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Abstract

Background: Atopic dermatitis (AD) is associated with a heterogeneous presentation and
clinical course. There is a lack of simple and validated severity assessments that are feasible
for clinical practice and epidemiological research.

Objectives: We sought to validate patient-reported global AD severity in adults.

Methods: We performed a prospective dermatology practice-based study using
questionnaires and evaluation by a dermatologist (n=265).

Results: At baseline and follow-up, patient-reported global AD severity significantly
correlated with oSCORAD (Spearman rho=0.56 and 0.49), SCORAD (0.64 and 0.56), EASI
(0.56 and 0.50), BSA (0.52 and 0.45), NRS-itch (0.60 and 0.53), POEM (0.50 and 0.48), and
DLQI (0.50 and 0.49) (P<0.0001 for all). Patient-reported moderate and severe AD vs. mild
AD were associated with significantly higher oSSCORAD, SCORAD, EASI, BSA, NRS-itch,
POEM and DLQI (P<0.0001 for all). There was moderate concordance between patient-
reported AD severity (mild, moderate and severe) and previously developed severity strata
for oSCORAD (kappa=0.39), SCORAD (kappa=0.47), EASI (kappa=0.37), NRS-itch
(kappa=0.49), POEM (kappa=0.37), and DLQI (kappa=0.40). Among patients with severe
disease at baseline, those who reported mild or moderate disease on follow-up had
significantly greater absolute reductions of oSCORAD (-23.4/-9.7/-1.8), SCORAD (-33.0/-
13.2/-2.3), EASI (-17.1/-9.8/-3.2), BSA (-46%/-15%/-4%), NRS-itch (-5/-2/0), POEM (-5/-
2/0), and DLQI (-8/-6/-1) than those who continued to report severe disease (Kruskal-Wallis,
P<0.0003 for all).

Conclusions: Patient-reported AD severity appears to be sufficiently valid for assessing AD
severity in the clinical and epidemiological setting.

This article is protected by copyright. All rights reserved.



Introduction

Atopic dermatitis (AD) is a chronic, inflammatory skin disease, associated with a
heterogeneous presentation and clinical course. There is no standardized definition of AD
severity. Rather, AD severity encompasses the converging effects of the intensity and extent
of lesions, chronicity and flares, intensity of itch, pain, sleep disturbance and mental health
symptoms, and the impact activities of daily living and quality of life (QOL). Hence, no
single objective assessment or patient-reported outcome (PRO) fully captures all of these
aspects of disease severity. Moreover, there is a lack of simple and validated severity
assessments that are feasible for clinical practice and epidemiological research. One approach
worth consideration is the use of a single-question assessment for patient-reported global
severity of AD. This approach is short, intuitive and feasible, though its validity has never
been established.

Much of our knowledge of the epidemiology of AD in the United States comes from a
number of US population-based studies, such as the National Survey of Children’s Health
(NSCH) (1-12). These studies typically employ questionnaires with either self- or caregiver-
report of various disorders and their severity. Given the scale of and number of questions
used in these studies, it is important that disease defining or classifying approaches be as
efficient as possible. A single question for classifying the self- or caregiver-reported severity
of AD would certainly be efficient. However, the validity of this approach has not been
established. We sought to determine the performance characteristics/or validity of a single

question in determining the severity of adult AD.
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Methods
Study design

We performed a prospective, dermatology practice-based, observational study to
determine the validity of patient-reported AD severity. Self-administered questionnaires were
completed by adult (>18 years) patients of the eczema clinic prior to their encounter. Patients
were then evaluated with a medical history and total body skin examination by a
dermatologist (JS). Subjects were enrolled between September, 2014 and January, 2017. The
study was approved by the institutional review boards of Northwestern University and

informed consent was waived.

Assessments for AD

The diagnosis of AD was confirmed using the Hanifin and Rajka diagnostic
criteria(13). The objective assessments of AD were the Eczema Area and Severity Index
(EASI) [range: 0-72] (14), objective-Scoring AD (0SCORAD) [range: 0-83], SCORAD
[range: 0-103] (15), and body surface area (BSA) of involved skin [range: 0-100%]. Patients
completed a questionnaire that included the question “Would you describe your atopic
dermatitis or eczema as mild, moderate, or severe)?”, as well as PRO related to AD,
including numeric rating scale (NRS) for itch [range: 0-10], Patient-Oriented Eczema
Measure (POEM) [7 questions; range: 0-28] (16) and Dermatology Life Quality Index

(DLQI) [10 questions; range: 0-30] (17).
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Data processing and statistical methods

All data analyses and statistical processes were performed using SAS version 9.4
(SAS Institute). Statistical significance was determined based on two-sided P-values <0.05.

Baseline AD severity scores were not normally distributed. Therefore, correlations
between baseline patient-reported global AD severity and other assessments were performed
using non-parametric Spearman correlations. Mann-Whitney U tests were used to compare
0SCORAD, SCORAD, EASI, BSA, NRS-itch, POEM, and DLQI scores between patient-
reported mild, moderate and severe AD. Patient-reported AD severity was also compared
with previously reported severity strata combined into mild, moderate and severe for
0SCORAD (0-14.9=mild, 15.0-40.9=moderate and 41-83=severe) (18), SCORAD (0-
25.9=mild, 26.0-50.9=moderate, 51-103=severe) (19), EASI (0-7.0=mild, 7.1-
21.0=moderate, 21.1-72=severe) (20), NRS-itch (0-3=mild, 4-6=moderate, 7-10=severe)
(21), POEM (0-7=mild, 8-16=moderate, 17-28=severe) (16), and DLQI (0-5=mild, 6-
10=moderate, 11-30=severe) (22). Spearman correlations and Fisher’s exact test were
performed and kappa coefficients were determined for comparisons of patient-reported AD
severity and the abovementioned severity strata.

Most patients were assessed at 21 follow-up visit. To determine the responsiveness of
patient-reported AD severity, we determined the proportion of patients with improvement of
patient-reported severity. Mann-Whitney U tests were used to compare the absolute
differences of 0oSCORAD, SCORAD, EASI, BSA, NRS-itch, POEM, and DLQI scores at
follow-up between patients with vs. without improvement of their moderate and/or severe
AD at baseline. Chi square tests were used to compare the proportion of patients who
achieved a minimal clinically important difference (MCID) of 0SCORAD (8.2 points) (23),

SCORAD (8.7 points) (23), EASI (6.6 points) (23), NRS-itch (3 points) (24), POEM (3.4
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points) (23) and DLQI (4 points) (25) scores at follow-up between patients with vs. without
improvement of their moderate and/or severe AD at baseline.

Missing values occurred for some variables in >5% of subjects. Several approaches
were therefore used to address missing values. First, complete data analysis was performed,
i.e. subjects with missing data were excluded. Second, sensitivity analyses using multiple
imputations (n=5 imputations) were performed for correlations and concordance of patient-
reported global AD severity with other outcomes (continuous) and severity strata thereof

(ordinal), respectively.

Results
Patient characteristics

Overall, 265 adults (ages 18-97 years) were included in the study, of which 192 were
evaluated at follow-up. The cohort included 162 females (61.1%) and 170 whites (64.2%).
The mean =+ std. dev. age at enrollment was 42.5 + 17.5 years and age of patient-reported AD
onset was 21.2 + 22.7 years. The mean = std. dev. BSA of involvement was 33.2% =+ 31.8%,
NRS-itch was 6.3 2.9, 0SCORAD was 29.6 + 16.6, SCORAD was 40.0 + 19.7, EASI was

13.7 £ 14.5, POEM was 11.5 = 7.4, and DLQI was 10.7 = 7.6.

Patient-reported global AD severity and other AD assessments

In complete case analyses, at baseline, patient-reported global AD severity
significantly correlated with oSCORAD (Spearman rho = 0.56), SCORAD (0.64), EASI
(0.56), BSA (0.52), NRS-itch (0.60), POEM (0.50), and DLQI (0.50) (P<0.0001 for all). At
least one follow-up evaluation was available for 192 (75.0%) patients, with a variable follow-
up schedule ranging from 2-26 visits (median: 4 visits) over 0.04-2.5 years (median: 0.6

years). Similarly at follow-up, patient-reported AD severity significantly correlated with
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0oSCORAD (0.49), SCORAD (0.56), EASI (0.50), BSA (0.45), NRS-itch (0.53), POEM
(0.48), and DLQI (0.49) (P<0.0001 for all).

In sensitivity analyses using multiple imputations, patient-reported global AD severity
similarly correlated with oSCORAD (Spearman rho = 0.54), SCORAD (0.59), EASI (0.52),
BSA (0.48), NRS-itch (0.54), POEM (0.49), and DLQI (0.52) (P<0.0001 for all).

Patient-reported moderate and severe AD vs. mild AD were associated with
significantly higher oSCORAD (median [IQR, range]: 25.3 [17.3, 69.4] and 34.5 [22.7, 82.8]
vs. 14.9 [12.8, 47.7]), SCORAD (32.7 [19.8, 81.3] and 48.4 [24.8, 89.8] vs. 20.6 [16.5,
58.2]), EASI (5.7 [9.0, 54.3] and 14.8 [19.3, 66.7] vs. 2.0 [3.4, 27.6]), BSA (15.5 [25.5,
100.0] and 39.0 [57.5, 100.0] vs. 4.5 [11.9, 100.0]), NRS-itch (5 [3, 10] and 8 [3, 10] vs. 3 [4,
10]), POEM (11 [10, 28] and 17 [11.5, 26] vs. 5 [8, 28]) and DLQI (7 [7, 28] and 13 [13, 30]
vs. 3 [5, 24]) (Kruskal-Wallis, P<0.0001 for all) (Figure 1).

The correlations between patient-reported global AD severity and the
abovementioned objective assessments and PRO were similar in both men and women,

whites and non-whites, ages <40 and >40 years (P<0.0001 for all; data not shown).

Patient-reported global AD severity and other AD severity strata

There was moderate concordance between patient-reported AD severity (mild,
moderate and severe) and previously developed severity strata for oSSCORAD (kappa [95%
CI]: 0.39 [0.33-0.44]), SCORAD (0.47 [0.42-0.52]), EASI (0.37 [0.32-0.43]), NRS-itch (0.49
[0.44-0.54]), POEM (0.37 [0.24-0.35]), and DLQI (0.40 [0.35-0.46]) (Fisher exact test,
P<0.001 for all) (Figure 2).

The associations between patient-reported AD severity and the abovementioned
objective assessments and PRO was significant in both men and women, whites and non-

whites, ages <40 and >40 years (P<0.03 for all; data not shown).
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In sensitivity analyses using multiple imputations, there was similar concordance
between patient-reported global AD severity and severity strata for oSSCORAD (mean kappa:
0.37), SCORAD (0.43), EASI (0.35), NRS-itch (0.48), POEM (0.35), and DLQI (mild=0-5,

moderate=6-10, severe=11-30) (0.39).

Improvement of patient-reported global AD severity and other AD assessments

Among patients with severe disease at baseline, those who reported mild or moderate
disease on follow-up had significantly greater reductions of 0SCORAD (median [IQR]: -23.4
[29.9] vs. -9.7 [25.8] vs. -1.8 [18.5]; Kruskal-Wallis, P<0.0001), SCORAD (-33.0 [36.4] vs. -
13.2 [26.7] vs. -2.3 [24.6]; P<0.0001), EASI (-17.1 [32.1] vs. -9.8 [23.5] vs. -3.2 [23.0];
P<0.0001), BSA (-46% [62.8%] vs. -15% [42.5%] vs. -4.0% [48.1%]; P<0.0001), NRS-itch
(-5 [6] vs. -2 [4] vs. 0 [3]; P<0.0001), POEM (-5 [10] vs. -2 [9] vs. O [4]; P<0.0003), and
DLQI (-8 [11] vs. -6 [10] vs. -1 [6]; P<0.0001) than those who continued to report severe

disease (Figure 3).

Among patients with moderate disease at baseline, those who reported mild disease
on follow-up had significantly greater reductions of 0OSCORAD (-14.4 [16.4] vs. -7.5 [13.5]),
SCORAD (-17.2 [23.3] vs. -7.8 [19.2]), EASI (-8.2 [11.2] vs. -3.0 [8.6]), BSA (-15% [24.5%]
vs. -7% [19.5%]), NRS-itch (-2 [4] vs. -1 [2]), POEM (-1 [7] vs. O [4]), and DLQI (-3.5 [8.5]
vs. 0 [5]) than those who continued to report moderate disease (P<0.0001 for all) (Figure 3).

Similarly, among patients with severe disease at baseline, those who reported mild or
moderate disease on follow-up significantly higher proportions achieved MCID [95% CI] of
0SCORAD (77.0% [70.2-83.8%] vs. 51.2% [40.4-62.1%] vs. 14.6% [8.9-22.2%]), SCORAD
(79.7% [73.2-86.2%] vs. 58.5% [47.8-69.2%] vs. 15.2% [9.5-21.0%]), EASI (74.3% [67.3-

81.4%] vs. 58.5% [47.8-69.2%] vs. 13.8% [8.3-19.3%]), NRS-itch (62.8% [55.0-70.7%] vs.
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46.3% [35.5-57.2%] vs. 6.6% [2.6-10.5%]), POEM (62.8% [54.9-70.7%] vs. 33.3% [23.6-
43.1%] vs. 9.1% [4.7-13.6%]), and DLQI (74.5% [67.6-81.4%] vs. 64.8% [55.0-74.7%] vs.
15.0% [9.8-20.2%]) than those who continued to report severe disease (Chi-square, P<0.0001
for all) (Figure 4). Further, among patients with moderate disease at baseline, those who
reported mild disease on follow-up significantly higher proportions achieved MCID [95% CI]
of 0SCORAD (68.4% [56.2-806%] vs. 18.7% [10.6-26.8%]), SCORAD (68.4% [56.2-80.6%]
vs. 19.8% [11.5-28.1%]), EASI (58.9% [45.9-72.0%] vs. 16.9% [9.0-24.7%]), NRS-itch
(38.6% [25.8-51.4%] vs. 9.9% [3.7-16.1%]), POEM (62.8% [54.9-70.7%] vs. 9.1% [4.7-
13.6%]), and DLQI (50.0% [37.2-62.8%] vs. 12.0% [6.0-17.9%]) than those who continued

to report moderate disease (Chi-square, P<0.0001 for all).

Discussion

The present study demonstrated the validity of patient-reported AD severity, using a
simple scoring system of mild, moderate and severe. Patient-reported AD severity correlated
well with the objective AD assessments 0SCORAD and EASI. EASI and SCORAD have
been extensively validated and used frequently to define AD severity in outcome measures
(26) and inclusion critera (27). The Harmonizing Outcome Measures in Eczema (HOME)
group found that only oSCORAD and EASI were adequately validated and assessed the four
essential signs of AD.(28) However, EASI was preferred over oSCORAD as for the
assessment of AD signs in clinical trials.(29) Patient-reported AD severity also correlated
well with multiple validated PRO, including NRS-itch, POEM, and DLQI. POEM was
recently selected as the preferred assessment for AD symptoms in clinical trials (30).
Together, patient-reported global AD severity appears to be a simple, feasible and valid tool

for assessing AD severity in clinical trials and epidemiological research of AD.
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Patient-reported AD severity correlated only moderately with all measures, suggesting
that no single instrument comprehensively characterizes the patient-burden of AD. This is
further illustrated by the discordance observed between severity strata for different outcome
measures and patient-reported global AD severity. Some patients reported having severe
disease owing to severe itch, but had only mild or moderate disease as judged by EASI or
0SCORAD. Thus, patient-reported global AD severity may be an important PRO for
assessing the overall burden of disease that accounts for both lesional severity and extent,
symptom burden and QOL impact. Patient-reported AD severity had a stronger correlation
with NRS-itch than the other validated PRO - POEM and DLQI. Together, these findings
suggest that AD severity is determined by multiple aspects of disease, but patients’ dominant
concerns regarding AD severity are related to the burden of itch.

A decrease of patient-reported AD severity was associated with significant
improvements of and a greater proportion of patients achieving a MCID for the
abovementioned assessments. The results suggest that this patient-reported global assessment
is a valid approach for assessing AD severity in the clinical and epidemiological setting. A
similar question was used for caregiver-report of pediatric AD severity in the 2007-2008
National Survey of Children’s Health. In that study, 67% of children with AD were reported
to have mild, 26% moderate and 7% severe AD (10, 12). The demonstrated validity for
patient-reported AD severity in adults suggests that caregiver-reported AD severity may
similarly be valid. Nevertheless, future studies are explicitly needed to validate caregiver-
report in pediatric cohorts. Another important consideration is that patient-reported AD
severity is responsive to treatment. Thus, it is more appropriate for estimating the point-
prevalences of disease severity, and may underestimate the true prevalence of moderate-
severe disease in a longer assessment period, e.g. 1-year or lifetime prevalence. This is

particularly relevant to AD, which can have a highly variable or episodic course. Thus, the
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proportion of children with at least some period of moderate-severe AD may be even higher
than reported in NSCH.

Interestingly, patient-reported AD severity had a stronger correlation with NRS-itch
than POEM, suggesting itch intensity is a major driver of disease severity. The HOME group
selected POEM as the preferred PRO to assess AD symptoms in clinical trials (30, 31).
POEM demonstrates construct validity, convergent validity, divergent validity, internal
consistency, sensitivity to change, and test-retest reliability (32, 33). NRS-itch, as a single
question instrument, is validated for rating pruritus (34, 35), shorter, simpler, and more
feasible than most PRO for AD symptoms. We agree with the recommendation of the HOME
group, and suggest that NRS-itch be used in addition to POEM to assess AD symptoms.

This study has several strengths, including being prospective, well-powered, and
comparison with validated objective assessments and PRO. However, the study has
limitations. Patient-reported global AD severity was classified into three categories: mild,
moderate and severe. This was an a priori decision based on preliminary feedback from
participant stakeholders that the categories of clear, almost clear and very severe were less
meaningful to patients, particularly those with chronic AD. Thus, the mild stratum
encompasses both the clear/almost clear and mild categories, whereas the severe stratum
encompasses both the severe and very severe categories previously presented. Multiple
patient stakeholders raised concerns that even when their skin appeared clear or to have no
apparent eczema, that they still experienced itch, sensory disturbances, e.g. allodynia, and
fear of unpredictable flares. The significant correlations of patient-reported global AD
severity with other existing scores suggests that it may be a clinically useful outcome
measure. Ultimately, future prospective studies would be needed to determine how well it
performs in clinical practice and therapeutic decision making. Finally, the study was

performed in an urban academic dermatologic setting and may not be generalizable to the
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entire US population. Future, larger-scale multicenter studies are needed to confirm the
results of this study.

In conclusion, a single question examining patient-reported AD or eczema severity
may be sufficiently valid for the assessment of AD severity in adults in the clinical and
epidemiological setting. Future studies are underway to demonstrate the validity of caregiver-

reported severity in childhood AD.
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Figure Legends

Figure 1. Relationship between patient-reported severity and other outcome measures

in atopic dermatitis. Atopic dermatitis severity was divided into mild, moderate and severe.
Box-whisker plots and overlaid jitter plots of (A) oSCORAD, (B) SCORAD, (C) EASI, (D)

BSA, (E) NRS-itch, (F) POEM, and (G) DLQI are presented for each level of AD severity.

Figure 2. Relationship between patient-reported atopic dermatitis severity and
established severity strata for oSSCORAD, SCORAD, EASI, BSA, NRS-itch, POEM and
DLQI. Proportion (95% CI) of subjects with patient-reported mild, moderate or severe AD
who also had mild, moderate or severe disease as judged by established severity strata for

0oSCORAD, SCORAD, EASI, BSA, NRS-itch, POEM and DLQI.

Figure 3. Relationship between improvement of patient-reported atopic dermatitis
severity and other outcome measures. Percent reduction of oSCORAD, SCORAD, EASI,
BSA, NRS-itch, POEM and DLQI are plotted for different patient-reported atopic dermatitis

severity levels, stratified by baseline atopic dermatitis severity.
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Figure 4. Relationship between improvement of patient-reported atopic dermatitis
severity and achieving the minimal clinically important difference (MCID) of other
outcome measures. Proportion of patients achieving a MCID of oSCORAD, SCORAD,
EASI, NRS-itch, POEM and DLQI are plotted for different patient-reported atopic dermatitis

severity levels, stratified by baseline atopic dermatitis severity.

Table 1. Demographics of the study cohort (n=265).

Variable

Value

Gender —freq (%)

Male 103 (38.9%)

Female 162 (61.1%)
Race/ethnicity — freq (%)

White, non-Hispanic 170 (64.2%)

Black 34 (12.8%)

Hispanic 12 (4.5%)

Asian 45 (17.0%)

Multiracial/Other 4 (1.5%)
Age at enrollment (yr) — mean * std. dev 425+17.5
Age of AD onset (yr) — freq (%)

Childhood (<18) 164 (62.8%)

Adulthood (>18) 97 (37.2%)
Patient-reported global AD severity — freq (%)

Mild 72 (27.2%)

Moderate 76 (28.7%)

Severe 117 (44.2%)
BSA — mean * std. dev 33.2% £ 31.8%
NRS-itch — mean + std. dev 6.3+£29
0SCORAD — mean = std. dev 29.6 +16.6
SCORAD — mean £ std. dev 40.0 = 19.7
EASI — mean £ std. dev 13.7+14.5
POEM — mean * std. dev 11.5+74
DLQI — mean * std. dev 10.7+7.6

* Missing values were encountered in 0 (0.0%) for gender, race/ethnicity and patient-reported
global AD severity, 4 (1.5%) for age of AD onset, 33 (12.5%) for BSA, 34 (10.6%) for NRS-itch, 34
(12.8%) for oSCORAD and SCORAD, 39 (14.7%) for EASI, 21 (7.9%) for POEM, and 11 (4.2%) for DLQ.
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