleep 0.56 0.77 <0.0001 0.02 0.42 0.27
Bleeding 0.61 0.27 <0.0001 0.62 <0.0001 0.41
Weeping or
cracking

0.06 0.01 <0.0001 0.04 <0.0001 0.03
Cracking 0.08 <0.0001 <0.0001 0.40 <0.0001 0.04
Flaking 0.19 0.45 0.08 0.06 0.30 0.25
Dry or rough <0.0001 0.87 <0.0001 <0.0001 0.12 <0.0001



Supplemental Table 3. Distribution of responses for PO-SCORAD, NRS-itch, and POEM items.
Items Freq (%)

PO-SCORAD
item 0 1-5 6-15 16-25 26-35 36
Number of sites 73 (12.1%) 298 (49.5%) 194 (32.2%) 27 (4.5%) 8 (1.3%) 2 (0.3%)

Not at all Slightly dry Moderately dry Extremely dry
Dry 88 (14.7%) 221 (36.9%) 231 (38.6%) 59 (9.9%)

Not at all Slightly red Moderately red Extremely red
Red areas 313 (52.1%) 210 (34.9%) 62 (10.3%) 16 (2.7%)

Not at all Slightly swollen Moderately swollen Extremely
swollenSwollen 447 (74.3%) 109 (18.1%) 36 (6.0%) 10 (1.7%)

Not at all A few A moderate number Several
Scabs or oozing 480 (79.7%) 100 (16.6%) 16 (2.7%) 6 (1.0%)

Not at all A few scratch
marks

A moderate number
of scratch marks

Several scratch
marks

Scratch marks 278 (46.2%) 251 (41.7%) 56 (9.3%) 17 (2.8%)

Not at all thickening Slight thickening Moderate thickening Significant
thickening

Thickening 339 (56.3%) 171 (28.4%) 71 (11.8%) 21 (3.5%)
0 1-3 4-6 7-9 10

NRS-itch 40 (6.7%) 218 (36.5%) 186 (31.1%) 138 (23.1%) 16 (2.7%)
NRS-sleep 121 (20.3%) 161 (27.0%) 138 (23.2%) 160 (26.9%) 16 (2.7%)
POEM No days 1-2 days 3-4 days 5-6 days Every day
Itchy 137 (22.8%) 186 (30.9%) 119 (19.8%) 37 (6.2%) 123 (20.4%)
Sleep 357 (59.3%) 121 (20.1%) 67 (11.1%) 21 (3.5%) 36 (6.0%)
Bleeding 449 (75.6%) 101 (16.8%) 28 (4.7%) 12 (2.0%) 12 (2.0%)
Weeping or cracking 497 (82.6%) 51 (8.5%) 32 (5.3%) 9 (1.5%) 13 (2.2%)
Cracking 334 (55.5%) 127 (21.1%) 52 (8.6%) 18 (3.0%) 70 (11.6%)
Flaking 272 (45.2%) 172 (28.6%) 48 (8.0%) 25 (4.2%) 85 (14.1%)
Dry or rough 139 (23.1%) 170 (28.2%) 87 (14.5%) 36 (6.0%) 170 (28.2%)
Missing values were present in ≤6 subjects for any PO-SCORAD, 0 subjects for POEM questions, and 0 for sex, race/ethnicity and age. Complete case analysis was performed.
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