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ackground: Little is known about the measurement properties of Patient-Oriented Scoring Atopic
ermatitis (PO-SCORAD) in adults with atopic dermatitis (AD). Even less is known about how PO-SCORAD
erforms compared with the Patient-Oriented Eczema Measure (POEM).
bjective: To examine the measurement properties of PO-SCORAD and compare them with those of POEM.

Methods: A prospective dermatology practiceebased study of 291 patients with AD (age range, 18-72 years).
Results: PO-SCORAD and POEM were moderately correlated with each other (Spearman r ¼ 0.56) and had
weak-moderate correlations with the Numeric Rating Scale (NRS) worst itch and average itch, Dermatology
Life Quality Index (DLQI), ItchyQOL, Patient-Reported Outcomes Measurement Information System (PROMIS)
Sleep Disturbance (SD) and Sleep-Related Impairment (SRI), Patient Health Questionnaire-9 (PHQ-9), and
Eczema Area and Severity Index (EASI) (P < .001). POEM had significantly stronger correlations with DLQI,
ItchyQOL, and EASI than did PO-SCORAD. PO-SCORAD and POEM had fair discriminant validity. Changes from
baseline in PO-SCORAD and POEM were moderately correlated with each other; were weakly to strongly
correlatedwithNRSworst itch and average itch, DLQI, ItchyQOL, PROMIS SD, PROMIS SRI, PHQ-9, and EASI; and
had good test-retest reliability. Therewas no differential item functioning of items or floor or ceiling effects for
PO-SCORAD or POEM. The thresholds for meaningful change for PO-SCORAD and POEMwere�15.5 and�5.0,
respectively. Median completion times for PO-SCORAD and POEMwere 3 minutes and 1 minute, respectively.
Conclusion: PO-SCORAD and POEM had good construct and cross-cultural validity, reliability, and respon-
siveness in adults with AD and were feasible for use in clinical trials and practice. However, POEM had better
measurement properties than PO-SCORAD.
� 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Atopic dermatitis (AD) is a heterogeneous disorder associated
with variable signs,1 lesional distribution,1,2 and symptoms (eg, itch,
pain,3 sleep disturbance,4-8 depression, anxiety, and inattentive-
ness5,7,9,10), all of which contribute toward perception of disease
severity and health-related quality of life.11,12 Standardized patient-
reported outcomes (PROs) are important tools for measuring AD
severity in clinical practice and trials.

Multiple standardized PROs for assessing AD severity exist,
including Patient-Oriented Scoring AD (PO-SCORAD) and Patient-
Oriented Eczema Measure (POEM), with varying measurement
constructs, validity, and reliability. POEM assesses the frequency of
7 different patient-reported signs and symptoms of AD.13 POEM
was previously found to have good content and construct validity
but only fair internal consistency and cross-cultural validity.13-15

PO-SCORAD is a PRO analog of SCORAD16,17 and assesses the
severity of 6 signs of AD, lesional extent, and intensity of itch and
sleep loss.16 PO-SCORAD correlates well with SCORAD,16 has good
convergent and discriminant validity, and has fair cross-cultural
validity.15,18-20 However, only a few studies have examined the
validity of PO-SCORAD, and little is known about its responsiveness,
reliability, and meaningful change.

Recently, the Harmonizing Outcome Measures in Eczema in-
ternational consensus group recommended POEM as the preferred
assessment for AD symptoms in clinical trials based on the available
data to support their validity and reliability.21 The Harmonizing
Outcome Measures in Eczema group is now deliberating which
assessments should be recommended for use in clinical practice. In
this study, we sought to determine the construct and cross-cultural
validity, internal consistency, floor or ceiling effects, responsive-
ness, reliability, meaningful change, and feasibility of PO-SCORAD
in adults with AD. In addition, we sought to compare the mea-
surement properties of PO-SCORAD with those of POEM.

Methods

Study Design

A prospective, dermatology practiceebased study of adults (�18
years), male or female, with AD as defined by the Hanifin and Rajka
diagnostic criteria22 was performed. Exclusion criteria were as fol-
lows: (1) those without a definite diagnosis of AD and (2) being un-
willing or unable to complete the assessments. Patients were serially
recruited from the eczema clinic at Northwestern Medicine, and
virtually all patients (>99%) who were invited agreed to participate.
Patients received standard-of-care follow-up and treatment,
including emollients, prescription topical, systemic therapy, and/or
phototherapy, where appropriate. Surveys were administered be-
tween June2017 andSeptember 2019. The studywasapprovedby the
institutional review board of Northwestern University. Informed
consent was obtained by patients electronically.

Outcome Measures

Patients completed questionnaires on self-reported severity of
AD (“Would you describe your atopic dermatitis or eczema as: clear,
almost clear, mild, moderate, or severe?”)11; Patient-Reported
Outcomes Measurement Information System (PROMIS) itch
severity, including Numeric Rating Scale (NRS) (whole number
scale using a single question; range of responses during a 7-day
recall period, 0-10) and Verbal Rating Scale (Likert-type scale us-
ing a single question; 5 responses during a 7-day recall period: had
no itch, mild, moderate, severe, and very severe) for worst itch and
average itch23; POEM (7 questions; range, 0-28)13; PO-SCORAD (6
self-reported signs [erythema, excoriation, swelling, oozing/crust-
ing, lichenification, and dryness], visual analog scale for itch and
sleep loss in the past 3 days; range, 0-103)16; DLQI (10 questions;
range, 0-30)24,25 and ItchyQoL (22 questions; range for mean
scores, 1.0-5.0)25 to measure health-related quality of life; Patient-
Health Questionnaire-9 (PHQ-9) to measure mental health symp-
toms (9 questions; range, 0-27)26; and PROMIS sleep disturbance
(SD) and sleep-related impairment (SRI) (each with 8 items; range
of raw scores, 0-40) to assess sleep symptoms.27-29

Patients were assessed with full-body skin examination by a
dermatologist (J.S.). The Eczema Area and Severity Index (EASI; 4
signs [erythema, excoriation, swelling, lichenification] on 4 body
sites; range, 0-72)30-33 was assessed.
Statistical Analysis

Summary statistics were estimated for baseline population
characteristics. Concurrent validity of scores for PO-SCORAD and
POEM were established using Spearman correlations with each
other. Convergent validity was established using Spearman corre-
lations of PO-SCORAD and POEM with other PROs and EASI. Cor-
relation coefficients scores of 0.70 or higher were considered
strong, scores of 0.50 to 0.69 were considered moderate, and scores
of 0.30 to 0.49 were considered weak.

Criterion validity was determined using the Kruskal-Wallis test.
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. We hypothesized that there
would be significant and stepwise differences of itch assessments
with each level of AD severity. Discriminant construct validity of PO-
SCORADandPOEMwas established using logistic regressionmodels
with self-reported global AD severity as the ordinal dependent
variables.34 The independent variableswerePO-SCORADandPOEM.
Discriminant validity was determined using area under the curve
(AUC). AUC scores of 0.90 or greater were considered excellent, 0.80
to 0.89were considered good, 0.70 to 0.79were considered fair, less
than 0.70were considered poor, and less than 0.60 were considered
failure.35 Ordinal logistic regressionwas used because the data met
the proportional odds assumption (score test, P < .01).

Responsiveness of scores was determined using Pearson corre-
lations between change from baseline and follow-up visit for PO-
SCORAD and POEM with change of each other and other PROs
(NRS average itch, NRS worst itch, DLQI, ItchyQOL, PROMIS SD and
SRI, and PHQ-9) and EASI. We hypothesized that the changes of PO-
SCORAD and POEM would have moderate correlations with each
other and weaker correlations with changes in other PROs of AD
severity.

Floor or ceiling effects arise when an assessment has a lower or
upper limit to the values it can reliably measure. Floor or ceiling
effects of total scores were considered present if 15% of responses
fell in the lowest or highest scores.36,37

An anchor-based approach was used to determine thresholds
for meaningful clinically important difference (MCID) of PO-
SCORAD and POEM at follow-up from baseline. Thresholds were
determined by comparing the change of PO-SCORAD and POEM
with 1-point improvement of patient-reported global AD severity.

Test-retest reliability was assessed by intraclass correlation co-
efficient (ICC) and 95% CIs, using a mixed-effects model for absolute
agreement among patients with no change of patient-reported
global AD severity between the baseline and follow-up visits. ICCs
less than 0.50 were considered poor, 0.50 to 0.74 were considered
moderate, 0.75 to 0.89 were considered good, and 0.90 or higher
were considered excellent.38

The above statistical analyses were performed in SAS software,
version 9.4.3 (SAS Institute, Cary, North Carolina). Missing values
were encountered in 0.1% or less of respondents for all analyzed
variables. Complete case analysis was performed (ie, missing values
were excluded). A 2-sided P < .05 was considered statistically
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significant. No formal power calculation was performed. However,
a sample size of more than 100 participants per analysis has been
recommended as sufficient for validation studies.39

Results

Patient Characteristics

Overall, 291 adults (age range, 18-72 years) were included in the
study, with a mean (SD) follow-up visit duration of 0.3 (0.4) years
(maximum, 1.1 years). The patient cohort included 144 females
(51.6%) and 132 self-reported white individuals (47.3%), with a
mean (SD) age at enrollment of 39.9 (14.9) years. Baseline charac-
teristics of AD severity are presented in Table 1.

Concurrent Validity

Regarding concurrent validity, PO-SCORAD was moderately
correlated with POEM overall (r ¼ 0.56, P < .001) and in those with
moderate-severe self-reported AD severity (r ¼ 0.53, P < .001) but
only weakly correlated with POEM in those with clear-mild AD (P¼
.39, P ¼ .001) (Table 2). PO-SCORAD vs POEMwas associated with a
lower proportion of severe scores (13.1% vs 25.2%) but a higher
proportion of moderate scores (40.6% vs 31.0%). There was only
modest concordance between preestablished severity strata for
POEM and PO-SCORAD (weighted k ¼ 0.41).

Convergent Validity

Regarding convergent validity, PO-SCORAD was moderately
correlatedwith DLQI, ItchyQOL, PROMIS SRI, and PHQ-9 andweakly
correlated with NRS worst itch and average itch, PROMIS SD, and
EASI (Spearman correlations, P < .001 for all) (Table 2). POEM was
strongly correlated with DLQI and ItchyQOL, moderately correlated
with EASI, and weakly correlated with NRS worst itch and average
itch, PROMIS SD and SRI, and PHQ-9 (P < .001 for all).

Compared with POEM, PO-SCORAD had significantly weaker
correlations with DLQI (P < .001), ItchyQOL (P ¼ .02), and EASI (P ¼
.03) but no significant differences of correlations with NRS worst
itch or average itch, PROMIS SD and SRI, and PHQ-9. In particular,
POEM had stronger correlations with DLQI and ItchyQOL than did
POEM in those with self-reported clear-mild AD or those of
nonwhite race, but there were no significant differences of
Table 1
Characteristics of the Study Patients

Characteristic Finding (N ¼ 291)

Study duration, mean (SD), y 0.3 (0.4)
Age, mean (SD), y 41.8 (14.1)
Female sex 152 (52.2)
Race/ethnicity
White 140 (48.1)
African American/Black 30 (10.3)
Hispanic 54 (18.6)
Asian 67 (23.0)

Level of education
High school or less 22 (7.6)
More than high school 269 (92.4)

NRS score for worst itch, median (range) 4.5 (0-10)
NRS score for average itch, median (range) 3 (0-10)
Patient-reported global AD severity
Clear 18 (6.6)
Almost clear 43 (15.7)
Mild 80 (29.2)
Moderate 82 (29.9)
Severe 51 (18.6)

POEM score, median (range) 9 (0-28)
PO-SCORAD score, median (range) 29.8 (0.3-89.0)
DLQI score, median (range) 5 (0-28)
EASI score, median (range) (n ¼ 141) 5.8 (0.0-49.2)

Abbreviations: AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; EASI,
Eczema Area and Severity Index; NRS, Numeric Rating Scale; POEM, Patient Ori-
ented Eczema Measure; PO-SCORAD, Patient-Oriented SCORing Atopic Dermatitis.
correlations in those with self-reported moderate-severe AD or
those of white race. POEM had stronger correlations with EASI than
PO-SCORAD in those with clear-mild and moderate-severe AD and
those of nonwhite race.

Discriminant Validity

There were significant and stepwise increases of PO-SCORAD
and POEM at each level of severity for self-reported global
severity (Wilcoxon rank sum test, P < .001). However, both PO-
SCORAD and POEM had poor discriminant validity in predicting
self-reported global AD severity (Table 3). Therewas only aminimal
increase in AUC in models that included both PO-SCORAD and
POEM.

Floor or Ceiling Effects

The proportions of patients with lowest and highest values for
PO-SCORAD (0.3% or 0.4%) and POEM (10.1% or 2.2%) were below
15%, indicating there were no floor or ceiling effects overall.

Differential Item Functioning

No items from PO-SCORAD or POEM were found to have dif-
ferential item functioning.

Feasibility

Assessments were completed by more than 99% of respondents.
The mean (SD) time to completion of PO-SCORAD was 3.2 (3.0)
minutes, with a median completion time of 3 minutes (range, <1-
25 minutes). The mean (SD) time to completion of POEM was 1.3
(2.2) minutes, with a median completion time of 1 minute (range,
<1-25 minutes).

There were no significant differences of completion times for
PO-SCORAD or POEM by age (Wilcoxon rank sum test; P ¼ .68 and
.75, respectively), sex (P ¼ .48 and .22, respectively), race/ethnicity
(P ¼ .38 and .15, respectively), level of education (P ¼ .48 and .08,
respectively), and patient-reported global AD severity (P ¼ .68 and
.19, respectively).

Responsiveness

Changes from baseline in PO-SCORAD and POEM were moder-
ately correlated with each other (P ¼ .52). However, changes from
baseline in NRS worst itch and average itch, DLQI, ItchyQOL,
PROMIS SD and SRI, PHQ-9, and EASI scores all had stronger cor-
relations with changes in POEM compared with changes in PO-
SCORAD (Table 2).

Meaningful Change

Overall, the thresholds for MCID for PO-SCORAD and POEM
based on an anchor of a 1-point improvement or higher of patient-
reported global severity were �15.5 and �5.0, respectively. In
particular, the thresholds were similar for PO-SCORAD (14.6/16.8)
but differed for POEM (3.7/6.1) by baseline patient-reported global
AD severity (clear-mild or moderate-severe).

Reliability

A total of 189 cases were included in the analysis for reliability.
The ICC for PO-SCORAD was 0.77 (95% CI, 0.68-0.84) overall and
0.86 (95% CI, 0.78-0.92) in whites and 0.58 (95% CI, 0.34-0.75) in
nonwhites. The ICC for POEM was 0.86 (95% CI, 0.79-0.91) overall
and 0.90 (95% CI, 0.83-0.95] in whites and 0.79 (95% CI, 0.63-0.89)
in nonwhites.



Table 2
Spearman Correlations of PO-SCORAD and POEM Scores With Itch Severity, Quality of Life, Sleep Disturbance and Sleep-Related Impact at Baseline, EASI Scores, and Change in
Scores From Baseline at Follow-Up

Baseline AD severity POEM NRS itch DLQI ItchyQOL PHQ-9 PROMIS sleep EASI

Worst Average Disturbance Sleep-related impairment

Overall
PO-SCORAD 0.53 0.45 0.46 0.52 0.62 0.51 0.45 0.52 0.31
POEM 1.00 0.45 0.50 0.59 0.71 0.58 0.49 0.49 0.52
P value .93 .59 <.001 .02 .25 .51 .65 .03
Clear, almost clear, and mild self-reported AD severity
PO-SCORAD 0.39 0.34 0.34 0.35 0.48 0.32 0.35 0.41 0.40
POEM 1.00 0.35 0.45 0.70 0.73 0.56 0.46 0.45 0.60
P value .93 .59 <.001 .001 .25 .51 .65 .01
Moderate-severe self-reported AD severity
PO-SCORAD 0.53 0.36 0.36 0.59 0.66 0.56 0.42 0.50 0.03
POEM 1.00 0.38 0.34 0.56 0.58 0.45 0.39 0.38 0.28
P value .84 .86 .73 .30 .23 .78 .25 .01
White race
PO-SCORAD 0.51 0.57 0.58 0.57 0.68 0.50 0.41 0.52 0.43
POEM 1.00 0.42 0.48 0.65 0.65 0.44 0.46 0.41 0.48
P value .84 .86 .73 .30 .23 .78 .25 .66
Nonwhite race
PO-SCORAD 0.57 0.34 0.35 0.48 0.60 0.52 0.48 0.49 0.17
POEM 1.00 0.48 0.51 0.72 0.74 0.68 0.50 0.56 0.54
P value .20 .11 .001 .02 .01 .80 .40 .02
Change in scores
PO-SCORAD 0.53 0.23 0.26 0.38 0.61 0.25 0.39 0.18 0.13
POEM 1.00 0.48 0.48 0.67 0.70 0.49 0.57 0.42 0.47
P value <.001 <.001 <.001 .005 <.001 <.001 <.001 .007

Abbreviations: AD, atopic dermatitis; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; NRS, Numeric Rating Scale; PHQ-9, Patient Health
Questionnaire 9; POEM, Patient Oriented Eczema Measure; PO-SCORAD, Patient-Oriented SCORing Atopic Dermatitis; PROMIS, Patient-Reported Outcomes Measurement
Information System.
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Discussion

This study found that PO-SCORAD and POEM had overall good
concurrent validity, convergent validity, discriminant validity,
cross-cultural validity, feasibility, reliability, and fair responsive-
ness, with no observed floor or ceiling effects. PO-SCORAD and
POEM had similar discriminant validity. However, POEM corre-
lated better with quality-of-life measures than PO-SCORAD
overall and particularly in those with milder AD and of
nonwhite race (convergent validity). Subsequently, an adaptation
of PO-SCORAD was developed for use in black skin,40 which
likely should improve the performance of PO-SCORAD in adults
of nonwhite race. POEM also had better responsiveness than
Table 3
AUCs for PO-SCORAD and/or POEM as Predictors of Self-Reported Global AD Severity
at Baseline

AD severity AUC

PO-SCORAD POEM PO-SCORAD and
POEM

Multilevel 0.67 0.66 0.69
Almost clear vs
clear

0.50 0.50 0.50

Mild vs almost
clear

0.53 0.53 0.55

Mild vs clear 0.59 0.53 0.60
Moderate vs mild 0.62 0.67 0.64
Moderate vs
almost clear

0.74 0.72 0.76

Moderate vs clear 0.84 0.80 0.86
Severe vs
moderate

0.53 0.52 0.53

Severe vs mild 0.70 0.70 0.71
Severe vs almost
clear

0.79 0.74 0.82

Severe vs clear 0.86 0.83 0.89

Abbreviations: AD, atopic dermatitis; AUC, area under the receiver operating
characteristic curve; POEM, Patient Oriented EczemaMeasure; PO-SCORAD, Patient-
Oriented SCORing Atopic Dermatitis.
PO-SCORAD, with improvement of itch, AD severity, quality of
life, and mental health. POEM also had better reliability than PO-
SCORAD overall and particularly in nonwhites. POEM appeared to
be more feasible than PO-SCORAD, with shorter completion
times and simpler scoring. Together, PO-SCORAD and POEM have
sufficient validity, reliability, and feasibility to be used as as-
sessments of AD severity. However, POEM had better measure-
ment properties than PO-SCORAD.

Overall, the results of this study are consistent with those of
previous studies that found good validity and reliability for PO-
SCORAD and POEM in adults.15 A US population-based study of
602 adults with AD also found that PO-SCORAD and POEM had
good convergent validity for itch severity, quality-of-life impact
and mental health symptoms, and criterion validity for AD
severity.15 However, in contrast to the results of this study, PO-
SCORAD was previously found to correlate better with quality
of life15,41 and mental health symptoms15 than POEM. In addi-
tion, differential item functioning was previously identified for
multiple items in PO-SCORAD and POEM, indicating limited
cross-cultural validity,15 but was not identified for any items in
PO-SCORAD or POEM in this study. We found differences of
reliability for PO-SCORAD between whites and nonwhites.
Finally, we did not compare PO-SCORAD with SCORAD. How-
ever, the objective components of PO-SCORAD and SCORAD
were previously found to be moderately correlated in 75 chil-
dren with AD from a single outpatient clinic18 and 185 adults
and 286 children with AD in hospitals from 9 European
countries.16

Both PO-SCORAD and POEM were completed in a mean of 3
minutes or less, which is acceptable or adequate for use in clinical
practice (<3 or <3-5 minutes).14 However, POEM was generally
more time-efficient than PO-SCORAD. POEM can be administered
via a paper form or electronically, with a simple scoring system by
summing the responses across all 7 items. PO-SCORAD can also be
administered via a paper form or electronically, but it has a more
complicated scoring system thatmay be challenging for clinicians to
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perform in the office. PO-SCORADhas an online app available,which
can simplify administration. However, this may be impossible to
integrate into existing electronic health records and research data
capture software packages. Although both may be integrated into
day-to-day practice, POEM appears to have greater feasibility.

POEM demonstrated good responsiveness and reliability in this
study, which is generally in line with previous studies.13,14,42

Although PO-SCORAD demonstrated only fair responsiveness to
changes of other PROs and EASI in this study, it had good respon-
siveness to change of SCORAD in a multicenter study of children
and adults.16 PO-SCORAD also had good reliability; reliability was
not previously assessed for PO-SCORAD.42 Five- and 15.5-point
reductions of POEM and PO-SCORAD were the thresholds for
meaningful improvement based on a 1-point improvement of
patient-reported global AD severity. TheMCID of 5 is slightly higher
than the MCID of 3.4 points previously identified for POEM using a
pooled cohort from 3 clinical trials.43 Furthermore, we found a
higher MCID for POEM in those withmoderate-severe vs clear-mild
AD at baseline. It is logical that patients with more severe AD at
baseline should have greater improvements of POEM scores over
time. However, these data raise questions about the rationale of
using a single MCID for patients with mild-severe AD.

This study has several strengths, including clinical confirma-
tion of the AD diagnosis; good representation across sex, race/
ethnicity, and AD severity; evaluation of feasibility; and testing of
multiple PROs and EASI when examining the psychometric
properties. However, there are some limitations. Patients were
recruited from a single academic center, which may limit
generalizability. We did not assess content validity. However,
content validity was previously assessed and found to be good.42

Measurement properties were not tested in children or adoles-
cents. We used the original PO-SCORAD tool that was developed
with standardized images for white skin. We did not use the
adaptation of PO-SCORAD for use in black skin.40 Future studies
are needed to address these points.

In conclusion, this study demonstrates that PO-SCORAD and
POEM have good construct and cross-cultural validity, respon-
siveness, reliability, and feasibility in the assessment of adult AD in
clinical practice, with no overall floor or ceiling effects. However,
POEM had better measurement properties than PO-SCORAD. These
instruments provide important information about AD severity that
can guide therapeutic decision making.
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