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ABSTRACT

Introduction: Atopic dermatitis (AD) is a
chronic and relapsing inflammatory skin dis-
ease that negatively impacts overall health,
quality of life (QoL), and work productivity.
Prior studies on AD burden by severity have
focused on moderate-to-severe disease. Here, we
describe the clinical and humanistic burden of
AD in Europe across all severity levels, including
milder disease.

Methods: Data were analyzed from the 2017
National Health and Wellness Survey from
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adult respondents with AD in the EU-5 (France,
Germany, Italy, Spain, and the UK). AD disease
severity was defined based on self-reported
assessments as “mild,” “moderate,” or “severe”
and by Dermatology Life Quality Index (DLQI)
severity bands. Self-reported outcomes for AD
respondents by severity were assessed using
propensity score matching. These outcomes
included a wide range of selected medical/
psychological comorbidities, overall QoL and
functional status (EuroQol 5-Dimensions
5-Level and Short Form-36 version 2 question-
naires), and work productivity and activity
impairment (Work Productivity and Activity
Impairment questionnaire).

Results: In total, 4208 respondents with AD
(mild AD, 2862; moderate AD, 1177; severe AD,
169) and 4208 respondents without AD were
included in this analysis. Results showed greater
burden across severity levels compared with
matched non-AD controls. A higher proportion
of respondents with mild-to-moderate AD,
defined by DLQI severity bands, reported atopic
comorbidities (P < 0.05) and a wide range of
cardiac, vascular, and metabolic comorbidities,
including hypertension, high cholesterol, ang-
ina, and peripheral vascular disease (P < 0.005),
compared with non-AD controls. Relative to
potential impacts of various medical and psy-
chological burdens, respondents with mild-to-
moderate AD reported higher activity impair-
ment than controls (P < 0.0001).
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Conclusion: Clinical and humanistic burden
was observed in European respondents with AD
compared with matched non-AD controls
across severity levels, with burden evident even
in milder disease, highlighting the importance
of improving disease management in early
stages of AD.

Keywords: Atopic dermatitis; Disease burden;
Eczema; Europe; Quality of life

Key Summary Points

Atopic dermatitis (AD) is a chronic
inflammatory skin disease, and prevalence
rates have increased in most countries
across Europe

Although prior studies using data from the
National Health and Wellness Survey have
described the burden of moderate-to-
severe AD, data assessing the impact of
mild-to-moderate AD are limited

The objective of this study was to describe
the clinical and humanistic burden of AD
in Europe across severity levels, including
also milder forms of this chronic disease

Respondents with mild-to-moderate AD
had a higher burden of comorbidities,
sleep difficulties, and psychological
disorders (anxiety and depression) and
poorer quality of life/functional status,
work productivity, and activity levels
compared with non-AD-matched
controls. Additionally, the most common
comorbidities observed in milder patients
were consistent with those also found to
be the most common in more severe AD

Results from this study highlight the
importance of improving disease
management across patients with varying
levels of severity, including patients with
only mild disease

INTRODUCTION

Atopic dermatitis (AD) is a common, chronic,
relapsing inflammatory skin disease affecting
children and adults [1]. The onset of AD is most
common during childhood; however, the dis-
ease can manifest at any age, and the disease
course may be continuous for many years or
relapsing-remitting [1]. Prevalence rates of AD
have increased substantially in most countries
across Europe, with evidence of a plateau over
the past few decades in some regions [2-6]. In
2016, the estimated point prevalence of AD in
adults ranged from 2 to 8% across countries in
the EU-5 (Germany [2.2%], the UK [2.5%)],
France [3.6%)], Spain [7.2%], and Italy [8.1%])
[7]. In some regions of Europe (e.g., West Swe-
den [8] and Odense, Denmark [9]), more than
one-third of adults report experiencing AD
during their lifetime.

In addition to skin symptoms, AD negatively
impacts mental and psychological health,
quality of life (QoL), sleep, work productivity,
and activities in adults and increases healthcare
resource utilization [10-13]. Children with AD
may also experience a significant burden, with
major impacts on QoL as well as bullying at
school and effects on daily activities, school
work, leisure, and personal relationships [14].
These negative impacts are generally more pro-
nounced with increasing disease severity [15];
however, patients with mild-to-moderate dis-
ease also experience significant impact on QoL
and increased healthcare resource utilization
[16]. Furthermore, patients with mild-to-mod-
erate disease comprise most adults with AD,
with < 10% of patients classified as having
severe disease according to Patient Global
Assessment (PtGA) [7].

National Health and Wellness Survey
(NHWS) data from the US showed that respon-
dents with AD had significantly higher rates of
anxiety, depression, sleep disorders, work
absenteeism, and activity impairment rates
compared with respondents without AD
(P <0.001) [12]. Similar results were observed
using NHWS data from France, Germany, Italy,
Spain, and the UK [17]. In addition, two recent
studies using NHWS data that evaluated burden
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of AD for respondents with moderate-to-severe
disease for the US and separately for European
countries including France, Germany, Italy,
Spain, and the UK [18, 19] showed that psy-
chological comorbidities were frequently
reported and were associated with health status,
wortk loss, and healthcare resource utilization in
the US [18] and that significant economic bur-
den and psychological comorbidities were
observed in Europe [19].

Although approximately 90% of all patients
with AD have mild-to-moderate disease [20, 21],
there are limited data available addressing the
impact of mild-to-moderate AD. The objective
of this study was to describe the clinical and
humanistic burden of AD in Europe across
severity levels, including milder forms of this
chronic disease.

METHODS

Study Design and Population

Data from the 2017 NHWS were used to evalu-
ate AD disease burden in adults in the European
Union-5 (EU-5 [France, Germany, Italy, Spain,
and the UK]). The NHWS is an annual, global,
cross-sectional, self-reported, online survey
(Kantar Health) of potential respondents
recruited from a large internet panel (Light-
speed Research). Potential respondents received
an email invitation for the survey, and those
who provided informed consent and
were > 18 years of age completed the survey.
The NHWS includes self-reported data on
demographics, health characteristics, disease
history, and health outcomes. Adults who self-
reported AD (including eczema and AD) were
compared with respondents without AD using
propensity score matching.

This study was exempt from institutional
review board approval given that it was con-
ducted in the form of a survey of individuals not
given clinical examinations. The protocol and
study materials associated with the original
fielding of the 2017 NHWS were reviewed by
the Pearl Institutional Review Board (Indi-
anapolis, IN) and granted exemption status.

All respondents provided informed consent
prior to completion of the survey.

Assessments and Outcomes

The analyses are based on self-reported severity
classification of AD. For respondents currently
using therapies for AD, severity was defined
based on their self-reported assessment when
using their medication as “mild,” “moderate,”
or “severe.” For respondents not currently using
therapies for AD, severity was defined based on
their overall assessment as “mild,” “moderate,”
or “severe.” The comorbidity burden in
respondents with AD across levels of severity
and the association between AD severity and
Qol, work-related outcomes, healthcare
resource utilization, and psychosocial burden
were compared against matched non-AD con-
trols. AD levels were analyzed according to
severity groups. Patients were grouped as either
“mild-to-moderate” or “moderate-to-severe” in
order to understand the burden for these
severity classifications that corresponds to those
used in clinical trials and for regulatory
approval of medicines. Severity groups of mild,
moderate, and severe were analyzed separately
to show the continuum of burden across sever-
ity levels. In addition, all AD groups (combining
all severity levels) were evaluated versus non-AD
controls to show overall burden of AD in the
real-world setting regardless of severity.
Self-reported outcomes included the pres-
ence of selected comorbidities; anxiety within
past 12 months; depression severity (Patient
Health  Questionnaire-9 [PHQ-9]; 9-item
depression questionnaire with a scale from 0
[“not at all”] to 3 [“nearly every day”], for a total
score range of 0-27) [22]; the severity and
impact of sleep difficulties; EuroQol 5-Dimen-
sions 5-Level (EQ-5D-5L; overall health ques-
tionnaire with five domains [mobility, self-care,
usual activities, pain/discomfort, and anxiety/
depression], each rated on a scale from 1 [“no
problems”] to 5 [“unable to perform”]; score was
a 5-digit number calculated from 1-digit num-
bers associated with answers in each dimension;
the final index value was calculated using
country-specific value sets); health state
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utilities; visual analog scale (VAS; scale ranged
from O to 100 with endpoints labeled “the best
health you can imagine” and “the worst health
you can imagine”) [23]; Short Form-36 version 2
(SF-36v2; functional health and well-being
questionnaire with 4 physical health [36-item
physical functioning, role-physical, bodily pain,
and general health]; four mental health [vital-
ity, social functioning, role-emotional, and
mental health] domains; scores were norm-
based with 50 being the average score for the
general population) [24] domain scores; and
work productivity and activity impairment
(WPAI; 6-item questionnaire with four domains
[absenteeism, presenteeism, work productivity
loss, and activity impairment] expressed as
impairment percentages, with higher numbers
indicating greater impairment and less produc-
tivity) [25]. The comorbidity, physiological,
sleep, QoL, and work-related burdens were
stratified by Dermatology Life Quality Index
(DLQI) severity bands, which describe the
magnitude of the negative impact on QoL.
DLQI scores 0 or 1 corresponded to “no effect,”
scores 2-5 to “small effect,” scores 6-10 to
“moderate effect,” scores 11-20 to “very large
effect,” and scores 21-30 to “extremely large
effect” [26]. In this study, respondents were
grouped by DLQI < 11 (no effect to moderate
effect on QoL) and DLQI > 6 (moderate to
extremely large effect on QoL).

Statistical Analysis

A matched non-AD control cohort was identi-
fied using propensity score matching. Demo-
graphics and baseline health characteristics
(age, sex, employment status, Charlson comor-
bidity index [score of 1-year mortality predic-
tion; 1-6 scale with higher score indicating
higher mortality] [27], and other atopic condi-
tions) were compared between respondents
with and without AD using Chi-square tests for
categorical variables and one-way analysis of
variance (ANOVA) for continuous variables.
Variables that differed between respondents
with and without AD (P < 0.10) were entered
into a logistic regression model to generate
propensity scores. A greedy matching algorithm

was implemented in the propensity score
matching process to match each respondent
with AD with a non-AD control.

As a sensitivity analysis, differences in AD
comorbidity, physiological, and sleep burdens
as well as SF-36v2, EQ-5D-5L, and WPAI scores
for QoL in respondents with AD severity defined
with DLQI bands (mild-to-moderate AD,
DLQI < 11; moderate-to-severe AD, DLQI > 6)
versus matched controls were evaluated using
Chi-square tests for categorical variables and
ANOVA for continuous variables.

RESULTS

Population

In total, 4208 respondents with AD and 4208
respondents without AD were included in the
analysis (Table 1). Demographic and clinical
characteristics were balanced between the AD
cohort and the propensity-matched non-
eczema control cohort (Table 1). The history of
disease in respondents with eczema showed
that most respondents had mild or moderate
disease in several body locations and were using
medications to manage their disease (Table 2).
Overall, 1721 (40.9%) respondents reported
receiving a diagnosis of AD > 16 years ago,
many by a primary care physician or dermatol-
ogist (48.5% and 37.3%, respectively). Mild,
moderate, and severe disease severity was self-
reported by 2862 (68.0%), 1177 (28.0%), and
169 (4.0%) respondents with AD, respectively.
The body location of AD varied among respon-
dents and included hands (35.0%), face/neck
(31.5%), arms (lower arm, 26.9%; upper arm,
22.2%), and legs (lower leg, 25.2%; upper leg,
15.9%). Less than half of respondents with AD
used over-the-counter and prescription treat-
ments to manage their disease (27.3% and
42.3%, respectively). Most respondents reported
no effect (40.3%) and small effect (35.6%) of AD
on their QoL (assessed by DLQI). Similar trends
in clinical characteristics were observed in the
mild-to-moderate and moderate-to-severe AD
cohorts and their corresponding propensity-
matched non-AD control cohorts (Supplemen-
tal Table 1 and 2).
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Table 1 Demographic and clinical characteristics
AD cohort Matched non-AD P value®
control cohort
Mild AD Moderate Severe Total N = 4208
AD AD
n = 2862 n=1177 n =169 = 4208
Age, mean (range), years 46.0 (18-88) 45.0 (18-91) 41.5 (18-87) 45.6 (18-91) 45.6 (18-93) 0.85
Female, 7 (%) 1901 (664) 842 (71.5) 121 (71.6) 2864 (68.1) 2870 (68.2) 0.89
Geographic location,
n (%)
UK 1031 (36.0) 342 (29.1) 44 (26.0) 1417 (33.7) 1404 (33.4)
France 710 (248) 331 (28.1) 56 (33.1) 1097 (26.1) 1151 (27.4) 0.66
Spain 445 (156) 181 (154) 26 (154) 652 (155) 654 (15.5)
Germany 418 (146) 171 (145) 22 (13.0) 611 (145) 577 (137)
Ttaly 258 (9.0) 152 (129) 21 (12.4) 431 (102) 422 (10.0)
Employed, 7 (%) 1577 (55.1) 646 (549) 92 (544) 2315 (55.0) 2424 (57.6) 0.02
Charlson comorbidity
index, 7 (%)
0 2372 (82.9) 951 (80.8) 134 (79.3) 3457 (82.2) 3533 (84.0)
1 301 (105) 125 (106) 18 (10.7) 444 (10.6) 413 (9.8) 0.13
2 113 (4.0) 68 (5.8) 10 (5.9) 191 (4.5) 167 (4.0)
>3 76 (2.7) 33 (2.8) 7 (4.1) 116 (2.8) 95 (2.3)
Other atopic condition 1053 (36.8) 449 (38.2) 68 (40.2) 1570 (37.3) 1573 (37.4) 0.95
(allergic rhinitis,
asthma), 7 (%)

AD atopic dermatitis
*Total AD cohort versus matched non-AD control cohort

Comorbidity Burden

Of the 17 comorbidities evaluated, 12 comor-
bidities among respondents with self-reported
mild or moderate AD and 13 among respon-
dents with moderate or severe AD were signifi-
cantly more frequent compared with the
matched non-AD control cohorts (P < 0.05;
Supplemental Table 3). The three most fre-
quently reported comorbidities among respon-
dents with mild, moderate, or severe eczema AD
included allergies (40.4%, 48.2%, and 51.5%,
respectively), pain (31.6%, 35.1%, and 39.1%),

and allergic rhinitis (26.1%, 25.0%, and 28.4%).
A total of eight comorbidities were reported
by > 20% of respondents in AD cohort: pain,
allergies, allergic rhinitis, asthma, migraine,
hypertension, high cholesterol, and food aller-
gies. The prevalence of each of these eight
comorbidities was statistically higher for the AD
cohort compared with the non-AD control
cohort (P <0.01 for all; Fig.1). Results for
comorbidity burden are summarized for col-
lapsed categories of mild-to-moderate and
moderate-to-severe AD in Table 3.
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Table 2 History of disease in AD cohort

Mild AD Moderate AD Severe AD Total AD cohort
n = 2862 n = 1177 n =169 = 4208
Time since diagnosis, 7 (%)
<5 years 1001 (35.0) 411 (34.9) 62 (36.7) 1474 (35.0)
6-10 years 353 (12.3) 155 (13.2) 24 (14.2) 532 (12.6)
11-15 years 242 (8.5) 96 (82) 2 (7.1) 350 (8.3)
> 16 years 1165 (40.7) 490 (41.6) 66 (39.1) 1721 (40.9)
Missing/unknown 101 (3.5) 25 (2.1) 5 (3.0) 131 (3.1)
Diagnosing healthcare professional, 7 (%)
Primary care/general practice 1484 (51.9) 490 (41.6) 65 (38.5) 2039 (48.5)
Dermatologist 977 (34.1) 512 (43.5) 79 (46.8) 1568 (37.3)
Allergist (3.1) 63 (5.4) 7 (4.1) 160 (3.8)
Pediatrician 93 (3.3) 34 (2.9) 7 (4.1) 134 (3.2)
Nurse practitioner/physician assistant 8 (2.4) 26 (2.2) 3 (1.8) 97 (2.3)
Other (17) 27 (2.3) 3 (1.8) 79 (1.9)
Missing/unknown 101 (3.5) 25 (2.1) 5 (3.0) 131 (3.1)
Self-reported severity, 7 (%)
Mild 2862 (100) - - 2862 (68.0)
Moderate - 1177 (100) - 1177 (28.0)
Severe - - 169 (100) 169 (4.0)
AD location, 7 (%)
Hands 941 (32.9) 460 (39.1) 73 (43.2) 1474 (35.0)
Face/neck 835 (29.2) 420 (35.7) 72 (42.6) 1327 (31.5)
Lower arm 706 (24.7) 355 (30.2) 72 (42.6) 1133 (26.9)
Lower leg 687 (24.0) 319 (27.1) 54 (32.0) 1060 (25.2)
Upper arm 562 (19.6) 310 (26.3) 63 (37.3) 935 (22.2)
Scalp/head 546 (19.1) 309 (26.3) 45 (26.6) 900 (21.4)
Upper leg 376 (13.1) 239 (20.3) 55 (32.5) 670 (15.9)
Feet 387 (13.5) 198 (16.8) 43 (25.4) 628 (14.9)
Chest/torso 353 (12.3) 214 (18.2) 42 (24.9) 609 (14.5)
Back 297 (10.4) 203 (17.3) 36 (21.3) 536 (12.7)
Buttocks 179 (6.3) 138 (11.7) 29 (17.2) 346 (8.2)
Other 236 (8.3) 104 (8.8) 16 (9.5) 356 (8.5)
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Table 2 continued

Mild AD Moderate AD Severe AD Total AD cohort
n = 2862 n = 1177 n =169 N = 4208

Over-the-counter treatment for AD, 7 (%)

Yes 734 (25.7) 359 (30.5) 56 (33.1) 1149 (27.3)

No 1688 (59.0) 572 (48.6) 86 (50.9) 2346 (55.8)

Missing/unknown 440 (15.4) 246 (20.9) 27 (16.0) 713 (16.9)
Prescription treatment for AD, 7 (%)

Yes 1202 (42.0) 504 (42.8) 74 (43.8) 1780 (42.3)

No 1660 (58.0) 673 (57.2) 95 (56.2) 2428 (57.7)
Prescribing healthcare professional, 7 (%)

Primary care/general practice 777 (27.2) 256 (21.8) 33 (19.5) 1066 (25.3)

Dermatologist 326 (11.4) 211 (17.9) 37 (21.9) 574 (13.6)

Allergist 32 (1.1) 20 (1.7) 2 (12) 54 (1.3)

Nurse practitioner/physician assistant 30 (1.1) 10 (0.9) 1 (0.6) 41 (1.0)

Other 37 (1.3) 7 (0.6) 1 (0.6) 45 (1.1)
DLQL 7 (%)

No effect (0 or 1) 1411 (49.3) 269 (22.9) 17 (10.1) 1697 (40.3)

Small effect (2-5) 978 (34.2) 470 (39.9) 49 (29.0) 1497 (35.6)

Moderate effect (6-10) 320 (11.2) 240 (20.4) 37 (21.9) 597 (14.2)

Very large effect (11-20) 129 (4.5) 166 (14.1) 53 (31.4) 348 (8.3)

Extremely large effect (21-30) 24 (0.8) 32 (2.7) 13 (7.7) 69 (1.6)

AD atopic dermatitis, DLQI Dermatology Life Quality Index

Psychological Burden

Anxiety was reported by 41.4%, 45.7%, and
53.9% of respondents with mild, moderate, and
severe AD, respectively, and was more frequent
in the AD cohort compared with the matched
non-AD control cohort (P < 0.0001; Fig. 2a).
Depression  severity differed significantly
between the AD cohort and the matched non-
AD control cohort (P <0.0001; Fig.2b).
Moderate-to-severe depression was reported by
23.8%, 31.3%, and 41.4% of respondents with
mild, moderate, and severe AD, respectively,
while it was reported by 20.1% in the matched

non-AD control cohort. Results for psychologi-
cal burden are summarized for collapsed cate-
gories of mild-to-moderate and moderate-to-
severe AD in Table 3.

Sleep Difficulties

At least one sleep difficulty was reported by a
greater proportion of respondents in the AD
cohort compared with the matched non-AD
control cohort (P < 0.0001), and the severity
and impact of sleep difficulties differed between
the AD cohort and the matched non-AD control
cohort (P < 0.0001 for both; Table 4). Moderate
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Matched non-AD Mild AD = Moderate AD m Severe AD
control cohort n=2862 n=1177 n=169
N=4208
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Pain Allergies Allergic

rhinitis
Fig. 1 Comorbidities reported by > 20% of respondents
in any group by self-reported AD severity and in matched
non-AD control cohort. *P < 0.01, *P < 0.0001 for AD
cohort (“mild’, “moderate”, or “severe”) versus matched

or severe sleep difficulties were reported by
23.1%, 34.5%, 44.4%, and 18.5% of respon-
dents in the mild AD, moderate AD, severe AD,
and matched non-AD control cohorts, respec-
tively. The impact of sleep difficulties was
reported to be moderate or severe in 16.4%,
23.2%, 33.7%, and 12.0% of respondents in the
mild AD, moderate AD, severe AD, and matched
non-AD control cohorts, respectively. Similar
trends were observed in respondents grouped
into mild-to-moderate and moderate-to-severe
AD cohorts and their corresponding propensity-
matched non-AD control cohorts (Supplemen-
tal Table 4). Results for sleep difficulties are
summarized for collapsed categories of mild-to-
moderate and moderate-to-severe AD in
Table 3.

Quality of Life and Functional Status

Respondents in the AD cohort reported poorer
QoL and functional status compared with the
matched non-AD control cohort, as indicated
by lower mean EQ-SD-5L scores (Table 5) and
SF-36v2 domain scores (Fig. 3) (P < 0.0001 for
all). Mean (SD) EQ-5D-5L index scores were 0.78
(0.22), 0.72 (0.26), 0.67 (0.29), and 0.81 (0.22)
in the mild AD, moderate AD, severe AD, and

Asthma

Migraine Hypertension High Food

cholesterol allergies

non-AD control cohort. Note that “allergies” included any
type of allergy; food allergy was analyzed separately.
AD atopic dermatitis

matched non-AD control cohorts, respectively
(Table 5). Mean (SD) EQ-5D-5L VAS scores were
70.91 (21.87), 66.11 (23.55), 61.11 (25.76), and
73.28 (21.93) in the mild AD, moderate AD,
severe AD, and matched non-AD control
cohorts, respectively (Table 5). Similar trends
were observed in respondents grouped into
mild-to-moderate and moderate-to-severe AD
cohorts and their corresponding propensity-
matched non-AD control cohorts (Supplemen-
tal Table 4). Mean SF-36v2 domain scores were
statistically lower in the AD cohort compared
with the matched non-AD cohort (Fig. 3).
Results for QOL/functional status burden are
summarized for collapsed categories of mild-to-
moderate and moderate-to-severe AD in
Table 3.

Work Productivity

All four WPAI domains of work and activity
functioning indicated statistically greater
impairment in the AD cohort compared with
the matched non-AD control cohort
(P < 0.0001; Table 6). The mean percentage of
work time missed because of health (absen-
teeism) in the past 7 days was 8.8%, 12.0%,
12.2%, and 7.1% in the mild AD, moderate AD,
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Table 3 Burden of AD by self-reported AD severity and in matched non-AD control cohorts
Mild-to- Matched non- P value® Moderate-  Matched non- P value®
moderate AD AD to- AD
control cohort severe AD  control cohort
N = 4039 N = 4039 N = 1346 N = 1346
Comorbidity burden, 7z (%)
Atopic comorbidities
Allergies 1713 (424) 907 (22.5) <0.0001 654 (486) 315 (23.4) < 0.0001
Allergic rhinitis 1040 (25.8) 925 (22.9) 00029 342 (254) 307 (22.8) 0.11
Asthma 913 (22.6) 796 (19.7) 00014 327 (243) 273 (20.3) 0.012
Food allergies 590 (14.6) 229 (5.7) < 0.0001 241 (17.9) 92 (6.8) < 0.0001
Cardiac, vascular, and metabolic comorbidities
Hypertension 852 (21.1) 684 (16.9) < 00001 291 (21.6) 215 (16.0) 0.0002
High cholesterol 818 (203) 612 (152) < 00001 278 (20.7) 186 (13.8) < 0.0001
Angina 452 (112) 306 (7.6) <00001 162 (12.0) 117 (87) 0.0044
Type 2 diabetes 261 (6.5) 253 (6.3) 0.72 91 (6.8) 74 (5.5) 0.17
Atrial fibrillation 55 (1.4) 51 (1.3) 07 23(17) 8 (13) 0.43
Heart attack 60 (1.5) 55 (1.4) 0.64 26 (1.9) 11 (0.8) 0.013
Congestive heart failure 44 (L.1) 37 (09) 043 19 (1.4) 5 (1.1) 0.49
Peripheral vascular disease 24 (0.6) 14 (0.4) 01 13 (10) 2 (0.2) 0.0044
Stroke 34 (0.8) 35 (0.9) 09  8(06) 2 (09) 0.37
Neuropsychiatric comorbidities
Pain 1316 (32.6) 878 (21.7) < 00001 479 (35.6) 315 (234) < 0.0001
Migraine 759 (18.8) 484 (12.0) < 00001 297 (22.1) 173 (12.9) < 0.0001
Attention deficit disorder 38 (0.9) 13 (0.3) 0.0004 20 (1.5) 6 (0.5) 0.0058
Attention deficit hyperactivity disorder 28 (0.7) 1(0.3) 0.0064 17 (1.3) 5 (0.4) 0.01
Psychological burden, 7
Anxiety 1723 (427) 1262 (313) < 00001 629 (467) 457 (34.0) < 0.0001
Depression severity
None-minimal (0-4) 1866 (462) 2277 (56.4) < 00001 502 (37.3) 715 (53.1) < 0.0001
Mild (5-9) 1123 (27.8) 974 (24.1) 406 (302) 358 (26.6)
Moderate (10-14) 531 (132) 433 (10.7) 211 (157) 152 (11.3)
Moderately severe (15-19) 329 (8.2) 213 (5.3) 139 (10.3) 74 (55)
Severe (20-27) 190 (4.7) 142 (3.5) 88 (6.5) 47 (3.5)
Sleep burden, # (%)
At least one sleep difficulty 2065 (51.1) 1563 (387) < 00001 752 (559) 528 (39.2) < 0.0001

Severity of sleep difficulties
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Table 3 continued

Mild-to- Matched non- Pvalue® Moderate-  Matched non- P value®
moderate AD AD to- AD
control cohort severe AD  control cohort
N = 4039 N = 4039 N = 1346 N = 1346
Mild 999 (247) 818 (20.3) < 00001 271 (20.1) 273 (203) < 0.0001
Moderate 818 (20.3) 576 (14.3) 335 (24.9) 202 (15.0)
Severe 248 (6.1) 169 (4.2) 146 (10.9) 53 (3.9)
Impact of sleep difficulties
No impact 209 (5.2) 186 (4.6) < 00001 69 (5.1) 67 (5.0) < 0.0001
Little impact 568 (14.1) 454 (11.2) 164 (12.2) 147 (10.9)
Mild impact 547 (135) 414 (103) 189 (140) 137 (102)
Moderate impact 563 (13.9) 405 (10.0) 252 (18.7) 134 (10.0)
Severe impact 178 (44) 104 (2.6) 78 (5.8) 43 (3.2)
SF-36v2 scores, mean (SD)
Mental component summary score 43.44 (10.70)  45.70 (10.29) < 0.0001 41.54 45.34 (10.45) < 0.0001
(10.35)
Physical component summary score 4896 (9.79)  50.30 (9.36) < 0.0001 47.74 50.00 (9.38) < 0.0001
(10.08)
Domain scores
Bodily pain 4646 (10.37) 4835 (10.09) < 0.0001 4447 47.90 (10.03) < 0.0001
(10.76)
Vitality 4775 (9.57)  49.55 (9.74) < 00001 4685 (9.71) 49.34 (9.72) < 0.0001
General health 4639 (1020) 48.13 (10.03) < 0.0001 4539 47.94 (9.94) < 0.0001
(10.55)
Physical functioning 49.65 (9.55)  50.90 (9.11) < 0.0001 48.32 50.47 (9.33) < 0.0001
(10.08)
Physical role functioning 46.17 (9.80)  48.03 (9.47) < 0.0001 44.51 (9.94) 47.75 (9.48) < 0.0001
Emotional role functioning 4293 (11.76)  45.32 (11.38) < 0.0001 40.63 4475 (11.52) < 0.0001
(11.90)
Mental health 4481 (9.84)  46.89 (9.74) < 00001 43.13 (9.62) 4659 (9.89) < 0.0001
Social functioning 4483 (10.12)  46.74 (9.76) < 00001 4261 46.37 (9.94) < 0.0001
(10.14)
EQ-5D-5L scores, mean (SD)
Index 076 (023)  0.81 (0.21) < 00001 072(027) 081 (023) < 0.0001
VAS 69.51 (2247) 7385 (21.61) < 0.0001 6548 73.13 (21.65) < 0.0001
(23.88)
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Table 3 continued

Mild-to- Matched non- P value® Moderate- Matched non- P value®
moderate AD AD to- AD
control cohort severe AD  control cohort
N = 4039 N = 4039 N = 1346 N = 1346
Activity and work functioning burden, mean (SD)
Activity impairment” 3121 (29.16)  25.79 (28.28) < 00001 37.68 27.85 (29.04) < 0.0001
(30.00)
Work impairment®
Absenteeism® n = 2053 n = 2150 < 0.0001 7 = 682 n =732 < 0.0001
973 (23.49)  6.88 (20.06) 11.98 7.09 (19.68)
(24.79)
Presenteeism® n = 1983 n = 2097 < 0.0001 = =655 n =720 < 0.0001
2344 (26.28) 1941 (25.02) 29.85 21.50 (26.00)
(27.70)
Overall work impairment® 7n = 1970 n = 2092 < 0.0001 7~ =651 n=716 < 0.0001
2597 (2880) 2137 (27.14) 33.11 23.50 (28.08)

(30.43)

AD atopic dermatitis, EQ-SD-SL EuroQol 5-Dimensions 5-Level, SD standard deviation, SF-36v2 Short Form-36 version 2

*AD cohort versus matched non-AD control cohort

PPercentage impairment in daily activities because of one’s health in the past 7 days

“Work impairment portion of the WPAI questionnaire only administered to respondents who were employed

4Percentage of work time missed because of one’s health in the past 7 days

“Percentage impairment experienced while at work in the past 7 days because of one’s health

f . . .
Combination of absenteeism and presentecism

severe AD, and matched non-AD control
cohorts, respectively, and the mean percentage
impairment at work due to health (presen-
teeism) in the past 7 days was 21.3%, 28.9%,
36.4%, and 20.5%, respectively. Mean overall
work impairment (total percentage of time
missed due to absenteeism or presenteeism) was
23.5%, 32.0%, 40.6%, and 22.5% in the mild
AD, moderate AD, severe AD, and matched non-
AD control cohorts, respectively. The mean
percentage impairment in daily activities due to
health in the past 7 days was 28.9%, 36.9%,
42.8%, and 26.8% in the mild AD, moderate
AD, severe AD, and matched non-AD control
cohorts, respectively. Similar trends were
observed in respondents grouped into mild-to-
moderate and moderate-to-severe AD cohorts

and their corresponding propensity-matched
non-AD  control cohorts  (Supplemental
Table 6). Results for work-productivity burden
are summarized for collapsed categories of mild-
to-moderate and moderate-to-severe AD in
Table 3.

Sensitivity Analysis: Burden of AD
per DLQI Bands

A higher proportion of respondents in the mild-
to-moderate AD cohort defined by DLQI
scores < 11 (no effect to moderate effect on
QoL) and respondents in the moderate-to-sev-
ere AD cohort with DLQI scores > 6 (moderate
to extremely large effect on QoL) reported ato-
pic comorbidities compared with respondents
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Fig. 2 Psychological burden by self-reported AD severity and in matched non-AD control cohort: a presence of anxiety and
b depression severity. P values are for AD cohort (“mild”, “moderate’, or “severe”) versus matched non-AD control cohort.

AD atopic dermatitis

in matched non-AD control cohorts (P < 0.05
for all; Table 7).

A higher proportion of respondents in the
mild-to-moderate and moderate-to-severe AD
cohorts (as defined by DLQI scores) also repor-
ted a wide range of cardiac, vascular, and
metabolic comorbidities compared with
respondents in matched non-AD control
cohorts, including angina, high cholesterol,
hypertension, and peripheral vascular disease
(P < 0.005 versus non-eczema matched controls

for all). In addition, a higher proportion of
respondents in the moderate-to-severe AD
cohort reported heart attack and stroke
(P < 0.05 versus non-AD matched controls for
both). There were no statistical differences
between the proportions of respondents with
mild-to-moderate or moderate-to-severe AD
versus matched non-AD cohorts that reported
atrial fibrillation, congestive heart failure, or
type 2 diabetes (Table 7).
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Table 4 Sleep burden by self-reported AD severity and in matched non-AD control cohort
AD cohort Matched non-AD control cohort P value®
= 4208 = 4208
Mild AD Moderate AD  Severe AD
n = 2862 n = 1177 n =169
At least one sleep difficulty 1418 (49.6) 647 (55.0) 105 (62.1) 1636 (38.9) < 0.0001
Severity of sleep difficulties
Mild 758 (26.5) 241 (20.5) 30 (17.8) 857 (20.4) < 0.0001
Moderate 524 (18.3) 294 (25.0) 41 (243) 607 (144)
Severe 136 (48) 112 (95) 34 (201) 172 (4.1)
Impact of sleep difficulties
No impact 151 (5.3) 58 (4.9) 11 (65) 200 (4.8) < 0.0001
Little impact 423 (14.8) 145 (12.3) 19 (11.2) 482 (11.5)
Mild impact 376 (13.1) 171 (145) 18 (107) 451 (10.7)
Moderate impact 349 (12 2) 214 (18.2) 38 (22.5) 392 (9.3)
Severe impact 119 (4.2 59 (5.0) 19 (11.2) 111 (2.6)
AD atopic dermatitis
Data reported as 7 (%)
*AD cohort (mild, moderate, or severe) versus matched non-eczema control cohort
Table S EQ-5D-5L index and VAS scores by self-reported AD severity and in matched non-AD control cohort
AD cohort Matched non-AD control cohort P value®
= 4208 = 4208
Mild AD Moderate AD  Severe AD
n = 2862 n=1177 n =169
EQ-SD-SL index ~ 0.78 (0.22) 0.72 (0.26) 0.67 (029) 081 (0.22) < 0.0001
EQ-SD-SLVAS 7091 (21.87) 6611 (23.55)  G6L.11 (25.76)  73.28 (21.93) < 0.0001

AD atopic dermatitis, EQ-SD-SL EuroQol 5-Dimensions 5-Level, VAS visual analog scale

Data reported as mean (SD)

*AD cohort (mild, moderate or severe) versus matched non-eczema control cohort

A higher proportion of respondents in the
mild-to-moderate and moderate-to-severe AD
cohorts compared with respondents in matched
non-AD control cohorts reported psychiatric
comorbidities and sleep burdens (P < 0.0001 for
all; Table 7). Respondents in the mild-to-mod-
erate and moderate-to-severe AD cohorts also
reported lower mean mental and physical
component summary scores of SF-36v2 and

lower mean in EQ-5D-5L index and VAS scores
compared with respondents in matched non-
AD control cohorts (P < 0.0001 for all; Table 7).

Respondents in the moderate-to-severe AD
cohort reported higher absenteeism, presen-
teeism, and overall work impairment and
activity impairment compared with respon-
dents in matched non-AD control cohorts
(P < 0.0001 for all). Respondents with mild-to-
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Fig. 3 Mean (SD) SF-36v2 domain scores by self-reported Form-36 version 2. **P < 0.0001 for AD cohort (‘mild”,
AD severity and in matched non-AD control cohort. AD ‘moderate”, or “severe”) versus matched non-AD control
atopic dermatitis, SD standard deviation, SF-3602 Short cohort

Table 6 Work, productivity, and activity impairment by self-reported AD severity and in matched non-AD control cohort

AD cohort Matched non-AD control cohort P value®

Mild AD Moderate AD Severe AD

N = 4208 N = 4208

n = 2862 n= 1177 n =169
Activity impairment® 28.86 (28.52) 36.94 (29.91) 42.84 (30.18) 26.76 (28.82) < 0.0001
Work impairment® N = 2315 N = 2424

n = 1577 n = 646 n=92
Absenteeism® 8.82 (22.80) 1195 (24.98) 12.22 (23.60) 7.08 (19.82) < 0.0001
Presentecism® 21.25 (2545) 28.88 (27.49) 3643 (28.40) 2045 (25.98) < 0.0001
Overall work impairment’  23.51 (27.79) 32.02 (30.33)  40.55 (30.24) 22.45 (28.24) < 0.0001

AD atopic dermatitis, SD standard deviation

Data reported as mean (SD)

*AD cohort (mild, moderate or severe) versus matched non-AD control cohort

PPercentage impairment in daily activities because of one’s health in the past 7 days

“Work impairment portion of the WPAI questionnaire only administered to respondents who were employed
dPercentage of work time missed because of one’s health in the past 7 days

“Percentage impairment experienced while at work in the past 7 days because of one’s health

f{Combination of absentecism and presenteeism
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Table 7 Burden of AD by severity defined by DLQI bands and in matched non-AD control cohorts

Mild-to- Matched non- P value® Moderate-to- Matched non- P value®
moderate AD AD severe AD AD
(DLQI < 11)  control cohort (DLQI 2 6) control cohort
= 3791 N = 3791 N = 1014 N = 1014
Comorbidity burden, z (%)
Atopic comorbidities
Allergies 1577 (41.6) 830 (21.9) < 00001 535 (52.8) 284 (28.0) < 0.0001
Allergic rhinitis 967 (25.5) 840 (22.2) 0.0006 281 (27.7) 238 (23.5) 0.03
Asthma 836 (22.1) 712 (18.8) 0.0004 270 (26.6) 224 (22.1) 0.02
Food allergies 520 (13.7) 236 (6.2) <0.0001 214 (21.1) 77 (7.6) < 0.0001

Cardiac, vascular, and metabolic comorbidities

Hypertension 815 (21.5) 674 (17.8) < 0.0001 204 (20.1) 122 (12.0) < 0.0001
High cholesterol 769 (20.3) 548 (14.5) <0.0001 198 (19.5) 148 (14.6) 0.003
Angina 424 (112) 270 (7.1) <0.0001 129 (12.7) 82 (8.1) 0.0006
Type 2 diabetes 244 (6.4) 218 (5.8) 021 61 (6.0) 49 (4.8) 0.24
Atrial fibrillation 51 (1.4) 44 (12) 0.47 19 (1.9) 11 (1.1) 0.14
Heart attack 55 (1.5) 44 (12) 0.27 16 (1.6) 5 (0.5) 0.02
Congestive heart failure 37 (1.0) 24 (0.6) 0.09 7 (1.7) 9 (0.9) 0.11
Peripheral vascular disease 19 (0.5) 7 (0.2) 0.02 9 (0.9) 0 0.003
Stroke 30 (0.8) 32 (0.8) 0.80 17 (1.7) 2 (0.2) 0.0005
Neuropsychiatric comorbidities
Pain 1214 (32.0) 799 (21.1) < 0.0001 396 (39.1) 246 (24.3) < 0.0001
Migraine 690 (18.2) 445 (11.7) < 0.0001 260 (25.6) 164 (16.2) < 0.0001
Attention deficit disorder 36 (1.0) 16 (0.4) 0.005 19 (1.9) 6 (0.6) 0.009
Attention deficit hyperactivity disorder 27 (0.7) 13 (0.3) 0.03 18 (1.8) 4 (0.4) 0.003
Psychological burden, = (%)
Anxiety 1577 (41.6) 1190 (314) < 0.0001 534 (52.7)° 341 (33.6) < 0.0001
Depression severity
None-minimal (0-4) 1833 (48.4) 2087 (55.1) <0.0001 245 (24.2)° 509 (50.2) < 0.0001
Mild (5-9) 1060 (28.0) 943 (24.9) 324 (32.0)° 256 (25.3)
Moderate (10-14) 476 (12.6) 426 (11.2) 204 (20.1)° 130 (12.8)
Moderately severe (15-19) 264 (7.0) 211 (5.6) 149 (14.7)° 75 (7.4)
Severe (20-27) 158 (4.2) 124 (3.3) 92 (9.1) 44 (4.3)
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Table 7 continued

Mild-to- Matched non- P value®  Moderate-to- Matched non- P value®
moderate AD AD severe AD AD
(DLQI < 11) control cohort (DLQI = 6) control cohort
= 3791 N=3791 N = 1014 N = 1014
Sleep burden, 7 (%)
At least one sleep difficulty 1900 (50.1) 1466 (387) < 00001 625 (61.6)° 428 (42.2) < 0.0001
Severity of sleep difficulties
Mild 936 (24.7) 754 (19.9) < 00001 242 (23.9) 223 (22.0) < 0.0001
Moderate 729 (19.2) 559 (14.8) 286 (282)° 155 (15.3)
Severe 235 (6.2) 153 (4.0) 97 (9.6)° 50 (4.9)
Impact of sleep difficulties
No impact 199 (5.3) 174 (4.6) <0.0001 48 (47)° 48 (47) < 0.0001
Little impact 532 (14.0) 439 (11.6) 143 (14.1)° 124 (12.2)
Mild impact 498 (13.1) 378 (10.0) 156 (15.4)° 115 (11.3)
Moderate impact 511 (13.5) 371 (9.8 206 (20.3)° 105 (10.4)
Severe impact 160 (4.2) 104 (2.7) 72 (7.1)° 36 (3.6)
SF-36v2 scores, mean (SD)
Mental component summary score  43.89 (10.62) 45.62 (10.23) < 0.0001  39.15 (10.00) 44.42 (10.18) < 0.0001
Physical component summary score  49.17 (9.81) 5030 (9.42) < 0.0001 4655 (9.80) 50.08 (9.58) < 0.0001
Domain scores
Bodily pain 4685 (1031) 4842 (10.09) < 0.0001 4222 (1027)  47.50 (10.52) < 0.0001
Vitality 47.80 (9.55) 49.44 (970) < 0.0001 4672 (9.64) 49.09 (9.99) < 0.0001
General health 4645 (10.12) 4818 (10.00) < 0.0001 44.82 (10.65) 4829 (9.97) < 0.0001
Physical functioning 49.93 (9.42) 50.83 (921) < 00001 47.12 (10.03) 5051 (949) < 0.0001
Physical role functioning 46.60 (9.69) 4793 (957) < 00001 42.04 (9.62) 47.09 (9.82) < 0.0001
Emotional role functioning 43.54 (11.57) 45.25 (11.40) < 0.0001 37.20 (11.57) 43.89 (11.73) < 0.0001
Mental health 45.16 (9.77) 46.82 (9.70) < 0.0001 4143 (9.40) 45.83 (9.77) < 0.0001
Social functioning 45.42 (10.01) 46.71 (9.85) < 0.0001 3945 (9.21) 45.55 (9.88) < 0.0001
EQ-5D-5L scores, mean (SD)
Index 0.77 (0.23) 0.81 (0.22) <0.0001 0.68 (0.27) 0.80 (0.23) < 0.0001
VAS 7008 (22.31) 7334 (22.12) < 00001 6255 (23.32) 7271 (2243) < 0.0001
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Table 7 continued

Mild-to- Matched non- Pvalue® Moderate-to- Matched non- P value®
moderate AD AD severe AD AD
(DLQI < 11) control cohort (DLQI 2 6) control cohort
N = 3791 N = 3791 N = 1014 N = 1014
Activity and work functioning burden, mean (SD)
Activity impairment® 29.80 (28.70) 26.26 (28.64) < 0.0001 44.83 (28.86) 27.59 (28.88) < 0.0001
Work impairment“l
Absenteeism® n = 1884 n = 1986 0.16 n=>574 7 =589 < 0.0001
8.58 (22.86) 7.58 (2131) 15.58 (25.86) 836 (21.33)
Presenteeism’ n = 1820 n = 1940 0.25 n =55 n =573 < 0.0001
21.20 (25.04) 2025 (25.61) 38.95 (27.60) 21.38 (26.35)
Opverall work impairment® 7 = 1808 n = 1927 0.25 n = 549 n =572 < 0.0001

2326 (27.22) 2223 (27.95)

43.66 (30.26)

2378 (29.03)

AD atopic dermatitis, DLQI Dermatology Life Quality index, EQ-SD-SL EuroQol 5-Dimensions 5-Level, SD standard deviation, SF-36v2

Short Form-36 version 2, WPAI work productivity and activity impairment

*AD cohort versus matched non-AD control cohort

PAs reported in Girolomoni G et al. 2021

“Percentage impairment in daily activities because of one’s health in the past 7 days

4Work impairment portion of the WPAI questionnaire only administered to respondents who were employed

“Percentage of work time missed because of one’s health in the past 7 days

fPc:rccntage impairment experienced while at work in the past 7 days because of one’s health

8Combination of absenteeism and presenteeism

moderate AD reported higher activity impair-
ment compared with respondents in matched
non-AD control cohorts (P < 0.0001); however,
there were no statistical differences in absen-
teeism, presenteeism, and overall work impair-
ment between respondents with mild-to-
moderate AD and non-AD control cohorts
(Table 7).

DISCUSSION

This study provides evidence for the clinical and
humanistic burden of AD in Europe by severity
levels and compared with non-AD matched
controls across multiple self-reported assess-
ments. Respondents with mild-to-moderate AD
had a higher burden of comorbidities, sleep
difficulties, and psychological disorders (anxi-
ety and depression) and poorer QoL/functional

status, work productivity, and activity levels
compared with non-AD-matched controls.

There are no other known studies of this type
that provide a comprehensive assessment of
burden for a large sample of respondents in
Europe, relative to a large set of humanistic and
comorbidity endpoints all within the same
database and with particular focus on elucidat-
ing the burden of milder disease. This is nota-
ble, in particular because overall approximately
90% of all patients with AD have mild-to-
moderate disease [20, 21].

With respect to AD overall, the results of this
study are consistent with studies of patients
with AD in the US. In a study that reported 2013
NHWS data, US respondents with AD had a
significantly higher prevalence of atopic condi-
tions, including asthma, hay fever, nasal aller-
gies, skin allergies, and neuropsychiatric
conditions such as anxiety and depression,
compared with respondents without AD
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(P <0.0001 for all) [11]. Another study that
reported 2013 NHWS data from the US found
that respondents with AD had a higher preva-
lence of sleep disorders (P < 0.001), lower SF-36
v2 mental and physical component summary
scores (P < 0.001 and P = 0.004, respectively),
lower health utilities (P < 0.001), and higher
work absenteeism and activity impairment
(P <0.001 for both) compared with respon-
dents without AD [12]. In a study that reported
2012 NHWS data, respondents with AD had a
higher 1-year prevalence of fatigue, regular
daytime sleepiness, and insomnia compared
with respondents without AD (P < 0.0001 for
all) [10].This study was limited by the respon-
dents’ self-assessment of AD, which includes
eczema and potentially other conditions. In
addition, self-reported disease severity, comor-
bidities, anxiety, and sleep difficulties were not
confirmed by a clinician. Patient-reported AD
severity can account for multiple factors, such
as body surface area affected and AD location.
Hence, it is possible for a patient with AD to
classify their disease as severe based on area and
location but to report low impact on their QoL.
Finally, the results of this study cannot be solely
attributed to AD, as respondents could have had
other conditions that affected their comorbidity
outcomes. However, the results obtained in this
study using respondent self-reporting are con-
sistent with results from several other studies
that used different data collection methods (i.e.,
medical records and clinical trial data), espe-
cially relative to comorbidity burden. This
includes results for UK Health Improvement
Network (THIN) burden of illness study [28]
(electronic medical records in primary care),
Sweden adult comorbidity study (population-
based registers in primary and specialist care),
and quality of life burden for mild-to-moderate
AD as reported in clinical trials for baseline
assessments [29, 30]. Thus, the close alignment
of our study results with findings from these
previous studies using different types of data
sources provides further support for the
robustness of our results.

The evidence for clinical and humanistic
disease burden observed in this study further
highlights the importance of early diagnosis
and proper disease management. In reference to

clinical burden, in recent years there has been
an increased interest in the possible association
of AD with comorbidities, as evidenced, for
example, by the recently published AAD
guidelines [31] designed to promote awareness
of comorbidities in AD. Relative to humanistic
endpoints, several newly approved therapies
including topical medications, injectable bio-
logics, and oral JAK inhibitors have shown
important improvement in quality of life in
children, adults, and elderly patients with AD
(29, 32-40].

CONCLUSION

Clinical and humanistic burden was consis-
tently observed in European respondents with
AD versus matched controls across severity
levels, with burden also evident even in milder
severity levels. This highlights the importance
of improving disease management also in ear-
lier stages of this disease. This is especially rel-
evant given the broad set of comorbidities
observed, including some that may be expected
to lead to serious chronic conditions and the
associated humanistic burdens that were
observed.
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