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ABSTRACT

Introduction: Atopic dermatitis (AD) is a
chronic, relapsing inflammatory skin condition
characterized by pruritic, eczematous lesions.
Recent evidence suggests that AD may be a
systemic disorder, implying that management
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of this disease extends beyond merely control-
ling symptoms associated with AD. Even
though this disease is highly prevalent in chil-
dren and patients typically present with mild-
to-moderate symptoms, the disease burden is
not well established.

Methods: A large, retrospective cohort study of
Swedish population data was conducted to
compare the clinical burden in terms of
healthcare resource use and direct medical costs
for pediatric mild-to-moderate (pM2M) AD
patients (< 14 years of age, N =87,721) with
matched controls. The burden of a severe AD
cohort was also evaluated. Severity of AD was
defined by treatment usage and systemic treat-
ment was used as a proxy for severe AD. A
robust approach was used by including any type
of secondary care visits known to be more
common in AD patients than in the general
population; however, data for primary care vis-
its were not available.

Results: For healthcare resource use, the inci-
dence rate ratio (pM2M AD versus reference
cohort) of secondary care visits ranged from
1.56 to 2.35 during each of Syears after AD
onset (all p <0.001), with largest differences
seen in years 1-2. The average direct medical
cost (SD) was €1111 (3416) and €524 (2446) in
the pM2M AD and reference cohorts, respec-
tively. The corresponding estimate in the severe
AD cohort was €1906 (7067). Including all sec-
ondary care visits and pharmacy-dispensed
medications, the pM2M AD cohort was shown
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to have an additional €118.9 million in direct
medical costs over 5years compared with the
reference cohort.

Conclusions: This study shows significant
clinical and economic burden of pM2M AD
with important secondary care resource utiliza-
tion, suggesting a need for further research to
increase treatment options and improve the
management of these patients.

Keywords: Atopic dermatitis; Epidemiology;
Public health research; Pediatrics

Key Summary Points

Why carry out this study?

Even though atopic dermatitis is highly
prevalent in children and patients
typically present with mild-to-moderate
symptoms, the disease burden is not well
established.

This study compared the clinical and
economic burden for pediatric mild-to-
moderate patients with atopic dermatitis.

What was learned from the study?

Total direct medical costs for pediatric
patients with mild-to-moderate atopic
dermatitis in Sweden are €118.9 million
higher, cumulatively after 5 years, than in
individuals without the disease.

Pediatric mild-to-moderate patients incur
substantial clinical and economic burden
in secondary care.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13252292.

INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing
inflammatory skin condition which manifests
as pruritus and eczematous lesions that can be
acute, subacute, or chronic [1, 2]. Prevalence of
AD is high across all continents, and approxi-
mately 20% of children and 2-8% of adults are
affected in Western countries [2, 3]. Prevalence
appears to be increasing in Western Europe
[2, 4] and seems stable in Northern Europe [5].
In roughly 60% of cases, AD manifests during
the first year of life (i.e., early onset), but it may
start at any age [6, 7].

Evidence increasingly suggests that AD may
be a systemic disorder with common inflam-
matory mechanisms underlying certain comor-
bid conditions, contributing to the patient and
economic burden of AD [8]. The disease is
associated with a wide range of non-allergic
comorbid disorders including anxiety, depres-
sion, suicidality, attention deficit hyperactivity
disorder, and infections [9-12]. Atopic der-
matitis is also often considered to be the first
clinical manifestation in the “atopic march”
which links the disease to subsequent food
allergy, rhinitis, and asthma ([11, 13]. This
means that the true burden of atopic dermatitis
may extend well beyond the strictly dermato-
logical spectrum.

Most AD patients have mild-to-moderate
disease, whereas approximately 10% of patients
suffer from severe disease [2]. Although disease
burden increases with severity [14-16], mild-to-
moderate AD is also associated with substantial
patient and economic burden [17]. Evidence
regarding the burden of AD is, however, scarce
for mild-to-moderate patients. While a recent
systematic review of patient impact and eco-
nomic burden of mild-to-moderate AD con-
cluded that even mild AD imposed substantial
costs and impacted on patient’s health-related
quality of life, only two studies were European,
and the most recent study was published in
2006 [18-20]. Neither of these studies included
a control cohort, and they were limited by
sample sizes (range 33-474) and follow-up
duration (range 3 months-8 years). In another
systematic review of economic evidence for
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prevention and treatment of atopic eczema,
four additional European studies were identi-
fied, but none included stratification by severity
[21].

The high prevalence of mild-to-moderate
AD, particularly in children, may lead to a high
potential for economic burden through health
care contacts and prescribed medications. To
improve the understanding of the clinical and
economic burden for pediatric patients with
mild-to-moderate (pM2M) AD, the present
study evaluates the clinical burden in terms of
healthcare resource use for AD and the direct
medical cost burden over time at the secondary
care level. The current study adds to the existing
literature by focusing on pediatric mild-to-
moderate patients. It also combines complete,
nationwide registry data with a long follow-up
period and a cohort of reference individuals.

METHODS

Data and Ethics

Two population-based Swedish registries, the
National Patient Register (NPR), and the Pre-
scribed Drug Register (PDR) were used in this
study. Both registers are governed by the
Swedish National Board of Health and Welfare
and use a common and unique identification
number for each individual, enabling patient-
level linkage between registries. The data used
in this study were anonymized. This implied
that the granularity of certain variables was
limited to ensure the anonymity of the patient.
Specifically, this meant that the date of sec-
ondary care visits and dispensation was pro-
vided on a yearly level, age was available in age
groups of five (0-4, 5-9, etc.) and Anatomical
Therapeutic Chemical (ATC) codes were trun-
cated to a three-digit level.

The NPR contains information on all sec-
ondary care (care visits, either outpatient visit
or inpatient hospitalization with referral from
primary care) in Sweden and data for year of
visit, gender, age, and main diagnosis (atopic
dermatitis or other diagnosis) were collected for
each study participant between 1 January 2001
and 31 December 2017. The PDR contains

information on all drug dispensations (origi-
nating from both primary and secondary care)
filled at pharmacies in Sweden. Data for the
ATC code (truncated to three digits), the year of
dispensation, and cost of the dispensation for
each study participant between 1 July 2005 and
31 December 2017 was collected from the PDR.
The cost of dispensed drugs was extracted
directly from the PDR which contains the pub-
licly available list prices. All types of dispensed
drugs were included in the calculation of total
direct medical costs. Cost of drugs was inflated
to the 2018 price level using the Swedish con-
sumer price index and then converted into
euros using the average exchange rate of SEK/€
during 2018 (€1 = 10.31 SEK). Unit costs of
secondary care visits (differentiated between AD
visit and non-AD visit) were extracted from
several Swedish regional price lists [22-28] to
ensure accurate prices which may vary across
regions.

This study was approved by the Regional
Ethical Review Board in Gothenburg (Dnr:
2019-02986) and performed in accordance with
the ethical standards in the 1964 Declaration of
Helsinki and its later amendments. For this type
of study, individual formal consent was not
required.

Study Population

This was a retrospective, observational nested
case—control study including children aged
0-14 (inclusive) in Sweden with either a pri-
mary diagnosis of AD (ICD-10 code L20+ or
L30.8C) in secondary care, or by dispensation of
two (within 12 months of each other) topical
corticosteroids (TCS), or a topical calcineurin
inhibitor (TCI) between 1 January 2009 and 31
December 2017. A schematic outline of the
study design is provided in Fig. 1. Patients
identified through a dispensation (TCS or TCI)
were identified from the PDR which contains all
dispensations for primary and secondary care.
Hence, patients could be included either
through diagnosis code (using the International
Classification of Diseases, ICD-10) in secondary
care and/or a drug dispensation originating
from secondary or primary care. Treatment with
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Identification period of index event
(Dispensing of two topical corticosteroids within 12 months,
dispensation of a topical calcineurin inhibitor,

Wash-out period

A

or an AD diagnosis in secondary care)

A

July 1,2005 January 1, 2009 Baseline HRU and associated Dec 31, 2017
period cost collected annually during follow-up
(index-year) period (Five years or until
end of study period)
Index
\ date )
Study period

Fig. 1 Study design

TCS drugs is indicated for several skin condi-
tions (including other types of dermatitis and
psoriasis), and TCS dispensation alone is a poor
predictor of AD diagnosis [29]. Therefore, sub-
jects with hospital visits related to other types of
dermatitis or medical conditions known to lead
to the use of TCS were excluded from the study
population. Diagnosis codes which required
exclusion are listed in Table S.I in the supple-
mentary material. In addition to excluding
patient-based diagnosis codes to further refine
the study population, patients with dispensa-
tions of TCSs used in other types of dermatitis
or to treat vaginal fungal infection, antipsori-
atics or salicylates for dermatological use were
also excluded from the study population. ATC
codes which required exclusion are listed in
Table S.II. The exclusion algorithm used in this
study was based on a previously published study
in Sweden [5]. This study used the European
classification system for the potency of corti-
costeroids which includes four levels (I-IV) in
ascending order of potency [30].

As severity of the disease is not coded in
administrative registers, this study defined
severity based on concurrent treatment
employed in a previously published study [31].
Patients with systemic treatments (corticos-
teroids and non-corticosteroid immunosup-
pressants) were considered to have a severe form

of AD and are presented separately in this pub-
lication for reference [31].

The pM2M AD cohort was matched by age
and gender to a random sample (reference
cohort) from the Total Population Register held
by Statistics Sweden. The register covers the
entire Swedish population from 1968 and con-
tains basic demographic and socioeconomic
information on the individual level. In this
study, the register was only used to identify the
reference cohort and no information was
extracted. The two cohorts (the pM2M AD and
reference cohort) were mutually exclusive and
had equal lengths of follow-up.

Study Design

The date of inclusion was selected as the
patient’s index date and is a proxy for the start
of clinically diagnosed AD or a new episode
with AD-care visits and/or treatment (after a
look-back period of at least 3.5 years without
treatment in primary or secondary care and/or a
secondary care visit due to AD). Patients were
followed from index date until the end of study
period on 31 December 2017. Date of death was
not available in this study and thus not con-
trolled for. Each reference individual was allo-
cated the same index date as their matched
case. This implied that each case and
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corresponding reference had identical follow-
up. Demographic characteristics and treatment
type (case cohort) were described at the index
date.

Statistical Analyses

Healthcare resource use was observed annually
from index date until the end of the study
period. All secondary care visits (AD- and non-
AD-related) were included, and the incidence
rate ratio (IRR) of secondary care visits between
the pM2M AD cohort and reference cohort was
calculated annually by dividing the number of
secondary care visits per year in the pM2M AD
cohort by the number in the reference cohort.
Total direct medical costs, including cost of all
AD-related and non-AD-related secondary care
visits and dispensed drugs were calculated
annually in all cohorts. The cost of secondary
care visits was calculated by multiplying each
secondary care visit by one of the following
costs: €275 per AD-related outpatient visit, €279
per non-AD-related outpatient visit, €546 per
day of AD-related inpatient hospitalization, and
€661 per day of non-AD-related inpatient hos-
pitalization. A visit was considered AD-related if
the primary diagnosis was either L20+ or
L30.8C. Cost of dispensed drugs was extracted
directly from the PDR.

The number (1), mean, and standard devia-
tion (SD) were presented for continuous vari-
ables while the number and percentage were
presented for categorical variables. Compar-
isons between the pM2M AD and the reference
cohort were evaluated using statistical tests with
an a priori significance level of alpha = 0.05. An
independent two-group t test was used to com-
pare means for continuous variables, and a chi-
square test to compare proportions for categor-
ical variables [32]. Statistical comparisons were
made within years between patients and refer-
ence individuals, but comparisons across years
were not performed. All analyses were per-
formed in Stata (StataCorp. 2019. Release 16.
College Station, TX, USA: StataCorp LLC.).

RESULTS

Patient Characteristics and Clinical Burden

A total of 99,300 patients were included in the
two case cohorts through a secondary care
diagnosis of AD, a TCS dispensation, and/or a
TCI dispensation according to previously used
criteria [5]. Of these, 11.7% (11,609) received
systemic treatments during the study period
and were deemed to have severe AD. The
remaining 87,721 patients were considered to
have mild-to-moderate AD. An equal number
(87,721) of reference individuals were included
in the reference cohort.

Baseline characteristics for the mild-to-mod-
erate cohort, the severe AD cohort, and the
reference cohort at index date are presented in
Table 1. At index date, 67.5% of pM2M were
between O and 4 years old, and 53.2% were
male. In the severe subgroup, patients were
older, and 57.6% were male. A majority of AD
patients were identified through a TCS dispen-
sation, 89.1% and 89.7% in the pM2M and
severe AD cohort, respectively.

Healthcare Resource Use

The pM2M AD cohort had a larger number of
secondary care visits (for any reason) on average
than the reference cohort during all years of
follow-up. In the index year, the average num-
ber (SD) of all secondary care visits was 2.25
(3.36) and 0.96 (2.14) per patient in the pM2M
AD and reference cohort, respectively (Fig. 2).
Most secondary care visits were outpatient visits
(94.5%), while hospitalizations were uncom-
mon (5.5%). The severe AD cohort had on
average 3.14 (6.16) secondary care visits in the
index year. The largest IRR between the pM2M
AD cohort and the reference cohort was found
in the first two years (2.35 and 1.91, respec-
tively) following index and ranged between
1.56 and 2.35 (P <0.001) for up to 1-5 years
after disease onset. Similarly, the average num-
ber of drug dispensations (any drug) was also
larger in the pM2M AD cohort compared with
the reference cohort throughout the follow-up.
During the index year, the pM2M AD cohort
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Table 1 Patient characteristics at index date

Pediatric mild-to-moderate cohort

Pediatric severe cohort Reference cohort

Number of unique patients 87,721
Age group
0-4 59,192 (67.5%)
5-9 17,469 (19.9%)
10-14 11,060 (12.6%)
Gender
Female 41,036 (46.8%)
Male 46,685 (53.2%)
Treatment type at index date®
TCS® 78,122 (89.1%)
TCI¢ 1758 (2.0%)

9056 (10.3%)

No treatment®

11,609 87,721
6556 (56.5%)
2836 (24.4%)
2217 (19.1%)

59,192 (67.5%)
17,469 (19.9%)
11,060 (12.6%)

4922 (42.4%)
6687 (57.6%)

41,036 (46.8%)
46,685 (53.2%)

10,416 (89.7%)
318 (2.7%)
1106 (9.5%)

* Number of patients may exceed number of unique patients since one patient may use TCS and TCI concomitantly

b Topical corticosteroid
 Topical calcineurin inhibitor

d . . .
Patients were followed from first diagnosis in secondary care

received on average 12.50 pharmacy dispensa-
tions per patient while reference individuals on
average received 3.39 pharmacy dispensations
per patient (data not shown). Patients in the
severe AD cohort received on average 17.90
dispensations in the index year. The mean dif-
ference in healthcare resource use (both in
terms of secondary care visits and dispensed
drugs) between the pM2M AD and the reference
cohort was statistically significant (P < 0.001) in
all years. Detailed statistics are reported in
Table S.III in the supplementary material
section.

Direct Medical Costs

Given the larger healthcare resource use in the
pM2M AD cohort, direct medical costs were
consequently also larger in the pM2M AD
cohort compared with the reference cohort.
During the index year, the average direct med-
ical costs were €587 higher per patient in the
pM2M AD cohort compared with that for

patients in the reference cohort. The average
direct medical cost (SD) in the pM2M AD cohort
was €1111 (3416), and €524 (2446) in the ref-
erence cohort. The corresponding estimate in
the severe AD cohort was €1906 (7067). The cost
of secondary care visits for patients in the
PpM2M AD cohort (€428 per patient) represented
73% of the incremental direct medical costs,
while the cost of dispensed drugs (€159 per
patient) represented the remaining 27%. Five
years following index date, the cumulative dif-
ference in total direct medical costs was €118.9
million (€1663 per patient) for the entire pM2M
cohort. Detailed statistics are reported in
Table S.IV in the supplementary material
section.

DISCUSSION

This large, retrospective, observational study
identified a significant clinical and economic
burden in patients with mild-to-moderate AD
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Fig. 2 Average number of yearly secondary care visits per patient (AD- and non-AD-related), by year after index. The error

bars represent 95% confidence intervals

treated at the secondary care level. Economi-
cally, direct medical costs were €1663 higher per
patient over 5 years. At a population level in
Sweden, a country with 10 million inhabitants,
this translates to an aggregate (excess) societal
economic burden of €118.9 million. Given the
high prevalence of AD worldwide, this study
provides important data on the clinical and
economic burden of this common skin disease
[5, 18, 33].

A decline in secondary healthcare resource
use following index date was observed in the
present study and may indicate that patients’
symptoms improved over time, potentially
through successful treatment regimens or
spontaneous resolution of the disease in some
patients. However, a recent study [34] shows
that disease persistence is high and that the
decline in healthcare resource use may be a
consequence of patients being returned to pri-
mary care for continuous management (and
thus are not captured in the present study). The
evolution of costs over time suggests that
healthcare resource use is the most intense in

the short term after onset of the disease or at
relapse of symptoms.

Comparison with Previous Studies

The cost burden of pM2M AD patients reported
across other studies varies substantially (be-
tween €49 and €1519), likely due to differences
in study design (retrospective, prospective, and
survey), study setting (inclusion of reference
cohort), and type of cost (drugs, primary and
secondary care visits, out-of-pocket expenses,
indirect costs). These differences make com-
parisons between studies difficult. The esti-
mated cost burden of pM2M AD in the present
study appears to be within the range of cost
burden reported in the published literature.
A German study that included children used a
similar study design as the present study (ret-
rospective with 8-year follow-up), and reported
an average annual cost for AD of €194 in mild
patients and €417 in moderate patients [20].
The average annual cost per patient (over
5 years) in the present study was €224. Another
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retrospective study in a French setting reported
the average cost of medications per patient used
during the first year of follow-up to be €175 in
the eczema cohort compared with €99 in the
reference individuals. The average cost of dis-
pensed drugs in this study was €225 and €67 per
patient in the pM2M AD cohort and reference
cohort, respectively [35]. Two Nordic studies
(survey and prospective study) included cost of
primary and secondary care visits together with
cost of medications [36] and indirect cost [37],
but neither differentiated results by severity.
The survey study estimated the incremental
cost of patients experiencing eczema symptoms
at €410, while the prospective study estimated
the incremental cost at €291. Finally, an Italian
survey reported an annual average cost of €900
in mild patients and €1519 in moderate patients
[19].

Strengths and Limitations

A major strength of this study is the use of two
large national databases with complete popula-
tion-level coverage to identify the study popu-
lation. This study, therefore, provides a
complete account of healthcare resource use in
secondary care and for dispensed drugs origi-
nating from both primary and secondary care.

Further, through the use of these national
databases with long follow-up, it was possible to
identify a large study population of pM2M AD
patients for inclusion in this study (N = 87,721).
At the same time, we used a look-back period of
at least 3.5 years which increases the likelihood
that the index date represents the initiation of
newly clinically managed AD rather than a
relapse of this chronic disease. Additionally, a
matched reference cohort (non-AD) was iden-
tified from the national population register to
allow for comparisons.

Three key factors contribute to possible bias
in the study results. First, initial contact with
the healthcare services in Sweden for mild, non-
acute diseases is often in primary care. The
present study collected primary care data for
dispensed medications but not for diagnoses.
Therefore, the complete economic burden of
mild-to-moderate AD is likely higher than

estimated in this study since this study does not
include the cost of primary care visits and most
patients with mild-to-moderate atopic dermati-
tis are treated by primary care physicians.

Second, the date for first dispensation of a
TCS/TCI or a diagnosis in secondary care was
used as the index date rather than the date of
primary care diagnosis. This means that patients
treated solely with emollients or lowest-potency
TCS medications were not included in this
study since these agents are available as over-
the-counter drugs in Sweden and hence not
captured by the PDR. From this perspective, the
results in this study may therefore overestimate
the economic burden since these “mildest”
mild-to-moderate patients are likely to incur
less than average healthcare resource use com-
pared with the average mild-to-moderate AD
patient. On the other hand, emollients are the
basis of treatment for AD in all severities and
the cost of these is not captured by this study.

Third, severity based on clinical assessment
was not available in the administrative registers
used in this study. Therefore, the definition of
mild-moderate and severe AD was based on
treatment class (topical, systemic, photother-
apy) where information on potency and treat-
ment concentrations was not available. This
may have led to misclassification as we could
not distinguish drugs with respect to potency
within the class of TCS or concentrations within
the class of TClIs since we only had access to the
first three digits of the ATC codes in the data-
base. Additionally, misclassification may have
occured as mild-to-moderate patients with a
flare may have been treated temporarily with
systemic treatments or may have received pho-
totherapy (this was not available in the data-
base), or severe patients may not have received
systemic treatment for unknown reasons.
Although it was not possible to validate the
severity classification, it follows treatment
guidelines and the percentage of severe patients
in this study (11.7%) is in line with other
studies [2].

In addition, date of death was not included
in this study, and therefore patients were not
censored at death. Since the study population
consisted of pediatric patients, this likely had a
minor impact on the study results. In addition,
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this study only accounted for direct health care
costs and did not include other types of costs,
such as indirect costs associated with loss of
school days. Finally, another limitation in this
study was the inability to verify the sensitivity
and specificity of the inclusion and exclusion
criteria employed to identify AD cases from
prescription data. However, the algorithm used
in this study was developed by specialists in
dermatology, pharmacoepidemiology, and bio-
statistics and has been validated in a Danish
setting, yielding a sensitivity and specificity of
74.1% and 73.0%, respectively [38].

CONCLUSION

We evaluated and compared the clinical and
economic burden for a population of 87,721
pediatric patients with mild-to-moderate AD to
that of a randomly selected reference cohort
using longitudinal, population-based data in
Sweden. We also evaluated the clinical and
economic burden in a severe AD cohort.

In the seldom-studied patient group of mild-
to-moderate AD, the cumulative excess (direct)
societal economic burden of AD was substan-
tial, conservatively estimated to be €118.9 mil-
lion after 5 years. Albeit the average direct
medical costs per patient was higher in the
severe AD cohort, the societal economic burden
of mild-to-moderate AD is higher due to the
high prevalence. The annual differences in costs
between patient and reference cohorts were
observed to be largest close to time of disease
identification. This estimate includes the
robust approach of including not only direct
AD-related visits, but also any type of secondary
care visits known to be more common in AD
patients than in the general population. The
clinical and economic burden identified in this
study, especially the high use of secondary care
resources in pediatric patients with mild-to-
moderate disease suggests a need for further
research to increase treatment options and
improve the management of pediatric AD
patients with mild-to-moderate disease.
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