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Atopic dermatitis (AD) is a heterogeneous disease
characterized by unpredictable flares, potentially
leading to impaired mental health. Adult patients with
a dermatologist-verified AD diagnosis received after
their 18th birthday were grouped according to patient-
reported flare activity between 2018 and 2023. The
k-means clustering algorithm was used in combination
with dynamic time warping and barycenter averaging.
Clusters were analysed according to current levels of
anxiety and depression and severity across the 4 time
points. The clustering method divided the 262 patients
into 4 groups. Cluster 1 was characterized by a disease
course with an average of < 6 annual flares, a median
(interquartile range) anxiety and depression score of
3.0 (1.0-6.3), and 1.0 (0.0-4.0), respectively. Clusters
2 and 3 were characterized by annual flares ranging
from 4 to 16 and anxiety scores of 6.0 (3.0-8.5) and
4.0 (2.0-7.0) and depression scores of 3.0 (1.0-6.0)
and 2.0 (1.0-5.0), respectively. Cluster 4 was charac-
terized by an unstable disease course with an aver-
age of = 14 yearly flares, and anxiety and depression
scores similar to cluster 2. Patients characterized by
an unstable moderate disease course were more bur-
dened compared with patients with a stable disease
course (p=0.03). This emphasizes the importance of
long-term flare patterns in clinical decision-making.
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Atopic dermatitis (AD) is a common heterogeneous
skin disease predominantly debuting in early child-
hood. Clinically, AD presents as a red and scaly rash and
symptoms include pruritus and a burning skin sensation
(1). Moreover, the disease course is often unpredictable,
with either persistent or relapsing lesions and frequent
flaring; however, the underlying mechanisms of AD fla-
res are still not fully understood. In addition to the burden

SIGNIFICANCE

In this study, adult patients with moderate severe atopic
dermatitis and unstable disease progression displayed sig-
nificantly higher levels of anxiety compared with those with
stable progression. Long-term stability of atopic dermatitis
and flare patterns should be considered by the physician in
the assessment of severity and treatment decisions.

caused by skin-related symptoms, flares may inflict a
tremendous negative impact on patients’ quality of life.
AD has further been associated with sleep disturbance
and mental health problems, including stress, fatigue,
anxiety, depression, and suicidal ideation (2—6).

Current diagnostic criteria are based on clinical and
historical features, including morphology and distribu-
tion of skin lesions. Furthermore, patients are often
stratified into mild, moderate, or severe AD based on
patient-reported or physician-assessed signs and symp-
toms (7—-10). AD is notable for the chronically relapsing
course and flare patterns are essential features that may
be considered as part of the AD phenotypes (11).

Studies have demonstrated that only 24% of patients
and caregivers feel confident in managing AD flares,
and 75% of patients and caregivers feel that being able
to effectively control AD would be the single most
important improvement to their own or their child’s
quality of life (12). This highlights the importance of
prioritizing stability of disease and flare patterns in the
treatment of AD. However, current treatment guidelines
are often based solely on severity subgrouping and do
not account for the disease course and impact of flares.

This study used machine-learning and longitudinal
data on flares to investigate the impact of stability in
disease trajectories on anxiety and depression in patients
with AD.

MATERIALS AND METHODS

The study was registered in the Capital Region’s Inven-
tory (Videnscenter for Dataanmeldelser, ref. P-2021-
386). All participants gave written informed consent
and allowed processing of personal information. This
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constitutes the necessary legal requirements, and ethical
approval is not required for this type of study in Denmark.

Data sources and study population: the Danish Skin
Cohort

The Danish Skin Cohort (DSC) was established as an
inception cohort in 2018, and is described in detail
elsewhere (11, 13). Data on patients with AD were col-
lected from May to July in 2018, in October to November
0f 2020, and in January to February of 2022 and 2023,
respectively. Patients were invited to participate if they
had a dermatologist-verified diagnosis of AD occurring at
least once after their 18th birthday. Eligible patients were
asked to respond to the survey electronically through an
invitation in their personal and secure governmentally
run mailbox. In the case of nonresponse, patients were
either called by phone (in 2018, 2020) or sent 2 reminders
after 1 and 2 weeks, respectively (in 2022, 2023).

Patient-reported number of flares within the past 12
months was collected through the survey, with a flare
being defined as “an acute, clinically significant worse-
ning of signs and symptoms of AD requiring therapeutic
intervention” according to the European Task Force of
Atopic Dermatitis (ETFAD) (14). Patients were instruc-
ted to consider multiple consecutive days with significant
worsening as a single flare and to select a maximum of
20 flares.

Additional information included lifestyle factors (smo-
king, BMI), skin pain, skin itch, and sleep disturbance
(numeric rating scale [NRS]), AD characteristics (disease
severity [PO-SCORAD], body surface area (BSA),
age at disease onset, Dermatology Life Quality Index
[DLQI]), and depression and anxiety score measured
by the Hospital Anxiety and Depression Score (HADS).
Severity of AD was defined based on PO-SCORAD as
mild (0-25), moderate (25-50), and severe (> 50), and
DLQI was stratified by no (0—1), small (2—5), moderate
(6-10), very large (11-20), and extremely large impact
(21-30) on life quality (15). Both HADS anxiety and
depression levels were defined as normal (0-7), bor-
derline abnormal (8-10), and abnormal (11-21) (16).
Demographic information on age and sex was obtained
from the Danish Central Person Register (CPR).

Data were collected and managed with the Research
Electronic Data Capture (REDCap; https://project-red-
cap.org/) tool hosted at the Capital Region of Denmark.
REDCap is a secure, web-based software platform desig-
ned to support data capture for research studies (17, 18).

Statistical analysis

Current (2023) HADS scores were analysed in relation
to PO-SCORAD, DLQI, and long-term stability with
data from years 2018, 2020, 2022, and 2023. To identify
long-term flare patterns, unsupervised cluster analysis
was performed on yearly number of flares. To handle the
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time-series aspect of the data, the widely used unsuper-
vised k-means clustering was combined with “dynamic
time warping” (DTW) (19). DTW is a measure of the
distance between data points that accounts for the pos-
sible shift in time, as opposed to the Euclidian distance.
As the analysis was unsupervised, the “Silhouette score”
was used to determine the optimal number of clusters
(20). The silhouette score is a measure of the cohesion
within each cluster and the separation between clusters.
The optimal number of clusters is the point that balances
cohesion and separation. Furthermore, a global averaging
strategy called DTW barycenter averaging (DBA) was
used to estimate the average shapes of the trajectories
for the clusters, henceforth referred to as “average” as
opposed to the commonly used “mean” (19). To ensure
that clusters not only expressed severity differences,
patients were divided into severity groups according to
PO-SCORAD as a sub-analysis.

Descriptive statistics present the characteristics of
patients with AD. Categorical data were presented using
frequency with percentages and normally distributed con-
tinuous variables were presented with means and stan-
dard deviations (SDs), while non-normally distributed
continuous variables were presented with median with
interquartile range (IQR). Correlations were assessed
with Spearman’s or Kendall’s rank test and comparisons
between clusters or severity groups were tested using the
Wilcoxon rank-sum test and regression analysis.

Statistical analysis was conducted using RProject
software, version 4.1.2 (R Foundation for Statistical
Computing, Vienna, Austria) with packages “Tableone”
and Python version 3.7.6 (Python Software Foundation,
Wilmington, DE, USA), including relevant packages

@21).

RESULTS

A total of 262 patients provided complete flare and
severity data between 2018 and 2023, and current anx-
iety and depression score at the last time point (Table
I). There was a female predominance (67.9%), and the
mean (SD) age was 51.9 (12.1) years. Around half of
patients (49.7%) had a smoking history and mean BMI
was 26.3 (5.2) kg/m?. Current mean BSA was 13%, while
worst-ever was 40%. The overall median (IQR) number
of flares reported in 2023 was 6.0 (3.0-12.0), whereas
the median (IQR) HADS was 4.0 (1.3—7.0) for anxiety
and 2.0 (1.0-5.0) for depression. A weak correlation was
observed between number of flares in 2023 and level of
anxiety and depression (t=0.14, p < 0.005 and t=0.17,
p <0.0005).

Patient clusters

A total of 4 patient clusters were identified (Fig. S1),
comprising 91, 48, 74, and 49 patients. These had simi-
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Table I. Basic characteristics for the overall AD patient cohort and divided into the 4 clusters

Overall Cluster 1 Cluster 2 Cluster 3 Cluster 4
Item n=262 n=91 n= 48 n=74 n=49
Sex, n (%)
Men 84 (32.1) 32 (35.2) 16 (33.3) 22 (29.7) 14 (28.6)
Women 178 (67.9) 59 (64.8) 32 (66.7) 52 (70.3) 35 (71.4)

Current age, mean (SD)
Smoking, n (%)

Current daily/occasional smoker

Former smoker

Never smoker

Highest education, n (%)

Primary school/high school

Vocational education

Short higher education

Medium-term higher education/bachelor

Long higher education/PhD and research
Body mass index, mean (SD)
Joint pain (past week), median (IQR)
Skin pain (past week), median (IQR)
Skin itch (past 3 days), median (IQR)
Sleep disturbance (past 3 days), mean (SD)
BSA (mean (SD))

Current

Worst in past 12 months

Worst in life

51.91 (12.06)

25 (9.6)
105 (40.1)
132 (50.4)

33 (12.6)

70 (26.7)

19 (7.2)

44 (16.8)

96 (36.7)

26.28 (5.16)
2.00 (0.00-4.00)
3.00 (0.00-5.00)
4.00 (2.00-7.00)
3.00 (1.00-5.00)

12.93 (18.27)
18.19 (22.41)
39.86 (32.79)

53.52 (11.00)

6 (6.6)
34 (37.4)
51 (56.0)

9 (9.9)
25 (27.5)

4 (4.4)

30 (33.0)

23 (25.3)

25.93 (4.38)
2.00 (0.00-4.00)
2.00 (0.00-4.00)
3.00 (1.00-5.00)
2.00 (0.00-4.00)

9.51 (14.55)
14.63 (19.47)
39.07 (33.55)

50.60 (11.41)

7 (14.6)
18 (37.5)
23 (47.9)

4 (8.3)
14 (29.2)

4 (8.4)

21 (43.8)

5 (10.4)

25.96 (4.76)
2.00 (0.00-4.00)
2.00 (0.00-5.00)
4.00 (2.00-6.25)
3.00 (1.00-6.00)

13.57 (20.47)
18.13 (20.74)
46.00 (31.25)

51.73 (13.02)

5 (6.8)
39 (52.7)
30 (40.5)

12 (16.2)
18 (24.3)

6 (8.1)

24 (32.4)

14 (18.9)

26.84 (6.65)
3.00 (1.00-5.00)
2.00 (1.00-5.00)
4.00 (2.00-7.00)
3.00 (1.00-5.00)

9.79 (12.90)
16.82 (23.34)
33.64 (31.94)

50.47 (13.03)

7 (14.3)
14 (28.6)
28 (57.1)

8 (16.4)
13 (26.5)
5(10.2)

15 (30.6)

8 (16.3)

26.43 (4.40)
2.00 (0.00-5.00)
5.00 (3.00-7.00)
6.00 (4.00-8.00)
4.00 (1.00-6.00)

23.02 (24.53)
26.88 (25.77)
44.92 (33.19)

BSA: body surface area; IQR: interquartile range, SD: standard deviation.

lar baseline characteristics, except for smoking habits
and current BSA. A higher percentage of patients were
daily/occasional smokers in clusters 2 and 4 (14.6% and
14.3%), compared with clusters 1 and 3 (6.6% and 6.8%).
In addition, clusters 2 and 4 reported the highest mean
(SD) current BSA (13.6 [20.5] and 23.0 [24.5] compared
with 9.5 [14.6] and 9.8 [12.9] for clusters 1 and 3).

Cluster 1 was characterized by a stable disease tra-
jectory with an average of < 6 annual flares, a median
(IQR) PO-SCORAD changing from 33.1 (20.0-40.7)
to 28.4 (20.7-36.2), and current median DLQI of 2.00
(1.75-5.00). The median (IQR) current anxiety score was
3.0 (1.0-6.3) and the depression score was 1.0 (0.0-4.0)
(Fig. 1).

Cluster 2 exhibited an unstable disease course with
varying number of flares but an overall improvement
from 16 flares initially to 6 flares at last time point. This
cluster was characterized by a moderate median (IQR)

Median HADS-A

1 2 3] 4
Cluster

Fig. 1. Anxiety and depression median score for the 4 clusters.
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Median HADS-D

severity score decreasing from 45.4 (37.0-56.2) to 32.8
(24.4-45.4) across the study period. The DLQI ranged
between 5.0 (2.0.9.0) and 7.0 (3.0-11.8) (Fig. 2), while
the median current anxiety score was 6.0 (3.0-8.5) and
the depression score was 3.0 (1.0-6.0) (see Fig. 1).

Cluster 3 displayed an unstable disease course and a
fluctuating number of flares with an overall worsening
(from annual 5 flares, increasing to > 8 at later time
points). Cluster 3 had a severity score fluctuating between
33.9-38.2, a DLQI of 3.0-5.5 (see Fig. 2), whereas the
median current anxiety score was 4.0 (2.0-7.0) and the
depression score was 2.0 (1.0-5.0) (see Fig. 1).

Cluster 4 was characterized by a consistently unstable
trajectory with a persistently high number of yearly flares
ranging between 14 and 20 on average, and a median
severity score decreasing slightly from 47.4 (33.4-60.2)
to 45.2 (37.8-53.8) across the study period. The DLQI
was consistently moderate (Fig. 2 and Fig. 3), and the

Cluster
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—— Cluster 1 Cluster 2

2020 2022 2023

Time of data collection [year]
Fig. 2. PO-SCORAD and DLQI score

2018

current anxiety score was 6.0 (2.0-8.0) and the depres-
sion score was 3.0 (1.0-6.0) (see Fig. 1).

With cluster 1 being the most stable of the 4 clusters,
significantly higher anxiety and depression scores were
observed for cluster 2 (»p=0.002 and p=0.002) and
cluster 4 (p=0.003 and p=0.003), but not for cluster 3
(»=0.074 and p=0.235).

A sub-analysis on treatment demonstrated that
16.2-20.8% and 18.9-22.9% of patients in clusters
1, 2, and 3 received immunosuppressive medication
“at the moment or within the past 12 months” in 2022
and 2023, respectively, as opposed to only 10.2% and
12.2% in cluster 4.

Sensitivity analysis

Considering cluster 1 as the stable group with consis-
tently few yearly flares, while combining clusters 2, 3,
and 4 that all exhibited more annual flares, results in
2 groups with a stable and an unstable disease course,
respectively. To counteract the influence of severity,
both groups were stratified in mild, moderate, and

—— Cluster 3 —— Cluster 4

2020 2022 2023

Time of data collection [year]

2018
for the 4 time points for the 4 clusters.

severe subgroups according to current PO-SCORAD,
yielding a total of6 groups (Table SI and Fig. 4). The
unstable moderate group was the largest with 97 patients
(37.0%). All other groups were smaller (< 42 patients
each) with the stable severe group including only 12
patients. Except for the stable severe group, all groups
had a predominance of women (69.0-73.5%), and skin
pain, itch, and sleep disturbance increased with severity
and instability (p=0.6, p <0.001, p=0.7. p <0.001, and
p=0.4,p<0.001) (Table SI). The anxiety level within the
moderate group differed significantly based on stability
(»=0.03). Both the stable/unstable mild group and the
stable moderate group had similar anxiety scores. Like-
wise, the stable/unstable severe group and the unstable
moderate group had anxiety scores of > 5. The same
pattern was observed for depression (Fig. 4).

DISCUSSION

The cluster analysis identified 4 clusters with different
disease courses defined by AD flare patterns. We found

20.0 1
Cluster 4
17.5 A
» 15.0 1
19}
© 2.5
= 12.51
= Cluster 3
© 10.01
o
Qo
e 7.5
=} Cluster 2
Z 5.0
Cluster 1
2.5 A
0.0 1
2018 2020 2022 2023

Time of data collection [year]
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Fig. 3. Average number of flares at the 4 time
points for the 4 clusters.
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Fig. 4. Differences in anxiety and depression scores for the stable and unstable severity groups.

that those who exhibited more unstable disease courses
had significantly higher anxiety and depression scores
compared with patients with stable disease. Notably,
patients with moderately severe AD but unstable disease
displayed significantly higher levels of anxiety, compa-
red with stable moderate AD, emphasizing the need for
long-term stability in this population. In addition, the
less frequent use of immunosuppressive treatment in
cluster 4 may help explain why these patients experience
a more severe AD trajectory and frequent flares over
time. However, while they may be using topicals, these
appear to be ineffective. This may also have negatively
influenced patients’ HADS score.

A previous large-scale study reported that 55% of the
included patients were either always or sometimes wor-
ried about the next AD flare — a pattern that was especially
prominent among patients with severe AD (65%) (12).
This emphasizes the burden of flares in AD patients,
despite the lack of research into the direct link between
the stability of the disease course and mental health.
Besides the impact of sleep deprivation caused by symp-
toms such as itching, studies suggest a neuroimmune link
between AD and mental health. The believed profile of
pro-inflammatory cytokines in AD varies depending on
whether the disease is in an acute or chronic phase. The
acute phase is dominated by a T helper 2 (Th2)-skewed
immune response involving interleukin-4 (IL-4), IL-13,
and IL-5, whereas the chronic phase is characterized by
a broader immune activation, including elevated levels
of IL-6, IL-1PB, tumour necrosis factor alpha (TNF-a),
and interferon gamma (IFN-y) (22, 23). Although fin-
dings are mixed, studies report increased levels of IL-6,
IL-1B, and TNF-a in individuals with psychiatric diseases
such as depression (24). In cases of moderate-to-severe
AD with frequent or intense flares, levels of these pro-
inflammatory cytokines are even further elevated (25).
Moreover, the risk of psychological stress, worries, and
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insomnia increases. Therefore, the link between AD and
mental health appears to be multifaceted, involving both
physiological and psychological mechanisms.

HADS is a widely used instrument to quantify anxiety
and depression in patients with skin disease (26-28). It
was originally developed for hospitalized physically ill
outpatients but a recent updated literature study found
that HADS performed well for somatic, psychiatric,
and primary care patients, and in the general population
(16, 29). One study compared AD patients with controls,
and found mean anxiety scores of 7.7 vs 5.6 and depres-
sion scores of 6.0 vs 4.3 for the AD patients and controls,
respectively (30). In comparison, most patients in this
study scored within the normal range of both anxiety
and depression, with the unstable severe group having a
median (IQR) anxiety score of 7 (4-10).

Flares and relapses were considered when AD features
were first described and diagnostic criteria were deve-
loped (7), but have never been used in a standardized
measure of stability in the disease course. “Time to first
flare” is the most common end-point related to flaring in
randomized controlled trials, but lacks information on
long-term control (31). Previously, several definitions
have been used for flares and disease stability in research
and these often favour healthcare providers’ clinical
perspective (32—34). Recent studies suggest that existing
published definitions of AD flares do not fully reflect
patients’ lived experiences (35, 36). Focus-group discus-
sions have highlighted key elements for a patient-centred
definition of a flare, notably changes from a patient’s
usual baseline; mental, emotional, and social impacts;
physical alterations in the skin; perceived control or loss
of control; and overall quality of life (35). Furthermore, a
larger survey found the highest level of agreement among
patients in defining a flare as “when my symptoms take
significantly more of my attention than normal” and “a
worsening of physical symptoms associated with AD”,
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with “acute worsening of symptoms of AD” rated as the
most important (36). In the current study, we rather chose
a concrete definition of a flare to enable quantification
of the number of flares, and to avoid overestimation.
However, some degree of underestimation is plausible,
as more interpretive definitions might have captured a
broader range of patient experiences. In future studies,
the purpose of flare-related questions should be carefully
considered: is the aim to identify the most severely
affected patients, or to capture a more comprehensive
picture of how many patients experience some level of
worsening in their eczema? Incorporating the patient’s
subjective experience may offer a more reality-based
understanding of flares and their impact in everyday life.

In addition, new methods are being developed to
obtain robust and accurate measures of disease con-
trol. A relatively new instrument, the Recap of Atopic
Eczema (RECAP), is a 7-item questionnaire designed to
capture the experience of eczema control in all ages and
eczema severities, and provides a standardized measure
of eczema control perceived by the patient. RECAP has
the potential to improve reporting of eczema control in
research and could be considered in future studies within
this area (37).

Within guidelines, the moderate and severe groups
of AD patients are often combined into a “moderate-
to-severe” group. It has been demonstrated that only
a minority of moderate-to-severe AD patients who are
eligible for a systemic treatment receive such therapy
(38). Patients with moderate-to-severe AD often report
a substantial disease burden, particularly with regard
to underuse of systemic treatments despite the fact that
AD is a systemic disease (39). Knowledge of a stable
and unstable disease course within the moderate severity
group could emphasize the contribution of flaring in tre-
atment decisions. In this study, the median PO-SCORAD
for cluster 4 with persistent flaring was consistent with
moderate disease. Consequently, patients with moderate
disease but severe flaring may be at risk of undertre-
atment, especially with systemic therapies, unless the
flaring is prioritized in treatment decisions. Conversely,
moderate-to-severe disease was most often accompanied
by a large number of annual flares, thereby implying that
persistent flaring may be considered a common feature
of severe AD.

Interestingly, an increase was observed in DLQI for
most clusters from 2020 to 2022. It can be speculated
whether this is related to factors beyond AD, for instance
a remnant of COVID-19 in 2020/2021.

Strengths and limitations

An important strength of the DSC is that all patients
included had a dermatologist-verified AD diagnosis
and patients across the entire country were invited to
participate, thereby minimizing the risk of selection bias.
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Another strength of the machine-learning models was
that no assumption was made regarding the number of
clusters or the distributions and characteristics of these
clusters.

Recall bias of flares was reduced by requiring the
patients to remember only 12 months back. However,
patient-reported outcomes (PROs) should generally be
used with caution, as we have previously demonstrated
that patients with AD had a poor recollection even of
having had AD (40). Furthermore, only patients with
complete data on number of flares and PO-SCORAD
were included, leading to a smaller total number of AD
patients, especially in subgroups, thereby resulting in
less statistical power to identify differences. Moreover,
the definition of flares could be elaborated, as the cur-
rent study is limited by defining flares solely in terms of
skin symptoms, while patient perception also includes
significant emotional and quality-of-life impacts.

It may be interesting to consider flare severity and
duration in future analyses, but we found it to be out of
scope for this study.

Conclusion

Stability in AD disease courses is crucial due to its asso-
ciation with better mental health, measured by lower
levels of anxiety compared with an unstable disease
course. An unstable disease trajectory was common
among patients with moderate-to-severe disease, imply-
ing the need for an increased focus on this large group.
Long-term stability of AD and flare patterns should be
considered by the physician in the assessment of severity
and treatment decisions.
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