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ABSTRACT

Introduction: The burden of mild-to-moderate
atopic dermatitis (AD) in the United Kingdom
(UK) is not well understood. Long-lasting AD
flares may lead to systemic inflammation
resulting in reversible progression from mild to

more severe AD. This study aimed to assess the
clinical and economic burden of mild-to-mod-
erate AD in the UK.
Methods: AD patients were identified in the
Health Improvement Network (THIN) from 2013
to 2017 and propensity scorematched to non-AD
controls by demographics. Patients were identi-
fied based on continuous disease activity using
validated algorithms and sufficient patient status
to fully validate data integrity for the entire per-
iod.Mild-to-moderateADpatientswere identified
by using treatment as a surrogate. Demographics,
clinical characteristics and healthcare resource
use (HCRU) were obtained from THIN. Literature
reviews were conducted to obtain additional
outcomes. A cost-of-illness model was developed
to extrapolate the burden in 2017 to the UK pop-
ulation and in subsequent years (2018–2022).
Results: In 2017, the prevalence of mild-to-
moderate AD in THIN was 1.28%. These
patients reported higher comorbidity rates and
significantly higher (p\0.0001) HCRU,
encompassing mean general practitioner visits
(5.57 versus 3.59), AD-related prescriptions
(5.85 versus 0.68) and total referrals (0.97 versus
0.82) versus matched non-AD controls. The
model projected total HCRU and drug excess
costs of €462.99M over the 5 years. The excess
cost decreased to €417.35M after excluding
patients on very potent topical corticosteroids,
who most likely had at least moderate disease.
The excess costs increased to €1.21B and €7.06B

Farah Toron, Timothy W. Smith, Keyur Patel: at the time
of the analysis.
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when considering comorbidity burden and
productivity losses, respectively.
Conclusion: Mild-to-moderate AD patients had
higher comorbidity burden, HCRU and cost
compared with matched non-AD controls.
Overall, UK country-based economic burden
was high given partly the high prevalence of
this disease. Moreover, productivity burden and
comorbidities had considerable impact on the
economic burden, which further suggests the
importance of optimal disease management.

Keywords: Atopic dermatitis; Burden of
disease; Comorbidities; Cost-of-illness model;
Mild-to-moderate; Healthcare resource
utilisation

Key Summary Points

Why carry out this study?

There is currently limited information
available from observational studies on
the specific clinical and economic burden
of mild-to-moderate atopic dermatitis
(AD), which represents approximately
90% of all AD cases.

This study aimed to assess the burden of
mild-to-moderate AD in the UK.

What was learned from the study?

Mild-to-moderate AD patients had a
higher comorbidity burden, healthcare
resource utilisation (HCRU) and costs
compared with matched non-AD controls
in the UK primary care setting.

A cost-of-illness model projected total
HCRU and drug excess costs of €462.99M
cumulatively for the 5-year time horizon
at the UK population level.

Productivity burden and comorbidities
were found to have considerable impact
on the economic burden of mild-to-
moderate AD.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14261339.

INTRODUCTION

Atopic dermatitis (AD), or eczema, is a common
inflammatory and chronic condition charac-
terised by dry skin, erythema, lichenification
and pruritus [1]. Its lifetime prevalence has
increased between 1990 and 2010 in the UK [2]
with current overall estimates ranging between
1.62% and 5% [3–5] for the overall population
and between 5.9% and 14.2% [6] in children.

Primary care providers are commonly the
first point of contact, and about 70% of mild-to-
moderate AD patients can be effectively man-
aged in this setting [7]. In the UK, the National
Institute of Clinical Excellence guidelines for
children and the National Eczema Society (NES)
guidelines for all age groups recommend emol-
lients as first-line therapies for AD management
[8–11]. Short duration topical corticosteroids
(TCS) are the recommended first-line treatment
for AD flare-ups and the selection of TCS
potency depends on disease location, age, dis-
ease severity and responsiveness [10, 12, 13]. A
stepped approach matching potency of TCS
with AD severity is recommended, indicating
mild potency TCS for mild disease, moderate
potency TCS for moderate disease and very
potent TCS for a short term use in severe AD
[10, 12, 13].

Studies have shown that AD is associated
with a substantial comorbidity burden [14–18],
predisposing patients to atopic comorbidities
(an event that is referred to as ‘atopic march’)
including asthma, allergic rhinitis and food
allergies [19], and non-atopic comorbidities
including anxiety, depression and cardiovascu-
lar disease [20]. The literature has also demon-
strated that there is an association between
allergic and neuropsychiatric comorbidities,
with metabolic and lifestyle comorbidities (e.g.
obesity) in patients with AD [21, 22].
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Additionally, studies have shown that early
AD treatment is essential in treating this skin
disease, and may also delay or prevent the ato-
pic march [23]. The literature has also demon-
strated the negative impact of AD and the
associated comorbidities on patients’ quality of
life [24–27] and on work productivity [27, 28].
Additionally, AD patients have a higher eco-
nomic burden compared with non-AD patients
and, further, increasing disease severity is cor-
related with substantially higher healthcare
resource utilisation (HCRU) and costs [27, 29].

Optimal use of basic skin care management
is needed in patients at each severity level of AD
to avoid inadequately controlled symptoms
[30]. Studies have shown a considerable impact
of AD on patients with poorly controlled disease
[31]. The literature has demonstrated that,
when healthy skin barrier integrity is compro-
mised, environmental stressors including
pathogens (e.g. Staphylococcus aureus) infiltrate
this barrier activating the innate immune
receptors [32]. This activation may trigger
inflammation resulting in the onset of rever-
sible AD flares. Frequent AD flares may affect
the onset of systemic inflammation leading to
progression from mild to clinically severe AD.
Hence, it is important to quantify the clinical
and economic burden of mild-to-moderate AD
given its high prevalence.

There is currently limited information avail-
able from observational studies on the specific
clinical and economic burden of mild-to-mod-
erate AD in the UK, which represents approxi-
mately 90% of all AD cases [3]. To the best of the
authors’ knowledge, no recent UK-based cost-
of-illness studies have assessed the clinical and
economic burden of mild-to-moderate AD
patients compared with matched non-AD
controls.

The primary objective of this study is to
assess the clinical and economic burden of
mild-to-moderate AD compared with matched
non-AD controls in the UK. The secondary
objective is to evaluate the impact of disease
severity on this burden by considering a
potentially ‘milder subgroup’. This study
hypothesises that mild-to-moderate AD is asso-
ciated with a substantial clinical and economic
burden compared with matched non-AD

control, which further increases when includ-
ing the impact of productivity loss and the
burden of comorbidities. This study further
hypothesises a decreased burden when consid-
ering a potentially ‘milder subgroup’.

METHODS

A stepwise methodology was applied to esti-
mate the economic and clinical burden of mild-
to-moderate AD, which been delineated in
Fig. 1. Initially, a retrospective analysis of the
Health Improvement Network (THIN) was con-
ducted to estimate the demographic and clini-
cal characteristics, and HCRU of propensity-
score-matched mild-to-moderate AD and non-
AD controls. Then, targeted literature searches
were conducted to identify inputs which were
not available in THIN (e.g. costs, productivity
loss). Finally, a cost-of-illness model was devel-
oped to project the costs to the UK population
and a subsequent 5-year time horizon.

Data and Ethics

THIN is an electronic medical records (EMR)
database including anonymised general practi-
tioner (GP) patient records in the UK [33]. THIN
provides data on demographic and clinical
characteristics, HCRU and drug acquisition, for
a representative sample of around 5.7% of the
UK population [34, 35]. The database collects
primary care patient information from practices
that use Vision; a general practitioner software
package developed to facilitate and support
practice management and patient care. The
database is regularly updated and currently
contains inputs from data collected in over 550
general practices [35].

Clinical data in THIN are catalogued using
Read codes, a comprehensive and searchable
classification scheme for medical conditions,
symptoms, and important background infor-
mation. THIN has been widely used for epi-
demiological research, and prior studies have
validated algorithms that allowed identifying
patients with AD in THIN [36]. This study was
conducted using THIN version 1809 and anal-
yses were performed in June 2019.

Dermatol Ther (Heidelb) (2021) 11:907–928 909



IQVIA Medical Research Data (IMRD),
incorporating data from THIN, a Cegedim
Database is a collection of de-identified patient
records collected from primary care.1 The data
collection scheme is approved by the UK
Research Ethics Committee (reference number:
18/LO0441). The protocol for this study was
also reviewed and approved by an independent
Scientific Review Committee ([SRC] Reference
Number 19THIN033), and the study was con-
ducted in accordance with the ethical standards
of the 1964 Declaration of Helsinki and its later
amendments. Individual patient consent is not
required for this type of study.

Study Design

This retrospective analysis used a cross-sectional
design to describe demographic and clinical
characteristics of AD patients and to estimate

HCRU by analysing data from the most recent
complete years available (2013–2017) in THIN.
Each individual calendar year, as well as the
entire 5-year period, were evaluated to assess
the cyclical nature of HCRU in AD. The study
focused on the most recent individual calendar
year (2017) to assess the nature of HCRU in AD.

Patients

AD patients in each time period were identified
in THIN based on GP diagnosis of AD, contin-
uous disease activity from 2013 to 2017 and
sufficient patient status to fully validate data
integrity for the entire time period (Table 1).
Continuous disease activity was based on pre-
viously validated algorithms, which assessed
the later of practice acceptable mortality
recording, the information in Vision general
practice system or patient registration date, and
the earlier of patient transfer out date to prac-
tice last collection date [37].

As structured EMR lack information on dis-
ease severity, AD patients were stratified by
disease severity using treatment as a surrogate

1 IQVIA Medical Research Data (IMRD) incorporates
data from THIN, A Cegedim Database. Reference made
to THIN is intended to be descriptive of the data asset
licensed by IQVIA’’.

Fig. 1 Study flow, including THIN analysis, clinical validation and literature review, cumulating in the development and
simulation of a cost of illness model
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severity measure. A published algorithm
defined in a UK-based study by Silverwood et al.
[38] was used to exclude severe patients and
capture mild-to-moderate AD patients. Severe
AD patients were excluded based on three cri-
teria: systemic immunosuppressant treatment, a
phototherapy code in the Clinical Practice
Research Datalink (CPRD) or Hospital Episode
Statistics; or AD-related referrals. Silverwood
et al. considered patients to have mild AD by
default and classified moderate AD based on a
second potent TCS treatment within one year or
a first topical calcineurin inhibitors (TCI)
treatment.

Matched non-AD controls in each time per-
iod were identified in THIN based on the same
criteria as AD patients except for the presence of
AD diagnosis. To achieve this, a propensity-
score-matching methodology was used. A
logistic regression was performed on all patients
(AD patients and matched non-AD controls,
combined) to derive the propensity scores. The
model included the variables age group, gender,
and practice location; the propensity scores
were the estimated probabilities that a patient
belonged in the non-AD control group. The
method of matching used was a greedy-match
technique, with a calliper of 0.2 times the
pooled standard deviation of the propensity
scores, and with matching resulting in equal

numbers in each group (PROC LOGISTIC and
PROC PSMATCH in SAS version 9.4 were used).

In the UK, NES guidelines on AD treatment
reserve very potent TCS for patients with severe
AD[12], a criterion that was not captured in the
Silverwood et al. algorithm. These guidelines
state that AD patients who have received at least
one TCS defined in the UK as ‘very potent’ (e.g.
clobetasol propionate 0.05% and diflucortolone
valerate 0.3%) would have severe disease [12].
Therefore, a fourth criterion that excluded
patients who were treated with very potent TCS
and who most likely had at least moderate AD
as per the guidelines, was applied and explored
in a secondary analysis.

Variables

Details of the variables included in this THIN
analysis are available in Supplementary
Tables S1–3. Demographic characteristics
included age, sex, urban/rural classification,
practice ID and Townsend code. Clinical char-
acteristics included AD diagnosis and AD-re-
lated comorbidities. In order to assess the most
relevant comorbidities in AD, common AD-re-
lated comorbidities were identified in the liter-
ature, validated through clinical expert insights,
and aligned with corresponding frequencies in
THIN during the entire study period. Subse-
quently, AD-related comorbidities in this study
were confined by considering only comorbidi-
ties with a prevalence of 2.00% or higher (a
threshold selected by consensus of all co-au-
thors) in THIN.

HCRU was evaluated based on GP visits, total
referrals, non-AD-related dermatology referrals,
and AD-related prescriptions. GP visits included
home, nurse, and telephone consultations.
Non-AD related referrals were excluded using a
specific THIN variable to align with the Silver-
wood et al. algorithm. Additionally, AD-related
prescriptions were captured for emollients, TCI,
TCS, topical antibiotics and topical antivirals.
The drugs prescribed for AD patients were based
on THIN drug codes using the British National
Formulary (BNF) codes.

Table 1 Read codes for AD

Category Description Read
code

AD Atopic dermatitis/eczema

M111.00

M111.00

AD Infantile eczema M112.00 M112.00

AD Flexural eczema M113.00 M113.00

AD Allergic/intrinsic eczema

M114.00, or

M114.00

AD/Ea eczema not otherwise specified

m12z100

M12z100

AD atopic dermatitis, THIN The Health Improvement
Network
a Sensitivity analysis was performed on the definition of
AD versus AD/E
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Statistical Analyses

Means, medians, and standard deviations were
provided for continuous variables when per-
forming descriptive analysis of continuous data,
while numbers and percentages were provided
for dichotomous and polychotomous variables
when performing descriptive analysis of cate-
gorical data.

A generalised linear model was fitted for each
of the HCRU variables (separate models), apply-
ing thenormal distribution and the identity link.
The independent variables included patient
group (AD or control), practice location (Eng-
land, Scotland,Northern Ireland andWales), and
their interaction; as well as age group (age 0–7,
age 8–11, age 12–17, age 18?), and its interaction
with patient group. Furthermore, gender and
practice location were included as classification
variables. Additionally, two summary measures
of comorbidity were considered including ‘at
least onemetabolic-and-lifestyle’ comorbidity as
a classification variable and Charlson Comor-
bidity Index (CCI) as a continuous variable.
Mean differences were calculated (e.g. between
AD patient and control group), along with 95%
confidence intervals and associated p-values. It is
noted here that the comorbidities had been
aggregated and categorized into larger groups
including (I) allergic comorbidities for AD, and
(II) non-allergic comorbidities for AD. This latter
was then divided into the following categories:
(1) neuropsychiatric, (2) cardiovascular, (3)
metabolic and lifestyle, (4) malignancies: lym-
phoma (adult), (5) skin infections, (6) eye disease
and (7) autoimmune disease. All of these had
been considered as classification variables but
including them all into the models led to an ill-
condition results (e.g. estimates were inflated).
Through fitting multiple models and comparing
results across dependent variables (in order to
have a single set of independent variables for all
of the dependent variables), ‘Metabolic and life-
style’ alone remained in the models as a mean-
ingful, statistically significant predictor. Based
on clinical expert opinion and findings from the
literature [21, 22], the metabolic and lifestyle
category was considered as clinically relevant
and predictors for the additional comorbidities

included in the analysis (e.g. allergic and neu-
ropsychiatric comorbidities).

Statistical analysis was developed and con-
ducted in SAS.

Economics

The GP visit unit cost was identified from the
Personal Social Services Research Unit [39]
while referrals unit costs were derived from the
National Health Services (NHS) Reference Costs
from 2017 to 2018 [40]. Drug unit costs were
sourced from the BNF 2018 [41] and the
Monthly Index of Medical Specialties database
2018 [42].

Additional targeted literature reviews, using
UK-specific sources, were conducted to identify
productivity loss and comorbidity costs. The
Ovid search platform was used to conduct the
literature searches. The following databases
were identified and used to conduct the sear-
ches: Excerpta Medica dataBASE (EMBASE),
MEDLINE�, Cochrane Library, EconLit and
NHS Economic Evaluation Database. The search
strategies were defined in terms of the patient
population, intervention and comparator, out-
comes and study design (PICOS) framework. All
literature searches were conducted on 25 June
2019. Details of the economic inputs, inclusion/
exclusion criteria and the search terms are
available in the Supplement and Tables S4–S10.

A cost-of-illness model was constructed to
extrapolate the clinical and economic burden of
mild-to-moderate AD and matched non-AD
controls in THIN to the UK population in 2017
and subsequent years (2018–2022). Population
estimates were obtained from the Office for
National Statistics (ONS) [43, 44]. The primary
analysis considered the burden of mild-to-
moderate AD by excluding severe patients
defined in the Silverwood et al. algorithm [38]
and including HCRU and drug costs. The
impact of disease severity was evaluated in a
secondary analysis by excluding patients treated
with very potent TCS who most likely had at
least moderate AD as per the NES guidelines.
Additionally, the burden of AD-related comor-
bidities and the impact of productivity loss due
to AD were assessed in scenario analyses.

912 Dermatol Ther (Heidelb) (2021) 11:907–928



All costs have been inflated to 2018 and
converted to euros (€) using the average ONS
conversion rate (1.13) for 2018 [45].

RESULTS

THIN Results for Unmatched AD and Non-
AD Patients

The sample size and the baseline characteristics
of the mild-to-moderate AD patients and non-
AD patients prior to the propensity score
matching in THIN are available in Table 2.

THIN Results for Matched AD Patients
and Non-AD Controls

Baseline Characteristics
In the most recent calendar year, 2017, a total of
33,749 mild-to-moderate AD patients and
33,749 matched non-AD controls were identi-
fied in THIN (Table 3). Most patients were above
18 years old (55.09%) and based in England
(42.79%). Given that the propensity score
matching was based on patient demographics
(including age, sex, socio-economic status and
practice ID), baseline demographic characteris-
tics were identical between AD patients and
matched non-AD controls.

Clinical Results
In 2017, the prevalence of mild-to-moderate AD
among the THIN population with continuous
disease activity (N = 2,639,991) was 1.28%
(Table 3). The prevalence was highest in child-
hood (5.11%) and decreased in adulthood
(0.87%).

In 2017, mild-to-moderate AD patients had
higher comorbidity rates compared with mat-
ched non-AD controls except for smoking
(Table 4; Table S11 in the Supplementary
Materials).

HCRU and Drug Acquisition Results
In 2017, mild-to-moderate AD patients reported
statistically significantly higher HCRU includ-
ing mean GP visits, AD-related prescriptions,
total referrals and mean non-AD-related

dermatology referrals compared with matched
non-AD controls (Table 5). Emollients and TCS
were the most commonly prescribed AD-related
drugs among mild-to-moderate AD patients
accounting for 62.13% and 34.89% of the total
AD-related prescriptions, respectively.

Cost-of-Illness Model Results
The cost-of-illness model projected the eco-
nomic burden of mild-to-moderate AD to the
total UK population using ONS population
estimates [43, 44] between 2018 and 2022.

Table 2 Baseline characteristics in patients with non-AD
and mild-to-moderate AD patients in 2017 prior to
propensity score matching in THIN

Baseline
characteristic

Non-AD
n (%)

Mild-to-moderate
AD patients
n (%)

Overall 2,606,242 (100) 33,749 (100)

Age 0–7 192,771 (7.40) 10,377 (30.75)

Age 8–11 123,919 (4.75) 2254 (6.68)

Age 12–17 163,917 (6.29) 2525 (7.48)

Age 18 ? 2,125,635 (81.56) 18,593 (55.09)

Male 1,305,224 (50.08) 15,199 (45.04)

Female 1,301,018 (49.92) 18,550 (55.96)

England 1,018,607 (39.08) 14,440 (42.79)

Northern

Ireland

228,366 (8.76) 2478 (7.34)

Scotland 783,174 (30.05) 7735 (22.92)

Wales 576,095 (22.1) 9096 (26.95)

AD patients in each time period were identified in THIN
based on GP diagnosis of AD, continuous disease activity
from 2013 to 2017 and sufficient patient status to fully
validate data integrity for the entire time period. A pub-
lished algorithm defined in a UK-based study was used to
exclude severe patients and capture mild-to-moderate AD
patients; Non-AD controls in each time period were
identified in THIN based on the same criteria as AD
patients except for the presence of AD diagnosis
AD atopic dermatitis, THIN The Health Improvement
Network
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Overall, the model estimated a total of 859,014
mild-to-moderate AD patients in 2020 based on
a constant yearly prevalence obtained in THIN
(1.28%).

Primary Analysis

In 2020, mild-to-moderate AD patients incur
substantially higher HCRU costs compared with
matched non-AD controls encompassing GP
visits (€202.37M versus €130.36M) and total
referrals (€81.09M versus €68.51M). The costs
per patient per year are shown in Fig. 2.

In 2020, mild-to-moderate AD patients also
incur substantial drug acquisition costs
accounting for €8.04M, based on a per-patient
cost of €9.36. Overall, the total HCRU and drug
costs for mild-to-moderate AD patients com-
pared with matched non-AD controls were
€291.51M and €198.87M, respectively. The
excess drug and HCRU cost at the UK popula-
tion level was €462.99M over the total projected
5-year period (Table 6).

Secondary Analysis

In 2020, excluding AD patients treated with
very potent TCS, who most likely had at least
moderate AD, decreased the total costs of mild-
to-moderate AD (n = 802,278) to €269.65M
based on a per-patient cost of €336.11 (Table 6
and Fig. 3). The excess drug and HCRU costs
decreased to €417.35M after excluding these
patients compared with the primary analysis for
the projected 5 years at the UK population level.
The clinical and economic burden of comor-
bidities also decreased for these patients (Sup-
plementary Tables S12–15 and Fig. S1).

Scenario Analyses

In 2020, the burden of mild-to-moderate AD
substantially increased when considering the
financial impact of AD-related comorbidities
(Tables 7, 8 and 9 and Figs. 4–5). Overall, the
total costs of mild-to-moderate AD patients
increased to €591.59M. The excess cost of mild-

Table 3 Baseline characteristics in patients with mild-to-moderate AD and the overall THIN population in 2017a

Baseline
characteristic

Overall THIN
population
n (%)

Mild-to-moderate AD
patients
n (%)

Prevalence of mild-to-moderate
AD among the overall THIN
population (%)

Overall 2,639,991 (100%) 33,749 (100%) 1.28

Age 0–7 203,148 (7.70%) 10,377 (30.75%) 5.11

Age 8–11 126,173 (4.78%) 2254 (6.68%) 1.79

Age 12–17 166,442 (6.30%) 2525 (7.48%) 1.52

Age 18 ? 2,144,228 (81.22%) 18,593 (55.09%) 0.87

Male 1,320,423 (50.02%) 15,199 (45.04%) 1.15

Female 1,319,568 (49.98%) 18,550 (54.96%) 1.41

England 1,033,047 (39.13%) 14,440 (42.79%) 1.40

Northern Ireland 230,844 (8.74%) 2478 (7.34%) 1.07

Scotland 790,909 (29.96%) 7735 (22.92%) 0.98

Wales 585,191 (22.17%) 9096 (26.95%) 1.55

AD patients were propensity score matched with up to three non-AD controls based on demographics including age, sex,
socio-economic status and practice ID
AD atopic dermatitis, THIN The Health Improvement Network

914 Dermatol Ther (Heidelb) (2021) 11:907–928



to-moderate AD patients compared with mat-
ched non-AD controls increased to €1.21B for
the projected 5-years at the UK population
level.

The impact of the productivity loss also had
a substantial impact on the burden of mild-to-
moderate AD (Table 9 and Fig. 6), increasing the
associated total costs of mild-to-moderate AD to
€8.06B aggregate for the projected 5 years at the
UK population level.

DISCUSSION

This study suggests that mild-to-moderate AD,
which represents approximately 90% of all AD
cases [3], is associated with a substantial clinical
and economic burden. Hence, this analysis
addresses a previously identified research gap,

where previous studies have been primarily
focused to date on the burden of moderate-to-
severe AD, although many AD patients are
managed in primary care [46]. The findings in
the present study provide a quantification of
the burden of mild-to-moderate AD further
demonstrating its considerable impact on the
healthcare system in the UK.

The results of this retrospective THIN analy-
sis showed that mild-to-moderate AD is associ-
ated with higher comorbidity rates and HCRU
compared with matched non-AD controls at the
primary care level in the UK. At a country-based
level, the extrapolation of the observed incre-
mental healthcare costs to the UK population
using the cost-of-illness model, demonstrated a
substantial burden of mild-to-moderate AD. The
population-level burden substantially increased
when the comorbidity burden and externally
calculated productivity losses were also consid-
ered, which might further show the importance
of optimal disease management of the disease.
The study also suggests a decreased burden
when considering a potentially ‘milder sub-
group’. Therefore, this study is consistent with
the tested hypotheses.

Generalisability

This study demonstrated that mild-to-moderate
AD is associated with an increased public health
burden given its high prevalence among the
overall THIN population (1.28%). However, the
overall prevalence estimated from this study
was lower than previously reported estimates,
ranging between 1.62% and 15% [3–5]. Com-
pared with previous studies reporting AD
prevalence, this study focused specifically on
mild-to-moderate AD patients using EMR.
Given the differences between the self-reported
AD prevalence in the open population com-
pared with physician-diagnosed disease in gen-
eral practice, it is challenging to establish the
true prevalence of mild-to-moderate AD [47].
Therefore, mild-to-moderate AD prevalence
may be underestimated by only using physi-
cians’ consultations. It can be suggested that
clinicians should aim for improved identifica-
tion and recording of AD and its severity in the

Table 4 Frequency of AD-related comorbidities among
mild-to-moderate AD patients and matched non-AD
controls in THIN

Comorbidities Mild-to-
moderate AD
n (%)

Matched non-AD
control
n (%)

Asthma 3757 (11.13%) 1801 (5.34%)

Smoking 2260 (6.70%) 2774 (8.22%)

Skin infections 2218 (6.57%) 508 (1.51%)

Depression 1093 (3.24%) 582 (1.72%)

Anxiety 1044 (3.09%) 395 (1.17%)

Allergic rhinitis 612 (1.81%) 166 (0.49%)

Sleep disorder 467 (1.38%) 193 (0.57%)

Allergic contact

dermatitis

356 (1.05%) 31 (0.09%)

Ischaemic heart

disease

322 (0.95%) 177 (0.52%)

Obesity 129 (0.38%) 54 (0.16%)

AD patients were propensity score matched with up to
three non-AD controls based on demographics including
age, sex, socio-economic status and practice ID
AD atopic dermatitis, THIN The Health Improvement
Network

Dermatol Ther (Heidelb) (2021) 11:907–928 915



primary care setting in order to ensure optimal
management of the disease [32, 48].

The prevalence obtained from this analysis
was the highest in childhood (5.11% among
children between 0 and 7 years old) aligning
with previously reported prevalence of children
(5.9% and 14.2%)[6]. Given that parents and

other family members are commonly involved
in the care-giving of children with mild-to-
moderate AD, the previous literature suggested
that the burden of AD is shared by the patients
and their families [49]. The detrimental impact
of AD on the quality of life, the social, academic
and occupational aspects on both patients and

Table 5 HCRU in mild-to-moderate AD patients compared with matched non-AD controls

Variable Mean (SD) number per patient
[Low 95% CI – High 95% CI]

Mild-to-moderate AD
patients

Matched non-AD control
patientsb

p-value

GP visits 5.57 (0.04) [5.49–5.66] 3.59 (0.04) [3.50–3.67] \ 0.0001

Total referrals 0.97 (0.02) [0.94–1.00] 0.82 (0.02) [0.79–0.85] \ 0.0001

Mean non-AD related dermatology

referralsa
0.03 (0.00) [0.029–0.036] 0.01 (0.00) [0.003–0.010] \ 0.0001

AD-related prescriptions 5.85 (0.05) [5.74–5.95] 0.68 (0.05) [0.580–0.786] \ 0.0001

AD atopic dermatitis, CI confidence Intervals, GP general practitioner, HCRU healthcare resource utilisation, SD standard
deviations, THIN The Health Improvement Network
a Referrals to an outpatient clinic or hospital
b AD patients were propensity score matched with up to three non-AD controls based on demographics including age, sex,
socio-economic status and practice ID

Fig. 2 Per-patient HCRU cost for mild-to-moderate AD
patients compared with matched non-AD control in 2020
(Primary analysis): This figure shows per-patient HCRU
cost for mild-to-moderate AD patients compared with

matched non-AD control (based on demographics includ-
ing age, sex, socio-economic status and practice ID) in the
primary analysis
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their families, as well as the burden on society
due to higher costs and decreased productivity,
have also been recognised in previous studies
[46, 49]. Hence, the high prevalence of mild-to-
moderate AD in children and the associated
impact of the disease on the entire family unit,
should be recognised when assessing the true
burden of mild-to-moderate AD.

In this analysis, mild-to-moderate AD
patients reported substantial HCRU and drug
acquisition costs compared with matched non-
AD controls. The main drivers of HCRU were GP
visit costs, consistent with literature findings
[50]. However, the AD-related dermatology
referrals costs were not included in this evalua-
tion to align with the algorithm by Silverwood
et al., which may have underestimated the cal-
culated HCRU. Hence, as mild-to-moderate AD
is commonly treated in primary care, reducing
GP visits through effective treatments might
decrease primary care demand and also reduce
the burden on the entire healthcare service [51].

The costs substantially increased when con-
sidering AD-related comorbidities, particularly
asthma, bacterial skin infections, depression
and sleep disorder; the impact of these

comorbidities on the burden of AD has been
recognised in previous studies [14, 52–54].
Despite its low frequency in THIN (1.38%),
sleep disorder is estimated to account for sub-
stantial costs (€14,667,476.37 in 2020) at the
UK population level. Additionally previous
studies have shown that sleep disorders may
result in increased levels of pruritus with asso-
ciated poor school performance, family dys-
function and high Dermatology Life Quality
Index scores [55–58], and may also worsen with
disease severity[59]. Studies have also found
that children with severe and persistent ADmay
face an increased risk of developing asthma and
allergic rhinitis at a later life stage [60, 61].
Secondary skin infections caused by Staphylo-
coccus aureus and Herpes simplex have also been
associated with AD flares [62].

Based on the assumption that AD patients
treated with very potent TCS had at least mod-
erate disease, this analysis showed that more
severe AD is possibly associated with a greater
economic burden of comorbidities compared to
milder AD. These findings are consistent with
the conclusions from previous studies where
increased disease severity was shown to be

Fig. 3 Projected incremental costs for AD patients
compared with matched non-AD control: excluding
patients on very potent TCS who most likely had at least
moderate AD (Secondary analysis): This figure depicts the
projected incremental costs of AD patients compared with

matched non-AD controls (based on demographics
including age, sex, socio-economic status and practice
ID) when excluding patients on very potent TCS who
most likely had at least moderate AD as a secondary
analysis
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associated with a substantial increase in the
frequency of comorbidities, which further

associate with detrimental impact on quality of
life and productivity loss [27, 63]. This notion

Fig. 4 Projected incremental costs for mild-to-moderate
AD patients versus matched non-AD controls, including
comorbidity burden (scenario analysis): This figure shows
the projected incremental costs for mild-to-moderate AD

patients compared with matched non-AD controls (based
on demographics including age, sex, socio-economic status
and practice ID) when including the comorbidity burden
in the scenario analysis

Fig. 5 Incremental costs of all comorbidities for mild-to-
moderate AD patients compared with matched non-AD
controls for the projected time period (scenario analysis):
This figure provides information on the incremental costs
of all comorbidities of mild-to-moderate AD patients

compared with matched non-AD controls (based on
demographics including age, sex, socio-economic status and
practice ID) for the projected time period in the scenario
analysis
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would support the hypothesis that early diag-
nosis and treatment of mild-to-moderate AD
may prevent the future development of associ-
ated comorbidities, which represent a signifi-
cant burden to the health service [64].

Limitations

The main limitation of this study is related to
the definition of severity used which required
stratification of AD patients by disease severity
using treatment as a surrogate measure for
severity rather than using an objective clinical
measure of severity. Data using established dis-
ease severity scoring measures, such as the
Investigator Global Assessment (IGA), Eczema
Area and Severity Index (EASI) or SCORing
Atopic Dermatitis (SCORAD) are not routinely
collected in the THIN database and therefore
were not available for use in this study. There-
fore, this study used a previously published
algorithm for severity that was reviewed and
supported by clinical expert opinion.

Based on further insights provided by clini-
cal experts, this analysis assessed the impact of

considering a potentially ‘milder subgroup’ on
the burden by excluding patients treated with
very potent TCS. Although this analysis did not
allow for controlling for the impact of
cofounding factors including site of application,
patient age and previous treatment [12], the
burden observed substantially decreased when
excluding patients treated with very potent
TCS. Therefore, it might be suggested that these
patients have an increased clinical and eco-
nomic burden, although the impact of
cofounding factors on the burden remains
uncertain.

Furthermore, this study focused on the most
recent complete years available (2013–2017) in
THIN at the time of the analysis and, hence,
could not account for the use of dupilumab,
which was recommended in the UK after the
time period of our study [65].

As a targeted literature review did not iden-
tify any UK-specific sources reporting the inci-
dence of mild-to-moderate AD, the AD
population was estimated using the prevalence
obtained from THIN. The economic burden of
AD might be underestimated in this study given
the previously reported incidence of 1.10% for

Fig. 6 Projected incremental costs of mild-to-moderate
AD patients compared with matched non-AD control
when considering the impact of the externally calculated
productivity loss on the clinical and economic burden (the
productivity loss was only applied for adults as no recent
UK-based studies reported productivity loss for children
and carers. Therefore, these estimates might be underes-
timated given lack of data for children and carers)*

(scenario analysis): This figure depicts the projected
incremental costs of mild-to-moderate AD patients com-
pared with matched non-AD control (based on demo-
graphics including age, sex, socio-economic status and
practice ID) when considering the impact of the externally
calculated productivity loss on the clinical and economic
burden in the scenario analysis
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mild-to-severe AD patients in England and
Wales [5], which was not considered. When
including this incidence in an exploratory
analysis, it yielded a substantial increase in the
economic burden of AD to €1.65B [5]. There-
fore, it can be argued that the true clinical and
economic burden of mild-to-moderate AD lies
between €462.99M and €1.65B.

Additionally, THIN collates medical records
collected at primary care, therefore this study
could not capture secondary care data depicting
the burden of moderate-to-severe AD. Previ-
ously, THIN data have been linked with Hospi-
tal Episode Statistics (HES) data, which provide
the potential for linking primary and secondary
care [35]. However, this was beyond the scope of
the current study, which originally aimed to
explore the burden of mild-to-moderate AD
given its high prevalence. It can still be sug-
gested that the estimates on the burden of mild-
to-moderate AD are generalisable for the UK
population as approximately 97% of AD
patients are managed by their GP in the UK
[7, 66], with THIN capturing primary care data
for a representative sample of around 5.7% of
the UK population [34].

Furthermore, while a comprehensive range
of Read codes were applied to identify obesity in
this analysis, the estimated frequency remains
lower than expected. This underestimation is
likely due to obesity being under-managed and
recorded despite guidelines. This was concluded
in a previous review which included studies that
measured the proportion of adult patients with
documented body mass index (BMI) or weight
loss interventions in the UK across a range of
regional and national databases [67]. This
under-reporting is likely to underestimate the
economic burden of AD-related comorbidities.
Comorbidities such as asthma and ischaemic
heart disease may be recorded more accurately
given the nature of these conditions.

Finally, the costs of comorbidities, which
were identified from the targeted literature
search, entailed different cost components, and
therefore the true burden of comorbidities
remains uncertain. Given that mild-to-moder-
ate AD patients had substantially higher
comorbidity rates compared with matched non-
AD controls, it can still be argued that the

incremental burden of AD-related comorbidities
remains substantial.

CONCLUSIONS

Mild-to-moderate AD patients had a higher
comorbidity burden, HCRU and costs compared
with matched non-AD controls. Excluding
patients treated with very potent TCS, who
most likely had at least moderate AD, decreased
the clinical and economic burden of mild-to-
moderate AD suggesting a possible link between
disease burden and disease severity. Extrapolat-
ing the incremental healthcare costs of mild-to-
moderate AD patients compared with matched
non-AD controls to the UK population demon-
strated a substantial country-based burden of
mild-to-moderate AD, given in part the high
prevalence of this disease. Moreover, produc-
tivity burden and comorbidities were found to
have considerable impact on the economic
burden. The increased burden observed in this
study further suggests the importance of opti-
mal disease management of mild-to-moderate
AD.
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